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EXECUTIVE SUMMARY

This project analyzes in greater detail the coded-wire-tag (CWT)  returns of Priest Rapids

Hatchery fall chinook for the years 1976-1989  initially begun by Hilborn et al. (1993a).  These

additional analyses were prompted by suggestions made by peer reviews of the initial draft report.

The initial draft and the peer review comments are included in this final report (Appendices A and

B).

The statistical analyses paired Priest Rapids stock with potential downriver reference

stocks to isolate m-river survival rates. Thirty-three potential reference stocks were initially exam-

ined for similar ocean recovery rates; the five stocks with the most similar recovery patterns (i.e.,

Bonneville Brights, Cowlitz,  Gray’s River, Tanner Creek, and Washougal)  to the Priest Rapids

stock were used in the subsequent analysis of in-river survival. Three alternate forms of multiple

regression models were used to investigate the relationship between predicted in-river survival

and ambient conditions. Analyses were conducted with and without attempts to adjust for smolt

transportation at McNary Dam. Independent variables examined in the analysis included river

flows, temperature, turbidity, and spill along with the total biomass of hatchery releases in the

Columbia-Snake River Basin.

Chi-square tests of homogeneity found highly significant (P M 0.001) differences in

ocean recovery patterns between the Priest Rapids stock and the five best candidate downriver ref-

erence stocks identified by cluster analyses. Consequently, CWT  returns were potentially con-

founded by unequal harvest rates when downriver stocks were used as references for the Priest

Rapids Hatchery. Without information on harvest efforts, adjustments in CWT  return numbers are

impractical. Nonetheless, the analyses continued to use the five candidate reference stocks and

assess the robustness of conclusions based on choice of references.

Results of the multiple regression analysis in this final report differ from the preliminary

results of the earlier Hilborn et al. (1993b)  draft report. Reasons for the differences include:

(1) new and updated CWT data from Pacific States Marine Fisheries Commission (PSMFC);
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(2) the earlier analysis only considered flow as an independent variable, the new analysis consid-

ers several other variables as well as flow; (3) the earlier report did not attempt to adjust for trans-

portation removal of Priest Rapids stock at McNary Dam, this report examines transportation

adjusted counts; (4) the earlier report did not evaluate the robustness of the conclusion based on

choice of reference stock. this new analysis assesses the consequence of reference choice. These

differences are viewed as natural outcomes of a more detailed analysis the preliminary report was

not intended to provide.

Estimated survival-covariate relationships differed slightly depending on whether the

dependent variable used was the observed (expanded) CWT  counts or the VPA estimated survival

rates. In both cases, the results differed from the multiple regression model initially suggested by

Hilborn et al. (1993b).  The findings varied little whether or not adjustments were made for trans-

portation. Crucial. however. was the choice of reference hatchery used in the analysis. Results var-

ied widely in the multiple regression analyses, dependent on choice of downriver reference stock

or stocks (multiple regression model using a group of down-river stocks, as suggested by the Hil-

born et al. draft (1993b)).  Using the Cowlitz  Hatchery stock as the downriver reference, none of

the independent variables were correlated with estimates of adult survival of the Priest Rapids

stock. With the other reference stocks, 2-5 independent variables were found to be correlated with

estimated adult survival. All independent variables (i.e., flow. temperature, turbidity, spill, and

hatchery contribution) were found to be significant in one or more analyses. Furthermore, no con-

sistent pattern for the significance of the independent variables appeared across analyses that

would suggest one factor was more influential than another.

This analysis of the 24 years of Priest Rapids hatchery returns yielded little insight into

key in-river factors that may be influencing hatchery return rates. It may be possible to select a

reference stock to yield any predictive multiple regression model desired. Hence, this investiga-

tive approach is not robust or reliable in identifying key mechanisms affecting survival of upriver

smolt  from release to age 2 or returning adult. Further studies should take this sensitivity into

account when designing or analyzing other upstream-downstream paired investigations.
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PREFACE

The focus of this effort was to develop a valid statistical framework to estimate adult sur-

vival rates from currently available Columbia River data and then through a multivariate regres-

sion analysis, explore interrelationships between these survival rates and environmental factors

that affect smolt survival. Key to this approach was the recognition that many variables interact to

determine the success of a juvenile outmigration and the ultimate adult returns. Phase I concen-

trated on developing methods and assembling the coded-wire-tag (CWT)  data. A Phase I report

covered the development and evaluation of two methods to estimate survival and presented crite-

ria for data selection (Hilborn et al. 1993a).  Under Phase II, a multivariate analysis of the Priest

Rapids fall chinook stock was performed to investigate the relation of in-river factors to the

observed juvenile survival rates.

The first draft of a Phase II report (Hilborn  et al. 1993b)  was titled, “The relationship

between river flow and survival for Columbia River chinook salmon,” and was found by the

reviewers to be too narrow in scope. In response to those comments, the following report has been

prepared. This report addresses most of the issues raised by the reviewers where data and statisti-

cal technique allowed.  In addition to the independent variable flow, we included turbidity, temper-

ature, spill,  transportation, and total smolt  release in the analysis.

By its very nature, the coded-wire-tag database undergoes change on at least an annual

basis and occasionally more often. In preparing for the reanalyses, we found that the Oregon

Department of Fish and Wildlife had recalculated the way sampling fractions were determined.

which resulted in substantial changes to the expansion factor for many of the Oregon recoveries.

In addition, other states and British Columbia made smaller, but nonetheless significant, changes

to the historical data base. We delayed analysis until revisions were completed and the latest

recovery data through the 1994  fishing season were available. For these reasons alone, the results

were expected to differ from those of the earlier draft.

In response to the reviewers’ comments, we decided to take the same conceptual approach
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to the analysis that had been taken earlier, but with  increased depth. For example, we used the

results of cluster analysis to locate those stocks with the most similar ocean catch distributions to

the Priest Rapids stock, but we also performed statistical comparisons between the chosen refer-

ence stocks and the experimental stock (Priest Rapids hatchery). Our use of stocks at, or below,

Bonneville Dam as references to the Priest Rapids stock was an attempt to control for ocean

effects, but no reference stock was found to have homogeneous ocean recoveries with the Priest

Rapids stock.

Unlike the previous draft. temperature, turbidity and the biomass of hatchery releases were

shown to have the most consistent statistical relationships with survival, while flow was only

occasionally significant. The reader should note that a study such as this one is based on statistical

correlations and not cause-and-effect. This study should not be construed as a traditional experi-

ment where there is an experimental group and a control group, differing only in a specific vari-

able. The results do, however, shed light on probable relationships between smolt  survival and in-

river variables that we would recommend be the subject of future controlled experiments.

Appendix A contains the original draft of the research report prepared by Hilborn et al.

(1993b).  Appendix B contains the peer review comments submitted in response to the original

(Hilborn et al. 1993b)  report and were the basis for this subsequent reanalysis. Some reviewers

chose to make their comments in the draft copies of the text. To avoid a very large appendix, cop-

ies of their comments were not included in this report. Appendix K contains the peer review com-

ments and responses to those comments for this version of the report.

Two important papers, “Return to the River . ..*’ (Independent Scientific Group 1996)  and

“Plan for analyzing and testing hypothesis (PATH)...” (Marmorek et al. 1996).  have become avail-

able just prior to the publication of this report. Though both of these reports contain some similar

topics, findings presented in this paper were considered unique and important.
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1. INTRODUCTION

1.1 Background

Columbia River salmon have been fished for perhaps thousands of years. With the arrival

of European settlers, the magnitude of the exploitation increased dramatically. At its peak, the

catch of Columbia River salmon was in excess of 6 million fish from five species (Chapman

1986).  The peak catches for each species occurred at different times over a period of about 30

years. centered around the 1890’s.  Chapman (1986) estimated that total return. catch, and escape-

ment to the Columbia River was in the neighborhood of 7.5 million fish. The five species of

salmonids native to the Columbia River are chinook salmon (Uncorhy~chs rsl~~u~rscho),  chum

salmon (0. kercr), sockeye salmon (0. rzerku),  coho  salmon (0. kimrclr), and steelhead (0.

mykiss) Chinook salmon are recognized as having two distinct life histories, ocean-type and

stream-type. When discussing Columbia River chinook salmon, fisheries managers commonly

refer to three races based on the time of the adult return migration into the river: spring, summer,

and fall. Spring chinook have a stream-type life history, fall chinook have an ocean-type life his-

tory, and summer chinook have a mixture of the two, depending on spawning location. After

emergence, stream-type juveniles spend one year in fresh water, generally the upper reaches of the

tributary streams before migrating to the ocean, and are known as “yearlings” when they outmi-

grate. Fall chinook (ocean-type) are termed “subyearlings” and outmigrate during the first sum-

mer after emergence.

Beginning about 1900,  Columbia River salmon catches began to show a downward trend,

although the annual fluctuations typical of most salmon runs continued to occur. The adults that

migrate into the river during the summer have suffered the most (Thompson 195 1). declining to

very low numbers, recovering slightly in 1959,  and then declining again (Chapman 1986).  Most

authorities (e.g., Laythe 1948,  NWPPC 1986) have attributed the decline in chinook runs to a

wide variety of causes including deforestation, farming, mining, pollution, overfishing,

unscreened water diversions, cattle ranching, and construction of dams--the last considered to be

the major contributor. To overcome these problems, Laythe  (1948) suggested a mitigation pro-
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gram in the lower river which included screening water diversions and habitat protection, as well

as the construction of fish hatcheries. The hatcheries and the lower-river efforts were never fully

implemented; and by the mid-1970’s.  the stocks of chinook salmon migrating to the mid-Colum-

bia were at extremely low levels. The use of hatcheries to increase the run sizes had proved rela-

tively unsuccessful.

Studies were initiated on the surviving salmon stocks in the mid-Columbia River from

Bonneville Dam to Grand Coolee  Dam and up the Snake River to above Lower Granite Dam.

Raymond (1969,  1979,  1988)  studied the consequence of impoundment of water behind dams and

the effects it had on the time it took juvenile salmonids to migrate downstream through these

reaches. Two major findings from his work were (i) wild stocks had better survival than harchery-

produced fish. and (ii) impoundment of water behind dams slowed outmigration and was thus

thought to reduce survival. As a result of water impoundment behind dams. several environmental

variables were impacted. During the spring and summer months, the water temperature was

raised, the big spring freshet was reduced (but not totally eliminated), and the turbidity of the

water was reduced. In addition, all of the river water could not pass through the hydropower tur-

bines; thus, some was spilled, allowing some juvenile fish to move over the spillway instead of

through the turbines. Further, to mitigate for mortality at dams, juvenile salmonids were collected

at several dams and transported below Bonneville Dam.

The direct effect of river discharge on the downstream movement of salmon fry has been

studied by a number of investigators (Irving 1986, Giorgi  et al. 1990,  Raymond 1968, Park 1969)

with varying results. Giorgi et al. (1990)  investigated the relation of flow to travel time of subyear-

ling chinook salmon and were unable to conclude that changes in river flow were related to

changes in travel time. However, they did note that fish moving out in the early part of the summer

had higher survival rates than later outmigrants. Raymond (1969) found that the John Day Reser-

voir increased the travel time of outmigrating smolts  from 14 days to 22 days for that stretch of

river. Park (1969)  concluded that, with the advent of dams, the peak spring flows were reduced,

turbidity decreased, and predation and disease increased. He further concluded that “an almost

continuously impounded river, with resultant trends toward warming water and increased num-

bers of predators, and other complex changes in the environment, could eventually jeopardize the
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existence of the chinook salmon in the [mid] Columbia River.”

In an effort to shed light on a complex situation and prevent continuing erosion of Colum-

bia River salmon abundance, the United States Congress passed the Pacific Northwest Electric

Power Planning and Conservation Act in 1980 which authorized the states of Idaho, Montana,

Oregon, and Washington to create an entity to plan for two important resources in the Columbia

River Basin--electricity, and fish and wildlife. The entity created was the Pacific Northwest Power

Planning Council, best known as the Northwest Power Planning Council. To emphasize the

importance of fish and wildlife, Congress mandated that the Council develop the Columbia River

Basin Fish and Wildlife Program before developing a power plan.

The Council established the doubling of the abundance of the salmonid  runs in the Colum-

bia River as a primary goal of its Fish and Wildlife  Program. Achievement of this objective could

result from: (i) an increase in the production of hatchery salmon, (ii) increases in the production

of natural spawning salmon, and (iii) increase in the downstream survival of smolts, with all three

factors likely to be involved in a truly successful stock rebuilding effort. Many management

actions have been taken in an attempt to increase downstream survival, including: (i) fish bypass

facilities--screens that divert juvenile salmon from turbines, passing them through the dam in a

separate water system; (ii) transportation of smolts, collected at the lower-end of the fish bypass

facilities, via barge to below Bonneville Dam where they were returned to the river; (iii) increased

flow during periods of heavy smolt migration--augmenting the spill of water over the dams and

thus moving more smolts over rather than through the dams; (iv) predator control--reducing the

population of northern squawfish (Ptyhocheihs  oregonensis)  in the reservoirs. Each of these

actions were directed toward increasing the survival of fish from the time-of-release at the start of

the downstream migration until they entered the lower river below Bonneville Dam. While fish

bypass facilities have been evaluated using fin-clipped or freeze-branded fish. and transportation

evaluated using coded-wire-tags; to date, no attempts have been made to evaluate predator control

efforts, flow augmentation, or other abiotic  variables.

This study, using historical returns of coded-wire-tagged hatchery fish from Priest Rapids

hatchery, 1976-89,  investigated possible relationships between survival of chinook smolt and in-
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river conditions during outmigration. The purpose of this study was to shed light on those river

conditions and operations that may substantially impact salmonid  survival. Specifically, we chose

to look at temperature, flow, turbidity, transportation. spill, and total annual hatchery releases into

the Columbia river (by weight).

1.2 River Conditions Considered in This Study

The relation of turbidity and smolt  survival has been debated for years. A controversy

between recreational and mining interests on the Rogue River resulted in a study of the impact of

turbidity (Ward 1938).  concluding that the added suspended sediment would not adversely impact

salmon in the Rogue River. Recent studies have confirmed that turbidity (except at high levels)

does not cause direct mortality (Servizi  and Martens 1992). However, juvenile salmon that have a

choice will avoid turbid water (Bisson  and Bilby  1982). Pulses of sediment can cause downstream

displacement of juvenile salmon (Berg and Northcote  1985) but the fish soon acclimatized to the

higher turbidity. Predator avoidance appears to be enhanced by increased turbidity (Gregory 1993.

Junge  and Oakley 1966). Feeding behavior of juvenile salmon changed with turbidity. Juvenile

salmon underwent a log-linear reduction in reaction distance to food as turbidity increased, (Gre-

gory and Northcote  1993,  Gregory 1988). Finally, turbidity can be lethal when the concentration

of sediment in the water reaches levels sufficient to cause suffocation (Sigler 1988).  These more

than justify its inclusion in this analysis. Turbidity was measured daily by secchi  disk on the south

side of McNary Dam. upstream of the fish ladder.

A second factor considered was the total weight of hatchery smolt  releases of steelhead,

coho,  and chinook salmon for the entire Columbia River Basin. The probable impact was consid-

ered to be one of density dependence (Ricker  1954, 1975) where survival and total release would

be inversely correlated. There is some evidence for this in the case of coho  salmon (McGie.  1984.

Pearcy 1992).  Coho  smolt releases were shown to be significantly correlated with reductions in

survival. The mechanism was thought to be limitations on the food supply in the coastal regions of

the ocean.
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A third environmental factor, flow velocity, was reduced with the construction of dams.

There is evidence that the downriver movement of the juvenile salmon has been slowed by that

construction (Raymond 1979).  In the Columbia River, below the confluence with the Snake River,

Raymond (1979)  found that migration rates for juveniles were on the order of 40 to 55 km/day for

free-flowing and impounded stretches at moderate river flows (about 8,500 m3/sec.),  and in the

range of 24 to 27 km/day at low flows (about 4250  m3/sec.).  Although the hypothesis that flow

and travel time are directly related (Berggren  and Filardo 1993) is viewed as a basis for present

river management, the situation is not as clear as might be hoped because of apparently confound-

ing effects. For example, travel time is related to the condition of juvenile salmon at the time of

migration. Their physiological condition is related to water temperature which, in turn. is related

to the time of year (Giorgi  et al. 1988). The later in the year, the faster the juveniles appear to out-

migrate (Chapman et al. 1991).  Flow at McNary Dam is estimated by the Army Corps of Engi-

neers from dam operation specifications.

Temperature is a widely recognized environmental variable that can have a major impact,

both positive and negative, on salmon survival. Brett (1952)  performed laboratory studies to deter-

mine the temperature tolerance of young salmonids. In general, the upper lethal temperature for

Pacific salmon (the old genus Oncorh~nclrus)  was about 25 degrees Celsius. The lower lethal limit

was 4 degrees Celsius or higher if the fish were transferred from high to low temperatures without

acclimatization. Between the lethal extremes, temperature plays a major role in metabolism. For

sockeye salmon, the optimum temperature is about 15 degrees Celsius. Above this temperature,

the metabolic rate diminishes, as does feeding and growth rates (Brett and Groves 1979,  Brett

1979).  Many investigators have done field studies to investigate the effects of temperature on

salmonids (examples include: Smit,  et al. 1981, Kopd  and Bostford  1990, and Holtby  et al. 1989),

and in general, warm temperatures near the lethal limit are very detrimental for juvenile fish. Tem-

perature measurements were taken from the scroll case at McNary Darn.

Water is spilled over the spillways when the flow is greater than the generator capacity of a

dam or a conscious decision is made to allow water to pass over, rather than through, the dams.

When water is spilled, a fraction of the downstream migrants go with the spill. For spring chinook

salmon smolts,  this fraction is often assumed to be proportional to the fraction of water spilled
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versus what goes through the dam. Of the three ways for juvenile subyearling chinook salmon to

pass the Bonneville Dam (turbines, spillway and fish by-pass), the spillway causes the least mor-

tality (Ledgerwood et al. 1990).  Spill reduces the proportion of fish exposed to turbine passage,

thereby reducing mortality rates. In contrast. increase in the amount of spill will cause an increase

in nitrogen saturation levels, which has been shown to be lethal at high levels to juvenile salmon

(Dawley et al. 1975)  in laboratory conditions. Though not proven in the field, this potential upper-

boundary condition and the general effect of spill on salmon survival warrants its inclusion in the

analysis. Spill at McNary Dam is estimated by the Army Corps of Engineers from dam operation

specifications.

Most studies of juvenile salmon and survival have concentrated on in-river measurement

and comparison. primarily using freeze branded fish to measure travel times. Such studies cannot

examine the survival of smolts after they pass through the hydropower system. A potential source

of such data is coded-wire-tag (CWT)  data. Since the early 1 9 7 0 ,  thousands of groups of hatch-

ery and wild fish have been tagged in the Columbia Basin. The commercial and recreational fish-

eries, as well as the hatcheries and spawning grounds, have been routinely sampled for returning

adult salmon with the CWTs.  These data are then used for many purposes including the Pacific

Salmon Commission working groups to estimate survival of Columbia River stocks.

2. MATERIALS AND METHODS

2.1 Data

Coded-wire-tags (CWTs). The CWT  is a so-called “mass” mark and is applied to large

numbers of fish using the same tag “code.” CWTs  are not useful as tags for the identification of

individual fish. CWTs are inserted into the nose cartilage of the fish using a device specifically

designed for the purpose (Jefferts et al. 1963). Simultaneously, the adipose fin is removed to indi-

cate the presence of a CWT. When a tagged fish is recovered, the origin of that fish can be identi-

fied from the retrieval of the tag. The data that are obtained from the CWT  tagging program

includes location of original tagging. date of tagging, date and location of recovery, as well as
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many other items such as size of fish at tagging, species, number tagged, and how recovered.

These data are accumulated and stored electronically by the Pacific States Marine Fisheries Com-

mission (PSMFC). The PSMFC makes these records publicly available.

The CWT data form the basis for estimating survival of each tagged group used in this

study. Thus, it is important that the data be as complete and as accurate as possible. The informa-

tion on CWTs  at the time of application and release is considered by most to be accurate. The

recovery data are another matter; agencies charged with recovery efforts attempt to sample a spe-

cific fraction (usually 20 percent) of each fishery and then expand the number of recoveries by the

sampling fraction. Though possible for most commercial fisheries, sampling sport fishing recover-

ies is more difficult, given the very large number of possible landing sites as well as the indepen-

dent nature of each person fishing and independent use of the captured fish. In addition, hatchery

detection efforts are subject to many variables including time demands on hatchery personnel.

Spawning ground surveys also present problems; water clarity, state of decomposition of car-

casses, etc. In summary, the commercial fishery sampling effort probably provides the best data

on recoveries and, coincidentally, the most abundant CWT  recovery data.

The commercial fishery data are also subject to criticism. In particular, the way in which

the data are tabulated as to location of capture or location of landing can result in biases being

introduced into the data sets. Also, the data undergo changes through time due to the correction of

errors or the recalculation of sampling fractions, to mention two examples. As a result, the data

kept by PSMFC will change from time to time. During late 1994 and early 1995,  the recovery

data set underwent some major revisions. The revised data set was substantially different from the

earlier data. especially for the Oregon coastal recoveries with smaller changes in data from other

states and British Columbia. We were alerted to these changes and delayed analysis until the

changes were implemented.

Environmental covariates. Variables included temperature, turbidity, flow, spill, and per-

cent spill. The data were obtained from the United States Army Corps of Engineers (USCOE)

Annual Fish Passage Reports, 1976-1989.  Specifically, we used data from McNary Dam for the

months of April through August. The data were obtained as daily observations, permitting us to
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do detailed analysis using different time scales (e.g. daily, weekly or monthly). Plots of weekly

averages of flow, spill. turbidity and temperature (Figures 1-4,  respectively) show that releases for

Priest Rapids occurred under widely varying conditions. How these conditions are characterized

is somewhat arbitrary, and only two methods were explored. One is to take an average value over

a specified time period. The value of each river covariate  averaged over the 28 days following

each tag release at Priest Rapids (Table 1) display large standard errors.

Fi,gxe  I Average  weekly  flow at McNary Dam. 1976-1989.  Releases  at Priest Rapids are indicated by dots.

Figure 2:.Average  weekly  spill at McNary Dam.  1976-1989 Releases at Priest Rapids are indicated by dots.
I
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Fi,oure  3:Average  weekly  turbidity  at McNary Dam, 19i6-1989.  Measurements were taken with a
secchi disk. Releases at Priest Rapids are indicated by dots.

I

0 10 20 30 40
-31 ysc

Figure 4:Average weekly  temperature (Celsius)  at McNary  Dam. 1951989.  Releases at Priest
Rapids are indicated by dots.

.  .
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Table 1: Monthly average and standard errors of selected river covariates  at McNary Dam
after release from Priest Rapid’s hatchery, 1976 1989.
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Another method of covariate characterization entails summarizing the daily total outflow,

spill, temperature, and turbidity by a linear regression over the 28 days, in the form of:

rivercovi = ai + BiS

where:

rivercov, = the river covariate for Priest Rapids hatchery release i (i = 1..33)  in this analy-

sis;

13; = the slope, or rate of change of the river covariate  over the 28 days after the day

of Priest Rapids release i;

x = days 0 to 27 following the release from Priest Rapids; and

cr, = the intercept. or initial river covariate  value at the time of Priest Rapids hatch-

ery release i.

The intercept represents the initial conditions at time of release, and the slope estimates the rate of

change of those conditions through the month (Appendix D contains plots of the resulting fits to

the data and R2’s).  One of the obstacles to this kind of analysis is the general problem of syn-

chrony, applying information measured over a time period which may or may not apply to the

event being investigated. This method seems to better represent the river conditions experienced

by the Priest Rapids stock for their first month in the river, as all fish experienced the initial condi-

tion, and slope (average change from initial condition over the month following release) appears

consistent for periods longer than the 28-day period. As such, the slope would be the same

whether a week, month or longer time period was used. Intercept and slope were always used

together to determine significance of a particular river condition in each model. The area beneath

the fitted regression line for the 28 day period was calculated as follows:

27

areai =
I

(Bi . X + ai) =

0

[q+ai-.r): = r<,,i,7) . (equation

lentThis area was used in subsequent calculations to determine the correlation among independ

and dependent variables.

1)

Transportation. Estimates of fish guidance efficiency (FGE)  were obtained from National

Marine Fisheries Service reports (Krcma et al. 1985,  Swan and Norman 1987,  Brege et al. 1988,
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and McComas et al. 1993)  to determine the fraction of fish transported from McNary Dam. These

reports summarized the results of experiments conducted at McNary Dam to determine the frac-

tion of spring and fall chinook smolts  that go through the turbines or through the bypass system

and thus into barges for transport to below Bonneville Dam. In addition to passage through the

turbines or through the bypass system, some smolts  are spilled with water that is diverted over the

spillways. The consensus opinion on the fraction of fish that migrate over the spillways is that it is

directly related to the fraction of water that is spilled on a one-to-one basis.

The estimated proportions of CWT  chinook released at Priest Rapids and transported from

McNary (P T) were obtained using the following formula:

154

P, = c (pa,) x ( 1 - psi) x (FGE)
i=O

where: pai = the probability of arrival at day i (i = 0, 1. . . . . 154);

Psi = the proportion of spill at day i;

FGE = the fish guidance efficiency, assumed to be a constant (FGE = 0.3); and

i = 0 corresponds to the release day for the CWT  group.

The values of ps, were calculated as the ratios between the average spill and outflow on day i.

Data were obtained from the Pacific States Marine Fisheries Commission (PSMFC) database. The

values of pai were estimated from the distribution of travel times to McNary Dam of (a) freeze-

branded and (b) PIT-tagged chinook released at Priest Rapids. The travel times of freeze-branded

chinook from 39 samples, spanning 10 years (Table 7, Appendix C), were used to build a distribu-

tion for pa. A histogram was built from the freeze-branded data for travel times ranging from 0 to

154 days. All samples from the same year were scaled to 1000 fish before pooling them into an

average histogram for the year. The final overall histogram was then obtained by combining these

histograms rescaled to 1000  fish. An alternative distribution for pa was estimated using the only

Priest Rapids’ PIT-tag release of fall chinook salmon available’. Both pa distributions are shown

in Figure 5. Estimates of the proportions of CWT  chinook released at Priest Rapids and trans-

1. The group consisted of 482 smolt released from between 6/13/94  and 6/21/94
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ported from McNary (Pr) calculated using the values of pai based upon freeze-brand (pTa)

and PIT-tag (PJc) samples and are displayed in Table 2. Because values of P, 0 and P,, were

almost identical, PTa was used in subsequent regression analyses.

Figure 5: Distribution of pa for Priest  Rapids  chinook.

s
0

Table 2: JSimates of P, based  upon freeze-brand ( PTa ) and PlT-tag ( PT,) samples.

CWT Code Release Date pL bb

131101 7/Q1/76 0.2239 0.2205

131202 7/01/76 0.2239 0.2205

631662 6Ri’/i7 0.3000 0.3000

631746 6127178 0.2997 0.2996

631821 jl23li9 0.2922 OS47

631857 6RU79 0.3ooO 0.3000

631958 6/28/79 0.3tMO 0.3000

632017 6R8ff9 0.3ooO 0.3000

63lw8 6i26l80 0.2990 0.2997

632 155 6R4/8  1 0.2823 0.2801

632261 5/18RIl 0.1631 0.1509

632252 6/l 6/82 0.1224 0.1124

632456 5/l 8B2 0.1645 0.1671

632611 j/24/83 0.1868 0.1846

632612 6122/83 0.2987 0.2976

632848 6/13RU 0.1750 0.1726

632859 6/l 3/84 0.1750 0.1726

CWT Code Release Date pT* PTb

632860 6/13/M 0.1750 0.1726

633221 6/l l/85 0.3OMl 0.3000

633222 6/l l/85 0.3000 0.3000

632330 41olk36 0.2676 0.2624

634102 6/12/86 0.2985 0.2985

51915 5AlY87 0.2609 0.2670

51916 5KW87 0.2609 0.2670

51917 5/05/87 0.2609 0.2670

51918 5W87 0.2609 0.2670

51919 5DlBi 0.2570 0.2606

5 1920 MM/87 0.2570 0.2606

51921 MW8i 0.2570 0.2606

51922 5/27/x 0.2999 0.3000

634128 6125187 0.3000 0.3000

635226 6/18/88 0.3000 0.3000

635249 6R9t89 0.3000 0.3000
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Combining the probability of transportation with the estimated effect of transportation on

the smolt survival, an multiplicative adjustment to smolt  survival (S) for the Priest Rapids’ release

groups for the probability of transportation is then calculated by:

Ci = PT:;+(l-fT,) (equation 2)

where: C, = the (multiplicative) adjustment to a Priest Rapids release group’s survival estimate;

PT. = the probability of transportation for Priest Rapids batch i;

5 = the multiplicative adjustment to survival of transported fish.

To estimate T, a simplistic model of the expected number of fish recovered from a specific

release can be written as:

E(IIT) = .v:S/lT

where: nT = total number of fish recaptured;

;v = the total number of smolt  released;

S = percent survival of the fish;

P = probability of recapture; and

‘I: = the effect of transportation on the smolt  survival.

