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Introduction

The Puget Sound Technical Recovery Team (TRT) reviewed 15 individual watershed
salmon recovery plans and the regional nearshore plan in the spring of 2005. The general
question we asked in our review was “What is the certainty that the actions described in
the plans will result in the estimated outcomes for salmon?” NOAA Fisheries’ Regional
Office and the Shared Strategy directed the TRT to assume that the strategies and actions
described in the plans were to be implemented (i.e., our certainty analysis does not
include a judgment about how likely it is that particular strategies or actions will be
implemented). The TRT used a probabilistic network framework to describe the
certainty in technical elements of the plan, similar to our technical reviews conducted on
earlier drafts of the plans in the summer of 2004. The results from the summer 2004
review were intended to support the iterative review process designed by the Shared
Strategy and NOAA Fisheries, and these results are available on the Shared Strategy web
site (http://www.sharedsalmonstrategy.org/resources.htm#docs_watershed tech). The
TRT reviews at that time were designed to provide technical feedback to plan authors so
that their revisions could include those elements that were most likely to increase the
certainty of the plan’s outcomes for salmon.

The purpose of the 2005 technical review was to summarize what elements in the plans
were well described and where significant technical uncertainties in the plans’ strategies
or actions still remained. Together, the TRT and Shared Strategy used the information
from the technical reviews below to explicitly identify the strengths and remaining gaps
in the plans, and the means through which such gaps can be filled. The elements in the
plans, plus the clearly stated approaches for filling any remaining gaps, constitute a
recovery plan for submission to NOAA Fisheries for their consideration. A description of
the gaps and recommended approaches for how to address them are included in the

individual watershed profile sections of the regional plan submitted by Shared Strategy
(available at http://www.sharedsalmonstrategy.org/.)

The pages that follow contain the technical reviews for each of the 15 watershed chapters
and the regional nearshore chapter. A description of the methods we used to estimate
certainty in plan outcomes is appended to the end of each watershed section.


http://www.sharedsalmonstrategy.org/
(http://www.sharedsalmonstrategy.org/resources.htm#docs_watershed_tech)

WRIA 1 (Nooksack) Plan: North Fork and South Fork Nooksack
Chinook Salmon Populations
May 2005 Technical Gap Analysis

Puget Sound Technical Recovery Team

The Puget Sound Technical Recovery Team (TRT) reviewed the 2005 WRIA 1
(Nooksack) Recovery Plan. The general question we asked in our review was “What is
the certainty that the actions described in the plan will result in the estimated outcomes
for salmon?” NOAA Fisheries’ Regional Office and the Shared Strategy directed the
TRT to assume that the strategies and actions described in the plan were to be
implemented (i.e., our certainty analysis does not include a judgment about how
likely it is that particular strategies or actions will be implemented). The TRT used
the probabilistic network framework to describe the certainty in technical elements of the
plan, similar to our technical review conducted on an earlier draft of the plan in the
summer of 2004. The primary questions guiding our technical review of plans are
summarized in Table 1. The results from the summer 2004 review were intended to
support the iterative review process designed by the Shared Strategy and NOAA
Fisheries, and these results are available on the Shared Strategy web site. The TRT
reviews at that time were designed to provide technical feedback to plan authors so that
its revisions could include those elements that were most likely to increase the certainty
of the plan’s outcomes for salmon. The methods and a brief description of our certainty
analyses are provided in section II of this write-up.

Table 1. Questions asked in the TRT review to elucidate the technical certainty
in outcomes from salmon recovery plans. More detailed descriptions of methods
used in the certainty analyses are provided in Section Il.

e Did the analysis use one or multiple lines of evidence to understand
potential habitat, hatchery and harvest (i.e., the ‘H’s’) factors limiting
salmon recovery?

 How well supported is/are the qualitative or quantitative model(s) used to
predict salmon population responses?

 How well supported are the recovery hypotheses with watershed-specific
data?

e |s the recovery strategy for all H’'s consistent with the recovery
hypothesis?

« |s the recovery strategy robust by preserving options for recovery? (e.g., is
there an adaptive management plan?)

= Are the recovery actions consistent with the all-H recovery strategy?

 How well have the recovery actions been shown to work?

The purpose of the 2005 technical review was to summarize what elements in the plan
were well described and where significant technical uncertainties in the plan’s strategies
or actions still remained. Together, the TRT and Shared Strategy used the information
from the technical review to explicitly identify the strengths and remaining gaps in the



plan, and the means through which such gaps can be filled. The elements in the plan,
plus the clearly stated approaches for filling any remaining gaps, constitute a recovery
plan for submission to NOAA Fisheries for their consideration. A description of the gaps
and recommended approaches for how to address them are included in the individual
watershed profile sections of the regional plan submitted by Shared Strategy.

This review has two components:

e Brief summary of results of our review concerning certainty, and discussion of
factors we believe are critical to address in order to improve the certainty of this
plan; and

e A description of the methods by which we performed the certainty analysis (i.e.,
the probabilistic network analysis).

l. SUMMARY OF CERTAINTY ANALYSIS

The content of this section summarizes the results of the probabilistic network analysis
(for description of the approach, see Section II of this document.) This analysis will help
in tracking key strategic elements of the plan and how information at each step affects the
overall certainty that the proposed actions in the plan will contribute to population and
ESU recovery. The technical gaps that emerged from our review were discussed with the
Shared Strategy, and were flagged in the regional plan as issues needing special attention
during implementation. This section is divided into separate discussions of the certainty
in habitat, hatchery and harvest management elements of the plan that we used to identify
these key gaps. In addition, several questions within each “H” ask how well the habitat,
hatchery and harvest strategies are integrated in the plan. The certainty in the plan’s
outcomes can be increased by clearly documenting the basis for current strategies and
adapting the strategies and actions as implementation proceeds.

Overall, the WRIA 1 Plan is an excellent start for recovery of the North and South Fork
Nooksack Chinook populations. The Plan does a comprehensive job of organizing and
summarizing the status of the population and what is known about the historical and
current limiting factors and impacts on the populations based on qualitative and
quantitative assessments. One of the strengths of the Plan is its detailed list of habitat
recovery objectives and 10-year and long-term action strategies to improve landscape
forming processes and habitat conditions as well as quantitative and narrative
descriptions of habitat attribute targets for recovery. Although the Plan has identified
recovery strategies for managing hatchery production and harvest, we concluded there is
significant uncertainty of achieving the recovery objectives with these strategies in part
because of issues that the WRIA 1 recovery planners and managers have little control. A
major weakness of this plan is the adaptive management plan, which needs to be fully
developed and implemented to help counter these uncertainties.



Habitat Strategy

Key Technical Gaps

The most important ways for this plan to improve the certainty of an effective habitat
strategy in the near-term plan are to:

1. Develop an adaptive management plan and decision framework in the Plan that
highlights the following elements: strategic goals and objectives, metrics to
measure progress toward objectives, nature of the data required to evaluate
metrics, criteria for using the metrics to make decisions, alternative pathways for
decisions in the attainment of recovery.

2. Refine strategies and timelines and develop a set of actions for addressing
estuarine capacity issues and evaluate them using an analytical tool such as EDT.

3. Conduct sensitivity analyses for the EDT model to explain the relative importance
of assumptions and model inputs for the estimated (modeled) effects of recovery
actions on habitat conditions and population parameters.

4. Document that logic of sequencing habitat actions is consistent with overall
freshwater and estuarine habitat strategies.

Did the analysis use one or multiple independent models to understand potential fish
responses to actions? What is the nature of the analytical support for the model linking
salmon population status to changes in habitat-forming processes and in-stream habitat
conditions?

The Plan relied on a single quantitative model, the Ecosystem Diagnosis and Treatment
model (EDT) to evaluate the response of the Chinook population to changes in habitat
conditions. A variety of qualitative models (e.g. hydrological, limiting factors, etc.)
developed from assessments in the basin were also used to link expected changes
landscape forming processes and habitat conditions to viable salmonid population (VSP)
characteristics and to ground truth the EDT analyses. Certainty of these analytical
models is no more than moderate given the lack of clear quantitative links among land
use, dominant processes, and habitat conditions that produce the fish response.

The EDT model was used to estimate the effects of habitat conditions on all 4 VSP
parameters for both the North Fork and South Fork populations. The EDT model,
however, did not incorporate quantitative estimates linking habitat-forming processes
(e.g., sediment dynamics, riparian dynamics, hydrologic and floodplain dynamics) and
land use characteristics to habitat conditions and population characteristics (VSP
parameters). It includes a good discussion of forestry and land use that could be carried
forward via a qualitative or semi-quantitative model to link with habitat-forming
processes. Documentation for the model inputs is contained in appendices but project
inputs for the model remain as digital spreadsheets—the assumptions are not provided or
summarized in the body of the plan. No sensitivity analysis of the EDT model is
apparent so it is unclear how the modeled effects of habitat projects on environmental
conditions would change under differing assumptions. Similarly, no analysis has been



undertaken to explore the sensitivity of the model’s population results (VSP) to differing
assumptions about habitat conditions in the future.

No empirical test was performed on the model although one could have been done for
abundance and productivity using observed R/S data. Similarly, there is no discussion in
the plan about calibration of the model rules and relationships to current habitat
conditions in the Nooksack watershed or for chinook abundance and productivity.
Likewise, no calibration occurred to fit the model’s assumptions to empirical effects of
habitat actions or for the VSP parameters of diversity and spatial structure.

Key Issues to Improve Certainty:
e Document assumptions for how the effects of project actions (protection and
restoration) affected in-stream habitat conditions.
e Conduct sensitivity analyses for the EDT model to explain the relative
importance of assumptions and model inputs for the estimated (modeled)
effects of recovery actions on habitat conditions and population parameters.

How well supported are the hypotheses for (1) the VSP parameters most limiting
recovery and (2) the habitat-forming processes or conditions that are limiting the
population response? What is the nature of the watershed-specific data used to support
(either of) these hypotheses?

The hypotheses of the plan appears to be that habitat conditions---especially channel
structure, riparian condition, and estuary capacity---are limitations to viability (recovery)
and that these conditions are mediated through altered habitat-forming processes such as
hydrologic and sediment transport dynamics. Data in support of these hypotheses is
moderate. The comprehensive discussion of habitat limiting factors based on
assessments in the Basin indicates that these data were available and were probably used
with the EDT model, although documentation is not clearly provided in the plan. The
Plan also has limited data concerning juvenile use of the estuary on which to base
conclusions about capacity. Life-stage specific productivity data is lacking.

Key Issues to Improve Certainty:

e Document a summary of the empirical habitat and population data that
supports the hypotheses found in the plan. Especially discuss the mechanistic
links between land use and the altered processes that drive habitat condition;

e Collect data on juvenile use and survival in various habitat types in order to
evaluate life stage specific productivity; this is particularly important for the
estuary. This data should be geared toward evaluating life stage productivity
and the capacity of the estuary;

= Refine spatially-explicit analyses to evaluate the mechanistic links between
land use and the habitat forming processes in the Nooksack watershed.

Is the recovery strategy consistent with the recovery hypotheses for population status and
key habitat factors limiting recovery?

Yes. The recovery strategy is consistent with the recovery hypotheses for population
status and the key habitat factors limiting recovery. The inclusion of flow and floodplain



management strategies is an important improvement in the Plan. Several key issues
remain. First, to be most effective the strategy needs to address sequencing and
prioritizing of habitat actions by considering the role of landscape forming processes as
well as the opportunities that are immediately available. Likewise, several areas need
more development. For example, although there is an assumption that estuary capacity is
well above current population requirements—and will be for some time—the habitat
status descriptions in the Plan note that changes in freshwater processes have had a direct
impact on the quality and quantity of estuarine habitat. Although the Plan provides a list
of general strategies for the estuary, a complete restoration strategy should eventually
address capacity issues that might limit recovery.

Key Issues to Improve Certainty:
e Refine strategies and timelines for addressing estuarine capacity issues;
* Document logic of sequencing habitat actions as part of different strategies.
e Develop a truly all-H integrated strategy in the Nooksack plan.

Does the habitat recovery strategy preserve options for recovery of all four VSP
parameters across all Hs?

No. The WRIA 1 Recovery Plan does not have an adequately developed adaptive
management plan that preserves options for recovery. The 2005 Plan contains general
definitions of types of monitoring and habitat, biotic interactions, and population
characteristics for monitoring that were not identified in the 2004 draft, but it still lacks a
plan that if implemented would reduce both the scientific and policy uncertainties of the
strategy.

Key Issues to Improve Certainty:

e Develop an adaptive management plan and decision framework in the Plan
that highlights the following elements: strategic goals and objectives, metrics
to measure progress toward objectives, nature of the data required to evaluate
metrics, criteria for using the metrics to make decisions, alternative pathways
for decisions in the attainment of recovery.

Are the habitat recovery actions consistent with the recovery strategy?

No. Many of the actions appear to be mostly consistent with the recovery strategy. More
detail is needed for us to adequately evaluate other strategies, such as those for floodplain
and flow management. Likewise the consistency of habitat recovery actions with the
recovery strategy greatly depends on spatial implementation and sequencing of the
actions and this logic is not well described in the Plan. An aggressive habitat strategy
cannot be effective if it is mostly opportunistic unless those opportunities make sense
geomorphically and biologically. In addition, lack of adequate consideration of
sequencing of habitat actions can jeopardize the successful integration of recovery
actions in hatchery and harvest.



Key Issues to Improve Certainty:

e Describe the sequencing and spatial distribution of the set of habitat actions
proposed by the plan. Discuss the predicted outcomes of these actions on
habitat conditions and VSP parameters;

e Develop a set of actions derived from the estuarine strategy and evaluate
them using a predictive model such as EDT.

e Develop actions that are consistent with an all-H integrated strategy in the
Nooksack plan.

How well have the habitat actions been shown to work?

Support for habitat actions is moderate. There is good empirical evidence for the effect
of many of the individual actions proposed by the habitat portion of the plan in other
watersheds as well as the Nooksack River. For example, reopening stream habitat that
has been blocked can expand spawning distributions and increase abundance, although
the results can be highly variable from watershed to watershed and year to year. In
contrast, the magnitude of the cumulative effects of some habitat actions, such as the
aggressive use of engineered log jams, has been little studied. There is an (assumed)
expectation that effects from the actions will be mainly positive, which may prove to be
true, but we should expect some significant changes in habitat structure and rates and
magnitudes of various in-channel and riparian processes as the river responds to the
renewed LWD loadings.

Ways to improve certainty in plan outcomes:
» Systematically analyze the potential cumulative effects of protection
measures. Specifically,

o Identify what groups have the authorities to address each threat
through regulation. Assess whether there are any gaps in which
threats are identified and there is no mechanism to address them.
If so, identify approaches to filling the gaps.

o Estimate the degree to which these regulations (protection
measures) are being implemented across the landscape. Are there
any gaps in implementation, variances, etc.? If so, identify
approaches to filling the gaps.

o Evaluate the effect of the protection measures on habitat and VSP.
Are there gaps in the predicted and observed effect on habitat or
VSP? If so, identify approaches to filling the gaps.

