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The Wells, Rocky Reach, and Rock Island Hydroelectric Projects Habitat Conservation Plan 
Hatchery Committees (HCP-HCs) and Priest Rapids Coordinating Committee’s Hatchery 
Subcommittee (PRCC HSC) meetings were held in person at the Community Foundation of North 
Central Washington with members attending virtually as well on Wednesday, September 18, 2024, 
from 10:00 a.m. to 5:00 p.m. Attendees are listed in Attachment A to these meeting minutes.  

Action Item Summary  

Long-Term  

Joint HCP-HCs and PRCC HSC 
• Keely Murdoch and Mike Tonseth will obtain estimates of pre-spawn mortality (PSM) from 

Andrew Murdoch to update the retrospective analysis for Wenatchee spring Chinook Salmon 
(Item I-A). (Note: This item is ongoing.)  

• Members of the HCP-HCs and PRCC HSC will provide feedback to the Washington Department 
of Fish and Wildlife (WDFW)-revised version of questions on recalculation for Policy Committees 
(Item I-A). (Note: This item is ongoing.)  

• Keely Murdoch will assemble a group to review the Wenatchee spring Chinook Salmon 
sliding-scale proportionate natural influence (PNI) targets using more recent escapement data 
(Item I-A). (Note: This item is ongoing.) 

Near-Term (to be completed by next meeting) 

Joint HCP-HCs and PRCC HSC 
• Tonseth will reach out to individuals who can answer committee members’ technical questions 

regarding mark-recapture models (Item II-F). (Note: This item is ongoing.) 
• HCP-HC and PRCC HSC members will send questions about potential uses of Integrated Population 

Models in the Upper Columbia Basin to Tonseth by October 2, 2024 (Item II-A).  
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• John Rohrback will inquire about disease impacts to summer Chinook Salmon broodstock in 
Douglas PUD programs (Item II-B).  

• Grant PUD will identify sections of the Hatchery and Genetics Management Plan (HGMP) 
updates that need input from HCP-HC and PRCC HSC members (Item II-C).  

• Tonseth will share proposed revisions to the broodstock collection protocols allowing more 
flexibility for Wenatchee summer Chinook Salmon brood to the HCP-HC and PRCC HSC in 
October. 

• K. Murdoch will send language on use of parental-based tagging with patch occupancy models 
(POMs) to the HCP-HC and PRCC HSC for insertion into Monitoring and Evaluation (M&E) 
Implementation Plans (II-E).  

• HCP-HC and PRCC HSC members will review the proposed revisions to Objective 1.0 of the 
10-Year Comprehensive Summary Report (Item II-F).  

• HCP-HC and PRCC HSC members will review general recommendations proposed for the 
10-Year Comprehensive Summary Report to determine which recommendations should be 
included in the final report in October (Item II-F).  

• Rohrback will develop a proposal documenting Douglas PUD’s proposed approach to using a 
steelhead POM based on tagging fish at Wells Dam instead of at Priest Rapids Dam. The 
proposal will include potential biases between fish collection at the East and West ladders at 
Wells Dam (Item III-A).  

Decision Summary 
• None.  

Agreements 
• The HCP-HCs and PRCC HSC agreed to the objective-specific recommendations to be carried 

into the main body of the 10-Year Comprehensive Report.  

Review Items 
• Members of the Wells HCP-HC will review the draft Implementation of Comprehensive 

Monitoring and Evaluation of Wells Hatchery Complex Programs In 2025 (Wells M&E 
Implementation Plan) and provide comments to John Rohrback by October 18, 2024. 

• Members of the Rock Island/Rocky Reach HCP-HC will review the draft Chelan PUD Hatchery 
Monitoring and Evaluation Implementation Plan 2025 (Chelan County M&E Implementation 
Plan) and provide comments to Catherine Willard by October 18, 2024.  

• Members of the PRCC HSC will review the draft Grant PUD Implementation Plan 2025-2026 
Priest Rapids Hatchery Monitoring and Evaluation (Priest Rapids M&E Implementation Plan) and 
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the draft Grant PUD Hatchery Monitoring and Evaluation Implementation Plan for Spring and 
Summer Chinook in the Wenatchee Basin and Summer Chinook in the Methow Basin 2025 
(Wenatchee Basin and Methow Basin M&E Implementation Plan) and provide comments to 
Rod O’Connor by October 18, 2024.  

Finalized Documents 
• None. 

I. Welcome 

 Agenda, Approval of Past Minutes, Action Item Review 
Tracy Hillman welcomed the HCP-HCs and PRCC HSC and reviewed the agenda. Several agenda 
items were reordered to accommodate time constraints; HCP-HC and PRCC HSC representatives 
approved the revised agenda.  

The revised meeting minutes from August 21, 2024, were reviewed and approved by parties that 
attended.  

Action items from the HCP-HCs and PRCC HSC August 21, 2024, meeting were reviewed. 
(Note: Italicized text below corresponds to action items from the previous meeting.) 

Long-Term  

Joint HCP-HCs and PRCC HSC 
• Keely Murdoch and Mike Tonseth will obtain estimates of PSM from Andrew Murdoch to update the 

retrospective analysis for Wenatchee spring Chinook Salmon.  
This item is ongoing. 

• Members of the HCP-HCs and PRCC HSC will provide feedback to the WDFW-revised version of 
questions on recalculation for Policy Committees.  
This item is ongoing. 

• K. Murdoch will assemble a group to review the Wenatchee spring Chinook Salmon sliding-scale 
PNI targets using more recent escapement data.  
This item is ongoing. 
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Near-Term (to be completed by next meeting) 

Joint HCP-HCs and PRCC HSC 
• The HCP-HCs and PRCC HSC members will revise language around M&E Plan objectives according 

to the agreed-to recommendations in the 10-Year Comprehensive Report.  
This item will be discussed in today’s meeting.  

• K. Murdoch will edit Objective 1.0 in the M&E Plan to include the number of adults removed for 
management purposes. 
This item will be discussed in today’s meeting.  

• Tonseth will reach out to individuals who can answer committee members’ technical questions 
regarding mark-recapture models.  
This item is ongoing. 

II. Joint HCP-HCs and PRCC HSC 

 Integrated Population Models  

Presentation 
Thomas Buehrens (WDFW) gave a presentation titled Using Integrated Population Models for 
Assessment and Adaptive Management of Upper Columbia Hatchery Programs (Attachment B). 
Buehrens is a senior research scientist at WDFW who comanages a statewide group of 
biostatisticians. The presentation focused on the potential for integrated population models (IPMs) 
to address problems in the Upper Columbia River Basin and their beneficial uses to the HCP-HC and 
PRCC HSC.  

IPMs are an umbrella term for various types of models. Buehrens highlighted several examples of 
IPMs including an adult-to-adult model for Lower Columbia Chum Salmon tributary harvest 
management, a Coho Salmon two-life-stage model to forecast returns, and a model that was able to 
explain 60% of variation in Olympic steelhead recruitment.  

IPM’s use a “Robin Hood approach” to leverage information from populations with robust data sets 
to benefit those that are data poor, which could be beneficial across upper Columbia River salmon 
populations. An IPM is a life-cycle model with state-space parameters that becomes a platform for 
population viability analyses. Parameters, including productivity, capacity, and survival rates, have 
been historically developed individually. An IPM is able to generate parameter estimates consistently 
across different datasets and leverage a variety of information sources. IPMs are able to quantify 
predictive outcomes, such as productivity by life stage, probability of recovery, and quasi-extinction. 
An IPM forms a multi-stage mechanistic and biologically based approach for quantifying 
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demographics. The IPM can also be used in a management strategy evaluation (MSE) to project 
population responses under different management scenarios. Inevitably, different management 
alternatives will perform well for some but not all performance measures, and managers can identify 
“sweet spots” for optimizing population performance.  

