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Executive Summary

ES.1. Background

Experimental management is an explicit commitment to reducing key uncertainties that, because of their
significance, are preventing the identification of better management policies. In experimental
management, short-term experimental actions are used to learn about the system, and this information is
used to guide decisions about long-term management actions. One of PATH’s original objectives is to
assess the ability to distinguish among competing hypotheses from future information, and advise
institutions on monitoring, research, and experimental management actions that would maximize learning.
Because we are concerned with ESA-listed salmon stocks, PATH recognizes that experimental
management actions must both maximize the ability to achieve conservation and recovery objectives
and generate information to guide selection of better long-term management actions. There is not
universal agreement within PATH about the relative priority of these two potentially conflicting
objectives.

In the PATH Final Report for Fiscal Year 1998, we set out a plan for evaluating experimental
management actions (Table ES-1). The first three tasks in this plan are complete, and have resulted in the
following short-list of actions for further evaluation:

* Modify transportation / measure D

*  Transport / No Transport

* Carcass introductions / stream fertilization
*  Manipulate hatchery production

In addition to these four experimental actions, we have also evaluated a base case, which assumes that
1978-1994 conditions would continue into the future, and natural river drawdown of four Snake River
dams (A3). The base case is not an experiment. Some managers feel that 4-dam drawdown is a
management experiment, while others are interested in what experimental actions can be done short of
drawdown.

Table ES-1:  Experimental management (ExpM) tasks of PATH.

Task Task Description Completed
ExpM1  Clarify ExpM approach recommended by SRP v
ExpM2  Describe ExpM options as variations to A1, A2, A3, efc. v
ExpM3  Detailed description of ExpM options with review from the PATH Scientific Review Panel (SRP), I.T., v

NWPPC
ExpM4  Develop tools for quickly evaluating ExpM options This report
ExpM5  Evaluate experimental management actions - effects on stocks versus amount of learning possible This report

ExpM6  Evaluate experimental management actions across populations, including feasibility of implementation

ExpM7  Using results from these evaluations, develop a research, monitoring, and evaluation plan to support
the 1999 decision

ES-1
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ES.2. Purpose of this Report

This report describes our progress toward implementing tasks ExpM4 and ExpMS5 for the 6 short-listed
actions. Our primary focus in the work accomplished to date has been to make a start at developing some
tools and procedures for conducting quantitative analyses of experimental actions. We have developed a
set of experimental management (EM) modeling tools that allow us to quickly assess the
biological/conservation consequences and learning opportunities of actions that affect overall survival of
Snake River spring and summer chinook salmon. These models are intended to provide a starting point
for additional work after PATH is discontinued.

We have used these models to conduct some preliminary screening and analyses of the short-list of
actions listed above. These analyses are preliminary because:

1. We have not done a thorough assessment of the feasibility of implementing these actions.
Because of this, we have evaluated a set of generic and hypothetical experimental actions without
speculating about how these actions might be actually implemented.

2. We have only looked at the effects of individual actions; combinations of actions may be more
effective.

3. We assume that an action will have some effect, then assess the resulting biological and learning
consequences. We have not assessed the weight of evidence in support or against the assumed
magnitude of effects.

4. In most cases, we have only looked at how long it would take to detect effects in overall survival,
from spawner-recruit data.

Our preliminary assessments should therefore be viewed as illustrations of “what if” scenarios of
management experiments. We address the question “Suppose that a particular action could be feasibly
implemented and had a particular effect on Snake R. spring/summer chinook populations: What would
the biological consequences of such an action be, how difficult would it be to estimate that effect from
spawner-recruit data with reasonable confidence, and what are the resulting trade-offs between learning
and biological objectives?”. These assessments are useful for developing and testing our EM models, and
for providing some broad guidance on the learning and conservation implications of various actions.

ES.3. Description of the Experimental Management Model
Outputs
A. Biological

The primary output of the model is projected numbers of spawners and recruits for seven Snake River
index stocks of spring / summer chinook. From these, we calculate probabilities of exceeding 1995 BiOp
recovery and survival thresholds over 24 and 100 years (survival standards) and 24 and 48 years
(recovery standards). We also calculate the probability of going to one spawner or less in a given year
(over 10 and 100 years) as a quasi-extinction metric similar to that used by CRI in their August 1999
document.

1
These are the probabilities that the number of spawners of 6 out of the 7 index stocks will exceed survival and recovery threshold numbers of
spawners. Survival thresholds range from 150 to 300 spawners; recovery thresholds range from 350 to 1150 spawners, depending on the stock.

ES-2
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In order to calculate these metrics, we assume that actions will be maintained for the duration of each
metric’s time horizon (i.e. 24 and 100 years for survival probabilities, 24 and 48 years for recovery
probabilities, and 10 and 100 years for quasi-extinction metrics). With the possible exception of the
drawdown actions, this assumption is probably not realistic because if one discovers a suite of actions that
meets survival and recovery requirements, one likely would not continue with the original on/off
experiment. The population metrics included here may thus be viewed as a relative index of the biological
consequences to the stocks, if the experimental actions were continued indefinitely.

Probabilities of exceeding survival and recovery thresholds are lower in this analysis than in previous
PATH reports because of differences in some of the assumptions and data used in the model:

*  Because we use 1978-1994 as representative of current conditions, we are assuming that the poor
ocean conditions that existed in this time period continue into the future.

*  We have assumed in most cases that extra mortalit)ﬂis “here to stay”. That is, we assume that the
same high level of extra mortality that was experienced in 1978-1994 continues on into the future.

* This analysis uses updated spawner-recruit data which includes spawner data up to 1999.
Spawner numbers in these years were generally low, with zero spawners in some years for Marsh
Creek and Sulphur index stocks.

B.  Learning

The main metrics of how much can be learned from an action are expressed in terms of the probability of
estimating effects of an action over various time frames, or, conversely, how long it would take to
estimate an effect with a certain level of confidence. Various criteria can be applied to determine how
long an experiment needs to be run to estimate effect sizes that reflect the risk preferences of decision-
makers. We present three examples for illustration:

1) one approach might be to require the experiment to not have a negative estimated effect on
survival. In this case, decision makers would want to know the probability of estimating any non-
zero effect on survival rates, and how this probability changes as the experiment goes on. This is
the least stringent of the three examples; the effect can be estimated with high probability in a
relatively short period of time.

2) decision-makers may want to know that the estimated effect of the action is close to (say, 80% of)
its hypothesized effect. When hypothesized effects are large, this is generally the most difficult
criterion to meet (i.e., probabilities of meeting it are lowest).

3) if one applies standard criteria for designing experiments, we would want to be fairly certain that
we do not claim that an effect exists when in fact the action has no effect. To do this, we define a
critical effect size (Am*), which is set at a level that minimizes the probability (0.05 or less) of
incorrectly concluding that there is an effect when in fact there is none. The probability of
detecting this critical effect size, if it exists, is called the “power” of the experiment; the higher
this probability, the more “powerful” the experiment. This is the most difficult criterion to meet
when hypothesized effects are small.

2
Extra mortality is defined as any mortality occurring outside the juvenile migration corridor that is not accounted for by: (1) productivity

parameters in the spawner-recruit relationship; (2) estimates of direct mortality within the migration corridor; (3) common year effects
influencing both Snake River and Lower Columbia River stocks; and (4) random effects specific to each stock in each year.
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Model Structure

The model is based on the Ricker model of Recruits vs. Spawners that is used for most analyses of Pacific
salmon populations. Natural log units are used to linearize this model because this makes it easier to deal
with the wide variability that characterizes most spawner-recruit data sets and to estimate the model’s
parameters~ The model can be expressed as:

In(R;/S;;) = a; + biSi; + m + Eit
or alternatively as: R/S oc productivity carrying cap. year error term
factor factor effect
for each stock, each stock, all stocks, each stock,
all years all years each year each year

These parameters are estimated from historical spawner-recruit data, then used in forward projections to
simulate the effects of actions. Assumptions about the effects of experimental actions are implemented in
the model through the “m,” or “year effect” term, which can be thought of a general survival factor for
each year that affects all Snake River spring chinook stocks simultaneously. In the model, m, values are
calculated relative to the average survival rate from spawner to recruit over the entire historical time
period (1958 to 1994). For years when m, = 0, overall survival was equal to the long term average. When
m, is positive, overall survival was better than average; when m, is negative survival was worse than
average. Because my is in natural log units, every unit increase (decrease) in m, increases (decreases)
survival by a factor of 2.7 (1 / 2.7) relative to the historical average. For example, when m, = 1, survival
in that year was 2.7 times the historical average. When m, = 2, survival in that year was 7.4X the
historical average (=2.7 X 2.7). When m, = -1, survival in that year was 0.37X the historical average (=1 /
2.7).

Modeling Process

1. Estimate model parameters (a;, b;, m,, €) from historical spawner-recruit data (Figure ES-1).
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Figure ES-1: Estimation of m, from historical data (left) and historical time series of m, (right). Spawner-recruit
data shown in left panel is a hypothetical dataset generated for illustration purposes.

3
When natural log units are used the error term, which for spawner-recruit data is assumed to follow a log-normal distribution, is transformed
into a normally-distributed parameter. This allows us to fit a linear model to the log-transformed data.
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2. Specify a future time series of m, for simulating experimental actions. The future time series of m, =

an historical m; value selected at random from the 1978-1994 m, values (this was used as the base
period because conditions between 1978 to 1994 were assumed to be most like present
conditions)

plus

a hypothesized effect on survival of the future action (this term is called Am). For example,
consider a hypothetical experiment in which some action is turned on and off in successive years.
If this experimental action is hypothesized to cause a 2.7-fold improvement in survival in each
year the action is implemented (“treatment year”) relative to years where the treatment is not
applied (“control year”), the time series of Am values for the forward simulation would be Am =
1,0, 1, 0, etc. for the duration of the experiment

The result is a future time series of Am values that shows how an action is hypothesized to change overall
spawner-recruit survival rates from the survival rates experienced between 1978-1994 (Figure ES-2
shows an example using the Am=1/0 in on/off years example).

------- mt selected from base period|
—— mt + delta-mt
7.4
2.7
ks
0.4
0.14
0.05
1995 2000 2005 2010 2015 2020
Year

[eAIAINS ul 8Bueyd |8y

Figure ES-2: Example future time series of m, values for forward projections of Am=1,0 on/off experiment.

3. Use the future time series of my, along with historical estimates of the other model parameters (a, b, €)
to project populations through the experimental period. Simulate future data collection and analyses.
Estimate Am as the difference in average simulated In(R/S) in treatment and control years (Figure ES-
3). Calculate probabilities of recovery, survival, and extinction.

In(R/S)

2
J\ A Q 1 o © Ave.
1TeE \ ?/4\/\ //\ /M !--'----_-o-o----.é ----- ‘____tr_e_at} estimated
0 T u\y T < N w 0 N ‘-.oi-AVe. Am
1 Lc/ \D\A\l/ ?_5 1 "o - ", control
2 “o_ treatment years _p | o Treatmentyears | *
—o— control years = Control years
-3 -3 -
1995 2000 2005 2010 2015 2020 1995 2005 2015

Simulated year of experiment

Simulated year

Figure ES-3: Method of estimating Am from future time series of In(R/S) data. Data are hypothetical examples for

illustration purposes only.

ES-5



Preliminary Evaluation of Experimental Management Actions April 11, 2000

4. Do this over multiple trials (i.e., many alternative futures) to get a frequency distribution of estimated
Am and biological metrics for different lengths of experiments (longer experiments = more data =
better information) (Figure ES-4). Calculate probabilities of detecting various levels of Am. Earlier in
Section ES.3 we presented three examples of effects decision-makers may be interested in. These
effect sizes can be translated into terms of Am (Table ES-2). The frequency distributions are used to
calculate the probabilities of estimating these Am values.

Table ES-2: Am equivalents of three example effect sizes decision-makers may be interested in estimating.

Effect Corresponding Estimated Am value

Experiment has no negative effect on survival Am =0

Effect of the action is close to its hypothesized effect | Am > 0.8 X the “true” hypothesized Am value

Statistical “critical” effect size (Am*) Am* > 1.64 X std. deviation of the estimated Am
3 20X )
S Percentiles
s 95th
L I R B 7.4X <0 o
SR - ,‘ﬁ
| 55 o0th
g 27X 3 3
o 25th
€L
T Sa L o
0 1 1X
3
1]
]
4 04X =

2005 2009 2015 2019
Experiment ends in year

Figure ES-4: Distribution of estimated Am values for a 1/0 on/off type of experiment of various durations.

Inputs

The primary model inputs are time series of Am values for each experimental action, where these Am’s
represent hypotheses about how the action will affect overall survival rates relative to those experienced
from 1978 to 1994. These are specified for a series of “generic” actions, in addition to the six
experimental actions. Am values and the model results for each action are described together in the next
section.

ES.4. Approach and Results
Generic Actions

We looked at three sets of generic actions, in which various sizes and patterns of Am values were
projected into the future.
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A. Constant Am values

Various levels of Am were held constant into the future (e.g. Am=0 or 1 or 2, etc. in every year for 100
years into the future). The purpose was to conduct various sensitivity analyses of the model, e.g., to:

* Explore what level of annual survival improvement would be needed to meet 1995 BiOp survival
and recovery standards;

* See how sensitive the survival and recovery probabilities are to the time periods over which they
are measured (e.g. for 24-year survival probability: time period = 1996-2019 or 2000-2023); and

» Use as a surrogate for other actions by mapping their hypothesized Am values to these generic
results.

Results

Even a 7.4-fold increase in overall spawner-recruit survival (where this survival improvement is applied
in each year of the simulation period) is not sufficient to meet the survival standard of 0.7 (Figure ES-5).
A 2.7-fold improvement in survival is sufficient to meet the 48-year recovery standard of 0.5.
Probabilities of exceeding survival and recovery thresholds are lower in this analysis than in previous
PATH reports because of the differences discussed above.

Because of the recent low number of spawners, the 24-year survival probabilities are sensitive to which
year the 24-year period starts. These probabilities are higher when 2000 is chosen as the starting year
because the low spawner numbers between 1996 and 1999are not included in the probability calculation.
The 48-year recovery probabilities are not sensitive to recent spawner numbers because these
probabilities are calculated over later simulation years (41 through 48). Results reported throughout the
remainder of the report assume a starting year of 2000.

1.0 > 1.0
2 0.9 = 0.9
35 © 0.8
2o 0.8 22 /‘/‘
© © 0.7 58 0.7
53 06 — >% 06 yra
2% o5 _—"||e 2 05
z 3 __— 88 .
72 < 04 / e < ’
=5 o3 _ g & o3
£ 0.2 i/ -+ Start 2000~ || @ 0.2 e Start 2000
S 0.1 | ®-Start 1996| || 0.1 / _m- Start 1996
0.0 ; ‘ ; ‘ 0.0 ; ; ‘ ‘
Delta-m 0.0 0.5 1.0 1.5 2.0| [Delta-m 0.0 0.5 1.0 1.5 2.0
Surv. imp. 1X 1.6X 2.7X 4.5X 7.4X | |Surv.imp. 1X 1.6X 2.7X 4.5X 7.4X

Figure ES-5: Probabilities of exceeding survival (left) and recovery (right) thresholds for various Am values. Am
values are applied in every year of the simulation.

B. Am=1,0, 1, etc. in on/off pattern

This set of runs implemented a Am = 1,0,1,0, etc. on/off pattern for varying durations starting in 2001
(Am of 1=2.7-fold increase in survival). The purpose of running this set of generic actions was to explore
model behavior, to provide a relatively simple example for explaining the approach and results-and to see
in general how implementing treatments in an on/off pattern affects the ability to lea. Altering

4
Different variations on this generic experiment were also explored, but produced similar results. See main report for details.
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treatments in this way is expected to improve the ability to learn compared to holding Am values constant
(as in generic action set A) by reducing potential confounding with factors that happen to coincide with
the start of the experiment in 2001.

Results — Learning Indicators

Precision of the Am estimates improves as the duration of the experiment lengthens (see Figure ES-4).
The gray box in that figure represents the range of Am containing 90% of the estimated values. After only
six years, there is a 90% chance that the estimated survival improvement will be between no improvement
(relative to 1978-1994 average; i.e., Am = 0) and a 7.4-fold increase (Am = +2). However, after about 20
years, there will be a 90% chance that the estimated survival rate is between 1.6 (Am = 0.5) and 4.5X
(Am =1.5) the base case.

Probability of detecting the three effect sizes (Am = 0, 0.8 of true, Am*) over time are shown in
Figure ES-6. Decision-makers can use this graph to decide how long this experiment should run to
achieve a desired level of certainty in detecting these effect levels. For example, the experiment should be
run for 6 years if decision-makers want to be 95% confident that this action is at least doing no harm (i.e.,
has a 95% probability that Am is at least 0). Or, applying the standard statistical criteria, one would need
to run the experiment for 16 years to have at least an .8 probability of detecting the critical Am value.

Probability of detecting three effect sizes
Generic 1/0 on/off action
1.00 5—5—0—0—0—0—0—0—0—0—0—0—0—0—0—g 0O A=A—-0=0=0—C
0.90 2 =
g 080 S sl
< 0.70 W
£ 060 {&
<
= 050 /j
E 0.40 /u
£ 030
S 020 —o— delta-m >= 0 (survival > '78-'94 ave.)
£ —o— delta-m >= 80% of hypothesized
0.10 —o— delta-m>= critical defta-m
000 T T T T T
0 10 20 30 40 50 60
Length of experiment

Figure ES-6: Probability of detecting three example effect sizes of Am’s as the # of treatment years changes.

Results — Biological Indicators

We generally report results only for Sulphur Creek stock because in most cases this was the 6 best stock
(Table ES-3).
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Table ES-3:  Survival, recovery, and quasi-extinction metrics for the 1/0 on/off generic experiment.

Metric Value Standard
24-Year Survival 0.35 0.7
100-Year Survival 0.51 0.7
24-Year Recovery 0.11 -
48-Year Recovery 0.15 0.5
10-Year Quasi-Extinction* 0.44 -
100-Year Quasi-Extinction* 0.65 -

* these metrics are insensitive to actions and are not presented further in the Executive Summary. See main report for details.

Results — Overall Summary

Table ES-4: Summary of learning and biological results for 1/0 on/off generic action.

Prob. of meeting
"True" Am |Year Exp.| Prob Prob Prob
(Asurv.) Ends | (Am20) | (Am>0.8) | (Am2Am*) | 24-year Survival | 48-year Recovery
(Sulphur) (Sulphur)
1 2009 0.98 0.66 0.65
2.7X) 2013 0.99 0.68 0.76
0.35 0.15
2019 1.00 0.72 0.89
2029 1.00 0.76 0.97

C. Various Am values in in/off pattern
Approach

Various levels of Am were implemented in an on/off pattern for 20 years, starting in 2001. For example,
we implemented Am = 0.5, 0, 0.5, 0, etc. or Am =1, 0, 1, 0, etc. for 20 years. The purpose of running this
generic action was to explore how the size of the treatment effect influences the ability to estimate these
effects.

Results

Figure ES-7 shows that larger effects are easier to estimate than smaller effect sizes. Note that when the
true Am is zero, there is still a 50% chance that one would estimate Am = 0. That is, one would have a
50% chance of incorrectly concluding that the experiment had a positive effect on survival rate, when in
fact it had no effect. One can reduce these types of errors by defining more statistically rigorous critical
effect sizes (i.e. Am*). With this effect size, there is only a 5% probability of incorrectly concluding that
the experiment had a positive effect on survival rate when the true effect was zero.
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Probability of detecting three effect sizes after 20 years
with generic "on/off"" experiments
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Figure ES-7: Probability of detecting three effect sizes after 20 years for generic on/off experiments with various
Am values.

1. Base Case (continue 1978-1994 conditions)
A. Approach

Maintain current operations, continue transportation studies, and monitor D (D is the ratio of post-
Bonneville survival of transported fish to post-Bonneville survival of non-transported fish). Generate
single year and multi-year estimates of D and see whether D is greater / less than hypothesized (e.g. D <
0.35 or D > 0.65).

This is a “base case” option with no major changes in operations or conditions. Overall survival rates are
not expected to change from the 1978-1994 average (i.e., Am=0), because conditions and operations
during this period of time are assumed to be representative of current conditions. Because there is no
effect on spawner-recruit survival, the learning focus for this action is on sample sizes required to
measure D within a given year and the number of years required to measure a multi-year average D with a
certain level of confidence. The sample size calculations are based on the ability to determine whether D,
measured in a single year, is greater than some hypothesized value. This calculation requires assumptions
about the true value of D and the SAR of transported fish. The sample sizes provided (Table ES-5)
represent the extreme high and low estimates of fish required for single-year experiments. Conducting
this type of experiment over multiple years would increase the power to detect whether D is greater than a
hypothesized value. Given an estimated multi-year average D (Dobs), the level of confidence that the true
value of D is greater than a hypothesized value of 0.65 is presented as a function of time (Figure ES-8). It
should be noted that the results presented in Table ES-5 and Figure ES-8 are based on separate analyses
that make different assumptions on the variability of D.
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B.  Results - Learning Indicators

Table ES-5:  # PIT-tags needed to detect if D (single year) < 0.65 given assumptions about the true value of D and
the SAR for transported fish. This table provides the extreme high and low estimates of fish

required for a single-year experiment.