A ratio of recovered transported releases over control releases gives an estimate of T. A transpor-

tation study conducted by the National Marine Fisheries Service on fall chinook salmon

(Table C4, Appendix C) from 1986  to 1988  was analyzed to estimate the treatment-control ratio

(TCR)  at McNary Dam. Using GLM (generalized linear models) and assuming a binomial error

structure, a log-link (Townsend and Skalski 1996) and a constant transportation-control ratio, the

model describing the recovered proportion from a specific release is:

E(p,,) = a . batchi . locationj ’ ~~

where: a = intercept;

pijk = proportion of recovered adult fall salmon for release batch i, location i, ueat-

ment X-:

batchi = release covariate for group i (i = 1 to total number of releases for year);

locatiory = recovery covariate locationj  0’ = dams, fisheries, hatcheries, or spawning

grounds); and
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ik = transportation-control ratio (k = control, treatment). 5 =l for control releases.

A fixed TCR was used to keep the adjustment for the probability of transportation simple. The

average TCR for the three years was determined to be 3.24.

Total Hatchery Contribution. The total weight of chinook. coho  and steelhead salmon

releases per season were calculated from the CWT  database from the Pacific States Marine Fish-

eries Commision  (Figure 6). We used the total weight because each species is released at a differ-

ent size, and total biomass therefore was the best representation of total input to the river system.

The data for chinook and coho salmon were complete. while the steelhead data was not--only the

number of fish released were available for the steelhead production runs. To estimate the total

weight of steelhead, the release size was multiplied by the average weight of a CWT  tagged run

for each brood year. The total did not include the production of wild salmon from Hanford Reach.

Virtual Population Analysis. Hilborn  suggested using a Vial Population Analysis

(VPA) in Phase I (Hilborn et al., 1993a).  To estimate the population size of each batch of salmon

at age 2, a process recommended by the Pacific Salmon Commission (PSC) was used (Argue et al.

1983, Gulland 1965).  First, the number of recovered salmon per age level (i> was deter-

mined (Ni) _ Each age class was then divided by the estimated survival ( Di) (Table 3) for salmon
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from age 2 (A,) to age i. Summing over these results gives the total estimated number of salmon

from that release batch that survived to age 2:

’ xi
.i3_  = p

r=2D.1

where:

;JY = number of CWTs  recovered at age i adjusted for sampling fraction.!

Di = survival to agei,  given that the fish survived to age 2.

An average VPA was used for downriver reference hatcheries that had more than one

batch released in a given year. The VPA survival estimates to age 2 (5,) were based on the frac-

tion

where R is release size of the hatchery group.

Table 3: Values of survival rates from age 2 to year i, recommended by the Pacific Salmon
Commission for virtual population analysis (VPA).

Age conditional survival

(0 (Di)

2 l.OOOOO

3 0.60000

4 0.42OOQ

5 0.33600

6 0.30240
-a! 0.2 1088

a. D- was extrapolated us& a quadratic model, as only divisors for ages 1 through 6 were available from refer-
ences.
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2.2 Statistical Analysis

Starting with all hatchery fall chinook CWT-tagged  stocks in the river basin, selection of

potential reference stocks were based on the following criteria: 1) release dates: generally spring

released stocks; 2) developmental stage: similar to Priest Rapids stock: and 3) production and/or

index stocks (no experimental stocks). Cluster analysis on the prospective stocks, tabulated by

recovery age and location was performed to find those stocks with the closest ocean catch distri-

bution to the Priest Rapids stock. Using the “complete linkage”’ clustering method in SPSS. the

five reference stocks with the least cluster distance from the Priest Rapids stock were selected for

further analysis. Chi-square statistics were calculated for varying levels of recovery-area size to

obtain a statistical comparison between the five reference stocks and Priest Rapids stock. Counts

for recovered CWT-tags,  both adjusted and non-adjusted by the recovery fractions, were tabulated

into cells representing various recovery area sizes, and then the differences in distribution (and

thus, homogeneity) were estimated using a Pearson’s chi-square  test. Despite significant differ-

ences (a < 0.01  ) in ocean recovery patterns between candidate reference stocks and the Priest

Rapids stock. subsequent regression analyses were performed to investigate in-river survival rela-

tionships and the sensitivity of the analyses to the choice of reference stock.

Stepwise multiple regression analyses were used to describe survival relationships and test

the significance of each river variable with each reference stock. Three approaches to the regres-

sion models were taken. The first approach was an extension of a model used by Hilborn et al.

(1993)  (Appendix A) that attempted to simultaneously use all five reference stocks as controls for

variable ocean survival in conjunction with the Priest Rapids stock. The second approach used

general linear models (GLM) to analyze CWT  return numbers as functions of numbers released

per batch, sampling fraction, and in-river conditions. These analyses directly matched a downriver

reference stock with the Priest Rapids stock to control for ocean effects. A separate analysis was

performed, corresponding to each of the reference stocks used. The third approach was based on

the use of virtual population analyses (VPA) estimates of survival of hatchery stocks to age 2. As

with the previous analysis, a downriver reference stock was matched with the Priest Rapids stock

1. Also known as the “farthest neighbor” clustering method.
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to control for ocean survival. Again, five separate analyses were conducted using each reference

stock matched one-to-one with the Priest Rapids stock. Interaction terms were not included here,

due to the sheer number of models which were explored--with six explanatory variables. there are

720 combinations, and with five reference hatcheries, that increases the analysis to 3600  models.

Finally, there were six different approaches (with and without adjustment for the probability of

transportation), for a total 21,600  models to analyze using just main effects. Clearly, there is a lot

of unexplored territory here and opportunity for uncontrolled type I error rates.

A new aspect of this analysis was an attempt to adjust CWT  recovery data for the effects

of smolt transportation at McNary Dam. A model-based adjustment for transportation was

included in the regression models analyzed. As such. six variations on the multiple regression

analyses were investigated as part of this report. Consistent results between the analyses would

add credence and robustness to any conclusions reached.

2.2.1 Response Model for CWT Analysis Used bv Hilborn et al. (1993a.b)

The first general approach to the CWT analysis was to use all five reference hatcheries

simultaneously to offset the ocean survival and harvest rates, as no reference hatchery releases

displayed similar ocean distribution. An indicator variable was included in the regression analysis

to account for the difference between reference hatcheries. An indicator variable for year of

release was also included to reflect differences from year-to-year. The annual river conditions

were characterized as the daily average over a period of 28 days beginning the day of each Priest

Rapid’s release. Reference hatcheries had no river conditions associated with their release, so

were assigned the grand mean over years for each river condition. The annual deviation from the

grand mean of each river covariate  was then calculated and used in the regression. The deviation

from the grand mean for river conditions experienced by each reference hatchery batch was set to

zero.

However, the value of zero for the river covariate  deviations for the reference-stocks is a

misrepresentation. In actuality, the appropriate designation for the reference conditions is as miss-
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ing values because river conditions were nonexistent at those sites. Treating the missing values as

zeros is inappropriate and can bias the regression results in a number of undesirable ways. This

model is included for comparison of results between this and the earlier Hilborn  et al. (1993)

report and contrast with other model results.

The log-linear regression model used in this analysis can be expressed as:

los
obsretmsii

Rij .
= Bl(rervrj)  +  ~~ftl”tCtle~)  +  S’B (model 1)

where:

P = vector of fitted regression coefficients;

s = the vector of covariates  added to the model.

obsreturtrs, = the expanded number of observed returns for the ith batch and the jth year.;

4 = the total number of salmon released for the ith batch and the jth year;

rely, = indicator variable for the jth release year (0 = 197o);  and

hatchery = indicator variable for reference hatchery (0 = Priest Rapids).

2.2.2 Response Model for CWT Reanalysis Used by Hilborn et al. (1993a.b).

Adjusted for Transportation

With transportation of fish from McNary Dam also occurring during the time period used

in this study, an adjustment for the probability of transportation was needed. The expected number

of Priest Rapids hatchery CWT-tags  recovered under a transportation regime can be expressed as

the log-linear regression model:

10s
obsretllrtlsij

Rij
= log(pTijT  + ( 1 - pnj)) + Bl(relyrj)  + &(hatchep)  +-f/3 (model 2)

where:
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PTij = the probability of transportation for the ith year, the jth batch of Priest Rapids

stock. The total adjustment is referred to as C,! as defined in Eq. 2, page 15,

where C,j = [pTij~  + ( 1 - pTij)] For reference hatcheries. log(C) = 0 .

2.2.3 Response Model for Analysis of CWT Observed Counts. Not Adjusted for

Transportation

This approach used a log-linear regression to compare the Priest Rapids stock to each of

the downriver stocks separately. The response model was based on the expected value of observed

CWT recovery numbers at Priest Rapids and reference stocks where:

E(obspr;;) oce~rt~swv)  . (hanrate) . (rivsrtrv). = RPlj  .  f  Plj  .  (

and

E(obsre fi) = RRi. fRi. (ocemsurv)  . (harvrate)

where:

obsprij = observed CWT  count for the Priest Rapids hatchery stock for the jth batch in

the ith  year (i = 1976, . . . . 1989);

ohref; = total observed CWT  count for the reference group released in the ith year;

oceatkvm+  = ocean survival rate;

hflrvrflfe = harvest rate;

rivsru-v = in-river survival rate;

RPij = total number of fish released for Priest Rapids for the ith year, the jth batch;

RRij = total number of fish released for reference stock for the ith year;

fPil = sampling fraction for Priest Rapids stock for the jth batch in the ith year (this

was calculated as the reciprocal of the expansion factor reported by the PSC);

f RI = sampling fraction for the reference stock for the ith year.

The ratio of the observed counts from Priest Rapids and a reference hatchery stock would

have the approximate (to the first term in a Taylor series expansion) expected value:

E
obsprij[ 1 RPii . f Pli

obsref;- = RR: . fR; . (rivstirv) (equation 3)
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and as such, the log-transformation of the expected value is:

(model 3)

where

= offset term in general linear model (GLM)  analysis;

= the vector of fitted regression coefficients; and

= the vector of covariates  added to the model to describe river survival.

Multiple regression analysis was used to explore possible factors influencing in-river sur-

vival. The best single-variable model was determined first, then other independent variables are

added to see if they captured any further information. This forward step-wise procedure continued

until no further information was gained by adding additional variables to the model.

2.2.4 Response Model for Analysis of CWT Observed Counts. Adjusted for

Transportation

Adjusting for the probability of transportation of some of the Priest Rapids’ hatchery

releases, the expected number of Priest Rapids hatchery CWI-tags recovered under a transporta-

tion regime can be expressed as:

E(obsprij)  = Rp;j . f pij. (oceansurv) . (harvrate)  . (rivsurv)  . (PTijS + ( 1 - pTij)).

Denoting [PTij~ + ( 1 - prij)] = Cij (Eq. 2, page 15).  then the expected value of the

ratio of recovery numbers at Priest Rapids to the reference stock (to the first term of a Taylor

series expansion) can be written as:

E
obsprij[ 1- =

RPij  f f Pij . cij

obsrefi RRi . f R;
. (rivsurv) (equation 4)
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where:

Prij= probability of transportation of Priest Rapids hatchery fish at McNary Dam for the

ith year, the jth batch; and

T = the transportation-control ratio for these analyses set at T = 3.24.

The log-linear regression with the adjustment for the probability of transportation can be

expressed in the form:

(model 4)

where log
RPijf  Pi/‘ij

RRifR,
was treated as an offset in the GLM  analysis.

2.2.5 Response Model for VPA Estimates. Sot Adjusted for Transportation

VPA estimates were used as the response survival ratios, with a log-linear regression to

compare the Priest Rapids stock to each of the reference stocks separately. The response model

was based on the expected value of the VPA survival estimates to age 2 where:

E(Sp,,,) = (oce(lmllrv)  . (ttczrvrclte) (rivsllrv)

and E@Ref,)  = (oceatisurv) . (Ilclrtrate)

where:
1
SPr,, = VPA survival estimate for the Priest Rapids hatchery stock at age 2 for the jth

batch in the ith year (i = 1976, . . . . 1989):

E(jRer.) = VPA survival estimate for the reference group at age 2 for the ith year;

oceatmrv  = ocean survival rate;

harvrate = harvest probability;

rivslim = in-river survival rate.

.
The ratio of the age 2 survival rates from Priest Rapids (jpr ) and a reference hatchery.I
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stock (j&f,) would have the expected value (to the first term in a Taylor series expansion) of:

,.
SPr

E+[ 1 = rivsrtrv
SRef.

and as such, the log-linear regression model for survival would be of the form:

1ogE

where:

0 = the vector of fitted regression coefficients; and

I = the vector of covariates added to the model.

(model 5)

2.2.6 Response Model for VPA Estimates. Adjusted for Transportation

The adjustment for the probability of transportation was again included in this model

before subsequent regression analyses examined the in-river survival relationship. The expected

survival of Priest Rapids hatchery releases can be expressed as:

E(Spr,,) = (oceanmrv)  . (harvrate)  . (rivsrtrv)  . (Pr 5 + (1 - pr ))
‘I ‘I

where:
,.
h, = VPA estimate of survival for the Priest Rapids hatchery stock at age 2 for the

jth batch in the ith year (i = 1976, . . . . 1989);
,.
‘Ref, = VPA estimate of survival for the reference group at age 2 for the ith year;

oceansurvv = ocean survival rate;

harvrate = harvest rate;

rivsurv = in-river survival rate;

PC j = the probability of transportation for the ith year, the jth batch;

T = the transportation-control ratio (set at 5 = 3.24).
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Denoting [pr r + ( 1 - pr, )] = Cij (Bq. 2, page 15). then the expected value of the ratio.I
of VPA survival estimates at Priest Rapids (sp,.,)  to the reference stock (sR,, ) (to the first term

of a Taylor series expansion) can be written as:I
SPr

E+[ 1SRef,
= Cij (rivsitrv)

The log-linear regression with the adjustment for the probability of transportation can be

expressed in the form:

SPr
InE +[- 1sRef,

= ln(Cij)  + $p (model 6)

where:

In(Cij) = offset, the estimated adjustment for the probability of transportation for the ith

year, the jth batch of Priest Rapids stock;

B = the vector of fitted regression coefficients; and

.Y = the vector of covariates  added to the model.-

3. RESULTS

This section begins with the analysis to identify appropriate reference stocks, followed by

a section on the correlation of the river covariates.  Next are the analyses of the various response

models for the CWT data. In all, six response models were investigated. A summary of findings

from the analyses of the various models is contained in the next section.

3.1 Reference Stocks

Because we attempted to analyze for the impact of river variables ‘on survival, it was nec-

essary to control for ocean conditions in the analysis of CWT  data. One possible way to accom-
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plish  this was to locate stocks that were hatched or reared at or below Bonneville Dam that had

similar ocean disuibutions to Priest Rapids stock. Because the precise ocean distribution of

Columbia River stocks is unknown, ocean catch distributions were analyzed based on CWT catch

data. The goal was to find stocks that could be used as reference stocks (not true controls).

3.1.1 Choice Of Reference Stocks

Figure 7:Map of hatcheries used in this analysis.

Bonneville  Dam

The choice of hatchery stocks to act as references in the analysis was begun using the clus-

ter analysis from the draft of the previous report (Hilborn et al. 1993b).  Specifically, we started

with the five fall, ocean-type hatchery stocks of chinook that cluster analysis indicated had the

closest ocean catch distribution to the Priest Rapids stock (Table 5). There were usually several

tag groups associated with each of the reference hatchery stocks, as well as numerous Priest Rap-

ids hatchery stocks. Many of the tag groups were released at different times and were treated dif-

ferently for various experimental purposes. We therefore selected a subset of the tag groups from

each stock with the idea of reducing variability in the data set. The selected tag groups (Appendix

C) were those that had been treated as normal production groups. The most up-to-date data (as of
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November 1995) was obtained and analyzed the ocean catch distributions.

Table 4: List of potential reference hatcheries which were used in a cluster analysis against Priest
Rapids. Hatcheries which consistently showed small distances from Priest Rapids were selected
for this analysis (Table 5).

Stock Brood year(s)

Abernathy 73-81.89

Big Creek i I .;6-89

Big,  White Salmon 78

Bonifer Pond 84

Bonneville Hatchery 76-89

Cowlitz 7-88

Elokomin 73.76-81.35.88

Fallen Creek
(lower Kalama) Sl.2.7;.79-81

Grays River ;4-82.sj.Sj.58

Hagerman X3-81.8:.84

Irrigon s4-89

Stock Brood  year(s) Stock Brood year(s)

Kalama  River Z-81 238 Se3 resources 78-81

Klaskanine  Hatchery 74.76-8  1.56438 South Fork Klaskanine  Pond 80%

Klickitat  Hatchery 75431.56 South Santiam 77

Lewis River 56-79.8334 Speelyai i8

Little White Salmon i6-81.33-83 Spring Creek 72-89

Lower Granite Dam 72 Stayton  Pond 76-89

Lyons Ferry ST-89 To&e - -71.X./6-i.S.8;

oxlxlw i9-8  I Turtle Ponds Creek 9-87

Priest Rapids ,5-88 Vanderveldt  Ponds SO

Ringold  Hatchery 71.3.  7; Washougal  River 2.76-87

Rock C:eek Net Pens 85 Young  Bay Net Pens 89

Table 5: Distance measures from cluster analysis, using Priest Rapids stock  as the basis of
comparison. Three types of distance measures were used: “Euclidean”, “city block” and
“Chebychev”. Euclidean distance is the sum of the squared differences in values for each variable,
city block is the sum of absolute differences in values for each variable; and Chebychev is the
maximum absolute difference in values for any variable.

Distance Measures

Hatchery Stock City Block Chebychev Euclidean

Bonneville 0.6070 0.1825 0.2300

C o w l i t z 0.5370 0.1230 0.2 103

Grays River 0.6229 0.1386 0.2486

Washougal 0.43  15 0.0882 0.1521
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3.1.2 Ocean Distribution Analysis

Tests for homogeneity of ocean distribution of stocks released 1976 to 1989 were con-

ducted using the CWT ocean catch data. comparing each of the downriver stocks thought to be

most like Priest Rapids stock (Table 5). The ocean catch data was considered at three levels of

detail; (1) location within state/province, (2) grouped by state/province, and (3) grouped by state/

province and by catch year. Locations within state/province were the standardized locations for

that state/province fisheries agency and used in the Pacific Salmon Commission’s CWT database.

Marine catches were grouped by region within state/province as the smallest area detail reported

consistently in the CWT database (Table 6). then grouped by state/province (Table 7), as region

within state/province had a high number of zero count cells in the distribution table. The third

comparison tested the hypothesis that the ocean distribution was homogeneous by year and area

of catch. Chi-square values ranged from (P( x5* > 563.39) =: 0) (Bonneville brights, grouped by

state/province) to over (P (x2112  > 13008.64)  = 0) (Tanner Creek, grouped by state/province

and by year). None of the potential reference groups were homogeneous (a <( 0.01) in ocean

recovery distribution with the Priest Rapids stock, but the Bonneville brights and Grays River

stocks were the least unlike the Priest Rapids stock for all of the comparisons (Table 8). This non-

homogeneity between the Priest Rapids stock and the candidate stocks mean that any analysis

conducted using a treatment/reference relationship cannot attribute any differences in survival

rates entirely to the conditions that the Priest Rapids stock experienced within the Columbia River

and not to circumstances that occurred while the salmon were in the ocean.

Table 6: Number of CWT  recapture records of fall chinook salmon with indicated
reporting level for each hatchery (marine catches only), 1977- 1994.

Reporting Level Detail

state region area location sub-location

Bonneville  Brights 3659  3472  3287 880 1906

Bonneville  Tanner C. 3635 3496 3373 1002 1951

Cowlitz 1354 1330 1308 567 637

Grays  River 687 666 648 198 357

Priest Rapids 4206 3906 3536 727 2123

Washougal 2042 1973 1880 477 1095
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Table 7: Expanded CWT  recapture counts of fall chinook salmon by state and hatchery,
1977-1994.

,
AK BC WA OR CA High Seas

Bonneville  Brights 2760.71 7247.18 1390.10 578.41 63.18 32.23

Bonneville  Tanner C. 1543.99 7435.71 2497.66 622.14 36.46 44.91

Cowli tz  257.60 1923.04 1512.75 632.09 6.61 26.94

Grays River 247.63 1323.53 569.03 136.61 22.78 14.19

Washougal 746.74 4282.69 1624.3; 415.19 12.08 31.09

Priest Rapids 3939.98 8501.30 800.21 213.01 34.39 4156

As a further demonstration of the difficulty in selecting an adequate downriver hatchery to

be used as a reference stock for the Priest Rapids’ releases, a test of homogeneity was done on just

the Priest Rapids’ ocean catch distribution (Table 9). Even the 9 replicate releases’ in 1987  from

Priest Rapids, P( x r202 > 266.62) = 0 , did not have a homogeneous ocean distribution.

Table 8: Pearson’s chi-square test for homogeneity in CWT marine recapture counts, 1977-1994;
Priest Rapids versus the indicated downriver hatchery. (a << 0.001 for all tests).

COlllptiSOIl

Erpanded  catch

counts using loca-
tion within state/

prov i nce

Expanded catch

counts -grouped  by

swrrtprovin6e

Expanded catch
counts gouped by

stl\rr@~vinae  and
by year of catch

Bonneville Brights Cowlitz Grays River Tanner  Creek washougal

563.39 5 4244.57 5 1263.76 5

5346.43 I12 10333.16 II2 5428. I I 112

Degrees
o f

Freedom x2
Degrees

o f

Freedom

Degrees
X2 of

Freedom

2136.12 5

6307.17 112

1. Table Cl on page 142 has the breakdown of the counts data.
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Table 9: Pearson’s chi-square test for homogeneity in CWT  marine recapture counts of Priest
Rapids hatchery only, 1977 to 1994.

Comparison

Expanded catch counts using location within state/province 52779.37 39

Expanded catch counts using  location within state/province  and 6122.62  468
year of catch

Expanded catch counts grouped by state/province 17440.61 4

Expanded catch counts grouped by state/province and year of 1841.12 48
catch

3.2 Correlation of Independent Variables

Tables 10, 11, and 12 display the correlation coefficients calculated among the indepen-

dent variables of flow, turbidity, temperature and spill. Tables 10 and 11 are for the method of lin-

ear regression characterizing each covariate.  and Table 12 is the correlation determined between

covariates  characterized as monthly averages. Flow and spill were highly correlated (t = 0.917).

indicating that increased spill usually corresponded with increased flow. At the other extreme,

spill and temperature had an inverse correlation (r = -0.346).  An expanded correlation matrix was

generated for all of the independent variables (Table 10). The most highly correlated variables

were the intercept of spill and the intercept of flow (r = 0.919),  while the intercept of temperature

had a low correlation with the intercept of spill (r = 0.016). Hatchery contribution was negatively

correlated (r =-0.205)  with flow. Temperature was the least correlated to the other river condi-

tions, which may explain its inclusion in most “best” models.
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Table 10: Correlation matrix for river conditions at McNary Dam for the 28-day period following
fall chinook releases at Priest Rapids hatchery, 1976-1989.  Correlations are calculated using the
area under the regression line for flow, turbidity, temperature and spill (equation l), the average
spill ratio for the 28-day time period and the annual total contribution from hatcheries (lbs.).

Variable Flow Turbtdity Temperature Splil Spill Ratio Hatchery Contribution

Flow

Tuhiity

Temperature

spa

Spill Ratio

Hatchery Contribution

l.ooo= -0.556" 4.365” 0 917” 0.92s= -0.205

-0.786' Loo06 0.35;' -0 6i7” -0.625” 0.315

-O-565= 0.353” l.OOO= -0.346 -0 Jjl-’ -0.306

0.917 -0.6ii” -0.36 IooiY 0 987 -0.201

0.938” -0.6’S=L 4.43i’ 0.987’ Lcw -O.lSO

-0.205 03i5 -0.306 -0.201 -0. IS0 1.0005

a. Correlation is si&ficant  (a < 0.05). with a Pearson’s producr  moment correlation coefficient test.

Table 11: Correlation matrix for the individual elements of the river conditions at McNary Dam
for the 28-day period following fall chinook releases at Priest Rapids hatchery, 1976-1989.
Notation “a” indicates intercept term and “b” indicates slope term in regression of environmental
variables against time.

RON.3 Flow.b SpiLa Spill.b TlUt.J TlJdYh Ternpa Tcmps.b Spill Ratio tl. Con

FlOW.3

Flou.b

Spill.=

1 .OOO= -0.498” O.?l@ -0.583” -0.6-j’ -0 1-3 -O.j4? 0.160 U.S35= -o.uxs

-0 198’ 1 .ooo= -0.46ja O-569= 0269 -0.085 0.1-W 4.338 -O.INo -a).25

0.919= -0.46ja I .0(Y)” 0.656” 4533= -0 116 n-3.1- 0.016 O.YXJ -I).106

SpilLb -0.583’ 0369a 0.656’ I .lMP 0296 -i).O% 0.1-1 -0.115 -0.136 -WM?

Tti.= -0.6Tj’ 0.269 -0.533” 0.396 I .mo= -o..w’ 0.295 -0.4x= 4.50x” I).11 IJ

Turb.b -0.1-3 -0.0X5 -0.116 -0.095 4.3fd !.llUlrJ 0.262 0.313 -0.2’0 -0.366

TiXlpC.= -OS-I4 0.150 -0.33- 0.1-1 0.295 0.262 I .ooo= -0.215 -0.4 If -0.30R

Tempcb 0.160 -0.338 0.016 -0.115 -a-120= 0.313 -0.215 I .ooo= -l,.lu  I O.O-Ui

Spill Ratio 0.S3ja 0.040 0.8~!?= -0.26 4X508= -0.210 -0.4 I 2= -o.(u  1 I .mo= -o.lso

Hatchery Contribution -0.088 -023 4.106 -0.098 0.41 Ia 4.336 -0.308 0.016 -u. i\uo 1.ooo=

a. Correlation is si&cant  ( zz < 0.05).  with a Pearson’s product moment correlation coefficient test.
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Table 12: Correlation matrix of average river covariates  at McNary Dam for the 28&y period
following fall chinook releases at Priest Rapids hatchery, 1976-1989.  The Hilborn model uses the
deviance from the grand mean to characterize a river covariate.

Variable Flow spill Turbidity Temperature (C) spill Ratio Hatchery
Contribution

Flow l.ooaY 0.9165’ -0.78606 -0565Y 0.9384’ -0.2046

Spill 0.9165’ 1.w -0.6167” -0.3463 0.98ila -0.2013

Turbidity -0.78&Y -0.6167’ 1.W 0.353oJ -0.6277” 0.3 153

Temperature (C)’ -05655’ 4.3463 0.35w 1.m -0.4305= -0 3058

spill Ratio 0.9384’ 0.9871P X).6277= -0.4305’ 1.oooo -0.1795

Hatchery Contribution -0.2046 -0.2013 0.3153 -0.3058 -0.1795 l.W

a. Correlation is Signiticant  (a < 0.05). with a Pearson’s product moment correlation  coefficient test.

3.3 Fitted Response Models

Because all of the reference stocks had significantly different (a a 0.01) ocean distribu-

tions when compared with Priest Rapids stock, each reference stock was used to check for the

sensitivity of the regression results to the selection of reference stock. Consistency of results

across different response models and different reference stocks suggested relationships that might

be considered meaningful.

3.3.1 Analysis of Model Used by Hilborn et al. (1993a.b). Not Adjusted for

Transportation

Model (1) was originally presented in the first draft of the report (Appendix A) with the

addition of the additional independent variables discussed above. Averages of flow, spill, turbid-

ity, and temperature were considered. In addition, indicator variables for release year and hatchery

were used instead of conducting independent analyses against each reference stock. The indicator
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variables for year (P(Ft,.3w > 40.24)  = 1.0~10-;~)  and hatchery P(Fj.312  > 9.07)  = 4.61~10~)

were highly significant and were treated as the base model for further analysis (P (F,s.lW > 36.39)

<< 0.001).

Each of the independent variables were tested against the base model with all but tempera-

ture showing significance (Tables 13 and 14). The base model with hatchery contribution was the

most significant (P(F-,-, > 20.23)  = 9.86x10-06)).  The next most significant variable was flow

(P(L9- > 24.93) = 9.81x10-“)); with spill, turbidity, and spill ratio close behind VVZL9-  >

24.73)  =  1.16x10-‘4,  f & c , - > 24.74)  = 1.15x10-‘@),  P(F,:,- > 24.49)  = 1.43~10~‘4). respec-

tively. The normalized residuals plot (Figure 8) for the best fitting model, hatchery + release year

+ /lardwry- conrribution  +flolt;  show an approximately normal distribution of model error, with

the vertical stratification due to the use of indicator variables in the model.

Table 13: Summary of R’ for single river conditions for the Hilbom  et al. (1993a.b) model (1).
unadjusted for probability of transportation.

river condition p value

Base Model
hatchery 3.61~10~‘~ 0.6325

release  year < l.Ox1o-‘6 0.6866

Base  Model

hatchery contribution 255x10@ . 7 2 1 9

turbidity 2.09x10* 0.7094

flow 9.86x1@ 0.7065
+ 1 River  Condition

spil l 1.26~10~’ 0.7061

spill ratio

temperature (0

O.ooOI 0.7029

0.9559 0.6866
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Table 14: Summary table for best fit models using Hilbom et al. (1993a.b)  model (1). unadjusted
for the probability of transportation. Standard errors of the coefficient estimation are in
parenthesis.