In contrast, Multiple Before-After-Control-Impact (MBACI) analyses (done for the 10-Year 
Comprehensive Review of Upper Columbia hatchery programs) do not allow for the adaptive 
management of hatchery programs or distinguish the salmonid life cycle by spatial and temporal 
variables to identify limiting life stages. An MBACI only evaluates whether an action has worked. It 
does not allow for testing future proposed management strategies.  

In the Chum Salmon Life Cycle example, the IPM generated estimates of the proportion of 
hatchery-origin spawners (pHOS), smolt abundance, and adults by population and age (ages 3, 4, 
and 5). The IPM was able to generate estimates for years where data were not collected and estimate 
uncertainty for all years. There was higher uncertainty in years when data were not collected, shown 
in gray 95% prediction intervals. The wider the gray lines, the more uncertainty in the estimates. The 
uncertainty generated in years with no sample data are larger than years when sampling occurred.  

A variety of methods are used to estimate juvenile Chum Salmon productivity in areas where 
confidence intervals are low. Estimates are based on multiple combinations of the parameters; there 
is not an infinite combination of parameters (e.g., smolt abundance and smolt-to-adult returns 
[SARs]) across years, the model can narrow down to tighter estimates where some data are available. 
The model can work at multiple spatial scales. For subpopulation spawning in a small side channel 
habitat, fence panel weirs are used for census counts. Generalized additive models are used to 
estimate how many Chum Salmon pass through gaps that are not fish tight. In the Grays River 
mainstem, screw trap estimates are used and produce wider confidence intervals.  

Models that analyze hatchery versus wild productivity test for an association between residuals and 
pHOS. A negative association would indicate that hatchery productivity was lower than natural-origin 
productivity in the absence of a pedigree-based study.  

IPMs work to answer management questions by informing the current recovery status of a 
population and extrapolating on program management scenarios to estimate the best course of 
action for program management. Complex management scenarios can be modeled out to inform a 
decision on taking a management action. In the scenario analysis, the model produced a range in 
results that were very sensitive to what future SARs were. Future projections were based on 
uncertainty in all parameters. Data appeared to show that Chum Salmon programs are not 
substantively contributing to recovery and discussions are being held to answer what should be 
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done with hatchery programs. These results are being used by managers to contemplate decisions as 
science alone is not prescriptive without other factors that go into decision-making.  

Discussion 
Rod O’Connor said an IPM would be useful to test additional hypotheses. O’Connor asked how 
generated hypotheses are integrated into existing M&E goals. Are there examples of suites of 
evaluations? Buehrens replied when using the IPM for population projections, management 
alternatives can be evaluated. There will always be limitations to forward projections, but model 
estimates would provide the best understanding of possible management outcomes and puts 
decision makers in the position to select a preferred strategy. Buehrens provided an example in the 
Lower Columbia where managers are rewriting harvest management plans by testing scenarios on 
abundance-based harvest rates. Managers have already agreed to score MSE outcomes based on 
harvest, recovery, and extinction risk and to propose harvest rates based on outcomes of a 
simulation. This will produce the best assessment of the consequences of management choices 
based on the quantification and results of the IPM. Lower Columbia Chum Salmon management 
planning is in an iterative process that may result in the reduced emphasis of supplementation of the 
populations shown in the presentation today or more emphasis on the reintroduction of extirpated 
populations.  

O’Connor said the existing M&E approaches are rooted in treatment-control designs. How does 
using the whole spectrum of data in one model fit into this. Buehrens replied that probabilistic 
outcomes are shown in violin plots and demonstrate full uncertainty outcomes. The probability of 
the uncertainty being above or below a threshold of interest can be determined. Building IPMs for 
treatment and control populations would be complicated, data intensive, and would require input of 
data from populations outside of the Upper Columbia River Basin. IPMs enable questions to be 
asked about the efficacy of upper Columbia River hatchery programs and how alternative programs 
might perform without having to build full models for those control populations.  

Keely Murdoch asked whether BACI analyses would not be needed if an IPM were incorporated into 
the current M&E Plan. She said the M&E Plan has a lengthy dataset as well as objectives for 
abundance and productivity. An IPM could be built from this existing dataset and use the model to 
answer management questions, such as how the hatchery program is affecting natural-origin 
abundance or total spawners. The Committees use MBACI analyses to do an in-depth analysis of 
their data every 10 years. The results of the MBACI analysis inform adaptive management 
recommendations; however, MBACI analyses have been generating inconclusive results.  

Buehrens answered that the IPM with MSE provides a tool to ask management questions at a 
mechanistic level without the need for control populations. There is more flexibility in modeling 
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controls with IPMs. If there are many confounding variables, an IPM allows for a singular focus on the 
population of interest. Building IPMs with multivariate, multi-populations can be helpful to 
understand how much variability is due to factors across the basin or specific to the target 
population. The programs may not necessarily abandon the use of control populations if controls 
provide better resolution. If there are enough data, and not too many confounders, it may be useful 
to model the controls. The approach would be similar to what K. Murdoch has described for adaptive 
management: using MBACI results may result in questions about refining program implementation 
even if it is clear that the program is working (e.g., changing the size of the hatchery program or 
changing PNI).  

John Rohrback said, in reference to slide 19 of the presentation, that certain populations have longer 
datasets with an abundance of life stage information. Have models been tested by fitting the model 
to, say, the first 10 years of a 20-year dataset and compare the generated predictions to the actual 
population trends? Buehrens responded that this method has been done primarily when using IPMs 
for run-size forecasts to simulate a preseason forecast. This is the best-known method for generating 
forward projections at a multi-decadal time scale. The model generates missing information based 
on data from the adjacent years. Good predictions are generated from missing data points 
surrounded by years of data on both sides of the timeline. Predictions 1 year in advance additionally 
perform very well. The model, however, will not generate as accurate of a forecast as it would if it 
uses the entire dataset to inform the analysis. When the model is fit to the sample data, it is easy to 
forecast 1 to 2 years ahead. Forecasting 10 to 20 years ahead will require more work as multi-decadal 
datasets are not usually available.  

Tom Kahler asked how these models have performed in predicting what has already happened. 
Kahler added that artificial data and automated code have been used to simulate data and recover 
missing parameters. Has artificial data been tested? Buehrens responded that several modelers (Eric 
Buhle [Mount Hood Environmental], Mark Sorel [WDFW], and others) have worked together to 
develop and share R packages for streamlining the IPM approach to avoid unnecessary repetition in 
each project. Buhle has successfully tested a base case of recovery parameters. Kahler said the 
confidence in the approach is increased by the scope of the collaboration. The Chum Salmon harvest 
management example is helpful, but in the case of the PUD programs, there are constraints on the 
scope of what can be changed due to static mitigation obligations. However, there is some flexibility 
in program operation and implementation.  

Tracy Hillman asked, in reference to slide 27 of the presentation, whether the distribution curve of 
variation around each parameter was generated using a bootstrap approach. Buehrens responded 
that the Bayesian framework used priors and posteriors to ensure the results were not only an 
expression of assumptions. A Hamiltonian Monte Carlo algorithm was used to estimate parameters, 
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generate a full probability-density function for each parameter, and generate a histogram and 
probability-density plot. The small vertical lines in plots E and F on slide 27 show the density of the 
sample sizes.   