Transport Control* Assumptions:
900,000 1.2 — 12 million D=10.7, SAR =0.25%
3,350 6,700 — 67,000 D=1.0, SAR=2%

* sample size depends on reference group (larger if never-detected used as controls)

Confidence (1 - significance) that true D is > .65,
for for different observed D's at LGR
100% e ===
4 L4 . - -
®90% ,":' = - - -Dobs =.725
Q ' ——Dobs =.75
C 0, 1}
580% S — - -Dobs = .8
E70% —— =<1~ - -Dobs = .85
o / I A — - -Dobs = .9
60% -
. -
50% T T T T T T T
0 10 20 30 40 50 60 70 80
Years of Data

Figure ES-8: Confidence level that true D is > 0.705 at LGR (overall D is > ~ .65) for different future observed
geometric means of D for a time series of given length.

C. Results - Biological Indicators

This action constitutes a base case scenario, where 1978-1994 operations and conditions are assumed to
continue into the future. Under these assumptions, probabilities of exceeding survival and recovery
thresholds are:
24-year survival (Sulphur) = 0.17
48-year recovery (Sulphur) = 0.008

(Standard = 0.7)
(Standard = 0.5)

D. Conclusions

1. Large numbers of PIT-tagged fish may be required to detect effects on SARs, depending on
assumptions about future SARs and what groups are used as controls.

2. Assuming that 1978-1994 survival rates continue into the future, probabilities of exceeding recovery
and survival thresholds are below the standards. Probabilities for all actions are lower than previous
PATH analyses because assumptions about future climate and extra mortality are more pessimistic,
and because recent spawner numbers for index stocks have been quite low.
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2. Modify Smolt Transportation; Measure changes in SARs
A.  Approach

We evaluated two suggested strategies for improving smolt transportation of spring/summer chinook:

a) timing of delivery of smolts to estuary, and

b) separate hatchery steelhead from wild chinook in barges.

Implementing these strategies could provide some information on the effects of improving smolt
transportation in terms of SAR values, which in turn could be used to estimate incremental changes in D.

For both actions, we have assumed Am=0.2 (1.2-fold survival improvement) in every year. This is a
relatively small Am that would take a long time to detect in the spawner-recruit data. Therefore, our focus
for measuring learning opportunities was on estimating the number of PIT-tagged fish needed to detect
differences in survival of smolts that were transported separately from steelhead in barges from survival
of smolts that were transported with steelhead (Table ES-6). The difference is survival is represented by a
“survival ratio”, which is the ratio of the SAR of separated fish : SAR of non-separated fish. The sample
sizes provided in Table ES-6 represent the extreme high and low numbers estimated.

B.  Results - Learning Indicators

Table ES-6: Number of PIT-tags needed to detect survival ratio of 1.2 based on assumptions on the true survival
ratio and the SAR of control fish. The sample sizes provided represent the extreme high and low
numbers estimated.

Treatment Control Assumptions:
(separated) (not separated) P ’
3 million 2.4 million True ratio = 1.25, SAR = 0.25%
1,200 2,400 True ratio =2, SAR =2%

C. Results - Biological Indicators

Assuming a Am = 0.2 in every year, probabilities of exceeding survival and recovery thresholds are:
24-year survival (Sulphur) = 0.23 (Standard = 0.7)
48-year recovery (Sulphur) = 0.03 (Standard = 0.5)

D. Conclusions

1. Large numbers of PIT-tagged fish may be required to detect effects on SARs, depending on
assumptions about future SARs and what groups are used as controls.

2. Modifying transport causes probabilities of exceeding recovery and survival thresholds to increase
slightly from the base case, but not enough to meet the standards. This result assumes that the
discussed modifications to transport result in a 1.2-fold increase in overall survival
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3. Transport/ No Transport

A. Approach

This is an on/off type of experiment where one would bypass and transport spring/summer chinook
smolts in one year, then bypass and not transport in the next year. Alternating between these two
strategies would continue for the duration of the experiment. The benefit of implementing such an
approach would be to generate an estimable contrast in survival rates.

The survival difference one would expect depends on the transport:control ratio (T:C; the SAR of
transported fish : SAR of non-transported fish). A T:C = 2 implies that SAR of transported fish is double
that of non-transported fish. Therefore, one would expect to see overall survival rates in non-transport
years that were about half the survival rate in transport years. This equates to a Am = -0.69 in no transport
years relative to transport years (transport years are used as the reference point because most fish during
the base period of 1978-1994 were transported).

B. Results

Table ES-7:  Summary of results for transport / no transport experiment.

See Note 1 Prob. of meeting
"True" Am | Year Exp. - i -
A Ends P Prob Prob Prob (Am 24-year Survival | 48-year Recovery

(Asurv.) . (Sulphur) (Sulphur)

(Am<0) | (Am< 0.55) | < Am*) Std. = 0.7 Std. = 0.5
0.69 2009 0.92 0.61 0.40

' 2013 0.95 0.63 0.49 0.10 0.00
(0.5X)
2019 0.98 0.65 0.63
Note 1:  These are prob. of being less than 0, (0.8*true), and Am* because effect is negative.

C. Conclusions

1. This experiment reduces the probabilities of exceeding the survival and recovery thresholds (relative
to the base case) because SARs in non-transport years are reduced by half, assuming a T:C of 2. The
survival and recovery results assume that the experiment is implemented in an on/off pattern for at
least 24 (for survival) or 48 (for recovery) years.

2. If T:C is lower, the probability of exceeding the survival and recovery thresholds would be higher,
but the probability of estimating this smaller effect would be lower.

3. After only 10 years, the experiment has a > 90% chance of estimating some effect, and > 60% chance
of estimating 80% of the true effect. However, the power of the experiment does not meet the usual
statistical criterion of 0.8, even after 20 years.
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4. Carcass introductions / Stream fertilization

A.  Approach

Introduce hatchery carcasses or add chemical fertilizers into rearing streams to increase nutrient levels
and improve parr-smolt survival rates. Treatments would be varied by year and stream; the inclusion of
treatment and control streams provides a spatial replicate that can be used to control for between-year
variability. This action can be generalized to include any freshwater habitat improvement that can be
applied to individual streams.

We specified a lower and upper bound for the hypothesized effect of this action on parr-smolt survival
rate. The lower bound was that the action would have no effect (i.e., Am = 0). This was based on a
previous analysis of smolts/spawner data that suggested there has been no decrease in freshwater survival
as the number of spawners has decreased since the 1960’s. The upper bound assumes a 2-fold
improvement in parr-smolt and spawner-recruit survival following carcass introduction/stream
fertilization (equates to Am = 0.7). This is based on an analysis of parr-smolt survival rates that suggests a
positive correlation between the number of spawners and parr-smolt survival.

We looked at two alternative designs: one in which treatment and control stocks were the same every
year, and one in which treatment and control stocks varied from year to year. We show results for Sulphur
Creek and Poverty Flats stocks because in the experiments where treatment and control stocks were held
constant, Sulphur was a treatment stock and Poverty was a control stock.

B. Results

Table ES-8: Summary of results for carcass introduction / stream fertilization experiment.

S=Sulphur (treatment)

Prob Prob P=Poverty (control)

ro ro Prob. of meetin
"True" Am Yelz;r (l;lxp. tP£0b>0 (est. Am >0.8| (est. Am > £

ndas (es - Am = ) of true) Am*) 24-year 48-year
Survival Recovery
Std = 0.7 Std. = 0.5

S=0.17 S =0.008

No effect 0.0 0.5 0.5 0.05

(base case) P=0.30 P =0.005

2X increase in part- 07 2010 1.00 0.80 0.99 S =0.40 S=0.30
smolt; Same T,C ' 2020 1.00 0.86 0.99 P=029 P =0.00
2X increase in part- 2010 1.00 0.83 0.99 S =0.29 S =0.08

0.7
smolt; Vary T,C 2020 1.00 0.91 0.99 P=0.45 P=0.10

C. Conclusions

1. The use of treatment and control stocks helps to control for factors that cause between-year variation
in all stocks (e.g., climate conditions) and improves the probability of estimating effects. Assuming a
2-fold improvement in parr-smolt survival, these experiments are virtually certain to estimate some
positive effect (> 0.9 probability of estimating Am>0) and have > 0.8 probability of estimating 80%
of the true effect. The power of the experiment (probability of detecting a statistically significant
effect) is far above the 0.8 criterion. Designs which vary treatment / control stocks have a greater
probability of estimating 80% of the true Am than designs that use the same treatment and control
stocks.
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2. Assuming that the action has the hypothesized upper bound effect, the probability of exceeding
survival and recovery thresholds are increased substantially from the base case, but not enough to
meet the standards. Varying treatment and control stocks may be a preferable design in terms of its
biological consequences because probabilities of exceeding survival and recovery thresholds are
increased for all stocks rather than just treatment stocks.

5. Manipulate hatchery production
A. Approach

The purpose of this experimental action is to explore the effects of hatchery interactions on overall
survival of wild chinook by generating contrast in the number or timing of hatchery steelhead releases
across years. In this example, we focus on reducing the number of smolts released by 25% and 50% in
successive years. Current hatchery steelhead releases are around 12 million smolts; this hypothetical
action reduces this number from 12 million in year 1, to 9 million in year 2, then to 6 million in year 3.
This pattern of releases is continued in a 3-year pattern (12, 9, 6, 12, 9, 6, etc.) for the duration of the
experiment.

We specified a lower and upper bound for the hypothesized effect of hatchery steelhead on survival rates
of wild chinook. The lower bound hypothesis was that reducing hatchery releases would have no effect on
wild chinook survival (Am=0). This hypothesis was based on an analysis that suggested no within-year
relationships weekly SARs of wild chinook and the relative abundance of hatchery and wild fish at the
dams. The upper bound assumes a negative, linear relationship between m, estimated from the historical
spawner-recruit data and the number of steelhead smolts released from hatcheries between 1958 and
1992. Based on this hypothesis, a 25% reduction in hatchery releases would produce a 2.1-fold
improvement in survival (Am = 0.75); a 50% reduction in hatchery releases would produce a 4.5-fold
improvement in survival (Am = 1.5).

B.  Results
Table ES-9:  Summary of results for hatchery reduction experiment.
Prob. of meeting
"True" Am Year Exp. Prob Prob (est. Prob 24-year 48-year
(A surv.) Ends (est. Am =0) | Am=0.8 of true) |(est. Am >Am*)| Syurvival Recovery
Std.= 0.7 Std. = 0.5
0.0 (no effect) 0.5 0.5 0.05 0.17 0.008
0.75 2005 0.84 0.58 0.26
(2.1X) 2011 0.91 0.61 0.39
25% reduction in 2017 0.95 0.63 0.51
hatchery SH 2020 0.96 0.64 0.56
0.41 0.26
1.50 2005 0.98 0.66 0.27
(4.5X) 2011 1.00 0.72 0.42
50% reduction in 2017 1.00 0.76 0.54
hatchery SH 2020 1.00 0.76 0.56
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C. Conclusions

1. The larger hypothesized effect size (i.e., 50% reduction in hatchery steelhead smolts) can be
estimated in relatively short time period (6-12 years). It would take longer to estimate the smaller
effect size that was hypothesized for the 25% reduction in hatchery releases. The probability of
estimating a statistically significant Am is below the 0.8 criterion for both effect sizes, even after 20
years.

2. The hatchery action, with 0, 25, and 50% reductions in hatchery steclhead releases in alternative
years, can increase survival and recovery probabilities relative to the base case, but not enough to
meet the standards. This result assumes that the hypothesized upper bound relationship between
steelhead releases and spawner-recruit survival rate of wild chinook is true, and that the cycling
between reductions continues for at least 24 years for the survival probability, and 48 years for the
recovery probability.

6. 4-dam drawdown
A. Approach

The 4-dam drawdown action would breach four Snake River dams and stop transportation, while keeping
hatchery production constant. Although there is disagreement over whether this is in fact an experiment,
we evaluate it here for comparison. It is different from the other actions (except the base case and modify
transport) in that there is no temporal or spatial contrast in effects: once the dams are breached, they are
assumed to remain breached for the duration of the 100-year simulation period.

Effects on survival after drawdown come from three sources:

» Change in downstream passage survival and post-Bonneville survival of transported smolts (this
depends on historical D assumptions). We used passage models to estimate these survival rates
under base (1978-1992) and drawdown conditions.

* Change in extra mortality following drawdown. In addition to the “extra mortality is here to stay”
or BKD hypothesis, we also examine the “hydro” hypothesig that says that extra mortality will
revert to pre-dam (1957-1974) levels when dams are removed'. The change in extra mortality for
this hypothesis was estimated by comparing estimated m, values in the pre-1970 (pre-dam) period
with estimated m; values in the 1978-1994 period. This value also depends on the historical D
assumption.

» Change in adult upstream survival. We assume a 15% improvement in upstream survival after
drawdown.

Each of these hypothesized changes in survival can be expressed in terms of a Am value (Table ES-10).
The overall Am is simply the sum of Am values from each of the three sources.

5
This hypothesis is referred to as the Hydro II hypothesis in previous PATH analyses, and is described in the October 1999 PATH Experimental
management Scoping Report and in Appendix H of the PATH Weight of Evidence Report.
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Table ES-10: Am values resulting from three sources of survival effects of drawdown.

D Am due to Am due to Am due to extra mortality Combined Am used in
. A system upstream forward simulations
assumption . .
survival survival BKD Hydro BKD Hydro
0.3 1.06 0.14 0 0.4 (1.5X) 1.2 3.3X) 1.6 (5X)
0.6 0.53 0.14 0 0.93 (2.5X) | 0.67 (1.9X) 1.6 (5X)
0.8 0.26 0.14 0 1.2 (3.3X) 0.40 (1.5X) 1.6 (5X)
B.  Results
Table ES-11: Summary of results for 4-dam drawdown.
Prob. of meeting
"True" Am Prob Prob Prob
Year Am>0 (est. Am=0.8 of Am>Am* 24-year 48-year
(Asurv.) (est. Am=>0) true) (est. Am=>Am¥) Survival Recovery
Std. = 0.7 Std. = 0.5

D=0.3, o 2010 0.99 0.69 0.79

3-Year Delay ; 2015 1.00 0.75 0.95 0.41 0.56

BKD (3.3X)

2020 1.00 0.79 0.99

D=0.3, e 2010 1.00 0.74 0.95

3-Year Delay (S'X) 2015 1.00 0.81 1.00 0.47 0.72

Hydro 2020 1.00 0.86 1.00

D=0.8, o4 2015 0.79 0.56 0.79

8-Year Delay - 2020 0.86 0.59 0.95 0.22 0.09

BKD (1.5X)

2025 0.90 0.60 0.99

D-0.8, e 2015 1.00 0.74 0.95

8-Year Delay (S'X) 2020 1.00 0.81 1.00 0.35 0.72

Hydro 2025 1.00 0.85 1.00

C. Conclusions

1. If a low historical D is assumed, drawdown can meet the recovery standard but not the survival
standard regardless of what is assumed about extra mortality. With a high historical D, drawdown
meets the recovery standard with the hydro extra mortality hypothesis, but not with the BKD
hypothesis.

2. There is a relatively good chance of estimating hypothesized effects because these effects are large
and are applied in every simulation year (as opposed to the generic, transport on/off, and hatchery
experiments, in which effects are applied in an on/off pattern). Probabilities of estimating both a
positive effect (Am 2 0) and a statistically significant effect (Am = Am *) are both high (>= 0.8).

3. There is no cycling between treatment / control years in the drawdown action — once the dams are

breached, they are assumed to remain breached for the duration of the simulation period. This
increases the chances that measured effects may be confounded with other changes (such as changes
in climate conditions) that are coincident with dam removal.
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Overall Summary of Results
Table ES-12: Summary of results for all actions.
" " Prob Prob Prob
Action ’Iz::le Ye;;(lllsxp. (est. Am | (est. Am > | (est. Am > Sz:;zie\?:l I:(?c-gl\?::
>0) |0.8oftrue)| Am*) y
Basc case (1978-1994 |, 0.5 0.5 0.05 0.17 0.008
conditions)
2009 0.98 0.66 0.65
. 1 2013 0.99 0.68 0.76
G 0/1 on/off 0.35 0.15
enetic T owe 27X) | 2019 1.00 0.72 0.89
2029 1.00 0.76 0.97
Modify Transport 0.2 (1.2X) 0.23 0.03
e off 0.69 2009 0.92 0.61 0.40
(*rf;“port oo 05%) 2013 0.95 0.63 0.49 0.10 0.00
' 2019 0.98 0.65 0.63
, Sulph. = 0.17 |Sulph = 0.008
Carcass: No effect 0.0 0.5 0.5 0.05 Pov. = 0.29 | Pov. = 0.005
Carcass: 2X parr-smolt |, ; 2010 1.00 0.80 099 |'sulph =0.40 [Sulph. = 0.30
survival; treatment 2X) Pov. =029 | Pov. = 0.005
stocks constant 2020 1.00 0.86 0.99 -=0. -=0.
Carcass: 2X parr-smolt |, 2010 1.00 0.83 099 |Sulph =0.29|Sulph =0.08
survival; treatment (2X) Pov=045 | Pov=0.10
stocks vary 2020 1.00 0.91 0.99 : :
0.0 0.5 0.5 0.05 0.17 0.008
0.75 2005 0.84 0.58 0.26
Reduce hatch @ -IX) 2017 0.95 0.63 0.51
educe hatchery ' 2020 0.96 0.64 0.56
production 0.41 0.26
150 2005 0.98 0.66 0.27
(4.5X) 2017 1.00 0.76 0.54
2020 1.00 0.76 0.56
D=0.3, i 2010 0.99 0.69 0.79
3-Year Delay . 2015 1.00 0.75 0.95 0.41 0.56
(3.3X)
BKD 2020 1.00 0.79 0.99
D=0.3, ] 2010 1.00 0.74 0.95
3-Year Delay L 2015 1.00 0.81 1.0 0.47 0.72
(5X)
Hydro 2020 1.00 0.86 1.0
D=0.3, 0 2010 0.79 0.56 0.79
8-Year Delay - 2015 0.86 0.59 0.95 0.22 0.09
(1.5X)
BKD 2020 0.90 0.60 0.99
D=0.3, e 2010 1.00 0.74 0.95
8-Year Delay : 2015 1.00 0.81 1.0 0.35 0.72
(5X)
Hydro 2020 1.00 0.85 1.0

*  these are on/off experiments
** probabilities are prob. of Am being less than 0, 0.8 of true, critical Am because these effects are negative
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ES.5. General Conclusions

Biological

L.

More than a 7.5-fold improvement in life-cycle survival is needed to meet the 24-year survival
standard of 0.7.

A 2.7-fold increase in life-cycle survival is needed to meet the 48-year recovery standard of 0.5.

Survival and recovery probabilities in this analysis are lower than previous PATH results because:

+ assumes poor 1978-1994 ocean conditions continue
* assumes extra mortality here to stay
* uses updated spawner-recruit data

Using the hypothesized survival effects of the actions, all actions except transport on/off provide
some survival improvement, but none meet survival standard (0.7). Only drawdown can meet the
recovery standard (0.5), but this depends on D and extra mortality assumptions. Probabilities of
exceeding survival and recovery thresholds for the transport on/off, carcass introduction (treatment
and control stocks varied), and hatchery actions assume that these actions are implemented as on/off
experiments for the duration of each metric’s time horizon. This is probably not a realistic
assumption because if an action appeared to be increasing survival it would likely be turned on
permanently.

Learning

L.

Most experiments have >0.8 probability of estimating some survival improvement (i.e., Am >0)
within 5-10 years.

Actions that generate > 4-fold survival improvement (i.e., some hypothesized responses to 4-dam
drawdown and reductions in hatchery output) have about a 0.8 probability of estimating Am of at least
80% of true value after 20 years. This is also true for actions that have smaller survival improvements
but have spatial controls (i.e., carcass introductions/stream fertilization).

Actions that generate < 2-fold survival improvements with no spatial controls (i.e., transport / no
transport, and some hypothesized responses to drawdown and hatchery reductions) have about a 0.6
probability of estimating Am of at least 80% of true value after 20 years.

The probabilities of detecting a statistically significant Am are low (i.e., less than the 0.8 criterion
generally applied by statisticians) for all on/off experiments except for carcass introduction/stream
fertilization. The use of spatial controls in that experiment improves the ability to estimate effects.
These probabilities are high for drawdown because the hypothesized survival effects are large and are
applied in every year, rather than in every other year as with the on/off type of experimental actions.

More complex designs / expanded monitoring of life-stage specific survival data is needed to improve
the ability to detect effects. Spawner-recruit data is inherently “noisy” (i.e., between-year variation is
large), and is affected by factors outside of direct management control such as climate and ocean
conditions.
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Wherever possible, within-year comparisons (e.g., treatment and control stocks for carcass
introductions, treatment and control tag groups for hatchery/wild separation in barges) should be used
to control for between-year variability and thus improve the ability of the action to estimate effects.

For status quo and modify transport options, large numbers of PIT-tagged fish may be required to
detect effects on SARs, depending on assumptions about future SARs and what groups are used as
controls. The largest estimates of tagged fish required may not be feasible.

ES.6. Next Steps

If further work on experimental management is undertaken after PATH ends, we recommend that effort
be focussed on resolving / addressing the limitations of our preliminary analysis. Specifically, we suggest
the following next steps:

L.

Complete an assessment of the feasibility of implementing these experimental actions. For some
actions, this will require consulting with regional management groups (e.g., hatchery managers,
private and public landowners for carcass introductions/stream fertilization).