* Increase consistency between pre-existing agreements (e.g. Federal
consultations—HCPs, Sect. 7, others) and content of recovery plans.

North Fork Nooksack Hatchery Strategy

Key Technical Gaps

The most important way to improve the certainty of an effective hatchery strategy in this
plan is to



e Develop and implement an appropriate adaptive management plan.

How well supported is the understanding of the links between hatchery actions and
population viability (VSP) characteristics used in the planning (Analytical Support)?

The analytical support was moderate. The co-managers used a qualitative model (e.g. the
Benefit-Risk Assessment Procedure (BRAP) cited in co-managers’ resource management
plan) to understand the potential affects of hatchery actions on populations. The model
addressed all VSP criteria. Documentation is available for the basic model structure but
not for how local watershed data (as opposed to general information from the scientific
literature and expert guesses) were used to calibrate the model for Nooksack River
populations. The recovery plan indicates that the co-managers have good genetic and
demographic data, which we assumed were used to assess the effects of hatchery actions
on abundance, diversity, and to some extent spatial structure. Information to assess the
effects of ecological interactions (e.g. competition, predation, and disease) and
domestication on productivity and spatial structure appeared to be less available.

Since the original assessments using the BRAP, addition tools and assessments have been
developed that could refine this understanding, including the Hatchery Scientific Review
Group (HSRG) review; the All ‘H’ Hatchery Analyzer (AHA) model also developed by
the HSRG; and quantitative models developed to evaluate domestication, effects of small
population size, and competition and predation by WDFW and the NWIFC as part of the
hatchery risk assessment modeling project (RAMP).

Key Issues to Improve Certainty:

» Refine existing assessments or use additional models that will allow
managers to assess through sensitivity analyses how the certainty of the
results and their decisions is affected by changes in different factors (such as
the factors that can be controlled through hatchery management actions).

How well supported is the recovery hypotheses with watershed specific data? (Watershed
Data Quality)

Support for the recovery hypothesis using watershed specific data for was low. This
question asks if the watershed planners have available and used local data to support the
hypotheses that have been formulated. In the Nooksack River watershed, the co-
managers had good genetic information supporting affects of straying on diversity and
spatial structure. Most of the information appeared to be inferential or based on local
knowledge. More empirical information is needed on ecological effects, such
competition or predation from hatchery programs for other species.

Key Issues to Improve Certainty:

e Opver the long-term, collect information on ecological interactions of
hatchery and wild fish
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e In the short-term, use available data from other watersheds to increase the
analytical support and to document the assumptions that would be part of
that.

Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

Yes. The overall hatchery strategy of North Fork Chinook salmon (e.g. reductions in the
coho salmon releases, ending fall Chinook production at Kendall Creek, introductions
into the Middle Fork) indicate a strategy that should be consistent with recovery.

Is the recovery strategy robust by preserving options for recovery? (Preserves Options)

No. The Plan strongly emphasizes preserving genetic diversity, which does preserve
future options within the population. The ability to monitor and make intelligent
management decisions to accomplish this goal also requires a carefully developed and
implemented adaptive management plan to respond to changes and uncertainty as they
occur. This is especially important because overall, it is not clear that all the hatchery
programs in the basin---including Kendall Creek early-returning North Fork Chinook,
Lummi Bay fall Chinook, Samish fall Chinook, and the proposed South Fork to protect
the genetic diversity of early-returning South Fork Chinook---have commensurate goals
and integrated strategies.

Key Issues to Improve Certainty:
e Develop and implement an appropriate adaptive management plan
e Develop a truly all-H integrated strategy in the Nooksack plan that can be
monitored and adapted over time.

Are the recovery actions consistent with the recovery strategy? (Consistent with Strategy)

Yes. As noted above, many of the current and proposed actions are consistent with a
possible strategy for maintaining the genetic diversity of this population.

How well have the recovery actions been shown to work? (Empirical Support)

Support for the proposed actions is moderate. Experience in other watersheds suggests
that the actions may work, although there are some conflicting results and uncertainty.
Supplementation programs have been shown to prevent extinction and their effectiveness
in recovering populations to viable status is still unknown. Areas that are especially
uncertain in the Nooksack are 1) the actions to reduce competition or predation, if it
occurs, 2) the actions to reduce straying of the North Fork hatchery fish, 3) and the size
of the North Fork program given the capacity of the habitat and ability to support natural
spawners.

Key Issues to Improve Certainty:
e Develop and implement an appropriate adaptive management plan
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South Fork Nooksack Hatchery Strategy

Key Technical Gaps

The most important ways to improve the certainty of an effective hatchery strategy in this
plan are to

1. Develop the details of the hatchery program for South Fork Chinook salmon
2. Develop an adaptive management plan.

How well supported is the understanding of the links between hatchery actions and
population viability (VSP) characteristics used in the planning (Analytical Support)?

The analytical support was moderate. See the discussion for the North Fork for an
explanation.

Key Issues to Improve Certainty:

* Refining existing assessments or use additional models that will allow
managers to assess through sensitivity analyses how the certainty of the
results and their decisions is affected by changes in different factors (such as
the factors that can be controlled through hatchery management actions).

How well supported is the recovery hypotheses with watershed specific data? (Watershed
Data Quality)

Support for the recovery hypothesis using watershed specific data for was low. This
question asks if the watershed planners have available and used local data to support the
hypotheses that have been formulated. The co-managers had good genetic information
supporting hypotheses about the effects of straying of North Fork early-returning
Chinook salmon and fall Chinook on diversity and spatial structure. These were linked to
the changes in habitat in the stream as well as hatchery practices. It is not clear that the
available data and analyses are adequate to develop brood stock collection protocols and
strategies for a hatchery population. Other information appeared to be largely inferential
or based on local knowledge of the watershed. More empirical information is needed on
ecological differences, distribution, and reproductive success of non-native North Fork
early-returning Chinook salmon and fall Chinook in the South Fork.

Key Issues to Improve Certainty:
e Over the long-term, collect information on ecological interactions of the
three stocks of hatchery and wild fish using portions of the South Fork.
e In the short-term, refine genetic data that will allow development of brood
stock collection protocols and strategies for a hatchery program to prevent
extinction of native South Fork early-returning Chinook.

Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

Yes. Many of the actions being proposed for the watershed such as the recovery hatchery
program for early-returning South Fork Chinook salmon suggest the beginning of a
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strategy that should be consistent with recovery. Critical details of the plan (e.g., brood
stock collection protocols, adequacy of the facility to maintain and rear early-returning

Chinook, and the interactions with other programs also underway at the hatchery) were
undeveloped and without careful planning, actions could jeopardize the consistency of

the strategy with recovery.

TRT concluded that a well-designed and operated program that maintains the genetic
integrity of the population could contribute to recovery in two ways. First, it could be a
short-term solution to the level of straying into the South Fork that is an immediate and
serious threat to viability of this population. Second, the hatchery could provide a
demographic buffer to the population if the aggressive use of engineered logjams to
rehabilitate habitat is not as successful as the planners hope and the intervention leads to
short-term loss of spawning habitat until the system equilibrates.

Key Issues to Improve Certainty:
e Develop the details of the proposed supplementation for the South Fork and
have the plan reviewed
e Implement the program as soon as possible after an acceptable plan has been
developed.

Is the recovery strategy robust by preserving options for recovery? (Preserves Options)

No. The Plan strongly emphasizes preserving genetic diversity, which does preserve
future options within the population. The ability to monitor and make intelligent
management decisions to accomplish this goal requires a carefully developed and
implemented adaptive management plan to respond to changes and uncertainty as they
occur. This is especially important because overall, it is not clear that all the hatchery
programs in the basin---including Kendall Creek early-returning North Fork Chinook,
Lummi Bay fall Chinook, Samish fall Chinook, and the proposed South Fork to protect
the genetic diversity of early-returning South Fork Chinook---have commensurate goals
and integrated strategies. This directly threatens an effective strategy in the South Fork
and unless these other programs change, a strong adaptive management plan is the best
(only) way to provide for a robust strategy.

Key Issues to Improve Certainty:
e Develop and implement an appropriate adaptive management plan
e Develop a truly all-H integrated strategy in the Nooksack plan that can be
monitored and adapted over time.

Are the recovery actions consistent with the recovery strategy? (Consistent with Strategy)

Yes. Many of the current and proposed actions appear to be consistent with a possible
strategy for maintaining the genetic diversity of this population. However, as noted
above, the plan lacks details. These details need to be developed and the actions
reevaluated for consistency with the recovery strategy.
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Key Issues to Improve Certainty:
e Develop the details of the proposed supplementation for the South Fork and
have the plan reviewed for consistency with the recovery strategy
e Explicitly link actions in harvest, hatchery and habitat to an integrated, all-H
strategy for the Nooksack watershed.

How well have the recovery actions been shown to work? (Empirical Support)

Support for the proposed actions is low. The proposed hatchery actions were too vague
to evaluate critically for effectiveness. There is some empirical evidence from other
watersheds that well-designed and implemented recovery hatchery programs can be
successful in maintaining populations, but we had too few details to evaluate that (See
discussion above). Other areas that are especially uncertain are 1) actions to ensure
homing of South Fork Chinook salmon under the proposed supplementation program, 2)
actions to reduce competition or predation, if it occurs, and 3) the actions to reduce
straying of North Fork early-returning hatchery fish and fall Chinook salmon.

Key Issues to Improve Certainty:
e Develop the details of the proposed supplementation for the South Fork
e Develop and implement an appropriate adaptive management plan

North & South Fork Nooksack Harvest Management Strategy

Key Technical Gaps

This evaluation is based on the Nooksack Management Unit profile, pages 85-94 of the
Comanagers’ Puget Sound Chinook Harvest Management Plan, as well as material
presented in the plan submitted by the WRIA 1 group.

The harvest management portion of the recovery plan is based on the hypothesis that the
intrinsic natural productivity of the NF Nooksack population, under current habitat
conditions and recently observed poor marine survival conditions, is sufficiently high to
allow for the population to recover if the adult equivalent exploitation rate is less than or
equal to the rebuilding exploitation rate (RER). It is also acknowledged that due mainly
to fishery interceptions of the Nooksack North and South Fork populations north of the
United States border, the spawning escapement is not likely to exceed the lower threshold
of 1000 set for each population. Therefore, the harvest management plan is to maintain
the exploitation rate south of the US/Canada border to a level supporting a very minimal
set of directed fisheries and incidental impacts in fisheries directed at other stocks and
species. RERs have been calculated for the Nooksack populations, but they have not
been formally reviewed or adopted because lower escapement threshold will continue to
drive management in the near term.
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The most important ways to improve the certainty of an effective harvest strategy in this
plan are to:

1. Develop a strategy for managing both southern U.S. and northern fisheries to
allow recovery of these populations

2. Develop an adaptive management plan

3. Compete development of RERs for the two Nooksack populations

4. Expand the strategy to include the effects of harvest on diversity and spatial
distribution.

5. Incorporate results from analytical tools (for example AHA, EDT, and SHIRAzZ)
to assess the effectiveness of the harvest management strategy given the habitat
and hatchery strategies.

Did the analysis use one or multiple independent models to understand potential fish
responses to actions?

The harvest management analysis used one model (VRAP) that looks at three different
functions for the spawner-recruit relationships. The VRAP simulation model is used to
determine the rebuilding harvest rate (RER) and used as input for spawner-recruit
relationships that were determined from two models, the Dynamic Model and EDT. The
Plan does not describe how the lower abundance escapement threshold of 1000 was
determined.

Key Issues to Improve Certainty:
e Refine analyses of RERs by incorporating simulation results from additional
models

How well supported is the understanding of the links between harvest and viable
salmonid population (VSP) characteristics used in the planning (Analytical Support)?

Support is low. Only two of the four VSP characteristics are considered. The model
included qualitative and quantitative descriptions of the link between harvest
management and two VSP characteristics: abundance and productivity. The recovery
hypothesis is supported by local escapement data in that escapements have increased as
exploitation rates have declined. There are empirical data available from the South Fork
demonstrating density dependence and therefore the appropriateness of the Beverton-Holt
model for that population. The effects of harvest on diversity and spatial distribution,
however, were not addressed by the harvest models. In particular, harvest management
based on the aggregation of independent populations into a single management unit may
not accurately account for the different spatial distribution and diversity of the two
populations.

Key Issues to Improve Certainty:

» Incorporate spatial structure and diversity in to the modeling of harvest
effects on VSP
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How well supported is the recovery hypotheses with watershed specific data? (Watershed
Data Quality)

Support for the recovery hypothesis was moderate. There were some empirical data
available to support the modeling, but these have not yet been used to develop
relationships for management. There were good local data on the contribution of hatchery
strays to the natural escapement so that escapement trends for natural origin fish can be
assessed. There are also local data available to support hypotheses regarding the effects
of harvest on diversity and spatial distribution, although these aren’t assessed in the plan.
An in-system coded-wire tag group could be used as an exploitation rate indicator for this
population. Data to calculate effects of northern fisheries may also be available.

Key Issues to Improve Certainty:
e Collect and use data from each of the two populations to incorporate spatial
structure and diversity into the modeling of harvest effects on VSP

Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

No. The harvest management strategy takes a logical approach consistent with the
hypothesis for abundance and productivity and the ability of co-managers to manage
harvest in the southern United States. Although the management of fisheries north of the
border cannot be controlled by co-managers in the Nooksack watershed, overall the lack
of description of a strategy for how to manage both Canadian and U.S. fisheries to allow
recovery of the populations is not consistent with the recovery hypothesis and could
ultimately greatly inhibit recovery of these populations. In addition, the strategy does not
address diversity and spatial distribution. Finally, although it appeared to us that the
strategy is probably consistent with habitat and hatchery strategies, this is not well
analyzed or supported in the plan.

Key Issues to Improve Certainty:
e Expand the strategy to include the effects of harvest on diversity and spatial
distribution.
e Develop a strategy for managing the entire gauntlet of fisheries impacting
Nooksack Chinook to allow recovery of these populations
e Incorporate results from analytical tools, to document integration of habitat,
harvest, and hatchery strategies

Is the recovery strategy robust by preserving options for recovery? (Preserves Options)

No. The harvest strategy appears to protect parts of the existing VSP structure.

However, as the plan acknowledges, the existing threats to the populations are critical.
This is demonstrated for abundance and productivity from recent spawner-recruit data
and assumed for diversity and spatial structure because of declining exploitation rates and
straying of hatchery fish produced for harvest. The Plan lacks an adequate adaptive
management strategy. Although in general the regional and international harvest
management frameworks provide good adaptive management of fisheries, in this case co-
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managers have reduced abilities to respond because of lack of control over interceptions
north of the border.

Key Issues to Improve Certainty:
e Develop and implement an adaptive management plan appropriate to the
particular circumstances of Nooksack Chinook.