O’Connor said the three key concepts of causation, precision, and error arise when asking questions 
about the accomplishments of the hatchery programs. When a probability estimate is generated, 
how does the IPM address a precision estimate? While the M&E dataset is robust, error is present in 
all field-based activities. Could error be propagated through a multi-stage process? Buehrens 
responded that the confounding variables that arise when working in open systems makes it difficult 
to establish causation. It is important to not cherry-pick variables of interest and include confounding 
variables. If there is a variable of interest, one approach is to add all the other variables into the 
model to account for the effects of the other variables first. In the example of Olympic steelhead, the 
concept being tested was overexploitation. Rather than only putting the variable of harvest in the 
model, other environmental covariates that informed recruitment variation were added as well.  

A second recommendation would be to look at the hypothesis from multiple perspectives, such as 
multiple life stages, to avoid random chance results. IPMs can be used in a mechanistic approach to 
test correlation versus causation. IPMs inherently attempt to separate estimation error from process 
error. In the Lower Columbia River Chum Salmon model, the model was modified to accept estimates 
of uncertainty from the monitoring program. This process includes additional work but can be done 
to leverage the variable precision of the program’s parameter estimates. IPMs are additionally able to 
adapt the monitoring program by exploring alternative monitoring intensities. To address systematic 
bias in one direction or another, there is potential to use a bias correction factor for a target 
population; it may be possible to separate out the estimate of bias from the underlying state 
variable.  

HCP-HC and PRCC HSC members will send questions about potential uses of IPMs in the Upper 
Columbia Basin to Mike Tonseth by October 2, 2024. 

 Wenatchee and Chelan Falls Summer Chinook Salmon Broodstock Collection  
Mike Tonseth (WDFW) provided updates on Wenatchee and Chelan Falls Summer Chinook Salmon 
broodstock collection. Broodstock collection was shifted to Wells Volunteer Channel last month. 
Broodstock was collected in the interim in the Chelan River. Approximately 180 fish were collected 
from the Chelan Falls trap. A total of 33 pairs were retained. Additional broodstock may be needed 
to meet the collection goals of the Chelan Falls program due to disease related challenges. Fish do 
not typically enter the Chelan River until later in the season and often stack at the tailrace of Chelan 
Dam. This was not seen this year, as fish arrived suddenly, and some individuals were collected in 
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seines. Tonseth is working on a proposal to backfill Wenatchee River broodstock with Chelan Falls 
broodstock. 

Wenatchee summer Chinook Salmon broodstock collection has not improved since last month. A total of 
216 broodstock have been collected, which is 70% of the total collection goal of 310 individuals. Of 
those, 118 individuals are females, which accounts for 76% of the program. A total of 78 wild females 
have been collected for broodstock. Males are currently limited; however, spawning pairings can be 
adjusted to account for this. Two fish were caught last week, and it is likely broodstock collection will 
fall short of the collection goal. The 98% cumulative passage has been reached at Tumwater Dam, 
and Dryden Dam is expected to reach the 98% cumulative passage soon.   

In addition, nine wild females have died because of disease. Columnaris and fungal infections are 
affecting Chelan Falls and Wenatchee summer Chinook Salmon as well as Yakama Nation (YN) 
broodstock. The fish have been treated with formalin and diquat. Rohrback asked whether there 
were any complications from antibiotic injections administered to broodstock. Tonseth replied that 
there may have been initial toxicity issues to associated with antibiotics observed in spring Chinook 
Salmon; however, it is unknown whether the individuals that died were inoculated. Further losses are 
expected between now and the spawning period.  

Chelan Falls broodstock are collected in warm water in the later portion of the return. Warm water 
temperatures and low flows can contribute to outbreaks of disease. A large Sockeye Salmon run in 
the Wenatchee River inundated the Dryden trap. Elevated water temperatures additionally restricted 
what could be trapped. John Rohrback stated that Douglas PUD has seen a low mortality rate among 
summer Chinook Salmon broodstock for their programs. 

 Hatchery and Genetic Management Plan Updates  
Tonseth recalled that modifications to existing Wenatchee spring Chinook Salmon permits were 
based upon materials O’Connor is working on for discussion on the White River program. O’Connor 
said that Grand PUD has reviewed the HGMP and identified sections that need updating. Input is 
needed from the PRCC HSC to determine how similar the Nason program will be during the next 
period compared to the previous period. The draft of the Wenatchee Spring Chinook Salmon 
Management Implementation Plan (2009) will need to be updated with current metrics on carrying 
capacity, PNI, escapement, and harvest. Grant PUD needs some guidance on updating all the 
production numbers, whether the Nason program should include all of Grant PUD’s joint production 
numbers for Nason and White River, or whether the White River production should be kept separate, 
as well as monitoring plan restrictions and take updates. Tonseth said it would be beneficial to treat 
the Nason and White River programs as separate programs but provide language that allows for 
flexibility of future incorporation of the White River under the Nason program.  
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Grant PUD will identify sections of the HGMP that need input from HCP-HC and PRCC HSC members. 
The current permits will expire in July 2026. The goal is to prepare updated HGMPs by spring 2025, 
9 to 12 months before permit expiration.  

 2025 Broodstock Collection Protocols – New Topics  
Hillman reminded the committees to introduce major items related to broodstock collection 
protocols for committee discussion.  

Tonseth said the early collection of summer Chinook Salmon at the Wells Volunteer Trap was 
included in 2024 because of the arrival of fish earlier than what was described as the permitted 
collection window. Monitoring must be in place to ensure spring Chinook Salmon are not collected 
instead of summer Chinook Salmon. Any collected fish that were questionable underwent a DNA 
analysis to confirm the stock. Additional edits to those collection protocols may be needed this year.  

Tonseth is not anticipating significant changes for 2025 in the upcoming months. The Wenatchee 
summer Chinook Salmon program struggled to meet broodstock and survival to release goals and 
saw a reduction in adult returns. Permit flexibility will allow for the production of an additional 
100,000 summer Chinook Salmon in the Chelan Falls program if production goals cannot be met in 
the Wenatchee program. A detailed conversation with National Oceanic and Atmospheric 
Administration will occur to discuss the best way to make up the production shortfall, which will 
require a No Net Impact reduction allowance in one program and increase in release numbers in the 
other. Tonseth will share proposed revisions to the broodstock collection protocols allowing more 
flexibility for Wenatchee summer Chinook Salmon brood to the HCP-HC and PRCC HSC in October. 

 Using Parentage-Based Tagging with the Patch Occupancy Model  
K. Murdoch, Rohrback, and Cory Kamphaus met earlier to discuss the challenges of distinguishing 
Methow Safety Net (MSN) and Columbia Safety Net (CSN) steelhead in the Methow River, and the 
efficacy of the two-zone management approach. Additionally, discussions were had on the 
distribution of hatchery and wild steelhead in the Wenatchee and Methow rivers based on passive 
integrated transponder (PIT)-tag detections. K. Murdoch said a solution would be to leverage 
parentage-based tagging (PBT) samples that are already being sent to the Columbia River 
Inter-Tribal Fish Commission (CRITFC) each spawning year. Hatchery parents could be assigned to a 
release program through the collection of genetic samples. This information could be used to 
enhance the POM, assign returns by program, and distinguish CSN and MSN steelhead as well as 
other differentiations in 2025. This would provide insight into spawner escapement, abundance, 
pHOS, and strays by array reach and hatchery program. Data dating back to 2012 is available and can 
be used under the current M&E Plan.  
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K. Murdoch said steelhead overshoots in the Upper Columbia River have been discussed in the HCP 
Coordinating Committee over the past 2 years, to understand the magnitude and scope of how 
many there are and how far they are going. There has been uncertainty around the composition and 
distribution of steelhead overshoots. Genetic samples could resolve much of the uncertainty of these 
metrics. PBT samples would demonstrate how many steelhead assign to downstream populations 
and their ranges and may help to decompose the hatchery-origin component of the overshoots. 
Genetic samples could additionally be taken from wild fish and a genetic stock identification could 
differentiate fish between the Upper Columbia, Yakima, and Snake rivers, and areas in the 
Mid-Columbia River Basin.  

