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MEMORANDUM 
 
TO: Council Members 
 
FROM:  Erik Merrill, Independent Science Manager, and Leslie Bach, Senior 

Program Manager and ISAB Ex Officio  
 
SUBJECT: Presentation by the Independent Scientific Advisory Board on Three 

Reviews of Salmon Survival Analyses 
 
 
BACKGROUND: 
 
Presenters: ISAB members Stan Gregory (Chair) and Kenny Rose.  
 
Summary: The ISAB will present conclusions from three reviews of salmon survival 

analyses. Together, these reviews identify progress made, remaining 
uncertainties, and opportunities for synthesis to learn more from existing 
data through coordinated analyses.   

 
• Dam Bypass Selectivity Report: Review of Analyses of Juvenile Fish 

Size Selectivity in Dam Bypass Systems and Implications for 
Estimating and Interpreting Fish Survival (ISAB 2021-1; April 12, 2021) 

 
For this report, the ISAB reviewed scientific findings and subsequent 
dialogue associated with two published papers (Faulkner et al. 2019, 
Storch et al. 2021) that investigated fish size selectivity in juvenile bypass 
systems and its implications for estimating and interpreting juvenile 
salmonid survival. It has long been observed that juvenile salmonids that 
encounter multiple juvenile bypass systems during downstream migration 
return as adults at a lower rate, on average, than those that have fewer 
bypass encounters. Two, non-mutually exclusive, hypotheses have been 
suggested to explain this phenomenon: 1) bypass systems impart damage 
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or stress that results in mortality, but not until the fish have completed 
passage through the hydropower system; 2) bypass systems select for 
individuals that are smaller or have other characteristics that result in a 
survival disadvantage regardless of passage routes at dams. Addressing 
the issue of effect of passage history on ocean mortality is important 
because the current management strategy of maximizing spill is designed 
to route fish away from bypass systems.  
 
The ISAB found the publications and analyses were reasonable and 
scientifically sound but ultimately did not provide definitive conclusions on 
the two hypotheses. The analyses and data advanced the scientific 
discussion and provide an opportunity to better understand the role of 
body length in how the fish use the bypass system. This information may 
clarify the effect of length on bypass usage and perhaps, return 
probability. If size-selection affects bypass probability, then there may also 
be an opposite effect on powerhouse passage probability, which suggests 
the need for further analysis. 
 
• Comparison of Research Findings on Avian Predation Impacts on 

Salmon Survival (ISAB 2021-2; April 23, 2021) 
 
This ISAB report examines similarities and differences in the conclusions 
and management implications of the following two publications on 
Columbia River Basin steelhead trout (Oncorhynchus mykiss): “Avian 
predation on steelhead is consistent with compensatory mortality” 
(Haeseker et al. 2020) and “Measuring the additive effects of predation on 
prey survival across spatial scales” (Payton et. al 2020). These papers 
analyze the extent to which avian predation is additive or compensatory. 
At their extremes, (completely) additive means that changes in predation 
are reflected in one-to-one changes in the overall survival of a population, 
whereas (completely) compensatory means that other life cycle factors 
operate to negate or counteract the effects of predation so that long-term 
survival is unaffected by the predation in question. More often in nature, 
partial additivity and compensation are observed rather than the extremes 
of complete additivity or compensation. Results of analyses examining 
compensatory versus additivity in survival can strongly affect decisions 
about future regional management actions designed to reduce avian fish 
predators, for example, hazing, re-locating, and culling. 
 
While the studies were conducted in different basins and employed only 
partially overlapping time series, the ISAB concluded that, despite these 
differences, the two studies are not inconsistent in their results. 
Both studies looked at mortality during the estuarine/marine phase and 
concluded that predation is either largely (Payton et al.) or fully (Haeseker 
et al.) compensatory. Only Payton et al. assessed smolt survival during in-
river migration, and there appears to be strong additivity of predation for 
this life history phase. Results of both studies are consistent with the 
possibility of low-level partial additivity of predation effects on smolt-to-
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adult returns (SAR). For populations at risk, avian predation that is 
partially additive could affect population sustainability.  
 