Are the recovery actions consistent with the recovery strategy? (Consistent with Strategy)

Yes. Actions appear to be consistent with the harvest strategy and with the overall
integrated strategy that includes hatchery and harvest actions. The latter needs better
documentation.

How well have the recovery actions been shown to work? (Empirical Support)

Support for recovery actions is moderate. It is clear from the information presented that
spawning escapements can increase to some degree if exploitation rates are reduced.
However, it isn’t clear that the proposed action (tight control of exploitation rates on
Nooksack Chinook south of the border; only broadly-based limits on Chinook
interceptions north of the border) will provide sufficient, or any, overall control of
exploitation rates on Nooksack Chinook to levels appropriate to allow rebuilding.

Key Issues to Improve Certainty:

e Develop a strategy for managing the entire gauntlet of fisheries impacting
Nooksack Chinook to allow recovery of these populations
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II.  Analyzing Certainty of Biologically Effective Recovery
Plans

All watersheds in the Puget Sound are unique. Not surprisingly, different watershed
planning groups identify different long-term and short-term goals and propose different suits of
actions to achieve those goals. The certainty that the actions in every watershed will be
biologically effective in moving the populations towards recovery is a key factor in the recovery
of the whole evolutionarily significant unit (ESU). Consequently, the Puget Sound Technical
Recovery Team (TRT) has focused its analysis of watershed recovery plans on identifying ways
to increase the certainty of the plans. The TRT hopes that these analyses will encourage
watershed groups to improve the certainty of plans before the TRT does it analysis of the final
plans next year.

To provide these analyses, the TRT used a probabilistic network (PN). A probabilistic
network is a graphical model that shows how different states of the world of interest—in this case
the scientific factors that provide certainty of biologically effective actions—are related (Figure
1). The basic approach is to assess certainty by applying conditional probabilities, which can be
expressed as “Given event b, the likelihood of event a is x.” In Figure 1, for example, the states
of the variables in boxes that point to another variable (e.g. “Use of Independent Models” and
“Analytical Support”) are the events that condition the likelihood of the states for the latter
variable (e.g. “High”, “Moderate”, and “Low” in the Certainty of the General Fish Response
Model). Users provide evidence for the initial conditioning events (or diagnostic nodes);
software for PNs use a set of sophisticated algorithms for recalculating the joint probability
distributions for all the potentials based on tables of conditional probabilities provided by the
analyst (Jensen 2001). Using a PN gave the TRT a rigorous, transparent, repeatable method of
analyzing certainty across watershed plans and habitat, harvest, and hatchery management
sectors.

Methods

The Puget Sound Technical Recovery Team (TRT) used the PN in Figure 1 to assess
separately the certainty of biologically effective actions for each plan in four management sectors,
1) freshwater habitat, 2) nearshore habitat, 3) hatchery production, and 4) harvest. Each
assessment also considered how well integrated actions were across categories and how the
actions affected characteristics of viable salmonid populations (McElhany et al. 2003). The
network graphically shows the logic of how different scientific variables affect the biological
certainty of effective recovery plans. The model is based on the TRT’s Integrated Recovery
Planning for Listed Salmonids: Technical Guidance for Watershed Groups in the Puget Sound
(http://www.sharedsalmonstrategy.org/files). The network shows that the overall biological
certainty of an effective recovery plan depends on the certainty of the recovery strategy
(Recovery Strategy), the robustness of the strategy (Preserves Options), and the expected
effectiveness of actions chosen to implement the strategy. The certainty of the recovery strategy
in turn is conditioned by the certainty of how well we understand the biological, physical, and
chemical processes that affect the population (i.e. Recovery Hypothesis), which depends on well
recognized sources of scientific uncertainty (Lemons 1996), such as model uncertainty (Use of
Independent Models), framing uncertainty and stochasticity (Analytical Support), and empirical
support for the hypothesis (Watershed Data Quality). After identifying the model structure, the
TRT identified and defined different states of the variables (Tables 1-6).
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Conditional probabilities may be derived from frequencies from empirical data,
simulation results, or subjective probabilities. When data are too few to parameterize simulation
models, use of subjective probabilities is important (Bedford and Cooke 2001) and analysts have
developed methods for estimating these (e.g. Ayyub 2001). Using experts to estimate subjective
probabilities has inherent biases that can be difficult to control (Kahneman et al. 1982, Otway and
von Winterfeldt 1992). Using estimates of conditional probabilities within a logical, transparent
model such as a PN
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High 0 i
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Low 0
Watershed Data Quality ‘ Understanding of Fish Responses
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g g U
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Figure 1. Probabilistic network for evaluating the biological certainty of effective recovery
plans illustrating the results of a hypothetical review. Diagnostic nodes are shaded.

Numbers at each node are the probabilities for each and the bars show the distribution of
the results.

may reduce these problems compared to asking experts to provide absolute certainty estimates
directly without a model. The TRT estimated conditional probabilities using a Delphi process
(Helmer 1968, Ayyub 2001) in which TRT members iteratively estimated conditional
probabilities individually; the distributions of the results were compiled and shared; and new
estimates were generated. Sensitivity of the model was evaluated using the mutual information
index (Pearl 1988) which measures the reduction in entropy of variable 4 due to a finding at B.

The TRT qualitatively assessed the states of seven diagnostic variables (box titles in
parentheses) that address these questions:
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1. Did the analysis use one or multiple independent models to understand potential fish
responses to actions? (Independent Models)

2. How well supported is the model? (Analytical Support)

3. How well supported is the recovery hypotheses with watershed specific data? (Watershed
Data Quality)

4. Is the recovery strategy robust by preserving options for recovery? (Preserves Options)

5. Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

6. Are the recovery actions consistent with the recovery strategy? (Consistent with Strategy)

7. How well have the recovery actions been shown to work? (Empirical Support)

The possible answers to these questions are in Tables 1-6. Reviewers usually choose one state,
but if this is not possible because of uncertainty, reviewers could assign probabilities to different
states (e.g., “Low” = 10%; “Moderate” = 90%). Analyses were performed using Netica (Norsys
Software Corporation, Vancouver, BC; http://www.norsys.com).

Interpreting the Results

Even the best recovery plan is inherently uncertain because the future is so difficult to
predict. Consequently, the quantitative estimates of certainty generated by the TRT are less
important than the relative improvement that watershed planners need to make. For similar
reasons, the quantitative estimates of certainty generated by the TRT are not relevant to analyses
of certainty performed by regulatory agencies, which depend on a different interpretation and
standard of certainty. Based on the TRT analyses, watershed planners may be able to increase the
certainty of biological effectives several fold by focusing on several key factors. These are
described in individual watershed analyses.
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Table 1. Attributes for different states of analytical support for models.

Analysis Total Attributes (Maximum Possible Score)
Score
Habitat * Qualitative and/or quantitative description of the
Models relationship landscape processes, landuse, and habitat
High 0.60 -1.00 condition — (0.1 for each analysis)
Moderate | 0.21 -0.60 | « Qualitative and/or quantitative description of the
Low 0-0.20 | relationship between habitat condition and population
viability (VSP) characteristics — (0.1 for each analysis;
025 for each VSP characteristic)
e Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
e Sensitivity of model to changes in parameters known —
(0.2)
e Model tested empirically and calibrated to watershed —
(0.2)
Harvest * Qualitative and/or quantitative description of link
Models between demographic processes, harvest effects, and
High 0.60-1.00 |  population viability (VSP) characteristics— (0.2 for each
Moderate | 0.21 -0.60 analysis; 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
» Sensitivity of model to changes in parameters known —
(0.2)
* Model tested empirically and calibrated to watershed —
(0.2)
Harvest ¢ Qualitative and/or quantitative description of link genetic
Models and ecological processes, hatchery effects, and population
High 0.60 -1.00 viability (VSP) characteristics — (0.2 for each analysis;
Moderate | 0.21 -0.60 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP

characteristic documented; assumptions discussed and
defended — (0.2)

e Sensitivity of model to changes in parameters known —
(0.2)

e Model tested empirically and calibrated to watershed —
(0.2)
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Table 2. Attributes for different states of the quality of watershed data (support for hypotheses)

States

Attributes

High

e Used empirical population, habitat, and management data from
the local watershed at multiple spatial scales to support
hypotheses; sources clearly documented; assumptions explained

Moderate

e Used empirical population, habitat, and management data for
watersheds or populations within the species' range OR used local
watershed data but data highly uncertain or assumptions not well
explained

Low

e Used theoretical support for hypothesis or expert opinion based on
biological principles and local knowledge of the watershed

Table 3. Attributes for different states of consistency of recovery strategy with recovery hypothesis.

States

Attributes

Yes

Clear and logical relationship between the recovery hypothesis

based on processes and conditions for habitat, harvest, and

hatcheries and the recovery strategy as evidenced by

e Main elements of strategy organized around dominant recovery
hypotheses

» Elements of strategy reflect spatial attributes of recovery
hypotheses

» Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

No clear and logical relationship between recovery hypotheses and
strategy; one or more of attributes listed above missing

Table 4. Attributes for different states of preservation of options in the recovery strategy

States Attributes
Yes = Strategy protects existing population viability (VSP) structure and
opportunities for future improvement in habitat, harvest, and
hatchery conditions; adaptive management & monitoring program
maintains options for implementing strategy
No e Strategy does not protect existing VSP structure or opportunities

for future improvement in habitat, harvest, and hatchery
conditions; adaptive management & monitoring program does not
maintain options for implementing strategy
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Table 5. Attributes for states of consistency of actions with recovery strategy.

States Attributes

Yes e (Clear and logical relationship between the short-term and long-
term actions and recovery strategy recovery hypothesis

» Elements of strategy reflect spatial attributes of recovery
hypotheses

* Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

* No strong relationship between fish response models and recovery
hypothesis

No e Actions generally consistent with recovery strategy but major
actions are missing or staging of major is inconsistent with
recovery hypothesis

e Little relationship between actions and strategy; major short-term
and long-term actions do not follow from the recovery hypothesis
and strategy

Table 6. Attributes of empirical support of recovery actions.

States Attributes

High » Evidence for effects of suites of actions (in habitat, harvest, or
hatcheries) is clear and unambiguous; broad applications have
been tested with similar results; uncertainty incorporated in
assessments

Moderate * Some empirical evidence of effectiveness in similar settings; few
tested applications; some conflicting results; predictions of effect
do not incorporate uncertainty

Low « Little or no empirical evidence of the action being effective or
appropriate
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San Juan Plan:
November 2005 Technical Gap Analysis

Puget Sound Technical Recovery Team

The Puget Sound Technical Recovery Team (TRT) reviewed the San Juan Islands (WRIA
2) recovery plan submitted to the Shared Strategy in April 2005. The general question we
asked in our review was “What is the certainty that the actions described in the plan will
result in the estimated outcomes for salmon?” NOAA Fisheries’ Regional Office and the
Shared Strategy directed the TRT to assume that the strategies and actions described in
the plan were to be implemented (i.e., our certainty analysis does not include a
judgment about how likely it is that particular strategies or actions will be
implemented). The TRT used the probabilistic network framework to describe the
certainty in technical elements of the plan, similar to our technical review conducted on
an earlier draft of the plan in the summer of 2004. The primary questions guiding our
technical review of plans are summarized in Table 1. The results from the summer 2004
review were intended to support the iterative review process designed by the Shared
Strategy and NOAA Fisheries, and these results are available on the Shared Strategy web
site. The TRT reviews at that time were designed to provide technical feedback to plan
authors so that its revisions could include those elements that were most likely to increase
the certainty of the plan’s outcomes for salmon. The methods and a brief description of
our certainty analyses are provided in section II of this write-up.

Table 1. Questions asked in the TRT review to elucidate the technical certainty in
outcomes from salmon recovery plans. More detailed descriptions of methods used in
the certainty analyses are provided in Section I

« Did the analysis use one or multiple lines of evidence to understand potential
habitat, hatchery and harvest (i.e., the ‘H’s’) factors limiting salmon recovery?
 How well supported is/are the qualitative or quantitative model(s) used to predict

salmon population responses?
 How well supported are the recovery hypotheses with watershed-specific data?
e Is the recovery strategy for all H’s consistent with the recovery hypothesis?
« s the recovery strategy robust by preserving options for recovery? (e.g., is there
an adaptive management plan?)
« Are the recovery actions consistent with the all-H recovery strategy?
 How well have the recovery actions been shown to work?

The purpose of the 2005 technical review was to summarize what elements in the plan
were well described and where significant technical uncertainties in the plan’s strategies
or actions still remained. Together, the TRT and Shared Strategy used the information
from the technical review to explicitly identify the strengths and remaining gaps in the
plan, and the means through which such gaps can be filled. The elements in the plan,
plus the clearly stated approaches for filling any remaining gaps, constitute a recovery
plan for submission to NOAA Fisheries for their consideration. A description of the gaps
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and recommended approaches for how to address them are included in the individual
watershed profile sections of the regional plan submitted by Shared Strategy.

This review has two components:

e Brief summary of results of our review concerning certainty, and discussion of
factors we believe are critical to address in order to improve the certainty of this
plan; and

e A description of the methods by which we performed the certainty analysis (i.e.,
the probabilistic network analysis).

. Summary of Certainty Analysis

The content of this section summarizes the results of the probabilistic network analysis
(for description of the approach, see Section II of this document.) This analysis will help
in tracking key strategic elements of the plan and how information at each step affects the
overall certainty that the proposed actions in the plan will contribute to population and
ESU recovery. The technical gaps that emerged from our review were discussed with the
Shared Strategy, and were flagged in the regional plan as issues needing special attention
during implementation. This section is divided into separate discussions of the certainty
in habitat, hatchery and harvest management elements of the plan that we used to identify
these key gaps. The certainty in the plan’s outcomes can be increased by clearly
documenting the basis for current strategies and adapting the strategies and actions as
implementation proceeds.

Overall, the San Juan Islands plan provides the basis for a good guidance framework for
restoration and protection actions in nearshore and marine habitats that will promote the
recovery of Puget Sound Chinook salmon. The fact that Chinook salmon from
throughout the Puget Sound ESU use the islands at a number of key life stages is well
documented. Because of the large amount of shoreline and the high ratio of shoreline
length to land area, the plan is organized around shoreline-related management. The plan
is based on a rough conceptual model of how Chinook salmon use habitats in the San
Juan Islands. Further work needs to be done to bring this model into better focus so that
the effects of specific actions on life stages in particular places and times can be better
predicted.

Habitat Strategy
Key technical gaps

The most important ways for this plan to improve the certainty of an effective habitat
strategy in the near-term plan are to:

e Better document the data used to relate ecological processes and habitat conditions.