Rohrback said this is a great idea and fin clips of hatchery and wild fish are being collected at the 
Off-Ladder Adult Fish Trap (OLAFT) at Priest Rapids Dam. It is anticipated fin clips will also be 
collected at Wells Dam. Catherine Willard said this was initiated in 2024 to collect samples from fish 
that are on hand at the OLAFT. Rohrback said nearly all hatchery-origin return (HOR) fish that are 
spawned are sampled and their genetic information is entered into the CRITFC database. 
Natural-origin fish can be assigned to a genetic stock. Although there is more uncertainty associated 
with the genetic stock assignment of natural-origin steelhead, it should be possible to assign 
natural-origin return (NOR) to a certain stock in most instances and include that information in the 
POM. The fin clip samples are being housed at the Hagerman Genetics Laboratory.  

K. Murdoch asked whether this methodology should be added to the annual M&E Implementation 
Plans. She said questions that will need to be answered include how this methodology would 
influence collection at Priest Rapids Dam (PRD). Would Douglas PUD be responsible for sampling if 
genetic samples are taken at PRD? Sampling would be duplicative if taken at Wells Dam and 
contribute to double handling. Willard said the sample collection will be added to Chelan PUD’s 2025 
M&E Implementation Plan as well as PBT being done for wild fish brought into the broodstock. 

K. Murdoch will send language on use of PBT with POMs to the HCP-HC and PRCC HSC for insertion 
into annual M&E Implementation plans. 

 10-Year Comprehensive Summary Report – Continued Review of Comments and 
Recommendations 

Hillman summarized the comment review process. If consensus is not reached the recommendation 
will not be applied. 

The PUDs have prepared 2025 M&E Implementation Plans based on the existing objectives with no 
changes at this time.  
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Objective 1.0: Determine if conservation programs have increased the number of naturally 
spawning and naturally produced adults of the target population and if the program has 
reduced the natural replacement rate (NRR) of the supplemented population. 

• Rewrite to reflect that increasing naturally produced adults is the cumulative goal of HCP 
implementation intended to be achieved through improved hydro survival through each project, 
habitat mitigation actions, and hatchery mitigation actions. Increasing natural-origin abundance 
cannot be accomplished through hatchery mitigation alone. The objective currently reads as if 
hatchery mitigation alone should be able to do this (YN). 

K. Murdoch shared a draft revision of Objective 1.0 (emailed on September 13, 2024). K. Murdoch 
said it is important to convey that the task of creating more natural-origin fish is not wholly the 
responsibility of the hatcheries. Hatchery programs can only place hatchery adults onto the spawning 
grounds. What happens to their progeny is a combination of hydro-system survival, estuary/ocean 
survival, and habitat survival. These factors are not under the control of the hatchery program.  

Rohrback said it is beneficial to be able to estimate the contribution of hatchery programs alongside 
natural-spawning abundance. K. Murdoch replied that the number of HOR reflects the contribution 
of the hatchery program. Instead of asking if a hatchery program increased the total number of 
spawners, Objective 1.0 should ask how the hatchery program can contribute to achieving the 
spawning escapement goal. For instance, in the Wenatchee Basin, hatchery-origin fish escapement is 
managed, and this objective did not include those fish in analyses. The spawning escapement goal 
remains unchanged versus the number of hatchery fish allowed to spawn, which depends on yearly 
PNI targets. The analysis would have to consider NORs removed for broodstock and the number of 
HORs that were allowed on spawning grounds due to the removal of those NORs. The PNI will 
increase according to a sliding scale when more NOR fish return and more HORs removed. With this 
trend, the hatchery program could reach a point where it no longer serves its purpose, and a 
re-evaluation of management strategies would need to occur. Kahler agreed but said there is a need 
to know whether the hatchery program is working to improve natural production above the level 
that would occur if NORs had not been removed from the spawning ground (to be used as 
broodstock). We can identify the numerical benefit of the hatchery program by focusing strictly on 
hatchery replacement rate (HRR) and natural replacement rate (NRR), but management actions 
interrupt the translation of the observed increased recruits per hatchery spawner into increased 
natural production. There is a need to preface Objective 1.0 in the M&E Plan to describe what the 
hatchery program is expected to provide. There should not be language introduced that requires 
reporting on metrics that cannot be measured. 

Tracy Hillman said all hatchery-origin fish that are harvested, surplused, and stray should be included 
in the evaluation of HOR returns and replacement rates. Objective 1.0 confines the committee to 
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only the number of HORs on the spawning ground. Hillman proposed to simplify Objective 1.0 to 
state, “determine whether the conservation programs have increased HRR and not reduced NRR of 
the supplemented population.” This statement focuses the objective on the total returns rather than 
whether fish make it to the spawning grounds.  

O’Connor proposed a sentence that helps describe the complementary efforts of Objective 1: 
“Complementary efforts administered through the HCPs and SSSA, such as habitat protection and 
restoration and improving survival through the hydro-system also bear this objective.” 

K. Murdoch said it would be beneficial to incorporate this phrasing into the objective. It must be 
clearly identified that the metric being measured is naturally produced adults rather than survival 
through the hydro-system or the effects of hatchery actions. The objective could be revised to state 
the number of adult returns is a result of a combination of the complimentary programs. Rohrback 
would like the objective to state that the purpose of the objective is to determine whether the 
hatchery programs have increased the number of fish on the spawning grounds.   

Kahler asked (in reference to Hillman’s proposed language) what can be attributed to the hatchery. 
There are fundamental metrics that need evaluation, such as return numbers and whether fish 
produce more returns when left to spawn on the spawning grounds rather than by implementing 
hatchery programs. But how should it be determined that hatchery programs have not reduced the 
NRR? To include that language in the objective requires that a metric be identified that can be 
monitored in the field to determine whether NRR has been reduced. Hillman replied that the relative 
reproductive success analysis should answer that.  

In the meeting, Objective 1.0 was revised as follows: 

Objective 1.0 (New): Determine whether naturally spawning and naturally produced adults of the 
target population have increased through the complementary efforts of conservation hatchery 
programs, habitat actions, and improved hydro-system survival administered through the HCPs and 
SSSA. 

Complementary efforts administered through the HCPs and SSSA, such as habitat protection and 
restoration and improving survival through the hydro system also bear on this objective. 

HCP-HC and PRCC HSC members will review the proposed revision of Objective 1.0, along with 
remaining comments and recommendations, distributed following the meeting and included here in 
Attachment C. 

• Identify the White River for use as an in-basin reference stream to add contrast for future BACI 
analyses and to provide a refuge to manage risks associated with hatcheries and ensure that the 
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BACI method of analysis is relevant and applicable. Alternatively, identify a new methodology for 
determining if hatchery programs have increased adult abundance and productivity (Grant PUD). 

