Appendix G

Comments and response from ISRP/ISAB



FISH PASSAGE CENTER

2501 SW First Avenue, Suite 230, Portland, OR 97201-4752

Phone: (503) 230-4099 Fax: (503) 230-7559
http://www.fpc.org
e-mail us at fpcstaff@fpc.org

August 23, 2002

Northwest Power Planning Council
Attention Judi Hertz

Response to ISRP

851 SW 6" Avenue, Suite 1100
Portland, Oregon 97204

RE: Project ID: 199602000 — Comparative Survival Study (CSS) of Hatchery PIT tagged
chinook and the Comparative Survival Study Oversight Committee.

Dear Ms. Hertz:

Attached, please find the response to ISRP comments on the subject proposal.

Sincerely,

Pl foul )

Michele DeHart

199602000 response.doc


http://www.fpc.org/%7Efpc
mailto:fpcstaff@fpc.org

August 23, 2002 1

Response to ISRP comments
Project 1D 199602000

Comparative Survival Rate Study (CSS) of PIT tagged Chinook
&
Comparative survival Study Oversight Committee

1. ISRP Comment: “The response must include an outside peer review of the estimation
process by a qualified statistician(s) or there must be a programmatic review by the ISRP
allowing adequate time for careful evaluation of the estimation process before a positive
recommendation for funding can be given. Previous reviews by the ISAB and the ISRP
resulted in the conclusion that the overall design of the data collection was adequate to
meet the primary objectives of the project, but that the statistical properties of the
proposed analysis procedures (mathematical formulas) should be further investigated
before conclusions are based on data from this study. The previous ISRP and ISAB
reviews did not approve the specific mathematical formulas in the reports issued by this
project. Adequate review of the proposed analysis procedures is not feasible in the time
allocated for the review for all proposals in the Mainstem and System wide Province.”

Response: The study has been reviewed in detail by the ISAB on January 14, 1997, and January
8, 1998, and most recently in December 2001. John Skalski, University of Washington,
provided the most recent review comments on the present study design, on December 3, 2001. A
copy of those comments and the response to comments are attached. In addition, those comments
and the response to those comments were appended to the annual report for 2001, which is
available at http://www.fpc.org/fpc_docs/css/CSS_Report_FINAL.pdf in Appendix F.

The CSS Oversight Committee is amenable to outside independent reviews and to the
ISRP detailed review discussed in their comments. The CSS Oversight Committee is scheduled
to discuss the statistical and study design details with the ISRP on September 24, 2002 to
facilitate the ISRP detailed review. Additionally, in response to Question # 4 posed by the
ISRP, the Oversight Committee plans to begin work to publish results this winter. A broad range
of peer review of statistical analysis and methodology will occur through that process.

2. ISRP Comment: “When will the project end? The reason for the project stated on page 2
IS to answer, can transportation of fish to below Bonneville compensate for the effect of the
hydro system on juvenile survival rates of Snake River spring and summer chinook salmon
during their downstream migration? It appears that the direction of the project is changing
to the point that the proposal should be considered a new proposal. The project began in
1996 yet the proposal notes a rather tentative goal on page 2, and repeated on page 3, This
study is intended to begin to provide the basis for the Mainstem Monitoring and Evaluation
(M&E) Program’s analysis of long term alternatives for recovery of depressed listed and
unlisted stocks of chinook and steelhead.”

Response: This is an ongoing, long-term project, which monitors and evaluates salmon survival

(smolt to adult) related to existing hydrosystem management actions (in-river migration and
transportation) across a broad range of environmental conditions (e.g., runoff volumes,
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estuary/ocean). The project has maintained a consistent scope, which has since its inception
included the identified transportation question but also several questions which are outlined in
tasks and objectives of the proposal (see proposal Section 9 f). These include upstream-
downstream comparisons, the development of long-term, consistent, time series of SARs, and the
hydro system passage history of smolts. The CSS Oversight Committee previously responded to
this question of project duration by the Northwest Power Planning Council (September 8, 1997
memo, DeHart to Casavant) as follows: “The Salmon Managers initially proposed the PIT
tagging at hatcheries as a means of evaluating mitigation measures aimed at recovery of listed
wild chinook. Since recovery will take many years, there will be the need for the release of
marked fish for the evaluation of recovery measures. Therefore, we will consider this study a
long-term effort. Although hatchery stocks are predominately used now, as wild stock
population sizes increase, they would be considered for tagging. The key element of this PIT
tagging effort is to provide a level of consistent marking over time to address the effects of the
primary mitigation measures. This long-term study is designed to conform with and compliment
the NPPC adaptive management approach as outlined in the draft framework paper.” The ISAB
review (January 8, 1998) also recommended a long-term, expanded CSS project
(recommendation 2): “So long as the present configuration and operation of the hydroelectric
system exists, extend (or continue) PIT tagging to include naturally reproducing populations of
spring chinook whenever population sizes may permit. Continue PIT tagging other life history
types, and extend PIT tagging to other life history types of other species of salmon, including
steelhead, whenever possible.”

The direction of the project is essentially the same as proposed in 1996 and 1997,
however, the project has proposed additions of specific study populations to better meet the
project goals, respond to project reviews by the ISAB and other reviewers, and adapt to changes
in the Fish and Wildlife Program, additional ESA listings and regional programs. The key
response variables have continued to be empirical smolt-to-adult return rates (SARS) compared
to those needed for survival and recovery, and SAR comparisons between transport and inriver
migration routes and upstream and downstream populations. The project has contained since its
inception the task of exploring feasibility of developing lower river wild spring chinook index
stocks to estimate smolt-to-adult return rates to compare with those of Snake River wild stocks.
The current proposal, which adds steelhead groups, is consistent with the original project vision
and the specific recommendation of the ISAB cited above.

The initial and present intent of this study is “to begin to provide the basis for the
Mainstem Monitoring and Evaluation (M&E) Program’s analysis of long term alternatives for
recovery of depressed listed and unlisted stocks of chinook and steelhead.” The basic challenge
identified by the ISRP is that some components of a mainstem / systemwide M&E program are
in place (including the CSS study), but the overall M&E program is not. Clearly, these
component programs (including CSS) will need to mesh functionally in the future for a
successful systemwide M&E program. As discussed below, formally combining projects does
not seem to be necessary or beneficial at this stage so long as data collection and analytical
activities are closely coordinated through the proposed umbrella project.