Model
so. of

Variables
Best Fitted Model R’ P

Base Model 13 F = -4.OO;;,omo,  - 1.619&-1cu,*re1yr77  -
2.0483,0.~1or~*rely-r78  - 2.36~2to.6m1’relyr79  -
2.1~~60.6265)*rdyr80  -1.6i5lmm*relyr81-
2.4988,0.6m~*relyr82  - 1.0859,osl-j,“rel~~83  -
1.1957,0.6~32~*relyr84  + 0.032910.61  ~drelyr85  -
1.5 164to.~:~*relyr86  - l.O84Go~~~?-elyr85 -
3.5365ojssoAdyr88  - 2.4512to.61l~l*relyr89

0.6325  < ~.OXIO-~~

8 J= 4.007l0.xlo, - 1.345;,0.6-Y9,*relyr;;  - 1.8271,0.6-J6,*relyr~Q-  0.6866  < l.Ox1o-16
1.983 l,o.js%,  *relyr79  - 2.Olooto~~‘relyr8O  -
1.444~0.js33,*~1yr81  - 2.333~o~o,*rely~82  -
1.103%1.~06~*d~83  -1.2283vJ5858)*Idyr84  +
0.06lT,o.x6)*xdyr85  - 1.221&0.~~1~*relyr86  -
0.745O,o.~l)*relyr87 - 3.1819~o.m11*re1y~88  -
2.292l~o.m,*1elyr89  + O.6l8lio.2111  t*brights -
0.18OCko.x-)*cowliu  - 0.8827(0.1331rfgrays  -
0.3885,0.i6m~*tanner  + 0.1;80,0.2438,“Washougal

Base Model
+ hatchery
contlibution

9 ?‘= -j&%O5:6jI  - O.O23OrO,6~O~~*ld~77  - 0.5473mfi98~+relyr78 0.7219  < 1.0~10-‘~
- 0.3543tOfil63)+ld~79  - 0.224%063S3)*dyr8080  +
0.3083,o.6m)*dyr81  - O.j%l~o.6~i~~*relyr82  +
0.6203,o.6xm*relyr83  + 0.~~~~0.6~m~*relyr&l+
1.7619~0.6~*relyr85  + 0.2300toauz)*relyr86  +
0.2499,0.6~~*1elyr87-  1253Zomm*relyr88  -
0.357~0.~~3~*relyr89  + 0.4959,o.xm*brights  -
0.2549to.x~*cmvlitz  - 0.864l~o.xm~*gays  -
0.6546,o.Ij-l)*tanner  + O.lSOl~o.~~~*wash~~gal -
9.83x10-l’,  1.uk10-,n)*hatchery contribution

Base -Model
+ hatchery
contribution
+flOW

20 ?‘=- 5.5855ozc)  + 0.1359to.~~~*relyr77  -
0.5492mmmfrelyri8  - 0.29Wo.~~m*1dyr79  -
0.304Zo.am*telyr80  + 0.172110~~m*relyr81  -
0.7831~0.61~)*~1~82  + 0.4839(0.6~j~~*~l~T8~  +
0.2913~0.61~*~dyr84  + 1.711 l~omm*relyr85  +
0.187~o.m9,*relyr86  + l.l429tom~~*relyr8i-
1.350&0.613j)*tdy~88  - 0.436%.6~j)*dyr89  +
0538tio.~~~dniglm  - 0.2158to.z~5~*cowlitz  -
0.9039(o.mm*grays  - 0.6292to.ms)*tanner  +

0.731; < l.Ox1o-16
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Figure 8: Normalized residual plots for Hilborn model. not adjusted for transportation
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3.3.2 Analvsis  of Model Used by Hilborn et al. (1993a.b). Adjusted for.

Transportation

This analysis was identical to the one in Section 3.3.1. except that the VPA survival was

adjusted for the probability that juvenile fish were transported via barge to below Bonneville Dam

(Eq. 2). As above, we used the model presented in the first draft report (Hilborn  et al. 1993b.

Appendix A) and added additional river variables for the analysis of this model in this report.

Indicator variables for release year (P (FrjJU > 38.80) c 1.0~10-‘~)  and hatchery P(f,,,, > 7.57) =

9.90x10°-) were highly significant and were considered as the base model for all further analysis

(W*s*.JcJ > 34.74)  < 1.0x10-13).
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Each  of the river covariates were tested against the base model with all but temperature

showing significance (Tables 15 and 16). Hatchery contribution was the most significant (P(F,,,)

> 38.86)  = 1.55x10*)) of the additional single river variable models. After hatchery contribution

was included in the model, spill was the most significant (P(F,>- > 27.82) = 9.74x10-12));  with

flow, turbidity and spill ratio close behind, P(F,,, > 27.63)  = 9.90x1@rZ),  P&97 > 26.55)  =

2.46~10”‘)  P(P. 2 297 >27.34)  = 1.26~10-‘~),  respectively. At the next level of complexity, none of

the additional independent variables were significant and no further analysis was conducted. The

normalized residuals plot (Figure 9) for the best fitting model, hatchery + release year + hatchery

contribution + spill, show an approximately normal distribution of model error, with the vertical

stratification due to the use of indicator variables in the model.

Table 15: Summary of R2 for single river conditions for the Hilborn  et al. (1993a.b)  log-linear
model (2). adjusted for probability of transportation.

River  condition P RZ

hatchery 9.90x10-O- 0.1082
Base  Model

release  year < 1.0x10-‘6 0.6240

hatchery contibution 135x10~ 0.7138

turbidity 4.29xlO‘O- o.io3  1

Base  Model spill 8.83x1@ 0.7017
+ 1 River  Condition flow 8.86x10a- 0.7017

spill ratio 6.ojxlO* 0.6980

temperature (0 0.8742 0.6765
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Table 16: Summary table for best fit models using log-linear response model (2). adjusted for the
probability of transportation. Standard errors of the coefficient estimation are in parenthesis.

%del
so of

Variables
Best Fitted Model R’ P

Base Model

Base Model +
hatchery
contribution

Base Model +
hatcheF
contribution
+ spill

13 ?‘=- 4.4091a5821  i - 1.34613o~9~*te1yr~~  - 0.6240  < 1.Ox1O-‘6
1.?‘753to.-ts,+relyr78  - 2.1102,0.6~31*relyr~9  -
l.i99&6~-~?elyr80  - 1.314;~.o.6la,*relyr81 -
2.1293m6tjr,*relyr82  - O.~417~om-,*telyr83  -
0.85 19m6tw&elyr84  + 0.3;72mX6Aelyr85  -
1.277406-~,*~1~~86  - O.T22$o.~-j,“dq;r8i-
3. I43 ~,O.SII ?relyr88 - 2A?784mt26,*relyr89

18 ?’ = -1.409l,o.Su,  - 1.413$0.6~!u,“xe1yr;;  -
1.8937~o.aot  i*telyr78  - 2.0532~o..~~~*relyr~9  -
2.0653mm~~*relyr80  - 1.3882,o~mo~*relyr81  -
2.362&o.m+*relyr82 - 1.149&o.~om*telyr83  -
1.2594to~m,*relyr84 + 0.005  lojs~~*tely~85  -
1.2856o.mz~*relyr86  - 0.7985to-=:)*relyrS;  -
32343to~~,*relyr88  - 2.345Ro.mo)*relyr89  +
l.O65Qo.~m~*brights  + 0.2676to.zw~*cowlit  -
0.42420.zm,*grays  + 0.0647ro.~6~3~*tamhx  +
0.63Mo.:~s-l’washougal

0.676j  < 1.Ox1O-16

19 ?‘=- 6.W9910~m2~  - 0.0635m:w,*relyr77  -
0.58i210.6-~1,*re14~;8  - 0.390do.m~~*relyr79  -
0.2428(o.6m)*relyr80  + O.3OOk6~~~*relyr81  -
0.5869~o.6zjYtelyr82  + 0.609Po.6D*relyr83  +
0.5 15 1to.6x6,*~lyr84  + l.;4Ok6?6,*relyr85  +
0.1%5m~~,*relyr86  + 1.2380ro.6zi,*relyr87  -
1.2654o.6~a~~*relyr88  - 0.3~05to.6ct~~*relyr89  +
0.9403~o.~tj,*btighhts  + 0.191110.21191*~0~fiQ  -
0.4052,0.22td;*grays  - 0.20~1m~al,*taMer  +
0.6019~o.zm~*washou~~  -
10.03x10-10~t.oot-‘Ci*hatchery  contribution

0.7138  < 1.Ox1O-16

20 .v = - 5.9816osz)  - 0.0182o.om~‘relyr~7 -
o.5458a6j9~l’tdyr~8  - 0.3847S.o.hoai,*relyrT9  -
0.352~o.6z6Aeiyr80  + 0.13  15~.o.ott:)*reIyr81  -
0.863~~o~sljsl’re1yr82  + 0.-1-1680.6toj,*relyr83  +
0.2206o.otjs,‘relyr84  + 1.6532oooo~,*relyr85  +
0.1869(0  mo,*relyr86  + l.O909oot~~*relyr87  -
1.41 1210.6141  ,“relyr88  - 0.5 1050.6291?l-d~r89  +
0.9947~0.19:j,*brighhts  + 0.~33103~~5~‘COW~Q  -
0.4467~0.2mi*grays  - 0.1~5&o.ijw,*tanner  +
0.6061~.o.z:r~,*washougal  -
8.55x1O-‘oI  t.czXto-“,‘hatchery contribution  +
8.~4xlO~~~~~~o-~~*spil!

0.22 < 1.Ox1o-‘6
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Figure 9: Normalized residual plots for Hilbom model, adjusted for transportation.
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3.3.3 Analysis of CWT Observed Adult Counts. Not Adjusted for
Transportation

The independent variables were tested in the model (3). one factor at a time for each ref-

erence stock (the slope and intercept were forced together into the model) for flow, spill, turbidity

or temperature. The single-effect models (Tables 17 and 18) showed that flow, turbidity and spill

ratio were significant with three of the reference stocks; while spill, temperature, and hatchery

contribution were significant twice. None of the covariates  were significant using the Cowlitz

stock as the reference. The best models, based on the analysis of selected possible models for each

of the four reference stock were: Grays River, temperature and hatchery contribution (P(F3.11 >

7.09) = 0.0039);  Bonneville, turbidity and temperature (P(F,.= > 8.15) = 0.0003);  Washougal,

flow and spill ratio (P(F,,, > 8.50)  = 0.0006);  and Tanner Creek, spill ratio, turbidity and temper-
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ature (P (FsZ2  > 15.06)  = 1.79~10~).  The normalized residuals plot (Figure 10) for the best fitting

Table 17: Summary of R’ for single river conditions for each reference hatchery stock. using log
-linear response model (3). unadjusted for probability of transportation.

models show approximately normal distribution of model error in each comparison. The differ-

ence in groupings for each reference hatchery highlight the non-robustness of reference hatchery

selection.
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Table 18: Summary table for the best models for each reference stock using log-linear response
model (3). unadjusted for the probability of transportation. Standard errors of the coefficient
estimation are in parentheses.

Reference No. of
Ha* variabks

Bes Fined Slodel

EhmeviUe
Brig,hu

-I v = 3.1125~1~~  - 1.6%&o.r191~  * mrbidity.a - 2.0123~1~.51-0)  *
turbidity. b

.l y = 2.9@t3!1.9113)  - 1.8924o.~o~  * turbidity.a - l.l54ko.:-?!h  *
turbidity.b + 0.136Oc0.1~~)  * tempca  - 1 l.3393c.2263)  * tempc.b

Cowlilz

Gqs River

T- Cred

0 y = 0.702or0.1107)

7 y = 4.47251.1112)  - 0.126i~o.o~ * tempc.a  - 13.62471~3s, * tempc.b

1 y = -0.4967~03zo9~  + 5219Ouso~  * spill ratio

3 Y = -1.8797(1.~3;5) + i.%9&1fisao~  * spill ratio + 0.2~m193) *

mrbidity.a  + 55.0431~1a932~  * turbidityb

5 y = 1.2263c1ws~  + 6.0139c~8os * spill ratio - 0.4767to.w) *
tm5idity.a  + 50.98W fuss * turbiity.b + 0.03 15o.ow  * tempc.a
- 14.073Q4.w9~  * tempc.b

\VtiOUjl 1 y = -0.4806toss(3~ + 4.66x1006(l,r7r,0~,*floW-a

+ 1.44x1~~~,,005,*flow.b

3 y = -2.017&Oa17 + 14.94X1~,3.8;=1049*flow.a  + 2.zXio?6~klO

05)*flow.b- 4.j242wo5z)*spill  ratio

O.U98 OSXW

0.5345 O.MlO3

O.oooO 1.23\10~

0.5465 0.007-7

0.3 761 O.MO5

O-W89 1.16x10M

0.739 0.739

0.3695 o.on50

0.5368 0.0006
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Figure 10:Normalized residual plots for CWT  observed adult counts, not adjusted
for transportation
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3.3.4 Analysis of CWT Observed Adult Counts, Adjusted for Transportation

The independent variables were tested in the model (4). one factor at a time for each refer-

ence stock. The single variable models (Tables 19 and 20) showed that spill ratio and turbidity

were significant in four of the reference cases; flow, hatchery contribution and spill were signifi-

cant three times; while temperature was significant only once. The best models, based on analysis

of selected possible models for each of the five reference stocks were: Grays River, temperature

(RF2.Jj > 9.14) = 0.0024); Bonneville, turbidity and temperature (P(F,,, > 8.57)  = 0.0003);

Cowlitz.  turbidity ((P(F,, > 2.24)  = 0.0334);  Washougal.  flow and spill ratio (P(F, ?, > 10.24)  =- -

0.0002);  and Tanner Creek, spill ratio, turbidity and temperature (P(FjL2  > 16.46)  = 8.58x10-0’).

The normalized residuals plot (Figure 11) for the best fitting models show approximately normal

distribution of model error in each comparison. The difference in groupings for each reference

hatchery highlight the non-robustness of reference hatchery selection.

Table 19: Summary of RL for single river conditions for each reference hatchery stock, using log-
linear response model (4), adjusted for the probability of transportation.

River Condition Bonneville Bri@s

FlOW 02761*

Hatchery Contribution 0.3211*

Spill 0.m. .6’-9’-

Spill Ratio 0.2218’

Tempcrature (0 0.0450

Turbidiy 0.4744*

* indicates significance a t  p < 0.05

Cowlitz Grays River

0.1216 0.32Ol

0.1307 0.0767

0.1490 0.2835

0.1372 0.2863*

0.1003 0.5534’

0.2559* 0.2898

Tanner Creek

0.3916’

0.3405’

0.4465*

0.4165’

0.0249

0.3486’

washoug

0.4634’

0.05 I8

0.2708*

0.2053*

0.2604*

0.3077*
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Table 20: Summary table for best models for each reference stock
model (4), adjusted for the probability of transportation. Standard
estimation are in parentheses.

using log-linear response
errors of the coefficient

Best Fitted Model RL P

5

v = 3.01251.1J;i,  - 1.5155o.cs,  * turbidin;.a  - 5.6OS?~i~.~1*
krbidity.b

y = 2.7372 1.93~~ - 2.02050.4~~-~  * turbidity.a + 5.3 198~~~~1  I *
turbidity.b + 0.140110.~:~~  * tempc.a  - ll.l532~-.r1-~1  r tempc.b

y = 1.698-h~o~ - 0.j43Qo.:9-~l  * turbidity.a - ~.-LIOT~~~-MI  *
turbidity.b

y =4.31016:  :;II: - 0.143T*o.o-03,‘  tempc.a - 14.0716~.+~~,‘
tempc.b

y = -1.OlS9~~~..1:10~  + 5.6??01;.31a1  x spill ratio

y = -2.1282  :.4*.:, + SO425  I 6rz-,  T spill ratio + 0.~1~2.o.i:w~  x
turbidity.a + 55.2616wxw~  * turbidity.b

y = 0.601~!~  1nlw + 6.5107#  :.~-~-~~spill  ratio - 0.47094n.wo_1v1  x tur-
bidity.a +jO.Y64tz  11.4191, * turbidity.b  + 0.0362~0~1~~~  q tempc.a -
13.9241,~.wx-,  * tempc.b

y = -1.1522,o.w:! + j.XhlO~‘KS:  4zx:o- _I * flow.a + 1.62~10
IN 8~ .+3x IO--?  = flow.b

y = -2.51  jj,oaurl+  ll.S2xlO~~x~fi~;o  &-iT flaw.a + 1.93~10
lu --16.~..~10’*5) T 8ow.b - 3.0144 I.~OIZI* spill ratio

0.155’) 0 oi31

.
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Figure 11:Normalized residual plots for CWT  observed adult counts, adjusted for transportation
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3.3.5 Analysis of VPA Estimates. Not Adjusted for Transportation

The independent variables were tested in the model (5). one factor at a time, followed by

stepwise  addition. Results (Tables 21 and 22) indicate that hatchery contribution was significant

in three cases; while spill, turbidity, temperature, spill ratio. and flow were significant in two cases

each. When the Cowlitz  Hatchery stock was used as the reference, none of the independent vari-

ables were significant. The best models, from analysis of selected possible models (Table 22) for

each reference stock (except Cowlitz),  were: Grays River, temperature and hatchery contribution

(W,.,, > 5.67) = 0.0093);  Bonneville, hatchery contribution and spill ratio (P(FIZ,  > 10.61) =

0.0005);  Washougal, temperature and spill ratio (P(F,.,:  > 3.20) = 0.0432);  and Tanner Creek.

hatchery contribution, spill ratio, and turbidity (P (F,, > lS.SS) = 2.31~10~).  Temperature and

hatchery contribution were the most common variables included, though not always the most sig-

nificant factor. The normalized residuals plot (Figure 12) for the best fitting models show approx-

imately normal distribution of model error in each comparison. The best model using Cowlitz

hatchery as a reference stock had only an intercept, thus the straight vertical line in the residuals

plot. The difference in groupings for each reference hatchery highlight the non-robustness of ref-

erence hatchery selection.

Table 21: Summary R* for single river conditions for each reference hatchery stock, using log -
linear response model (5) using VPA estimates, unadjusted for probability of transportation.
Asterisk indicates factors significant at P 50.05.

River Condition Bonneville Brights

Flow 0.1994

Hatchery Contribution 0.12~--

Spill 0.3-o l

Spill Ratio O-16-- *

Tempenrwe  (0 o.o’T11

Turbidit) 0.4256 =

* indicares  significance a1 p < 0.05

Coulirz Grays Ri\er

n.n5fJ- IJ. I S69

0.0365 0.:19s-

0.0811 0 I S50

0.0569 0.1682

0.0202 0.3585*

0.0’33 0.1--o

\Vahougal

0.2’3

n.n13-

0.13s-

0.1193

0.2~38=

0.15Sl
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Table 22: Summary table for the best models for each reference stock using log-linear response
model (5) based on VPA estimates, unadjusted for the probability of transportation. Standard
errors of the coefficient estimation are in parentheses.

Reference No. of
Hatchery Variables

Best Fitted Model R’ P

Bonneville Brights 1 .V = 4.2971(1.~~?>  - 1.2jxl~i~x10-‘9  * hatchery
confrihutiorl

Cowlitz

Grays River

0 y = 0.7573to.u69)

2 ‘= 3.5152(1.3263) - 0.06%c0.0810~  * tempc.a -
11.639iwwn  * tempc.b

3 y = 6.0523(  I.SW - 0.058lto.ow~  * tempc.a

11.263&3j929)  * tempc.b  - 7.13xl(r10~~.93~~o-~~‘~  *
hatchery contribution

Tanner Creek

y = 3.%52tm98)  - 9~~10~‘“~~.~1~10-~4*halchecy
comribution  + 4.2377(  ~mz.)*spill ratio

4
y = 1.409&1.~3m  - 5.31x10“‘~2.u~loi9*hatchery

contriln~t.ion+  6.0X3( I m I )*spill  ratio +
0.0587~o3:ss)*turbidity.a  +
37.2807(16.um*turbidiry.b

Washougal 2 y = 3.014Ckoa7~31-  0.1503~o.o~oj12~*tfzmpc.a  -
3.47Ewoo2z,*tempc.b

0.4277 0.0002

0.0000 9.48x1@

0.3585 0.0358

0.5487 0.0093

0.4016 0.0003

0.6398  2.86~10~

0.7338  2.31~10~

0.2738 0.0253
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Figure 12: Normalized residual plots for VPA estimates of survival to age 2, not adjusted
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33.6 Analysis of VPA Estimates.  Adjusted  for Transportation

In keeping with the previous analyses, each independent variable was tested in model (6)

starting with a single-factor. Results (Tables 23 and 24) indicate that flow and spill ratio were sig-

nificant with three of the reference stocks; while hatchery contribution, spill, turbidity and tem-

perature were significant in two cases each. When the Cowlitz  Hatchery stock was used as the

reference, none of the independent variables were significant. The best models, from the analysis

of selected possible models (Table 24) for each reference stock were: Grays River, temperature

and hatchery contribution (P(F3.,J > 5.60) = 0.0098);  Bonneville, hatchery contribution (P(F,, >

19.05)  = 0.0002);  Washougal. flow (P(Fz2 > 5.05)  = 0.0152);  and Tanner Creek, spill ratio,

hatchery contribution and turbidity (P(F,> > 17.48)  = 1.03x10-06).  Hatchery contribution is the

most common variable included, though not always the most significant factor. The normalized

residuals plot (Figure 13) for the best fitting models show approximately normal distribution of

model error in each comparison. The difference in groupings for each reference hatchery high-

light the non-robustness of reference hatchery selection.

Table 23: Summary of R* for single river conditions for each reference hatchery stock, using log-
linear response model (6) based on WA estimates, adjusted for probability of transportation.

River Condition
Bameville Grays

Blights
Cowlitz

River

Flow 0.0555*

Hatchery Contibution 0.4325*

spill 0.2791*

Spill  Ratio 0.0053

Temperature (0 0.0592

Turbidity 0.4682*

l indicates sigifiance a t  p < 0.05

0.108 I 0.2438 03586* 03052*

0.0197 0.2072 03927* 0.0157

0.1542 0.2456 0 . 4 6 8 7 *  0.2119

0.1216 0.2302* 0.4253* 0.2036’

0.0279 0.3689* 0.01285 0.2858*

0.1111 0.2091- 03692* 0.1983
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Table 24: Summary table for best models for each reference stock using log (VPA ratios)
adjusted for the probability of transportation as the response variable J = log (Priest Rapids VPA/
reference stock VPA). Standard errors of the coefficient estimation are in parenthesis.

Best Fitted Model R’ P

1

J = 4.0313(1.3~)  - 1.29xlO”q2.~j\:,o-.‘:,  * hat&q cona-ibwion

.v = 3.3530(ma - 0.0865to.otm~ * tempc.a - 12.0867~~1:,  *
tempc.b

Y = ~.893&1.6~1s~ - 0.07~OlO.O-3j~  * tempc.a - 1 l.;102l3.-C)  *

tempc.b - 7. 14x10-10~~.os~~lo-~‘~  * hatchery contribution

v = -0.932-&031~~  + 5.7039~1xm * spill ratio

Y= 3.464111.1x-2,  +3.6919~1.omt‘-  spill ratio- 9.33~10-‘~(1.-~10-.‘:,
* hatcher):  contribution

J = 0.89341.9~3~  + 6.54541.61-9)  * spill ratio

- 5.3Tx10~101.2.~x~o-:“,  * hatchery contribution
+ 0.0649~0.3-jl,  * turbidity.a + 37.3059116.;~16~  * turbidityb

.v = -09249~0.4483)  - 5.11x10 -of3 I 81~10-7  * flow.a

- 13.j6Xlon5rj.63x10-Sj  x floa;.b

0.4325

0

0.3689

0.4253

0.6653

0.:01s

0.3052

o.ooo1

0.0361

0.03 I -

OX098

1.03xlO~

0.0151

Figure 13:Normalized residual plots for VPA estimates of survival to age 2. adjusted for transpor-
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tation.

Bcnneville  Brights

.: -2 -1 0 2 3
Qla YOgS*vNa =!a;

Grays River

Washougal

4. DISCI-SSIOS

All of the river covariates used in this study were significant in some portion of the analy-

sis. The variable that was most often significant across models (3-6) was temperature, followed by

hatchery contribution, then spill ratio, turbidity and flow, in descending order. For the Hilbom et

al. (1993)  type models (l-2). hatchery contribution accounted for most of the variability followed

by turbidity, then flow. It is interesting to note that hatchery contribution was consistently impor-
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tant in most of the models. Some of the differences between models (l-2) and (3-6) may be due to

the way in which the river variables were characterized. In the models (3-6). slope and intercepts

for flow, temperature, and turbidity were treated as independent variables; while in the Hilborn  et

al. (1993)  models (l-2). averages were used.

Best-fit response models did not change between analyses that adjusted and did not adjust

for the probability of transponation  at McNary Dam (Table 25) for most of the different reference

hatchery stocks. This was not surprising, since the adjustment for transportation was nearly con-

stant over the time period of this study. However, the best fit response model did change, whether

CWT data were converted to VPA survival estimates or not. The Hilborn  et al. (1993)  models (l-

2) also yielded different best-fit models than models (3-6).  Furthermore, the resultant response

model was quite sensitive to which reference stock was matched with the upstream Priest Rapids

stock. No two reference stocks yielded the same choice of best explanatory variables. The purpose

of repeating the analysis with each of the reference hatcheries was to determine robustness.

Unfortunately, this was not the case. re-enforcing the fact that the lack of homogeneity in marine

recoveries found between the Priest Rapids and the reference hatcheries would influence any anal-

ysis comparing survivals. These retrospective and correlative analyses can yield widely varying

results dependent solely cn choice of statistical analysis and reference hatchery. The wide ranging

results depending on choice of reference stock invalidates the findings of the individual regression

analyses. There is no basis to conclude the results from any one reference stock are any more reli-

able than another.
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Table 25: The significant river covariates  that enter into the “best” model for each type of response
model and reference stock.

Hilbom et al. (1993)  Yodels

Reference Srocks

MadeI  (1)
kT.4 Ratio

(unadjusted)J

All hatchery conrributmn hat&e? contribution

+ Row + spill

Shlski/Tou-nsend  Response Slodel

a.
b.

Model (3) Slodel(4) Shkl I51 \ldel  t6r

Reierencz  Stocks Observed Count Ratio Observed  Counr Ratio VT’:\ Ratio VP.4 Ratio

(unadjusted)’ (adjusted)” (unadjusted)’ csdjusted)b

Grays River temperature Iern~rature  + harctrcp rempennm  + haIc+eF 1emFmiwJre  + halLdlC?y

con1ribu1ion contribution contribution

Bonneville Bi-igJws turbidity + temperature turbidiF  +te.mpetiure hatctxq contnbution hcltche?  conIribu:ion

Coulitz none turbidity none not-u

\~ashoup;zl flow + spill ntio flow + spill ratio IempenIure flow

Tanner Creek spill ratio +turbidity + spill ratio + turbidity + hatshen-  contribution spill r;ltio + hatchq

temperature temperature + spill ratio + turbidity con~ributiort + turbidil\

Priest Rapids adult survivals not adjusted for the probability of transportation.
Priest Rapids adult survivals adjusted for the probability of transportadom

Despite initial hopes, the regression analyses conducted in the study indicated that the

model results were highly dependent on the choice of reference stock. Rather than find the regres-

sion results robust to the choice of reference stock, the number and array of independent variables

entering the regression models varied widely. Using Cowlitz  Hatchery as the reference stock,

none of the independent variables were found to be significantly correlated with estimated smelt

survival. With the other reference stocks, the selection of individual variables also differed

between stepwise regression models. With the other reference stocks, one to four independent

variables entered the stepwise regression models. No convincing reoccurrence of independent

variables suggested one or more key factors were predominantly related to smolt survival.

This analysis, rather than identifying potential key environmental factors influencing
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smolt survival and establishing working hypotheses on possible mechanisms for further testing,

found posthoc studies using upstream-downstream pairing an unsuccessful avenue of investiga-

tion. This study had the choice of thirty-three reference stocks. Even with this large number of

choices, the five best matched reference stocks had highly significant differences (P M 0.001) in

ocean distribution compared to Priest Rapids, and yielded widely different conclusions. The con-

clusions from any one reference stock could have been badly misconstrued if sensitivity studies

had not been conducted. The choice of reference stock is so influential on the regression results

and so highly variable as to render the analyses unreliable. Consequently, our findings are not

encouraging for other investigators planning similar correlative investigations.

Finding two stocks that show similar ocean distributions but differ in-river rearing envi-

ronment appears a limitation of this paired-stock approach. The assumption of ocean mixing is

needed because CWT  data do not readily lend themselves to analyses that can separate out sur-

vival effects from harvest effort. Return rates on CWT  releases are a composite of survival, har-

vest. and sampling effort. Without precise information on fishing effort to adjust the catch, the

CWT data confounds changes in survival with differential fishing vulnerability. Hence, as long as

Ocean distributions differ, the potential exists for differential harvest confounding perceived

changes in CWT  return rates. The widely differing results we obtained with the reference stocks

that had different ocean distributions suggest this is a problem.

The analysis suggests several possible directions for further research. This study used a

correlative observational study to identify important smolt  survival relationships. The many con-

founding and overlapping environmental factors inherently limit the success of this approach.

Instead, an experimental approach to test working hypotheses concerning smolt  survival would be

preferable.

The proposed experiment could possibly involve rearing up-river brights in both upstream

and downstream hatcheries simultaneously and/or doing the reverse with a tule stock. An obvious

candidate stock is the Bonneville brights. They are reared at Bonneville Dam and are probably

composed of many different upstream stocks. The Bonneville bright stock is sufficiently success-

ful to occur in fairly large numbers; and given their possible origins and their current rearing loca-
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tion  in a lower river hatchery, they would probably do well in both up-river and downriver

settings. The next issue would be how to control the river variables. To be done successfully, the

interaction of the river variables would need to be controlled in a way that would allow them to be

sorted out.