Tonseth said an in-basin reference stream may not be relevant given the potential shift in the 
analytical framework from MBACI to IPMs. In addition, the process to determine the future of the 
White River program as a potential reference stream depends on the results of the Expert Panel 
process to assess benefit of a hatchery program in the White River to recovery. Tonseth agreed to 
potential new analytical alternatives being proposed in the future.  

• Use IPMs to evaluate how hatchery spawners affect NOR abundance and productivity and identify 
life stages that are limiting population growth (WDFW).  

Tonseth said robust datasets are available in the Upper Columbia River Basin that make the 
development of an IPM possible. WDFW does not feel comfortable going forward with MBACI 
analyses due to inconclusive results. Rohrback noted that the issue with the MBACI was not that it 
did not provide results, but rather that the Committee decided to classify the results as inconclusive 
because it rejected the use of out-of-basin reference streams as a control. K. Murdoch said the IPM 
would help inform management decisions and provide the ability to predict how those alternatives 
could play out. Data would still be available for use in other analytical approaches in addition to the 
IPM. O’Connor and Rohrback agreed it would be helpful to identify a framework to integrate all 
those data. O’Connor said large investments have been made into M&E data. It will be important to 
learn the limitations of IPMs if this new tool is implemented.   

Objective 2.0: Determine if the proportion of hatchery fish on the spawning grounds affects the 
freshwater productivity of supplemented stocks. 

• Juvenile productivity/survival needs to evaluate the influence of increased spawners (hatchery) on 
the diversity of life-history pathways and survival/productivity associated with each life-history 
pathway. Analysis should be inclusive of all life histories, rearing locations, and include any 
differences in migratory survival so that we can understand how hatchery supplementation affects 
productivity (YN – Spring Chinook Programs). 

K. Murdoch said production numbers are likely not solely attributed to the natal tributary. Other 
rearing locations, such as downstream areas and tributaries, also contribute to production numbers. 
This objective could be linked to the IPM and Sorel’s work.  

This objective will need to be reviewed further by the committee and will remain marked yellow until 
the next meeting.  

• Findings related to the effect of pHOS on juvenile productivity were inconclusive. Moving forward, 
we should either employ juvenile monitoring methods that can reliably and accurately estimate 
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juvenile outmigrant abundance or abandon natural-origin-juvenile monitoring goals (Douglas 
PUD). 

Rohrback said it could be beneficial to explore adult-to-adult monitoring further in this committee, 
which was introduced by O’Connor in the July 17, 2024, meeting. O’Connor will have more 
information to share with the group that may be helpful when discussing changes to the M&E Plan.  

Objective 5.0: Determine if the migration timing, spawn timing, and spawning distribution of 
the hatchery component is similar to the natural component of the target population or is 
meeting program-specific objectives. 

• Assess the median migration timing of hatchery- and natural-origin smolts for analytical purposes.  

Rohrback asked for clarification on how this will be assessed. The median PIT-tag passage date at 
Rocky Reach Dam may be the only beneficial way to monitor median migration timing.  

• Include pHOS at the reach scale for analytical purposes, not for PNI analysis (Chelan PUD). 

HCP-HCs and PRCC HSC members agreed with this recommendation.  

• On a program-by-program basis, revise the objective and analyses for spring Chinook Salmon 
spawning distribution to acknowledge and manage the tradeoffs between natural-origin fish 
distribution, pHOS objectives, manage risk, and practical challenges (Grant PUD). 

O’Connor said this comment should be discussed next month when Todd Pearsons (Grant PUD) is 
present. Tonseth said this objective conveys the need to establish a modeling exercise on a 
program-by-program basis. Exceptions have been made to the spawning distribution goal in the 
M&E program where relevant, for instance, the Wenatchee summer Chinook Salmon program. This 
objective may need more discussion related to identifying refugia areas for natural spawning.  

Objective 6.0: Determine if the recipient stray rate of hatchery fish is below the acceptable 
levels to maintain genetic variation among stocks. 

• Add the following question: Q6.4.1: What percentage do aggregate (cumulative) hatchery strays 
from spring Chinook Salmon programs make up within the Methow and Wenatchee populations? 
(WDFW). 

Rohrback said Douglas PUD agrees with the objective.  

The revised version of the recommendations was distributed following the meeting (Attachment C). 
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HCP-HC and PRCC HSC members will review general recommendations proposed for the 10-Year 
Comprehensive Summary Report to determine which ones should be included in the final report in 
October. 

III. Joint HCP-HCs and PRCC HSC 

 Draft Douglas PUD M&E Implementation Plan 2025 
Rohrback summarized three changes to the draft Implementation of Comprehensive Monitoring and 
Evaluation of Wells Hatchery Complex Programs In 2025.  

First, all dates have been changed to reflect the 2025 updates.  

Second, language was struck that said WDFW would be required to have a physical presence at all 
fish surplusing activities. Tonseth said he met with Chad Jackson (WDFW) to determine whether 
regulations require WDFW personnel to be present at these events. An agency policy is in place at 
WDFW that requires a staff member to sign off on fish tickets that are used to transfer surplused fish. 
It is likely a WDFW staff member will be present at surplusing events; however, staff members may 
come from different departments (e.g., hatchery staff or M&E staff). Rohrback would like to ensure 
that WDFW staff who conduct M&E work on behalf of Douglas PUD are not asked to compromise 
their monitoring work to sign fish tickets. Furthermore, Rohrback stated the importance of avoiding a 
situation where fish cannot be distributed to Tribes who have come to Wells Hatchery expecting fish 
during a surplus event because WDFW staff are not available. Due to WDFW’s position on 
maintaining a presence at surplus events, this language will likely remain in the M&E Plan.  

The third change is a revision that clarifies that Douglas PUD will move its adult steelhead monitoring 
efforts Wells Dam and no longer participate in PIT-tagging activities at the PRD OLAFT. Douglas PUD 
intends to implement the same data collection approach employed at the PRD OLAFT to create a 
POM model that starts at Wells Dam. This will allow Douglas PUD to work more directly on the fish 
for which it is responsible. Sampling at OLAFT occurs between July 1 and October 31 for three days a 
week and 8 hours a day. Sampling at Wells Dam will follow a similar schedule between July 15 and 
November 15.  

K. Murdoch said that tagging at PRD currently has a 15% handling rate. Additional handling could 
occur if sampling is added at Wells Dam. Fish that were handled at PRD would be intercepted at 
Wells and additionally handled.  

Rohrback said sampling occurs at the OLAFT July 1 to Oct 31, at the East Ladder, 3 days a week, with 
the goal of sampling 15% of the steelhead run at large. However, the steelhead sampled at OLAFT do 
not necessarily comprise 15% of the steelhead run at large at Wells Dam each year. K. Murdoch 
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disagreed because it is designed to be a systematic random sample. Rohrback said based on run 
timing and passage timing, sampling at Wells Dam would increase confidence in meeting the 15% 
target. Murdoch said this would mean handling 30% of the fish, and this would create two separate 
POM models that cannot be brought together. 

Rohrback said it would be interesting to compare two separate POM models. The POM model 
starting at PRD is a great tool for modeling steelhead escapement; however, it has not provided a 
great degree of confidence in focusing on fine-scale distributions. Moving steelhead monitoring to 
Wells Dam would result in inclusion of a greater number of steelhead destined for the Methow River 
and produce a robust set of results for the fish that are the responsibility of Douglas PUD.  