3. ISRP Comment: “The response should contain a careful self-review evaluating the

advantages and disadvantages of combining this project with the CBFWA proposal #35033
to form a system wide monitoring and evaluation project.”
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Response: The CBFWA proposal #35033 for collaborative, systemwide monitoring and
evaluation (if funded) would provide a framework within which the CSS (and other projects of
similar scale) could operate to monitor and evaluate life cycle survival of listed and unlisted
Columbia Basin salmon, steelhead (as well as resident species). Note that the CBFWA proposal
did not propose to incorporate administration and implementation of projects like CSS, but rather
to integrate Tier 1, 2 and 3 data from these component projects into a systemwide M&E
program, and make recommendations for filling critical information gaps related to key
management questions facing the region.

Until a systemwide M&E program is actually established, there does not seem to be any
advantage to combining the ongoing CSS project with an un-funded proposal such as #35033. In
the future, an advantage of combining this project with the CBFWA proposal #35033 might be to
ensure project coordination and to prioritize CSS M&E activities. The alternative model is to
keep projects separate but have close coordination between the CBFWA M&E project and the
various components (including CSS) to ensure efficiency of data collection and analyses. The
disadvantage to combining CSS with CBFWA proposal #35033 is primarily one of logistics of
project administration and implementation. The scale of CSS is currently workable, with
implementation carried out by the Smolt Monitoring Program, and project design, data analyses
and oversight carried out by an interagency oversight committee. We foresee no advantages to
CSS project administration or implementation from a formal incorporation of CSS into the
CBFWA project, because the existing logistical burden would simply fall to the CBFWA project
(and subsequently back to the Smolt Monitoring Project). Potential benefits to the CSS study
design or data analyses tasks from combining projects could be achieved alternatively through
coordination between the CSS project and the CBFWA proposed M&E project, especially
considering the overlap of sponsoring agencies and biologists/biometricians on the two projects.

4. ISRP Comment: “The proponents should summarize progress toward publication of the
results and methods in the peer reviewed literature, if any attempt has been made.”

Response: A part of the CSS results concerning survival rates by route of passage has been
published in the North American Journal of Fisheries Management (Budy et al. 2002). However,
the majority of the methods and results are contained in the report “Comparative Survival Study
of PIT tagged spring/summer Chinook Status Report for Migration Years 1997-2000
Mark/Recapture Activities” in great detail (Bouwes et al. 2002). The CSS oversight committee
has been planning to submit a couple of publications, one on the methodologies and another on
the results of basinwide comparisons for spring/summer chinook survival rate patterns. The
publications rely on finishing the analysis of the non-parametric bootstrap technique for
confidence limits for smolt-to adult return rates. In addition, we could not publish results in
previous years because the adult returns were not complete until 3 years after marking.
Therefore, in order to have three years of data the returns were not complete until 2002. We
anticipate submitting these manuscripts for publication this winter.

5. ISRP Comment: “It was mentioned that bootstrapping would be used to obtain
confidence intervals on the point estimates and we agree that this may be an appropriate
procedure. However, the problem is deeper than estimation of variances. The formulas
proposed are ratios of ratios and the magnitude of mathematical bias in the point estimates
should also be evaluated. In addition, maximum likelihood estimators and perhaps others
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should be developed and contrasted to the proposed ad hoc estimators to determine the
most accurate and precise estimates possible with the available data.”

Response: The ISRP agrees that the bootstrap may be an appropriate procedure for estimation
of variance, but they would like to see an evaluation of potential bias in SARs, ratios of SARS,
and the delayed mortality index D. The CSS researchers realize that there is a potential for
biases in the estimation process that should be evaluated. For example, estimating the number of
smolts in the Ty (total transported in LGR equivalents) and C; (in-river migrating smolts detected
at a transportation site in LGR equivalents) categories requires unbiased estimates of survival
from Lower Granite Dam tailrace to Lower Monumental Dam tailrace (this expands to McNary
Dam tailrace in years that springtime transportation at McNary occurs). As part of the estimation
process, we look for patterns in the survival estimates between these dams that may be reflective
of potential biases. An unbiased estimate of the number of smolts in the C, (in-river migrating
smolts not detected at a transportation site in LGR equivalents) category requires unbiased
survival estimates to produce results in LGR equivalents and an unbiased estimate of the
population of PIT tagged fish at Lower Granite Dam (undetected and detected fish). Most of the
variance and potential bias of the estimated number of smolts in Category C, will arise from the
estimation of population at Lower Granite Dam.

We ran simulations of the process of estimating the number of undetected wild fish at
Lower Granite Dam, which included seasonally and randomly varying detection probabilities,
smolt travel times, and survival rates. The results suggest that our proposed method results in
very small (< 1%) bias in estimates of undetected smolts at Lower Granite, with 95% confidence
intervals well within + 10% of the true value. This method must be used for wild fish, and can
also be used with hatchery fish.

The ISRP recommends that we should develop maximum likelihood estimators and
contrast them to our “ad hoc” estimators to determine which provides more accurate and precise
parameter estimates. However, some of the quantities we already estimate, such as reach
survival rates, in fact use maximum likelihood estimation, and the Lower Granite Dam
population estimates are generated using components that are maximum likelihood estimators
(e.g., estimated collection efficiency). It is these estimates that determine the accuracy and
precision of the estimated smolt numbers. These estimates in combination with the actual count
data create the estimated number of smolts in each category. This is not an “ad hoc” approach as
implied by the ISRP, but rather a set of computational formula based on the underlying
probabilities of survival between dams, probability of collection at a dam, and probability of
being transported once collected at a dam.