The Columbia Basin fisheries community would need to have the conviction to replicate

and manipulate river conditions over many years and wait even more years for adult fish to return.

To resolve some of the difficulties in interpreting CWT returns, auxiliary information on fishing

effort and fleet distributions would have to be collected over the years of the study. Onboard Glo-

bal Positioning System (GPS)  and PIT-tag scanning should be investigated to improve the quality

of harvest data. These and other steps may be needed to unravel in-river survival relationships

based on adult return information. This retrospective analysis of historical CWT  data suggests

existing databases and correlative investigations may shed little light on in-river survival relation-

ships.
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Appendix A: Hilborn et al. (1993b) Report

Initial peer-reviewed manuscript entitled, “The relationship between river flow and survival for

Columbia River chinook salmon,” authored by R. Hilborn,  R. Donnelly, M. Pascual,  and C. Coro-

nado-Hernandez (1993b).
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Abstract

We explored the relationship between Columbia River flow, and survival from
hatchery release to recovery of adults in catch and escapement for Columbia River
chinook salmon. The only hatchery that was above the lower river dams and had a long
time series of coded wire tag (CWT)  release groups was the fall chinook stock at Priest
Rapids hatchery. The survival as estimated by virtual population analysis (VPA) does
show an increase with increasing flow. However, it is clear that major changes in survival
at Priest Rapids hatchery were also seen in lower river hatcheries, and are presumably due
to changes in general ocean condition. To correct for these ocean changes, we used lower
river hatcheries as controls on ocean condition. The relationship between flow and
survival when corrected for ocean condition shows a stronger correlation, which is highly
significant. The slope indicates that an increase in flow of 100,000  cfs at McNary dam
would result in 65% increase in survival of Priest Rapids hatchery fish.

We explored the sensitivity of these results to the choice of statistical models, and
the inclusion of experimental CWT groups. All sensitivity tests we conducted indicated a
significant relationship between flow and survival. The study does have a number of
weaknesses. including the fact that only the Priest Rapids hatchery stock was available to
test the relationship between flow and survival. and this stock passed only through the
four lower river dams. No Snake River or upper Columbia hatchery stocks were available
for testing. Further. there are a number of weaknesses in the use of the CWT data base.
which include problems in recreational catch sampling, inter-dam loss of migrating adults,
and escapement sampling methods.

1028 AM DRAFT NOT FOR CITATlON 8/27/93



Flow and survival

HILBORN ET i\L.-3

Page 3

Introduction

Columbia River salmon have been fished for perhaps thousands of years. With the
arrival of western European settlers the magnitude of the exploitation increased
dramatically. At its peak, the Columbia River salmon stocks produced catches of over 6
million fish from 5 species (Chapman 1986). The peak catches for each species occurred
at different times over a period of about 30 years centered around 1900. Chapman (1986)
estimated that total return to the Columbia River, catch and escapement. was in the
neighborhood of 7.5 million fish. The five species of salmonids native to the Columbia
River are chinook salmon (Oncorh~~~chus  tsha~rscha). chum salmon (0. kera), sockeye
salmon (0. nerkaj,  coho salmon (0. kisurch),  and steelhead trout (0. maru). Chinook
salmon are recognized as having two distinct life histories. ocean and stream.  When
discussing Columbia River chinook, fisheries managers commonly refer to three races
based on time of the return m@ation: sprin g, summer, and fail. Spring chinook have a
stream-type life history. fall chinook have an ocean-type history, and the summer stocks
are a mixture of the two. After emergence, stream-type  juveniles spend one year in fresh
water. generally in a tributary stream, before minting to sea. and are known as
“yearlings”. Ocean-type juveniles. termed “sub-yearlings”, out migra te  at the end of the
first summer.

Beginning about the turn of the century, catches began to show a downward trend
although the annual fluctuations continued. The adults that migrate into the river during
the summer have suffered the most (Thompson 1951),  declining to very low numbers.
recovering slightly in 1959 and then declining again (Chapman 1986). M o s t  authorities
(e.g. Laythe et al. 1948,  NWPPC. 1986) have attributed the decline in chinook runs to a
wide variety of causes including deforestation. farming, mining, pollution, over-fishing,
unscreened water diversions and construction of dams - the last considered to be the
major contributor. To overcome these problems, Laythe  (1948)  suggested a mitigation
program in the lower river which included screening. water diversions, and habitat
protection. as well as the construction of fish hatcheries. The hatcheries and lower-river
efforts were never fully implemented, and by the mid- 1970’s the runs of chinook salmon
to the mid-Columbia were at extremely low levels. The use of hatcheries to increase the
runs had proved relatively unsuccessful.

Studies were initiated on the surviving chinook salmon stocks in the mid-Columbia
River from Bonneville Dam to Grand Coolee  Dam. Raymond (1969,  1979.1988)  studied
the effect the dams were having on travel time of the out migrant smolts Two major
findings from his work were (i) wild stocks had better survival compared to hatchery
stocks, and (ii) impoundment of water behind the dams slowed out migration and were
thought to reduce survival. The direct effect of river discharge on downstream movement
of salmon fry has been studied by a number of investigators (Irvine 1986;  Giorgi et al.
1990: Raymond 1968; Park 1969; Stevenson and Olsen 1991) with varying results. Giorgi
et al. (1990)  investigated the relation of flow to travel time of sub-yearling chinook salmon
and were unable to conclude that changes in flow were related to changes in travel time;
however they did note that fish moving out in the early part of the summer had higher
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survival to adulthood compared with those that out migrated later. Raymond (1969)
found that the John Day Reservoir increased the travel time of out migrant smolts from 14
days to 22 days for that stretch of river. Stevenson and Olsen (1991),  experimenting with
different flow regimes in John Day Reservoir, were unable to demonstrate a solid
relationship between flow and travel time. Park (1969)  concluded that, with the advent of
dams, the peak flows were reduced. turbidity was decreased, predation and disease
increased. and that “an almost continuously impounded river. with resultant trends toward
warming water and increased numbers of predators, and other complex changes in the
environment, could eventually jeopardize the existence of the chinook salmon in the [mid]
Columbia River.”

There is little question that the downriver movement of the juveniIe salmon has
been slowed by the construction of dams (Raymond 1979: Ebel  and Raymond 1976).  For
each dam constructed above Ice Harbor dam on the Snake River, the travel time was
increased by about 50% or more (Ebel  and Raymond 1976).  or an average delay of 8 days
per reservoir. Raymond found that migration rates for juveniles were on the order of 40
to 55 km/day for both free flowing and impounded stretches at moderate river flows
(about 8500 m%ec.), and in the range of 24 to 27 km/day at low flows (about 4250
m3sec.).

While the hypothesis that flow and travel time are inversely related is viewed as a
basis for present river management. the situation is not as clear as might be hoped -
apparently confused by confounding variables. For example, travel time is related to the
condition of the juveniles at time of migration. Their physiological condition is related to
water temperature which in turn is related to the time of year (Giorgi  et al. 1988).  The
later in the year, the faster the juveniles appear to migrate (Chapman et al. 1991).

In an effort to shed light on a complex situation and to prevent continuing erosion
of Columbia River salmon runs, Congress passed the Pacific Northwest Electric Power
Planning and Conservation Act in 1980 which authorized the states of Idaho, Montana,
Oregon and Washington to create a entity to plan for two important resources in the
Columbia River basin: electricity, and fish and wildlife. The entity created was the Pacific
Northwest Electric Power and Conservation Planning Council, best known as the
Northwest Power Planning Council. To emphasize the importance of fish and wildlife
Congress mandated that the Council develop the Columbia River Basin Fish and Wildlife
Program before developing a power plan.

The Council has established the doubling of the salmonid  runs of the Columbia
River as a primary goal of its Fish and Wildlife Program Achievement of this objective
could result from: (i) an increase in the production of hatchery salmon, (ii) increases in
the production of natural spawning salmon. and (iii) increase in the downstream survival
of juveniles. AlI three factors are likely to be involved in a truly successful stock
rebuilding effort-  Many management actions have been taken in an attempt to increase
downstream survival, including: (i) fish bypass facilities: screens that divert juvenile
salmon from the turbines, passing them through the dam in a separate water system; (ii)
transponation: juvenile salmon collected at the fish bypass facilities and transported via
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barge below Bonneville Darn where they are released: (iii) increased flow during periods
of smolt mi_gration:  augmenting the spilI of water over the dam bypassing the turbines: (iv)
predator control: reducing the population of northern squawfish (P cchochei1u.s
oregonensis) in the reservoirs. Each of these actions is directed toward increasing the
survival  of fish from the time of release until they enter the lower river below Bonneville
Dam. While fish bypass facilities have been evaluated using fin-clipped or freeze-branded
fish. and transportation evaluated using coded-wire-tags, to dare no attempts have been
made to evaluate increased flow or predator control efforts.

One of the guiding principles of the Fish and Wildlife Plan is adaptive management
- learning by past actions. Until managers are able to evaluate reliably the effectiveness of
their actions. learning will be slow. Changes in flow and other factors associated with
downstream survivals to some extent can be evaluated by in-river mark recapture
experiments. and such experiments are certainly an essential part of any well-designed
attempt to evaluate water flow. However, this is not practical on a big enough scale to
encompass all hatchery stocks. nor would such an in-river mark recovery program
measure impacts that might occur once the fish leave the river.

Most studies of the relationship between flow and survival have concentrated on
in-river measurements and comparison. primarily using freeze branding to measure travel
times. Such studies have no way of examining the impact of changes in flow on survival
after the fish pass through the dam system. A potential source of such data is the coded
wire tag (CWT)  data base. Since the early 1970s thousands of groups of hatchery and
wild fish have been tagged on the Columbia. and the commercial and recreational fisheries.
and escapements to hatcheries have been systematically sampled to obtain tag recoveries.
CWT  data have been routinely used by the Pacific Salmon Commission (PSC) working
groups to estimate survival of Columbia River stocks.

The purpose of this study is to investigate the potential for using the CWT data
base to examine the relationship between in river factors (especially flow) and survival in
Columbia River chinook salmon.

Methods and Results

Estimating Survival from Coded-Wire-Tag data

Since the early 1970’s approximately 2600  individual g-roups  of chinook salmon
have been marked with CWTs  on the Columbia River. These tags have been applied
primarily at hatcheries. although there has been some marking of wild stocks, and some of
fish collected at dams. The motivation for tagging has been quite diverse, but most tags
have been applied to compare experimental hatchery treatments, such as size and time of
release. feeding regimes. or other hatchery practices. The data base on CWT data
denotes three primarily types of tagging, experimental, production and index.
Experimental tag groups are those mentioned previously, where agencies are
experimenting with hatchery practices in some way. Production groups are fish reared
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under normal hatchery conditions and tagging is done in order to determine the
contribution of the bulk of the hatcheries release to fisheries and return to escapement.
Index tag codes are specifically designated for use in evaluation of fishery management
practice.

For the purposes of examining the impact of in-river conditions on survival. the
production and index tag codes are preferable because they have not been subjected to any
experimental treatments. However, many experimental groups appear to have similar
survival to the hatchery production groups, and since far more releases a r e  experimental
than either production or index, we may not wan t  to exclude experimental groups out of
hand.

Since the aim of this project is to examine the relationship between in-river flow
and the subsequent survival. we must have CWT  groups released from a range of flow
conditions. Figure 1 shows the average flow at McNary dam in May, from 1976 to 1989.
The amount of variation in flow is not great but there is 3 little more than two times
variation from the lowest year, 1977  with a flow of 150,000  cfs. to the highest year 1976
with an average flow of 350,000  cfs.

Figure 1 near hem

The highest flows  occur in May and June, with declining flows in July and August
Figure 2 shows the seasonal pattern of flow for 1976 to 1988. There is a high correlation
in flows between months (Table 1). generally 0.8 or higher.

Figure 2 near  here
Table 1 near hem

We searched over all available CWT  codes for hatcheries that met two conditions.
(1) the hatchery must be upstream of McNary dam so that the juveniles had to pass
through the four lower river dams at a minimum, and (2) there must have been non-
experimental ta=,Doing  over 3 number of years with contrast in flow.

Unfortunately. only Priest Rapids hatchery met these conditions. None of the
Snake River hatcheries had consistent enough tagging to provide 3 usable base of data,
and none of the other hatcheries on the mainstem  above McNary dam had more than
occasional tagging. Priest Rapids. in comparison, had consistent production or index
tagging from brood year 1975 to the present time. Only three of the tag groups at Priest
Rapids hatchery were experimental. In recent years a number of other hatcheries have
begun systematic tagging of index or production groups, and within 5 or 10 years there
will be a much bigger base of available hatcheries. However, at present. only Priest
Rapids hatchery provides enough tag groups over enough years to examine the
relationship between flow and survival.

For any CWT  group, we c a n  estimate the survival from release to any arbitrary age
using the method of Virtual Population Analysis (VPA).  This method is routinely used for
chinook salmon by the Chinook Technical Committee (CTC) of the Pacific Salmon
Commission (PSC),  and the method is described in Hilborn and Walters (1992).  Because
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chinook salmon mature at a variety of ages. the most common convention is to calculate
survival  to age 2 (S) using the following equation:

where N2 is the number of individuals surviving to age 2. R, is the number of tags
in the catch and escapement at age 3. P, is the probability of surviving from age 2 to age
a. and T is the total number of tagged fish released. This equation assumes that the P’s
are known. and that there is no loss of fish except to capture and escapement. and that all
fish spawn by age 6. The estimates of S naturally are sensitive to the assumed probability
of survival from age 2 onward, but if we consider S to be an index of survival. then the
choice of P’s makes little  difference in the relative survival. We used the same P’s AS the
CTC which are 1, .6, .32,0.336 and 0.3023  for ages 2.3,4,5 and 6 respectively.

The two factors not included in the method described above are incidental  fishing
mortality and inter-dam loss during up-river migration. The CTC has developed 3 variety
of methods to deal with incidental fishing mortality which re!y on a number of
assumptions. We have chosen to ignore incidental fishing monality primarily because we
will be comparing survival of different code groups subjected to the same fisheries. and
changes in incidental fishing mortality will affect all groups equally.

Appropriate statistics and results

Figure  3 shows the relationship between the flow at McNary dam during the
month 3 CWT  group was released. and the estimated survival for that CWT group using
the VPA equation given above. The solid line is the best linear regression fit. The
estimated intercept is 0.02 so it appears the line passes through the origin. We see 3
general trend towards higher survival with increasing flow, but there is considerable
scatter about the g r a p h  with the data points for 1977, 1984 and 1985 all lying well above
the best fit line, and most other points lying below.

Figure 3 near hem

We could calculate the statistical significance of the regression shown in Figure 3,
and use this to test the hypothesis that there is 3 significant relationship between flow at
McNary dam and the survival of the fish released from Priest Rapids hatchery. There are
three major problems with such an approach. Fit, hypothesis testing is inappropriate for
decision-making, while the major interest in the relationship between flow and survival is
due to the need to make decisions about the management of the hydroelectric system
Second, it is statistically inappropriate to use survival rates as the y variable in 3 linear
regression- This ignores both the potential for differential reliability of different survival
rates, and the fact that survival rates cannot have values less than zero. Third. many of the
changes seen in survival at Priest Rapids hatchery have been seen at other chinook
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hatcheries on the Columbia River which are below the dam system. Therefore some of the
changes seen in survival could result from changes in ocean rather than in-river conditions.
In trying to determine in-river survival changes, we first must attempt to correct for ocean
changes. We will deal with each of these problems in turn.

The traditional mode of statistical analysis in fisheries biology is hypothesis testing
which typically considers two hypotheses, the null hypothesis, that there is no relationship
between  flow and survival. and the working hypothesis. that there is 3 relationship. first
one chooses an a level. the probability of rejecting the null hypothesis if it is true, and then
determine p, the probability that the data could have been obtained if the null hypothesis is
true. If p is less than a the null hypothesis is rejected and one concludes that flow affects
survival.

Such an approach has little if any utility, particularly in the context of natural
resource management (Hilborn and Ludwig, 1993). First, one must determine a, 3 totally
arbitrary decision. Secondly, if we fail to reject the null hypothesis, do we act as if there is
no relationship between flow and survival? If we do reject the null hypothesis, how much
flow do we allow?

The appropriate statistics for analysis of decisions is statistical decision theory
(Raiffa 1968). 0 nee examines the consequences of alternative actions for different possible
states of nature (relationships between flow and survival). Statistical decision theory
considers 3 wide variety of alternative states of nature and their probabilities. The
appropriate product for use in statistical decision theory is the probability distribution of
different relationships between flow and survival. Rather than considering only a null
hypothesis and 3 working hypothesis, rejecting one and accepting the other, we want to
determine how likely alternative states of nature are. Berger (1985)  provides a reference
on statistical decision theory, and Hilborn et al. (1993)  provide 3 discussion and example
of how these methods can be used in fisheries management.

As a simple example, consider that the only parameter of interest is the slope of the
flow-survival relationship. We want to estimate the probability of different slopes. The
appropriate model (ignoring the considerations regarding using survival as the y variable
mentioned above) is

s1$ = S+a(F,  -F)+e, (2)

where sg is the predicted survival rate for code group g, 3 is the slope between
flow and survival. T is the average survival for the data set, Fg is the flow affecting code
group g. F is the average flow, and e. is a normally distributed random error. The
likelihood of the data for any value of: is the normal likelihood

L(Sl0)q-I  l-exp(d a&F
(SC -s,Y)

20:
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If we consider 3 set of discrete hypotheses about the slope. and assume that we
know cr. then the Bayes posterior distribution for any given level of a is

where Pr(ail.S) is the posterior probability distribution for 3 and Pr(a,) is the prior
probability we assign to alternative 3 values. If we consider n discrete hypotheses about a.
and assign them equal probability l/n. we can compute the Bayes  posterior probability
from the data shown in Figure 4.

Figure 4 near hem

We can see from Figure 4 that it is most likely that higher flows have been
associated with higher survival. A traditional statistical analysis would reject the
hypothesis that there is no flow-survival relationship at an a of 0.05,  but fail to reject the
hypothesis at a=O.Ol.  The probability distribution shown could be used by decision
makers to weigh the consequences of alternative flow regimes. This example ignored two
major considerations mentioned above, the statistical properties of survival estimates. and
the trends in ocean survival seen in other hatchery stocks on the Columbia River.

Appropriate statistical model

Survival rates for the CWT groups are not directly observed, but are computed
using equation 1. What is actually observed is the number of tags recovered from catch
and escapement sampling, the number of marked fish released, and the proportion of catch
or escapement that is actually sampled. The two most common methods of dealing with
survival data are to use either arcsine  or logit  transforms. However, with  the advent of
modem desktop computer hardware and software, many explicit statistical models can be
applied to survival data. Lebreton  et al. (1992) review general procedures for mark-
recapture analysis, while Green and MacDonald (1987). and Cormack and Skalski (1992).
Schnute  (1992), and Pascual(1993).  specifically discuss CWT  data. All of these methods
model the number of observed recoveries as a multinomial  or poisson process. The basic
likelihood of the observed recoveries, given the predicted under the poisson probability is

where 0 is the number of observed recoveries and E is the number of expected
recoveries under the hypothesis. The expected recoveries can be written as:

where T is the number of tags released. s is the survival, and f is the proportion of
catch or escapement that is sampled for tags.
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The methods described in Green and McDonald (1987).  Cormack and Skalski
(1992) and Pascual all consider a large number of space/time strata for recovery of tags.
We will employ this method in a later section, but first we will use the basic approach to
consider the overall  survival rate in a realistic  statistical context

In the VPA we used the number of estimated recoveries by age (R;3, and inflated
these by the estimates of survival to arrive  at a n  estimate of the number alive at age 2. We
could consider the number alive at age 2 (N2) of equation 1 as the “observed” recoveries
and treat  them as poisson  distributed random variables. In reality, only a fraction of the
catch or escapement is sampled - commercial fisheries are usually sampled at about 20%,
while escapement may be sampled at 3 higher rate. In our first analysis. we have assumed
that the actual “observed” recoveries is 20% of Nz -- that is:

E=Ts;

f=O.2

(7)

We then can calculate survival as a function of flow, use the survival term in
equation 7 to obtain  predicted recoveries, then use equation 5 to calculate the likelihood
analogous  to equation 3. In the next section we will write the entire likelihood.

The multinomial  and poisson probabilities are the most frequently used for mark-
recapture analysis  and are usually justified based on sampling theory. However, when
there are sources of error other than sampling. the variance  in the data is often is much
higher than predicted from multinomial  or Poisson  distributions. This is almost always the
case in CWT data. where variability in number recovered often comes more from sampling
than from variation in survival rates (Pascual  1993). Statistical tests of hypotheses thus
are performed using the scaled Poisson  distribution which allows for over-dispersion. Use
of the scaled  Poisson  is discussed later.

An alternative to the scaled Poisson  distribution is to treat the observed recoveries
as lognormal  variables. The lognormal  is a robust statistical model that is frequently used.
however, it does not perform well when individual observations are few and cannot be
used at all when there are zeros in the data. In the case of our data there are no zeros, so
we can use the lognormal model as an alternative to the Poisson  model. The lognormal
likelihood is:

L(OIE) = iexp((ln(@--@ >
a&
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Correcting for trends in ocean survival

Figure 5 shows the trends in survival estimated from VPA for a number of
Columbia River chinook hatcheries. These data include all CWT  groups. including
experimental groups. Priest Rapids. Cowlitz and Washougal all show unusually good
survival among fish released in 1985 and 1985 and poorer survival among fish released in
1986 and 1987. The Grays hatchery does not show this trend. and Bonneville has so
much variability that it is difficult to see any pattern. although 1984 and 1985 do have
some especially good survivals.

Figure 5 near here

ln order to separate the affect of flow on survival. we need to control for changes
in ocean conditions. This can be done by using CWT  groups released below the dam
system. This assumes, of course, that the impact of flow on survival takes place within the
dam/pool system. and not in the estuary or early ocean life history. The model we will use
can be written as follows:

;I = G x H, x Yp x ,%I1 x (1 +a(F,  - F)) if Priest Rapids hatchery

4
(9)

=GxH,xYJ  x&f, x  1  if control hatchery

where G is an overall grand mean survival. H is a hatchery effect. Y, is a year of release
effect. -Mg is a month of release effect a is tht slope of the flow-survival relationship, F
is the flow during the month CWT group g is released. and F is the average flow.

8

Choice of best matching hatcheries

Before we can begin with a formal analysis of in-river factors and survival we must
obtain suitable control stocks from the lower Columbia River to control for ocean effects.
Thus a key objective of this portion of the study was to determine the ocean catch
distributions of individual stocks of chinook salmon from the Columbia River. To our
knowledge, a complete study of the ocean catch distribution of Columbia River chinook
salmon has not been undertaken. Healey (1983,  1991) was able to demonstrate that two
different races of chinook salmon (stream and ocean type) exist along the Northeastern
Pacific coast and each race had somewhat different oceanic distributions. Snake River fall
chinook (ocean type) were shown to have an oceanic catch distribution that was primarily
off the British Columbia, Washington, and Oregon coasts, while spring chinook (stream
type) have a more northerly catch distribution (Waples  et al. 1991).  Catch data are used
by investigators to infer ocean distribution. The obvious problem with this is that the
fishery is limited in both space and time. Generally the fishery is conducted during the
summer and early fall months and is limited to the waters within about 200 miles of the
shore. Columbia River chinook salmon are captured from Northern California to Alaska in
both the commercial and sport fisheries. Tagging experiments (Healey 1991)  have shown
that chinook salmon appear to move about the North Pacific Ocean in a pattern that takes
them north in the summer and south in the winter. Fall chinook in particular appear to be
located within 1000 km of the North American coast. However. individual stocks may
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show different migration patterns. Managers also know that individual stocks have a
propensity to be caught in different regions of the Northeast Pacific Ocean.

Coded Wire Tag (CWT)  data were used for this task. CWTs  are stainless steel
binary-coded tags imbedded  in the nose cartilage of juvenile salmon at hatcheries. Fish
from the same group share the same code, therefore the tag identifies each fish with a
specific treatment group from a specific hatchery. The presence of the CWT tag is
indicated by the removal of the adipose fin on all anadromous  salmonids except hatchery
steelhead which have the adipose fin removed whether they have a CWT or not Some
natural spawning juvenile salmonids have been caught and tagged with CWTs,  but the
temporal and spatial coverage is not extensive. Commercial and recreational catches of
salmonids  are sampled for the presence of CWTs  by fisheries management agencies who
attempt to sample 20 percent of the catch. When adult fish return to the hatchery, they
are also examined for the presence of tags. Therefore, the CWT data base consists of the
number of juvenile salmonids tagged and released. the recoveries of tagged fish in
commercial/recreational fisheries, and the number of tagged fish in the escapement We
gathered all the chinook salmon CWT  releases of both the Columbia River hatcheries and
of the wild stocks along with the corresponding ocean recovery data. The recoveries
were expanded by the sampling fraction, and these expanded numbers were used for
analysis. Review of the available data indicated that catches in small geographic areas
were limited and therefore considered unreliable.

The expanded recoveries were grouped by State or Province, and by year of
recovery. For each stock and year of release, a matrix of age at recovery and area of
recovery (State or Province) was generated. and comparisons were made using a cluster
program (SPSS/PC) that generated a distance matrix. Since we wanted to compare ocean
catch distributions between stocks. we compared distributions across all years. The
resulting matrix showed calculated distances (affinities) between stock distributions. the
smaller the number the closer the affinity.

We wanted to find hatcheries that met three criteria (1) they were below
Bonneville Dam. so that the fish were not passing through dams, (2) there were as many
years as possible of CWT data and (3) the stock showed as similar as possible ocean
distribution to the Priest Rapids stock. Given these requirements, the four other
hatcheries we chose, based on the criteria are Bonneville hatchery, Cowlitz hatchery,
Grays hatchery. and the Washougal  hatchery (table 2); spring creek is also included as an
example of a hatchery with an ocean distribution quite different from Priest Rapids. As
seen earlier in Figure 5, Cowlitz and Washougal  hatchery stocks showed similar patterns
in ocean survival to the Priest Rapids stock. The Bonneville and Grays River survival
patterns were more variable but showed some similarity to the Priest Rapids trends. The
ocean spatial distributions are shown in Figure 6. In general, priest Rapids, Bonneville,
Cowlitz,  Grays River and Washougal all showed a preponderance of tag recoveries from
British Columbia with smaller proportions from Alaska and Washington. Recoveries in
Oregon and California were limited indeed. By way of contrast, Spring Creek (with a
much higher affinity) tag recoveries occurred in almost equal proportions from British
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Columbia and Washington, followed by Oregon, with Alaska and California showing very
small recoveries.

Table 2 near here.

Figure 6 near here.

General issues in choice of tag groups

Having chosen Bonneville, Cowlitz,  Grays and Washougal as control hatcheries,
we need to select which CWT groups from these hatcheries to use. We used three
primary criteria for selection; first we rejected any codes that were not released in the first
summer after hatching, second we rejected any codes not released during the months of
May, June. July or August. and third we initially rejected any experimental release groups.
Figure 7 shows the trends in survival among the code groups selected. Cowlitz is the only
hatchery that has a tagging history comparable to Priest Rapids, Bonneville and
Washougal  have almost no releases between 1983 and 1986,  and Grays shows no trend
(and quite low survival).

Figure 7 near here

Testing alternative models

We fit a series of increasingly complex models, starting first with only a grand
mean. then allowing for year effect hatchery effect, month effect, and a flow effect. When
using poisson  models, the test of hypothesis is performed by analysis of deviance
(McCollough  and Nelder 1989).  which is analogous to analysis of variance. The deviance
for any model fit is defined as

4 = 2[f(OI E) -L(OlO)] (10)

where DM is the defiance of model M, f(OI E) is the negative log likelihood of the
data given the model (equation x), and f (010) is the negative log likelihood of the data
given the data. computed by substituting the observed values for the expected values in
equation 5. The results of this analysis of deviance are presented in Table 3. As we add
factors to the model, we determine how much the deviance is reduced ( A deviance). The
residual deviance is the deviance of the “full model” (model 1) which is the most complex
model we consider. The deviance of model 1. divided by the degrees of freedom of model
1 is the scale factor. If the error is truly Poisson  distributed the scale factor would be 1.
Clearly there is much more unexplained variation in the data than expected under the
Poisson.  The change in deviance from one model to the next divided by the scale factor is
the delta scaIed  deviance. The delta scaled deviance is ~2 distributed with the number of
degrees of freedom that are different between the two models being compared For
instance, the change in deviance between model 1 and model 2 is 170.41.  Divided by the
scale factor we obtain a delta scaled deviance of 9.47, with 1 degree of freedom. The
probability of x2 with 1 degree of freedom being 9.47 is 0.0018.  We can see that all
factors added to the model are highly significant
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Table 3 near hem

Table 4 shows the parameters estimated by the full model. There are no real
surprises here. Year effects are seen in the Cowlitz  and Priest Rapids data. all hatcheries
except Grays have better average survivals than Bonneville, and May has the highest
monthly survival. The estimated flow slope (a) is 0.0030.  This means that an increase in
flow from 200 kcfs to 300 kcfs would result in a 30 percent increase in survival.

Table 4 near here

A lognormal error model

If the error is poisson, the expected ratio of the residual deviance to the number of
residual degrees of freedom is 1. The value shown in Table 3 is 17.49.  Thus there is
much more variability in the data than expected under the assumptions of the poisson.
While this is commonly found in other analyses of CWT  data (Green and MacDonald
1987,  Cormack and Skalski 1992, Pascual 1993),  in this instance we are dealing with a
heterogeneous set of hatcheries and aggregating the data in several ways over many years.
all of which may contribute to the large amount of unexplained variability.