= Develop explicit, conceptual life stage-specific linkages relating habitat conditions to
responses in population status.
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e Use available data from other areas on juvenile utilization and on specific life stage
linkages to habitat conditions to increase the analytical support; document the
associated assumptions.

e Develop a habitat recovery strategy tiered down from more explicit hypotheses on
conceptual linkages relating habitat conditions to salmon viability via life stage specific
potential responses and integrate the habitat strategy with hatchery and harvest
management strategies in the planning area.

e Develop an adaptive management plan.

1. How well supported is the understanding of the links between habitat actions and
population viability (VSP) characteristics used in the planning (Analytical Support)?

A qualitative model was used to relate ecological processes and habitat conditions using
general information on nearshore processes. The San Juan chapter utilizes a generalized
conceptual model to assess the affects of habitat factors on potential fish status and
responses. Table XVIII linking actions, processes and VSP is a good start for hypotheses.
The maps linking freshwater upland areas to nearshore processes supports the emphasis
on shoreline-related management, instead of drift-cell-related management. The certainty
in the analytical model used to link changes in habitat conditions and processes to fish
population response is moderate.

Ways to improve certainty in plan outcomes:

» Better documentation of the data used to relate ecological processes and habitat
conditions

» Development of explicit, conceptual life stage-specific linkages relating habitat
conditions to responses in population viability characteristics.

e Collaboration with other planning entities and nearshore investigators to continue
development of model(s) and analytical support.

e (Collection of new data on use of marine and nearshore habitats by specific life stages
and populations of Chinook salmon to calibrate these models

2. How well supported are the hypotheses for (1) what VSP attributes are most
limiting recovery and (2) the habitat-forming processes or conditions that are
limiting population response? What is the nature of the watershed-specific data to
support either of those 2 hypotheses?

The hypothesis underlying this plan is that open water and nearshore marine habitats in
the San Juan Islands support several salmon life stages from populations spanning a
broad geographical area. At least some of these habitats are used year-round by salmon.
Because of the unique geographical location of the islands in the salmon migration
pathway, as well as the relatively undisturbed nature of many of the islands’ habitats, the
plan assumes that this area is critical for maintaining VSP attributes of many populations.
Local data on the use of islands’ habitats by juvenile Chinook salmon is currently
lacking.
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There is good general information regarding habitat-forming processes that affect salmon
in the marine environment (Table VIII). There is also a detailed inventory of some
important habitats and habitat modifications (Tables X — XVI and associated text), and
some general discussion of freshwater limiting factors and the connections between
freshwater processes and marine nearshore function. However, there is little support in
watershed-specific data for the nearshore and freshwater habitat factors estimated to be
limiting recovery of the Chinook populations using the San Juan Islands.

Ways to improve certainty in plan outcomes:

e Include support for an hypothesis for how disruption of the food web structure and
function—e.g., competitors, predators, forage fish, and non-indigenous species—is
likely to affect VSP. For example, it is a strength of the plan that forage fish
spawning beaches are given high importance. The rationale for this should be
discussed through the hypothesized food web effects.

* Provide existing data on juvenile use of habitats in the San Juan Islands and include a
prioritized program to collect new data to fill gaps in the conceptual model of juvenile
use of and survival in different habitat types.

* Include the hypothesized mechanistic links among habitat-forming processes and land-
use attributes; discuss how land use conditions affect freshwater and nearshore habitat
quality and quantity in the hypotheses. Monitor and study these linkages so that
mechanistic links among those can be better understood, and therefore protected and
restored.

e Use available data from other areas on juvenile utilization and on relating specific life
stage linkages to increase the analytical support.

» Collaborate with other planning entities and nearshore investigators to populate
model(s) with watershed specific data or otherwise strengthen analytical support.

3. Is the recovery strategy consistent with the recovery hypotheses for population status
and key habitat factors limiting recovery?
The habitat recovery strategy in the draft San Juan Islands recovery plan is not
completely consistent with the hypotheses for what population status and habitat, harvest
and hatchery problems are limiting recovery. The strategy is largely a protection and
filling-in the knowledge gaps strategy. The TRT supports the strategy of monitoring and
research to test the effectiveness of existing regulatory mechanisms, and the desire to be
strategic and specific about designing protection measures such as Critical Areas
Ordinances and Shoreline Management Plans. The strategy should help decision makers
decide where these protection measures should be prioritized for implementation.
Protection measures aren’t related clearly back to specific hypotheses; and it isn’t stated
how the applied research measures will be related to improving the strategy.

We encourage the addition of sub-area hypotheses, strategies, and actions so that the
potential effects of the plan can be better evaluated. Currently, both the hypothesis
relating habitat conditions to potential fish status and responses and the strategies for
habitat recovery are too general to evaluate for consistency.
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Ways to improve certainty in plan outcomes:

4.

Further develop the habitat recovery strategy tiered down from more explicit
hypotheses on conceptual linkages relating habitat conditions to salmon viability via
life stage specific potential responses. Focusing the restoration strategy on a well-
defined habitat recovery strategy could serve as a useful starting point for reducing
uncertainties.

Integrate the habitat strategy within the planning area with hatchery and harvest
management strategies for the populations using the planning area. For example, there
is information about local hatchery releases included in the plan. How are these
hatchery fish expected to affect the survival and recovery of wild fish using San Juan
habitats?

Develop more explicit detailed conceptual and qualitative linkages between each of the
specific protection and restoration action plans for nearshore or shoreline areas and the
hypothesized VSP responses.

In collaboration with others, move toward quantitative, explicit linkages among
actions, habitat conditions, and population attributes.

Does the habitat recovery strategy preserve options for recovery in all 4 VSP

attributes through all of the H’s?

The existing habitat recovery strategy does not state how it interacts with other Hs to

preserve options for recovery. Preserving options requires an adaptive management plan
to respond to changes in salmon population attributes and habitat attributes, and to test
the effectiveness of management strategies in all Hs.

Ways to improve certainty in plan outcomes:

5.

Include an adaptive management decision framework in the plan that highlights
where information from monitoring and evaluation of habitat projects and fish
population responses will affect decisions about the overall recovery strategy.

Design and implement a comprehensive monitoring and evaluation program that can
track the integrated, cumulative effects of habitat protection and recovery actions over
time.

How well have the recovery actions been shown to work? (Empirical Support)

Empirical support for recovery actions in this plan is moderate. General experience
suggests that nearshore protection and restoration actions have been successful, although
there are some conflicting results and uncertainties associated with evaluating their
effects. Areas that are especially uncertain are 1) the effectiveness of shoreline
regulatory protection programs, 2) validation that habitat actions to rehabilitate or
enhance nearshore habitats increase the capacity of the nearshore to support chinook and
chum salmon life stages. However, given the large amount of relatively unimpacted
habitat in this area, the precautionary principle suggests that giving a priority to
protection actions until we learn more, as this plan does, is a prudent approach.
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Ways to improve certainty in plan outcomes:

e Use available data and document assumptions for the habitat actions (by type) to
increase the strength of the empirical support for their effectiveness.

e Strengthen the empirical support for each type of protection and restoration action by
testing (through monitoring and adaptive management) their effectiveness and by
validating that the actions result in the predicted responses.

6. Are the recovery actions consistent with the recovery strategy? (Consistent with
Strategy)

The actions described in the plan are very general, so it is difficult to evaluate whether a
clear and logical relationship exists between the “all-H” recovery strategy and the
proposed habitat recovery actions. The detailed information on tools, strategies, and
actions (Chapter VII), provides specifics regarding how protection of key habitats could
be accomplished through the appropriate regulatory authorities. This information helps
increase the certainty that protection actions consistent with the overall strategy can be
implemented.

Ways to improve certainty in plan outcomes:

* Focus first on connecting the overall recovery hypothesis and strategy with protection
and restoration actions in specific locations.

» Develop better empirical and analytical support for the relationships between
protection and restoration actions and hypotheses specific to VSP characteristics or
ESU persistence.

» Systematically analyze the potential cumulative effects of protection measures.
Summarize existing modeled or empirical support for the effectiveness of habitat
protection and restoration actions identified in the plan. Areas that are especially
uncertain are 1) the effectiveness of shoreline regulatory protection programs, 2)
validation that habitat actions to rehabilitate or enhance nearshore habitats actually
increase the capacity of the nearshore to support chinook and chum salmon life stages.
Specifically,

o Having already identified what groups have the authorities to address each
threat through regulation (Chapter Vii), assess whether there are any gaps
in which threats are identified and whether there is a mechanism to
address them. If gaps are found, identify approaches to filling the gaps.

o Estimate the degree to which these regulations (protection measures) are
being implemented across the landscape. Are there any gaps in
implementation, variances, etc.? If so, identify approaches to filling the
gaps.

o Evaluate the effect of the protection measures on habitat and VSP. Are
there gaps in the predicted and observed effect on habitat or VSP? If so,
identify approaches to filling the gaps.
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Hatchery Strategy

No independent Chinook populations spawn in this area, although Chinook salmon from
other areas use nearshore and open water marine habitats in this region. No
comprehensive hatchery strategy was included in the plan, although data on local
hatchery releases were provided. Preliminary assessments have raised questions about
the potential incidence and impacts of competition and predation in nearshore areas that
remain unresolved. See technical comments on certainty in hatchery strategies for each
of the watershed plans for further discussions.

The most important ways to improve the certainty of effective hatchery strategies in this
region are to:

e Develop coordination between the different watersheds and managers producing wild
and hatchery fish that use this area to establish an integrated monitoring and adaptive
management plan, and

e Evaluate the effects of current hatchery management activities on capacity of the
nearshore environment for wild Chinook (hatchery-wild interactions)

Harvest Management Strategy

This plan, appropriately, does not include a harvest management strategy because harvest
of populations throughout their life cycle is addressed in the watershed plans for the areas
where the populations spawn. However, in developing an integrated adaptive
management program for waters around San Juan County, recognition of harvest actions
will be necessary in order to assess the effectiveness of habitat preservation and
restoration actions.
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Il.  Analyzing Certainty of Biologically Effective Recovery
Plans

All watersheds in the Puget Sound are unique. Not surprisingly, different watershed
planning groups identify different long-term and short-term goals and propose different suits of
actions to achieve those goals. The certainty that the actions in every watershed will be
biologically effective in moving the populations towards recovery is a key factor in the recovery
of the whole evolutionarily significant unit (ESU). Consequently, the Puget Sound Technical
Recovery Team (TRT) has focused its analysis of watershed recovery plans on identifying ways
to increase the certainty of the plans. The TRT hopes that these analyses will encourage
watershed groups to improve the certainty of plans before the TRT does it analysis of the final
plans next year.

To provide these analyses, the TRT used a probabilistic network (PN). A probabilistic
network is a graphical model that shows how different states of the world of interest—in this case
the scientific factors that provide certainty of biologically effective actions—are related (Figure
1). The basic approach is to assess certainty by applying conditional probabilities, which can be
expressed as “Given event b, the likelihood of event a is x.” In Figure 1, for example, the states
of the variables in boxes that point to another variable (e.g. “Use of Independent Models” and
“Analytical Support”) are the events that condition the likelihood of the states for the latter
variable (e.g. “High”, “Moderate”, and “Low” in the Certainty of the General Fish Response
Model). Users provide evidence for the initial conditioning events (or diagnostic nodes);
software for PNs use a set of sophisticated algorithms for recalculating the joint probability
distributions for all the potentials based on tables of conditional probabilities provided by the
analyst (Jensen 2001). Using a PN gave the TRT a rigorous, transparent, repeatable method of
analyzing certainty across watershed plans and habitat, harvest, and hatchery management
sectors.

Methods

The Puget Sound Technical Recovery Team (TRT) used the PN in Figure 1 to assess
separately the certainty of biologically effective actions for each plan in four management sectors,
1) freshwater habitat, 2) nearshore habitat, 3) hatchery production, and 4) harvest. Each
assessment also considered how well integrated actions were across categories and how the
actions affected characteristics of viable salmonid populations (McElhany et al. 2003). The
network graphically shows the logic of how different scientific variables affect the biological
certainty of effective recovery plans. The model is based on the TRT’s Integrated Recovery
Planning for Listed Salmonids: Technical Guidance for Watershed Groups in the Puget Sound
(http://www.sharedsalmonstrategy.org/files). The network shows that the overall biological
certainty of an effective recovery plan depends on the certainty of the recovery strategy
(Recovery Strategy), the robustness of the strategy (Preserves Options), and the expected
effectiveness of actions chosen to implement the strategy. The certainty of the recovery strategy
in turn is conditioned by the certainty of how well we understand the biological, physical, and
chemical processes that affect the population (i.e. Recovery Hypothesis), which depends on well
recognized sources of scientific uncertainty (Lemons 1996), such as model uncertainty (Use of
Independent Models), framing uncertainty and stochasticity (Analytical Support), and empirical
support for the hypothesis (Watershed Data Quality). After identifying the model structure, the
TRT identified and defined different states of the variables (Tables 1-6).

Conditional probabilities may be derived from frequencies from empirical data,
simulation results, or subjective probabilities. When data are too few to parameterize simulation
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models, use of subjective probabilities is important (Bedford and Cooke 2001) and analysts have
developed methods for estimating these (e.g. Ayyub 2001). Using experts to estimate subjective
probabilities has inherent biases that can be difficult to control (Kahneman et al. 1982, Otway and

von Winterfeldt 1992). Using estimates of conditional probabilities within a logical, transparent
model such as a PN

Independent Models

One 100
Multiple

Analytical Support
High of !
Moderate 100
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Figure 1. Probabilistic network for evaluating the biological certainty of effective recovery
plans illustrating the results of a hypothetical review. Diagnostic nodes are shaded.

Numbers at each node are the probabilities for each and the bars show the distribution of
the results.

may reduce these problems compared to asking experts to provide absolute certainty estimates
directly without a model. The TRT estimated conditional probabilities using a Delphi process
(Helmer 1968, Ayyub 2001) in which TRT members iteratively estimated conditional
probabilities individually; the distributions of the results were compiled and shared; and new
estimates were generated. Sensitivity of the model was evaluated using the mutual information
index (Pearl 1988) which measures the reduction in entropy of variable 4 due to a finding at B.

The TRT qualitatively assessed the states of seven diagnostic variables (box titles in
parentheses) that address these questions:

1. Did the analysis use one or multiple independent models to understand potential fish
responses to actions? (Independent Models)
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2. How well supported is the model? (Analytical Support)

3. How well supported is the recovery hypotheses with watershed specific data? (Watershed
Data Quality)

4. s the recovery strategy robust by preserving options for recovery? (Preserves Options)

5. Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

6. Are the recovery actions consistent with the recovery strategy? (Consistent with Strategy)

7. How well have the recovery actions been shown to work? (Empirical Support)

The possible answers to these questions are in Tables 1-6. Reviewers usually choose one state,
but if this is not possible because of uncertainty, reviewers could assign probabilities to different
states (e.g., “Low” = 10%; “Moderate” = 90%). Analyses were performed using Netica (Norsys
Software Corporation, Vancouver, BC; http://www.norsys.com).