Where practicable, theoretical formulas for variance and/or profile confidence intervals
from maximum likelihood estimation (MLE) will be employed with the original data to compare
with estimates of variance and confidence intervals generated from the bootstrap program.
Likelihood profiles for SARs (where the denominator is known with little error) can be generated
using the binomial probability distribution and observed releases and recaptures. Variance for
log-transformed ratios of SARs with denominators that are presumed to be known with little
error [e.g., SAR(T_cr) and SAR(C;)] can be estimated with the formula derived from the ratio of
two binomial random variables [see Equation (1) of Townsend and Skalski (1997)].
Additionally, MLE for ratios of these SARs will be performed using a likelihood formula similar
to Equation (14) of Townsend and Skalski (1997), generating likelihood curves and support
functions, which will give means and confidence intervals which can be compared to those
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generated from the bootstrap. If the bootstrap estimates of these relatively simple SAR and T/C
estimates exhibit low bias and robust confidence intervals, it will provide assurance that more
involved estimation procedures (e.g., for D) are reasonable.

Because estimates of in-river survival from Lower Granite Dam tailrace to Bonneville
Dam tailrace (LGRBON reach) have generally required some extrapolation of survival across
sections of river for which no direct estimate is possible, there is the potential for biases to enter
into the estimation of D. In years prior to 1998, there were greater chances of biases in these
expansions because of the limited PIT tag detection capabilities at John Day and Bonneville
dams, compared to 1998 and subsequent years. In 1998 and subsequent years the distance of
river over which in-river survival has had to be extrapolated has been reduced, thus reducing the
potential for biases in the LGRBON reach survival estimate. In the bootstrapping program, we
have added a feature that allows the researcher to pre-select the number of reaches over which to
use existing estimates of in-river survival and to choose among alternative methods of
extrapolation. This will allow us to compare the sensitivity of the resulting LGRBON reach
survival estimate to the amount of reach (distance) being extrapolated, and the method used.

6. ISRP Comment: “Why is NMFS not on the interagency Comparative Survival (CSS)
Oversight Committee? It seems that they are one of the primary users of the results and
should be directly involved in oversight of the project.”

Response: NMFS was invited to join the Oversight Committee at the inception of the
Committee and the CSS study. NMFS declined to participate in day-to-day Oversight
Committee discussions. However, NMFS Science Center staff participated in the early stages of
study statistical design development. NMFS has not been excluded from the Oversight
Committee and has a standing invitation to join if they so desire. NMFS as well as any other
agency or individual is provided the opportunity to review and comment on the CSS, annual
report, annual proposal study designs and any other aspect of the CSS. NMFS has taken the
opportunity to provide comments on this study through the NMFS ESA Section 10 permit
process for the CSS.

7. Action Agencies/ NMFS RME Group Comments: “The RME Hydro subgroup
recognizes that the proposed research has the potential to provide data and estimates
useful in satisfying elements in those RPAs, Hydro-related RME RPAs 185, 187, 188, and
189. The smolt survival estimates have further application in the context of testing
compliance with the Hydro performance standards as noted for other proposals in this
review. The proposal was thorough in specifying sample sizes comprising key index
treatment groups. However it would be beneficial if that information was translated into
precision estimates. Alternatively power analyses for key hypothesis tests could be
presented to demonstrate the estimates will be satisfactory for evaluating key hypothesis
remaining in the region. This would also aid in assessing the utility of the information in
performance tests that would be performed at the check-ins.”

Response: The CSS provides data useful to addressing hydro-related RPA 185 (SARs of in-
river and transported smolts and associated estimation of delayed mortality of transported fish),
RPA 187 (relation between ocean entry timing and SARs of in-river and transported smolts),
RPA 188 (SARs of lower Columbia River basin wild stocks for use in evaluating effects of
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hydro system on upriver stocks), and RPA 189 (SARs of smolts with different passage histories
through the hydro system, including effects such as number of bypasses detected and which
particular bypasses detected). Through the large scale PIT tagging of hatchery yearling chinook
and steelhead, the CSS will provide a database containing smolt passage histories and adult
return histories. For Snake River basin smolts, this database will provide direct comparisons of
SARs of in-river and transported smolts with a 90% power of detecting differences of at least
50% between the two outmigration routes as long as the smaller SAR does not drop below 1%.
For Mid-Columbia River basin smolts, this database will provided direct comparisons of SARs
of in-river smolts against the COE’s McNary Dam transported smolts with a 90% power of
detecting differences of at least 30% between the two outmigration routes as long as the smaller
SAR does not drop below 1%. Once any other specific hypothesis of interest to the region is
formulated, it would be feasible to evaluate the power of testing that hypothesis using the CSS
database. However, we cannot guarantee that the power will be as high for those specific tests if
the numbers of smolts available for these new hypothesis tests are much lower than the number
of smolts required for the original hypotheses. The PIT tagging of wild smolts at tributary traps
will provide marked fish in addition to those NMFS is PIT tagging at the dams for use in
estimating SARs from and back to Lower Granite Dam. From the composite of wild stocks,
estimates of SARs and ratios of SARs will be possible, but given the uncertainty of collecting
large enough numbers of fish of wild origin, the power of the tests will typically be lower than
what is possible with the fish of hatchery origin.

The precision of the estimated SARs for in-river and transported smolts will be obtained
through bootstrapping techniques. The bootstrap will also provide precision of the ratios of
SARs and the associated delayed mortality “D” index. The bootstrap can be an effective tool to
obtain a valid measure of variability in a parameter, even when that parameter is a computation
based on a set of values, each of which must be estimated. For example, when the ratio of
returning adults to a known (fixed) number of smolts is used to generate an estimated SAR, the
underlying binomial distribution may be used to obtain the associated measure of precision of the
SAR estimate. However, when the number of smolts must also be estimated, the underlying
distribution of the ratio of two estimated parameters becomes more complex. For these
situations, the non-parametric bootstrap technique is useful (Dixon 1993). Likewise, the ratio of
pairs of these SARs (e.g., ratio of transported LGR-LGR SAR to in-river LGR-LGR SAR)
would form a complex underlying distribution for which the use of the bootstrap is a preferred
approach. This is also true of the estimation of delayed transportation mortality, the D parameter
or the ratio of BON-LGR SARs . Programmers at the Fish Passage Center are currently writing
a computer program to perform bootstrapped estimates of variance and confidence intervals for
individual SARSs, ratios of SARs, and D. The next CSS annual status report will contain
bootstrapped estimates of precision for all parameters presented. This will allow NMFS to
assess the utility of using the CSS’s estimated parameters at their periodic check-ins.
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ISAB Review: The 2005 CSS Annual Report and Applicability
of CSS Analysis Results