K. Murdoch asked which ladder trap would be used. Rohrback answered that the East Ladder will be 
used for sampling, and they may add an additional day of trapping in the West Ladder by July 2025.  

K. Murdoch said a POM model needs to be representative of the run at large for it to function 
correctly. At PRD, about 80% of fish use the East Ladder and those fish pass through the OLAFT. 
K. Murdoch said at Wells Dam, she is uncertain whether there is information that would demonstrate 
a bias between NOR and HOR fish at the East Ladder. She said the West Ladder is known to be 
biased toward HOR fish. Unbiased sampling will therefore result from predominantly sampling at the 
East Ladder. This bias could cause a good result for NOR escapement in the POM but would be an 
artifact because less of the HOR component of the run was sampled. It is possible to understand 
metrics such as stray rates and the entire composition of the run when a model encompasses the 
entire steelhead distinct population segment. Rohrback agreed that these are valid points to consider.  

K. Murdoch pointed out that steelhead could ascend PRD during the OLAFT sampling period but 
overwinter below Wells Dam before ascending in the spring. She noted that this would introduce a 
potential bias to a Wells Dam steelhead sampling program because fish that exhibited this 
life-history strategy would not be available for inclusion in the Wells-based sample. Rohrback said, if 
the sampling period is July 15-November 15, fish that overwinter downstream of Wells Dam would 
not be subject to capture in a Wells Dam POM model, and this could be monitored year over year. 
He noted that the proposed sampling period at Wells Dam encompasses over 96% of steelhead PIT 
tags detected at Wells Dam. Douglas PUD would monitor this sampling timing yearly to determine 
whether no trapping in the spring months would have changed the results. The goal is to be 
responsive in creating helpful results to better inform the distribution of fish originating from the 
Douglas PUD’s hatchery steelhead programs.  

Tonseth said he has concerns with the potential implications of additional fish handling. He added 
there is a typical process that is not being followed for introducing new monitoring approaches. 
Estimates of steelhead abundance have typically been conducted with a POM model approach based 
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on tagging at PRD. A formal proposal to the Wells HCP-HC will be needed to present the monitoring 
changes Douglas PUD intends to implement as well as discussing the pros, cons, and cost benefits 
associated with these changes. The proposal will also need to address the duplicate handling of 
Endangered Species Act (ESA)-listed species.  

Rohrback will develop a proposal documenting Douglas PUD’s proposed approach to using a 
steelhead POM based on tagging fish at Wells Dam instead of at PRD. The proposal will include 
potential biases between fish collection at the East and West ladders at Wells Dam. 

IV. Rock Island/Rocky Reach HC 

 Tumwater Maintenance Project Update 
Catherine Willard gave a presentation on the status of the apron maintenance work at Tumwater 
Dam planned for the fall of 2024. Last year, Chelan PUD completed Phase 1 of the apron repair and 
reinforcement project. Water was diverted to the left side of the dam for Phase 1 construction that 
began in fall 2023. However, due to high flows and cold temperatures in November, the project 
completion was postponed to 2024.  

The United States Army Corps of Engineers deemed the project an emergency action and thus did 
not require this project to undergo ESA consultation. Chelan PUD provided the Services (National 
Marine Fisheries Service and U.S. Fish and Wildlife Service) with best management practices (BMPs) 
to ensure the project meets the BMPs that would have been provided under a consultation. The 
project does not have authorized “take” due to the lack of ESA consultation. WDFW issued a 
Hydraulic Project Approval permit, which included providing feedback on the fishway extension and 
the monitoring strategy to evaluate the effectiveness of the flume. The monitoring plan includes 
observations of the work area that will be conducted by WDFW and YN broodstock trapping crews 
that will be at the site to conduct daily monitoring and trapping. Visual monitoring will occur to 
determine whether fish are being attracted to the flow on the river right, where most of the flow is 
being diverted, versus river left, where the fishway extension is located. The river has been divided 
into quadrants to conduct the observational monitoring. Monitoring crews will observe these 
quadrants for 10-minute periods every hour that they are on site and record the observational data.  

The proposed fish extension will be attached to the high-flow entrance of the current fishway. The 
fish extension flume is made of metal and marine grade plywood and has a 1% grade. There is a 
channel for fish to swim up the river, enter the pool at the bottom, travel up the extension, and then 
enter the fishway. The transport channel is 4 feet wide and 5 feet deep with a minimum water depth 
of 5 feet. A temporary PIT-tag antenna will be installed below the entrance of the flume. PIT-tag data 
will provide insight into attraction flows at the entrance of the flume and whether fish are 



  HCP Hatchery Committees and PRCC HSC 
Meeting Date: September 18, 2024 
Document Date: October 18, 2024 

Page 19 

FINAL 

successfully able to ascend the fishway. The PIT-tag antenna will be installed by Biomark and will be 
accessible through their internal website called BioLogic. Willard can provide daily PIT-tag data to 
members of the committees upon request. The fishway will remain open with the exception of 
temporary closures for the installation of the extension.  

The use of the extension does have the potential to affect broodstock collection, but the hope is it 
will provide an effective solution to provide fish passage while construction is occurring. 
Cory Kamphaus asked about a potential issue when flow comes from the hopper operations. Willard 
replied that the concern was regarding construction personnel being in the area when water was 
released from the hopper, and this can be mitigated with coordination of the release of water to 
ensure personnel are clear from the area. There is a similar flow coming through the channel where 
the extension will be located as the current fishway. Currently, fish are attracted to this channel. This 
gives an indication that fish would behave similarly when the fish extension is in place. The project 
will be completed in late-November of 2024.  

Draft Chelan PUD M&E Implementation Plan 2025 
Ross Renick provided updates to the draft Chelan County PUD Hatchery Monitoring and Evaluation 
Implementation Plan 2025. Renick noted that most of the content has remained unchanged from last 
year. Dates have been changed to reflect the current update year. In Table 1, Four Peaks 
Environmental will help with data analysis and reporting on Wenatchee steelhead escapement 
estimates. Under Section 5 (Data Management, Analysis, and Reporting), a database will be 
developed to allow various entities to enter their data. Keely Murdoch asked whether the database 
was externally accessible. Willard replied that Chelan PUD will be housing the data, and a query 
would likely have to be completed through a data request.  

V. Administration

Next Meetings 
The next meetings of the HCP-HCs and PRCC HSC will be held on October 16, 2024; and November 20, 
2024; and December 18, 2024. Meetings are in person and will be held at a location to be determined.  

VI. Attachments
Attachment A List of Meeting Attendees 
Attachment B Using Integrated Population Models for Assessment and Adaptive Management of 

Upper Columbia Hatchery Programs, Thomas Buehrens, WDFW 
Attachment C 10-Year Comprehensive Summary Report - Revised Comments. Recommendations, 

Objective 1 Language 
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Acknowledgements

• Talk borrows heavily from others’ work (and slides!): 
 Jan Ohlberger, WDFW (coastal steelhead IPM, MSE framework)
 Kale Bentley, WDFW (lower Columbia chum IPM and MSE)
 Mark Sorel, WDFW (Wenatchee spring chinook)
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Overview

Introduce IPMs as tool to assess populations of 
Upper Columbia Steelhead and Chinook for hatchery 
evaluation and planning

3
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Background

4

Relevant Objectives:
• Determine if conservation programs have increased the number of naturally spawning and naturally 

produced adults of the target population and if the program has reduced the natural replacement rate 
(NRR) of the supplemented population. 

• Determine if the proportion of hatchery fish on the spawning grounds affects the freshwater productivity 
of supplemented stocks.