Interpreting the Results

Even the best recovery plan is inherently uncertain because the future is so difficult to
predict. Consequently, the quantitative estimates of certainty generated by the TRT are less
important than the relative improvement that watershed planners need to make. For similar
reasons, the quantitative estimates of certainty generated by the TRT are not relevant to analyses
of certainty performed by regulatory agencies, which depend on a different interpretation and
standard of certainty. Based on the TRT analyses, watershed planners may be able to increase the
certainty of biological effectives several fold by focusing on several key factors. These are
described in individual watershed analyses.
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Table 1. Attributes for different states of analytical support for models.

Analysis Total Attributes (Maximum Possible Score)
Score
Habitat * Qualitative and/or quantitative description of the
Models relationship landscape processes, landuse, and habitat
High 0.60 -1.00 condition — (0.1 for each analysis)
Moderate | 0.21 -0.60 | « Qualitative and/or quantitative description of the
Low 0-0.20 | relationship between habitat condition and population
viability (VSP) characteristics — (0.1 for each analysis;
025 for each VSP characteristic)
e Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
e Sensitivity of model to changes in parameters known —
(0.2)
e Model tested empirically and calibrated to watershed —
(0.2)
Harvest * Qualitative and/or quantitative description of link
Models between demographic processes, harvest effects, and
High 0.60-1.00 |  population viability (VSP) characteristics— (0.2 for each
Moderate | 0.21 -0.60 analysis; 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
» Sensitivity of model to changes in parameters known —
(0.2)
* Model tested empirically and calibrated to watershed —
(0.2)
Harvest ¢ Qualitative and/or quantitative description of link genetic
Models and ecological processes, hatchery effects, and population
High 0.60 -1.00 viability (VSP) characteristics — (0.2 for each analysis;
Moderate | 0.21 -0.60 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP

characteristic documented; assumptions discussed and
defended — (0.2)

e Sensitivity of model to changes in parameters known —
(0.2)

e Model tested empirically and calibrated to watershed —
(0.2)
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Table 2. Attributes for different states of the quality of watershed data (support for hypotheses)

States

Attributes

High

e Used empirical population, habitat, and management data from
the local watershed at multiple spatial scales to support
hypotheses; sources clearly documented; assumptions explained

Moderate

e Used empirical population, habitat, and management data for
watersheds or populations within the species' range OR used local
watershed data but data highly uncertain or assumptions not well
explained

Low

e Used theoretical support for hypothesis or expert opinion based on
biological principles and local knowledge of the watershed

Table 3. Attributes for different states of consistency of recovery strategy with recovery hypothesis.

States

Attributes

Yes

Clear and logical relationship between the recovery hypothesis

based on processes and conditions for habitat, harvest, and

hatcheries and the recovery strategy as evidenced by

e Main elements of strategy organized around dominant recovery
hypotheses

» Elements of strategy reflect spatial attributes of recovery
hypotheses

» Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

No clear and logical relationship between recovery hypotheses and
strategy; one or more of attributes listed above missing

Table 4. Attributes for different states of preservation of options in the recovery strategy

States Attributes
Yes = Strategy protects existing population viability (VSP) structure and
opportunities for future improvement in habitat, harvest, and
hatchery conditions; adaptive management & monitoring program
maintains options for implementing strategy
No e Strategy does not protect existing VSP structure or opportunities

for future improvement in habitat, harvest, and hatchery
conditions; adaptive management & monitoring program does not
maintain options for implementing strategy
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Table 5. Attributes for states of consistency of actions with recovery strategy.

States Attributes

Yes e (Clear and logical relationship between the short-term and long-
term actions and recovery strategy recovery hypothesis

» Elements of strategy reflect spatial attributes of recovery
hypotheses

* Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

* No strong relationship between fish response models and recovery
hypothesis

No e Actions generally consistent with recovery strategy but major
actions are missing or staging of major is inconsistent with
recovery hypothesis

e Little relationship between actions and strategy; major short-term
and long-term actions do not follow from the recovery hypothesis
and strategy

Table 6. Attributes of empirical support of recovery actions.

States Attributes

High » Evidence for effects of suites of actions (in habitat, harvest, or
hatcheries) is clear and unambiguous; broad applications have
been tested with similar results; uncertainty incorporated in
assessments

Moderate * Some empirical evidence of effectiveness in similar settings; few
tested applications; some conflicting results; predictions of effect
do not incorporate uncertainty

Low « Little or no empirical evidence of the action being effective or
appropriate
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Island County Watershed Plan:
May 2005 Technical Gap Analysis
Puget Sound Recovery Team

The Puget Sound Technical Recovery Team (TRT) reviewed the Island watershed
recovery plan submitted to the Shared Strategy in May, 2005. The general question
we asked in our review was “What is the certainty that the actions described in the
plan will result in the estimated outcomes for salmon?” NOAA Fisheries’ Regional
Office and the Shared Strategy directed the TRT to assume that the strategies and
actions described in the plan were to be implemented (i.e., our certainty analysis does
not include a judgment about how likely it is that particular strategies or actions will
be implemented). The TRT used the probabilistic network framework to describe the
certainty in technical elements of the plan, similar to our technical review conducted
on an earlier draft of the plan in the summer of 2004. The primary questions guiding
our technical review of plans are summarized in Table 1. The results from the
summer 2004 review were intended to support the iterative review process designed
by the Shared Strategy and NOAA Fisheries, and these results are available on the
Shared Strategy web site. The TRT reviews at that time were designed to provide
technical feedback to plan authors so that its revisions could include those elements
that were most likely to increase the certainty of the plan’s outcomes for salmon. The
methods and a brief description of our certainty analyses are provided in section II of
this write-up.

Table 1. Questions asked in the TRT review to elucidate the technical
certainty in outcomes from salmon recovery plans. More detailed
descriptions of methods used in the certainty analyses are provided in
Section II.

» Did the analysis use one or multiple lines of evidence to understand
potential habitat, hatchery and harvest (i.e., the ‘H’s’) factors limiting
salmon recovery?

 How well supported is/are the qualitative or quantitative model(s) used
to predict salmon population responses?

 How well supported are the recovery hypotheses with watershed-
specific data?

» |s the recovery strategy for all H’'s consistent with the recovery
hypothesis?

e |s the recovery strategy robust by preserving options for recovery?
(e.g., is there an adaptive management plan?)

e Are the recovery actions consistent with the all-H recovery strategy?

e How well have the recovery actions been shown to work?
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The purpose of the 2005 technical review was to summarize what elements in the plan
were well described and where significant technical uncertainties in the plan’s strategies
or actions still remained. Together, the TRT and Shared Strategy used the information
from the technical review to explicitly identify the strengths and remaining gaps in the
plan, and the means through which such gaps can be filled. The combined elements in
the plan, plus clearly stated approaches for filling any remaining gaps, constitute a
recovery plan for submission to NOAA Fisheries for their consideration. A description
of the gaps and recommended approaches for how to address them are included in the
individual watershed profile sections of the regional plan submitted by Shared Strategy.

This review has two components:

e Brief summary of results of our review concerning certainty, and discussion of
factors we believe are critical to address in order to improve the certainty of
this plan; and

e A description of the methods by which we performed the certainty analysis
(i.e., the probabilistic network analysis).

I. Summary of Certainty Analysis

The content of this section summarizes the results of the probabilistic network
analysis (for description of the approach, see Section II of this document.) This
analysis will help in tracking key strategic elements of the plan and how information
at each step affects the overall certainty that the proposed actions in the plan will
contribute to population and ESU recovery. The technical gaps that emerged from
our review were discussed with the Shared Strategy, and were flagged in the regional
plan as issues needing special attention during implementation. The analysis was
done separately for habitat, hatchery, and harvest elements. The Island County
chapter dealt only with habitat management, so that is the only factor affecting
recovery that the TRT evaluated and comments on here. The certainty in the plan’s
outcomes can be increased by clearly documenting the basis for current strategies and
adapting the strategies and actions as implementation proceeds.

Overall, the plan makes a good start on developing a recovery program that links
users and regulators. The plan addresses only habitat/nearshore issues as Island
County is not involved with hatchery and harvest decisions. However, the response
of salmon to habitat recovery actions within the Whidbey Basin will depend in part
on the number of hatchery fish utilizing the basin and changes in harvest patterns in
the area. The certainty in the Island County Plan will be greatly increased if they
consider the effects of their habitat management actions in the context of hatchery
and harvest management affecting salmon in the Whidbey Basin. Until such truly
integrated strategies for salmon recovery are considered, the certainty of the Island
County Plan to achieve its objectives for salmon will remain relatively low. A well
designed monitoring and adaptive management program for Island County habitat
recovery actions will go a long way towards increasing the certainty in the plan’s
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success for salmon. An adaptive management program should identify strategic goals
and objectives, identify metrics to measure progress toward objectives, determine the
nature of the data required to evaluate these metrics, develop criteria for using the
metrics to make decisions, develop a program to determine alternative pathways for
decisions when needed in the attainment of recovery, and identify the authorities
needed to make these changes.

Habitat Management Strategy
Key Technical Gaps

e Better document the source of data used and the details of the conceptual
model as information becomes available; apply Skagit System Cooperative
data and other data sources on juvenile salmon utilization of nearshore habitat
to help provide empirical support for the model used.

e Develop a quantitative model that can help determine relationships between
proposed actions and fish response. Estimating the potential magnitude of
responses from proposed actions is important in prioritizing actions.

e Further develop a detailed and specific habitat recovery strategy tiered down
from more explicit hypotheses on conceptual linkages relating habitat
conditions to salmon viability via life stage specific potential responses.

» Utilize information/hypotheses from the nearby watershed plans that deal with
the populations that utilize Whidbey Basin and with the nearshore chapter.

e Develop an adaptive management plan for monitoring and evaluating actions,
and that can suggest potential changes to habitat management actions to
improve results for the salmon.

1. Did the analysis use one or multiple independent models to understand potential
fish responses to actions? What is the nature of the analytical support for the
model linking salmon population status to changes in habitat-forming processes
and habitat conditions?

e The plan utilized one conceptual model to assess the affects of habitat factors
on potential fish responses for all 4 VSP. Documentation was good and based
in large part on the nearshore chapter information.

e The use of the conceptual models outlining the hypotheses in Appendix F is a
good, explicit way to express the hypotheses.

= No quantitative model was used. The use of one or more quantitative models
would help define the relationships used in the modeling effort and provide an
analytical tool for adaptive management. The use of two or more models
allows one to compare differences between models and assumptions used for
those models.
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2. How well supported are the hypotheses for (1) what VSP attributes are most
limiting recovery and (2) the habitat-forming processes or conditions that are
limiting population response? What is the nature of the watershed-specific data
to support either of those 2 hypotheses?

A qualitative model was used to relate ecological processes, habitat
conditions, and all four VSP. General information on nearshore processes and
some specific information on habitat conditions were provided to support the
hypotheses.

Support for the recovery hypotheses using watershed specific data moderate,
and could be improved with documentation of basin-specific available data.
Use of the limiting factor studies and the habitat condition mapping is good.

Ways to increase certainty in plan outcomes:

Explicitly state assumptions used and any information/documentation that
would help support the assumptions.

Develop hypotheses related to responses of habitat actions as affected by
hatchery and harvest actions and identify strategies to address these effects if
needed (integration).

Discuss empirical testing and validation of the model (even if qualitative)
used to link habitat actions to VSP.

Improve quality of data by using more data from neighboring watersheds that
contain populations utilizing the Whidbey Basin (e.g., data from the Skagit,
Snohomish, and Stillaguamish on juvenile salmon estuary and nearshore
utilization. Also, data/estimates from terminal fisheries and CWT recoveries
could be cited to document use of basin by the various populations.)

3. Is the recovery strategy consistent with the recovery hypotheses for population
status and key habitat factors limiting recovery?

No. The overall strategy is to improve the condition of degraded nearshore
habitat areas and to protect natural shorelines. The individual habitat
strategies presented appear to be well thought out and developed and are
consistent with the individual hypotheses. However, the hypotheses for the
relationships between stressors and VSP characteristics could be further
developed.

Ways to improve certainty in plan outcomes:

Develop hypotheses specific to VSP characteristics or ESU persistence to
better define habitat recovery strategies for protection and restoration that
will, in turn, result in improvements in the VSP characteristics.

Provide more specific definitions of protection and restoration strategies to
better evaluate consistency with the hypotheses.

Focus the recovery actions through a more defined habitat recovery strategy.
The strategy builds on the success of a number of protections and restoration
projects which obviously involve a lot of effort and have a lot of public
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support. However, specific projects are not well linked to the hypotheses
presented in the plan, nor are they linked to the status of the target
populations.

Estimate the potential magnitude of the VSP response likely from specific
measures.

4. Does the habitat recovery strategy preserve options for recovery in all 4 VSP
attributes through all of the H’s?

No. The strategy for protection is not well spelled out. It is not stated what
will be done to evaluate or implement further protection approaches during
the first 10 years, although it is stated what will be done for building public
support and gathering data to better understand the habitat and salmon
connection. Education is a good first step. How are options preserved for the
future in the existing strategy?

Ways to improve certainty in plan outcomes:

Document the rationale for the habitat protection and public education
approach and discuss the predicted effects on VSP.

Collect data on effects of the strategy to build public support for protection
and restoration in the short term.

Preserve options through developing an adaptive management plan to respond
to changes as they occur. Describe how the strategy can be adapted in the
future as more information is obtained from the effects of all of the H-
strategies.

5. Are the recovery actions consistent with the recovery strategy?

Yes. Actions to provide public education are given.

Good links between objectives/strategy and actions on p. 58ff. Good
specificity of actions and timeframes. pp. 65ff for commitments that will need
to be achieved for actions to be implemented.

6. How well have the recovery actions been shown to work (empirical support)?

Support for the proposed actions is moderate.

General experience suggests that nearshore protection and restoration actions
can work, although there are some conflicting results and uncertainty with
some actions. Areas that are especially uncertain are 1) the effectiveness of
shoreline regulatory protection programs, and 2) validation that habitat actions
to rehabilitate or enhance the nearshore will increase the capacity of the
nearshore to support chinook and chum salmon.

Systematically analyze the potential cumulative effects of protection measures.

Specifically,
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o Identify what groups have the authorities to address each threat through
regulation. Assess whether there are any gaps in which threats are
identified and there is no mechanism to address them. If so, identify
approaches to filling the gaps.

o Estimate the degree to which these regulations (protection measures) are
being implemented across the landscape. Are there any gaps in
implementation, variances, etc.? If so, identify approaches to filling the
gaps.

o Evaluate the effect of the protection measures on habitat and VSP. Are
there gaps in the predicted and observed effect on habitat or VSP? If so,
identify approaches to filling the gaps.

* Increase consistency between pre-existing agreements (e.g. Federal consultations
—HCPs, Sect. 7, others) and content of recovery plans.