Executive Summary

On December 20, 2005, the Council requested that the Independent Scientific Advisory
Board (ISAB) review the 2005 Annual Report for the Comparative Survival Study (CSS)
prepared by the Fish Passage Center (FPC) and the Comparative Survival Study
Oversight Committee, as well as critical comments on the draft of that report by the
Bonneville Power Administration (BPA) and NOAA Fisheries. The CSS is a field study,
begun in 1996, that addresses important and technically complex issues regarding the
survival of PIT-tagged Spring/Summer Chinook and PIT-tagged Summer Steelhead
through the Columbia River hydrosystem from juveniles through returning adults. The
study focuses on relative survival of fish that traveled downstream as juveniles by
alternative routes (e.g., in river, transported, different routes of dam passage, and
different numbers of dams passed). The results can have important implications for
operation of the hydrosystem to ensure protection and propagation of anadromous
salmonids. The Council expressed a desire to aid resolution of disputes over the study by
obtaining the ISAB review.

The Council asked that the ISAB assess the overall integrity and scientific soundness of
the CSS report and address the following specific questions:
1. Are the design, implementation, and interpretation of the statistical analyses
underpinning the report based on the best available methods? Does the ISAB have
suggestions for improving the analyses?
2. What is the applicability of the CSS results, taking into account whatever
scientific criticisms of the analyses that the ISAB decides are valid, if any? In other
words, what weight should the analyses be given and what qualifiers should be
considered when using the analyses for decision-making?

The ISAB accepted the assignment on January 12, 2006 and received a briefing on the
CSS Annual Report from the study’s Principal Investigators on January 27". The ISAB
considers that there are two parts to this review: (1) review of the 2005 CSS Annual
Report and (2) a determination of the utility of the CSS comparative survival estimates
for various management and hydrosystem operational decisions.

The ISAB finds that the CSS is an ambitious, long-term study that is being criticized
because its objectives are not yet fully met, despite prodigious efforts in both the field
and in complex data analyses. The CSS has used the PIT-tag technology to mark and
track individual salmon and steelhead through their smolt-to-adult life stages.
Expectations of this mark-recapture technology exceed the results that are practically
attainable, and its use is still evolving. The CSS study participants have been major
players in this evolution. We find the present annual report to be a further incremental
step in the direction of documenting different survival rates of different stocks under
different migration conditions. That the present report is not a perfect reconstruction of
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differential survival histories is largely a result of the current analytical capabilities and
available sample sizes. The deficiencies seem to be highlighted in some aspects because
of experimental design and analytical approaches taken by the authors. The ISRP
comment from their 2002 review still applies that “the formulas [used to compute relative
survival rates] are complicated, convoluted, and in general, very unsatisfactory from a
statistical point of view.”

Specific Responses to the Council’s Questions

1. Are the design, implementation, and interpretation of the statistical analyses
underpinning the report based on the best available methods? Does the ISAB have
suggestions for improving the analyses?

All in all, the design, implementation, and interpretation of the statistical analyses
underpinning the report are very good. Nonetheless, there are broader concerns over the
design of the study such as sample size, sampling sites, time periods for analyses, and
other features. Improvements can be made, and our recommendations follow.

Since the region is unwilling to conduct the manipulative experiments in the hydrosystem
that the ISAB and ISRP have recommended for many years, the CSS is doing the next
best thing. That is, the study is following as many fish through their life cycle as possible,
calculating the survival, and comparing outcomes.

2. What is the applicability of the CSS results, taking into account whatever scientific
criticisms of the analyses that the ISAB decides are valid, if any? In other words, what
weight should the analyses be given and what qualifiers should be considered when using
the analyses for decision-making?

The ISAB believes the Council should view the CSS as a good, long-term monitoring
program, the results of which should be viewed with increasing confidence as years pass.
Under scrutiny from periodic peer reviews and agency comments, the methods should
improve and the results become ever more valuable. The project is definitely worthy of
Council support.

The Council’s question is difficult to answer with the present annual progress report. The
project needs a synthesis report that clearly describes the analytical methods and
summarizes the project results in a holistic way for its decade of effort.

The ISAB recognizes a disconnect between the present status of results and much of the
decision-making that takes place regarding hydrosystem operations and fish protection.
Although the project is making good progress at addressing such issues as the value of
transportation and the relative survival from different passage routes, many relationships
between survival and specific operational alternatives or environmental features during
migration cannot be resolved when data are aggregated simply by year of migration. For
this information to be most useful for making management decisions, aggregations of
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data within years and across years for different operational options and environmental
constraints should be pursued. We encourage the project to move in that direction.

The results of the CSS appear to indicate that PIT-tagged fish do not have the same
survival rate as untagged fish. This conclusion is not emphasized by the current progress
report, but it has major implications for many uses of the PIT-tag technology.
Comparisons among PIT-tagged groups of fish are probably appropriate, but
extrapolations of the results from PI1T-tagged fish to untagged populations should be
made with caution.

Recommendations

e |t has been ten years since the CSS was initiated. The report the ISAB reviewed was
the latest in a series of annual progress reports, and thus lacking a holistic perspective.
The ISAB recommends that the CSS produce a ten-year summary report providing an
in-depth description of methods and detailed analyses and interpretation of the data in
a retrospective style.

e The CSS needs to more effectively present the methodologies used in their analyses
so the criticism of complicated and convoluted formulas can be avoided. The
scattered explanations in several annual progress reports could be consolidated in the
ten-year summary recommended above.

e The ISAB agrees with critics who express concern that two downriver sites (Carson
Hatchery and John Day River) are probably insufficient to give accurate upriver-
downriver comparisons of SARs. This concern is bolstered by the variability among
upriver hatcheries shown by the CSS data. For this upriver-downriver comparison to
be generally accepted, it seems prudent to add more downriver sites in the future.

e Data on size of all PIT-tagged fish from hatcheries and other release sites should be
included in the report in much greater detail. Size at release may be a significant
factor in differential SARs. The ISAB recommends including a specific section in the
report focusing on the potential effects of size at release on survival of all PIT-tagged
fish.

e Aggregation of data solely by juvenile migration year should be supplemented with
analyses that group data on environmental and operational factors that may be
amenable to control.

e Assumptions inherent in the analyses should be specifically tested, with continued
vigilance toward avoiding bias.

e Pre-assigning the intended routes of passage at the time of release into inriver and
transport groups would greatly simplify calculation of SARs and eliminate much
criticism of current methods that are unnecessarily complex. This modification to the



ISAB 2006-3 CSS Review

study design is scheduled for implementation in 2007, but should begin in 2006, if
feasible.