A major question for management is whether an increase in SARs is worth 
the cost of suppressing avian predators or is critical to the support of ESA-
listed salmonid species. Answering these questions requires estimates of 
the magnitude of avian predation effects as well as estimates of the 
degree of additivity or compensation, and also requires consideration of 
social concerns, cost effectiveness, and ecosystem consequences of 
avian control actions (ISAB 2019-1). Important future steps include 
reconciling results from these studies in a side-by-side analysis, 
evaluating additional methods for obtaining predation effect size from 
tagging data, and incorporating these into life cycle models for different 
species and populations. The findings of strong additivity of predation for 
the in-river portion of steelhead life histories and possible low-level partial 
additivity of predation on SARs warrant further research and careful 
consideration of possible management actions. 

 
• Review of the Coast-Wide Analysis of Chinook Salmon Smolt to Adult 

Returns (SARs) by Welch et al. (ISAB 2021-3; June 29, 2021) 
 
This ISAB report reviews the Welch et al. (2020) paper "A Synthesis of the 
Coast-wide Decline in Survival of West Coast Chinook Salmon” that 
examined time series of annual smolt to adult return (SAR) values for 
many West Coast Chinook salmon populations. The analysis of Welch et 
al. (2020) highlights the generally low SAR values of Chinook salmon that 
have occurred along the West Coast recently, and the paper calls into 
question the view that Columbia River SARs are anomalously low. Their 
publication raised questions about the general efficacy of hydrosystem 
passage and freshwater habitat actions because of some of their broadly 
stated conclusions. Most importantly, they concluded that changes in 
freshwater habitat would have little impact on SARs and therefore have 
only small effects on Chinook salmon populations, a finding which could 
have major implications for how salmonids are managed in the Columbia 
River Basin. The ISAB also considered a review of the Welch et al. (2020) 
paper by the Fish Passage Center (FPC 2020) and Welch et al.’s (2021) 
response to the FPC review. 
 
Welch et al. (2020) conducted simple analyses of the assembled SAR 
time series data and reach a series of conclusions – some supported by 
the analysis and some not supported. At a coarse resolution, the 
descriptive observations of Welch et al. (2020) that SARs for Chinook 
populations are low in the region and the values for the Columbia system 
are not dissimilar from those of other systems, including those with no 
dams, are supported by the analysis presented in the paper. The ISAB 
also agreed with their findings that low SAR values from marine survival 
affect the realization of long-term population-level benefits of freshwater 
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management actions. These findings are useful contributions to the wider 
literature on Chinook survival patterns and for informing management. 
 
However, Welch et al.’s conclusions involving causal inferences, for 
example about the effectiveness of freshwater habitat initiatives 
(management actions), are not adequately supported by the evidence. 
Such conclusions therefore should be considered speculation, especially 
when interpreted for individual populations. Moreover, inferring 
management implications based on their results alone would be 
premature. In particular, the degree to which freshwater mortality during 
juvenile migration influences SAR values varies across populations has 
not been determined by the Welch et al. (2020) analysis. One cannot 
directly compare SAR values to infer how freshwater survival differs 
among populations without making major unsupported and untested 
assumptions, for example, assuming that marine survival is constant 
across populations. 
 
The Welch et al. (2020) paper adds to other evidence for the need to 
further investigate SAR values across populations and to continue 
investigating oceanic and freshwater contributions to low SARs as a 
critical uncertainty in the basin. The ISAB offers recommendations for 
further analyses of coastwise SARs to increase our understanding of their 
temporal trends and broad spatial patterns throughout the region. 

 
Workplan:  Independent scientific review is an integral and ongoing component of the 

Fish and Wildlife Program and the Division’s workplan. The three reviews 
address Program strategies and priorities including hydrosystem passage, 
predator management, ocean survival, and adaptive management. 

 
Background:  In December 2020, the ISAB’s Administrative Oversight Panel – consisting 

of the Council’s Chair, Columbia River Inter-Tribal Fish Commission’s 
(CRITFC) Executive Director, and NOAA Northwest Fisheries Science 
Center’s Science Director – approved these three ISAB reviews. The 
request to review the avian predation analyses originated with CRITFC, 
the size selectivity in dam bypass systems analyses with NOAA Fisheries, 
and the Welch et al. request was developed based on group discussions. 