An alternative approach is to assume that the estimated total recaptures are
lognormally distributed, as in equation 8. We can repeat the analysis using the lognormal
error. except that we now can use the likelihood ratio. to test alternative models.

In fitting nested models, the likelihood ratio test can be used to compare model i to
model j as follows:

(11)

where R(M,, IV,) is the likelihood ratio of model i to model j. R is theoretically ~3

distributed with number of degrees of freedom lost moving from model j to model i.

We estimated the d by fitting the full  model, as follows:

Table 5 near here

The value for 6 is 0.45. The results with the nested model is shown in Table 5.
We can see that the addition of all of the terms is clearly significant. and that the estimated
slope is .0065, considerably higher than obtained with the poission model. Given that the
poisson distribution underestimates the error, we believe that the lognormal model is
preferred, and the best estimate of the slope of the flow survival relationship is 0.0065.
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The estimated parameters are shown in table 6.
Table 6 near  here

We would like to obtain a Bayes posterior distribution for the slope. but in theory
this would require integrating across all nuisance parameters. including the year effects.
hatchery effects. and month effects, as well as specifying 3 prior distribution for these
parameters. However, we can use a shortcut: if we define the prior distributions for all
nuisance parameters as uninformative, then when discretized  and normalized to add to 1.0,
the likelihood profile for the parameter is the marginal Bayes posterior for the parameter
(Berger 1985). Given that we have no strong a priori feelings about nuisance parameters.
we are happy to assume an uninformative prior about them.

To calculate the likelihood profile we simply fix the slope at a value. then
maximize the likelihood by searching over all other parameters. We repeat this calculation
over a range of slopes of interest. We then divide each likelihood by the sum of all the
likelihoods which normalizes  them. Figure 8 shows the approximate marginal Bayes
posterior for the slope of the flow-survival relationship using this method and assuming
the log normal likelihood

Figure 6
near  here

The major purpose of using the hatcheries other than Priest Rapids is to calculate the year
effects and month effects. We have seen that the statistical model finds a good
relationship between flow and survival. We can see this graphically in Figure 9, where we
have computed a “corrected survival” by the following formula:

(13)

Thus if the year effect were .5 and the month effect was 1, then the corrected
survival would be twice the observed survival. The absolute value of the survivals in
Figure 9 is arbitrary. The key points to observe is that the relationship between flow and
survival now appears less variable than it did in Figure 3, and the year effects have served
to bring the data closer together. In particular, the year effects for 1977,  1981,  1984,  and
1985 were larger than average. bringing these points into the main cluster of data.

Figure 9 near here

We next repeated the log normal analysis combining all experimental codes with
the brood and index codes to determine how sensitive our results are to choice of codes.
Table 7 shows the results - again a highly significant flow-survival slope.

Table7  near here

Finally, we used the actual recoveries (not expanded by the sampling fraction) as
the observed value. We then used the lognormal model, estimated the slope. and tested to
see if adding the flow relationship significantly improved the fit. Table 8 shows that the
change in negative log likelihood is 3.86, about twice that required to be significant at the
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.05 level, and the estimated slope is 0.0060,  close to that estimated earlier. Thus we
conclude that our results are quite robust with respect to how we treat the recovery data.

Tobh9lleWhm

Alternatives to VPA -- commercial  ocean recoveries

A potential weakness of VPA is that the in-river catches and escapements are often
difficult to sample. There may be considerable loss of adult fish between passage at
Bonneville dam and recapture in fisheries or escapement As a control on the freshwater
recoveries of tags, we performed an analysis using only marine recoveries and employing
the basic Generalized Linear ,Model  format adopted by Green and MacDonald (1987),  and
Cormack and Skalski (1992).  We broke all recoveries down by age of fish, and state or
province. Thus the model is:

RI,, = T8 fy , exp(G + H, + Y# + M, + L*,., + A, ,J + &,, + HAS.,., + a(F, -F)) (14). . . .

where Rg,J,a is the number of observed tags recovered from group g at location 1
at age 3, Tg is the number tagged in group g, fyJ is the sampling fraction in the year and
location that age a tags were recovered from group g, G is the grand mean. Hg is the
hatchery affect for the hatchery for tag group g, Yg is the year effect for the year of
release of tag group g, Mg is the month effect for the month of release of tag group g,
Lg,l.a  is the location effect for the location of the recoveries from tag group g,l,a, A is the
age effect for the tags from g,l.a, HL is hatchery by location interaction, HA is hatchery by
age interaction. a is the slope of the flow-survival relationship, and F is the flow at
McNary dam during the month of release, if the group is from Priest fiapids hatchery, and
the flow is equal to the average flow for (F) other hatcheries.

Table 9 shows the analysis of deviance. Note that by disaggregating  the data into
location and age of recovery, the scale factor is now reduced to 3.78 from 17.41  in the
previous Poisson  analysis. We again found that the ail factors are significant.

Table 9 near  here

Table 10 shows the main effects parameters estimated from the model, the
estimated parameter value from the logarithmic model, the standard deviation of the
estimate, and the transformed value which tells us the actual multiplicative effect of the
parameter. The grand mean is standardized as follows: release year 1977.  Bonneville
hatchery, May releases. recoveries in California at age 2. Thus we see that the year effects
are quite similar to that estimated previously. 1977, 1984 and 1985 stand out as the best
years. The hatchery effects are also similar, except that Washougal  hatchery has a much
higher multiplier -- presumably because a greater portion of the recoveries of Washougal
fish were from marine areas. The month effects again show June weaker than M a y  The
location of recovery effects are new to this model, and all show that California (the base
case) is very weak, with B.C. the largest effect, Washington and Alaska roughly half of
B.C., and Oregon a distant fourth.

Table 10 near here
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The slope of the flow-survival relationship is lower, suggesting that a 100 kcfs
increase in flow would result in a 26 percent increase in survival, rather than 65 percent as
suggested in our previous analysis.
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Discussion

These results show a significant correlation between flow at McNary dam and
survival of Priest Rapids hatchery fish - evidence that higher flows would lead to better
survival of Priest Rapids fish, and by analogy that higher flows in the Columbia and Snake
Rivers would lead to better survival of hatchery and wild stocks throughout the entire
Columbia and Snake river basins. This is an important conclusion in terms of future
management decisions for the entire Columbia Basin.

There are obviously many other in-river conditions that could be examined in
relation to survival, including temperature. barge transportation. turbidity etc. Even with
flow alone it is possible to use many different measures such as total flow, spill,and the
ratio of spill to water passed through the turbines. Many different averaging methods also
can be used. We chose the simplest which is flow during the month of release. but clearly
the fish are in the river for many weeks after release.

We did not consider it appropriate to do a wide scale comparison of correlations
between other environmental variables. Undoubtedly some of these variables would be
more correlated than the flow we have chosen and others would be less. Any extensive
set of comparisons would suffer from the problem that. if you look at enough variables,
something will show a better fit

A weakness in this study is the fact that all of these  results deal with the flow-
survival relationship for Priest Rapids hatchery only. A high priority should be to compare
the results to other hatcheries as CWT  data accumulate. Priest Rapids hatchery is one of
the most successful in the entire Columbia Basin. The impacts of flow on Priest Rapids
fish may be different from those on the upper Columbia or Snake River fish. Since Priest
Rapids fish are sub-yearling migrants, the applicability of these results to the Snake River
spring chinook, yearling migrants, may be limited.

While all of the statistical models we used did show a better survival with higher
flow, the amount of increase in survival expected for a given level of additional flow was
different for the different models. The lognormal error model using total recoveries
suggested that 100 kcfs increase in flow would result in about 60 percent increase in
survival, while the Poisson  model using only marine recoveries suggested a 20 percent
increase might be expected. We do not feel confident in saying that one of these estimates
is more likely to be correct than another. We believe the evidence is strong that Priest
Rapids fish have survived better when flow has been higher. We are less confident about
the expected increase in survival from increased flow. The analysis using marine
recoveries has the advantage that the data were stratified by age and location of recovery,
and one could argue that this is the preferred mode of analysis. However. in the absence
of any IMonte-Carlo  simulations to compare the alternative models we have used, we
cannot say with any certainty which of our estimates of the flow-survival slope are more
likely to be correct.
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The major weakness of this study is the non-experimental nature of the data
available. We have simply shown a correlation. Our results are compatible with much of
the biological understanding of the downstream migration process and the suggested
changes in migration due to major impoundments. Nevertheless we have shown a
surprising degree of correlation between flow and survival.

We have used several lower river hatcheries as controls on ocean survival. Our
assumption was that the impact of flow on survival takes place above Bonneville Dam,
and that flow would have no affect on lower river hatcheries. This could be a false
assumption for several reasons. Flow undoubtedly affects estuarine conditions, and this
could. in turn, be important in the survival of lower river hatchery stocks. Flow may be
related to ocean conditions through regional weather patterns. Years of high rainfall and
snowpack may coincide with years that ocean conditions are good (or bad) for Columbia
River salmonids. By choosing lower river hatcheries as controls on survival, we have
made several assumptions that are most difficult to verify.

This study is simply one small piece of evidence in determining the expected
impact of different management actions on the survival of Columbia River salmon. It
needs to be corroborated by further CWT  studies, further in-river passage studies, and
mote ecological and physiological understanding of these fish.

There are a number of obvious next steps in analysis of CWT  data for determining
the flow-survival relationship. At the time this project was initiated, the number of CWT
groups available from Snake or upper Columbia hatcheries was small, and the survival at
these hatcheries had been so poor that few recoveries were available. An examination of
all recently available codes and recoveries should be done to see if and when other suitable
time series might be available for comparison to Priest  Rapids.

Monte-Carlo studies of different likelihood models, different levels of spatial and
temporal aggregation. and the impact of using fresh-water recoveries should be explored.
It may be possible to understand the relative merits of different statistical models via such
analysis.

This study has highlighted the importance of changes in ocean survival that impact
many Columbia River stocks. Any attempts to understand the impact of in-river action on
survival will be confounded by changes in ocean conditions. The poor returns of chinook
salmon in the early 1990’s  are to a large extent almost certainly due to poor ocean
survival, whether or not they encounted dams. We would recommend that CWTdata  be
used to examine the historical pattern of survival of Columbia River fish, and to determine
the spatial correlation among stocks. Such a study would be of great utility in assessing
the success of mitigative actions up-river, and in evaluating the success of any
rehabilitation programs that may be adopted.
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Appendix

List of tag codes and data for non-experimental release groups.

Tag Code Hatchery Brood Date of Number “Estimated” VPA TotAL Flow at
Year Release Released recoveries Survival  expanded McNary

Estimate recoverie  at time of
S Release

73328 Bonneville
73006 Bonneville
73632 Bonneville
73326 Bonneville
72108 Bonneville
72157 Bonneville
72342 Bonneville
72341 Bonneville
71842 Bonneville
72329 Bonneville

632154 Cowlitz
632159 Cowlitz
632156 Cowlitz
634126 Cowliu
632255 Cowlitz
632032 Cowlitz
632462 Cowlitz
633237 Cowlitz
633019 Cowlitz
633020 Cowlitz
633124 Cowlitz
633125 Cowlitz
633235 Cowlitz
633236 Cowlitz
634108 Cowlitz
633238 Cowlitz
632503 Cowlitz
631802 Cowlitz
633759 Grays
633760 Grays
632458 Grays
632459 Grays
632263 Grays
631646 Grays
631833 Grays
631937 Grays
632043 Grays
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10:50 AM

86 8-May-87 105922 93 0.09 18.52 0
86 g-May-87 52096 139 0.27 27.75 0
86 g-May-87 51478 120 0.23 23.90 0
84 20-Jun-85 206756 428 1 2.07 856.29 0
81 4-Jun-82 96798 163 0.17 -32.5' 0
79 28-May-80 12 107 1 288 0.24 57.53 0
80 12-May-8 1 51609 152 0.30 30.47 0
80 12-IMay- 1 50805 218 0.43 43.67 0
78 29-May-79 2879 16 1570 0.55 314.01 0
80 12-May-8  1 75717 366 0.48 73.10 0
79 1 l-Jul-80 244267 746 0.31 149.27 0
79 1 I-Jul-80 70474 201 0.29 40.24 0
80 28-Jun-81 153216 1819 1.19 363.74 0
86 19-Jun-87 207003 396 0.19 79.14 0
80 28-Jun-8  1 121271 717 0.59 143.36 0
81 8-Jul-82 41295 49 0.12 9.86 0
81 8-Jul-82 199176 972 0.49 194.47 0
8-l 19-Jun-85 48382 1159 2.39 231.71 0
83 21-Jun-84 48946 937 1.91 187.36 0
83 21-Jun-84 49036 1150 2.35 229.99 0
83 21-Jun-83 48829 868 1.78 173.59 0
83 2 1 -Jun-84 49664 933 1.88 186.56 0
84 19-Jun-85 48634 1173 2.41 234.55 0
84 19-Jun-85 48246 1137 2.36 227.42 0
85 26-Jun-86 197500 1056 0.53 211.12 0
84 19-Jun-85 44126 1414 3.20 282.79 0
82 23-Jun-83 150236 1004 0.67 200.78 0
77 19-Jun-78 146001 1011 0.69 202.14 0
85 28--May-86 49874 254 0.51 50.72 0
85 28-May-86 50635 211 0.42 42.29 0
81 l-Jun-82 27460 11 0.04 2.18 0
81 l-Jun-82 4536 1 48 0.11 9.63 0
80 8-Jun-8  1 64096 284 0.44 56.82 0
78 9-Jun-79 73872 100 0.14 19.95 0
78 9-Jun-79 7635 14 0.19 2.85 0
78 9-Jun-79 68115 94 0.14 18.85 0
79 24-Jun-80 37456 172 0.46 34.37 0
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632340 Grays
63 1743 Gnys
63 1939 Gnys
131615 Gnys
632 155 Priest Rapids
632252 Priest Rapids
63 1857 Priest Rapids
63 1958 Priest Rapids
632848 Priest Rapids
632859 Priest Rapids
632860 Priest Rapids
63 1948 Priest Rapids
63226  1 Priest Rapids
632456 Priest Rapids
634102 Priest Rapids
634128 Priest Rapids
633221 Priest Rapids
633222 Priest Rapids

51915 Priest Rapids
51916 Priest Rapids
51917 Priest Rapids
51918 Priest Rapids

63 1662 Priest Rapids
631741 Priest Rapids
632611 Priest Rapids
6320 17 Priest Rapids
63 1821 Priest Rapids
632153 Washougd
63246  1 Washougal
63225  1 Washougal
634150 Washougd
631641 Washougd
631803 Washougal

80 I-Jun-81 10180 77 0.75 15.30 0
77 26-May-78 143182 70 0.05 13.92 0
78 5-Jun-79 92358 145 0.16 29.03 0
76 16-Aug-77 15197 101 0.66 20.12 0
80 24-Jun-8  1 194649 2227 1.14 445.32 357
8 1 16-Jun-82 262176 3269 1.25 653.72 366
78 28-Jun-79 17467 47 0.27 9.49 175
78 28-Jun-79 5316 12 0.22 2.35 175
83 13-Jun-84 74170 3541 4.77 708.11 343
83 13-Jun-84 74392 3241 4.36 648.22 343
83 13-Jun-84 74170 2640 3.56 528.04 343
79 26-Jun-80 147 145 1708 1.16 341.66 284
80 1 g-May-8 1 42089 1190 2.83 238.03 235
8 1 1 g-May-82 48700 994 2.04 198.76 331
85 12-Jun-86 203534 2055 1.01 411.04 257
86 25-Jun-87 20 1779 876 0.43 175.27 148
84 11 -Jun-85 103665 3977 3.84 795.44 185
84 1 l-Jun-85 105224 4361 4.14 872.17 185
86 5-May-87 48975 435 0.89 87.10 225
86 5-May-87 49769 510 1.02 101.91 225
86 5-May-87 4933 1 405 0.82 81.02 225
86 5-May-87 48796 520 1.07 104.02 225
76 27-Jun-77 147338 2646 1.80 529.12 120
77 27-Jun-78 152532 1460 0.96 292.05 241
82 24-May-83 204141 3708 1.82 741.62 302
78 28-Jun-79 82243 129 0.16 25.74 175
78 23-1May-79 48130 725 1.51 145.04 231
79 30-Jun-80 314605 2384 0.76 476.88 0
81 6-Jul-82 170424 899 0.53 179.76 0
80 6-Jul-8  1 278774 1318 0.47 263.57 0
86 19-Jun-87 207377 441 0.21 88.13 0
76 28-Jun-77 126007 3777 3.00 755.30 0
77 27-Jun-78 151399 1118 0.74 223.69 0
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McNary Dam Flows
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Figure  1. The avenge flow past McNary dam during the month of May.
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Figure 2. The average flow during May, June, July and August for the years 1976 to 1988

1:30 PM DRAFT NOT FOR CITATION 8/1 6l93



Flow and survival Page 29

; 3.00
3
2 2.50

g 2.00

1.50

1 .oo

0.50

0.00

Priest Rapids

HILBOEW  ET AL.-29

l

l

150 200 250 300 350 400

Flow at McNary

Figure 3. The relationship between flow at McNary  dam during the month fish are
released from the hatchery, and the estimated survival of the CWT group from
VPA. The solid line is the best fit linear regression, not constrained to pass
through the origin.
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Bayes posterior distribution
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Figure 4. Bayes posterior distribution of the slope of the flow survival relationship from
figure 3.
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Figure 5. The estimated survival for five hatcheries for all CWT groups.
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Figure 7. The estimated survival for five hatcheries using non-experimental CW groups.
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Production groups, lognormal model
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Figure 8. The Bayes posterior disuibution for the slope of the flow survival relationship
obtained by regression flow on survival.
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Figure 9. Survival corrected by year and month effect plotted against flow at McNary
dam during month of release for CWT groups from Priest Rapids hatchery.
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Table 1. Correlation between monthly average flow at McNaq dam. 1976-1988.

May
June
JdY
August

May
1.00
0.76
0.82
0.76

June

1.00
0.92
0.70

Julv Auaust

1.00
0.85 1.00

Table 2. Cluster analysis results for ocean distribution anafysis with the affinities
measured against the Priest Rapids stock. Calculations are based on the euclid
measure.

Hatchery name Distance measure Years of data Notes

Used in the analysis
Priest Rapids
Bonneville
Cowlitz
Grays River
Washougal

N/A 14
0.0908 14
0.1426 14
0.1463 12
0.1136 13

Not used in the analysis
Spring Creek
Lewis River
Rock Creek Net Pens
Klickitat
Lower Granite
Turtle Rock Net Pens
Irrigon
Bonifer  Pond
Social Security Net
Pens

0.2474 17 small affitlity
0.0974 6 Too few years of data
0.1030 1 Too few years of data
0.1485 8 Above Bonneville
0.1336 1 Too few years of data
0.1433 7 Above Bonneville
0.1158 7 Too few years of data
0.1334 1 Too few years of data
0.0940 1 Too few years of data

Table 3. Analysis of deviance results for Poisson  error model.

Model Main Effects  Deviance  Df Scale scaled Factor
Number Factor Deviance  Tested

1 G+Y+H+lM+F 89200 51 17.49 51.00 F
2 G+Y+H+M 1062.41 52 17.49 60.74 M
3 G+Y+H 1643.55 55 17.49 93.97 H
4 G+Y 3739.50 59 17.49 213.81 Y
5 G 1234215 69 17.49 705.66

deltascaled  delta  p value
deviance  df

9.74 1 0.0018
33.23 3 o.omo

.119&I 4 o.oooo
491.86 10 o.oooo
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Table 4- Parameters estimated from full model, Poisson  error, non-experimental codes.

Hatchery (J-l>

Bonneville
Cowlitz
Grays

Priest Rapids
Washougal

Grand Mean
G)

1.00
1.78
0.57
2.54
2.44

0.018

Release Month
Ye= 07 ow

1977 1.00 May 1.00
1978 0.28 June 0.58
1979 0.24 Jlllv 0.34
1980 0.28 Au-gust 0.62
1981 0.36
1982 0.31
1983 0.31
1984 1.06
1985 1.58
1986 0.31
1987 0.14

Flow .0030
slope (a)

Table 5. Negative log likelihoods for lognormal error model.

Source

Grandmean
Year

Hatchery
Month
flow

negative log
likelihood

227.89
101.23
48.61
41.41
35.00
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Table 6. Parameters estimated for lognormal  error, full model, non-experimental codes.

Hatchery (H)

B o n n e v i l l e  1.00
Cowlitz 2.39
Grays 0.93

Priest Rapids 3.35
Washougal 3.20

GrandMean 0.0 16

Release Month
Year (Y) (M)

1977 1.00 May 1.00
1978 0.14 June 0.62
1979 0.14 July 0.41
1980 0.22 August 0.43
1981 0.3 1
1982 0.14
1983 0.23
1984 0.72
1985 1.22
1986 0.25
1987 0.12

Flow .0065
slope (a)

Table 7. Negative log likelihoods for all production and experimental groups

Source

G r a n d m e a n
Year

Hatchery
Month
Flow

Negative log
IikdihOOd

320.68
184.14
169.19
120.91
1 13.50

Table 8. Results when using observed recoveries

Model

GrandMean+Year+
Hatchery+Month

+Flow

Negative log
likelihood

38.86

35.00

0 0.42
Flow Slope .0060
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Table 9. Analysis of deviance for model of marine recoveries. aggregated by year and
state.

Model Main Effects Interactions Deviance df Scale Scaled Factor delta scaled delta df p value
Factor deviance Tested deviance

I G+Y+H+M+L+A+F  HA+HL 2001.60  529 3.78 529.00 F II.71 1 O.ooo6

O.OCM30

O.OWO

0.0000

O.oooO

O.WOO

O.WOO

O.OCOJ

2 G+Y+H+.U+L+A liA+HL 2045.90 s30 3.78 540.71  HL 23271 IS

3 G+Y+H+M+L+A HA 2926.U) s45 3.78 773.41  H A 143.14  I5

G+Y+H+M+L+A 3468.004 s60 3.78 91625 A 502.94 4

564s G+Y+H+M+L s371.00 3.78 1419.49  L 30.7s 4

G+Y+H+.W

G+Y+H

G+Y

G

643330 568 3.78

6846.90 571 3.78

699S.00 575 3.78

8442.00 S85 3.79

1700.22 M 109.31 3

380956 H 39.14 4

1848.70 Y 382.43 IO

2231.12
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Table 10. Paramxers estimated for model of marine recoveries, aggregated by year and

Affect

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

Cowlti
Grays

Priest Rapids
Washougal

June
JW

August
Oregon

Washington
B.C.

Alaska
Age 3
Age 4
Age 5
Age 6

flow slope

GLM
estimute

-1.35
-1.29
-1.28
-1.43
-1.72
-2.00
-0.45
-0.33
-1.78
-2.19
0.85
0.74
0.50
1.57
a.84
-1.52
-0.02
1.64
2.75
3.49
2.76
2.15
1.48
1.71

-0.99
0.002594

GUvl  s.d. Multiplicativ

0.082
0.093
0.075
0.08 1
0.099
0.103
0.084
0.066
0.095
0.08 1
1.258
0.52 1
1 .o95
1.149
0.057
0.091
0.426
1.017
1.005
1.004
1 .oo7
0.202
0.209
o.238
0.493

o.ooo39

e value

0.26
0.28
0.28
0.24
0.18
0.14
0.64
0.72
0.17
0.11
2.33
2.09
1.64
4.81
0.43
0.22
0.98
5.15
15.56
32.72
15.77
8.62
4.40
5.53
0.37

1 .OO26
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Appendix Bl: Peer Reviews  of Hilborn  et al. (1993b)

Review comments submitted on behalf of the initial manuscript “The relationship between river

flow and survival for Columbia River chinook salmon,” authored by R. Hilborn,  R. Donnelly, M.

Pascual,  and C. Coronado-Hernandez (1993b).  General comments tended to be similar and con-

sistent. so a summary was compiled and answered in Appendix B2.

Comments from the following people can be found in the order:

Name (Organization) Number of pages

a. Chris Ross (National Marine Fisheries Service) 6

b. Al Giorgi (Don Chapman, Assoc. Inc.) 4

c. John Stevenson (Pacific Northwest Utilities Conference Committee) 6

d. John Williams, et. al. (National Marine Fisheries Service) 8

e. Phil Mundy (Columbia River Inter-Tribal Fish Commission) 6

f. Scientific Review Group; L. Calvin, et al. (Columbia Basin Fish & 7
Wildlife Authority

Page 101
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Figun= 9. Survival corrected by year and month effect plotted against fI ow at McNary
dam during month of release for m. groups fmm Priest Rapids hatchery.
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Introduction

Columbia River salmon have betn  tished  for perhaps thousands of years.
tival  of western European sett!e.rs  *he magnitutde  of the exploitation increased

With the

dramatically. At its peak. the Columbia River salmon stocks produced catches of over 6
miilion  tish from 5 species (Chapman 1986).  The peak catches for each species occurred
at differtnt times over a period of about 30 years ccntercd  around 1900. Chapman (1986)
estimated that :otaI return to the CoIumbia  River. catch and escapement was in the
neighborhood of 7.5 million fish. The rive species of salmonids native to the Columbia
River are chinook salmon (Oncorhynchur r.sho;c?rscha).  chum sahno
saImon  (0. nerka), coho  salmon (0. kisutch),  and stet!head trout (0
salmon are recognized  as having wo distinct Iife histories. ocean an /

discussing Columbia River chinook. fisheries managers commonly refer to thret races
based on time of the return mi,gration:  spring, summer. and faI.I. Spring chinook have a
smm-type  life history, fall chinook have an octan-type  history, and the summer stocks

the two. Afur emerpct. stree-type  juveniles ‘spend one year in fresh
in a tributary sncarn. before migrating to sea. and are known as

“yearlings”. Ocean-type juveniles. Lc.  .l med “sub-yearhngs”.  out tn@Z.e~~~the
first summer. d-9

Beginning about the turn of the century, catches began to show a downward trend
although the annual ff uctuations  continuti  The adults that mi-qite  into the river during
the summer have suffe.md  the most (Thompson 1951).  declining to very low numbers.
recovering  slightly in 1959 and then declining again (Chapman 1986). -Most  authorities
(e.g. Laythe  et al. 1948,  NWPPC.  1986)  have attributed the dec!ine  in chinook runs to a
wide variety of causes including deforestation, farming, mining, pollution, over-fishing.
unscretned water diversions and construction of ‘darns - the last conside.md  to be the
major contributor. To overcome these problems. bythe (1948)  suggested a midgation
pro_eram in the lower river which included screening, water diversions. and habitat
protection. as well as the construction of fish hatcheries. The hatcheries and lower-river
efforts were never fully implemented, and by the mid- 1970’s the runs of chinook salmon -
to the mid-Columbia were at exuemely low levels. The use of hatcheries to increase the -7
runs had proved relativeIy  unsuccessful m

Y
Studies were initiated on the surviving  chinook salmon stocks in the mid-CoIumbia

River from Bonneville Dam to Gmnd  Co e-e Darn Raymond (1969.1979.1988)  studied
the effect the dams were having on navertime of the out mi-grant  smelts.  Two major
findings from his work were (i)‘wiId  stocks had better survival compared to hatchery
stocks. and (ii) impoundment of water behind the dams slowed out miption and were
thought to reduce survival. The direct effect of river discharge on downstream movement
of salmon fry has been s&lied by a number of investigators (Irvine  1986; Giorgi  et al.
1990; Raymond 1968; P-ark  1969; Stevenson and Olsen 199 1) with varying results. Giorgi
et al. (1990)  investigated the relation of flow to navei  time of sub-yearling chinook salmon
and were unable to conclude that changes in fIow were rc!ated  to changes in travel time;
however they did note that fish moving out in the early part of the summer had higher
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survivai  to adulthood compared with those that out migrated later. Raymond (1969)
/ -found that the John Day Reservoir increased :he travel  time of OUI m.i-gmn  -s;nolts  from 14

days to 22 days for that stretch of river. Stevenson and Olsen (1991). expenmenting with
different flow ngimes  in John Day Reservoir, were unable to demonstrate a solid
n!ationship  between  flow and travei  time. Park (1969)  concluded that. with the advent of
dams, the peak flows were reduced. turbidity was decreased. predation and disease
increased. and that “an almost continuously impounded river. with resultant rrends  toward
warming water and increased numbers of predators. and other complex changes in the
environmen&  could eventuaily  jeopardize the existence of the chinook salmon  in the [mid]
Columbia River.”

There is lit& question that the downriver movement of the juvenile salmon has .
been slowed by the construction of dams (Raymond 1979; EM and Raeymond  1976).  For L% * ’
each darn constructed above Ice Harbor dam on the Snake River. the travel time was k?

increased by about 50% or more (EM and Raymond 1976),  or an average delay of 8 davs

*F )
lO-?L

per reservoir. Raymond found that mi-mtion rates for juveniles were on the order of 40
to 55 km/day for both free flowing and impounded stretches at moderate river flows
(about 8,500 mS/sec.), and in the range of 24 to 27 km/day at low flows (about 4250
mj/sec.).

While the hypothesis that flow and travel time  are inverse!y  re!ated is viewed as a
basis for present river management. the situation is not as clear as might be hoped -
apparently confused by confounding variables. For example. uavei time is related to the
condition of the juveniles at time of migration. Their physiological condition is related to
water temperature which in turn is related to the time of year (Giorgi  et al. 1988). The
later in the year, the faster the juveniles appear to migrate (Chapman et al. 1991).