Assess the evidence in support / against our hypothesized effects of actions. The hypothesized values
used in this report were suggested only as examples of values that might be used and approaches that
could be used to develop hypotheses. Closer scrutiny of these and other hypotheses is needed.
However, the hypothesized effects of most actions considered here are unlikely to be resolved without
a series of well-planned experimental actions.

Use the model we have developed to explore alternative experimental designs and combinations of
actions. There are many possible alternative designs to the ones we have used in our analyses, and
many possible combinations of actions that could be explored (some of these combinations were
discussed in the October 1999 Experimental Management Scoping Report). By strategically
combining some of the experiments, one could test for multiple effects simultaneously.

Explore other monitoring to detect effects. Given the many factors that affect spawner-recruit data,
and the large variability in spawner-recruit survival, the effects of actions on life-stage specific
survival rates should be monitored in addition to the effects on spawner-recruit data. Such life-stage
specific information may improve our ability to estimate the immediate effects of actions more
precisely than the spawner-recruit data, although monitoring spawner-recruit data is still needed to
assess overall survival responses.
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1.0 Introduction

1.1 Background

Experimental management is an explicit commitment to reducing key uncertainties that, because of their
significance, are preventing the identification of better management policies. In experimental
management, short-term experimental actions are used to learn about the system, and this information is
used to guide decisions about long-term management actions. These short-term experimental actions
consist of deliberate changes to a system to provide contrast in treatments (Walters 1986), implemented in
an experimental design that reduces confounding of management effects with other simultaneous events
such as climate change. Large-scale management experiments often face challenges and limitations
caused by a lack of suitable controls, lack of replicates, lack of baseline information, or difficulty in
randomly assigning treatments to experimental units (some important traits of good experiments). In spite
of these limitations, an experimental management approach produces a substantial improvement in the
reliability and efficiency of information-gathering, compared to more passive management regimes
(Walters 1986).

One of PATH’s original objectives is to assess the ability to distinguish among competing hypotheses
from future information, and advise institutions on monitoring, research, and experimental management
actions that would maximize learning. Because we are concerned with ESA-listed salmon stocks, PATH
recognizes that experimental management actions must both maximize the ability to achieve
conservation and recovery objectives and generate information to guide selection of better long-
term management actions. There is not universal agreement within PATH about the relative priority of
these two potentially conflicting objectives.

In the PATH Final Report for Fiscal Year 1998, we set out a plan for addressing this objective (Table 1-
1). Following consultation with the Implementation Team (I.T.) early in 1999, PATH established an
Experimental Management Workgroup to more clearly define experimental management and generate a
list of potential research, monitoring, and experimental management actions (i.e., the first three tasks in
Table 1-1).

The identification and definition of potential monitoring and experimental actions was guided by the need
to resolve two key uncertainties that had a large influence on PATH results: the magnitude of delayed
effects of transporting smolts (the “D” value), and the incremental mortality experienced outside of the
passage corridor by non-transported smolts (“extra” mortality). These uncertainties are not likely to be
resolved directly by the experimental actions because D and (especially) extra mortality, and the factors
that influence them, are difficult to measure empirically. However, they have provided a useful basis for
identifying actions that are likely to have the largest effects on estimates of overall survival rates.
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Table 1-1: Experimental management (ExpM) tasks of PATH.

Task Task Description Completed
ExpM1 Clarify ExpM approach recommended by SRP v
ExpM2 Describe ExpM options as variations to Al, A2, A3, etc. v
ExpM3 Detailed description of ExpM options with review from the PATH Scientific v

Review Panel (SRP), I.T., NWPPC
ExpM4 Develop tools for quickly evaluating ExpM options This report
ExpM5 Evaluate proposed experimental management actions — effects on stocks This report

versus amount of learning possible

ExpM6 Evaluate proposed experimental management actions across populations,
including feasibility of implementation

ExpM7 Using results from ExpM evaluation, develop a research, monitoring, and
evaluation plan to support the 1999 decision

The resulting list of ten candidate actions was described in the report “PATH: Scoping of Candidate
Research, Monitoring and Experimental Management Actions (Working Draft)”, which was distributed in
October 1999 to the I.T. and other regional policy groups. On Thursday November 4, PATH met with the
Implementation Team to review the Experimental Management Report (Working Draft) and to get
direction on priorities for future PATH activities. As a result of that meeting, PATH was directed by L.T.
to implement tasks 4 and 5 in Table 1-1 (i.e., develop tools for evaluating actions; evaluate biological
outcomes and learning opportunities) for the following short-list of actions:

*  Modify transportation / measure D

*  Transport / No Transport

» Carcass introductions / stream fertilization
*  Manipulate hatchery production

In addition to these four experimental actions, we have also evaluated a base case, which assumes that
1978-1994 conditions would continue into the future, and natural river drawdown of four Snake River
dams (A3). The base case is not an experiment. Some managers feel that 4-dam drawdown is a
management experiment, while others are interested in what experimental actions can be done short of
drawdown.

These six actions are described in more detail in Section 2 of this report.

1.2 Purpose of this Report

This report describes our progress toward implementing these tasks for the selected group of actions. Our
primary focus in the work accomplished to date has been to make a start at developing some tools and
procedures for conducting quantitative analyses of experimental actions. Given the emphasis placed on
evaluating experimental management actions by the ISAB, the PATH SRP, and other analytical groups,
we anticipate that the tools and preliminary analyses that we have completed to date can serve as a useful
starting point for additional work after PATH is discontinued.

In this context, we have developed a set of experimental management (EM) modeling tools that allow us
to quickly assess the biological consequences (measured in terms of NMFS survival and recovery
standards, and CRI-type quasi-extinction metrics) and learning opportunities (measured in terms of the
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precision of the estimate of the experimental effect) of any action that has an effect on overall survival of
Snake River spring and summer chinook salmon. The EM models are flexible in that they can
accommodate a range of input assumptions (e.g., which historical years are considered a relevant base
period), can be run relatively quickly compared to other PATH models, and are relatively simple to make
them more accessible to regional analysts. The models are described in Section 3 of the report. We have
not had time to develop similar tools for Snake R. fall chinook, although the same general approach could
also apply for that stock.

We have used these models to conduct some preliminary screening and analyses of the short-list of
actions listed above. These analyses are preliminary because:

1. We have not done a thorough assessment of the feasibility of implementing these actions, which
would include engaging regional groups in developing detailed plans for experimental actions. For
example, we have not had the discussions with regional hatchery experts that would be essential for
developing feasible hatchery actions. Because these assessments have not yet taken place, we have
evaluated a set of generic and hypothetical experimental actions without speculating about how these
actions might be actually implemented.

2. In this report, we assume that an action will have some effect, then assess how long it would take to
detect that effect and how it would affect survival, recovery and quasi-extinction metrics. We have
not assessed the weight of evidence in support or against the assumed magnitude of effects, although
some of the actions were considered in the PATH Weight of Evidence Report.

3. We have only looked at the effects of individual actions; combinations of actions may be more
effective.

4. In most cases, we have only looked at how long it would take to detect effects in overall survival,
from spawner-recruit data. Although this information is useful for determining the effects of actions
over the entire life cycle (i.e., both direct and delayed effects), these effects are more difficult to
detect because of influences of ocean conditions and other factors that are outside of the management
action. Ideally, one would also monitor survival rates over shorter life stages (e.g., SARs, parr-smolt
survival) to detect more immediate effects of experimental management actions. However, we have
only started to develop approaches for doing this.

Because of these limitations, our preliminary assessments should be viewed as illustrations of “what if”
scenarios of management experiments. We address the question “Suppose that a particular action could be
feasibly implemented and had a particular effect on Snake R. spring/summer chinook populations: What
would the biological consequences of such an action be, how difficult would it be to estimate that effect
from spawner-recruit data with reasonable confidence, and what are the resulting trade-offs between
learning and biological objectives?”.

Although preliminary, our assessments are useful for a couple of reasons. First, evaluating the actions in
this way provides a means for us to develop and test our EM models. These models can then be used to
evaluate more detailed sets of actions after the limitations listed above have been addressed. Second, the
evaluations provide some broad guidance on the learning and conservation implications of various
actions. For instance, if an action is hypothesized to have a large effect on survival, and the analysis
shows that that effect is not likely to be detected, then there may not be much point in developing detailed
plans for actions that are likely to have even smaller effects. Results of these evaluations are described in
section 4 of this report.

In an effort to keep the main section of this report as readable as possible, we have put most of the
detailed technical analyses in Appendices while summarizing them in the main report.
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2.0 Experimental Actions

This section summarizes some of the main features of the six actions evaluated in the report. Complete
descriptions of the actions have been excerpted from the scoping document and are provided in Appendix
A of this report. The “Risks to Stocks” discussed in each section refer to the additional risks of
experimental actions relative to maintaining the status quo.

2.1 Base Case (continue 1978-1994 conditions)

Experimental Action: Continue transport evaluation studies in the Snake River using PIT tags for both
yearling chinook salmon and steelhead. Conditions for in-river migrants would be optimized by
maximizing spill at downstream projects during the migration.

Benefits and Amount of Learning Possible: Considering projections of potentially greater adult return
rates in the next few years, another 5 years of marking large numbers of juvenile fish along with adult
return data from fish PIT tagged in recent years and currently still in the ocean, answers to some large-
scale questions are obtainable in 5 years. For example, if the mean annual value of D is actually 0.8,
another 5 years of data will very likely allow us to rule out the value 0.35. To distinguish between mean
values of 0.7 and 0.8, however, would take much longer. Appendix F presents some estimates of how
long it would take to make such finer-scale distinctions with varying degrees of confidence. One would
need to tag between 63,000 and 2 million smolts, depending on survival rates, the level of precision
required, and what are used as control groups. These estimates are based on estimating D in a single year;
other factors would have to be considered if the goal was to estimate a mean D across multiple years.

Risk to Stocks: If transportation and/or the hydropower system have large impacts on fish, continual
operation of the hydropower system and transportation will increase the risks that stocks will not recover.
Additional risks to stocks would be minimal since recent studies on spring/summer chinook have shown a
benefit from transportation from Lower Granite Dam. Furthermore, by maximizing spill for in-river
migrants, not all fish would be transported which would spread the risk between in-river migration and
transportation as called for in the current Biological Opinion.

2.2 Modify Transportation, Measure changes in SARs

During the past couple of years, PATH participants have discussed various changes in methods of
transportation that could potentially improve the survival of transported fish. In this report, we focus on
two examples of actions that modify transportation of Snake River spring/summer chinook salmon:

A. Change arrival timing of transported smolts in the estuary
Experimental Action: We assume that changes in SAR are a result of estuary arrival timing. To improve

the effectiveness of transportation, therefore, we can:

a) alter the time required for transported fish to reach the estuary, or
b) alter the daily fraction of transported fish

By these adjustments, the SAR experienced by arriving fish will depend on when they arrive in the
estuary and by which passage route they take.

Benefits and Amount of Learning Possible: Clarifying the effects of ocean entry timing and interaction
with other stocks during collection and transport may reduce the uncertainty about D and extra mortality
for both transported and non transported fish. Between 22,000 and 6 million smolts will have to be
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marked to estimate D, depending on the true value of D and the desired level of precision (Appendix
A.1). See Appendix F for discussion of factors that affect estimation of D over multiple years.

Risks to Stocks: Efforts to improve survival of transported fish, using only experimental PIT-tagged fish,
would most likely not increase additional risk to the general population. Survival improvements may not
be sufficient to attain recovery or avoid extinction.

B. Separate hatchery steelhead from wild chinook in barges

Experimental Action: This action requires continuing the current PIT-tag transportation experiments but
with some portion of the release groups composed of wild spring chinook tagged and transported to
below Bonneville Dam in isolation of steelhead. SARs for both control fish (i.e., fish transported under
current operations) and treatment fish (i.e., fish tagged and transported with reduced steelhead
interactions) would be computed on a seasonal basis. Ideally, treatment and control groups could be
transported in the same year, which would increase the power of the test by eliminating year-to-year
variability. Treatment and control groups could be released throughout the season (on separate barges) on
a randomized basis or on the same barge in separate compartments.

Currently, the Lower Granite Dam juvenile collection facility does not have the ability to separate fish by
species or size. Building a new juvenile facility at Lower Granite Dam, to include separation capabilities,
has been discussed for many years, but has not been completed do to lack of agreement on design and
pending decisions on transportation and dam removal. The COE has funded the NMFS and the University
of Idaho in recent years to evaluate potential separator designs including permanent primary separators
and temporary secondary separators. Based on the results of these studies, either a permanent juvenile
separator could be built at Lower Granite Dam or secondary separation methods employed within the
existing bypass flumes, raceways, or both to separate wild yearling chinook salmon from larger hatchery
steelhead. Temporary grading bars within the existing bypass flume leading to the transportation study
raceways were successfully used to reduce handling of hatchery steelhead during marking for chinook
salmon survival studies in past years.

Existing transport barges have separate compartments so that wild chinook salmon could be barged apart
after separation and marking without greatly disrupting current transport operations.

Benefits and Amount of Learning Possible: 1solating the effects of interactions of hatchery stocks with
wild fish during collection and transport will reduce the uncertainty about D and extra mortality for both
transported and non transported fish. Also the action may result in new methods to increase the efficiency
of transportation.

Risks to Stocks: The experimental actions outlined here would not increase additional risk to wild stocks
since its is unlikely that co-mingling with hatchery steelhead provides any benefits.

2.3 Turn Transportation On/Off, Measure D

Experimental Action: Vary the intensity of transportation. In some years, most fish would be bypassed,
dewatered, and transported, while in others nearly all fish would be bypassed but not dewatered or
transported.

Benefits and Amount of Learning Possible: Because the experiment would alternate years when most
fish are transported with years when (almost) none would be loaded into barges, it should be possible to
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observe greater contrast in survival rates of transported and non-transported fish. This should greatly
reduce the current uncertainties associated with the benefits (if any) of transportation.

The essence of this adaptive management experiment is to extend conventional, PIT-tag based
experiments to include “true” controls, that would be more nearly representative of fish migrating in-river
with little or no indirect influence of transportation. That is, in years with transport turned off, fish
migrating inriver would by bypassed and primary-dewatered, but not secondary-dewatered. If secondary
dewatering reduces subsequent survival, these “control” years should capture and measure the effect,
whether it is evident from inriver survival downstream of transport projects, or in SAR’s.

Risks to Stocks: The obvious risk is that if transportation is beneficial, eliminating it for the run-at-large
half of the time will increase mortality. On the other hand, if we had complete certainty about the effects
of transportation, we would not carry out the experiment in the first place.

2.4 Carcass Introductions / Stream Fertilization

Experimental Action: Introduce salmon carcasses or introduce chemical fertilizers to increase stream
nutrient levels. These actions can be thought of as representing any habitat improvement action that can
be turned on and off, and can be applied in some tributaries but not others.

Benefits and Amount of Learning Possible: As nutrients increase, then parr-smolt mortality, and perhaps
“extra” spawner-recruit mortality will decrease. Parr in about 30 rearing areas are already PIT-tagged,
about 16 of which have data for six of the past seven years. The availability of spatial control rearing
areas suggests that the power of this experiment to detect changes in parr-smolt survival could be quite
high. For example, if 7 of the 16 sites are treated and 9 used as controls, power could range from 0.33 to
1.0 after only 3 years of the experiment, depending on the size of the actual effect on parr-smolt survival.

Risks to Stocks: Disease spread is possible if carcasses are used, and there may not be enough disease-
free carcasses to conduct the experiment.

2.5 Manipulate Hatchery Production

Experimental Action: Manipulate Snake River hatchery steelhead production to reduce exposure of wild
Snake River spring/summer chinook juveniles to levels at or below those experienced in the 1970’s.
Exposure of spring/summer chinook juveniles to hatchery steelhead could be reduced by decreasing the
number of steelhead smolts released, reducing the size of steelhead smolts at release, or delaying
steelhead smolt releases until late in the migration season.

We use steelhead here as an index of hatchery releases for purposes of developing a set of numbers to this
analysis. Possible mechanisms for the effects of hatchery fish on wild spring/summer chinook are
documented in Submission 1 of the Weight of Evidence Report. One could also look at total hatchery
releases (i.e., including hatchery spring chinook), but because the temporal pattern of total releases
closely matches that of steelhead, the effects of proportional reductions in total releases are very similar to
the effects of the same proportional reduction in steelhead releases.

Steelhead releases from Snake River hatcheries are currently around 12 million per year (Figure 2-1).
Practical, legal, and other constraints on reducing this number experimentally are numerous.
Consequently, developing actual experimental strategies for reducing steelhead releases (if such strategies
are accorded a high priority by the region) will require extensive regional consultation. Because such
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consultation has not yet occurred, the PATH experimental management workgroup has developed the
following hypothetical hatchery experiment. We stress that this scenario is intended only as a
demonstration of how one could evaluate experimental hatchery scenarios, once these strategies were
developed through consultation. While our scenario conforms to some of the legal and practical
constraints that have been voiced thus far, we recognize that there may be other difficulties that make this
scenario infeasible.

14

@ 12 .

2 40

A Wan*a%

§ 6 * ﬁ/

» ir

: PV

T

n O—M
1950 1960 1970 1980 1990 2000

Year

Figure 2-1:  Steclhead hatchery releases from Snake River hatcheries, 1957-1998.

The hypothetical hatchery experiment evaluated here is based on three levels of annual releases:

high = twelve million releases, similar to the current 1998level
intermediate = nine million, roughly what releases were during the late 1980°s — mid 1990’s
low = six million, a 50% reduction from current levels

Setting the high level at current releases recognizes the practical limits on increasing hatchery production
capacity. Conversely, the lower level of 6 million represents a substantial reduction in production but
does not encroach on existing conservation and restoration requirements. Determining the operational
details of how such reductions could be effected will require consultation with regional hatchery experts.

These different levels of releases may alternatively be viewed as representing changes in the degree of
overlap in migration of hatchery steelhead and wild spring/summer chinook smolts, either by delaying
release of hatchery smolts or by separating hatchery and wild fish in barges (see Section 3.5.2). For
instance, the low level of six million smolts could be used to represent the case where current levels of
hatchery releases were delayed such that the overlap in migration with wild spring/summer chinook was
reduced by half. In this case, although twelve million hatchery smolts are still released, only six million
of them actually interact with wild spring/summer chinook migrants.

Temporal Pattern

The pattern of experimental hatchery steelhead releases should be planned such that maximum hatchery
releases occur in years when smolts from the last maximum release year are produced. This ensures that
adequate hatchery smolts are available for years when large releases are required. As an example, Figure
2-2 shows the three levels of releases implemented in a three year cycle. This three year cycle would be
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appropriate, for example, for A-run type steelhead, which make up the majority of hatchery steelhead.
These fish return as adults two years after leaving as smolts (one year spent in the ocean and one year
overwintering in the river). Smolts are one year old when they migrate to the ocean. B-run type steelhead
would have a four-year cycle (with two years spent in the ocean as adults before returning). These cycles
could in theory be repeated indefinitely, and several experimental durations are evaluated in Section 4 of
this report. In Figure 2-2, we have arbitrarily assumed a thirty-year experimental period (i.e., 10
experimental cycles).
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Figure 2-2:  Schedule of experimental steelhead hatchery releases, assuming a 30-year experiment.

Benefits and Amount of Learning Possible: Determine (1) if there is support for the hypothesis that
hatchery releases have affected extra mortality (and overall survival rate) of Snake River chinook, and
(2) if reducing or eliminating exposure of wild Snake River spring/summer chinook migrants to hatchery
steelhead can reduce total “extra mortality” of spring/summer chinook in the future, without breaching
four Snake River dams. By simultaneously monitoring variables used to estimate D, and/or by
simultaneously conducting transportation experiments, one could estimate the relative impacts of hatchery
steelhead production on transported vs. non-transported spring/summer chinook (see Appendix A.1 and F
for discussion of factors affecting estimation of D). The results of such a study could help determine
which combinations of hydropower actions and hatchery management scenarios are most likely to result
in achieving recovery goals for Snake River spring/summer chinook.

Risks to Stocks: Steelhead releases in the Snake River in 1998 totaled 12.2 million, of which
approximately 3 million were used for conservation and/or restoration of native or local stocks. This
leaves a possible maximum reduction in hatchery steelhead releases of 9.22 million without impacting
conservation/restoration programs. Reductions should also consider the ability to maintain hatchery
broodstock.
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2.6 Natural River Drawdown of 4 Snake River Dams (A3)

Experimental Action: Breach Snake River dams, stop transportation, evaluate regional stock responses to
help guide John Day drawdown decisions for listed Upper Columbia stocks. Hatchery production could
be either pulsed or kept constant under this approach.

Benefits and Amount of Learning Possible. This is not an experimental action for Snake River
drawdown decision; it is a long-term management action. However, implementation of this action would
aid decisions on whether to restore natural river conditions in the John Day pool reach for listed salmon
and steelhead in the Upper Columbia River. The staggered decision points for Snake River drawdown and
John Day drawdown lend themselves to a staircase design, if implementation follows the same temporal
pattern. Delaying Snake River actions while studies are conducted on John Day would negate this time
step. Quantitative assessment of the probability of detecting effects should be determined in FY2000.

Risks to Stocks: According to the PATH FY98 and Fall Chinook Decision Analysis reports, 4-reservoir
drawdown options (A3/Bl) have the lowest risk, and highest biological benefits of any of the
experimental actions proposed. Transportation-based actions had lower probabilities of meeting survival
and recovery standards, and were less robust to uncertainties. The decision analysis indicates that
recovery is generally likely for natural river options, regardless of which extra mortality hypothesis is
correct. This approach would also help restore ecosystem function and benefit native lamprey, white
sturgeon, and resident fish and wildlife, and non-listed anadromous stocks from above John Day pool.