 
More Info:  The ISAB’s full reports are available online: ISAB 2021-1, ISAB 2021-2, 

ISAB 2021-3. 
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ISAB Salmon Survival Reviews
2021

Presentation to Northwest Power and Conservation Council December 15, 2021
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Three 2021 Reviews of 
Salmon Survival Analyses

• Dam Bypass Selectivity Report: Review of Analyses of 
Juvenile Fish Size Selectivity in Dam Bypass Systems and 
Implications for Estimating and Interpreting Fish Survival 
(ISAB 2021-1; April 12, 2021)

• Comparison of Research Findings on Avian Predation 
Impacts on Salmon Survival (ISAB 2021-2; April 23, 2021)

• Review of the Coast-Wide Analysis of Chinook Salmon Smolt 
to Adult Returns (SARs) by Welch et al. (ISAB 2021-3; June 
29, 2021)

https://protect-us.mimecast.com/s/gJyMCgJXg7INQ2guEVFLQ?domain=nwcouncil.org
https://protect-us.mimecast.com/s/AphxC0R36AI4P3EIWkTsd?domain=nwcouncil.org
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Review Questions
1. Were the analyses scientifically sound and the data used 

appropriate for answering the question? 

2. Were the conclusions supported by the results?

3. How did the studies’ analyses differ, and do these 
differences or other reasons account for contrasts in the 
conclusions?

4. What are the management implications of the results?

5. What are the ISAB’s recommendations to improve the 
analyses?



• Bullets Faulkner et al. 2019

Storch et al. 2021



Dam Bypass 
Selectivity Report

• Faulkner et al. 2020

o Negative relationship between fish 
length and bypass probability

o Positive relationship between fish 
length and return probability

• Storch et al. 2020
o Length does not explain 

differences in survival among 
different populations



Taken from presentation by Faulkner to ISAB

Dam Passage

Turbines

Bypass System

Spillway



Dam Passage

Taken from presentation by Faulkner to ISAB



Graphic from Columbia Basin Bulletin, April 23, 2021



Taken from presentation by Faulkner to ISAB

Bypass Encounters
• Adult salmon return rates are lower, on average, for 

fish that encounter greater numbers of bypass 
systems during downstream migration.



Hypothetical Causes 
of Bypass Effects on Survival

• Damage or stress that results in mortality after fish 
have passed through the hydropower system.

• Selection of smaller individuals, which have lower 
survival, on average, regardless of passage routes at 
dams.



Image from presentation by Faulkner to ISAB

Management Implications
• Current strategy of maximizing spill is designed to 

route fish away from bypass systems. 







Dam Bypass 
Selectivity Report

• Faulkner et al. (2019) looked at 
the effect of fish length on 
survival within populations.

• Storch et al. (2021) looked at the 
effect of fish length on survival 
across populations. 



For example, larger individuals of salmonid smolts going 
to sea of a given population in a given year are more 
likely to return than are smaller ones. 



For example, larger individuals of salmonid smolts going 
to sea of a given population in a given year are more 
likely to return than are smaller ones. 

However, the average smolt length has little or no 
explanatory power for predicting the marine survival of 
that year’s cohort relative to smolts from other years

The average marine survival observed among populations 
is not strongly associated with body length either.



Dam Bypass 
Selectivity Report

The ISAB concluded that:

• A negative relationship between 
fish length and bypass probability 
(at most dams) and a positive 
relationship between fish length 
and return probability are 
supported. 

• A major issue is the apparent 
small differences in lengths that 
underlie the contrasts in the 
analysis.



Dam Bypass 
Selectivity Report

• The finding of fish length affecting 
return probability is of great 
interest.

• But it is more tenuous than the 
finding of the relationship 
between fish length and bypass 
probability.



• The analyses and data provide an opportunity to 
better understand the role of body length in how the 
fish use the bypass system. 

Faulkner et al. 2019

Storch et al. 2021



• This information may clarify the effect of length on 
bypass usage and perhaps, return probability. 

• If size-selection increases bypass probability, then it 
may decrease powerhouse passage probability, which 
warrants further analysis.

Faulkner et al. 2019

Storch et al. 2021



Avian Predation 
Impacts Analysis Report



Both papers analyze the extent to which avian predation 
is additive or compensatory for steelhead

Haeseker et al. 2020 Payton et al. 2020



Survival and Mortality



100% Additive



100% Compensatory



Columbia River Dams

Graphic from briefing by Payton et al. 