In an effort to shed light on a complex situation and to prevent continuing erosion
of Columbia River salmon runs, Congress passed the Pacific Northwest Electric Power
Planning and Conservation Act in 1980 which authorized the states of Idaho. Montana.
Oregon  and Washington to create a entity to plan for two imponant resources in the
Columbia River basin: electricity, and fsh and wildlife. The entity created was the Pacific
Northwest Elecrric  Power and Conservation Planning Council. best known as the .
Northwest Power Planning Council. To emphasize the importance of fish and wildlife.
Congress mandated that the Council develop the Columbia River Basin Fish and Wildlife
Program before developing a power plan.

The Council has established the doubling of the salmonid  runs of the Columbia
River as a primary goal  of its Fish and WiIdlife  Program. Achievement of this objective
could result from: (i) an inmase  in the production of hatchery salmon, (ii) increases in
the production of natural spawning salmon. and (iii) increase in the downstream  survival

(id) kecnpaL4/
CL,  &

of juveniles. XII three factors are likely  to be involved in a truly successful stock
rebuilding effoh Many management actions have been taken in an attempt to increase

7s
downs- survival. inciuding.  (i) fish bypass facilities: scxens  that divert juvctie
saimon fi-om  the turbines. passing them through the dam in a separate water system: (ii)
transponation: juvenile salmon colIected  at the fish bypass facilities and transported via
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made to evaluate increasd flow or predator control effort.
.

One of the guiding principles  of the Fish and WiIciIife  ’ge--is adaptive management S 7
- learning by past actions. Until managers are able to evaluate re!iably  the effectiveness of 0. 10,
their actions; learning will be slow. Changes in flow and other factors associated with
downsueam  survivals rto some exu k evduadby  in-river  mark recapture A

experiments. and such experiments  are certainly an essendai  part of any weildesigned A-ZL
attempt to evaluate water flow. However, this is not practical on a his enough sca!e to . 1491. !
encompass all hatche.ry  stocks. nor would such an in-river mark recovery program
measure impacts that might occ’ur one: the fish leave the river.

Most smiies of the reiationship  between flow an swiv
a

have conctnaarcd on
in-river musurements  and comparison. primarily using fkze orandingV

J&ES Such studies have no way of examining the impact of changes in flow on survival
after the fish pass through the dam system A potential sourc: of such data is the coded
wire tag (CIVTJ  data base. Since the eariy 197Os,thousancis  of groups of hatchery and
wild fuh have been tagged on the Columbia and the commercial and notational  fisheries

4and escapements to hatcheries have been sysumarically sampled to obtain tag recoveries.’
CWT  data have been routinely used by the Pacific SaImon  Commission (PSC) working
groups to estimate survival of Columbia River stocks.

The purpose of this study is to investigau  the potentiai  for using the C’NT data
base to examine the relationship between iAver factors (especiaily  flow) and survival jrf$
Columbia River chinook salmon.

Methods and Results

Estimating Survival: from Coded-Wire-Tag data

Since  the eariy  1970’s approximately 2600 individual groups of chinook salmon
have been marked with CwTs on the Columbia River. These tags have been applied
primarily at hatcheries. although there has been some marling of wild stocks. and some of
fish collected at dams. The motivation for tagging has betn quite diverse. but most tags
have been applied to compare experimental hatchery treatments. such as size and time of
re!ease, feeding regimes. or other hatchery practices. The data base on CWP data
denotes three  primarily types of tagging, experixneml. production and index.
Experimental tag groups am those mentioned previously,  when agencies are
experimenting with hatchery pmctices  in some way. Production groups arc fish reared
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under normal hatchery conditions and tagging is done in order 10 determine the _
contribution of the bulk of the hatcheries release to fisheries and return to escapement.
Index tag codes are specifically designated for use in evaluation of fishery management
practice.

For the purposes of examining the impact of in-river conditions on survival. the

_. . production and index tag codes are preferabIe  because they have not been subjected to any
experimental treatments. However. many experimental groups appear to have similar
survival to the hatchery prodution groups. and since far more releases are experimental
than either production or index. we may not want to exclude experimental groups out of
hand.

Since the aim of this project is to examine the relationship between in-river flow
and the subsequent survival. we must have CWT groups released from a range of flow
conditions.. Figure 1 shows the average flow at McNary dam in May, from 1976  to 1989.
The amount of variation in flow is not great but there is a little more than two times
variation from the lowest year. 1977 with a flow of 150.000  cfs. to the highest year 1976
with an average flow of 350,000  cfs.

Figure 1 near here

The highest flows occur in May and June. with declining flows in July and August
Figure 2 shows the seasonal pattern of flow for 1976 to 1988. There is a high corrtiarion
in flows between months (Table 1). generally 0.8 or higher.

Fl!gurm2nouhm
Table 1 near here

We searched over all available CWT  codes for hatcheries that met two conditions.
(1) the hatchery must be upstream of McNary dam so that the juveniIes had to pass
through the four lower river dams at a minimum and (2) there must have been non-
experimental tagging over a number of years with contraast in flow.

Unfortunately,  only Priest Rapids hatchery met these conditions. None of the
Snake River hatcheries had consistent enough tagging to provide a usable base of data
and none of the other hatcheries on the mainstem  above .McNary dam had more than
occasionai tagging Priest Rapids. in comparison. had consistent production or index
tagging from brood year 1975 to the present time. Only three of the tag groups at Priest
Rapids hatchery were experimental. In recent years a number of other hatcheries have
begun systematic tagging of index or production groups, and within 5 or 1 0  there
will  be a much bigger base of available hatcheries. However, at present. only Priest
Rapids hatchery provides enough tag groups over enough years to examine the
relationship between flaw and survivail

For any CWT group, we can estimate the survival from release to any arbitrary age
using  the method of Vii Population Analysis (VPA). This method is routinely used for
chinook salmon by the Chinook Technical Committee (CTC) of the Pacific Salmon
Commission (PSC),  and the method is described in Hilborn and Waiters (1992). Because
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Memorandum

4 Oct., 1993

To: Bob Donnelly, UW
From: Al Giorgi, DCC
Subject: Review of draft CWT manuscript

On page 5, the stated purpose of the study was to
investigate inriver factors(especially  flow) and survival in
Columbia River chinook salmon. But in fact, only a single

i factor, flow, was examined. In my view this is a major

I
shortcoming of the analysis. Since all of your analytical models
indicate a relationship between flow and survival to age txa,- -
further development and treatment.of the mechanisms that could--- - --__.
affect surJival'&d accompany increasing flows is warranted. Flow
is only a general index of overall passage conditions. At hig?i-
flow levels,spillage increases.this would be expected to enhance
mainstem survival. Some investigations indicate that
subyearlings migrate faste,r with increasing flows, which may
increase survival to scme degree. You fail to either discuss, or--_-_
analytically treat these matters. Your results and discussion
sections imply that increased flow increases survival, but it is
possible to provide spill at any flow level. Which mechanism is
really key in improving survival? There may be others as well,
such as those you briefly identify in the discussion section such
as the potential for estuarine conditions to fluctuate with flow
volume.

Since spill and fish migration speed are repeatedly
implicated as mechanisms affecting instream survival, you should
at least treat these. For example, in Figure 9; 1977, 1979,
1985, 1987 yielded the lowest adjusted survival. Your depiction
illustrates that your index flows were below 200 kcfs. However,
in those same years spill was either absent or negligible during
the June/July/August period, when these fish are migrating
seaward. The problem- - is that spill effects cannot be separated. . .
from perceived migration effects in these data sets. You-must
inform the_reader of this difficulty. If you do not, you may
spawn yet another Sims a n d Ossiander debate. Some readers will_I_-__
see flow as a surrogate for migration speed related survival-a
effects, while others will contend.it is a spill effect. You
could illustrate the difficulty by showing the correlation
between spill and flow in this data set, and discussing the
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ramifications.
Temperature is another important factor that affects

predatory fish consumption rates. Int he lower Columbia there
may be a relation between your flow index and temperature.-__ _ _ _  This
should be explored. Giorgi et al. (1990) showed that throughcut
the summer al to adult decreased, for three years. Over
the course of each summer flows decreased, spill 8 decreased, and
temperature increased. All highly correlated. It was impossible
to attributes effects to any single variable. They probably work
in concert.

Transportation: The proportion of the Priest Rapids
population subjected to transportation each year will affect
survival. Estimating this-‘will be difficult. Prevailing spills
L e v e l s  the time the population passes McNary is critical, as
might be annual changes in FGE, which in themselves may be flow
sensitive. Some creative thinking may lead to some plausible
index.

In summary, this is a multivariate river system, analyses
must treat it as such. I would be willine_tewcrUth-ycu--in--
devising appropriate indices .of.spill, temperature and
transportation.

- ----‘;--- -
There may even be some travel time data from

hatchery to MCN and John Day that be instructive. Branded groups
were released from PR in some years.

Some Specific Questions/Items:

The Flow index:
I suggest selecti ng a flow index other than month of-.-.a

release.__. C-L Freeze brand data for this population indicates the
median passage time at McNary Dam to be the very end of June and
through
the lowe

early July. The bulk of the population is moving through
.r impounded section primarily during July. This would.. -.- -.-_-_

appear to be a preferable index p&iod, wh&~>t&iiptinS~~.to **-_ .- .- _-.. - -- -._ -- . _-.- ?.. --.
characterizes inriver conditions

.-*----*...  .- ____
during migration.

. . . ,
.- .

Alternatively, averaging flows over a thirty-day period following-_ _^--. -.- -- -c--.- _____ -_._ __C.--. .
release may be useful since the median travel time to McNary dam
is typically near 20 days (see some FFC reports since 1983).
Either of these seem preferable to the current index. F o r

example, many groups are released during the last ten days of May
or June, and are not even inriver during the majority of the
period you have selected as the index(i.e. month of release).
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Tule stocks as control orouns for Priest URBs:
Except for URBs at Bonneville hatchery, the rest of the

control populations appear to be tule stock. It seems like it
would be difficult to argue that tules-and URB ~r~>~~li.~~gh_. m._.-- -s--d
to warrant use as co%=--"-Ocean distribution is only one----- --w-.--~--wT~
indicator of similarity. Perhaps other life history traits need
examination. To dismiss this as a concern seems most
inappropriate, and will certainly be subject to criticism in any
final draft.
Survival estimates:

In the results section it is nqt apparent which hatcher1- --e.--- _-
pooulatigns were-us&.=coraLr.olsLo&eld~ 9. Were
hatcheries pooled in some years. The mechanics of the procedure
is not clear. Also, is the adjusted survival in figure 9
survival to age 2t Then the su,rvival in figure 7 is su,lrival to
returning adult?

Assunntions:
_E_quation 41 assumes that the P's are known. F's are_c _-. --. -- -- ____

IIestimated and_-never "knit& . How robust is the analysiao
'depd-%&es from estimated F? Discussion of this seems
appropriate. Also, the cited F values from the CTC are for what- -
_race.,of.chj.~ook;  presumably they are falls, not spring~~~iiook.
please_cla.rify. Also, the CTC values are reported without error.
What are the variances associated with these estimates, and how
does that affect analyses and conclusions?

Inter-dam loss of fish appears to be ignored in these-.s-
analyses. It is not clear that this is warranted.--T-Priest Rapids
-fish--r this mortality, while control stocks do not. It seems
that some adjustment is required.

Hwothesis testino:
On page 7 you state that hypothesis testing is inappropriate-

for decision -ni.&in&.-- -Yet on page 13 you test models which pose
hypotheses? What's up?

Discussion:
The range of the change in survival related to flow ranged

from 26 to 65 %, not the 20 and 60%-specified on p. 18.
Yogi state that flow affects ~stuarine-conai'fi~ii~) how so?

A little discussion of estuarine dynamics seems in order.
>lg one -

-_
Eha-t -mechanisms iggociated‘ .zK'???i?
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accompanying increased river discharge are implicated as
affecting survival.
of migration speed,- _.
volumes, cr transportaticn.----__
TEe analyses and discussi&-< are in my view incomplete in this
regard. Further analyses are warranted.

cc: Fat Foe
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PACIFIC NORTHWEST  UTILITIES  CONFERENCE COMMITTEE

December  13. 1993

Mr. Roben  Donnelly
School of Fisheries WI-I-10
University of Washington
Seattle. Washington 98 195

Dear Mr. Donnelly:

I. along with PI\;UCC member biologists and other PNUCC staff biologists. have reviewed the
manuscript entitled “The  relationship between  river  flow and survival for Columbia  River  chinook
salmon.” and offer the following comments.

General  Comments

Abstract - The abstract of the manuscript states:

77ne relarionship  between flow and survival when correcredfor  ocean condition shows a
monger correlarlon. which is highly significanr. 72e siqe’ indicuzes  rhar an increase in
ow of 100,000  Lfs at .Clc.Var: Dam would remit in 6.5 Tercenr  increase in surAa1 qf
Priest Rapids harchep fish.

Although this conc!usion  is discussed within the body  of the text. it Icads  the reader to be!ieve  that this
is :he major conclusion of the paper. Larer in rhe rext. a statement  is made to the effecr that while it
appears that survival is correlated to flow. you do not feel conrident  in saying which statistical mcdel
most accurateiy  reflects that relationship. You continue by saying that you are less confident in the
expected increase of survival in relation to flow than you are with which model to use. Despite these
statements. you present rhe results of the Virtual Population Analysis and conclude that a flow increase
of 100 kcfs at XlcNary will result in a survival increase of 65 percent for Priest Rapids harcher)l  fish.
My concern is that many people will read only the abstract and will miss the main conclusion of your
paper, which I read as- flow is correlated to survival. but to what extent  you are uncertain. I strongly
suggest that you edit your abstract to more accurately reflect  the contents of your paper. To do otherwise
would be negligent.

In addition. the objective of your work should be clearly identified within the abstract. As stated on page
5, the objective is to “. . . investigate the potential for using the CWT data base to examine the
relationship between in river factors (especially flow) and survival in Columbia River chinook salmon.”
In line with this objective. your conclusions should address the utility of these coded wire tag data in
evaluating survival, and of the paper’s statistical modeling methods for analyzing the data to determine
the correlation between flow and survival. You should also point out that your work is of a non-
experimental nature in that you have not evaluated CWT data in comparison with orher  data (such as the
PIT tag data collected in 1993 in the Snake River).

.

PhUCC ONE MAIN F’JCE 10; S’WMAIN  STREET,SlJlTE8~0 PCRnP.hD,CR97C&-j21C (503: 223-9343  FAX(503>  290-Y250
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blr. Robert Donnelly
December 13. 1993
P3ge 2

ASSUUlptiOnS - In each of the sraristical analyses you have presented. there are several key assumptions
that have not been fully considered (e.g., transportation. spiil.  inter-dam loss. mortality due to e!evated
nitrogen leveis 1. Although these assumptions are acknowledged. you have not adequately addressed them
in your analysis. For example, adult in-river mortality between Bonneville and McNary dams has ranged
from 0.7 percent in 1986 to 22.3 percent in 1991,  xd has averaged 15.1 percent from 1986 to 1992.
Because each variable is affected by flow. and subsequently affects survival.  it is important to address
each of them within your anaiysis.

Other Factors - Assuming that temperature is significantly correlated to time. time to flow.  and fiow
to survival, is it possible the affects on survival seen in the analysis are in part the result of temperanne’?
Also. is the possible influence of temperature on survival addressed adequaceiy  by evaluating the variable
“month effect”? Knowing that temperature is a funcrion  of time. and there is a correlation between flow
and time. I wonder how much of the correlation between flow and survival may be explained by
increasing temperatures. This may be an issue considering the propensity of fall chinook to rear within
the river prior to migration. Also, given the fact that Priesr Rapids fall chinook are typically released
late in the season when temperatures are high. predation is high, and the smelts  are relatively small (in
1993. PRD fish were released at 50-70  fishipound  in June).

Control Group - Your analysis is based on the assumption that lower river and Priest Rapids hatchery
groups have comparable ocean mortality rates. I would argue that this may not be the case. The stock
used as your treatment group is an up-river bright population, whereas the lower river control groups are
of Tule  origin. Based on data produced by the Pacific Salmon Commission Joint Chinook Technical
Committee in their 1991 Annual Report. the attached tables show how catch distribution and total harvest
mortality varies between the up-river bright and tule  stocks. In addition to the differences in distributions
between the stocks, fisheries management has also varied from year to year for each of the fisheries listed
in the tables. The variation in distribution and changes in harvest management could account for the
differences in survival observed for each stock. Furthermore, different ocean environmental conditions
can affect the survival of each stock due to the differences in ocean distribution.

It may also be useful to address how the treatment group compares to wild Hanford Reach fall chinook
with regard to migrational timing to McNary  Dam. If peak timing for both stocks is not fairly close,
conciusions  drawn for hatchery fish may not apply to wild stocks due to the time-sensitive effects of a
multitude of variables.

I appreciate the opportunity to comment on your draft manuscript. and would be more than happy to
discuss these comments with you. If you have questions. I may be reached at (503) 223-9343.

.

a -

.John R. Stevenson
Senior Fisheries Anaiyst

cc: Patrick Poe. BonneviIIe  Power Administration
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Mr. Robert Donnelly
December 13. 1993
Page 3

Annual  distribution of reported catch (PSC TCCHINOOK  (924).

Stock All All Fishenes TOPI Other Other
Alaska NthiCIlt WCVI Gee St Canada Canada

BC Troll Ner Troll

URB 26.0 19.’ 13.3 0.3 0.9 0.2
(79-9  1)

Other
U.S.
Troll

1.9

Other
U.S.
Net

34.4

Orher
U.S.
Spot-I

3.9

Cowliu 6.9 9.7 21.3 0.’ 2.0 0.7 17.9 20.2 20.6
l.8!-91)

Bonne-
vdle
50-87)

0.0 3.4 1l.J .- - 2.4 1.6 1.9 i-?.O 19.6 16.9

jprmg
-reek
79-91)

0.0 0.9 25 .-I ! 2 I.2 0.9 19.3 36.9 13.5

Annual distribution of total mortalities (PSC TCCHINOOK  (92j-4).

Stock All All Fisheries Toul Other Other Other
.413Sk3 Y&h. Cm WCVI Gee St Canada C3nxfa U.S.

BC Troll Yet Troll Troll

L-RI3 30.5 18.5 13.0 0.3 0.7 0.1 1.9
(79-9  I)

Other
U.S.
Net

Other
U.S.
Spon

Cowlin 9.1 9.: --.- ‘1 7 0.’ i.S 0.6 l8.4
ISI-91)

la.8
I

19.1

Bonne-
ville
‘SO-87

0.0 3.0 39.6 1.8 5.0 1.2 16.9 16.6 17.8

Spring
Creek
.79-9 1)

0.0 0.9 ‘5. 3 I.1 ! .o 0.9 20.6 35.0 14.7

Reproduced from tables presented in the Pacific Salmon Commission Joint Chinook Technical Comminee
I991 Annual Report.



STEVENSON-4

Mr. Robert Donnelly
December 13. 1993
Page 4

Specific Comments

Page Par Line Comment

2 Abstract Should list all of the factors evaluated in the analysis. not just
flow.

2 Abstract A summary within the abstract on the range of slopes developed
in the analysis,  their significance, and a statement of the
assumptions would be very useful.

3 Abstract

3 1 3

3 1

3 1

3 3

4 5

2

2-5

Instead of stating *. . . long time series of coded wire tag (CWT)
release groups. . . * it may be more accurate to state “a series of
coded wire tag (CWT) release groups over an extended time
period. ” “Time series” may be confusing to the reader since it
implies that a time series analysis was performed.

Is this saying that an “annual” harvest rate for the five species
was in the neighborhood of 6 million fish. or that over the 30
year period the total catch was 6 million? This needs to be more
specific.

Should change “The five species of salmonids native to . . .” to
“The five  species of ana&omous  salmonids  native to . . . . *
Also. should other anadromous  salmonids be added to this list
such as sea-run cutthroat trout and dolly varden?

The scientific name for steelhead is incorrectly referenced as
Onchorhynchus  maw. The correct reference is 0. mykiss.
0. mosou  is a salmonid  species commonly referred to as the
masu salmon. and is only found in Asia.

Change “Grand Coolee  Dam” to “Grand Coulee  Dam.”

I would agree that each of the measures identified possess the
potential to aid in the achievement of the Council’s goal. But,
while although the focus of your paper is on downstream
migration, and more specifically survival, I would include other
life stages where survival may be increased to improve adult
contribution (e.g., improved estuarine  and ocean survival.
decreased exploitation, improved adult instream  survival, etc.).



STEVENSON- 5

Mr. Robert Donnely
December 13. 1993
Page 5

Specific Comments

Page Par Line Comment

5 1 1 Item (ii), which begins on page 1 should be modified to reflect
that fish are also transported by truck. not just barge.

1 5 The statement ‘I. . survival of fish from the time of release until
they enter . .” implies that these  measures are intended for
hatchery fish alone. The insertion of “or emergence” after
“release” would make the statement more accurate.

5 6-5

7 2 (full) 4-6

11 4

In the last sentence of this paragraph. two points are made.
First. that in-river mark recapture studies are not able to evaluate
in-river survival on a large scale Second. that in-river mark
recapture studies cannot identify mortality after a fish has left the
river system. I would disagree that mark recapture cannot
evaluate hatchery stock survival. Using the single release method
tested by the National Marine Fisheries Service in 1993,  I would
think that with enough PIT-tagged hatchery fish. survival could
indeed be measured. I would agree that mark recapture methods

* cannot evaluate mortality once a fish leaves the river system.
But that is only an issue if it is assumed that the effects of
mortality are realized after the fish has left the system. I am not
aware of any empirical data to support this theory.

In the analysis, the test and control fish were of upriver-bright
and tule  stock respectively. Because of the difference in ocean
migrational patterns. the argument can’t be made that both test
and control fish are exposed to the same incidental fishing
mortality.

Need to correct the statement “. _ . among fish released in 1985
and 1985 . . . .*

JSlOl



STEVEXSON-6

Mr. Robert Donnelly
December 13, 1993
Page 6

s p e c i f i c  comments

Page Par Line Comment

11 Equation 9 Flow is not independent of year and month. Some discussion of
how this is accounted for (if it is) would be helpful. The
problems with using average flow during the month of release
should be discussed. Also. separation of temperature effect from
the flow effect would make the model more accurate.

12 3 (full) 6 Capitalize “spring creek.”

12 3 (full) 10-11 What is the source of the ocean spatial distributions presented in
figure 6?

12 3 (full) 11 Capitalize “priest.”

13 3 (full) 1 Should “defiance” be “deviance”‘.’

13 3 (full) 2 Should “equation x” be “equation 9”?

14 Equation  11 One of the M’s on the right hand side of the equation should be
sub i. not j.

18 1 2-5 The statement “. . . evidence that higher flows would lead to
better survival . . . throughout the entire Columbia and Snake
river basins” is at this time conjecture. It should be deleted from
the text.

JSlOl



UNITED STATES DEPARTMENT OF COMMERCE

Zone and Estuarine Studies Division
2725 Montlake Boulevard East .
Seattle, Washington 98112-2097

November 16, 1993

Dr. Robert Donnelly
School of Fisheries, WH-10
University of Washington
Seattle, Washington 98195
-\

Attached are some combined anonymous staff reviews, with comments
also added to the text, of the draft report entitled "The
relationship between river flow and survival for Columbia River
chinook salmon." I hope that you will find them constructive. It
appears that one of the largest problems may lie with the ocean
distributions of the lower river versus Priest Rapids Hatchery
fish. Maybe a more prominent placement of the caveats outlined by
one reviewer would also improve the strength of the paper (but not
necessarily of the conclusions found). If you have any questions,
give me a call at 860-3277.

Sincerely yours,

cc: Fat Foe



WILLIIAMS ET AL.-2

Hillborn et al. 1993

Editorial comments:

Generally sloppy writing.

Page 3, para 1: masu should be mykiss

Page 5, para 1: "to date no attempts have been made to
evaluate increased flow for predator control effects (on'
survival)"

Authors should read Sims and Ossiander, Petrosky, etc.

Page 7, para 1:
Calculation of survival to age 2:

Assumes probability 0 f survival from age 2 to age
6 is known, only losses to fishery and escapement, and all fish
spawn by age 6.

Does not consider upstream passage mortality.
Chose to ignore incidental fishing mortality assuming all groups
affecc ted equally.

Page 7, last para:

Wh y is _t'hyoothesis testing inapproriate for decision-
making"?

"It is statistitally inappropriate to use survival
rates as the y variable in a linear regression."

Pages 8-9:

in arguing against the appropriateness of hypothesis
tes'-,Ing for decision-making, the only argument put fornJard
involves hypothesis  testing and using survival as the y variable
in a linear regression.



WIUIAMS ET AL.-3

Figure 6 apparently indicates an ocean distribution of fish that

mi3i&TQling  b e c a u s e  i t covers up the distribution of fish off the
Hz&ington Cosst; nonetheless, it appears that apprcximately 35%
or‘ +,he F'riest Rapids fish are caught in Alaska and while only 47;
in Washingscn. In contrast, it appears that Bonneville Hatchery
may have the closest distribution to the Priest Rapids stock;
however, Banneville Hatchery fish are caught az 1/Z the rate in
Alaska and nearly 6 times the rate in Washington compared to the
Fries% Rapids riski. From these results. it aspears inappro>ria:e
c . .cl CJ use lower river stocks to adjust for ocean mortalities. This
is par%icu;.zrly so since stocks of fish from Alaskan war,ers have
had 9 suks;an;ial increase in survivai since the late 1970s (the
ptrLI;d you xnsidered her2). It seems highly plausible that
Friest Rapids fish may have survived at a higher rate than lower'
river hatchery because of a different ocean distribution. Total
sxock returns to the Columbia River would appear to bear this out
where lcjwer river tules and upper river bright fall chinook seem
tij b---2 -1, -- wptl one grcup has high returns. the oxher does not,
and\vice versa.

/

her fi ate.



Fkw and sun&& WILLIAMS  ET AL.-4
Page 3

Introduction

1028 AM ORAFT NOT FOR CITATION en?&m



Fkw and Survival WILLIAMS ET AL._Page4
LWL

survival to adulthood compared with those that ou: migrated later. Raymond (I9691

r-J (foucd that the John Day Rcsc~;ok  increzsed tie mve! time Of Oit .migxx? smOk from 14
d;tys to 22 days for that s~e*zh  of river. Stevenson  and Okn (I99Ij. experimenting  with
&fkTX i%W rtgk2C.S  h JGkn  Day Re,e. .oc -e 5, we.?:  unabic  io dmonstraie  a solid
n!atkrtship !x~lrxc:!  flow and tme!  k~e. Pat,& (1969) con&&d that. with the x!vcnt of
dams, the peak ftows we= redacti. tur5idily  was deL*sd.  gndatkm and disease_ .
xcrt2scd, 2nd that “3n 2ims:  ccr.tincousiy impounded river,  with resultant tRnds toward
-exning  waur 3zd incrt& numbers of p&ators. znd c-her  complex Changes  in the
cnvironnxnt,  cou!d t*::zmAiy  jeop&ir= the exiszx: cf the &kook s&on in the [mic$
Coki~ia River.” .

??x C3tfncir  hi es&&is!~d &ehoub!iag  of hz shotid ins cf h;t Columbia
River zs 3 primary god of in Ssh and ~~if.‘c  ?rog~zx. Achievt.ment of thS’ob,ktive
could rc~ulc from: (i) an inctt in the production of h2ichcry  salmon. {ii) increves  in :(It) h
the production of nati spawn;ag salrr~n, and (iiii incxse in the downsrzcam survival
of juvenik A!I h

;, ~b),
r q f3cton azz liiccfy  :o be involved in a truly succestfut  sW2.k ’

l TbuiJding  effcn. Mt?y ~LM~CSIXC  actions have teen r&cn in an arrcmpt  to incrcasc 3.-e
downs*m  surGv& kcluding:  (i) f&h by32u f&ides: scrccas  tjldt divcrr  juvenile
sa!mon fkom the ttiir.ts,  psskg th~9 through the d2m in a sqjrtw~water system; (iii
zanqorudon:  juvttilt s&qOr.  coktcd  at the fuh b>Tzss  kiiitics and mrzd via



Methods and Remits

Estimating Survival from Coded- Wire-Tsg  dab

loa AM DRAFr  NOT FOR CKATION 8127193  .



WILLIAMS ET AL-7

Please check these comments for accuracy and whether you
understand what I mean! Note that comments are due by the 15th
and I'm sure you'll be getting this on the 15th!

pg. 6, par. 4, last sentence -
Why is the "high correlation in flows between months" of
noted importance? Isn't this generally true? .

pg. 7, par. 1 -
In the equation for N,, the p is lowercase, but in the text
the P's are uppercase.

pg. 7, par. 4, sentence 5 -
"survival rates cannot have values less than zero" is only a
problem when the distributions around the true survival
rates would include negative values. In many applications,
the survival rates are "far away enough" from zero (or one
for that matter) so that this is not a problem.

Could the authors expand on the meaning of I'... the
potential for differential reliability of different survival
rates..." and why that makes using survival rates as the y
variable inappropriate.

pg. 11, Correcting for trends in ocean survival
This is a good idea, but can it be assumed or demonstrated
that the Priest Rapids stock and the lower Columbia hatchery
stocks are mixed in their ocean migration distribution, i-e,
is the CWT sampling equal for the two groups in all sampling
areas? If not, how would this affect (or bias) the results?