Hatchery Management Strategy

No independent Chinook populations spawn in this area, although Chinook salmon from
other areas use the nearshore of this region. No comprehensive hatchery strategy was
included in the plan. Preliminary assessments have raised questions about the potential
incidence and impacts of competition and predation in nearshore areas that remain
unresolved. See technical comments on certainty in hatchery and harvest strategies for
each of the watershed plans for further discussions.

The most important ways to improve the certainty of effective hatchery strategies in this
region are to:

e Develop coordination between the different watersheds and managers producing wild
and hatchery fish that use this area to establish an integrated monitoring and adaptive
management plan,

« Evaluate the effects of current hatchery management activities on capacity of the
nearshore environment for wild Chinook (hatchery-wild interactions).

Harvest Management Strategy

This plan, appropriately, does not include a harvest management strategy because harvest
is addressed in the watershed plans for the areas where the populations spawn. However,
in developing an integrated adaptive management program for waters around Island
County, recognition/knowledge of harvest actions will be necessary in order to assess the
effectiveness of habitat preservation and restoration actions.
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Il.  ANALYZING CERTAINTY OF BIOLOGICALLY EFFECTIVE
RECOVERY PLANS

All watersheds in the Puget Sound are unique. Not surprisingly, different
watershed planning groups identify different long-term and short-term goals and propose
different suits of actions to achieve those goals. The certainty that the actions in every
watershed will be biologically effective in moving the populations towards recovery is a
key factor in the recovery of the whole evolutionarily significant unit (ESU).
Consequently, the Puget Sound Technical Recovery Team (TRT) has focused its analysis
of watershed recovery plans on identifying ways to increase the certainty of the plans.
The TRT hopes that these analyses will encourage watershed groups to improve the
certainty of plans before the TRT does it analysis of the final plans next year.

To provide these analyses, the TRT used a probabilistic network (PN). A
probabilistic network is a graphical model that shows how different states of the world of
interest—in this case the scientific factors that provide certainty of biologically effective
actions—are related (Figure 1). The basic approach is to assess certainty by applying
conditional probabilities, which can be expressed as “Given event b, the likelihood of
event a is x.” In Figure 1, for example, the states of the variables in boxes that point to
another variable (e.g. “Use of Independent Models” and “Analytical Support”) are the
events that condition the likelihood of the states for the latter variable (e.g. “High”,
“Moderate”, and “Low” in the Certainty of the General Fish Response Model). Users
provide evidence for the initial conditioning events (or diagnostic nodes); software for
PNs use a set of sophisticated algorithms for recalculating the joint probability
distributions for all the potentials based on tables of conditional probabilities provided by
the analyst (Jensen 2001). Using a PN gave the TRT a rigorous, transparent, repeatable
method of analyzing certainty across watershed plans and habitat, harvest, and hatchery
management sectors.

Methods

The Puget Sound Technical Recovery Team (TRT) used the PN in Figure 1 to
assess separately the certainty of biologically effective actions for each plan in four
management sectors, 1) freshwater habitat, 2) nearshore habitat, 3) hatchery production,
and 4) harvest. Each assessment also considered how well integrated actions were across
categories and how the actions affected characteristics of viable salmonid populations
(McElhany et al. 2003). The network graphically shows the logic of how different
scientific variables affect the biological certainty of effective recovery plans. The model
is based on the TRT’s Integrated Recovery Planning for Listed Salmonids: Technical
Guidance for Watershed Groups in the Puget Sound
(http://www.sharedsalmonstrategy.org/files). The network shows that the overall
biological certainty of an effective recovery plan depends on the certainty of the recovery
strategy (Recovery Strategy), the robustness of the strategy (Preserves Options), and the
expected effectiveness of actions chosen to implement the strategy. The certainty of the
recovery strategy in turn is conditioned by the certainty of how well we understand the
biological, physical, and chemical processes that affect the population (i.e. Recovery
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Hypothesis), which depends on well recognized sources of scientific uncertainty (Lemons
1996), such as model uncertainty (Use of Independent Models), framing uncertainty and
stochasticity (Analytical Support), and empirical support for the hypothesis (Watershed
Data Quality). After identifying the model structure, the TRT identified and defined
different states of the variables (Tables 1-6).

Conditional probabilities may be derived from frequencies from empirical data,
simulation results, or subjective probabilities. When data are too few to parameterize
simulation models, use of subjective probabilities is important (Bedford and Cooke 2001)
and analysts have developed methods for estimating these (e.g. Ayyub 2001). Using
experts to estimate subjective probabilities has inherent biases that can be difficult to
control (Kahneman et al. 1982, Otway and von Winterfeldt 1992). Using estimates of
conditional probabilities within a logical, transparent model such as a PN may reduce
these problems compared to asking experts to provide absolute certainty estimates
directly without a model. The TRT estimated conditional probabilities using a Delphi
process (Helmer 1968, Ayyub 2001) in which TRT members iteratively estimated
conditional probabilities individually; the distributions of the results were compiled and
shared; and new estimates were generated. Sensitivity of the model was evaluated using
the mutual information index (Pearl 1988) which measures the reduction in entropy of
variable 4 due to a finding at B.
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Figure 1. Probabilistic network for evaluating the biological certainty of effective
recovery plans illustrating the results of a hypothetical review. Diagnostic nodes are
shaded. Numbers at each node are the probabilities for each and the bars show the
distribution of the results.

The TRT qualitatively assessed the states of seven diagnostic variables (box titles
in parentheses) that address these questions:

1. Did the analysis use one or multiple independent models to understand potential fish
responses to actions? (Independent Models)

2. How well supported is the model? (Analytical Support)

3. How well supported is the recovery hypotheses with watershed specific data?
(Watershed Data Quality)

4. TIs the recovery strategy robust by preserving options for recovery? (Preserves
Options)

5. Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

6. Are the recovery actions consistent with the recovery strategy? (Consistent with
Strategy)

7. How well have the recovery actions been shown to work? (Empirical Support)

The possible answers to these questions are in Tables 1-6. Reviewers usually choose one
state, but if this is not possible because of uncertainty, reviewers could assign
probabilities to different states (e.g., “Low” = 10%; “Moderate” = 90%). Analyses were
performed using Netica (Norsys Software Corporation, Vancouver, BC;
http://www.norsys.com).

Interpreting the Results

Even the best recovery plan is inherently uncertain because the future is so
difficult to predict. Consequently, the quantitative estimates of certainty generated by the
TRT are less important than the relative improvement that watershed planners need to
make. For similar reasons, the quantitative estimates of certainty generated by the TRT
are not relevant to analyses of certainty performed by regulatory agencies, which depend
on a different interpretation and standard of certainty. Based on the TRT analyses,
watershed planners may be able to increase the certainty of biological effectives several
fold by focusing on several key factors. These are described in individual watershed
analyses.
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Table 1. Attributes for different states of analytical support for models.

Analysis Total Attributes (Maximum Possible Score)
Score
Habitat * Qualitative and/or quantitative description of the
Models relationship landscape processes, landuse, and habitat
High 0.60 -1.00 condition — (0.1 for each analysis)
Moderate | 0.21 -0.60 | « Qualitative and/or quantitative description of the
Low 0-0.20 | relationship between habitat condition and population
viability (VSP) characteristics — (0.1 for each analysis;
025 for each VSP characteristic)
e Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
e Sensitivity of model to changes in parameters known —
(0.2)
e Model tested empirically and calibrated to watershed —
(0.2)
Harvest * Qualitative and/or quantitative description of link
Models between demographic processes, harvest effects, and
High 0.60-1.00 |  population viability (VSP) characteristics— (0.2 for each
Moderate | 0.21 -0.60 analysis; 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
» Sensitivity of model to changes in parameters known —
(0.2)
* Model tested empirically and calibrated to watershed —
(0.2)
Harvest ¢ Qualitative and/or quantitative description of link genetic
Models and ecological processes, hatchery effects, and population
High 0.60 -1.00 viability (VSP) characteristics — (0.2 for each analysis;
Moderate | 0.21 -0.60 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP

characteristic documented; assumptions discussed and
defended — (0.2)

e Sensitivity of model to changes in parameters known —
(0.2)

e Model tested empirically and calibrated to watershed —
(0.2)
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Table 2. Attributes for different states of the quality of watershed data (support for hypotheses)

States

Attributes

High

e Used empirical population, habitat, and management data from
the local watershed at multiple spatial scales to support
hypotheses; sources clearly documented; assumptions explained

Moderate

e Used empirical population, habitat, and management data for
watersheds or populations within the species' range OR used local
watershed data but data highly uncertain or assumptions not well
explained

Low

e Used theoretical support for hypothesis or expert opinion based on
biological principles and local knowledge of the watershed

Table 3. Attributes for different states of consistency of recovery strategy with recovery hypothesis.

States

Attributes

Yes

Clear and logical relationship between the recovery hypothesis

based on processes and conditions for habitat, harvest, and

hatcheries and the recovery strategy as evidenced by

* Main elements of strategy organized around dominant recovery
hypotheses

» Elements of strategy reflect spatial attributes of recovery
hypotheses

¢ Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

No

No clear and logical relationship between recovery hypotheses and
strategy; one or more of attributes listed above missing

Table 4. Attributes for different states of preservation of options in the recovery strategy

States Attributes
Yes e Strategy protects existing population viability (VSP) structure and
opportunities for future improvement in habitat, harvest, and
hatchery conditions; adaptive management & monitoring program
maintains options for implementing strategy
No » Strategy does not protect existing VSP structure or opportunities

for future improvement in habitat, harvest, and hatchery
conditions; adaptive management & monitoring program does not
maintain options for implementing strategy
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Table 5. Attributes for states of consistency of actions with recovery strategy.

States Attributes

Yes e (Clear and logical relationship between the short-term and long-
term actions and recovery strategy recovery hypothesis

» Elements of strategy reflect spatial attributes of recovery
hypotheses

* Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

* No strong relationship between fish response models and recovery
hypothesis

No e Actions generally consistent with recovery strategy but major
actions are missing or staging of major is inconsistent with
recovery hypothesis

e Little relationship between actions and strategy; major short-term
and long-term actions do not follow from the recovery hypothesis
and strategy

Table 6. Attributes of empirical support of recovery actions.

States Attributes

High » Evidence for effects of suites of actions (in habitat, harvest, or
hatcheries) is clear and unambiguous; broad applications have
been tested with similar results; uncertainty incorporated in
assessments

Moderate * Some empirical evidence of effectiveness in similar settings; few
tested applications; some conflicting results; predictions of effect
do not incorporate uncertainty

Low « Little or no empirical evidence of the action being effective or
appropriate
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Skagit Chinook Salmon Populations
May 2005 Technical Gap Analysis

Puget Sound Technical Recovery Team

The Puget Sound Technical Recovery Team (TRT) reviewed the 2005 Skagit Recovery
Plan. The general question we asked in our review was “What is the certainty that the
actions described in the plan will result in the estimated outcomes for salmon?” NOAA
Fisheries’ Regional Office and the Shared Strategy directed the TRT to assume that the
strategies and actions described in the plan were to be implemented (i.e., our certainty
analysis does not include a judgment about how likely it is that particular strategies
or actions will be implemented). The TRT used the probabilistic network framework to
describe the certainty in technical elements of the plan, similar to our technical review
conducted on an earlier draft of the plan in the summer of 2004. The primary questions
guiding our technical review of plans are summarized in Table 1. The results from the
summer 2004 review were intended to support the iterative review process designed by
the Shared Strategy and NOAA Fisheries, and these results are available on the Shared
Strategy web site. The TRT reviews at that time were designed to provide technical
feedback to plan authors so that its revisions could include those elements that were most
likely to increase the certainty of the plan’s outcomes for salmon. The methods and a
brief description of our certainty analyses are provided in section II of this write-up.

Table 1. Questions asked in the TRT review to elucidate the technical certainty
in outcomes from salmon recovery plans. More detailed descriptions of methods
used in the certainty analyses are provided in Section Il.

» Did the analysis use one or multiple lines of evidence to understand
potential habitat, hatchery and harvest (i.e., the ‘H’s’) factors limiting
salmon recovery?

 How well supported is/are the qualitative or quantitative model(s) used to
predict salmon population responses?

 How well supported are the recovery hypotheses with watershed-specific
data?

« |s the recovery strategy for all H’'s consistent with the recovery
hypothesis?

» |s the recovery strategy robust by preserving options for recovery? (e.g., is
there an adaptive management plan?)

e Are the recovery actions consistent with the all-H recovery strategy?

e How well have the recovery actions been shown to work?

The purpose of the 2005 technical review was to summarize what elements in the plan
were well described and where significant technical uncertainties in the plan’s strategies
or actions still remained. Together, the TRT and Shared Strategy used the information
from the technical review to explicitly identify the strengths and remaining gaps in the
plan, and the means through which such gaps can be filled. The elements in the plan,
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plus the clearly stated approaches for filling any remaining gaps, constitute a recovery
plan for submission to NOAA Fisheries for their consideration. A description of the gaps
and recommended approaches for how to address them are included in the individual
watershed profile sections of the regional plan submitted by Shared Strategy.

This review has two components:

e Brief summary of results of our review concerning certainty, and discussion of
factors we believe are critical to address in order to improve the certainty of this
plan; and

e A description of the methods by which we performed the certainty analysis (i.e.,
the probabilistic network analysis).

L. SUMMARY OF CERTAINTY ANALYSIS

The content of this section summarizes the results of the probabilistic network analysis
(for description of the approach, see Section II of this document.) This analysis will help
in tracking key strategic elements of the plan and how information at each step affects the
overall certainty that the proposed actions in the plan will contribute to population and
ESU recovery. The technical gaps that emerged from our review were discussed with the
Shared Strategy, and were flagged in the regional plan as issues needing special attention
during implementation. This section is divided into separate discussions of the certainty
in habitat, hatchery and harvest management elements of the plan that we used to identify
these key gaps. In addition, several questions within each “H” ask how well the habitat,
hatchery and harvest strategies are integrated in the plan. The certainty in the plan’s
outcomes can be increased by clearly documenting the basis for current strategies and
adapting the strategies and actions as implementation proceeds.

Overall, the Skagit Plan is an excellent start for recovery of the six Skagit Chinook
populations. The Plan does a comprehensive job of organizing and summarizing the
status of the population and what is known about the historical and current limiting
factors and impacts on the populations based on qualitative and quantitative assessments.
The plan should give the basis for the recovery goals stated.

Habitat Management Strategy

Key Technical Gaps

The most important ways for this plan to improve the certainty of an effective habitat
strategy in the near-term plan are to:

» Integrate the strategy for protecting and restoring nearshore marine habitats with
the all-H strategies

e Develop an adaptive management plan and decision framework in the Plan that
highlights the following elements: strategic goals and objectives, metrics to
measure progress toward objectives, nature of the data required to evaluate
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metrics, criteria for using the metrics to make decisions, alternative pathways for
decisions in the attainment of recovery.

e Document assumptions used in EDT model.

e Conduct sensitivity analyses for the EDT model to explain the relative importance
of assumptions and model inputs for the estimated (modeled) effects of recovery
actions on habitat conditions and population parameters.

e Coordinate nearshore recovery plans with Island recovery watershed.

e Determine how to sequence implementation of recovery actions.