Analyses could emphasize more diverse metrics of differential survival, thus avoiding
the criticism that the project staff focuses mainly on contentious issues such as the
relative survival of transported and in-river migrants (T/C ratios) and differential
delayed mortality between transported and in-river migrants (D). Passage routes,
numbers of dams bypassed, distance from ocean, different hatchery practices, and
other features have been explored beyond the issue of transportation.

The CSS should be supplemented by funded research into analytical methods that can
improve, and hopefully simplify, the mathematical and statistical approaches
currently in use. It is not clear from available information whether the problem is that
the formulas are unnecessarily complicated, inappropriately specified, or just not well
explained (see bullet #2 above).

More attention should be given by the CSS and the region as a whole to the apparent
documentation that PIT-tagged fish do not survive as well as untagged fish. This
point has major implications for all uses of PIT-tagged fish as surrogates for untagged
fish.
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I. Introduction and Background
Review Assignment

On December 20, 2005, the Council requested that the Independent Scientific Advisory
Board (ISAB) review the 2005 Annual Report for the Comparative Survival Study (CSS)
prepared by the Fish Passage Center (FPC) and the Comparative Survival Study
Oversight Committee. The CSS is a field study of the survival of PIT-tagged
Spring/Summer Chinook and PI1T-tagged Summer Steelhead through the hydrosystem
from juveniles through returning adults, with a focus on relative survival of fish that
traveled as juveniles by alternative routes (e.g., in river, transported, different routes of
dam passage, and different numbers of dams passed). The annual report reviews recent
mark/recapture activities and bootstrap analysis for generating confidence intervals.

The CSS is important, as it is one of the few organized attempts to systematically release
PIT-tagged, hatchery-reared fish, and wild smolts into the Columbia River for the
purpose of monitoring and evaluation. Most aspects of the study, from its design and
methods to the analytical results, have been strongly debated in the Region because the
relative survival rates of salmonids under different hydrosystem operations and
environmental constraints is at the heart of water and fish management policies.

In response to the release of the draft version of this annual progress report, both the
Bonneville Power Administration and NOAA Fisheries provided the FPC with letters
setting forth both broad concerns and detailed criticisms of the findings and results
reported in the draft report. Before finalizing the report, the FPC provided detailed
responses to both Bonneville and NOAA Fisheries addressing their concerns. The
Council expressed its wish to contribute to the resolution of these important and
technically complex issues by having the ISAB conduct its own review of the final
progress report and the attendant letters. In conducting the review, the Council asked that
the ISAB assess the overall integrity and scientific soundness of the CSS report and
address the following specific questions.

1. Are the design, implementation, and interpretation of the statistical analyses
underpinning the report based on the best available methods? Does the ISAB have
suggestions for improving the analyses?

2. What is the applicability of the CSS results, taking into account whatever scientific
criticisms of the analyses that the ISAB decides are valid, if any? In other words, what
weight should the analyses be given and what qualifiers should be considered when using
the analyses for decision-making?

The ISAB accepted this important assignment on January 12, 2006 and received a
briefing on the CSS Annual Report from the study’s Principal Investigators on January
27" The ISAB considers that there are two parts to this review: (1) review of the 2005
CSS Annual Report and (2) a determination of the utility of the CSS comparative survival
estimates for various management and hydrosystem operational decisions.
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The CSS was initiated in 1996 by the Northwest fishery agencies and tribes as a long-
term study to estimate survival rates over different life stages of spring and summer
Chinook salmon produced in hatcheries in the Snake River basin and selected lower
hatcheries in the lower Columbia River. The study has expanded somewhat to encompass
wild Chinook salmon and steelhead, and the mix of hatcheries has changed with
experience. The premise of the research was that, through use of PIT tags implanted in
juveniles at the point of release from hatcheries or rearing facilities, the survival of
unique groups of fish could be determined as they passed through PI1T-tag detectors in
juvenile bypasses at dams or in adult fish ladders on their return. From these survival
rates it was hypothesized that one could quantify differential survival according to
passage route. Of particular interest were differences in survival related to distance from
the ocean, between transported and in-river fish and the delayed effects of hydrosystem
passage (by juveniles) on adult returns.

Previous Reviews

Both the ISAB and the ISRP previously reviewed the CSS study proposals in 1998
(ISAB 1998) and 2002 (ISRP 2002) and the recommendations from those reviews were
generally as follows (recommendations are provided in full in Appendix A):

In 1998, the ISAB supported funding of the study. They recommended including
naturally reproducing populations as well as hatchery fish and suggested that other life-
history types of Chinook salmon and steelhead be included. They recommended
quantifying survival from tributary hatcheries to Lower Granite Dam and McNary Dam,
and through the entire hydrosystem when sufficient detectors were functional. They
encouraged attempts to compare survival of PIT-tagged fish to untagged fish or fish
tagged by other methods. The ISAB also saw this as a way to coordinate the PIT-tagging
efforts of many agencies and to provide an opportunity for periodic workshops to review
results.