Caspian Tern Colonies

Graphic from briefing by Payton et al. 



Payton et al. 2020

Graphic from briefing by Payton et al. 



Haeseker et al. 2020

Graphic adapted from briefing by Payton et al. 



Haeseker et al. 2020

Graphic adapted from briefing by Payton et al. 



• Only Payton et al. assessed smolt 
survival during in-river migration. 





• There appears to be strong additivity 
of predation for this life history phase.



• Payton et al. also examined smolt-to-
adult survival to Bonneville. 





• Payton et al. concluded that there is 
evidence for weak additivity of 
predation for the smolt-to-adult phase.



• Haeseker et al. examined smolt-to-adult 
survival to Bonneville using a 
correlation analysis of multiple years 
combined. 





• Haeseker concluded that the lack of 
correlation is evidence for full 
compensation for smolt-to-adult 
phase.



Figure 8.S3 in Payton et al. 2021



Figure 8.S3 in Payton et al. 2021



Results of both studies are consistent 
with the possibility of low-level partial 

additivity of predation effects 
on smolt-to-adult returns. 



Management Implications



• Previous management actions have included 
hazing, culling, and habitat modification to 
discourage nesting.

• The findings of strong additivity of predation for 
juvenile steelhead and possible low-level partial 
additivity of predation on SARs warrant further 
research and careful consideration of possible 
management actions.





Welch et al. Paper

Top – FISHBIO.com; Middle/Bottom -IDFG.IDAHO.gov

• Smolt-to-adult ratio (SAR)

• Chinook 
• 123 populations
• 94 hatchery, 26 wild, and 3 mixed
• Ocean and stream-type life histories

• Tag data

• Time periods, releases, etc. vary



• Recruits/Spawner (R/S)

• SARs

• 17 Snake River Chinook pop

• Brood years 1992-2010

Figure 5.1 in CSS 2017 Annual Report



Diagram is modified from a NWFSC/NOAA Fisheries graphic



Symbol represents typical detection locations



Diagram is modified from a NWFSC/NOAA Fisheries graphic



Symbol represents typical detection locations



CSS 2020 Annual Report



From Welch et al. 2020



From Welch et al. 2020



From Welch et al. 2020



From Welch et al. 2020



Summary of Responses
Conclusions Supported by the Results

• Supported
o SARs are low
o Columbia similar to other systems

• Unsupported
o Whether little evidence of delayed mortality
o Separation of SAR into marine/freshwater, 

especially for specific populations

• May be valid but cannot determine from the analyses



Summary of Responses
Scientifically Sound & Data Used Appropriately

• Descriptive analyses reasonable (but subjective) for 
general trends in SAR values

• Causal interpretations are speculative
o Differences in tagging among populations
o Variation and inseparability of freshwater from SARs
o Effectiveness of freshwater management actions

• Note: similar general comments as the FPC review



Summary of Responses
Management Implications

• SAR values are generally low

• Low marine survival affects (constrains) long-term 
benefits of restoration



Summary of Responses
Management Implications

• Effectiveness of freshwater habitat improvements for 
Columbia Basin was not determined

o Inseparability of SARs
o More site-specific data than used
o Not distinguish hydrosystem versus habitat
o Should consider proportional gains



Summary of Responses
Management Implications

• Wrongly conclude that Welch et al. showed future 
freshwater actions are futile

• Restoration must consider the uncertain future of 
the ocean, the full life cycle, and the benefits of 
habitat restoration



Summary of Responses
Improve Analysis and Interpretation

• Synthetic analyses like Welch et al. are useful 

• Adding explanatory variables

• Marine and freshwater components of SARs



Summary of Responses
Improve Analysis and Interpretation

• Unified statistical approach

• Identify speculation to ensure proper interpretation

• Use best data when available for locations

• Warrants analyses by the Fish & Wildlife Program



Presentation to Northwest Power and Conservation Council December 15, 2021

Together, these reviews:

• Describe progress made

• Add clarity to the methods, results, and conclusions

• Highlight remaining uncertainties

• Identify opportunities for synthesis to existing data through 
coordinated analyses

• Describe management implications for decision makers
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