Did the analysis use one or multiple independent models to understand potential fish
responses to actions? What is the nature of the analytical support for the model linking
salmon population status to changes in habitat-forming processes and in-stream habitat
conditions?

The plan used both a qualitative and quantitative model approach. The qualitative model
was used for habitat process and linking habitat conditions to effects on all four VSP
parameters. A quantitative model was used to determine the biological responses to
restoration actions. There was good analysis for productivity and abundance and how
marine survival affects the stocks. There is little to explain affects on diversity and
spatial structure. Analyses are done on management units rather than individual
populations.

Key Issues to Improve Certainty:
e Documentation of basis for recovery goals

How well supported are the hypotheses for (1) the VSP parameters most limiting
recovery and (2) the habitat-forming processes or conditions that are limiting the
population response? What is the nature of the watershed-specific data used to support
(either of) these hypotheses?

Quality of data is high. The information is generally good, but is lacking in population
specific information.

Key Issues to Improve Certainty:
* Develop population specific estimates.

Is the recovery strategy consistent with the recovery hypotheses for population status and
key habitat factors limiting recovery?

Yes for all populations. The recovery strategy is consistent with the recovery hypotheses
for population status and the key habitat factors limiting recovery. There is good H-
integration included.
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Does the habitat recovery strategy preserve options for recovery of all four VSP
parameters across all Hs?

No for all populations. The plan does not have an adequately developed adaptive
management plan that preserves options for recovery.

Key Issues to Improve Certainty:

e Fully develop the adaptive management plan and decision framework. An
adaptive management plan should highlight the following elements: strategic
goals and objectives, metrics to measure progress toward objectives, nature
of the data required to evaluate metrics, criteria for using the metrics to make
decisions, alternative pathways for decisions in the attainment of recovery.

Are the habitat recovery actions consistent with the recovery strategy?
Yes for all populations.

Key Issues to Improve Certainty:
e Make sure that the opportunistic nature of choosing actions doesn’t miss
important sequencing of projects or classes of actions needed to meet the
strategy.

How well have the habitat actions been shown to work?

Support for habitat actions is moderate. There is good empirical evidence for the effect
of many of the individual actions proposed by the habitat portion of the plan in other
watersheds as well as the Skagit River. The tidal delta restoration project monitoring
gives a good example of actions working.

Ways to improve certainty in plan outcomes:
e Systematically analyze the potential cumulative effects of protection and
restoration measures.

Skagit Hatchery Management Strategy

Key Technical Gaps

The most important ways to improve the certainty of an effective hatchery strategy in this
plan are to

e Develop contingency conservation plan for early-run Chinook as

requested by HSRG.
e Develop and implement an appropriate adaptive management plan.
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How well supported is the understanding of the links between hatchery actions and
population viability (VSP) characteristics used in the planning (Analytical Support)?

The analytical support was moderate. The co-managers used a qualitative model (e.g. the
Benefit-Risk Assessment Procedure (BRAP) cited in co-managers’ resource management
plan) to understand the potential affects of hatchery actions on populations. The model
addressed all VSP criteria. Documentation is available for the basic model structure but
not for how local watershed data (as opposed to general information from the scientific
literature and expert guesses) were used to calibrate the model for Skagit River
populations. The recovery plan indicates that the co-managers have good genetic and
demographic data, which we assumed were used to assess the effects of hatchery actions
on abundance, diversity, and to some extent spatial structure. Information to assess the
effects of ecological interactions (e.g. competition, predation, and disease) and
domestication on productivity and spatial structure appeared to be less available.

Since the original assessments using the BRAP, addition tools and assessments have been
developed that could refine this understanding, including the Hatchery Scientific Review
Group (HSRG) review; the All ‘H’ Hatchery Analyzer (AHA) model also developed by
the HSRG; and quantitative models developed to evaluate domestication, effects of small
population size, and competition and predation by WDFW and the NWIFC as part of the
hatchery risk assessment modeling project (RAMP).

Key Issues to Improve Certainty:

* Refine existing assessments or use additional models that will allow
managers to assess through sensitivity analyses how the certainty of the
results and their decisions is affected by changes in different factors (such as
the factors that can be controlled through hatchery management actions).

How well supported is the recovery hypotheses with watershed specific data? (Watershed
Data Quality)

Support for the recovery hypothesis using watershed specific data was low. This
question asks if the watershed planners have available and used local data to support the
hypotheses that have been formulated. In the Skagit River watershed, the co-managers
had some genetic information supporting affects of straying on diversity and spatial
structure. More empirical information is needed on ecological effects, such competition
or predation from hatchery programs for other species. Recovery rates of adults is low
for strays, is not good for mark rates. There is some genetic information for hatchery
versus natural populations, but there is no information for phenotypic differences. There
is some information on likelihood of ecological interactions in the estuary for hatchery
and wild Chinook salmon, but not for other hatchery species.

Key Issues to Improve Certainty:
e Use available data from other watersheds to increase the analytical support
and to document assumptions.
e Collect information on ecological interactions of hatchery and wild fish.
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Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

Yes, given that the hypothesis is that indicator stock objective of program is not impeding
recovery.

Is the recovery strategy robust by preserving options for recovery? (Preserves Options)

No. The Plan strongly emphasizes many actions that should help preserve options for
recovery. Until an adaptive management plan is designed and implemented, however,
the ability to make intelligent management decisions that will accomplish this goal is not
great.

Key Issues to Improve Certainty:
e Develop and implement an appropriate adaptive management plan.
e Develop a truly all-H integrated strategy in the Skagit plan that can be
monitored and adapted over time.

Are the recovery actions consistent with the recovery strategy? (Consistent with Strategy)

Yes. As noted above, many of the current and proposed actions are consistent with a
strategy for maintaining the genetic diversity of these populations.

How well have the recovery actions been shown to work? (Empirical Support)

Support for the proposed actions is moderate. Experience in other watersheds suggests
that the actions may work, although there are some conflicting results and uncertainty.
Supplementation programs have been shown to prevent extinction and their effectiveness
in recovering populations to viable status is still unknown. Areas that are especially
uncertain in the Skagit are actions to reduce competition or predation, if it occurs, and
actions to reduce straying of hatchery fish.

Key Issues to Improve Certainty:
e Develop and implement an adaptive management plan and an appropriate
monitoring program.

Skagit Harvest Management Strategy

Key Technical Gaps

This evaluation is based on the Skagit Summer/Fall and Spring Management Unit
profiles, pages 95-130 of the Comanagers’ Puget Sound Chinook Harvest Management
Plan, as well as material presented in the Skagit watershed plan.

The harvest management portion of the recovery plan is based on the hypothesis that the
intrinsic natural productivity of the Skagit populations, under current habitat conditions
and recently observed poor marine survival conditions, is sufficiently high to allow for
the population to recover if the adult equivalent exploitation rate is less than or equal to
the rebuilding exploitation rate (RER). The intent is to allow harvest of Skagit Chinook
incidental to fisheries targeting harvestable returns of other species or hatchery origin
Chinook, while keeping the total exploitation rate on Skagit Chinook below RER. The
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Skagit chinook are managed by two management units (early and late runs) rather than
for the individual populations.

Ways to improve plan certainty:

e Demonstrate how managing for RERs computed for management units (MU)
will protect the individual populations within each MU or Develop RERs for
each of the six Skagit populations.

e Integrate harvest recovery with the other hatchery and habitat recovery actions.
Incorporate results from analytical tools, such as AHA, EDT, or SHIRAz, to
document integration of habitat, harvest, and hatchery strategies

e Develop an adaptive management plan

e Expand the strategy to include the effects of harvest on diversity and spatial
distribution. How does harvest management affect achieving recovery goals for
the four existing life history types seen in the Skagit?

Did the analysis use one or multiple independent models to understand potential fish
responses to actions?

The harvest management analysis used one model (VRAP) that looks at three different
functions for the spawner-recruit relationships at the management unit level. The VRAP
simulation model is used to determine the rebuilding harvest rate (RER) and used as input
for spawner-recruit relationships that were determined from the Dynamic Model.

Ways to Improve Plan Certainty:

* Refine analyses of RERs by developing population specific estimates and by
incorporating simulation results from additional models.

How well supported is the understanding of the links between harvest and viable
salmonid population (VSP) characteristics used in the planning (Analytical Support)?

Low. Only two of the four VSP characteristics are considered. The model included
qualitative and quantitative descriptions of the link between harvest management and two
VSP characteristics, abundance and productivity. The recovery hypothesis is supported
by local escapement data. The effects of harvest on diversity and spatial distribution,
however, were not addressed by the harvest models. In particular, harvest management
based on the aggregation of independent populations into two management units may not
accurately account for the different spatial distribution and diversity of the six
populations.

Ways to improve plan certainty:

» Incorporate spatial structure and diversity in to the modeling of harvest
effects on VSP

e Develop population specific indicator stocks.
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How well supported is the recovery hypotheses with watershed specific data? (Watershed
Data Quality)

Moderate. There were some empirical data available to support the modeling, but these
have not yet been used to develop relationships for management. There were good local

data on the contribution of hatchery strays to the natural escapement for some, but not all
populations.

Key Issues to Improve Certainty:

e Collect and use data from each of the six populations to incorporate spatial
structure and diversity into the modeling of harvest effects on VSP

Is the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

No. The harvest management strategy is that a single RER derived from data combined
for groups of three populations will be appropriate for all three simultaneously.

Key Issues to Improve Certainty:
* Explore the potential differences in relevant RERs for the individual
populations.
* Expand the strategy to include the effects of harvest on diversity and spatial
distribution.
e Incorporate results from analytical tools, such as AHA, EDT, or SHIRAz, to
document integration of habitat, harvest, and hatchery strategies

Is the recovery strategy robust by preserving options for recovery? (Preserves Options)
No. The harvest strategy appears to protect parts of the existing VSP structure.

However, it does not respond to the needs of individual populations. If only one
population within a MU were drastically reduced, and if this could be detected through
preseason forecasting, then that population would drop below the critical escapement
level triggering a minimum fishing regime. However, that portion of the strategy does not
sufficiently guard against the possibility that a management unit RER is inappropriate for
a single population within the management unit.

Key Issues to Improve Certainty:
e Develop population-specific RERs.
e Develop and implement an appropriate adaptive management plan.

Are the recovery actions consistent with the recovery strategy? (Consistent with Strategy)

Yes. Actions appear to be consistent with the harvest strategy and with the overall
integrated strategy that includes hatchery and harvest actions. The latter needs better
documentation.

How well have the recovery actions been shown to work? (Empirical Support)

Support for recovery actions is high. Reduced exploitation rates have resulted in
increased escapements.
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ll.  ANALYZING CERTAINTY OF BIOLOGICALLY EFFECTIVE
RECOVERY PLANS

All watersheds in the Puget Sound are unique. Not surprisingly, different
watershed planning groups identify different long-term and short-term goals and propose
different suits of actions to achieve those goals. The certainty that the actions in every
watershed will be biologically effective in moving the populations towards recovery is a
key factor in the recovery of the whole evolutionarily significant unit (ESU).
Consequently, the Puget Sound Technical Recovery Team (TRT) has focused its analysis
of watershed recovery plans on identifying ways to increase the certainty of the plans.
The TRT hopes that these analyses will encourage watershed groups to improve the
certainty of plans before the TRT does it analysis of the final plans next year.

To provide these analyses, the TRT used a probabilistic network (PN). A
probabilistic network is a graphical model that shows how different states of the world of
interest—in this case the scientific factors that provide certainty of biologically effective
actions—are related (Figure 1). The basic approach is to assess certainty by applying
conditional probabilities, which can be expressed as “Given event b, the likelihood of
event a is x.” In Figure 1, for example, the states of the variables in boxes that point to
another variable (e.g. “Use of Independent Models” and “Analytical Support”) are the
events that condition the likelihood of the states for the latter variable (e.g. “High”,
“Moderate”, and “Low” in the Certainty of the General Fish Response Model). Users
provide evidence for the initial conditioning events (or diagnostic nodes); software for
PNs use a set of sophisticated algorithms for recalculating the joint probability
distributions for all the potentials based on tables of conditional probabilities provided by
the analyst (Jensen 2001). Using a PN gave the TRT a rigorous, transparent, repeatable
method of analyzing certainty across watershed plans and habitat, harvest, and hatchery
management sectors.

Methods

The Puget Sound Technical Recovery Team (TRT) used the PN in Figure 1 to
assess separately the certainty of biologically effective actions for each plan in four
management sectors, 1) freshwater habitat, 2) nearshore habitat, 3) hatchery production,
and 4) harvest. Each assessment also considered how well integrated actions were across
categories and how the actions affected characteristics of viable salmonid populations
(McElhany et al. 2003). The network graphically shows the logic of how different
scientific variables affect the biological certainty of effective recovery plans. The model
is based on the TRT’s Integrated Recovery Planning for Listed Salmonids: Technical
Guidance for Watershed Groups in the Puget Sound
(http://www.sharedsalmonstrategy.org/files). The network shows that the overall
biological certainty of an effective recovery plan depends on the certainty of the recovery
strategy (Recovery Strategy), the robustness of the strategy (Preserves Options), and the
expected effectiveness of actions chosen to implement the strategy. The certainty of the
recovery strategy in turn is conditioned by the certainty of how well we understand the
biological, physical, and chemical processes that affect the population (i.e. Recovery
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Hypothesis), which depends on well recognized sources of scientific uncertainty (Lemons
1996), such as model uncertainty (Use of Independent Models), framing uncertainty and
stochasticity (Analytical Support), and empirical support for the hypothesis (Watershed
Data Quality). After identifying the model structure, the TRT identified and defined
different states of the variables (Tables 1-6).

Conditional probabilities may be derived from frequencies from empirical data,
simulation results, or subjective probabilities. When data are too few to parameterize
simulation models, use of subjective probabilities is important (Bedford and Cooke 2001)
and analysts have developed methods for estimating these (e.g. Ayyub 2001). Using
experts to estimate subjective probabilities has inherent biases that can be difficult to
control (Kahneman et al. 1982, Otway and von Winterfeldt 1992). Using estimates of
conditional probabilities within a logical, transparent model such as a PN may reduce
these problems compared to asking experts to provide absolute certainty estimates
directly without a model. The TRT estimated conditional probabilities using a Delphi
process (Helmer 1968, Ayyub 2001) in which TRT members iteratively estimated
conditional probabilities individually; the distributions of the results were compiled and
shared; and new estimates were generated. Sensitivity of the model was evaluated using
the mutual information index (Pearl 1988) which measures the reduction in entropy of
variable 4 due to a finding at B.
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Figure 1. Probabilistic network for evaluating the biological certainty of effective recovery plans
illustrating the results of a hypothetical review. Diagnostic nodes are shaded. Numbers at each node
are the probabilities for each and the bars show the distribution of the results.