The ISRP reviewed the continuation proposal in 2002 and also recommended funding.
The “best” formulas for calculating smolt-to-adult survival rates from then-available data
were judged “complicated, convoluted, and in general, very unsatisfactory from a
statistical point of view.” It was noted that arguments over these methods would likely
continue and spawn even more detailed arguments and counter-arguments. Much of the
difficulty lies in small sample sizes due to both numbers of fish tagged and the number of
detections. Improved detection at Bonneville Dam was recommended. The ISRP
recommended more research on mathematical and statistical methods both within this
project and outside it for estimating life-cycle survival.
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I1. Review of 2005 CSS Annual Report
Methods (Chapter 2)

There are three principal issues over the study’s methods. One concerns the selection of
hatcheries (or other release sites), especially for comparisons between smolts with long
passage routes through the hydrosystem and those migrating from lower in the basin with
few dams to pass. Another relates to the mathematical and statistical methods employed
in the analyses, including potential biases and the types of aggregation of data for
summaries. A major point raised by NOAA Fisheries is the unreliability of the PIT-tag
method to represent the survival of untagged fish (the CSS data indicate that PIT-tagged
fish do not survive as well as untagged fish, and therefore are not adequate surrogates for
untagged fish in the population).

Some study methods are not fully described in this annual progress report. We did not
seek out previous annual progress reports to fill in the information gaps. This difficulty
begs for a summary report that can provide a more complete description of methods.

It would be useful to have the SARs analyzed as a function of size at release. This could
be tested for rather than just presenting size data. Also, data on size of all PIT-tagged fish
from hatcheries and other release sites should be included in much greater detail than
median lengths at tagging reported in Table 2 (e.g., include mean lengths, weights, and
ranges). Sizes at release may be a significant factor in differential SARs from various
sources. Fish size is generally not accorded much significance in the CSS studies despite
a well-known survival advantage for larger fish. As raised in comments by NMFS, these
size effects need to be given more consideration in further analyses. The ISAB
recommends including a specific analyses focusing on the effects of size at release on
SAR values of all PIT-tagged fish.

The numbers of fish available for tagging is a major constraint. As tables 2-5
demonstrate, the number of tagged fish vary considerably by location and year. The study
participants have had to be opportunistic despite an intended experimental design. To
their credit, they appear to have been quite successful in obtaining numerous stocks and
years to compare.

Holdovers (fish not migrating fully through the hydrosystem in the year of initial
outmigration; Connor et al. 2002) cause methodological problems. The authors have tried
to account for these fish in different ways in this and the previous annual report. They
believe the present method has less bias for estimating survival. This needs to be
evaluated in later years.

We admire the study participants for attempting to segregate fish among their several
migration-route histories. Although the term “destined” seems too strongly pre-ordained
for the current methods of release and tracking, fish do have the three options listed: in-
river by non-bypass routes, in-river through dam bypasses, or routed to transportation at
the collector dams. They have these options at most dams (not all dams have facilities to
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collect fish for transportation), thus expanding the number of possible migration histories.
Equipment failures, changes in protocols at a particular dam from year to year, and other
irregularities complicate matters even more. This is a real “haystack” of PIT-tag data
from which to extract the key “needles” in the form of meaningful comparisons of
survival among both source groups and passage histories.

As in the comments by BPA and NMFS, we are critical of the authors’ choice to
summarize SAR results only on an annual basis. The determinants of SAR likely vary as
much with the environment within a migration year as between years, and these could be
tested. The environmental status and hydrosystem-operating mode at the specific time a
fish migrates through the system represents the features that are most relevant to survival
and are specific targets for modification, rather than average conditions over a migration
year. It has been an ongoing criticism of the FPC that they do not further refine their data
analyses to within-year conditions (e.g., the ISAB’s comments on the FPC flow
augmentation analyses reported in ISAB flow augmentation reviews (ISAB 2004-2)).

We recognize the problems presented by segregating migration histories within years. For
example, fish from a release batch disperse in the river and do not all pass a dam at the
same time, and therefore individuals experience different environmental and operational
histories. However, further breakdown by operational modes or environmental features
(such as temperature ranges) could greatly enhance the value of further analyses of the
CSS data. The annual summaries can be considered as broad “first cuts” that may be
modified by these additional analyses.

The evolving nature of these analyses is reflected in Table 8, which shows older and
more recent estimates of the comparison of the differential delayed mortality between
transported and in-river fish (D). Despite the number of significant figures reported, the
overall number can change, as the influences on it are better understood and included in
calculations. Although labeled as a “correction” based on comments on the draft report
we see the change as progressive improvement (they may change again).

The study has necessarily aggregated batches of tagged fish, as described at the bottom of
page 12. The authors seem to have accounted for this in a reasonable way.

As an overall perspective, there is no way of avoiding the realization that there are a lot
of assumptions inherent in the study, from tagging through analyses and presentation of
data. Further research should test these assumptions, or tag a sufficient number of
appropriate fish so that empirical data can replace assumptions.

Much of the continuing controversy is related to the mathematical and statistical methods
employed. We agree with the earlier ISAB comment that the "formulas are complicated,
convoluted, and in general, very unsatisfactory from a statistical point of view." That
said, we think the FPC response to the issues raised by NMFS and BPA is quite good.
Where questions of bias in estimators are raised, the primary issue appears to be
estimating SAR starting from the population at Lower Granite Dam rather than from
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other projects. However, the ISAB found the explanation by the CSS scientists as to why
the estimate was made in this manner to be reasonable.

There are assumptions made no matter which method is proposed for estimation. For
example, the CSS makes the assumption that the transportation proportion for the
unmarked population of each hatchery group and the aggregate wild group is
approximately the same. Also, it is assumed that the PIT tagged and untagged smolts
have the same probability of surviving to and being collected at the dams in the hydro
system. These assumptions should be tested.

With respect to the assertion that the PIT tagging reduces survival (see NOAA Fisheries’
comments below), we are concerned about the basic premise of the CSS, namely that
PIT-tagged fish can serve as surrogates for the unmarked population. If this assertion
stands up to further scrutiny, then use of PIT tags should be restricted to comparisons
among PIT-tagged groups, and not with unmarked fish.

The use of the bootstrap method to estimate confidence intervals is appropriate. The
methodology is now widely used in many statistical applications.

The ISAB hopes the sponsors will more effectively present the methodologies used in the
next (2006) Annual Report or in the 10-year summary report we recommend so the
criticism of complicated and convoluted formulas can be avoided.