10
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3.0 Tools for Evaluating Actions

3.1 Introduction

We have developed two sets of models to evaluate experimental actions. The primary model is a
simplified version of the existing PATH life-cycle model, and operates as a set of Fortran programs.
These programs enable one to analyze the effects of changes in life-stage and/or life-cycle survival on
probabilities of survival and recovery. All of the results in this report were generated by this primary set
of models. The other model performs some simple power analyses, and operates as a set of Excel
spreadsheets, along with an add-in regression package (XLSTAT). This set of spreadsheets is intended to
allow analysts to better understand how the models work, and to give an easily accessible first-cut look at
the power of various experiments to detect changes in life-cycle survival. Both sets of models are
designed to accommodate a variety of life-cycle model structures and input data series.

3.2 EM Model Objectives

The primary objectives of the EM models are:

1. To express the amount of learning that is possible from each experimental action and
combinations of actions, using metrics that are comparable across all actions.

2. To express the biological effects of taking the experimental actions, using metrics that are

comparable:
. across all experimental actions;
. to other PATH analyses (i.e., survival and recovery standards); and

* to other analyses (e.g., CRI probability of extinction).

3. The tool should be simple so that analyses can be completed in minutes rather than hours or days,
and should be flexible and easy to use so that other analysts can run custom scenarios if they
wish. The intention is to provide a tool that can be used in follow-up analyses of more detailed
experimental actions even after PATH is discontinued.

3.3 Model Outputs

We have identified a set of primary and secondary outputs from the model (primary outputs are calculated
directly in the model; secondary are calculated from primary).

3.3.1  Primary Outputs

Biological: Spawners, recruits, and other life-stage survival rates altered by the EM actions for seven
Snake River index stocks of spring/summer chinook. These may include parr-smolt survival (for nutrient
additions), in-river survival, and others. Originally, we had also intended to project SARs in the
population model, based on an assumed relationship between SAR and R/S. However, we did not pursue
this in this round of analyses because of certain problems with this approach (see Appendix C for details).

Learning: The main metrics of how much can be learned from an action are expressed in terms of the
probability of estimating effects of an action over various time frames, or, conversely, how long it would
take to estimate an effect with a certain level of confidence. Note that this is not exactly a “traditional”
power analysis, because to estimate power one needs to specify a desired level of confidence and a

11
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desired effect size that one wishes to detect. Various criteria can be applied to determine how long an
experiment needs to be run to estimate effect sizes that reflect the risk preferences of decision-makers.
We present three examples for illustration:

1. One approach might be to require the experiment to have a positive estimated effect on survival.
In this case, decision makers would want to know the probability of estimating any non-zero
effect on survival rates, and how this probability changes as the experiment goes on. In this case,
decision makers would want to know the probability of detecting Am = 0, and how this
probability changes as the experiment goes on. This is the least stringent of the three examples;
the effect can be estimated with high probability in a relatively short period of time.

2. Decision-makers may want to know that the estimated effect of the action is close to (say, 80%

of) its hypothesized effect. This is a larger effect than just Am = 0, so the probability of
estimating it will be smaller. However, estimating this effect will give you greater confidence that
the action is “working” (i.e., is having its hypothesized effect on survival). When hypothesized
effects are large, this is generally the most difficult criterion to meet (i.e., probabilities of meeting
it are lowest).

3. If one applies standard criteria for designing experiments, we would want to be fairly certain that:

a) we do not claim that an effect exists when in fact the action has no effect, and
b) ifthere is an effect, we will be able to detect it.

In most statistical applications, these general guidelines for designing experiments are quantified
by requiring an experiment to have at least an 0.8 probability of detecting a “critical” value of Am
(Am*) that minimizes the probability (statisticians generally like this probability to be less than
0.05) of incorrectly concluding that there is an effect, when in fact the action has no effect. This
critical value depends on the standard deviation of the distribution — the broader the distribution,
the higher this critical value, and the lower the probability of detecting it. The critical value is
calculated as 1.64 * the standard deviation of the distribution of estimated Am’s". The probability
of detecting this critical effect size, if it exists, is called the “power” of the experiment; the higher
this probability, the more “powerful” the experiment. Using this approach, one can minimize the
probabilities of making the two standard statistical errors: a) concluding that there is an effect
when there is not one (Type I error); and b) failing to detect an effect that actually exists (Type II
error).

3.3.2 Secondary Outputs

The probabilities of exceeding 1995 BiOp recovery and survival escapement ‘[hresholdl-:l are the primary
conservation metrics produced by the model, to be consistent with previous PATH work. However, we
also output the probability of going to one spawner or less in a given year as a quasi-extinction metric
similar to that used by CRI in their August 1999 document. Time horizons for the survival and recovery
standards are 24, 48, and 100 years; time horizons for the quasi-extinction metrics are 10 and 100 years.

To calculate these metrics, we must assume that experimental actions will be maintained for the duration
of each metric’s time horizon (i.e. 24 and 100 years for survival probabilities, 24 and 48 years for

The 1.64 value is based on a normal approximation of the true distribution of estimated Am values. See Appendix K for a comparison of the
normal approximation and the true distribution.

These are the probabilities that the number of spawners of 6 out of the 7 index stocks will exceed survival and recovery threshold numbers of
spawners. Survival thresholds range from 150 to 300 spawners; recovery thresholds range from 350 to 1150 spawners, depending on the stock.

12
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recovery probabilities, and 10 and 100 years for quasi-extinction metrics). With the possible exception of
the drawdown action, this assumption is probably not realistic because if one discovers a suite of actions
that satisfies survival and recovery requirements (however these are determined), one likely would not
continue with the original on/off experiment. Instead, one would either decide on a “final” course of
action or modify the action(s) and monitoring scheme(s) based on newly acquired information. The
population metrics included here may thus be viewed as a relative index of the biological consequences of
the experimental actions for the stocks, if these actions were continued indefinitely.

Probabilities of exceeding survival and recovery thresholds are lower in this analysis than in previous
PATH reports because of differences in some of the assumptions and data used in the model:

* Because we are drawing base future m, values from 1978-1994 m, estimates, we are assuming
that the poor ocean conditions that existed in this time period continue into the future. In previous
PATH analyses, we assumed that the range of future climate conditions would be similar to that
experienced between 1952 and 1990, which includes periods of both good and bad climate
conditions.

*  We have assumed in most cases that extra mortalit)ﬂis “here to stay”. That is, we assume that the
same high level of extra mortality that was experienced in 1978-1994 continues on into the future.
In previous PATH analyses, we had two alternative hypotheses: “hydro” (extra mortality goes
away with improvements to the hydrosystem) and “regime shift” (extra mortality follows a 20-
year cycle corresponding to climatic cycles).

* This analysis uses updated spawner-recruit data which includes spawner data up to 1999.
Spawner numbers in these years were generally low, with zero spawners in some years for Marsh
Creek and Sulphur index stocks. This essentially lowers the starting point for projecting future
spawners, and makes it more difficult to exceed the survival and recovery spawner thresholds.

3.4 Model Structure
3.4.1 Overview

To evaluate experimental actions, we have developed a simplified form of the Ricker-type (density-
dependent) population model used in previous PATH models. In general, we have tried to use the same
assumptions in this model that were used in previous PATH modeling results, so that the two sets of
results would be as comparable as possible. However, the model structure is designed to accommodate
various alternative assumptions so that we can test the sensitivity of our model.

The population model is used in three steps to generate outputs:

1. The population model is fit to historical spawner-recruit data to generate estimates of model
parameters (retrospective analyses).

2. The population model and historical parameter estimates, coupled with hypotheses about the
anticipated effects of the experimental actions on overall survival rates, are used to project
spawners and recruits. Estimates of the probabilities of quasi-extinction and of meeting survival
and recovery standards are computed from the projections of spawners and recruits. The
projection model is used to quantify potential learning from different experimental actions. We
project many different possible spawners and recruits series for each action, then re-estimate the
spawner-recruit model using the actual and projected SR data to obtain a sampling distribution of

8
Extra mortality is defined as any mortality occurring outside the juvenile migration corridor that is not accounted for by: (1) productivity

parameters in the spawner-recruit relationship; (2) estimates of direct mortality within the migration corridor; (3) common year effects
influencing both Snake River and Lower Columbia River stocks; and (4) random effects specific to each stock in each year.

13
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the estimate of the experimental effect. The distribution of the estimated experimental effect is a
measure of how precisely the experimental effect may be estimated after the experiment is
completed.

3. Sensitivity analyses are used to understand the influence of various assumptions on the quasi-
extinction, survival and recovery probabilities and the precision of the estimate of the
experimental effect.

3.4.2 Population model

The model is an “Alpha-style” Variantﬂof the Ricker model:
In(R;/Siy) = a; + b;Siy + m, + &, [1]

where m; = year-specific changes in Ricker-as over entire life-cycle, including passage mortality, extra
mortality, year effects, harvest effects (depending on how one defines the R;; terms; we define recruits
(R;y) are defined as jacks+adults to the mouth of the Columbia R), etc.. These year-specific changes (year
effects) sum to zero over 1957-1994. In the model, m, values are calculated relative to the average
survival rate from spawner to recruit over the entire historical time period (1958 to 1994). For years when
m, = 0, overall survival was equal to the long term average. When m; is positive, overall survival was
better than average; when my, is negative survival was worse than average. Because my is in natural log
units, every unit increase (decrease) in m, increases (decreases) survival by a factor of 2.7 (1 / 2.7). For
example, when m, = 1, survival in that year was 2.7 times the historical average. When m, = 2, survival in
that year was 7.4X the historical average (=2.7 X 2.7). When m, = -1, survival in that year was 0.37X the
historical average (=1 / 2.7). Natural log units are used because the error term for spawner-recruit data is
assumed to follow a log-normal distribution. Therefore, using log-normal units transforms the error term
into a normally-distributed parameter, and allows us to fit a linear model to the log-transformed data.

We used the same assumptions about in-river harvest and conversion rates for forward projections that
were used in previous PATH models. We used current in-river harvest schedules for the Snake R. stocks,
which are based on the escapement of the aggregate of all Snake River spring and summer chinook
stocks. Conversion rates were selected randomly from the recent (1985 to 1999) values. Some
modification to Equation [1] will be required for the carcass introduction / stream fertilization experiment.
Because nutrient treatments would likely be applied to only a subset of the stocks, the model will have to
distinguish between treated and untreated stocks. The error term (g;,) represents process and measurement
error and follows a Gaussian distribution with mean zero.

Another variant of the life-cycle model, the “delta-style” model, was used in a sensitivity analysis. It
partitions the m, series above into common effects with lower river stocks (the delta series, 8,) and the
contrasts between the Snake and lower river stocks (the mu series, |i;). The delta-style model is of the
form

ln(Ri,t/ si,t) =a;t bisi,t -n; X —Ht'5t+ Eiy, [2]

’ This form of the model is most similar to the “alpha” model used in previous PATH analyses, in that there are assumed to be no survival effects
that are common to both Snake River and downstream index stocks. Another variant of the model, the “Delta-style” model (described later in
this section), assumes a common effect between upstream and downstream stocks and is thus most similar to the “Delta” model used in
previous PATH analyses.

14
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where n; X represents an effect of dams downstream of McNary Dam after 1970 (Deriso et al. 1996). SR
data for brood years 1991-1994 were unavailable for the lower river stocks, so it was impossible to
provide updates for the delta-style model. Our analysis suggests that there is an increase in precision of
the experimental effect estimate when the delta-style model is employed instead of the alpha-style model
described above (the SE decreases by about 20%). Using the model in this manner requires the
assumption that the lower river stocks serve as controls for the Snake stocks.

3.4.3 Alternative model assumptions

There are several components of the model where different assumptions are possible, and one must make
a choice between alternatives. Different choices may lead to quite different results, or may have no effect
on results. The sensitivity analyses are designed to determine which of these choices affect the results,
and which do not.

Components of the model where different assumptions may be appropriate, and the alternative
assumptions that may apply, are summarized in Table 3-1. Model results using each of the alternative
assumptions are compared in section 4 of this report.

Table 3-1: Alternative model assumptions.

"Data'" - Related Assumptions

Retrospective Period for model calibration 1957-94

1952-1990 (Delta-style Model only)

"Method" - Related Assumptions

Use Lower River stocks as "controls"? Alpha-style - Don't include data from Lower River

stocks

Delta-style — Include data from Lower River stocks

Prospective Models Draw Year Effects from: 1952-1990 (Delta-style Model only)

1978-1994
Error distributions for spawner and recruit projections | Yes
include measurement error (Note 1) No

Parameter Distribution for forward projections (Note 2)

Bayesian Posterior

Bootstrap

Note 1: The error term for the regressions, € contains both process error and measurement error. For simulating future SR
data (see Section 3.4.4), we had the option of shrinking the variance by 40%, to reflect the possibility of reducing
this source of error in the future, or leaving the measurement error as a component of the error term. It turned out that
the results of different experimental management designs were insensitive to changes in the assumed future
measurement error.

Note 2: We explored two different methods of sampling from the parameter space for the forward model simulations:
Bayesian sampling of the joint posterior distribution of the parameters (Gelman et al. 1995), and bootstrap sampling
(Efron and Tibshirani 1993). Details of each approach are provided in Appendix I. It turned out that the bootstrap
and Bayesian techniques yielded similar results, so Bayesian sampling was used throughout the report.

3.4.4 Forward projections

The EM models use the following process for conducting forward simulations. As noted above, the
nutrient addition action, or any other action that affects only a subset of the stocks, would require some
modification of the techniques (e.g., assume it increases the Ricker “a” for treated stocks but not for
control stocks).
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1. Estimate the parameters for Equation [1] a;, b;, and m, from the historical spawner-recruit data
(retrospective analyses)

2. Using Equation [1], the historical parameter estimates generated in Step 1, and assumptions about
how an action will affect survival in the future, project populations through the experimental
period. Assumptions about how an action will affect survival in the future are expressed in terms
of a time series of m*(exp) through the experimental period, where the m*(exp) values are
generated using:

m*(exp) = m*(control) + Am [3]

m*(control) values used in forward projections will be selected from the series of historical m
values estimated for years 1978-1990 (these years are assumed to be representative of current
conditions). This is similar to the procedure used in previous PATH forward simulations where
mus and deltas were selected from the historical series and applied into the future. Am values are
input to the model, and represent hypotheses about changes to overall survival rates that are
expected from experimental actions.

Two types of Am values are investigated: a generic set (used to investigate general model
behavior and responses), and an action-specific set (used to estimate the learning and biological
consequences of the experimental actions). The input sets of Am values are described in
Section 3.5.

In some cases, it may be difficult or impossible to estimate Am values for specific actions. For
those actions, one can select a “proxy” set of Am values from either a generic or another action’s
specific set of Am values. This proxy set of Am values should approximate or bound the range of
responses that might reasonably be seen from the action.

3. [Each of the Am scenarios will produce a time series of m*(exp) (Equation [3]). Use the time
series of m*(exp) to project spawners and recruits over the experimental period, using model (1)
above. Obtain an estimate of Am’ (estimate of the experimental effect) from the simulated
spawner-recruit series. The Am’ values displayed in the results are the mean effects (i.e.,
treatment m,’s — control m,’s, over the duration of the experiment). A powerful experiment should
produce a distribution of Am’ that clusters tightly about the mean Am used in the simulations,
while a less powerful experimental will produce Am’ that are more dispersed about the mean Am.
Calculate probabilities of recovery, survival, and extinction.

4. Do this over multiple trials, drawing from the frequency distributions of the estimates of a, b,
retrospective mgs, sigma”2, and the distribution of epsilon. The result of the multiple simulations
will be a frequency distribution of the estimated experimental effect size, and distributions
(means and 95% confidence intervals) of biological metrics. More sophisticated Bayesian
approaches to evaluating how much is learned from an action are also possible (see Appendix B).

5. Sensitivity analyses revealed little difference between the jeopardy standards/quasi-extinction
metrics or the precision of the experimental effect estimates when bootstrap sampling is
performed instead of Bayesian sampling of the model parameters for model projections.
Therefore we chose to use Bayesian sampling throughout.
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6. The frequency distribution of the estimate of Am was insensitive to removing the measurement
error from the error term of the SR simulations.

3.5 Model Inputs

The primary input to the EM model is a time series of Am values that represent hypotheses about changes
to overall survival rates that are expected from experimental actions. Am is calculated as the
In(proportional change in survival). Thus if survival is hypothesized to double as a result of some action,
Am for that action = In(2) = 0.69. Two types of Am values were specified: a generic set, and action-
specific sets.

3.5.1 Generic survival improvements

The purposes of the generic sets of Am values were to:

a) investigate general model behavior, responses, and sensitivity to assumptions;
b) provide a relatively simple example for explaining the approach and results; and

c) see in general how implementing treatments in an on/off pattern affects the ability to learn.
Altering treatments in this way is expected to improve the ability to learn relative to holding Am
values constant by reducing potential confounding with factors that happen to coincide with the
start of the experiment in 2001. However, alternating between treatment and control years also
means that the hypothesized survival improvements are only implemented in every other year,
which will result in lower probabilities of exceeding survival and recovery thresholds.

We explored six generic actions:

1. Am=0 until model year 2000, then Am=1,0 in an on/off pattern (1,0,1,0, etc.) for 100 years.

2. mean Am varies in an on/off pattern (0/1/0/1 ...) as in #1, but the treatment effect is drawn from a
uniform distribution between 0.5 and 1.5 with mean one.

As in #1, but assumes measurement error eliminated.
Am=1,0 in a 5-year on/5-year off pattern (1,1,1,1,1,0,0,0,0,0 etc.)
As in #1, but using a Delta-style life cycle model.

S koW

Am=1,0 in an on/off pattern for 10 years, then 1 thereafter.

3.5.2 Base Case (continue 1978-1994 conditions)

Forward projections for this action represent the base case i.e., the results one would expect if 1978-1994
conditions were maintained indefinitely. In this case, the hypothesized effect of this action is zero, and
Am (which is designed to represent hypotheses about changes to overall survival rates that are expected
from experimental actions) is also zero. Equation [3] thus reduces to:

m*(exp) = m*(control) [4]
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where m*(control) values are selected each year from the 1978-1994 m, values estimated from the
historical spawner-recruit data. The base case, therefore, represents a future where the 1978-1994 years
effects, drawn at random, are assumed to continue indefinitely. As such, it is a combination of previous
PATH historical conditions (through brood year 1990), and more recent conditions that have not been
explicitly modeled in previous analyses.

Note that in addition to describing “continue current operations”, this case also represents a case where an
experimental action is taken but has no effect.

3.5.3 Modify transportation, measure changes in SARs
Change arrival timing of transported smolts in the estuary

There are two potential options for altering the arrival timing of smolts in the estuary:

a) alter the time required for transported fish to reach the estuary, or
b) alter the daily fraction of transported fish

To improve the effectiveness of transportation we can alter the time required for transported fish to reach
the estuary, as defined by the factor di, or we can alter the daily fraction of transported fish as
characterized by 4. A relationship between these variables and the yearly averaged SAR is developed in
Appendix H. Optimizing SAR then involves either altering the arrival time of transport fish into the
estuary, which changes d, or by increasing the percent of fish that are transported, which changes 4. A
third option of delaying the beginning of the transport season uniformly lowers SAR and so it is not
considered further.

To explore effects of these two actions we can use the SAR distribution and the arrival time distribution
of fish for 1995 (complete analysis is in Appendix H). The SAR is referenced to the time at arrival to
Bonneville Dam. We assume the changes in SAR are a result of estuary arrival timing. We then adjust d,
and F (F is a fish condition factor that depends on when fish arrive at the transport dam) to alter the
pattern over which fish enter the estuary. By these adjustments arriving fish experience SAR depend on
when they arrive in the estuary and by which passage route they take. Our question then becomes “how
would the average SAR for 1995 have been altered if we had moved fish at a different rate in
transportation and if we had used a different transport schedule?”

The impacts of slowing barge transport by 5-day intervals on the overall SAR is illustrated in Figure 3-1
below. The impact of altering the percent of fish transported on the total SAR is illustrated in Figure 3-2.
These relationships can be used as the basis for deriving a time series of Am values for actions that affect
these variables. As an example, Figure 3-1 shows that slowing barge transport by at least 5 days would
have increased average SAR from 0.38 to 0.44%, an increase of about 20%. Assuming this change in
SAR translates directly to a change in spawner-recruit survival, this equates to a Am value of In(1.2) =
0.2. For illustration, this is the value we use in our evaluations in Section 4.
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Figure 3-1:  SAR for delays in transport fish arrival Below Bonneville Dam.
8
=
g |
g
[a'my
s =2
g
=
3
8
g |
g
T T T T T T
oo (e =4 0.4 DG oS 1.0

Transport Fraction(f}

Figure 3-2:  Change in total SAR by altering the fraction of fish transported.

Separate wild and hatchery fish in barges

There are several possible approaches for developing an estimate of Am for this action. One approach
would be to see if there is any relationship between the SAR of wild chinook and the ratio of hatchery
steelhead releases: wild chinook releases in a given year. Another would be to use the regression between
hatchery steelhead releases and my that is used to derive estimates of Am for hatchery actions (see
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Section 3.5.6), assuming that reducing the interaction between hatchery and wild smolts in the barges is
equivalent to reducing the number of hatchery smolts released. For example, if the efficiency of
separating fish in barges was 50%, one could use the estimated Am for hatchery releases of 6 million
smolts (50% of the current level).