P4- 13, last par. -
scaled deviance (see Table 3) is not defined here, while
delta scaled deviance is. Perhaps this definition should be
included after the sentence "...than expected under the
poisson." The next sentence after inserting the scaled
deviance definition should say '*The change in scaled
deviance from one model to the next is the delta scaled
deviance.". This would make this paragraph more correctly
describe the columns in Table 3.

pg. 14, par. 2 -
The scale factor is the residual deviance of the most
general model you used divided by its degrees of freedom.



W I L L I A M S  ET AL.-8

Perhaps why the scale factor was so large is that you are
missing some of the important factors in your model (eq. 9).
See also Table 9 and text on pg. 16, par. 4.

pg. 14, eq. 11 -
The subscript in the first likelihocd in the equation should
be i not j.

pg. 14, eq. 12 -
What is n? .

p g .  14, last par. -
For the "layman reader it might be helpful to have Table 5
show the "clearly significant" results of adding terms to
the model.

pg. 15, par. 1 -
While this may be true, the authors just took the reader
"deep into Bayesian Theory" which, for many readers, will
lose them, i.e., this paragraph is much less understandable
than the rest of the paper. The next paragraph does help.
Perhaps this section could be rewrittenn in simpler language.

p g 15, last par. -
Doesn't the chi-square significance test look at twice the
change in negative log likelihood, (2 x 3.86)? See eq. 1:.

Discussion -
It is appreciated that the authors note the substantial
weaknesses of the study, particularly that: 1) the extent
of impact of flow on survival is difficult to precisely
quantify, especially when the "correct or best" model cannot
be determined, and 2) the paper only identifies a
correlative, not a causitive effect of flow on survival.



Revfev Hflborn  et al .  The relationship  betveen rfver flov and survival . .

Recommendatiorx

1. Publish after revision.
2. Obtain professional  editorial advice.

Generer1 C o m m e n t s

This is potentially  a very important  p a g e r  In the field of
hydroelectric  salmon passage. The basic paper is sound, however
it needs some work. I strongly  recommend  publlcatlon  v!th
revision.

The paper should stick to the original  p u r p o s e  of the
project  which vas to develop measures of s u r v i v a l  vhich can be
compared to one another, and to other variables of interest.
This paper cannot hope to be the “final solution”  to the flov
survival question. It should be a slmple demonstration  of 11
the use of CWT survivals, and 21 the use of downstream  CWT data
to contra?. for non-hydroelectric  effects. That 1s plenty. There
is lots more  that can be done, but l e a v e  it to others who a r e
ulore familiar with the hydroelectric  system. some ideas are
given below.

The Introduction  Is a bit too ambltlous  and unnecessarily
ccmplex. It should focus on the circumstances  that make this
study important to salmon recovery in the Columbia  Basin, while
skipping the historical  approach  evident in the first two
paragraphs. At the e n d  of the introduction  the reader should
knov that this paper is part of a long-term,  economically  and
biologically  crltlcal debate  over the r o l e  of river flow fn
salmon recovery. At stake are the very existence  of salmon above
Bonneville Dam, and hundred6  of millions  of dollars  in electric
bills. At intellectual issue  a r e  the extent  t o  which s a l m o n
behavlor depends on the historic river flow r e g i m e s ,  and the
magnitudes  of the risks imposed on these salmon populations  by
the flow regimes  of the impounded Columbia River system. It 1s
to the latter area, determining  the magnitude  of the risks
imposed o n  fall chinook salmon in the mid-Columbia  by
impoundment, that your data analysls are relevant.

The tenor  of the text may be considered  too colloquial  by
some. A more formal style may be appropriate for a vork of this
gravity.
by,

For example,  the term, “y variable,”  could be replaced
“dependent v a r i a b l e .  a In a more formal paper, “out

mlgration~’ could be replaced by “emigration”.
The dlscusslon  section n e e d s  vork.

apologetic,
It may be a bit too

a n d  it l a c k s  a one-to-one  correspondence  to the
methods and results.

Specific  C o m m e n t s ,  I n  ordler o f
oCcu3rrence i n  tex3z-P l e a s e  note t h a t  e d i t o r i a l
comments are denoted, eO, and other substantive c o m m e n t s  a r e
denoted, 0. Edltorlal comments  follov other comments.

November  15,. 1993



Revlev Hllborn  et al, The relationship  between  rtver f]oV and SUKV~Val..

o- p. 3, first para., next to last sentence,  final clause, the
wording Is ambiquous and inaccurate.
this language  wfth, 'I...

Please  consider replacinq

either
and the summer chinook s t o c k s  may be of

life history type." It 1s erroneous  to imply that-a summer
chlnook population  could be a mixture of ocean-type  and stream-
type.
o- p. 3, second paxa., last sentence,  a literature  cite 1s
needed here, and it needs to be made  clea: against  what level oT
abundance  the term, “increase”  is applLcable. If by "increase"
it Is meant, "return the runs to former or historical  levels of
abundance", then substltutc  this clause for the term I n c r e a s e .
0 - p# 3, last para., third sentence. What Is the relevance o f
conclusion  (i) to the present paper? Was Raymond's  work
eoncernec! with fish originating at F:lest Rapids hatchery?  Is
this paper based on an:J  data concern!ng  the survival  of non-
hatchery  fish? If ilOt, it is not clear what sort of parallel  !s
52 I!?g drawn, or if a ccnclusion is being made.
3 - p. 4, third paragraph,  third sentence,  consider being more
s?cc! f !c than "physiological  condition";  hov about "state of
aaturat!on?'*
c: - ?- 4, fourth paragraph, this paragraph  and the next three
paraqzaphs  are 0c;t of place, and the first sentence  is not quite
right. The Northwest  ?over Act vas not passed to shed liqht on
the relation  between flov and the survivals and travel times cf
jSJvenile salmon, The fish and vlldllfe provtslons  of the
Xcx thsrest Power  Act vere a new milestone in efforts to conserve
and rebuild the basin's damaged  and declining  salmon runs. These
efforts date a t  least to the earliest invoivement of the Bureau
of Commercial  Flsherles  during the 1920's, or perhaps  earlier.
Suggest  the following actions, 1) change the first sentence  to
describe  the NWPA as yet another  attempt to turn the salmon  runs
away the path of destruction, 2) move this parag:aph  and the next
t b r -2 e paragraphs  (ending I'... Columbia  River stocks.")  behind  the
second  paragraph  on page 3, and 3) make  the last paragraph before
the “Methods  and Results” section o n  page 5 the first sentence of
a new introductory  paragraph to come before the current  first
r;ar#igraph o n  page 3. Why wait untll  the last paragraph to tell
the reader what you came to d o ?
o- p. 4, last paragraph; the first three condltfons, (1) -
(iil) are not exhaustive or all inclusive. Which version of the
Fish and Wildlife Program is being referred to in this statement?
Were these three remedies singled out in the Fish and Wildlife
Program  as the three the Council could control,  OK vould
emphas  i ze? What  about "Increase in  upstream survival  of
migrating adults?"'  or "Decrease in prespawnlng  mortality  for
adults holding on or near the spawning grounds?",  or ftDecreases
!n fishing  mortalities  on subaduits and adults?” Consider usin5
the same  construct:on  as in the second sentence  following,  "Many
management  actions  . -. Including . . .I’
0 - p. 5, first line, the description  of action (iii) is not

November 15, 1993 2



Reviav Hilborn et al. The relatlonshfp betveen  rlver flow and survfval..

accurate; Increased flow and Faiu are tvo different actiona.
The action of spilling water does not require  increased  flov, nor
are increased  flovs necessarily  spilled. The spillway is one of
three basic routes  that may be available for a migrating Ajuvenile
to move through a dam. The other two routes take the fish into
either the bypass system, or through the turbine. Not all dam8
have bypass, although all malnstem dams have splli and turblne
routes.

0 - page 6, thlrd and fourth paragraphs. The mean  monthiy flow
is not the only flov statistic that needs to be investigated,  and
the month  in which the fish are released m a y  n o t  h e  the o n l y  t i m e

period to use.
In addition to aample  mean  mcnthly  flcv in the month  of

release, use the sample standard  deviation (1) of daily flow
during the month  in vhlch the fish w e r e  reieased,  where n !.s the
number O f  days in the month  and the random  variable, X, is the
average daily flow. It may also be lnstructlve  to investigate
other time measures  of flow such as hourly flow, as the r a n d o m
variable, u s i n g  both the mean  and standard devlat!cn  as sample
statistics. Please give an explanation of hcv :he flows are
measured, or cite a reference.

An addltlonal choice of rar:dom variable wo:~Zd be volume
during some t i m e  period, as the integral cf the time rate of
change i n  volume,  the flow. The relati CI? betveen volume and
Survival  may o r  may not be m o r e  instructive  than the relation
between fiov and survival. The impact  of a given flow level on
survival  may depend on pcol elevation.

The choice of time interval over vhich to measure the
independent variable may be important. The hypothesis  that
Survival  iS proportional  to flov points to mechanisms such as
length of exposure  to predation and other  mortallty factors
inherent in the impoundments to explain  the relation. tinder th 1s
hypothesis  the duratlon of migration shcuid be proportjonal to
flow, since velocity  of migration (time rate of change in
distance traveled)  should be proportlonal  to flcv (time rate of
change i n  volume). Therefore, b y  pickfng  a ffxed time duration
o v e r  vblch t o  measure the independent variable,  information  from
outside  the time horizon  o f  the event m a y  b e  inappropriately
applied to explain the e v e n t . A s  a theoretical  example,  suppose
that ninety percent  of the migration I8 swept out of the
hydroelectric  system by high flows during the first veek af May.
Why then should the flows during the rest of May be a determinant
of survival, If mortality  factors  associated with the
hydroelectric  system are responsible  fcr the observed survivals?

A8 an alternative  to mean  monthly flow in the month  of
releaee, consider  the average  and variance of daily flow during a
time period during which most (say nlnety-five  percent) Of the
migrants would have been passing McNary Dam. Such a time

November  15, 1993 3
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Interval may be estimated as the 95% confidence  interval  about
the mean of the tlme distribution  of abundance  of fall chinook In
the sampling faclllty at YcNary.

The problem  of obtaining measures of flows as they Qccurred
during the juvenile migration  of each tag group, F(q) (Eqn. 21,
1s part of the general problem of synchrony to which studies of
this nature are subject. It is important  to employ measures of
the physical  envlronment that are synchronous vlth the mlqratlon
of the population  of juveniles  to which the survival  estimates
apply.

0 - ewe 6, fourth paragraph. The fact that there are “hlqh”
correlations between flovo in adjacent  mcnkhs  does not solve the
problem of synchrony, There needs to be a secticn  called,
“Appropriate  physical measures  and results,” where at ieast as
much  attention as has been paid to statistical model selection 1s
paid to the sclectlon  and use of the iEde;endent  variable,  flow.
0 - page 7, Appropriate statistics and results.  The use of
Bayesian  approach  1s good,  but this paper  may not be the place to
make the general case for aayeslan inference. Dccislon theory
and hypothesis  testing are not equivalent tco?s. Cite references
vhere Bayesian  declslon making  approach  has been explaf ncd,
compared and contrasted  v:th hypothesis  testinq and let it 50 at
that . FOCUS on the relation betveen flow and survival.
0 - page 12, first full para.,  sixth line froni the top at right,
“Some naturalllyl spavninq  . . . “; Juveniles from the naturally
SPaVninq  fall chinook of the Hanford Reach of the Columbia River
below the Prlest  Rapids that are closely related to the PR
hatchery stock have been tagqed vlth CWT every season since 1986.
Technical  reports are available from Matt Schwartzberg  and CWT
analyses are avallable from Hike Matylevich (Columbia  River
Inter-Tribal  Flsh Commisslon,  503-238-0667).

Since the Hanford  fall chinook are the same kind of chinook
as PR, it would be appropriate  to acknovledge Hanford tagqing as
the longest continuous application of -CWT to measure  fisheries
contributions  and smelt to adult survival in a naturally spawning
PaClf 1C salmon population. Also, since the distributions of ocean
flvhery recoveries  for PR and Hanford  Reach are similar,  this
would valldate the extension  of the results  of the flov survival
model to naturally  spawning  fall chinook In the mid-Columbia.
The use of Prlest Rapids CWT tag recoveries  as proxies for
calculating the vital statlstlcs  of at least some of the
naturally spavninq fall chinook populations of the mid-‘Columbia
has been validated by data, as l&not  usually the case in CWT
studies.

The valldlty of hatchery CWT returns  as proxies for their
naturally spavnlng counterparts  figures very prominently  In
supporting  the assertions and concluslocs  reached In the flrSt
paragraph  on page 18.
0 - ewe 13, General  issues  . . . . first para. last sentence.

November  15, 1993 4
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Please clarify whether Bonneville  and Washouqal  had almost no
releases of CWT marks,
time period.

or just no on-station releases  during this

0 - ?age 18,
The validity o

first paragraph. See comments  for page 12; above.

thereof,
f this assertion rests  on the similarity,  or lack

of hatchery fish to naturally  spawning  fish. Given the
fact that a number  of authors,  including Hilborn, Xaples  and
others, consider  hatchery  fish inferior in ma:ly respects,
including survival, to their
fact

naturally  spawning counterparts,  the
of similarity between PR hatchery  and the naturally  spawning

fali chinook has to be established.  The validity of extending
these results to other types of s a l m o n  spavnlnq  !n other parts of
the Columbia Sasln bumps up against the problem of synchrony,
discussed above.
0 - Faqe 18, second paragraph. See c o m m e n t s  for page 12 above.
Approach  the appllcablllty of results In terms of solving the
?rr.biem of synchrony.
c - page 19, f lrst paragraph;
the hypothesis that

the findings are cons!stent  vith

-elated to flow.
survival of juvenile emigrants  is positive:y

L The hypothes !s is also consistent vith knovn
aechanis.ms of mortality during emigration.
0 - paw 19,
flow

second paragraph, third sentence;  please explain hcv
“undoubtedly”

An the estuary;
could impact conditions  inflsuezcing  survival

. . . cite a reference. Why would any cf the
dtffcrences  identified in this paragraph im!l;act  lover river and
up:iver stocks  differently? Foor survival  of upriver stocks
relative to lower river stocks may be due to factors  that are
covariates  of flow, such that flow has no direct !mpact  on
s u r v i v a l .
flcvs, o r

If hydroelectric  stress is reduced during higher
If predation in the hydroelectric  system is reduced

c2~u ing higher flovs, OK d i s e a s e s  associated  with elevated
teprperatures  are impeded  during higher flows,  OL if migratory
delay induced residualism  is decreased  during higher flows, then
a 1 :. of these mortalities would not be experienced  by the.lover
river stocks. On the other hand, upriver  stocks vould suffer in
the estuary right along vlth lover river stccks,  and so forth.
Frankly, I find these apologies for ccmparinq  upri.Jer to lover
river stocks  unnecessary.
0 - The Discussion  section  needs  to b e  expanded  to correspond
more closely to the results.

e0 - p. 3, first para., next to last sentence,  miselnq vord,
“ltfe” ‘between “ocean-type”  and “life” follcvinq “fall chinook.”

eC - p. 3, first para., last sentence,  extra word, “out”  before
“migrate.  1’

eO - p. 3, last para., second sentence,  extra vord, ” 0 u t ” before
l’mlgrant’t; “migrant”  is the wrong vord, it should be “migrating.”
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Use of “cut” Is redundant, since smolts only migrate jn one
direction, out, although  smol.ts do not necessarily  migrate, sJr>ce
they may resfdualize.

e0 - p. 3, last para., thlrd sentence, and elsewhere  In the
manuscript please consider replacing t h e  term, “out mjgration,‘l
with, “mlgrat ion, n or with “migration to the sea”, or “downriver
migration.@* There are a l s o  the alternatives,  “emigration” and
“emigrant. ” Consider replacing all occurrences  of “out migrant”
vith “emigrant. ”

e0 - p. 4, third paragraph,  first sentence,  avkvarC  construction,
cOlloCJula1 language.

P C  - P’ 4, l a s t  paragraph; Management  action (11); a verb 1s
needed h e r e  and there, ” . . . juvenile  salmon are collected . ..I’

e0 - page 6, first and second lines; awkward construct!on;  delete
all but, “vhere tagging is done to determine  the contr:but!cn of
!:atchery to fisheries  and spawning escapements  .”

eO - pav 6, second pa:agraph, next to last line and th!rcl
Faragrap h, second  line;  The use of “we” represents  a change of
person. Decide  on which person the paper is going to be written
i l , and stick to it. ! advise against the use of pronouns jn the
first and second person, although  some journals find th!s
acceptable.

e0 - paw 9, Appropriate s t a t i s t i c a l  m o d e l ,  l i n e  b e f o r e  Eqn.  5,
e x t r a  words,  “given the” before “predicted”  and missing Word,
“model” after “probability.‘*

e0 - page 13, first line after eqn 10, ‘IDMqt needs to m a t c h  the
form used In eqn. 10, and the vrong  word, “def l a n c e , ”  1s used in
place of “deviance.  I’

e0 - p, 22, Check spelling on References;  e.g. Lebreton  et a?.
reference, “unified, ” s e e  also Pascual  1993.

eC - End of edltorlal comments. Please note that time did not
Permit  complete  editing. The paper needs careful editorial
atttention.

.Respectfully submitted,  Phil Mundy,  503-636-6335

Notes

1. Snedecor  and Ccchran (19801, Statlstlcal Methods, Seventh
Edition,  p. 31, sect.  3.5, Iova State Unlv. Press.
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Synthesis of Peer Review

Subject: The relationship between river flow and survival
for Columbia River Chinook salmon, Hilborn et al.

GENERAL FINDINGS

The paper has the potential to make a significant contribution in the field of
hydroelectric salmon passage. However, as it stands, the paper is not suitable for circulation
or publication. The SRG recommends substantial revision.

The subject matter is especially significant and timely in that it deals with subyearling
fall chinook, an important group that has received scant attention in the past. It is innovative
in that it attempts to estimate the effects of water flow on juvenile migrant salmon survival
using coded wire tag (CWT) data. after adjusting for a control assumed to be a proxy
variable for ocean conditions.

Perhaps the most significant criticism of the manuscript involves the lack of
information on the extent to which the downstream populations are biologically comparable
to the upriver populations. Further explanation of the rationale for the selection of control
populations from downstream hatcheries needs to be made in order to validate this approach.

Another significant criticism involves a lack of focus on clearly defined objectives.
The paper should hew closely to the original purpose of the research project which was to
develop measures of survival which could be statistically compared to one another, and to
other variables of interest. As a pioneering effort in measurement and analysis, this paper
cannot hope to be the “final soIution”  to the flow-survival question. The focus of the paper
should be a simple demonstration of 1) the potential of using CWT data to estimate survivals
for evaluation of environmental impacts on salmon, and 2) the use of downstream CWT data
to control for non-hydroelectric effects. While the paper might be expanded to cover
hydroelectric passage problems more thoroughly, the authors would need the help of others
who are more familiar with the hydroelectric system in order to do this.

A number of the reviewers found the general tenor of the text to be colloquial. A
more formal style would be more appropriate for a work of this gravity. For example, the
term, “y variable,” should be replaced by, “dependent variable.” In a more formal paper,
“out migration” should be replaced by “emigration”.

The Introduction is too ambitious and unnecessarily complex. It should focus on the
circumstances that make this study important to salmon recovery in the Columbia Basin,
while bypassing the historical approach evident in the first two paragraphs. At the end of the
Introduction the reader should know that the paper is part of a long-term, economically and
biologically critical, debate over the role of river flow in salmon recovery, and that the focus
is on fall chinook. At stake are the very existence of salmon above Bonneville Dam, as well
as hundreds of millions of dollars in electric bills each year. At intellectual issue are the
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extent to which salmon behavior depends on the historic river flow regimes, and the
magnitudes of the risks imposed on these salmon populations by the flow regimes of the
impounded Columbia River system. It is to the latter area, determining the magnitude of the
risks imposed on fall chinook salmon in the mid-Columbia by impoundment, that the data
analysis is relevant.

Finally, the discussion section needs work. It is too apologetic, and it lacks a one-to-
one correspondence to the methods and results.

OUTLINE OF KEY CONCERNS

1. Specify the geographic range to which the results may apply.

2. Provide a more rigorous biological description of the populations of salmon
included in the study to which the conclusions may apply.

3. Address key historical and other references, including alternative explanations for
the data.

4. Carefully examine and document the reason for selecting the downriver control
populations that are used to correct for trends in survival in areas outside the
geographic range of the hydroelectric system.

5. Carefully evaluate the selection of the independent variable representing flow with
respect to its physical and temporal properties.

6. Focus the paper on evaluating the potential relation between flow and survival,
lending less effort to discussion of Bayesian  statistical methods and general history of
the Columbia Basin.

7. Correct misstatements

DOCUMENTATION  OF KEY CONCERNS

1. Specify the geographic range to which the results may apply.

It is essential in identifying the problem, to separate the upper Columbia. from the
mid-Columbia for two reasons, the first being that no salmon exist in the upper Columbia
(above Chief Joseph Dam), and the second being that the projects in the mid-Columbia
(below Grand Coulee Dam) are run-of-the river projects with limited storage capacity. Since
the authors relate survival to flow at McNary it is important to make this distinction in the
conclusions and discussion. To increase precision with respect to location, consider changing,

“The slope of the flow-survival relationship is lower, suggesting that a 100 kcfs increase in
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flow would result in a 26% increase in survival,. . . . . . @age 17) to the more accurateIy
stated, ” . . .increase  in flow at McNary would result . . . . ”

2. Provide a more rigorous biological description of the populations of salmon included
in the study, and to which the conclusions may apply.

Throughout the document, the authors do not clearly state whether the paper refers to
subyearling or yearling  migrants or Snake v. the mid-Columbia. For example, it is a long
time before they say that Priest Rapids is a fall chinook with subyearling migrants, yet the
focus on ocean-type chinook is one of the most unique and useful aspects of the paper.
Practically all other work has concentrated on spring chinook yearling migrants. This is an
extremely important distinction that should be clarified in the Introduction and the Title.

The authors need to distinguish between Snake River studies and mid-Columbia
studies. For example, please clarify the relevance of conclusion (i) [p. 3, last para., third
sentence] to the present paper. The fact that Raymond’s work had to do with Snake River
yearling chinook rather than mid-Columbia subyearling chinook should be clarified.

The authors are also remiss in not contrasting the highly significant biological
differences  between tule and upriver bright fall chinook stocks.

The authors need to address the issue of whether the results apply to non-hatchery
fish. Is this paper based on any data concerning the survival of non-hatchery fish? Ii not, it is
not clear what sort of parallel is being drawn, or if a conclusion is being made. Juveniles
from the naturally spawning fall chinook of the Hanford Reach of the Columbia River below
the Priest Rapids that are closely related to the PR hatchery stock have been tagged with
CWT  every season since 1986.  Since the distributions of ocean  fishery recoveries for Priest
Rapids hatchery fish and Hanford Reach wild fish are similar, this would help to validate the
extension of the results of the flow survival model to naturally spawning fall chinook in the
mid-Columbia. The use of Priest Rapids CWT tag recoveries as proxies for the vital
statistics of at least some of the naturally spawning fall chinook populations of the mid-
Columbia has been validated by the results of the wild fish tagging studies. This is not
usually the case in CWT studies.

3. Address key historical and other references, including alternative explanations for the
data.

For example, Sims and Ossiander (National Marine Fisheries Service, Coastal Zone
and Estuarine Studies Division, Seattle); Pacific Salmon Commission Hanford Reach tagging
program (columbia  river Inter-Tribal Fish Commission, Portland); Bill Norman’s M.S.
Thesis; Pacific Salmon Commission technical report 90-3; Pete Lawson’s recent paper in
Fisheries, 18(8). There are models that contend that flow is a controlling variable with
respect to juvenile survival only up to flows of about 230 kcfs. These models are known as
the “broken stick model” and the “threshold” model, as further explained below.

Bill Norman, in his M.S. thesis (Factors Controlling Variation of Naturally Spawning
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Fall Chinook Salmon in the Upper Columbia River. MS. Thesis, U.W. 19921 examined the
relationship between flow and survival for naturally spawned chinook from Vernita Bar, just
below Priest Rapids Dam. He found higher survival at low flows - the opposite of this study.
It should be clear to the audience that the authors are, indeed, aware of the Norman work.

An alternative explanation of the sample size is possible. The CWT Priest Rapids data
set does not appear to all reviewers to be as large as represented. Some of the 23 data sets
over the eleven year period may be replicates, or pseudo-replicates, in that 12 groups
designated as individual “releases” by the authors are composed of four sets of three releases
made within the same date. These 12 tag lots might be considered four releases by some
reviewers, for a total of 15 individual releases. The reduction in releases led to an imbalance
in the number of releases by month, leaving ten during June and only five during May.
Hence the emphasis on flow conditions in May could be misplaced.

The data may not be best explained by a single linear model. Some researchers
believe there are two stages, or parts, to the relation between flow and survival. When
described by the fit of two linear models, this is called the “broken stick” model. The
present data set may be consistent with such a two part mode!. The domain of the first part
would be 100-230  cfs, and the domain of the second would be 230-400 cfs. In the first
phase. survival is an increasing linear function of flow, and in the second the slope of the
line may not be different from zero. From the point of view of proponents of the broken
stick model, the use of the single linear representation may obscure the question of why 230
cfs seems to be a turning point in the relation between flow and juvenile migrant survival.
The authors should also examine the suitability of non-linear models that have been used for
the yearling chinook flow/survival relationship.

An additional concern is that the four survival points corresponding to flows below
200 cfs all occur during June, whereas the higher survival points corresponding to higher
flows are a mixture of May and June releases. Given the seasonal trend toward increasing
temperatures with later dates, temperature may be the mortality mechanism associated with
lower flows.

4  Carefully examine and document the reason for selecting the downriver control
populations that are used to correct for trends in ex-hydroelectric  survival.

An important technical concern is the author’s use of the lower river hatcheries as
ocean controls for Priest Rapids Hatchery. To be controls, all of the groups should
experience the same conditions except for juvenile passage between Priest Rapids and
Bonneville. The authors state that their analysis of the ta, D0 oroups indicates that Bonneville,
Grays River, Washougal  and Cowlitz hatcheries had ocean distributions similar to Priest
Rapids Hatchery and could serve as controls. But are the data actually consistent with this
conclusion? The groups proposed as controls are all representative of a group of fall chinook
known as tules,  a distinctive race of lower Columbia River fall chinook. Tules have a
generally southerly distribution concentrated off Vancouver Island and Washington. The
Priest Rapids fall chinook, on the other hand, are known as upriver brights. Brights have an
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ocean distribution that is markedly different than that of the tules. Brights are more
northerly in their distribution, being caught mainly off northern BC and Alaska.

For example, the Pacific Salmon Commission technical report 90-3, shows the
differences in the distribution in fishing mortality between Priest Rapids and the Bonneville
and Cowlitz fall chinook (Grays River is not a PSC indicator stock and is not included). The
key concept that needs to be addressed by the authors is the split in distribution between
northern BC (NBC) and the west coast Vancouver Island (WCVl).  The latter represents the
bulk of mortality for the Bonneville tules,  for example, but is relatively minor for the
brights. On the other hand, the PSC report indicates that Alaska is the biggest source of
fishing mortality for the brights, but accounts for none of the mortality on Bonneville tules.

In addition to factors associated with oceanic distribution, poor survival of upriver
stocks relative to lower river stocks may be due to factors that are covariates  of flow, such
that flow has no direct impact on survival. If hydroelectric stress is reduced during higher
flows, or if predation in the hydroelectric system is reduced during higher flows, or diseases
associated with elevated temperatures are impeded during higher flows, or if migratory delay
induced residualism is decreased during higher flows, then all of these mortalities would not
be experienced by the lower river stocks. On the other hand, upriver stocks would suffer in
the estuary right along with lower river stocks, and so forth.

5. Carefully evaluate the selection of the independent variable representing flow with
respect to its physical and temporal properties.

The problem of obtaining measures of flows as they occurred during the juvenile
migration of each tag group, F(g) (Eqn.  2), is part of the general problem of synchrony to
which studies of this nature are subject. It is important to employ measures of the physical
environment that are synchronous with the migration of the population of juveniles to which
the survival estimates apply. The fact that there are ‘high” correlations between flows in
adjacent months does not solve the problem of synchrony. There needs to be a section
called, “Appropriate physical measures and results,” where at least as much attention as has
been  paid to statistical model selection is paid to the selection and use of the independent
variable, flow.

The choice of time interval over which to measure the independent variable may be
important. The hypothesis that survival is proportional to flow points to mechanisms such as
length of exposure to predation and other mortality factors inherent in the impoundments to
explain the relation. Under this hypothesis the duration of migration should be proportional
to flow, since velocity of migration (time rate of change in distance traveled) should be
proportional to flow (time rate of change in volume). Therefore, by picking a fixed time
duration over which to measure the independent variable, information from outside the
the horizon of the event may be inappropriately applied to explain the event.
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6. Focus the paper on flow survival, lending less effort to discussion of statistical
methods and general history of the Columbia Basin.

It still  is not clear how a simple linear regression analysis would have led to
conclusions different from those offered by Bayesian  methods. The discussion  of decision
theory @age 8, 9 and lo] may not be convincing. The question, ” . ..if we fail to reject the
null hypothesis do we act as if there is no relationship between flow and survival?” [page 8,
paragraph 31 has a straightforward answer. The answer is, “Yes, if we have appropriately set
the alpha level to correspond to our willingness to accept type 1 and type 2 errors.” The
second question, “If we do reject the null hypothesis, how much flow do we allow?” lpage 3.
paragraph 3 J has the same answer as the one provided later, “An increment of flow gives an
increment of survival. ” The manager has to decide how far up the scale it is prudent to go.
depending on the goals, which in turn depend on many factors, some probably subjective.
The confidence interval shows the manager that the further away from the mean the response
gets, the less confidence can be placed in projecting performance on the next increment.