Results (Chapter 3)

The level of scientific satisfaction with the results varies among the species and stocks
analyzed. In some cases the results as presented are fairly robust; in other cases where
data are scant, trends may be visible but lack statistical significance. The authors present
what they have.

Wild Chinook

The problem of small sample sizes for wild Chinook is clearly illustrated by Table 9,
which presents the age composition of their PIT-tagged returns. Although a few years had
three-digit numbers per age category (1999, 2000, 2002), other years had single- or
double-digit numbers. Expansions, while logical, still do not avoid the problem of having
few adult returns. Regrettably, it is the wild Chinook that suffer most severely from this
concern.

The low return rates of tagged wild Chinook cause the SAR estimates to be very
uncertain. The 90% confidence limits of the transport SAR calculations (Table 11) show
very wide ranges. What reasonable conclusions can one make when the 90% confidence
ranges from zero to over 3? The results do more to demonstrate the lack of ability to
determine the true SAR than anything. The authors recognize this difficulty in the text on
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page 15, and we can take their analyses as a straightforward presentation of the SAR
values they calculated using limited data.

The authors were criticized for comparing their calculated SAR values (inexact as they
probably are) to the 2% for stable stocks and 4% for recovery recommended by
Marmorek et al. (1998). We find no fault with their flagging their calculated values near
1% as a likely problem. We agree with critics of the study that there are better estimates
now of stock-specific returns needed for stable populations and recovery, and better
calculations of SAR values would be an improvement. But the general trend is unsettling
and the CSS results should be taken in their intended context.

The consistent trend in the comparison of SAR values for smolts collected at a collector
dam (C;) and those not detected (Co) (page 16) also is troubling, despite understood
problems with the data. A difference of 25% might just be real. (The table referred to
should be Table 12, not Table 10).

In our view, the scant data provide essentially no meaningful information on the relative
survival of transported smolts and in-river migrants (T/C ratio) for wild Chinook salmon
in all years except 2001 (Figure 4). That year most smolts were transported because of
extremely low river flows and high temperatures for in-river migrants, and the transport
SAR was high. The values of the differential delayed mortality between transported and
in-river migrants (D) have a similar limitation, as the authors note.

We are inclined to view the further analysis of wild Chinook data on pages 19-24 as not
warranted based on the scant amount of data available. Perhaps we do not follow the
intent of the authors in this section. Further combining of SARs, T/Cs, and Ds to come up
with sample sizes suitable for statistical analysis seems to us to be inappropriate. The
more fruitful direction for the longer term would seem to be to tag more fish in order to
match these values with specific operational and environmental regimes that could (at
least for operations) be modified to obtain better survival.

Hatchery Chinook

The foundation of data for hatchery Chinook salmon is much better than for wild
Chinook (Table 17). However, when taken to the level of specific source hatchery (Table
19), in many cases the data look nearly as sparse as for wild Chinook.

We did not specifically critique the authors’ results or discussion of each specific
hatchery. The variation among hatcheries is rather expected, based on different rearing
conditions, fish size at release, distance from the ocean, etc. The authors seem to have
made logical attempts to explain differences in SAR performances. It is interesting that
the Rapid River Hatchery seems to be the closest surrogate for wild Chinook. Size effects
noted earlier probably deserve more attention.

10
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The T/C ratios among hatcheries are nearly all above 1, indicating superior survival of
the transported fish. The ratios are not far above 1, however, and only the estimated error
bounds get above 2 (the expected T/C in the absence of D).

Wild Steelhead

The numbers of returning adult steelhead are even fewer than for wild Chinook, and thus
the results are even less reliable. We view these results as merely presentation of what is
available, rather than providing a strong case for any conclusion. Within the limitations
of the data, some of the same trends appear as for Chinook, such as higher SAR values
for fish not detected as smolts, somewhat higher SARs for transported fish (for steelhead
this was above 2 three of 5 years, excluding 2001), and widely varying D values. The
issue of residualism is important for steelhead, as the authors point out.

Hatchery Steelhead

Low numbers of fish make this analysis problematic. Small sample sizes yield no
statistically significant results. However, the authors carry through with the same
analyses as for the other groups. The most interesting suggestion is that a possible
relationship between fish detected at collector dams and those undetected through the
hydrosystem appears to have disappeared in 2000 and 2002.

Adult Drop-out Rates (Chapter 4)

The potential for loss of adults migrating upstream being influenced by the outmigration
experiences of the fish as smolts has been raised in the region. We were pleased to see the
adult PIT-tag detection data used to track adult upstream movements and losses. The data
seem to support conclusions that dropout is higher where there is a fishery (not
unexpected), hatchery fish dropped out somewhat more than wild (not stressed by the
authors), and that transported fish had a somewhat higher dropout rate than in-river fish.
The comparisons in this report just scratch the surface of what can be learned from these
data. More important than the Transport/In-river comparisons are potential insights into
migration rates at different flows and other environmental differences. Perhaps the
emphasis on “survival” in the CSS led to the more narrow focus.

Hatchery-to-Hatchery SARs for Various Hatcheries (Chapter 5)

A basic premise of the CSS was that different survival rates could be calculated for each
hatchery from which smolts were released. After many adjustments for terminal fisheries
and other factors, this chapter seems to be a straightforward presentation of the SAR
values from hatchery back to hatchery for five hatcheries. The problem of small sample
sizes is evident. In order to have enough fish for hatchery comparisons, the authors did
not do a transported vs. in-river comparison.

11
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Upriver-Downriver Comparisons (Chapter 6)

A prime motivation for the CSS was the hypothesis that the SARs for salmonids that
must pass downstream through the hydropower system as juveniles would be lower than
those for fish passing no or few dams. To test this hypothesis, there must be adequate
representation from both upriver and downriver fish sources.

We concur with critics who express concern that the two downriver sites (Carson
Hatchery and John Day River) are probably too few to give accurate upriver-downriver
comparisons. This concern is bolstered by the variability among upriver hatcheries shown
by the CSS data. For this upriver-downriver comparison to be reliable, it seems prudent
to add more downriver sites in the future.

Partition of results into common-year effects and differential mortality as carried out by
Deriso et al. (2001) and this study appears reasonable and justified, despite criticisms
from Williams et al. (2005). As an editorial note, “fig.y” and later “fig yy” need their
numbers.