Existing Approach:
• MBACI (multiple-before-after-control-impact) using treatment (supplemented) and control (un-

supplemented) populations

• Analysis using parametric statistical hypothesis testing (e.g., t-tests)

Images: Joseph Tomelleri
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Problem Statement

 MBACI design is not providing answers

 Adaptive management of hatchery programs is not 
possible due to inconclusive results

 Status quo is not working

Images: Joseph Tomelleri
5
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Specific Challenges

6Images: Joseph Tomelleri

Limitations of previous approach
• Non-mechanistic

• models don't break apart the salmon life cycle into space and time to identify limiting life stages, and whether 
supplementation is providing benefits or not

• inability to separate effects of broodstock removal, demographic boost, hatchery fitness, and density 
dependence

• Limiting evaluation of pHOS to density-independent productivity does not enable translating 
effects into natural origin population dynamics 

• Challenges with reference populations & confounding factors
• Populations below different number of dams
• Different harvest
• Different in-basin habitat factors

• Lack of contrast in pHOS limits evaluation of effects on productivity
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Solutions
Modified objectives WDFW draft proposed objectives
• Use IPMs to evaluate how hatchery spawners affect NOR abundance and productivity and 

identify life stages that are limiting population growth
• Use IPMs to evaluate the effect of hatchery spawners and total spawner density on naturally 

produced juvenile abundance, life history diversity, size, and age at emigration. 

Modified approach
• Use Integrated Population Models to form a multi-stage, mechanistic, and biologically-based 

approach for quantifying demographic effects of supplementation and pHOS
• Use Management Strategy Evaluation (forward projections of populations under different 

management scenarios) to evaluate tradeoffs associated with hatchery management 
alternatives 

7
Images: Joseph Tomelleri
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8

What is an IPM and why are they useful?
A statistical population model that integrates multiple sources of information

Images: Joseph Tomelleri
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Abundance

Demography

• Integrate information on population abundance, age structure, harvest, and, if available, survival 

Age, Sex, pHOS

9

What is an IPM and why are they useful?
A statistical population model that integrates multiple sources of information

Harvest

Slide adapted from Jan Ohlberger
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Abundance

Demography

• Integrate information on population abundance, age structure, harvest, and, if available, survival 
• Allow for sharing of information across populations when fit hierarchically (‘Robin Hood’ approach)

Abundance

Age, Sex, pHOS
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What is an IPM and why are they useful?
A statistical population model that integrates multiple sources of information

Harvest

Slide adapted from Jan Ohlberger
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Abundance

Demography

• Integrate information on population abundance, age structure, harvest, and, if available, survival 
• Allow for sharing of information across populations when fit hierarchically (‘Robin Hood’ approach)
• Can incorporate independent prior information using a Bayesian approach (e.g., observation error)

Prior information

Abundance

Age, Sex, pHOS
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What is an IPM and why are they useful?
A statistical population model that integrates multiple sources of information

Harvest

Slide adapted from Jan Ohlberger
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Abundance

Demography

• Integrate information on population abundance, age structure, harvest, and, if available, survival 
• Allow for sharing of information across populations when fit hierarchically (‘Robin Hood’ approach)
• Can incorporate independent prior information using a Bayesian approach (e.g., observation error)
• Parameters capture full uncertainty in the data by estimating a joint likelihood (“sum is greater than parts”)
• Usually estimated in state-space framework (separates “true” process variation from observation error)

Prior information

Model

Abundance

Age, Sex, pHOS
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What is an IPM and why are they useful?

age-structured life-cycle model

productivity

capacity

(maximum R/S)

Spawners
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A statistical population model that integrates multiple sources of information

Harvest

Density-dependent (or 
independent) life stage 

transitions

Slide adapted from Jan Ohlberger
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Abundance

Demography

• Integrate information on population abundance, age structure, harvest, and, if available, survival 
• Allow for sharing of information across populations when fit hierarchically (‘Robin Hood’ approach)
• Can incorporate independent prior information using a Bayesian approach (e.g., observation error)
• Parameters capture full uncertainty in the data by estimating a joint likelihood (“sum is greater than parts”)
• Usually estimated in state-space framework (separates “true” process variation from observation error)

Prior information

Model

Abundance

Age, Sex, pHOS
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What is an IPM and why are they useful?

age-structured life-cycle model

productivity

capacity

(maximum R/S)
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A statistical population model that integrates multiple sources of information

Parameters 
(e.g., productivity, capacity, 
time-varying survival rates)

Harvest

Density-dependent (or 
independent) life stage 

transitions

Slide adapted from Jan Ohlberger
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How can IPMs be tailored to answer different 
questions?

14

Images: Joseph Tomelleri
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How can IPMs be tailored to answer different questions?

Ocean Adult

Spawner
Spawner

1. Model structure:
 number of life stages
 relationships of parameters among populations

15

VS.

Smolt

Ocean Adult
VS.
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Freshwater

Ocean

Kelts

Freshwater conditions
Stream flow 
Stream temperatures 

How can IPMs be tailored to answer different questions?

Food abundance & competition
NE Pacific salmon abundance, esp. pinks
Prey species abundance

© Richard Hermann (gettyimages)

©  David Maher 

Predation in freshwater
Cormorants 
Other predators 

© Andrew Trites

Predation in the ocean
Harbor seals 
Steller sea lions 
California sea lions

www.ospo.noaa.gov

Ocean temperatures
Coastal SST
NE Pacific SST 

16

Large-scale climate indices
North Pacific Gyre Oscillation (NPGO)
Pacific Decadal Oscillation (PDO)

North Pacific Gyre Oscillation 

2.   Covariates Example: Potential environmental and ecological effects on survival 
throughout the steelhead life cycle 

Slide adapted from Jan Ohlberger



17
Department of Fish and WildlifeDepartment of Fish and Wildlife September 2024 – Upper Columbia Hatchery Evaluation Presentation

How can IPMs be used to evaluate management 
alternatives (e.g., harvest, hatcheries, habitat)?

• Ability to project populations forward via Management Strategy Evaluation (MSE)
• Incorporate and propagate empirical uncertainty in parameters (productivity, capacity) and 

process variation (e.g., recruitment residuals and variable SARs)
• Enable quantifying predicted outcomes in terms of KPIs (Key Performance Indicators), e.g., 

• NOR and HOR abundance by life stage
• NOR and HOR productivity by life stage
• Probability of recovery and/or quasi-extinction

• Can conduct projections under different management (e.g., hatchery) scenarios

17Images: Joseph Tomelleri
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What is a Management Strategy Evaluation (MSE)?

Given what we know 
about a population from 

our past observations
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How might the future 
look like if we manage 
using strategy x, y, z

Year

Ab
un

da
nc

e

What does that mean for 
risks and benefits to 

populations and fisheries?

• Evaluates the relative performance of alternative management strategies by simulating the long-
term effects of different management scenarios to quantify their performance and trade-offs 
among multiple potentially competing objectives (e.g., conservation risks vs. harvest opportunity)

Slide adapted from Jan Ohlberger
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Conceptual illustration of the MSE process
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Slide adapted from Jan Ohlberger
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Case Study: Using IPMs for Hatchery Evaluation 
& Adaptive Management of Lower Columbia 
Chum Salmon

20

Photo: Eiko Jones 
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CR Chum Recovery Plan & Strategy

21

• Recovery plan developed for Lower Columbia Salmon & Steelhead (LCFRB 2004, 2010)
o 17 designated populations, 

mostly in WA
o Most historic populations 

were extirpated
o Provided recovery strategies

• High-level recovery strategies
o Protect/improve core 

populations
o Improve habitat
o Hatchery supplementation

& reintroduction
extirpated
extant

Slide adapted from Kale Bentley
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WDFW’s Lower Columbia Chum Recovery 
Efforts

Habitat Hatcheries Monitoring

22
Slide adapted from Kale Bentley
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WDFW’s Chum Recovery Efforts
Habitat Hatcheries Monitoring

For ~15 – 20 years, WDFW has been implementing a 
three-pronged approach and gathered high-quality 
monitoring data from the core populations….