Because we have not yet done these analyses, we make a simple assumption that separating hatchery
steelhead from wild chinook smolts could increase SARs of wild chinook by a minimum 20% (based on
the description of the action in Appendix A). This equates to a Am of In(1.2) = 0.2. By coincidence, this is
the same effect as the estuary arrival timing effect, and the two modify transport actions produce identical
results. Therefore, we show only one set of results for the modify transport actions in this report.

3.5.4 Turn transportation on/off, measure D

Effects of transportation are modeled in terms of SARs to include both direct and delayed effects of
transportation. Assuming a Transport: Control ratio (i.e., SAR of transported fish: SAR “control” or non-
transported fish) of 2, this implies that SAR (and by extension, spawner-recruit survival) in years when
fish are not transported will be half the SAR when fish are transported. This equates to a Am value of
In(1/2) = -0.69 in no transport years, relative to transport years (we use the transport years as the reference
because under current operations most fish are transported). The negative Am indicates that survival will
decrease in years when fish are not transported, compared to years when fish are transported. Assuming
an on/off temporal pattern, then, the time series of Am would be 0 (transport year), -0.69 (no transport
year), 0, -0.69 etc. for the duration of the experiment.

Assuming a lower T:C would mean less contrast in survival between transport and non-transport years
and, consequently, would be harder to detect effects on overall survival. For example, a T:C of 1.2 would
imply a Am value of In(1/1.2) =-0.18.

3.5.5 Carcass introductions / stream fertilization

The October 1999 Experimental Management Scoping Report contains a number of references and a
discussion of carcass/nutrient supplementation research on coastal coho, pink salmon, and steelhead.
Unfortunately, no similar experiments have been attempted to date for any inland stocks or for any
chinook stocks. This section contains brief summaries of three indirect lines of evidence regarding Snake
River spring/summer chinook spawner abundance vs. estimates of smolts/spawner (3.5.5.1), carcass
abundance and parr-smolt survival in the seven index areas (3.5.5.2), and Recruits/spawner vs. the
abundance of carcasses (3.5.5.3). In sum, we use three hypothesized effects of carcass introductions based
on these analyses: no effect (Am=0); a small effect (Am=0.2); and a large effect (Am=0.7). The “always
on” cases may be thought of as representing the “staircase” design developed in previous PATH
experimental management reports.

3.5.5.1 Lower bound — stream fertilization/carcass introduction has no effect on survival

PATH retrospective analyses (Petrosky and Schaller 1998) do not provide any evidence of a temporal
decrease in survival rate through the freshwater life stage that is proposed as the response variable in the
experiments. This analysis (see Appendix G for complete analysis) indicates that while life-cycle survival
rates and SARs decreased after completion of the hydrosystem, there was little evidence of decreased
survival rates through the freshwater spawning/rearing life stage (Figure 3-3). Therefore, because the
number of smolts produced per spawner did not decrease when the number of adult returns dramatically
decreased, it seems unlikely that increases in carcass introductions will substantially improve spawner-to-
smolt survivals. In addition, previous analyses of spawner recruit data through brood year 1990 detected
no depensation (Deriso 1997), which might be expected if a carcass effect were present. In this case, Am
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resulting from a stream fertilization or carcass introduction action would = 0, which is equivalent to the
“current operations” case described in Section 3.5.2.

SAR vs. Smolts/Spawner
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Figure 3-3:  Patterns of SAR and smolts/spawner (natural log scale) for Snake River wild spring/summer
chinook, smolt years 1962-1994. See Appendix G for details.

3.5.5.2 Parr-smolt survival and spawner abundance in the year of tagging

In the absence of deliberate experimental manipulation, one can use parr-smolt survival and data on
spawner abundance in the year the parr are tagged to test simple statistical models to see if increased
abundance of spawners (whose carcasses may serve as caloric or N/P sources for parr) is associated with
increased parr -> smolt survival. Using data developed in Section 3.6 of the October 1999 EM report and
recently released spawner abundance data for the seven index stocks, we developed a model of the
following form:

Mean Survival(i,t) = Year of tagging + Length(i,t) + Stock*Spawners(i,t) + error (i,t), [5]

with Stock and Year being dummy variables. “i” indexes stock, and
“t” indexes year.

Due to data limitations, we could do this only for six index stocks (Johnson Ck. has no tagging data,
apparently), for approximately seven years each, 1992-1998. The parameters of interest are the six
stock*spawner parameters, shown in Table 3-2.
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Table 3-2: Stock*spawner parameters for six Snake R. spring/summer chinook index stocks.
Stock DF Estimate Std Err Pr>Chi
BEAR/ELK 1 0.0003 0.0001 0.0027
IMNAHR 1 0 0 0.3681
MARSHC 1 0.0007 0.0002 0.0004
MINAMR 1 0.0001 0.0002 0.6501
Poverty Flat (SFS) 1 0.0001 0.0001 0.0564
SULFUC 1 0.0005 0.0007 0.4415

Obviously, the parameters are significantly different from zero for only three of the six stocks, and the
significant parameters are small, averaging about 0.0003. On the other hand, if one were to add the
nutrient equivalent of (say) 1000 spawners to each stream, this would in theory increase mean survival
from about 0.30 (its mean for the stocks and years employed) to about 0.60 (0.30 + 0.0003*1000). This is
about a doubling of survival, which equates to a Am value of In(2) = 0.7. One should regard these results
with some skepticism, since there are few data points and little contrast in the spawner data. However,
they do suggest that adding carcasses or nutrients may increase survival.

3.5.5.3 Evidence for carcass effects in spawner-recruit data

Again, in the absence of direct experimental evidence, a second indirect approach is to estimate a Ricker
model that includes carcasses:

LoR j,/Ln(S_ j,)=a j—b j*S jt+m t+c j*S jtri+te jit [6]

Where j denotes stock, t denotes brood year, S denotes spawners, a j is the Ricker “a” for stock j, “b” is
the Ricker “b” for stock j, and “c” denotes a “carcass coefficient for stock j. By assumption, the “a” and
“c” should be positive, while the “b” should be negative. Furthermore, as in the previous section, we
assume that that spawners for brood year t+1 provide food for the parr produced in brood year t, rearing
in the subbasins in brood year t + i. The model is very similar to that used for most of the power analyses,
with the addition of the c_j terms.

The coefficients of interest are the ¢_j’s. To estimate the model, we divided the 1957-1994 S/R data into
two periods: 1957-1978 and 1978-1994. Only the first period produced results that were significantly
different from zero. Whether this is simply chance or is due to much lower average spawner numbers in
the 1978-1994 period is unknown. Results are shown in Table 3-3.

Table 3-3: Carcass coefficients for Snake R. s/s chinook index stocks.
Estimate Std Err Pr>Chi
Bear 0.0001 0.0002 0.6733
Imnaha 0.0004 0.0002 0.0108
Johnson 0.0003 0.0004 0.4677
Marsh 0.0007 0.0003 0.0457
Minam 0.0006 0.0003 0.0362
Poverty 0 0.0002 0.9484
Sulphur 0.001 0.0005 0.0369
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For the four of seven stocks with results significantly different from zero (Imnaha, Marsh, Minam,
Sulphur), the average coefficient is about 0.0007, roughly % the Ricker “b” values, and of the opposite
sign. Note that for this data set, the S t and S_t+1 are positively correlated, Pearson “r” of about 0.51. If,
as above, one were to add about 1000 carcasses per year, the results imply an increase in In(spawner ->
recruit survival) (which is equivalent to Am ) of about 0.7 (0.0007 * 1000). This is consistent with the
effect estimated from the analysis of parr-smolt survival. Again, the results should be viewed through
skeptical spectacles, but in the absence of direct experiments they suggest that nutrient addition may be
useful.

3.5.6 Manipulate hatchery production

Two analyses of hatchery release data place bounds on the effects of hatchery actions on survival of
spring/summer chinook.

Upper Bound

An upper bound was based on a regression between historical estimates of m; from spawner-recruit data
and historical numbers of steelhead hatchery releases (Figure 3.-4). We use steelhead here as an index of
hatchery releases for purposes of illustration for this analysis. Similar hypotheses could be developed
about the effects of total hatchery releases (i.e., including hatchery spring chinook) on m,, but this would
not change the overall effect because the temporal pattern of total releases closely matches that of
steelhead. Therefore, a proportional reduction in total hatchery releases would lead to the same Am as the
same proportional reduction in steelhead releases—. Obviously, though, the political, economic, and
operational ramifications of a reduction in total hatchery releases would be much greater than reducing
only steelhead releases.

Data on which the regression was based were from 1957 to 1990, the last year for which both hatchery
releases and spawner-recruit data were available at time of writing. The regression was negative (lower
survival at higher numbers of releases) and significant, explaining about 50% of the variability in the data.
It is important to note that the fact that this regression exists does not constitute evidence that hatchery
releases are the cause of reduced survival (i.e., correlation does not equal causation). In fact, such a
correlation might be expected because hatchery releases were a mitigative measure implemented in
response to declining fish populations., Therefore, the coincidence of increased hatchery production with
declining survival rates does not necessarily mean that the one is the cause of the other. However, the
regression in Figure 3-4 provides a convenient way to address the question “If hatcheries were the cause
of declining survival, then what could we learn about this relationship by manipulating hatchery
releases?”.

10
The regression equation for mt vs. total hatchery releases is mt = -0.1144(all_rel) + 1.0223 (R"2=0.54). Assuming total releases are now 24

million, a 25% reduction would give a Am of 0.69; a 50% reduction would give a Am of 1.4. These are similar to the values in Table 3-4.
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Figure 3-4:  Regression of m; vs. number of steelhead hatchery releases from Snake River hatcheries, 1957-1990.

This relationship is used to infer a Am value during the forward projections of this experiment, depending
on the level of hatchery releases during each year of the experiment. The Am value is relative to current
conditions, i.e., 12 million smolts released. Thus for years when 12 million smolts are released, Am
equals zero. When nine million smolts are released (a 25% reduction), Am = +0.75, which is the
difference between m, at 12 million (-2) and m, at 9 million (-1.25). Am = +1.5 in years when 6 million
smolts are released (50% reduction). For comparison, a Am of 0.75 equates to approximately a two-fold
increase in survival. Am =1.5 is approximately a 4.5-fold increase in survival. For the 3-year cycle of
experimental hatchery releases described above, the time series of Am used in forward projections is
summarized in Table 3-4.

Table 3-4: Am series for hatchery action (upper bound).

Year of Experiment Am
1 0
2 0.75
3 1.5
... repeat for duration of experiment . . .

Lower Bound

A lower bound on hatchery effects was based on a separate analysis that suggested no clear relationship
between relative abundance of hatchery steelhead and spring/summer chinook (measured as passage
indices) and SARs for spring/summer chinook from 1990 to 1995 (example for 1995 shown in
Figure 3-5; full analysis in Appendix D). Based on these data, hatchery actions would have no effect on
survival (Am=0), which is equivalent to the base case described in Section 3.5.2.
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Figure 3-5. 1995 Spring/summer chinook SAR vs. hatchery steelhead passage index: spring chinook PI.

3.5.7 4-dam drawdown

Effects of 4-dam drawdown on m, stem from three sources: changes in system survival, changes in extra
mortality, and changes in upstream survival rate.

System survival

System survival is defined as
Sys_surv =¢(DP+1-P) [7]

Where e-" = total direct passage survival (a weighted average of transported and non-transported fish),
P = the proportion of fish arriving below Bonneville that were transported, and D = the relative post-
Bonneville survival of transported and non-transported fish.

Following drawdown, system survivals would change because fish are no longer transported (which
affects P and ¢™), and because in-river survival of non-transported fish is increased (which also affects
e™). In the EM models, changes are expressed as ratios of system_surv with drawdown: system_surv
during the historical period 1978-1990 (i.e., when dams were in place). The change in system survival
therefore depends on what is assumed about D (before drawdown) and in-river survival (both before and
after drawdown). We estimated this change for three different D scenarios because the historical level of
D cannot be resolved empirically: D=0.3, D=0.6, and D=0.8 (these correspond roughly to D hypotheses
related to FLUSH passage model, CRiSP passage model, and NMFS PIT-tag analyses, respectively).

We used existing PATH passage model runs to estimate a change in system survival at equilibrium
following drawdown. Changes in system survival at equilibrium for each D assumption is shown in
Table 3-5.

Table 3-.5:  Changes in system survival and Am at equilibrium for each D assumption.
D assumption Change in system survival Am=In(change sys_surv)

0.3 2.9 1.06

0.6 1.7 0.53

0.8 1.3 0.26
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The time series of system survival changes will further depend on what is assumed about:

a) the length of the pre-removal period (time between decision is made and construction begins).
We used the same two assumptions as in previous PATH modeling: 3 years and 8 years;

b) how quickly the unimpounded section of the river reaches equilibrium conditions. We used two
assumptions: 2 years and 10 years, which is consistent with previous PATH results; and

c) the length of the construction period (the amount of time it will take to remove the dams). We
have assumed 2 years.

One example of a time series of changes in system survival rate is shown in Table 3-6. This example
assumes an §-year pre-removal period, followed by a 2-year construction period, followed by a 2-year
transition period. Note that until construction is completed, the ratio of system surv with drawdown:
system_surv during the historical period =1 (i.e., there is no change in system survival until dams are
removed). This example is for D=0.3.

Table 3-6: Example time series of changes in system survival and Am.
Simulation Year Change in S}.’S.ten‘l survival at Am=In(change sys_surv)
equilibrium at equilibrium
1 (pre-removal) 1.0 0.0
2 (pre-removal) 1.0 0.0
3 (pre-removal) 1.0 0.0
4 (pre-removal) 1.0 0.0
5 (pre-removal) 1.0 0.0
6 (pre-removal) 1.0 0.0
7 (pre-removal) 1.0 0.0
8 (pre-removal) 1.0 0.0
9 (construction) 1.0 0.0
10 (construction) 1.0 0.0
11 (transition) 2.0 0.69
12 (equilibrium) 2.9 1.06
13 (equilibrium) 2.9 1.06
14, etc. 2.9 1.06

Extra Mortality

Extra mortality is defined as any mortality occurring outside the juvenile migration corridor that is not
accounted for by: (1) productivity parameters in the spawner-recruit relationship; (2) estimates of direct
mortality within the migration corridor; (3) common year effects influencing both Snake River and Lower
Columbia River stocks; and (4) random effects specific to each stock in each year. There are three
hypotheses about effects of drawdown on extra mortality: “BKD”, “regime shift”, and “hydro”. We focus
on the BKD and the hydro hypotheses because these provide a lower and upper bound (respectively).
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BKD
The BKD or “here to stay” hypothesis says that extra mortality will be unaffected by drawdown.
Therefore, the Am resulting from effects of drawdown on extra mortality will be 0.

Hydro

The hydro hypothesis says that extra mortality will revert to pre-dam (1957-1974) levels once dams are
removed. This hypothesis is referred to as the Hydro II hypothesis in previous PATH analyses, and is
described in the October 1999 PATH Experimental management Scoping Report and in Appendix H of
the PATH Weight of Evidence Report. A description of how the hydro hypothesis was implemented in
this model is provided in Appendix J.

Upstream survival rate

The effect of drawdown on upstream survival rates was estimated by comparing the average pre-dam
(pre-1970) upstream survival rates to average post-dam (1976-1990) survival rates. The average increase
was 15%, which equates to a Am value of In(1.15) = 0.14. This increase is assumed to take effect
immediately after construction is completed; there is no transition period.

Combined effect of change in system survival, extra mortality, and upstream survival rate

The combined effect of changes in these two components is simply the sum of their Am values.
Combined Am values at equilibrium for each of the D assumptions are summarized in Table 3-7.

Table 3-7: Am for each D assumption.
D Am due to Am due to Am due to extra mortality Combined A m us‘ed mn
. A system upstream forward simulations

assumption . .

survival survival BKD Hydro BKD Hydro

0.3 1.06 0.14 0 0.4 (1.5X) 1.2 (3.3X) 1.6 (5X)

0.6 0.53 0.14 0 0.93 (2.5X) 0.67 (1.9X) 1.6 (5X)

0.8 0.26 0.14 0 1.2 (3.3X) 0.40 (1.5X) 1.6 (5X)
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4.0 Results

4.1 Model Comparisons and Sensitivity Analyses
4.1.1 Retrospective Results

We compare the different retrospective models by examining the mean Ricker-a estimate over brood
years 1978-1994, the magnitude of year-to-year variation in productivity at low spawner sizes due to the
error term (€;;), and the year effects, m; (these terms are from Equation [1] in Section 3.4.2). The precision
of the m, estimates and the year-to-year variation in the m, estimates affect the precision of the treatment
effect (Am). As these sources of year-to-year variation increase, the precision of the estimate of the
treatment effect decreases. In the case of the delta-style model, estimates of mean Ricker-a were for 1978-
1990, because SR data for brood years 1991-1994 were unavailable for the six lower river reference
stocks (Table 4-1).

Table 4-1: Comparison of retrospective models. Variances and averages are calculated over BY78-94 for the
alpha-style models and BY78-90 for the delta-style model.

Delta-style Alpha-style Alpha-style

(52-90) (57-94) (78-94)
sigma”2 0.350 0.347 0.435
variance of m, series 78- 1.110 1.044 0.985
variance of mu, series 78-90* 0.629 #N/A #N/A
variance of delta, series 78-90* 0.221 #N/A #N/A
mean deltat 78-90* -0.157 #N/A #N/A
mean Snake a 78- 0.770 0.508 0.817
SE mean Snake a 78- 0.080 0.067 0.142

* delta-style model only

Each of the models explored give similar estimates of the variance in the my series. Notice that in the case
of the delta-style model, m, is partitioned into a common year effect (deltas), and differences between
Snake and lower Columbia stocks (mu). The variance of the series of post-1977 m,’s is approximately
equal to 1.0, and an analysis of the alpha-style (1957-1994) model showed that this variance is tightly
estimated (SE ~0.10) (time series of m, with standard errors are graphed in Figure 4-1). If one is willing to
use the lower Columbia stocks as reference populations, there appears to be an advantage to defining the
treatment effect in terms of changes in mu; instead of m,. This occurs because the variance of the mu,
series is 0.63 compared to variance of 1.04 for the m, series estimated from the Alpha-style 1957-1994
model (Table 4-1).

The parameter estimates, standard errors, and t values are reported for each of the Alpha-style 1975-1994
model parameters (Table 4-2). Notice the tight individual estimates of the m; parameters (SE~0.22)
relative to the m; deviation of the m; series over time (SD~1.02). This means that the year-to-year
variation in the m, estimates, not the variance of the estimates themselves, will be most important in
determining the precision of the estimate of experimental effects. Therefore, to increase the precision of
the experimental response, it is fruitless to try to increase the precision of the year effects. Only by
controlling for the year-to-year variation, by designating treatment and control groups in the same year,
will it be possible to increase substantially the precision of the treatment effect estimate.

As a rule of thumb, the standard error of the experimental effect can be estimated with the formula
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var(Am estimate) = var(m; series (1978-1994))*(1/n1+1/n2) [8]

where nl is the number of control years and n2 is the number of treatment years. In the case where
experiment is conducted for 10 years with treatments applied every other year starting in 2001
(5 treatment years and 28 control years), var(Am estimate)=1.044%(1/28+1/5)=0.246, yielding as standard
error of sqrt(0.246)=0.496. This result is in close agreement with the standard error estimate from
simulations (see Table 4-23).