Estimates of differential upriver-downriver mortality based on spawner-recruit and PIT-
tag SAR values provide useful confirmation during the one year of overlap (2000). It
would be useful to continue these parallel analyses. We do not understand, however, how
averaging 1.48, 0.78, and 1.18 supports the conclusion that upriver stocks survive “about
1/3 as well as John Day populations for these years.”

We were puzzled that the conclusions listed for this chapter did not mention the upriver-
downriver comparison for which the chapter was titled. Instead, the conclusions relate to
common survival patterns estimated by the two techniques, comparison of wild and
hatchery fish, and high correlations among populations. It would have been informative
and appropriate to include the comparative survival information (upriver populations
survived about 1/3 as well) in the conclusions.

Simulated PIT-tag data to test CJS survival estimates (Chapter 7)

In principle, one can test the reliability of analytical methods by developing simulated
data sets and conducting analyses on them. We generally concur that testing the
analytical approach with simulated data should provide a useful evaluation of the
approach. The present section provides insufficient information, however, to understand
what is being done. The abbreviation CJS needs to be defined.

12
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ISAB Evaluation of Comments by BPA and NOAA Fisheries
BPA Comments

BPA was critical of the observational nature of the CSS, the use of a “heuristic analytical
approach” devoid of a statistical model, bias in the estimates that lead to incorrect
conclusions, misguided emphasis on D, a misguided upriver-downriver comparison, and
generally flawed and skewed interpretations that minimize the benefits of transportation
and the return rates of salmonids. It provided its own mathematical derivation of
transported SAR as an appendix.

BPA’s initial criticism that the CSS cannot make direct causal inferences about any
particular natural or anthropogenic factor is technically correct, as is the need for
manipulative and replicated experiments in order to do so. However, the ISAB and its
precursor advisory bodies have requested such manipulative and replicated experiments
in the FCRPS for more than a decade, and the requests have been refused by BPA and
other action agencies as impractical. BPA is criticizing the CSS for deficiencies in their
study when these deficiencies have been caused largely by BPA policy decisions. What
the CSS is doing is consistent with its initial study proposal, continuing objectives, and
periodic technical reviews.

We do not fault the CSS for its empirical approach. First, the CSS authors do not merely
compare hatchery-to-hatchery SAR values, but try several measures of survival along the
migration corridor. Survival to Lower Granite Dam is used as a more reliable measure
than returns to the hatchery of origin, for example. The CSS has standardized much of its
data to the LGR site. We do not see that the approaches used in the CSS analysis are
appropriately characterized as biased. As the BPA commenter notes, the issue is
somewhat moot because the CSS results do show advantages for transportation in some
years, especially in the drought year of 2001.

We do not see that the CSS has focused on D as a primary gauge of the effectiveness of
transportation. It seems to be presented as one measure along with others. We believe that
use of multiple metrics benefits the comparisons. In addition, delayed mortality is real.
Therefore, why shouldn’t one calculate the difference in this delayed mortality between
transported and in-river fish? We note that the CSS has updated its estimates of D based
on comments, which we take as a sign of continual improvement.

Some inconsistency between earlier progress reports and this one are to be expected.
That’s why they are “progress reports.” This criticism is one reason why the ISAB sees
the need for a ten-year summary report as well as the incremental annual reports.

We concur that the upriver-downriver comparison has problems. The BPA commenter
correctly criticizes the CSS for relying on just one downstream hatchery when the
upstream hatcheries showed such wide variation in results. But the BPA comment does
not acknowledge that the CSS also used the John Day River stock for the downriver set.
The Hilborn et al. (1993) paper cited by BPA (without reference) does not eliminate the

13
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possibility that information other than that used by Hilborn et al. could show differences
between upriver and downriver performance. We would encourage the CSS participants
to build on this critique and bolster the downriver samples.

NOAA Fisheries Comments

The NOAA Fisheries comments reflected their belief that the analyses in the progress
report are incomplete, do not fully support the findings in the executive summary and
chapters, and lack a holistic approach to analyzing all available data. They argue for more
in-depth analyses and broader discussion of all relevant data on the effects of the
hydropower system on salmonid stocks. They opine that PIT-tagged fish do not represent
the untagged populations, that the CSS made selective use of data, that statistical
significance is used inconsistently, and that there are biases in the comparisons between
treatments and controls. A major point is that the PIT-tagged fish really do not provide a
true representation of the untagged population, based on the CSS data. In addition to
these general topics, they provided detailed comments by section.

The ISAB suggests that the NOAA Fisheries’ expectation that the present annual
progress report be a holistic evaluation of all data is unrealistic. That criticism would be
more appropriate for a final or periodic summary report. An annual progress report is, by
design, of more limited scope. We do agree, however, that a holistic summary is sorely
needed after 10 years of work and incremental progress reports.

The NOAA commenter states that the PIT-tagged fish do not represent the survival of the
untagged population, while the CSS premise is that they would and the report implies that
they do. This is an important difference. In the NOAA Fisheries’ comments (and in the
technical memo they cite), they note that the PIT-tagged fish returned at about % the rate
of untagged fish. The data to make these comparisons is in the CSS report, but the CSS
authors do not make the comparisons. We agree with NOAA Fisheries that this difference
is not trivial and that the CSS must discuss it as well as simply present results. In our
view, however, the CSS quite fairly presents the PIT-tag data as its best estimate,
although admittedly imperfect. The difficulty comes from comparing the results to the
published 2% value for sustainability of a population (tagged and untagged).

We concur that there is some vagueness in statements about statistical significance. On
some points, the CSS report simply relies on overlap of the 90% confidence limits. In
other places it is not so clear. The CSS could improve this aspect of its reporting.
Statistical significance should be tested for and the nature and level of significance of the
tests reported.

We concur that size of fish matters and that more attention should be placed on fish sizes
in subsequent CSS analyses.

We agree that the Executive Summary could better reflect the results of Chapter 3 in

regard to the degree to which hatchery fish can be used as surrogates for wild fish.
Nonetheless, the statement that the CSS continues to evaluate th