The TRT qualitatively assessed the states of seven diagnostic variables (box titles
in parentheses) that address these questions:

* Did the analysis use one or multiple independent models to understand potential
fish responses to actions? (Independent Models)

e How well supported is the model? (Analytical Support)

* How well supported is the recovery hypotheses with watershed specific data?
(Watershed Data Quality)

e Is the recovery strategy robust by preserving options for recovery? (Preserves

Options)

* s the recovery strategy consistent with the recovery hypothesis? (Consistent with
Hypothesis)

e Are the recovery actions consistent with the recovery strategy? (Consistent with
Strategy)

e How well have the recovery actions been shown to work? (Empirical Support)

The possible answers to these questions are in Tables 1-6. Reviewers usually choose one
state, but if this is not possible because of uncertainty, reviewers could assign
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probabilities to different states (e.g., “Low” = 10%; “Moderate” = 90%). Analyses were
performed using Netica (Norsys Software Corporation, Vancouver, BC;
http://www.norsys.com).

Interpreting the Results

Even the best recovery plan is inherently uncertain because the future is so
difficult to predict. Consequently, the quantitative estimates of certainty generated by the
TRT are less important than the relative improvement that watershed planners need to
make. For similar reasons, the quantitative estimates of certainty generated by the TRT
are not relevant to analyses of certainty performed by regulatory agencies, which depend
on a different interpretation and standard of certainty. Based on the TRT analyses,
watershed planners may be able to increase the certainty of biological effectives several
fold by focusing on several key factors. These are described in individual watershed
analyses.
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Table 1. Attributes for different states of analytical support for models.

Analysis Total Attributes (Maximum Possible Score)
Score
Habitat * Qualitative and/or quantitative description of the
Models relationship landscape processes, landuse, and habitat
High 0.60 -1.00 condition — (0.1 for each analysis)
Moderate | 0.21 -0.60 | « Qualitative and/or quantitative description of the
Low 0-0.20 | relationship between habitat condition and population
viability (VSP) characteristics — (0.1 for each analysis;
025 for each VSP characteristic)
e Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
e Sensitivity of model to changes in parameters known —
(0.2)
e Model tested empirically and calibrated to watershed —
(0.2)
Harvest * Qualitative and/or quantitative description of link
Models between demographic processes, harvest effects, and
High 0.60-1.00 |  population viability (VSP) characteristics— (0.2 for each
Moderate | 0.21 -0.60 analysis; 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP
characteristic documented; assumptions discussed and
defended — (0.2)
» Sensitivity of model to changes in parameters known —
(0.2)
* Model tested empirically and calibrated to watershed —
(0.2)
Harvest ¢ Qualitative and/or quantitative description of link genetic
Models and ecological processes, hatchery effects, and population
High 0.60 -1.00 viability (VSP) characteristics — (0.2 for each analysis;
Moderate | 0.21 -0.60 0.05 for each VSP characteristic)
Low 0-0.20 | « Model structures and parameters for each VSP

characteristic documented; assumptions discussed and
defended — (0.2)

e Sensitivity of model to changes in parameters known —
(0.2)

e Model tested empirically and calibrated to watershed —
(0.2)
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Table 2. Attributes for different states of the quality of watershed data (support for hypotheses)

States

Attributes

High

e Used empirical population, habitat, and management data from
the local watershed at multiple spatial scales to support
hypotheses; sources clearly documented; assumptions explained

Moderate

e Used empirical population, habitat, and management data for
watersheds or populations within the species' range OR used local
watershed data but data highly uncertain or assumptions not well
explained

Low

e Used theoretical support for hypothesis or expert opinion based on
biological principles and local knowledge of the watershed

Table 3. Attributes for different states of consistency of recovery strategy with recovery hypothesis.

States

Attributes

Yes

Clear and logical relationship between the recovery hypothesis

based on processes and conditions for habitat, harvest, and

hatcheries and the recovery strategy as evidenced by

e Main elements of strategy organized around dominant recovery
hypotheses

» Elements of strategy reflect spatial attributes of recovery
hypotheses

» Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

No clear and logical relationship between recovery hypotheses and
strategy; one or more of attributes listed above missing

Table 4. Attributes for different states of preservation of options in the recovery strategy

States Attributes
Yes = Strategy protects existing population viability (VSP) structure and
opportunities for future improvement in habitat, harvest, and
hatchery conditions; adaptive management & monitoring program
maintains options for implementing strategy
No e Strategy does not protect existing VSP structure or opportunities

for future improvement in habitat, harvest, and hatchery
conditions; adaptive management & monitoring program does not
maintain options for implementing strategy
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Table 5. Attributes for states of consistency of actions with recovery strategy.

States Attributes

Yes e (Clear and logical relationship between the short-term and long-
term actions and recovery strategy recovery hypothesis

» Elements of strategy reflect spatial attributes of recovery
hypotheses

* Elements of strategy reflect temporal attributes and action
sequencing of recovery hypotheses

* No strong relationship between fish response models and recovery
hypothesis

No e Actions generally consistent with recovery strategy but major
actions are missing or staging of major is inconsistent with
recovery hypothesis

e Little relationship between actions and strategy; major short-term
and long-term actions do not follow from the recovery hypothesis
and strategy

Table 6. Attributes of empirical support of recovery actions.

States Attributes

High » Evidence for effects of suites of actions (in habitat, harvest, or
hatcheries) is clear and unambiguous; broad applications have
been tested with similar results; uncertainty incorporated in
assessments

Moderate * Some empirical evidence of effectiveness in similar settings; few
tested applications; some conflicting results; predictions of effect
do not incorporate uncertainty

Low « Little or no empirical evidence of the action being effective or
appropriate

66




Stillaguamish Plan: North Fork and South Fork Stillaguamish Chinook

Salmon Populations — November 2005 Technical Gap Analysis
Puget Sound Technical Recovery Team

The Puget Sound Technical Recovery Team (TRT) reviewed the Stillaguamish watershed
recovery plan submitted to the Shared Strategy in April 2005. The general question we
asked in our review was “What is the certainty that the actions described in the plan will
result in the estimated outcomes for salmon?” NOAA Fisheries’ Regional Office and the
Shared Strategy directed the TRT to assume that the strategies and actions described in
the plan were to be implemented (i.e., our certainty analysis does not include a
judgment about how likely it is that particular strategies or actions will be
implemented). The TRT used the probabilistic network framework to describe the
certainty in technical elements of the plan, similar to our technical review conducted on
an earlier draft of the plan in the summer of 2004. The primary questions guiding our
technical review of plans are summarized in Table 1. The results from the summer 2004
review were intended to support the iterative review process designed by the Shared
Strategy and NOAA Fisheries, and these results are available on the Shared Strategy web
site. The TRT reviews at that time were designed to provide technical feedback to plan
authors so that its revisions could include those elements that were most likely to increase
the certainty of the plan’s outcomes for salmon. The methods and a brief description of
our certainty analyses are provided in section II of this write-up.

Table 1. Questions asked in the TRT review to elucidate the technical certainty
in outcomes from salmon recovery plans. More detailed descriptions of methods
used in the certainty analyses are provided in Section Il.

e Did the analysis use one or multiple lines of evidence to understand
potential habitat, hatchery and harvest (i.e., the ‘H’s’) factors limiting
salmon recovery?

 How well supported is/are the qualitative or quantitative model(s) used to
predict salmon population responses?

 How well supported are the recovery hypotheses with watershed-specific
data?

e |s the recovery strategy for all H’'s consistent with the recovery
hypothesis?

» |s the recovery strategy robust by preserving options for recovery? (e.g., is
there an adaptive management plan?)

e Are the recovery actions consistent with the all-H recovery strategy?

 How well have the recovery actions been shown to work?

The purpose of the 2005 technical review was to summarize what elements in the plan
were well described and where significant technical uncertainties in the plan’s strategies
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or actions still remained. Together, the TRT and Shared Strategy used the information
from the technical review to explicitly identify the strengths and remaining gaps in the
plan, and the means through which such gaps can be filled. The elements in the plan,
plus the clearly stated approaches for filling any remaining gaps, constitute a recovery
plan for submission to NOAA Fisheries for their consideration. A description of the gaps
and recommended approaches for how to address them are included in the individual
watershed profile sections of the regional plan submitted by Shared Strategy.

This review has two components:

e Brief summary of results of our review concerning certainty, and discussion of
factors we believe are critical to address in order to improve the certainty of this
plan; and

e A description of the methods by which we performed the certainty analysis (i.e.,
the probabilistic network analysis).

. Summary of Certainty Analysis

The content of this section summarizes the results of the probabilistic network analysis
(for description of the approach, see Section II of this document.) This analysis will help
in tracking key strategic elements of the plan and how information at each step affects the
overall certainty that the proposed actions in the plan will contribute to population and
ESU recovery. The technical gaps that emerged from our review were discussed with the
Shared Strategy, and were flagged in the regional plan as issues needing special attention
during implementation. This section is divided into separate discussions of the certainty
in habitat, hatchery and harvest management elements of the plan that we used to identify
these key gaps. In addition, several questions within each “H” ask how well the habitat,
hatchery and harvest strategies are integrated in the plan. The certainty in the plan’s
outcomes can be increased by clearly documenting the basis for current strategies and
adapting the strategies and actions as implementation proceeds.

Overall the Stillaguamish plan provides a comprehensive, multi-faceted, approach to a
very difficult situation for chinook salmon recovery. The strategies for habitat, harvest
management, and hatchery actions are by and large based on a consistent set of
hypotheses for understanding the reasons that chinook productivity and abundance have
declined in the system. Although prospects for recovery are not good under current
habitat conditions, the combined actions called for in the plan, if carried out, have some
likelihood of changing habitat for the better ad increasing the probability of recovery.
Persistence of the North Fork Stillaguamish population is currently dependent upon a
hatchery supplementation program, which should provide recruitment to rapidly take
advantage of habitats that improved as this plan is implemented. The actions in the three
h-s are pretty well coordinated, and the comments below suggest some plan
improvements that could increase the effectiveness of this coordination and thus the
probability of the plan’s success.
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Habitat Strategy

Key Technical Gaps

The most important technical gaps remaining in this plan are discussed below. We
highlight key issues that, if addressed, will improve the certainty of an effective habitat
strategy in the near-term plan. Approaches to address the gaps below have been
identified for this watershed in the Shared Strategy regional recovery plan:

» Base the projections of future effects of plan actions on a ‘current path” rather than a
“current conditions” baseline. Because likely ongoing habitat degradation was not part
of the baseline used in this plan, projections of future benefits of habitat actions may be
overly optimistic.

 Include habitat protection or restoration strategies that take into account the potential
effects of floodplain structure and connectivity on in-stream habitat conditions such as
flows and fine sediment.

 Integrate the strategy for protecting and restoring nearshore marine habitats with the
freshwater habitat strategies, then revise the all-H strategy, if necessary.

e Develop and describe the overall approach to managing urban growth (via CAO, SMP,
etc.) and actions aimed at addressing growth.

e Complete the description of how the habitat recovery strategy is consistent with the
strategies for hatchery and harvest management for the NF and SF Stillaguamish
populations. For example, including a consideration of how the proposed habitat
restoration measures may affect interactions between hatchery and wild fish is one way
in which consistency between the habitat and the hatchery strategies can be checked.

e Complete the adaptive management and monitoring plan along the lines of the
framework presented in the chapter. Identify in the adaptive management plan which
agencies or authorities specifically have the authority to make management decisions
for choosing or modifying particular actions.

Did the analysis use one or multiple independent models to understand potential fish
responses to actions? What is the nature of the analytical support for the model linking
salmon population status to changes in habitat-forming processes and in-stream habitat
conditions?

One model was used for each of the NF and SF Stillaguamish populations to evaluate
the potential responses of Chinook populations to changes in habitat conditions. The
certainty in the analytical model used to link changes in habitat conditions to fish
population response in the Stillaguamish plan is moderate.

EDT was used to estimate quantitatively the effects of changes in habitat conditions on
all 4 VSP attributes of the NF and SF Stillaguamish populations. The EDT model did not
incorporate quantitative estimates of the effects of changes in habitat-forming processes
(e.g., sediment dynamics, riparian function, floodplain dynamics) or land use/land cover
conditions on in-stream habitat conditions or on Chinook VSP. The Stillaguamish plan
did have a good qualitative model of the potential degrees of impairment of habitat-
forming processes in the Basin, and how those might have affected in-stream habitat
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conditions relevant to Chinook. How the effects of modeled projects were translated into
habitat conditions in EDT is documented in spreadsheets in the computer, but these
methods are not yet summarized in the plan. No sensitivity analyses for EDT have been
conducted, so it is not clear how modeled results of the effects of habitat restoration and
protection projects on habitat conditions might change under different assumptions.
Similarly, no analyses have been conducted exploring the sensitivity of the EDT model
results to assumptions about how habitat conditions affect Chinook population status. A
calibration of the EDT model in the Stillaguamish watershed was conducted for current
habitat conditions and current Chinook abundance and productivity data. While the
observed data and the EDT model for the NF Stillaguamish agree, the fit is poor in the SF
Stillaguamish. No calibrations of the model occurred for the effects of habitat restoration
projects or for how Chinook diversity might respond to modeled actions.

Ways to improve certainty in plan outcomes:

e Conduct sensitivity analyses for EDT so that the relative importance of
assumptions and model inputs for estimated effects of recovery actions can be
understood.

e Document assumptions made and inputs to EDT for how habitat-related
protection and restoration projects affected in-stream habitat conditions.

How well supported are the hypotheses for (1) what VSP attributes are most limiting
recovery and (2) the habitat-forming processes or conditions that are limiting population
response? What is the nature of the watershed-specific data to support either of those 2
hypotheses?

There is moderate support in watershed-specific data for the habitat factors estimated
to be limiting recovery of the NF and SF Stillaguamish populations. There is a good
discussion of the potential effects of flow on juvenile survival using in-system data.

The stated hypothesis in the draft Stillaguamish recovery plan is that 6 primary
habitat factors are limiting recovery and if they are corrected, the Chinook in the NF and
SF populations will recover. The current condition of the 6 habitat factors in the Basin is
relatively well understood. Life-stage specific Chinook productivity data are not
available for either the NF or the SF population. Information on the VSP status of the SF
Stillaguamish population is not provided. In addition, there is very little information in
the Basin on the interactions among habitat-forming processes and land use attributes and
how they affect the in-stream habitat conditions used in their modeling.

Ways to improve certainty in plan outcomes:

e Summarize what is known in the Stillaguamish Basin about the mechanistic
links between land use, habitat-forming processes, and in-stream habitat
conditions.

e Collect data on juvenile use of and survival in different habitat types.

e Monitor and study linkages between habitat-forming processes, land use, and
in-stream habitat conditions so that mechanistic links among those can be
better understood, protected and restored.
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Is the recovery strategy consist