Table 4-2: Retrospective Results for Alpha-type Model (1957-1994).

parameter Value Std. Error | tvalue = fllggn]l)t;i:? l;.:sm 0)
Imnaha_a 1.128724 | 0.178105 | 6.337423 *
Minam_a 1.417003 | 0.144168 | 9.828823 *
Bear_a 1.216614 | 0.168269 | 7.230178 *
Marsh_a 1.029152 | 0.165337 | 6.224566 *
Sulphur_a 1.349719 | 0.167872 | 8.040178 *
Poverty_a 1.049908 | 0.149919 | 7.003157 *
Johnson_a 1.168292 | 0.172194 | 6.784729 *
m_1957 1.469921 | 0.278896 5.2705 *
m_1958 1.760856 0.22056 | 7.983558 *
m_1959 1.491049 | 0.223767 | 6.663403 *
m_1960 1.523787 | 0.234685 | 6.492916 *
m_1961 1.085287 | 0.226321 | 4.795342 *
m_1962 1.065956 | 0.228643 | 4.662092 *
m_1963 0.617317 | 0.225967 | 2.731895 *
m_1964 0.79786 | 0.230371 | 3.463368 *
m_1965 1.303694 | 0.220816 | 5.903986 *
m_1966 0.665527 | 0.227169 | 2.929659 *
m_1967 1.064311 | 0.228882 | 4.650047 *
m_1968 1.285881 | 0.225242 | 5.708891 *
m_1969 0.421099 | 0.224847 | 1.872819
m_1970 0.431945 0.22188 | 1.946753
m_1971 -0.611335 | 0.220663 | -2.770443 *
m_1972 -1.155178 | 0.222066 |-5.201956 *
m_1973 0.629441 | 0.230806 | 2.727143 *
m_1974 -0.909948 | 0.220815 | -4.120864 *
m_1975 -2.056323 | 0.220749 | -9.315225 *
m_1976 -0.826054 | 0.224378 | -3.681524 *
m_1977 -0.531363 | 0.223419 |-2.378329 *
m_1978 -0.853446 | 0.221915 |-3.845825 *
m_1979 -0.622226 | 0.227292 | -2.73756 *
m_1980 0.803279 0.22921 3.50455 *
m_1981 0.470578 | 0.226333 | 2.079142 *
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parameter Value Std. Error | tvalue = fllggn]l)t;l:? ltl':sm 0)

m 1982 0.435438 | 0.226566 1.921901

m_1983 1.194295 | 0.225592 | 5.294042 *
m 1984 -0.325439 | 0.243843 | -1.334628

m_1985 -0.770791 0.222424 | -3.465413 *
m 1986 -0.261357 | 0.222637 |-1.173911

m_1987 -1.254864 0.22195 | -5.653815 *
m 1988 -0.490098 0.22101 | -2.217535 *
m_1989 -1.168014 | 0.226748 |-5.151145 *
m 1990 -2.85249 0.22402 | -12.73318 *
m_1991 -2.372832 | 0.224143 | -10.58623 *
m 1992 -0.382679 | 0.224969 | -1.701032

m_1993 -0.505348 | 0.220159 -2.29538 *
Imnaha b -0.00073 | 0.000165 -4.41854 *
Minam_b -0.001458 | 0.000241 | -6.044978 *
Bear b -0.000646 | 0.000172 | -3.747718 *
Marsh_b -0.000969 | 0.000331 |-2.922966 *
Sulphur b -0.002013 | 0.000453 |-4.441713 *
Poverty b -0.000734 | 0.000148 |-4.973736 *
Johnson_b -0.002179 | 0.000466 |-4.677157 *
sigma”2 0.347231

2 T/I\II : base period for forward projections

Estimated mt

Brood Year

Figure 4-1:  Time series of estimated m, values, 1957-1994. Error bars are plus/minus standard error of each
annual m, estimate, from Table 4-2.
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4.1.2 Population Viability Analysis

Using the Alpha-style (1957-1994) model, population viability analyses were performed using two
different measures of population performance: - the CRI-type quasi-extinction measures as defined in the
draft A-Fish appendix (less than a single spawner in a single year), and the probability of exceeding the
1995 BiOp recovery and survival escapement targets. We did not utilize the Alpha-style (1978-1994)
version of the life cycle model because the lack of precision in the Ricker-b estimates led to unrealistic
population projections. The Delta-style model was not employed because data for lower Columbia stocks
were lacking from 1991-1994.

As a starting point, we defined a base case that used the relatively poor conditions of 1978-1994. To do
this, we drew future m values at random from 1 million samples of retrospective (1978-1994) values of m,
(Table 4-3). We found that, under current conditions, there is a large probability that the Marsh Creek or
Sulphur Creek stock will fall below the quasi-extinction threshold within the short time horizon of 10
years. Of course extinction probabilities are even larger over the 100-year horizon. The lower 95%
confidence bound for the 10-year quasi-extinction probabilities are 0.527 and 0.335 for Marsh and
Sulphur Creek stocks, respectively. Using the 100-year quasi-extinction metric, the lower confidence
bounds are 0.659 and 0.625 for Marsh and Sulphur Creek stocks, respectively. Furthermore, none of the
recovery or survival standards are met (Table 4-3) (the recovery standard is met when the probability of
exceeding the recovery threshold is 0.5 or greater; the survival standard is met when the probability of
exceeding the survival threshold is 0.7 or greater).

Table 4-3: Alpha-style (1957-1994) prospective results for the base case (1978-1994 conditions). 6™ best stock
for the survival and recovery standards are in bold. Results are based on 1 million samples.

criterion stock probability lower c.l. upper c.l SE

10-year quasi- |Imnaha 0.000 0.000 0.001 0.000

extinction | Minam 0.001 0.000 0.004 0.001

(prob. of < /Bear 0.002 0.000 0.008 0.002

SPAWNCT IN ANY 1 sh 0.655 0.527 0.784 0.065
of 10 years)

Sulphur 0.444 0.335 0.576 0.061

Poverty 0.000 0.000 0.002 0.001

Johnson 0.003 0.000 0.011 0.003

100-year  |Imnaha 0.058 0.000 0.415 0.111

quasi-  'Minam 0.072 0.003 0.341 0.090

extinction /g, 0.083 0.000 0.429 0.125

(prob. of <1 Infarsh 0.874 0.659 0.997 | 0.093

SPawner I anyfq iphur 0.807 0.625 0972 | 0.094
of 100 years)

Poverty 0.164 0.004 0.690 0.180

Johnson 0.156 0.007 0.608 0.169

24-year Imnaha 0.408 0.224 0.591 0.095

survival  |Minam 0.479 0.328 0.626 0.075

Bear 0.285 0.157 0.443 0.078

Marsh 0.151 0.070 0.255 0.047

Sulphur 0.172 0.081 0.279 0.051

Poverty 0.297 0.165 0.448 0.073

Johnson 0.283 0.160 0.426 0.068
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criterion stock probability lower c.l. upper c.l. SE
100-year  |Imnaha 0.377 0.127 0.612 0.128
survival  \Minam 0.455 0.247 0.637 0.098
Bear 0.336 0.123 0.554 0.119
Marsh 0.161 0.029 0.365 0.091
Sulphur 0.224 0.072 0.380 0.081
Poverty 0.251 0.081 0.456 0.100
Johnson 0.274 0.108 0.455 0.090
24-year Imnaha 0.019 0.000 0.079 0.022
recovery  \Minam 0.022 0.001 0.079 0.021
Bear 0.008 0.000 0.039 0.011
Marsh 0.001 0.000 0.007 0.002
Sulphur 0.005 0.000 0.022 0.007
Poverty 0.006 0.000 0.029 0.009
Johnson 0.019 0.000 0.072 0.019
48-year Imnaha 0.018 0.000 0.084 0.024
recovery  \Minam 0.021 0.001 0.084 0.022
Bear 0.012 0.000 0.054 0.016
Marsh 0.003 0.000 0.018 0.006
Sulphur 0.008 0.000 0.039 0.011
Poverty 0.005 0.000 0.027 0.009
Johnson 0.019 0.000 0.080 0.021

4.1.3 Sensitivity Analysis

We performed sensitivity analysis on the Alpha-style (1957-1994) model using constant Am values (i.c.,
applied in each year of the simulation period) to determine how large a boost to the Ricker-a’s would be
necessary for the Snake stocks to meet the jeopardy standards, and to serve as a surrogate for other
actions by mapping their hypothesized Am values to these generic results. We generated two sets of
results, using two possible starting years for determining quasi-extinction and 1995 BiOp survival and
recovery measures. One possibility is to start the determinations in simulated year 2000 (e.g. the 24-year
survival probability would be determined over simulated years 2000-2023), the first year for which we do
not have spawner estimates. Another possibility is to start in 1996 (e.g. the 24-year survival probability
would be determined over simulated years 1996-2019), the year that was used in previous PATH
analyses. If 1996 is used as the starting year, the first four years (1996-1999) would use actual spawner
estimates for those years, rather than simulated numbers. All of the rest of the results in this report
assume a starting year of 2000.

Meeting the 24-year survival standard would require a Ricker-a boost of 2.0, the 100-year survival
standard, a boost of 0.8, and the 48-year recovery standard, a boost of 1.15 (Table 4-4; results for the 6™
best stock are summarized in Figure 4-2). Especially troubling is the 24-year survival standard result,
which implies that the current recruits per spawner at low spawning densities must be multiplied by a
factor of 7.4 before the standard is met. In fact, increasing the Ricker-a values by 2.0 would mean
increasing the average Snake River Ricker-a to 2.51, which is greater than the average Ricker-a for brood
years 1957-1970 (2.26). The poor performance of the Marsh and Sulphur Creek populations is responsible
for this very large necessary increase in the Ricker-a value. These stocks have the lowest average spawner
counts for 1995-1999 among the seven Snake index stocks (Table 4.5). Marsh Creek generally has the
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highest probability of extinction and the least probability of meeting its recovery and survival escapement
targets (Table 4-3). This is likely due to the fact that both its average Ricker-a over 1978-1994 and its
initial spawners (averaged over 1995-1999) are relatively low (Table 4.6).

Note that for Sulphur Creek and Johnson Creek stocks, there is a slight increase in 100-year quasi-
extinction probability when Am is increased from 1.5 to 2.0, which at first glance appears
counterintuitive. This probably occurs because when spawner numbers are sufficiently large, the rate of
recruitment (recruits-per-spawner) nears zero due to overcompensation — a characteristic of the Ricker
curve (Quinn and Deriso 1999). The Ricker curve practically falls to the X-axis at high enough levels of
spawners, so that reproduction is completely eliminated. Notice that for Sulphur Creek and Johnson
Creek, the Ricker-b’s are large (Table 4-2), thus the effect of overcompensation (the slope of the
predicted line of In(R/S) vs. S) is large. As the Am increases, recruitment becomes more variable, and the
probability that overcompensation will produce zero recruits increases. Apparently, when Am is
sufficiently large, this overcompensation effect increase the probability of extinction.

Included in the sensitivity analysis is an estimate of how the jeopardy probabilities and quasi-extinction
probabilities would change if climate conditions returned to their mean (as predicted by the delta-style
model). We found that this change would be insufficient for the index stocks to meet any of the jeopardy
standards. To do this, we increased Am by 0.16, which is the increase in the Am necessary to achieve
mean climate conditions as predicted by the delta-style model. Specifically, it is the magnitude of the
mean delta time series over brood years 1976-1990, representing the climate effect on the downriver
stocks. One must make the assumption that with a return to “normal” climate conditions, that this minor
increase also applies to the Snake River stocks (that there is no Snake-specific “extra mortality” due to
climate).

Table 4-4: Probabilities of meeting escapement targets as Ricker-as increase. Time periods for quasi--extinction
and survival/recovery determinations start in 2000. Results are based on 1000 samples.

Delta m
Criterion Stock 0.00 0.16 1.00 1.50 2.00
10-year  |Imnaha 0.000 0.000 0.000 0.000 0.000
extinction  |Minam 0.001 0.000 0.000 0.000 0.000
Bear 0.002 0.001 0.001 0.001 0.001
Marsh 0.672 0.654 0.491 0.434 0.377
Sulphur 0.465 0.431 0.299 0.254 0.218
Poverty 0.000 0.000 0.000 0.000 0.000
Johnson 0.008 0.005 0.001 0.001 0.001
100-year |Imnaha 0.053 0.016 0.000 0.000 0.000
CRI  IMinam 0.072 0.019 0.002 0.003 0.004
extinetion g 0.066 0.019 0.001 0.001 0.001
Marsh 0.880 0.807 0.563 0.514 0.462
Sulphur 0.817 0.737 0.529 0.511 0.532
Poverty 0.163 0.053 0.000 0.000 0.000
Johnson 0.136 0.054 0.014 0.051 0.124
24-year |Imnaha 0.414 0.490 0.782 0.842 0.869
survival  |Minam 0.475 0.544 0.785 0.835 0.852
Bear 0.290 0.359 0.663 0.750 0.792
Marsh 0.154 0.195 0.476 0.605 0.682
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Delta m
Criterion 0.00 0.16 1.00 1.50 2.00
Sulphur 0.179 0.224 0.483 0.590 0.647
Poverty 0.293 0.361 0.707 0.793 0.833
JolStagk 0.284 0.353 0.668 0.747 0.781
100-year |Imnaha 0.378 0.510 0.888 0.934 0.951
survival  [Minam 0.447 0.555 0.857 0.899 0.906
Bear 0.340 0.470 0.857 0.914 0.936
Marsh 0.161 0.264 0.772 0.861 0.892
Sulphur 0.226 0.315 0.678 0.761 0.792
Poverty 0.244 0.373 0.846 0.914 0.940
Johnson 0.273 0.386 0.785 0.852 0.869
24-year |Imnaha 0.017 0.048 0.686 0.914 0.979
recovery  |Minam 0.011 0.045 0.585 0.815 0.894
Bear 0.012 0.029 0.555 0.891 0.973
Marsh 0.002 0.004 0.271 0.677 0.912
Sulphur 0.002 0.015 0.375 0.648 0.782
Poverty 0.008 0.019 0.579 0.913 0.982
Johnson 0.013 0.038 0.682 0.869 0.918
48-year |Imnaha 0.020 0.046 0.698 0.925 0.984
recovery  |Minam 0.021 0.060 0.581 0.819 0.903
Bear 0.012 0.040 0.641 0.897 0.979
Marsh 0.004 0.010 0.554 0.844 0.935
Sulphur 0.009 0.028 0.449 0.695 0.801
Poverty 0.004 0.017 0.610 0.908 0.980
Johnson 0.009 0.041 0.670 0.877 0.910

Table 4-5:

Probabilities of meeting escapement targets as Ricker-as increase. Time periods for quasi--extinction

and survival/recovery determinations start in 1996. Results are based on 1000 samples.

Delta m
Criterion Stock 0.00 0.16 1.00 1.50 2.00
10-year  |Imnaha 0.000 0.000 0.000 0.000 0.000
extinction  |Minam 0.000 0.000 0.000 0.000 0.000
Bear 0.002 0.001 0.001 0.001 0.001
Marsh 1.000 1.000 1.000 1.000 1.000
Sulphur 1.000 1.000 1.000 1.000 1.000
Poverty 0.000 0.000 0.000 0.000 0.000
Johnson 0.003 0.003 0.001 0.001 0.001
100-year |Imnaha 0.053 0.013 0.000 0.000 0.000
CRI |Minam 0.069 0.018 0.002 0.003 0.004
extinction g 0.062 0.015 0.001 0.001 0.001
Marsh 1.000 1.000 1.000 1.000 1.000
Sulphur 1.000 1.000 1.000 1.000 1.000
Poverty 0.157 0.051 0.000 0.000 0.000
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Delta m
Criterion 0.00 0.16 1.00 1.50 2.00
Joltank 0.128 0.050 0.013 0.047 0.118
24-year |Imnaha 0.388 0.443 0.670 0.723 0.748
survival  |Minam 0.438 0.490 0.679 0.723 0.739
Bear 0.274 0.324 0.553 0.631 0.671
Marsh 0.169 0.196 0.390 0.493 0.564
Sulphur 0.141 0.172 0.363 0.454 0.507
Poverty 0.330 0.380 0.643 0.717 0.754
Johnson 0.277 0.328 0.572 0.642 0.673
100-year |Imnaha 0.373 0.500 0.861 0.905 0.922
survival  |Minam 0.440 0.543 0.832 0.872 0.880
Bear 0.336 0.460 0.830 0.886 0.906
Marsh 0.165 0.262 0.748 0.834 0.864
Sulphur 0.216 0.301 0.649 0.729 0.758
Poverty 0.255 0.378 0.830 0.896 0.921
Johnson 0.273 0.380 0.762 0.826 0.844
24-year |Imnaha 0.021 0.043 0.658 0.896 0.970
recovery  |Minam 0.021 0.042 0.576 0.798 0.881
Bear 0.005 0.017 0.459 0.830 0.973
Marsh 0.000 0.001 0.144 0.454 0.785
Sulphur 0.002 0.008 0.284 0.601 0.791
Poverty 0.004 0.017 0.507 0.897 0.979
Johnson 0.014 0.046 0.623 0.883 0.926
48-year  |Imnaha 0.016 0.044 0.708 0.920 0.985
recovery  (Minam 0.015 0.039 0.556 0.803 0.882
Bear 0.011 0.042 0.648 0.888 0.977
Marsh 0.001 0.012 0.519 0.851 0.933
Sulphur 0.006 0.023 0.433 0.693 0.777
Poverty 0.003 0.011 0.615 0.907 0.981
Johnson 0.018 0.042 0.652 0.863 0.914
1.0 > 1.0
£ 0.9 = 0.9
28 o —— s
2% o5 ——"|1g% o5 A
23 o4 _— 88 g4
°8 03 — 3 03
:,% 0.2 i/ —» Start 2000 § 02 | o Start 2000
~ g:; | | M*‘ ® z; -:-/ | | - Start 19%:
Delta-m 0.0 0.5 1.0 1.5 2.0 |Delta-m 0.0 0.5 1.0 1.5 2.0
Surv. imp. 1X 1.6X 2.7X 4.5X 7.4X | |Surv.imp. 11X 1.6X 2.7X 4.5X 7.4X

Figure 4-2:  Probabilities of exceeding survival (left) and recovery (right) thresholds for the 6" best stock in each
case, for various Am values. Am values are applied in every year of the simulation.
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Table 4-6: Average Ricker-as (1978-1994) and average initial spawners (95-99)

Ricker-a Spawners
Imnaha 0.569 246
Minam 0.857 127
Bear 0.656 148
Marsh 0.469 58
Sulphur 0.789 42
Poverty 0.490 226
Johnson 0.608 95

4.2 Evaluation of Generic Actions

This section presents the results from power/precision analyses of a variety of “generic” management
actions. The purpose of these is not to evaluate the formal statistical power of any particular action, but
rather to see how long one would need to monitor some generic actions (with relatively simple schedules
of Am values) to observe an effect, measured as a change in average recruits per spawner. Results in this
section use the 1957-1994 alpha-style model (with year effects drawn from 1978-1994) because:

a) power analysis with the delta-style model is complex

b) the differences in results for the Alpha-style and Delta-style models are not large (see Section
4.2.6), and

¢) we did not have data for lower Columbia stocks from 1991-1994.
We examined a set of six generic action/model combinations:

1) Alpha-style Model, 1957-94 data, 1978-94 year effects; Am values alternate between “on” (Am
=1.0, treated as a known constant) and “off” (Am =0) years (Section 4.2.1);

2) As above, with the “on” Am value uniformly distributed between 0.5 and 1.5 (Section 4.2.2);
3) Asin (1), but with measurement error reduced to zero after 1999 (Section 4.2.3);
4) Asin (1), but with 5 years “on” alternating with 5 years “off” (Section 4.2.4);

5) Similar to (1), but using the delta-style model with spawner-recruit data through 1990 (run
reconstructions for downriver stocks are complete only to 1990) (Section 4.2.5); and

6) Action effect alternates between 1.0 and 0 for 10 years, then stays at 1.0 for the duration of the
simulation period.

Results suggest that differences among the 6 generic models are modest. They also suggest that at least 5
“on” (treatment) years will be needed if decision makers wish to be reasonably certain that an action is
having some effect on recruitment, at least if no auxiliary information is used in the decision (see
Section 4.4). By this we mean having a greater than 95% probability that the actual effect is > 0. Recall
that a Am of 1 is equivalent to a 2.7-fold increase in spawner to recruit survival, a very substantial change.
Also, because recruits return up to five years after their parents have spawned, one should add five to the
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number of years in all tables, etc. for this section, since all numbers refer to brood years over which one
would carry out an experiment. For example, an experiment requiring 10 brood years will have its final
results 15 years after the action commences.

Although the results in this section focus on what could be learned from the experimental actions, we
have also generated population projection summaries (jeopardy standards and quasi-extinction metrics).
Note that these metrics assume that the experimental action will be maintained over the entire 100-year
simulation. With the possible exception of the drawdown actions, this assumption is probably not
realistic, because if one discovers a suite of actions that works in the sense of meeting survival and
recovery requirements one likely would not continue with the original on/off experiment. Instead, one
would either decide on a “final” course of action or modify the action(s) and monitoring scheme(s) based
on newly acquired information. For comparison, we consider a hypothetical scenario of this type in
Section 4.2.6. However, a formal analysis of this type of multi-stage decision analysis is beyond the scope
of the current report. The population metrics included here may thus be viewed as a relative index of the
biological consequences of experimental actions for the stocks, if the actions were continued indefinitely.

All of the population metrics are summarized in Appendix E. For comparison, and as an example of how
these population metrics can be summarized along with the power analyses, we have included the 24-year
survival and the 48-year recovery result for each action in this section. We report the result for the
Sulphur Creek stock, because in most cases this was the 6" best stock.

4.2.1 0in even years, 1 (exactly) in odd years.

Table 4-7 shows the series of Am’s that we assume apply to spawner-recruit survival. As in most other
cases in Section 4.2, we assume that the first treatment year is 2001, and that treatment and control years
alternate in a 0/1/0/1, etc. fashion for the life of the experiment.

Table 4-7: Series of Am’s applied to spawner-recruit survival.
Action Year Am (change in surv.)
Generic 0/1 2000 0 (0X)

2001 1(2.7X)

2002 0 (0X)

2003 1(2.7X)

Etc.

Learning

The mean and standard deviation for simulated Am’s are shown in Table 4-8. If one employs the usual
null hypothesis — namely, that one would want a <5% chance of rejecting the null hypothesis of no
change in R/S survival relative to the base case (recall that the base case is the average of 1978-1994),
when it has in fact changed — then 5 treatment years (ending the experiment in 2009) may be sufficient.
This result may be obtained simply by multiplying the standard deviation of 0.497 by a t-score of 1.96,
then subtracting the product from the mean Am (i.e. 0.976 — (0.497*1.96) < 0.05).
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Table 4-8: Results of generic action 1 (Am = 0/1 in odd years).

Year
Ar.n Experiment # Of Treatment Estimated Am Std. Dev.
(change in surv.) Years

Ends

1 2009 5 0.976 0.497

2.7X) 2013 7 0.984 0.429

2019 10 0.999 0.349

2029 15 0.994 0.287

However, if decision makers want more precise estimates of Am, or are interested in whether or not Am
exceeds some cut-off (e.g., 0.9), then many more years of experimentation would be needed. Figure 4-3
shows how the distribution of simulated values of Am tighten as more years are added to the experiment.
The gray box in that figure represents the range of Am containing 90% of the estimated values. After 6
years (i.e., experiment ending in 2005), there is a 90% chance that the estimated Am will be between 0
(this equates to a survival rate = average 1978-1994 survival rate) and +2 (7.4X base case survival rate).
However, after about 20 treatment years, there will be a 90% chance that the estimated survival rate is
between 1.6X (Am = 0.5) and 4.5X (Am=1.5) the base case.