…but our evaluation of recovery actions was historically 
limited and piecemealed  challenging adaptive 
management

23
Slide adapted from Kale Bentley
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24

Spawners Eggs

Fry/SmoltsAge-3

Age-4

Age-5
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Chum Life-cycle
Hatchery 

Slide adapted from Kale Bentley
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25
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Chum Life-cycle

Slide adapted from Kale Bentley
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26

Chum Integrated Population Model (IPM)
• Estimates of every “state variable”,  for every population every year, whether it 

was monitored that year or not (e.g., spawners, smolts, age comp, pHOS)
Slide adapted from Kale Bentley
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Hatchery Evaluation: Results

35

• Four metrics of interest
• Abundance
• Probability of Quasi-Extinction (PQE)
• pHOS
• Probability of Recovery (PoR)

Hatchery Scenario

Slide adapted from Kale Bentley
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Hatchery Evaluation: Results

36

Hatchery Scenario

• Four metrics of interest
• Abundance
• Probability of Quasi-Extinction (PQE)
• pHOS
• Probability of Recovery (PoR)

Hatchery Scenario

Hatchery Scenario

~1 for all scenarios 
w/ & w/o hatcheries

Slide adapted from Kale Bentley
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How can IPMs and MSEs be adapted to Upper 
Columbia hatchery questions?

• Model structure
• Life stages adult to adult, adult to smolt, adult to fry to parr to smolt, etc.
• Pop structure  typically at pop scale, but can nest sub-pops within pops (e.g., Nason, Chiwawa programs within 

Wenatchee basin)
• Sharing information  can estimate parameters “independently” or “hierarchically” among populations

• Parameters estimated
• Performance criteria for MSE

37
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How can IPMs and MSEs be adapted to Upper 
Columbia hatchery questions?

• Model structure
• Life stages adult to adult, adult to smolt, adult to fry to parr to smolt, etc.
• Pop structure  typically at pop scale, but can nest sub-pops within pops (e.g., Nason, Chiwawa programs within 

Wenatchee basin)
• Sharing information  can estimate parameters “independently” or “hierarchically” among populations

• Parameters estimated
• Performance criteria for MSE
• In fact, work on UCR IPMs has already begun!

• Mark Sorel (WDFW), Wenatchee Spring Chinook—UW Dissertation
• Jason Neuswanger (WDFW), Wenatchee Steelhead—under development

38
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Wenatchee River 
spring Chinook 

salmon

39

Wenatchee River 
spring Chinook 

salmon

Slide adapted from Mark Sorel
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Wenatchee River 
spring Chinook 

salmon
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Downstream rearing

Natal-reach 
rearing

Wenatchee River 
spring Chinook 

salmon

Slide adapted from Mark Sorel
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Wenatchee River spring Chinook Salmon Spawer to 
Juvenile Recruit Functions from Mark’s IPM

41

Increasing Age

Slide adapted from Mark Sorel
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Wenatchee River spring Chinook Salmon Smolt to Adult 
Survival & Age Composition Estimates from Mark’s IPM

Slide adapted from Mark Sorel
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NasonChiwawa
Spring 
age 1

Fall 
age 0

Summer 
age 0

Spring 
age 0HatcheryHabitat

Strategy

64741.001.001.001.00BaselineBaseline1

32371.001.001.001.00ReducedBaseline2

64741.331.211.161.10BaselineNatal3

32371.331.211.161.10ReducedNatal4

64741.001.101.161.21BaselineDownstream5

32371.001.101.161.21ReducedDownstream6

64741.331.331.331.33BaselineBoth7

32371.331.331.331.33ReducedBoth8
43

Habitat multipliers Hatchery broodstock

Alternative management strategies

43
Slide adapted from Mark Sorel
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Example of hypothetical outputs

• Example results!

• Don’t pay attention to specific 
values/outcomes!

Slide adapted from Mark Sorel
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45

Example of hypothetical outputs

• Example results!

• Don’t pay attention to specific 
values/outcomes!

• Could be developed to measure 
many more outcome variables 
or evaluate many other (more 
realistic) scenarios

• Would be adapted to 
specifically address new 
proposed objectives:
• Use IPMs to evaluate how hatchery spawners affect NOR abundance and productivity and identify life stages that 

are limiting population growth

• Use IPMs to evaluate the effect of hatchery spawners and total spawner density on naturally produced juvenile 
abundance, life history diversity, size, and age at emigration. 

Slide adapted from Mark Sorel
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Data needs?
• Generally, starts with population-scale abundance, "composition" estimates (sex, age, pHOS), 

harvest & broodstock removals, but can accommodate survival estimates (and a wide 
diversity of other data) if they are available

• Can also be downscaled to accommodate finer spatial scale parameters (e.g., Nason, 
Chiwawa)

• Flexibly accommodates observations in their "native" formats (e.g., no need to "pre-calculate" 
a brood table, for example, or "fill in" missing observations).

46
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Programs and Data
Example Data AvailabilityReference 

pops.
ProgramSpecies

JuvenileAgepHOSReddsSpawners
NoYesYesYesYesNoHanfordFall Chinook
YesYesYesYesYesYesChiwawaSpring Chinook
YesYesYesYesYesYesNason
YesYesYesYesYesYesTwisp
YesYesYesYesYesYesMetComp
YesYesYesYesYesNoWenatcheeSummer Chinook
YesYesYesYesYesNoMethow
NoYesYesYesYesNoOkanogan
YesYesYesNoYesNoWenatcheeSteelhead
YesYesYesNoYesNoMethow
NoYesYesNoYesNoOkanogan

47
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Summary

• Haven’t been able to evaluate all programs
• Evaluations we have done have been inconclusive
• 20 years of same objectives; 20 years with 

inconclusive or no results

48Images: Joseph Tomelleri
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Summary
We are at a crossroads:

• Can continue forward with 
objectives and methods we 
already have and get more 
inconclusive results, or we can 
try a new approach

• WDFW proposes new 
approach:

• IPMs and MSE offer a scientifically 
defensible and credible approach 
to assess and adaptively manage 
UCR hatchery programs

• The Upper Columbia region has 
led in many areas, and has 
developed one of the best M&E 
dataset in the world, which 
uniquely positions it to capitalize 
on advances in modeling and 
inference

49
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Hypothetical Next Steps

50Images: Joseph Tomelleri

• Convene IPM subcommittee
• Develop modeling workplan

• Identify key questions and key performance indicators
• Identify model structure required 
• Identify species/populations/programs to start with
• Identify state (and location) of data and plan any needed cleanup
• Identify management scenarios to evaluate
• Identify timeline and process for dissemination of results and feedback
• Identify resource needs to complete project

• Identify how key performance indicators will be used in adaptive 
management
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Thanks!
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Images: Joseph Tomelleri

Thomas Buehrens, Senior Research Scientist
Thomas.Buehrens@dfw.wa.gov
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