3 20X ¢
c

3

P I 74X 2
T T 8

g 4 27x 3
)

€ <

0 1 — 1x 3
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1 04x =

2005 2009 2015 2019
Experiment ends in year

Figure 4-3:  Distribution of Am’s as the # of treatment years changes.

The distributions in Figure 4-3 can be used as the basis for making some judgements about how long this
generic 0/1 on/off experiment needs to be run to detect values of Am that reflect the risk preferences of
decision-makers. Earlier in Section 3.3 we presented three example criteria for illustration:

1) Require the experiment to have no negative effect on survival. In this case, decision makers

would want to know the probability of detecting Am = 0, and how this probability changes as the
experiment goes on. Looking at Figure 4-3, one can see that there is around an 80% chance of

detecting Am = 0 after only 1 treatment year.
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2) Require the estimated Am to be 80% of its hypothesized effect. In this generic action the
hypothesized effect is 1.0, so one would use the distributions in Figure 4-3 to estimate how the

probability of estimating Am = 0.8 changes as the experiment is run.

3) Require the experiment to have a 0.8 probability or greater of estimating a critical value of Am
that minimizes the probability (statisticians generally like this probability to be less than 0.05) of
incorrectly concluding that there is an effect, when in fact the action has no effect. For this
generic action, the critical value is calculated as 1.64 * the standard deviation of the distribution
of estimated Am’s (i.e. Am* = 1.64*0.497 = 0.82 for a 10-year 1/0 on/off experiment, from

Table 4-8).

Probability of detecting these effect sizes (Am = 0, 0.8 of true, Am*) over time are shown in Figure 4-4.
Decision-makers can use this graph to decide how long this experiment should run to achieve a desired
level of certainty in detecting these “critical” effect levels. For example, if decision-makers want to be
95% confident that this action is at least doing no harm (i.e., has a 95% probability that Am is at least 0),
one would need to run the experiment for at least 6 years. Or, applying the standard statistical criteria, one
would need to run the experiment for 16 years to have at least an .8 probability of detecting the critical

Am value.

Probability of detecting three effect sizes
Generic 1/0 on/off action

&0
=
=
(>
]
3
o
=]
£
=
] d
S 0.20 —o— delta-m>= 0 (survival > '78-'94 ave.)
& —o— delta-m >= 80% of hypothesized

0.10 1 —o— delta-m>= critical delta-m

0.00 T T T T T
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Length of experiment

Figure 4-4:  Probability of detecting three example effect sizes of Am’s as the length of the experiment changes.

This analysis can be extended to other Am values implemented in an on/off pattern. Figure 4-5 shows the
probability of estimating critical Am for a range of true Am values from 0 to 5, and for lengths of
experiments up to 40 years. Probabilities of estimating Am* increase as true Am increases, and as the
length of the experiment increases. For example, it would require 30 years of on/off experiments to get a
0.8 probability of detecting critical Am (0.8 probability is generally desired when designing experiments)
if the true value of Am was 0.5. However, it would only take about 7 years to get 0.8 probability if the

true value of Am was 2.0.
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Figure 4-5. Probabilities of detecting critical Am values for various true Am values and lengths of experiments.

Biological

The probability of meeting the 24-year survival standard for the Sulphur Cr. stock is 0.35. Results for
other stocks range from 0.33 (Marsh Creek) to 0.67 (Minam). Probability of meeting 48-year recovery
standard for Sulphur is 0.15 (range 0.14 to 0.32). Again, these measures are intended only as a relative
index of risk to the stock, and assumes that the experiments continue at least 48 years into the future.
Consequently, the value is independent of the length of the experiment in Table 4-8.

Overall Summary

Learning and biological results are summarized in Table 4-9. This table shows the true Am (and the
corresponding change in survival, relative to the base case), several possible durations of the experiment
and the corresponding # of years in which the treatment is applied, and the mean and standard deviation
of the estimated Am for each experimental duration. The summary table also shows the probability of
detecting Am = 0, Am = 80% of hypothesized values, and Am > Am* (where Am* = 1.64 * std. deviation
of the estimated Am) after each experimental duration. These probabilities summarize the information
from Figures 4-3 and 4-4. Finally, the summary table includes 24-year survival and 48-year recovery
probabilities for Sulphur Creek stock. Results for the rest of the actions (the rest of Sections 4.2 and 4.3
of this report) are summarized in tables with a similar format as Table 4-9.

Table 4-9: Results of generic action 1 (Am = 1,0,1,0 etc.).
"True" v ” Prob. of exceeding
rue ear
Am Exp. |Treatment| Est.Am Std. Dev. of | Prob Prob Prob . 24-year | 48-year
(Asurv.) | Ends Years est. Am | (Am20) | (Am20.8) | (Am=Am*) | Qurvival |Recovery
(Sulphur) |(Sulphur)
1 2009 0.976 0.497 0.98 0.66 0.65
2.7X) | 2013 0.984 0.429 0.99 0.68 0.76 035 o
2019 10 0.999 0.349 1.00 0.72 0.89 ' )
2029 15 0.994 0.287 1.00 0.76 0.97
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4.2.2 Allow Am to vary around a mean value of 1

One obvious limitation of the preceding action is that, even with a carefully designed experiment, the
“true” Am may vary among treatment years. For example, the effects of transportation may depend in part
on in-river flows or ocean conditions. If that were true, then the effects of modifying transport regimes
could vary over time, in ways that would not be apparent when the experiment is designed.

As a simple approximation to this, we examined a case where the mean Am varies as previously (0/1/0/1
...), but the treatment effect is drawn from a distribution with mean=one, and is uniformly distributed
between 0.5 and 1.5. For any given year and sample, the Am is the same for all seven index stocks.
However, it varies across years (within a sample) and across samples. Results are shown in Table 4-10.

Table 4-10:  Results of generic action 2 (allow Am to vary around a mean value of 1).
v ) Prob Prob. of exceeding
”" " ear ro
Tzue Am Experiment| Treatment| Est. Am Std. tD ZV' of i’r(;l:) API;O(I; 8 (Am= 24')’?31' 48-year
(Asurv.) Ends Years est. Am (Am=0) | (Am=0.8) Am*) | Survival | Recovery
(Sulphur) | (Sulphur)
1+/-0.5 2009 0.987 0.49 0.98 0.66 0.66
(1.6-4.5X) 2013 0.983 0.424 0.99 0.68 0.76 0.35 0.15
2019 10 0.988 0.369 1.00 0.71 0.86 ' '
2029 15 0.994 0.301 1.00 0.75 0.95

The somewhat counter-intuitive result is that the power of the experiment is essentially the same as when
Am is constant at 1.0 exactly. There are two reasons for this. The first is the uniform distribution we
assumed for the Am’s: for every very small value (say, 0.501) that is drawn in the simulations, it is likely
that a very large value (e.g., 1.499) will also be used. In effect, these cancel out when calculating the
mean estimated mean value of the Am for any given simulation run. The second reason is that the
assumed variation in Am is rather modest in comparison to the widely varying year effects (see Figure 4-
1). As can be seen from the figure, the year effects vary from +1 to -3, which is a far greater range than
what we have assumed for the Am’s. This result is generally consistent with what we found for a similar
simulation for the power of carcass/nutrient experiments (see October 1999 EM report, Section 3.6). The
24-year survival measure is unaffected when variation in Am is included. If one assumes a much larger
variation in the Am’s, the results do change somewhat (not reported further).

4.2.3 Assume no measurement error after 1999

Previous PATH life-cycle modeling has assumed that approximately 40% of the apparent variation in
spawner to recruit survival is caused by measurement error of the estimated spawners. To say this a bit
differently, about 40% of the unexplained noise in R/S models may be associated not with process error
but with errors in estimated spawner numbers. This assumption is based on estimated correlations
between weir counts of adults and spawner estimates expanded from redd counts.

Originally, we had planned to complete a sensitivity analysis of what might happen to the accuracy of Am
estimates if this measurement error (and perhaps other possible errors) could be eliminated. Obviously,
the assumption that one could eliminate measurement error is very strong. It is very unlikely that one
could ever reduce it to zero. However, results in section 4.1 suggest that the year-to-year variation in the
m, estimates, not the variance of the estimates themselves, will be most important in determining the
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precision of the estimate of experimental effects. Therefore, even if measurement error were eliminated it
would be unlikely to increase the precision of the experimental response and thus the power of the
experiments.

4.2.4 5 years of continuous “treatment”

Another obvious question is whether or not other experimental designs might yield more information than
the alternating on/off design above. In addition, there may be some treatments that must run for several
years in a row due to logistical constraints. We examined a design where one alternates treatment and
control at 5-year intervals, as shown in Table 4-11.

Table 4-11:  Series of Am for 0/1 5 yrs on/off

>
8

Year

5-year off, 5-year on 2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

— e [t [ [ = | O O OO | === === O[O ||

Etc.

The power analysis results are essentially identical to the 0/1/0/1 ... design, as can be seen in Table 4-12.
On the one hand, one gains little additional precision by running experiments with several years in a row
of treatment followed by several control years. On the other hand, if logistical or other constraints require
such a scheme, little information would be lost thereby. However, results of this type of design may be
confounded if environmental effects are autocorrelated (i.e. good years tend to be followed by good years,
bad years tend to be followed by bad years).

The effect of either blocking treatment years or alternating them is not entirely neutral with respect to the
survival measure. Blocking the treatment years reduced this measure from 0.35 to 0.31. This difference is
small, but a similar response was shown by all other stocks (see Appendix E).
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Table 4-12:  Results for generic action 4 ( 0/1 5 yrs on/ofY).

T - 4 Prob Prob. of exceeding
"True" ear ro

>
Am  |Experiment| Treatment| Est. Am Std. Dev. Pr0>b (Am>0.8 of Prob (fm_ 24-year 48-year
(A surv.) Ends Years of est. Am| (Am=0) true) Am*) Survival | Recovery
(Sulphur) | (Sulphur)
1 2009 5 0.972 0.477 0.98 0.66 0.68 031 0.14
(2.7X) 2019 10 0.995 0.341 1.00 0.72 0.90 ' '

4.2.5 Use of Delta-style model

Power analysis with the delta-style model closely parallels that with the alpha-style model. However,
instead of comparing years effects (m;’s) in treatment and control years, one compares mu t’s (see
Section 3.4.2 for a description of the delta-style variation of the model). The results of one sensitivity are
shown in Table 4-13.

Table 4-13:  Results for generic action 5 ( Delta-style model; 0/1 on/off).

"True" 4 Std. D Prob. of exceeding
rue . Dev.
Am | Y3 EXPo |y tment| Est. Am | ofest. | FrOP Prob Prob o | 24-year | d8-year

(Asurv.) Ends Years Am | @m20)| (Am>0.8) | (Am>Am*) | Survival | Recovery

(Sulphur)| (Sulphur)
1
2.7X) 2009 5 0.9902 0.42 0.99 0.68 0.77 0.49 0.36

The use of the downriver stocks as a control, combined with the additional “structure” that is part the
delta-style model (see Section 3.4.2) results in a modest reduction in the standard deviation of the effect
size (from 0.49, Table 4-9) to about 0.42, while increasing the 24-year survival measure for Sulphur stock
from 0.35 (Table 4-9) to 0.49. All stocks but one showed a similar increase in the survival measure with
the Delta-style model. Note that for the delta-style model to work properly, spawner-recruit survival for
the downstream stocks as a group must not change systematically over the life of the experiment. Because
of the complexity of power analysis with the delta-style model, the similar results, and the lack of updated
run reconstruction data for downstream stocks, we carry out power analyses of specific actions (Section
4.3) only using the 1957-1994 alpha-style model, with year effects drawn from 1978-1994.

4.2.6 0/1 experiment for 10 years, then 1 thereafter

As noted in Section 4.2, if managers some years down the road believe that they have found a suite of
actions that show strong benefits for listed stocks, they would probably discontinue the experimental
mode of operation, and put those actions into operation full-time. In contrast, most of the results reported
here assume that the experiments will continue for decades.

As a point of comparison, we examine 24-year survival, 48-year recovery, and 100-year quasi-extinction
probabilities for three different actions. The first is the generic 0/1 “forever,” described in Section 4.2.1.
The second is the most optimistic drawdown action, a three-year delay followed by a permanent Am of
1.6 (see Section 4.3.6). The third is a 0/1 experiment, with 2001 being the first treatment year, and making
the action (whatever it may be) permanent in 2009. The Am series for the third action is therefore
identical to the 0/1 forever experiment (Section 4.2.1) for the first 10 years, but it then stays constant at
one from 2010 onward.
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The results are shown in Table 4-14. Both the drawdown and the third action are considerably more
optimistic than the 0/1 forever action. On the other hand, the differences between drawdown and the third
action, where the “1” goes on permanently in 2009, are for the most part fairly modest, with drawdown
having a slightly higher chance of meeting the PATH criteria.

Table 4-14:  Results for generic action #6 (0/1 for 10 years, then 1)

Generic #1: Drawdown Generic #6:
Stock 0/1 (forever) Am=1.6 0/1 (starting 2001) to 2009, then 1 thereafter
24-Year Survival Imnaha 0.65 0.73 0.70
Minam 0.67 0.74 0.72
Bear 0.52 0.62 0.57
Marsh 0.33 0.47 0.39
Sulphur 0.35 0.47 0.41
IPoverty 0.54 0.66 0.61
Johnson 0.52 0.63 0.58
48-Year Recovery  [Imnaha 0.32 0.95 0.70
Minam 0.25 0.84 0.58
IBear 0.23 0.92 0.64
Marsh 0.14 0.87 0.53
Sulphur 0.15 0.72 0.45
Poverty 0.20 0.94 0.61
Johnson 0.29 0.89 0.67
100-Year Extinction |[Imnaha 0.00 0.00 0.00
Minam 0.00 0.00 0.00
IBear 0.00 0.00 0.00
Marsh 0.73 0.71 0.71
Sulphur 0.65 0.65 0.62
Poverty 0.00 0.00 0.00
Johnson 0.01 0.06 0.02

4.3 Evaluation of Experimental Actions

As noted previously, these results should be considered to be worked examples, rather than the final word
on how one would design real, on-the-ground experiments. Most results are presented in terms of how
precise the estimates of the treatment effects — the Am’s — are likely to be if one uses only S/R data, and
probabilities of detecting three example effect sizes.

As in the last section, we have also included the 24-year survival and 48-year recovery result for Sulphur
Cr. as a relative index of risk and as an example of how these population metrics can be summarized
along with the power analyses.

4.3.1 Base Case (Continue 1978-1994 conditions)

Because this action is essentially maintaining 1978-1994 conditions, Am=0 and there is no overall effect
to detect in the spawner-recruit data. However, one can calculate the tagging effort needed to detect
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changes in D values, as estimated with Transport:Control ratios. Therefore, for this action the learning
opportunities are discussed in terms of the number of PIT-tagged fish needed to detect various estimates
of D and related issues, rather than the precision of estimates of Am. We also show the 24-year survival
and 48-year recovery results for Sulphur Creek, for comparison with the other experimental actions (these
results are extracted from Table 4-15).

Required PIT-tag sample sizes for estimating D

This analysis is focussed on estimating D in a single year. If the intent is to estimate a mean D value over
longer time periods, then there are other factors that must be considered. Some of these factors and their
implications are discussed in the following section and in Appendix F.

The number of PIT-tagged fish required in treatment and control groups to ensure sufficient juveniles in
each group would depend on the desired power of the test, the significance level of the test, the passage
history groups being compared, whether the test were two- or one-sided, the desired minimum detectable
difference between the hypothesized and true relative values of post-Bonneville survival, and the overall
smolt-to-adult return rate. In determining required sample sizes, one would want to focus on D values that
are critical for distinguishing between alternative actions. However, identifying these critical values at
this point is difficult because:

e analyses of D are ongoing

e critical D values include the historical estimates, and no amount of future information is going to

tell us what D was in the past
¢ we have not yet updated the modeling results with the recent (1996-1999) spawner-recruit data.

For purposes of illustrating required sample sizes, we have used hypothesized values of 0.35 and 0.65.
Required sample sizes for these hypothesized (one-sided) D values, various true D values (generically,
ratios of SARs), and expected return rates are given in Table 4.3.1-1.

Table 4-15:  Number of PIT-tagged fish required in treatment and control groups in each year to ensure sufficient
adult returns in each group, assuming 50% survival from head of Lower Granite Reservoir to
Bonneville Dam tailrace for control fish. Test is one-sided, significance level is o = 0.05, and power

is (1-B) = 0.80.
Expected LGR-to-LGR SAR for transported (treatment) group (%)
Null = TrueD ) o 0.50 0.75 1.00 1.50 2.00
Hypothesis value
T: 277,600 T: 138,800 T:92,534 T:69,400 T:46,267 T:34,700
< B > > B > >
DO <0.35 0.40 C: 222,080 C: 111,040 C:74,027 C:55,520 C:37,014 C:27,760
0.50 T:39,200 T:19,600 T:13,067 T:9,800 T:6,534 T:4,900
: C:39,200 C:19,600 C:13,067 C:9,800 C:6,534 C:4,900

0.60 T:17,200 T: 8,600 T: 5,734 T: 4,300 T: 2,867 T: 2,150
' C:20,640 C:10,320 C: 6,880 C:5,160 C: 3,440 C:2,580
0.70 T:10,400 T: 5,200 T: 3,467 T: 2,600 T: 1,734 T: 1,300
' C:14,560 C: 7,280 C: 4,854 C: 3,640 C:2,427 C: 1,820
0.80 T: 7,600 T: 3,800 T: 2,534 T: 1,900 T: 1,267 T: 950
' C:12,160 C: 6,080 C: 4,054 C: 3,040 C: 2,027 C: 1,520
0.90 T: 5,600 T: 2,800 T: 1,867 T: 1,400 T: 934 T: 700
. C:10,080 C: 5,040 C: 3,360 C:2,520 C: 1,680 C: 1,260
1.00 T: 4,800 T: 2,400 T: 1,600 T: 1,200 T: 800 T: 600
. C: 9,600 C: 4,800 C: 3,200 C: 2,400 C: 1,600 C: 1,200
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Expected LGR-to-LGR SAR for transported (treatment) group (%)

D. <0.65 T: 900,800 |T:450,400 |T:300,267 T:225,200 |T:150,134 (T: 112,600
<0 0.70 , . . ) . .
0 C: 1,261,120 |C: 630,560 [C:420,374 |C:315,280 |C:210,187 |C: 157,640

T: 114,800 T:57,400 T:38,267 T:28,700 T:19,134 T:14,350

0.80 C: 183,680 |C:91,840 C:61,267 C:45,920 C:30,614 C:22,960
0.90 T:46,800 T:23,400 T:15,600 T:11,700 T: 7,800 T: 5,850

C:84,240 C:42,120 C:28,080 C:21,060 C:14,040 C:10,530
1.00 T:26,800 T:13,400 T: 8,934 T: 6,700 T: 4,467 T: 3,350

C:53,600 C:26,800 C:17,867 C:13,400 C: 8,934 C: 6,700

The required total number of PIT-tagged fish released at or above Lower Granite Dam to achieve the
numbers required in Table 4-15 will depend on how treatment and control groups are constructed. For
example, in recent years around 10% to 15% of in-river fish have migrated undetected at Snake River
dams and McNary Dam. Thus, if the control group for a particular test were to be made up of only never-
detected fish, the total release for control group would be 8 to 10 times the “C” indicated in Table 4-15.
Alternatively, the never-detected group could be increased by modifying downstream dams or their
operations; operating in primary bypass mode or having all guidance screens removed.

Considering projections of potentially greater adult return rates in the next few years, another 5 years of
marking large numbers of juvenile fish will provide information for answering some broad-scale
questions. For example, if the mean annual value of D is actually 0.8, another 5 years of data will very
likely allow us to rule out the value 0.35. To distinguish between mean values of 0.7 and 0.8, however,
would take much longer. The following section and Appendix F present some estimates of how long it
would take to make such finer-scale distinctions with varying degrees of confidence.

Effect of assuming project-specific D’s and including intra-annual variance on ability to
estimate D

The analysis to derive the number of PIT-tagged smolts needed to test particular hypotheses about ‘D’
with a desired amount of power (summarized above and described fully in Appendix A.1) is designed for
a one-project experiment (LGR), and assumes that only sampling error affects the ability to estimate a
relevant D. In currently available PIT-tag data comparing SARs of transported and non-transported
smolts, a significant number of fish were transported at four projects (LGR, LGS, LMN) in 1994 and
three projects (LGR, LGS, LMN) in 1995 and 1996. These data suggest that:

a) D differs depending on the project from which smolts are transported. Therefore, an estimate of D
for LGR only may not be a good estimate of the D that the aggregate Snake River population
experiences; and

b) inter-annual variance in D at a given project, due to a combination of sampling and process error,
may be quite large (e.g., see Bouwes et al. 1999), particularly for individual spawning stocks
where spawning escapements have been extremely low in recent years. This variance may affect
the length of time and/or number of PIT-tagged fish needed to reliably measure D.

We conducted analyses of recent PIT-tag data to address the effects of each of these on the results. The
complete analyses and results are provided in Appendix F; here we present only a summary of the major
conclusions:

i) An estimate of LGR D is a reasonable approximation to overall D under the transportation
scenarios analyzed, given the findings so far that LGR D and LGS D are very similar. LGS D is
important because the proportion destined to be transported at LGS ranges from about 16% to
29%, depending on scenario and FGE assumption. Assumptions about D at LMN and MCN have
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little effect, because the maximum average contribution of LMN is about 10%, and from MCN
5% or less (0% under A1l).

ii) Under status quo scenarios, it will likely take many more years to determine with high or even
moderate confidence whether the true future D value will be sufficient to give the Snake River
stocks an acceptably high probability of survival and recovery than it would take to simply
determine whether D was closer to 0.35 or 0.65 (Figure 4-6). A high D value alone would not
necessarily indicate that there is a high chance of survival and recovery under transportation-
based options; see Bouwes et al. (1999) for other necessary assumptions.

Confidence (1 - significance) that true D is > .65,
for for different observed D's at LGR
100% e ==
.I, P - P -

0% —7F = - - -Dobs =.725
8 . —Dobs =.75
E80% |t + obs = .
.-8 /’II - - 'DObS = 8
E70% —— ==~ - -Dobs = .85
060‘7 / == — - -Dobs = .9

(Y -
50% T T T T T T T
0 10 20 30 40 50 60 70 80
Years of Data

Figure 4-6:  Confidence level that true D is > 0.65 at LGR for different future observed geometric means of D for
a time series of given length.

Biological

This action constitutes a base case scenario, where 1978-1994 operations and conditions are assumed to
continue into the future. This is equivalent to the base case defined and analyzed in Section 4.1.2, and
results for all performance measures and stocks are presented in Table 4-3. Under these assumptions, the
24-year survival measure for Sulphur Cr. stock was 0.17; the 48-year recovery measure was 0.008. Both
of these values are below the standard of 0.7 (survival) of 0.5 (recovery).

4.3.2 Modify transportation, measure changes in SARs

The increase in SAR for both modify transport actions (delay arrival of smolts in estuary; separate
wild/hatchery smolts in barges) is assumed to be approximately 1.2-fold. Assuming that this translates
directly into a Am of 0.2 (=In(1.2)) for the seven index stocks, one can calculate how long it would take to
estimate this reliably using stock-recruit data alone. By this we mean that if the mean effect size is 0.2,
one would want a standard error of about 0.1 to be able to reject the null hypothesis that the effect size is
zero with probability < 0.05.

One can calculate an approximate answer using the equation from Section 4.1:

Var (Am estimate) = var(m, series) * (1/nl + 1/n2) 9]
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where nl is the number of control years and n2 is the number of treatment years. In this case, the
variance is 0.1°2, or 0.01. If n1 and n2 are equal, and the variance in the m, series is 1.044, as reported in
Section 4.1, then:

0.01 = 1.044 * (1/nl + 1/n2) [10]

so nl and n2 must be approximately 200: the experiment would need 200 control years and 200 treatment
years (400 years total) to detect the effect reliably. This seems to us to be well beyond all but the longest
of planning horizons. It strongly suggests using PIT-tag SAR’s directly to measure the action effects. The
following section reports required PIT-tag sample sizes for estimating effects of separating hatchery
steelhead and wild chinook in barges. Effects are measured in terms of relative SAR values, which in
turn could be used to estimate incremental changes in D. ). The difference is survival is represented by a
“survival ratio”, which is the ratio of the SAR of separated fish : SAR of non-separated fish.

Required PIT-tag sample sizes for estimating D

Sample size requirements were determined using methods similar to those described in Section 3.1.1. The
number of returning adults needed in each group (treatment and control) is calculated

_ 2-(Z(l_ﬁ) +zm)2
(InR" —InR,)

[11]

where R is the “true” ratio of SARs (SAR;/SAR(), R, is the ratio hypothesized under the null hypothesis,
(1- B) is the power, and a is the significance level. Once the n is determined, SARs must be assumed to
determine the number of smolts to tag for the treatment and control groups. Table 4-16 provides yearly
sample sizes for treatment and control groups under various assumptions. See Appendix F for discussion
of factors affecting estimation of D over multiple years.

Table 4-16:  Numbers of PIT-tagged fish required yearly in treatment and control groups to detect hypothesized
levels of effects of the treatment under various assumed SARs (for control fish), and hypothesized
and true levels of the effect. The control group is fish transported under current operations. The
treatment group is wild spring/summer chinook transported separate from steelhead. The ratio is of
the SAR of the treatment groups to the SAR of the control groups. The significance level is o =
0.05, and the power is (1-) = 0.80.

Hypothesized Ratio = 1.2

Expected LGR-LGR SAR for control
True Ratio | Adults needed 0.25 0.5 0.75 1 1.5 2
1.25 7421 cont.: 2,968,400 1,484,200 989,467 742,100 494,733 371,050
treat.: 2,374,720 1,187,360 791,573 593,680 395,787 296,840
1.3 1930 cont.: 772,000 386,000 257,333 193,000 128,667 96,500
treat.: 593,846 296,923 197,949 148,462 98,974 74,231
1.35 892 cont.: 356,800 178,400 118,933 89,200 59,467 44,600
treat.: 264,296 132,148 88,099 66,074 44,049 33,037
1.4 521 cont.: 208,400 104,200 69,467 52,100 34,733 26,050
treat.: 148,857 74,429 49,619 37,214 24,810 18,607
1.5 249 cont.: 99,600 49,800 33,200 24,900 16,600 12,450
treat.: 66,400 33,200 22,133 16,600 11,067 8,300
1.6 150 cont.: 60,000 30,000 20,000 15,000 10,000 7,500
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treat.: 37,500 18,750 12,500 9,375 6,250 4,688
1.8 76 cont.: 30,400 15,200 10,133 7,600 5,067 3,800
treat.: 16,889 8,444 5,630 4,222 2,815 2,111
2 48 cont.: 19,200 9,600 6,400 4,800 3,200 2,400
treat.: 9,600 4,300 3,200 2,400 1,600 1,200
Hypothesized Ratio = 1.0
Expected LGR-LGR SAR for control
True Ratio | Adults needed 0.25 0.5 0.75 1 1.5 2
1.1 1362 cont.: 544800 272400 181600 136,200 90,800 68,100
treat.: 495273 247636 165091 123818 82,545 61,909
1.2 372 cont.: 148800 74400 49600 37200 24,800 18,600
treat.: 124000 62000 41333 31000 20,667 15,500
1.3 180 cont.: 72000 36000 24000 18000 12,000 9,000
treat.: 55385 27692 18462 13846 9,231 6,923
1.5 76 cont.: 30400 15200 10133 7600 5,067 3,800
treat.: 20267 10133 6756 5067 3,378 2,533
Biological

Assuming a Am = 0.2 in every year, probabilities of exceeding survival and recovery thresholds are:
24-year survival (Sulphur) = 0.23 (Standard = 0.7)
48-year recovery (Sulphur) = 0.03 (Standard = 0.5)

4.3.3 Turn transportation on/off, measure D

The results of this analysis (only for life-cycle models, not “D” estimation) are shown in Table 4-17. The
standard deviation in the Am estimates is very similar to that for the generic on/off experiment (section
4.2.1). After only 10 years, the experiment has a > 90% chance of estimating some effect, and > 60%
chance of estimating 80% of the true effect. However, the probability of detecting a statistically
significant Am value does not meet the usual statistical criterion of 0.8, even after 20 years. This action
substantially reduces the chances of exceeding the survival and recovery thresholds because of the
assumed decline in survival in non-transport years.

Table 4-17:  Results for transportation on/off action.
Std. D Prob Prob. of exceeding
. Dev. ro
"True" Am |Year Exp. # Treatment Est. Am | of est. Prob (Am< Prob (Am| 24 year 48-year
(Asurv.) Ends Years Am | (Am=0) -0.55) | SAM®) | Survival Recovery
(Sulphur) (Sulphur)
-0.69 2009 5 -0.712 0.496 0.92 0.61 0.40
(0.5X) 2013 7 -0.705 0.428 0.95 0.63 0.49 0.10 0.00
2019 10 -0.69 0.348 0.98 0.65 0.63
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4.3.4 Carcass introductions / stream fertilization

We examined 3 different experimental designs for supplementation, as shown in Tables 4-18 and 4-19.

Table 4-18:  Control stocks the same for run of experiment Control stocks were Minam, Marsh, and Poverty;
Imnaha, Bear, Sulphur, and Johnson were treatment stocks.

Am
4
Treatment| 3 Control
Year Stocks Stocks
Parr-smolt survival increases 2000 0.2 0
from 0.25 to 0.30 (1.2-fold 2001 0.2 0
increase) 2002 0.2 0
2003 0.2 0
2004 0.2 0
2005 0.2 0
Etc.
Parr-smolt survival increases 2000 0.7 0
from 0.25 to 0.50 (2-fold 2001 0.7 0
increase) 2002 0.7 0
2003 0.7 0
2004 0.7 0
2005 0.7 0
Etc. Etc.
Table 4-19:  Alternate treatment and control stocks.
Stock 1 Stock 2 Stock 3 Stock 4 Stock 5 Stock 6 Stock 7
Parr-smolt survival| 2000 0.7 0 0.7 0 0.7 0 0.7
increases from 0.25 2001 0 0.7 0 0.7 0 0.7 0
to 0.50 (2-fold
increase). alternatel 2002 0.7 0 0.7 0 0.7 0 0.7
treatment and control stocks 2003 0 0.7 0 0.7 0 0.7 0
2004 0.7 0 0.7 0 0.7 0 0.7
2005 0 0.7 0 0.7 0 0.7 0
Etc. Etc. Etc. Etc. Etc. Etc. Etc.

Results are shown in Table 4-20. If there is no effect on survival, as suggested by the hypothesis based
on the PATH retrospective results (Appendix G), results for this action will be identical to those for the
base (no change) case in Table 4-3. Assuming a 2-fold improvement in parr-smolt survival, these
experiments are virtually certain (> 0.9 probability ) to estimate some positive effect and a statistically
significant effect, and have > 0.8 probability of estimating 80% of the true effect. The use of treatment
and control stocks helps to control for factors that cause between-year variation in all stocks (e.g. climate
conditions). Designs which vary treatment / control stocks are better able to estimate 80% of the actual
effect than designs that use the same treatment and control stocks for the duration of the experiments.
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Implementing this action, assuming that it has a positive effect on survival, increase probabilities of
exceeding survival and recovery thresholds relative to the base case. The designs that vary treatment and
control stocks (we include Poverty in Table 4-20 as an example control stock) are also slightly more risk-
averse in the sense that all stocks experience a modest increase in the survival measure, whereas only the
treatment stocks show an increase in survival measure when treatment stocks are held constant.

Table 4-20:  Results of carcass introduction/stream fertilization action.

Prob. of exceeding
S=Sulphur (treatment)
"True" | Year # Std. Dev. Prob | Prob | P=Poverty (control)
Am Exp. |Treatment| Est. | of est. Prob ((Am>0.8| (Am= | 24-year | 48-year
(Asurv.) | Ends Years Am Am (Am= 0) | of true) | Am*) | Survival |Recovery
Carcass, no effect |, 0.5 0.5 | 005 | S=0.17 |S =0.008
(i.e., base case)
Carcass
> 2010 10 0.186 | 0.171 0.88 0.59 0.99
1.2X increase in 02 S=024 | S=0.04
parr-smolt surv. 2020 20 0.185| 0.127 | 0.94 062 | 099 | P7029 | P=00
Carcass,
2X increase in 2010 10 0.693 | 0.163 1.00 0.80 0.99
parr-smolt surv., 07 S=0.40 | S=0.30
treatment-control ) P=0.29 P=00
stocks the same 2020 20 |0.693| 0.129 | 1.00 0.86 | 0.99
Carcass, 2010 10 0.704 | 0.144 1.00 0.83 | 0.99
2X increase in S=029 |S =008
parr-smolt surv., 0.7 P=045 | P=010
vary treatment - 2020 20 |0706| 0.104 | 1.00 | 091 | 0.99
control stocks

4.3.5 Manipulate hatchery production

Results based on the regression between m, and hatchery releases are shown in Table 4-21. If hatcheries
have had no effect on survival, as suggested by the analysis of recent passage index and SAR data
(Appendix D), the results would be identical to those of the base case in Table 4-3. Based on the results in
Table 4-21, one would need to run the experiment for more than 20 years to be certain (at 5%) that the
smaller effect size (0.75) was greater than zero. The larger effect size could be detected reliably (i.e.,
< 5% chance that one would conclude the effect size was <= () within 2-4 treatment cycles. The
probability of estimating a statistically significant Am is below the 0.8 criterion for both effect sizes, even
after 20 years.

If hatcheries have the upper bound effects on survival, probabilities of exceeding survival and recovery
thresholds are improved from the base case but not as much as one might expect given the size of the
effect (4.5-fold improvement in survival). This is because this large effect is applied only once every three
years as treatments are cycled. One can use Figure 4-2 to determine what the effect on survival and
recovery would be if the 4.5-fold survival improvement (Am=1.5) were applied in each year (this would
imply an action where hatchery reductions were reduced by 50% in every year of the simulation). From
Figure 4-2, a Am of 1.5 in every year would result in 0.6 probability of exceeding the survival threshold
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(below the 0.7 standard), and 0.8 probability of exceeding the recovery standard (above the 0.5 standard).
Such an action would have limited experimental value though because the lack of temporal contrast
increases the likelihood that measured changes in survival are confounded by other factors that changed at
the same time as hatchery production was reduced.

Table 4-21:  Results for hatchery action.
" Prob Prob Prob. of meeting
” " ro ro
Tzue Am Ye;;g:p' Treatment| Est. Am Sft d. tDZV' AP r(;bo (Am=0.8 | (Am= 24-yfear 48-year
(Asurv.) Years ofest. Am | (Amz0) | ° true) Am*) | Survival | Recovery
(Sulphur) | (Sulphur)
0.0 (no effect) 0.5 0.5 0.05 0.17 0.008
0.75 2005 2 0.72 0.76 0.84 0.58 0.26
2X) 2011 4 0.71 0.55 0.91 0.61 0.39
2017 5 0.72 0.45 0.95 0.63 0.51
2020 7 0.72 0.42 0.96 0.64 0.56
0.41 0.26
1.50 2005 2 1.48 0.74 0.98 0.66 0.27
(4.5X) 2011 4 1.49 0.52 1.00 0.72 0.42
2017 5 1.5 0.43 1.00 0.76 0.54
2020 7 1.5 0.42 1.00 0.76 0.56

4.3.6 4-dam drawdown

Results from 4 of the possible combinations of assumptions about D, extra mortality, and length of pre-
removal period (including the best and worst cases) are in Table 4-22. PV A results for all combinations
are shown in Appendix “E”. Note that unlike some of the previous actions, there is no cycling between
treatment and control years: once the dams are removed, they remain out for the duration of the
“experiment”. Consequently, hypothesized survival improvements are applied in every year, in contrast to
the on/off type of experimental actions where the survival improvements are applied only in treatment
years. Although this leads to larger probabilities of estimating Am effects (probabilities of estimating both
a positive effect (Am 2 0) and a statistically significant effect (Am = Am *) are both >= (.8) and of
exceeding survival and recovery thresholds, the lack of temporal contrast also increases the chances that
any measured effects may be confounded with climate change or other changes that are coincident with
dam removal. Note also that drawdown — at least if one considers it an experiment that must be
monitored after dams are removed — presents some special monitoring problems, as noted in section 3.5.7.
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Table 4-22:  Results of drawdown actions.

Prob. of meeting
"True" Am Year Prob >(est. I;rob (est. Pr0>b (es:. 24-year 48-year
(Asurv.) Am=>0) Am=>0.8 of true)| Am=>Am¥*) Survival Recovery
Std. = 0.7 Std. = 0.5
D=0.3, s 2010 0.99 0.69 0.79
3-Year Delay 3 éX) 2015 1.00 0.75 0.95 0.41 0.56
BKD ' 2020 1.00 0.79 0.99
D=0.3, e 2010 1.00 0.74 0.95
3-Year Delay : 2015 1.00 0.81 1.00 0.47 0.72
(5X)
Hydro 2020 1.00 0.86 1.00
D=0.8, 04 2015 0.79 0.56 0.79
8-Year Delay : 2020 0.86 0.59 0.95 0.22 0.09
(1.5X)
BKD 2025 0.90 0.60 0.99
D=0.8, e 2015 1.00 0.74 0.95
8-Year Delay : 2020 1.00 0.81 1.00 0.35 0.72
(5X)
Hydro 2025 1.00 0.85 1.00
4.3.7 Summary
Assumptions / Caveats

Overall results for all actions are summarized in Table 4-23. Again, keep in mind that these results should
be viewed as worked examples, rather than as detailed experimental designs. In preparing them, we have
left out many details, and assumed away a great many potential problems. Among the assumptions and
caveats are the following:

)

2)

3)

4)

5)

6)

7)

We assume that the hypothetical experimental actions described in this report can actually be
implemented.

We assume that an action will have some hypothesized effect, then assess how long it would take
to detect that effect and how it would affect survival, recovery and quasi-extinction metrics. We
have not assessed the weight of evidence in support or against the assumed magnitude of effects.

We have only looked at the effects of individual actions; combinations of actions may be more
effective.

In most cases, we have only looked at how long it would take to detect effects in overall survival,
from spawner-recruit data. Ideally, one would also monitor survival rates over shorter life stages
to detect more immediate effects of experimental management actions.

No other, unmonitored or unknown (to the EM researchers) actions or experiments will occur
concurrently. This would require substantial coordination among researchers and managers.

No climate or other natural effects will occur with the same period (on-off pattern) as the
experiments. This problem is more important for experiments that cannot be turned on and off
each year, such as drawdown or others that may have logistical constraints.

Spawner abundance, recruitment, aging, and other information will be gathered with at least the
same intensity as at present.
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Table 4-23:  Summary of results for all actions.
"True" Prob Prob Prob 24-year 48-year
Am | Year Exp. | (est. Am | (est. Am> | (est. Am > Survival Recovery
Action (Asurv) Ends =0) 0.8 of true) Am¥*) Std. =0.7 Std. =0.5
Base case (1978-1994 1 0.5 0.5 0.05 0.17 0.008
conditions)
2009 0.98 0.66 0.65
) 1 2013 0.99 0.68 0.76
G 1: 0/1 on/off 0.35 0.15
enenie BRONO 1 @ax) [ 2009 | 1.00 0.72 0.89
2029 1.00 0.76 0.97
2009 0.98 0.66 0.66
Generic 2:
. . 1+/-0.5 2013 0.99 0.68 0.76
G 1 w/ unifc 0.35 0.15
e VIO 7%y 2019 1.00 0.71 0.86
2029 1.00 0.75 0.95
Generic 4: 1 2009 0.98 0.66 0.68 031 014
0/1; 5 yrs on/5 yrs off | (2.7X) 2019 1.00 0.72 0.90 ’ '
Generic 5: Generic 1
w/Delta-style model 1(2.7X) 2009 0.99 0.68 0.77 0.49 0.36
Generic 6: 0/1 for 10 1 (27X) 0.41 0.45
lyears, then 1
Modify Transport 0.2 0.23 0.03
y p (1.2X) : '
0.60 2009 0.92 0.61 0.40
Transport on/off (E) 'SX) 2013 0.95 0.63 0.49 0.10 0.00
' 2019 0.98 0.65 0.63
] Sulph. =0.17 | Sulph=0.008
Carcass: No effect 0.0 0.5 0.5 0.05 Pov. = 0.29 Pov. = 0.005
Carcass 1: 1.2X parr- 2010 0.88 0.59 0.99
smolt survival 0.2 i i i Sulph =0.24 | Sulph.=0.04
treatment stocks (1.2X) 2020 0.94 0.62 0.99 Pov.=0.29 Pov. =0.005
constant
Carcass 2: 2X parr- 2010 1.00 0.80 0.99
smolt survival 0.7 Sulph=0.40 | Sulph.=0.30
treatment stocks 2X) 2020 1.00 0.86 0.99 Pov.=0.29 Pov. =0.005
constant ' ) ’
Carcass 3: 2X parr- 0.7 2010 1.00 0.83 0.99 Sulph =0.29 | Sulph =0.08
smolt survival 2X) Pov = 0.45 Pov =010
treatment stocks vary 2020 1.00 0.91 0.99 ° ’ N )
0.0 0.5 0.5 0.05 0.17 0.008
0.75 2005 0.84 0.58 0.26
Manioulate hatch @ .lX) 2017 0.95 0.63 0.51
anipu’ate hatchery | 1= 2020 0.96 0.64 0.56
production 0.41 0.26
150 2005 0.98 0.66 0.27
(4.5X) 2017 1.00 0.76 0.54
2020 1.00 0.76 0.56
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"True" Prob Prob Prob 24-year 48-year
Am | Year Exp.| (est. Am | (est. Am> | (est. Am > Survival Recovery
Action (Asurv) Ends >0) 0.8 of true) Am¥) Std. = 0.7 Std. = 0.5
D=0.3. . 2010 0.99 0.69 0.79
3-Year Delay 3 éX) 2015 1.00 0.75 0.95 0.41 0.56
BKD ’ 2020 1.00 0.79 0.99
D=0.3, e 2010 1.00 0.74 0.95
3-Year Delay (55() 2015 1.00 0.81 1.0 0.47 0.72
Hydro 2020 1.00 0.86 1.0
D=0.8, 04 2010 0.79 0.56 0.79
8