The choice of an alpha level is not necessarily, “. .a totally arbitrary decision. ” It may
be true for some investigators, but it should not be. Any manager should make a reasoned
judgement  as to an appropriate alpha level depending on the circumstances, such as the cost
of being wrong.

7. Correct misstatements

The Northwest Power Act was not passed to shed light on the relation between flow
and the survivals and travel times of juvenile salmon [p. 4, fourth paragraph, first sentence].
The fish and wildlife provisions of the Northwest Power Act were a new milestone in efforts
to conserve and rebuild the basin’s damaged and declining salmon runs These efforts date
at least to the earliest involvement of the Bureau of Commercial Fisheries during the 1920’s,
or perhaps earlier.

The first three conditions, (i) - (iii) are not exhaustive or all inclusive [p. 4, last
paragraph], and it is not clear to which version of the Fish and Wildlife Program is being
referred to in this statement. Were these three remedies singled out in the Fish and Wildlife
Program as the three the Council could control, or would emphasize? What about “Increase
in upstream survival of migrating adults?” or “Decrease in prespawning  mortality for adults
holding on or near the spawning grounds?“, or “Decreases in fishing mortalities on subadults
and adults?” Consider using the same construction as in the second sentence folIowing,
“Many management actions . . . including . . . ”

The description of action (iii) [p. 5, first line] is not accurate; increased flow and a
are two different actions. This point should probably be broken into two actions at the
semicolon. The action of spilling water does not require increased flow, nor are increased
flows necessarily spilled. The spillway is one of three basic routes that may be available for
a migrating juvenile to move through a dam. The other two routes take the fish into either
the bypass system, or through the turbine. Not all dams have bypass, although all mainstem
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dams have spill and turbine routes.
While no survival studies have been done that have evaluated flow @age 5, first

paragraph, last sentence], many travel time studies have been done. The reviewers know of
no studies that have shown slowing of emigrating juvenile salmon in the mid-Columbia
Reach.

*zAzAzAzAzAzAzAzAz
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Appendix B2: Responses to Peer Reviews  of Hilborn  et al. (1993b)

General comments on the initial manuscript “The relationship between river flow and survival for

Columbia River chinook salmon,” authored by R. Hilborn.  R. Donnelly, M. Pascual,  and C. Coro-

nado-Hernandez (1993b).  can be summarized into the three points below.

1) Comment - Refine purpose of the paper to investigate and develop measures of survival which

could be statistically compared to each other. (Mundy.  SRG)

Response - The original draft was split into two phases. Phase I was completed and published by

the Bonneville Power Administration in November 1993. This report (Phase II) concentrated on

the actual analysis of the CWT data. attempting three different approaches, with and without

adjustment for the probability of transportation of a portion of the releases from Priest Rapids.

2) Comment - Expand paper to a multivariate analysis, including factors other than flow in deter-

mining the adult return component. such as temperature, turbidity and transportation. (Giorgi,

Mundy.  Stevenson) Carefully evaluate the selection of the independent variable representing flow

with respect to its physical and temporal properties. (Giorgi,  Mundy, Stevenson, SRG)

Response - This revised report included environmental covariates  of temperature, turbidity, spill,

percent of spill of total flow, as well as flow. In addition, the total weight of chinook, coho and

steelhead salmon releases per season were included as a preliminary investigation into the effect

of total biomass on the adult survival rate. The problem of synchrony is a difficult one to which a

general solution has not been found. A more representative variable was attempted by represent-

ing the environmental covariates by a linear regression characterizing the month following a

release from Priest Rapids. The intercept represents the initial condition experienced by all of the

released group and the slope is the average change from that initial condition. This initial condi-

tion is a better variable to be regressed upon, as all of the fish experience this condition, eliminat-

ing the argument that this particular variable is measuring an event outside of the qualified time
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horizon. Further analysis of the slope of the variable in future studies may elicit information as to

the validity of taking a linear regression of a month’s length.

3) Comment - Carefully examine and document the reason for selecting the downriver control

populations that are used to correct for trends in survival in areas outside the geographic range of

the hydroelectric system. (Giorgi, Mundy,  SRG, Stevenson, Williams)

Response - A cluster analysis indicated which of the major fall chinook hatchery stocks were

most similar to the Priest Rapids Hatchery stock by ocean catch distribution. Within the five clos-

est potential reference stocks. release groups were selected for similarity to the Priest Rapid’s

releases on the basis of time of release. development stage at the time of release and how the

release group had been treated while at the hatchery (e.g. production, experimental, etc.). Subse-

quent statistical analysis of these subgroups for homogeneity to the Priest Rapids hatchery stock

failed to show that any reference stock had a similar ocean catch distribution history. Five separate

analyses were completed employing each of the stock as a references. The results for each choice

were compared to ascertain the influence of reference selection. The dissimilar outcomes for the

analyses confirmed reference selection greatly affected results.
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Appendix C: Data Tables Used in Analysis

Table  of Tables

Cl Priest Rapids hatchery  releases of fall chinook salmon for 1987.  expanded recaptures grouped by state
and year 1988-1992.

Q Release data used in river conditions/adult  survival  rate analysis

C3 River conditions  used in analysis.

CA ?XFS Data from McNary Dam transportation studies 1986-  1988.  used in calculation  of fall salmon
transportation-control  ratio.

C.5 Correlation of percentage  of total adult returns to vpa estimates for sunkal to age 2 for each hatchery
in this analysis.

C6 Freeze-branded  chinook  released at Priest Rapids and sampled  at McNary Dam.

C7 Data matrix used for Hilborn et al. model (5 & 6) regressions.

C8 Tag codes of subyearling  fall chinook  releases used in this analysis.
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Table Cl: &iest Rapids hatchery releases of fall chinook salmon for 198’7,  expanded recaptures
grouped by state and year 1988-1992.  A test of homogeneity between the nine releases
is rejected: (P(x$~ > 266.62) = 0)

R e c o v e r y  Y e a r  51915  51916 51917  51918  51919  51920  51921 51922  634125

1988

1989

1990

1991

1992

0.00 0.00 0.00

Alaska

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.0;

29.20 28.11 24.47 27.74 11.60 23s 11.60 6.09 47.66

18.03 Il.27 8.27 6.44 0.00 :.-.. - 77 4.19 3.22 1341

0.00 0.00 0.00 0.00 0.00 000 0.00 000 0.00

British Columbia

1988

i989

i990

1991

1992

0.00 0.00 I 39 1.39 6.% i.39 0.00 0.00 0.00

13.43 6.98 9 05 15.43 3.00 0.00 0.00 0.00 9.81
< --I,.I- 26.64 6.0; 34.94 7.20 13.47 20.44 16.24 59 17

6.56 26.54 32.48 11.55 4.45 1622 3.25 9.02 17.56

0.00 0.00 7.14 0.00 0.00 000 0.00 0.00 0.00

Washington

1988 0.00 0.00 0.00 8.28 0.00 0.00 0.00 0.00 3.!9

1989 0.00 0.00 2.25 3.90 0.00 27.66 0.00 2.45 3.42

1990 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.14

1991 2.30 3.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1992 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Oregon

1988 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1989 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.50

1990 0.00 0.00 0.00 2.43 0.00 0.00 0.00 0.00 0.00

1991 0.00 0.00 0.00 3.65 0.00 0.00 0.00 0.00 0.00

i992 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table C2: Release data used in river conditions/adult survival rate analysis

-6

-6

- -

-8

-9

-9

-9

-r)

s o

81

RI

52

32

83

83

s,

!u

.%a

85

85

56

86

8:

8:

8-

8:

87

87

87

87

87

88

89

182 0.0565 S.A S.A s:\ Y.-i \‘A

192 0.0621 S.A S.A s.4 S.-A S.\

I-’ 0.01'6 O.OWW ‘.A s.4 0.0363 0.0033

1 - - 0.0 103 0.000- SA O-Ins  I O.lXf98 \‘A

142 0.0210 0.00’15 n.Mn9 s.4 S.\ wo65

:3 0.m 1 O.WY 0 l&n9 s.4 s.\ IWO65

1-4 0.0051 IHN2.5 0.m s-4 I\‘;\ WlOfYl

123 O.(w)36 0.0025 O.OCKP SA SA 0.00X5

17 0.0115 o-003- 0.02-s 0.0033 0 1X)-- 0 INJlj

1T4 o.m9 0.0068 0.03 1 0.0195 0.0062 O.W60

13- 0.0265 0.0068 o.ozs  I 0.0195 0.0061 0.0060

166 O.OlG9 0.001- 0 0’50 osxJ34 o.w3- 0.0035

13- 0.032- 0.001: 0030 0.003-r 0.003- 0.0035

143 0.02' I 0.0035 n 01-o OSMUU 0.0 148 0.0099

1-2 O.(YjO 0.0035 o.n2-0 0.0081 0.01-G o.nn99

164 0.041- s.4 0.03-o 0.034 0.043 0.0013

164 0.0503 S.A 0.03-o o.oL3-l O.W23 00013

16-r 0.0.532 x-4 0.03-o 0.0234 O.Wl.3 n.ool3

161 0.0610 0.0583 0.0454 o.oi?:o O.Ou3 0.083

161 0.0619 0.0583 O.Oki~ 0.02-o o.au3 0.08-R

90 0.032- 0.007 s.4 0.0064 noIn S.4

162 O.OOY 0.00-2 SA O.OOfS 0.0105 .s;\

1l.l o.ooa9 N.1 0.1639 O.M)11 0.0029 0.0189

114 0.0136 sx 0.1639 O.OtUl 0.0029 0.01!39

IX 0.0117 SA 0.1639 0.m I 0.0029 0.0189

124 0.0158 SA 0.1639 0.0011 0.0019 0.0189

123 O.ooU x.8 0.1639 0.00, 1 0.0019 0.0189

123 0.003: SA 0.1639 0.0011 0.0029 0.0189

123 0.003: s.4 0.1639 o.ow I 0.0029 0.0189

146 o.m3 s.-\ 0.1639 0.004 1 0.0029 0.0189

175 o.oa31 S.4 0.1639 0.004 1 0.0029 0.0189

169 0.0018 x.4 0.002 1 O.OC08 0.0046 0.00 16

I?9 o.au29 0.0015 0.094 0.0013 SA 0.0036
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Table C3: River conditions used in analysis.

-6

-6

- -

-s

-u

-9

-9

-9

8)

BI

91

!?1

51

!-x3

s3

u

c

51

bj

85

tx

86

s-

s-

s-

8-

s-

8-

s-

s-

8-

88

89

IS2

1x2

1 - -

, - -

11’

1-s

1-s

1-4

I - -

1-1

13-

166

1.;-

l-13

1-z

I@

:6-i

l&a

161

I61

*I

162

121

1’1

121

124

13

123

123

I-16

l-5

169

1-9

241 -l-L93

Ill-AC?3

WS52.%

11---113

2659TR6

113-38.1s

Ilj-38.13

l-13-38.15

1139znJ-l

3 InlU3.6n

19QW:.2!,

l?o-6-.lQ

3SZ6’WK,

3008So.05

210916.01

389841.61

3S9S-C.6 1

3S9S42.61

~oW)~l-).jj

‘unn‘l 5:

- -3 w4.9

25865-LJ3

268144.29

xSlU.29

1681u.29

268 lU.29

26165Q.-5

261659.7

361659.7

2W26.38

I 10: 19.26

145405-4

113858.13

-16-.0--Z

-16-.0--z

-101.01’6

-1380.158-

4131.12-0

-11-1.933x

- 12-1.9338

-11-2.q33s

-3-sN.o21-

-3WO261  I

9125S611

4091.24lj

-39tl.j~09

-LCt.S-1-I

-168.910X

-I:-!-.Stil

J-1X65-1

-lf4’.5654

-3191.9-59

-3 191.9-59

-3 I .5 IO-

-6055.48-1

-3610.158-

-3610. I%-

-3610.158-

-361N155-

-3068 OX I

-306x.024 I

-3068.0211

-35-2.9858

-31-2469

-1611.9595

-995.OT1

SSXj.Ol39

R?115.0-39

0 lnnn

-1.9261

1X321.6-JQ

o.mn

O.UYx)

0.inlx)

3910.591 I

RllS3.9wl

-11158.12Sl

Y-Uj.OY39

193980.~592

:1 I lSK91ti

- 1 s--1.13:9

XU853.W

2W853.94OQ

201853.WP

O.oo(w

O.oQNJ

125 lO.OcJal

21858.33 1

-m13.‘v6- -

-lm13.1%6

-0013.2266

-0013.“66- -

63-133.-655

6512.X-685

63433.-685

98T.48--

O.OO@l

O.lNOO

O.OWO

-19XS.835 i.‘Wi

-1945.S~Ii5 I.%43

O.wlXJ 16R-1

lO.!J-t69 ‘.-6Y

-1111.03w LM6l

0 wnn ~.‘uol

OllrrJ ‘.‘Ulll

0 OnIn ‘.‘ulU

-l%551- 1.4333

-j-31).--18 ‘.‘166

1193S.6‘C :.s:‘,

-.ZOlO.j’Q.3 2.0115

-‘-691llS ~.1010

-55TX’N  Z.Xf%l

33.1130 l.Rl31

-l5OO.S2  10 1.5493

JSM.S2 10 1.393

-4sm.s2  10 i .5-i’?

O.*Y~) ‘.wxl

n.nunJ  ‘.iwl

43:.1x 1.686-

-1156.1 193 I.0956

-1-jo3U8 3. I X -

-1:50.34-w 3.1x-

-2750 .3448  3 .112-

-2-50.3uR  3.1x-

-2258.05ffl 3.0-56

-l38.0569 3.0-56

-258.0560  3.0-56

-52.-5Ol Z.-j12

o.wn 3.4062

0.0000 3.5%1

O.UlOO 3.i569

0.0:-O

0 II:-0

0 0~01~

-I J OYi

0.0143

0.0:2!

OllX!

OO1’1

0.0 134

0.0156

-0 OX1

-001-1

O.tXJjl

-0.0X5

0.033-

0.0’6:

0.016

0.0161

0.11362

0.036’

0.0151)

O.COj9

-0.lXW

-o.uPJ

-O.OOW

-0UPJ

-0.Ul53

-0X053

-0.0053

0.0153

0.005-l

-0.003 I

0.0069

I5 .&I21

; 5 1131

lu5-6lJ

I6 131’)

l.XljRl

ih.‘WlO

Ih.‘~)lll

16.99910

16.1029

15.1-15

12.2565

14.53-j

II 6-3-

l4.251

16.035  1

13.5139

13.5i39

13.5139

I5 2535

152.535

-.6836

15.18-j

I !.2150

I:.2150

Il.2150

1 I 2150

Il.O61-

11.061-

Il.IMl-

12.9293

1 s-630

l-.6892

IS.2578

0."::. .._

O.ii13

.0.0'-4

0 !IR-0

0.0023

I,.;'?5

0 ;1;.i

I,.!435

0.1185

0.05-S

0.06W

o.oR-lz!

0.0686

0.0--1

O.OPjY

0. I305

0 :305

0 I305

10 1691

O.lGYA

0.0-3  1

0. i3ON

0. IWO

0. lO-ul

0. InlO

0.lO.m

0. :O%

0.1095

0.1095

0.1695

0.0505

0.0-86

0.0041

IJ.2565

0.356j

OtIYJll

0 IYW

ON.~-l

lJ.IIW

lwlNllJ

O.lkJnJ

o.nn-0

0.13 I-

0.1333

0.5-66

0.156-

O.lO%

lwoq I

o.ux

O.U3

0.4-82

O.OlJlN)

o.lnwxJ

I).!138

O-W-

0.1499

0.1499

0.1499

O.llW

0. :196

0.1496

0.14%

n.fNl1-

O.ooQ)

O.OlMO

O.lxwx)

o.O’Ir

lJ.O:O:

O.lY)IIJ

0 IIJlX)

O.lMK

II lJlMXJ

0.lYYN)

O.l)oo~

O.lJl)IN

luJi”-

o.u- 1 I

O.lJI  -6

o.w1-

0.013x

O.lln 10

IN092

n.u)o:

O.lMK

0 elm

o.lwwx)

o.OO-3

0.003!7

O.OlU

OOIU

O.OlU

0.0111

0.0 I u

0.0 1 u

0.0144

0.0001

O.oMo

O.OOCNl

O.oooO

il.551:

0.5512

Y.4

3.66s:

i .()-.I 5

\A

x.4

s:\

2. Yw-

1.1523

06153

o.xw

0.1 130

0.3-1

?.59lU

II.2166

0.2166

0.2166

s:\

SA

0.5913

1.3-9-

0.8019

o-m19

o.m19

o.sO19

0.SOl-I

O.sOI4

O.SOl4

1.3385

S:\

5.4

X.4
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Table C4: NMFS Data from McNary Dam transportation studies 1986-1988,  used in calculation
of fall salmon transportation-control ratio.

86

86

86

86

86

86

86

86

86

86

86

86

8-

8:

8’

s-

s-

s-

8:

88

88

88

88

88

88

8

9

10

11

12

I

3

3

4

5

6

spmminp
# darns Iishelia harcheris !xxh

released f recovered rt recovered * recoveRd rt recovered

loo00

la300

Imoo

Imoo

loo00

lam0

mooo

loo00

lolxm

loo00

loo00

5836

lolmo

9146

9-53

lolmo

Ioooo

9392

1m

loo02

lC@O2

loo02

10002

loo02

10000

0

1

2

3

3

3

3

0

1

0

I

3

2

3

1

5

10

9

13

I ’

13

10

8

5

1-

9

10

4

5

13

5

I

0

0

0

0

0

4

4

I

0

2

2

5

0

0

2

0

0

0

0

0

1

0

0

0

0

0

I

I

2

0

0

0

0

0

1

IIXMW

1Ixmo

IImoo

10000

l o o m

Imoo

IlxloO

loo00

l o o m

loo00

loo00

155:

loo03

9146

9834

1ow1

mooo

9391

loo00

loo01

ml03

moo2

loo02

lam2

moo2

3

0

0

6

3

6

12

8

I I

5

9

2

6

8

5

I I

21

39

3

0

4

0

2

2

I I

3

9

26

34

30

43

32

33

43

46

15

42

11

2-I

21

22

51

93

2

2

1

6

15

18

2

I

5

15

1-I

6

4

4

0

2

9

0

I

2

5

I

I

10

1

1

I

2

0

0

0

0

0

0

I

3

I

I

0

4

0

0

3

2

0

0

2

6

5

0

0

0

0

0

1
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Correlations of Total Adult Catch to VPA estimates

Table C5: Correlation of percentage of total adult returns to vpa estimates
of percent survival to age 2 for each hatchery in this analysis.

Hatcher?;

Bonnmilk  Rrigh~s 0.93- O.cU’ 0.581

cow  lit2 0.9fU 0.658 0.93:

Gy s River 0.9-S O.-o5 :1-Q--

F’riat Rapids 0.541 0.430 0.935

Tmner  Crret 0.954 0.2-o 0.503

NiShOUgd 0.990 0.-5.4 0.955

Table C6: Freeze-branded chinook released at Priest Rapids and sampled at McNary Dam.

Brand Brood Rrkast!  datr s

R-\-T-  1 RI 6ilYX5 IQ-

LA-T- I 85 6/10#6 ‘0’8

L.-\-T--t 85 6/10/86 1x1

RA-T-3 86 6rn8/8- 1363

R:\-T-3 86 6,~XI- 1-m

RA-R-3 S- 6/18/?3x 43

L-\-R- 1 S- 6,06!88 5:9

La-R-2 S- 6tQ9188 491

L-I-R-I  S- 6/l 2,‘88 429

L-\-T- I 88 6/I 39 666

L.A-T-2 88 6/19/89 I-8

L;\-T-3 88 6/5/89 335

LD-T-  I 88 6;18/89 450

LD-T-3 88 6/Z-/89 213

R-\-H-I 89 610-/W 3-2

R-\-H-Z 89 6/10/W 333

RA-CT-1 89 6/19/W 364

RA-C-P-3 89 6/16/90 384

RD-H-1 89 6il3/?W 214

L-\-L.- I 90 6/26/91 5-8

L-\-1.-3

LD-u-1

LD-U-3

R.A-L.-  I

R-i-L-3

RA-C-2

RD-C- I

RD-C.-3

LA-C- I

L;\-V-2

LA-C-3

LDI-- I

I-D-1  .-3

L.-\-H- 1

LA-H-2

LD-H- I

LDH-I

R;\-H-  I

90 6fJ0191 605

W 6/14/91 552

90 6/l -Pl 490

91 6IX/‘92 53-

91 61 I 5p3 J6-

91 6/12/92 470

91 62 1 ,Y -18-

91 6/I  St’92 465

9’ 61 I S/93 65s

91 6/1593 ‘56

91 6124193 40’

91 612 1193 329

92 612-P3 331

93 hmm 143

93 6ilWU 410

93 6i1619.t 210

93 6/l:‘% 4-9

93 611 S/W ‘07
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Table CS: Data matrix used for Hilbom  et al. model (5 & 6) regressions.

r+r marked obsrtxum flow spill IUrb Iempc spill.nIio IOllIUge hacchq

-6 13xmJ

-6 151-113

- - IA-338

-s 152531

-9 JSl_M

-9 l-46-

T9 5316

-9 82243

s o l-1-145

81 194649

81 42089

82 ‘62 l-6

82 48-00

83 ZWlll

83 ‘023388

8-I -41-n

8-r -4391

8-I T-11-0

85 103665

85 105221

86 IO-461

36 10353-l

S- 489’5

S- 49-69

8’ 4933 1

8: 181%

8: 49551

8: 48943

S T -v?511

87 48995

8: 201~-9

88 1962’1

89 201608

31’9.15 239489.~9

3W9.-8 239489.39

1238.24 93189.39

-33.70 199139.29

.I0985 210182.lJ

29.59 126553.5:

6.33 126553.Y

‘1.33 126553.5-

905.09 1-9~L?.or)

9-s.o- 2jcjTX.j-

466.98 323 146.43

l-16.5.12 375535.-  1

153.55 31291-.S6

16trS5 332089.29

1sna-- x8635.- 1

166&S- 3253546.43

1.w6.~- 325554643

1X6.05 32X46.4.3

1851.-13 156932.56

XM0.6’ 156932.86

15%.55 X4493.5-

98~.‘8 -- lY69oj.36

183.-3 219407. I4

39.42 219407.14

lI3.U 219407.14

x1.00 2194r.l-I

62.05 ‘20241.43

98.84 22024 1.43

81.22 220211.J3

81.28 158191.0:

501.88 106301 .a3

loo.44 12xiu.29

2u.92 110125.36

61435.41

61135.-l

0.00

14LS6

15432.14

0.00

l).a,

0.M

125:. 1-I

3 IY3.Y

140014.‘9

‘16546.43

156596.43

135685.-l

188L l-1

14-uw2.86

luw2.86

luO91.S6

0-u)

0.00

36607.50

-WI).-1

31883.5-

32383.5:

3X83.5’

32883.Y

3-x4O.m

3x4O.u)

3LY40.00

Z-5.36

0.00

0.00

0.00

133 16.W

2.33 16.N

4.06 19.21

1.3- lT.63

2.04 14.50

3.21 18.93

3.1-a 18.93

3.14 18.93

161 lT.PI

2.46 15.95

2.5-I 13.19

L-8 15.6:

ll5 12.60

1.0s 15.28

‘2 - l-.18

1.m 15.28

1.90 15.28

1.90 15.X

1.58 1X-l

2.88 1-s

106 5.67

107 lT.3-l

‘9 lL6’

199 1’.6- --

2.99 11.6’

199 12.6’

3.00 12.3

3.00 12.5-I

3.00 12.54

1% 15.11

3.48 19.44

3.55 18.-j

3.55 18.31

0.26 262Q)33(yU

0.26 36’903uvwU

0.00 26X503&1-

0.00 169619438

no- 393mz-

0.00 3938OOwr

0.00 3q3m2:

O.lx) 393m3-

0.01 112Yi63209 -

0.13 3-91298958

0.13 3-9119X958

0.58 3826687145

O.-t6 38X68-145

0.11 3-9w366

0.01 3-98444366

0.U ~11348S611

0.U 41 I:48861 1

0.4-I II  1348S611

0.00 405-1288529

0.00 40542S8529

0. II ~Xh558 1162

0.W 365658 l-t61

0.15 553331-11-6

0.15 55333111-6

0.15 55333 14176

0.15 55333141-6

0.15 5533311176

0.15 55333 111Y6

0.15 55333 141y6

0.Q) 55333 l-11-6

0.00 5533311176

0.00 55?N69121

0.00 588U4’191

- - 135-81 LT.82 216338.56 46336.32 ‘-2 15.65 0.16 4314068926 -pp

78 143182 58.94 216338.56 46336.32 1-2 15.65 0.16 1314068926 -mys

79 73872 43.72 21633856 46336.32 172 15.65 0.16 4314068926 -Fvs

79 7635 5.98 216338.56 46336.32 112 15.65 0.16 -1314068926 -PYS

-9 68115 15.95 21633856 46336.32 272 15.65 0.16 13 14068926 PYS

79 92358 74.87 216338.56 46336.32 1-2 15.65 0.16 4314068926 PYS
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Table C7: (continued).

rely marked obs.retum flOW spill rurt~ tempt  spilLratio ronnage harchery

-9 3lo2 69.92 316338.56 46336.3’ L-3 15.65 0.16 13 l-1068916 -myS

8fJ 3-156 8’.08 216338.56 46336.32 L-2 15.65 0.16 43 140680’6 -my5

81 lOl!XJ 31.4 1 116338.56 46336.32 L-2 15.65 0.16 13 1406S939’6 -p!‘s

Sl 640% 13.-9 2 16338.56 46336.32 l-1 15.65 0.16 43 14068916 on!5

8’ 3-160 655 216338.56 46336.31 Z-3 15.65 0.16 -13 14068916 -gl=lpS

81 35361 3.23 216338.56 46336.32 L-2 15.65 0.16 23 1406.9926 gmps

83 9-135 340.33 2 16338.56 46336.32 L-2 15.65 0. 16 43 14068?r6 -gra.\s

8.5 5X90

Sj 5368

86 19x-1

46 50635

89 9854 1

1498.08 216338.56 46336.32 L-2

1510.03 216338.56 46336.3’ L-1

12.X16 216338.56 16336.3’ 1-Z

109.81 216338.56 -16336.33 L-2

32.02 216338.56 -16336.31 2.X

565 0.16 431UKiW,16 -9-F s

5.65 Il. 16 -13 14068416 _m\s

5.65 0.16 13 14OfWl6 g.r.lys

5.65 0.16 13 l-l068916 -P?S

5.65 0.16 -r3 11068926 -pyS

-9 32-15 89-.03 216338.56 46336.32 2.X

80 4933-l AS-.91 216338.56 Mx336.31  1-Z

x0 loo-l- 865.92 216338.56 46336.3:  ‘-3

81 99632 693.05 216338.56 16336.3’ ‘-2

XI 102221 1296.48 216338.56 X13.36.32 L-2

8’ 50553 1339.55 316338.56 46336.3’ L-1

81 105019 467.83 216338.56 46336.3’ 3.X

x2 101966 a9.45 11633X.56 46336.32 L-1

83 19918 980.16 116338.56 46336.32 1-1

83 995TO 16 1 .-t9 316338.56 46336.32 1-Z

83 1002-U 99Y.86 216338.56 X336.32  ‘-2

83 1003-59 -8X- 2 16338.56 46336.32 1-1

83 99001 lCO.34 216338.56 Mi336.32 L-2

8-I 2laul 1634.69 $16338.56 46336.32 1.7

8-I 102151 2Y2.21 216338.56 46336.3’: ‘-2

%I ‘W-t8 73.75 216338.56 46336.32 2.X

84 101431 1819.16 216338.56 X336.32 L-3

85 -8961 2398.68 216338.56 -t&336.32  2.7

85 206156 178’.91 216338.56 46336.34 L-2

85 51940 1208.: 1 21633856 16336.32 z-2

8: 47x3 2233.89 216338.56 46336.32 2.7

88 53333 37.06 216338.56 46336.32 Z-2

89 51181 54.3 216338.56 46336.32 1-2

89 5W2-t 54.13 21633856 16336.32 L-3

89 -19742 -139 216338.56 46336.32 2.7

89 24352 x.53 21633856 46336.3’ 2.7

15.65

15.65

15.65

IS.65

5.65

5.65

5.65

5.65

I.5.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

15.65

0.16 13 14068916 hrighIs

0.16 43 14068926 brights

0.16 13 14068926 hrighu

0.16 43 1406S9i926 hrighu

0.16 13 1406WZ6 brights

0.16 43 14068926 bri*u

0. I6 -13 1 dO6WI6 hn@s

0.16 43 14tWW26 bri_ehts

0. 16 13 1406SQ16 hrighls

0.16 13 lUJ68n6 bri@lIs

0.16 4314068Q26 bn!@s

0.16 43 12068916 bri9t.s

0.16 13 IA068926 hri@s

0.16 -1312068916 hri$hrs

0.16 13 14068926 brights

0. I6 43 1406F.926 bn*ls

0.16 43 14068926 bri$m

0.16 43 1406S926 hriphrs

0.16 1314068926 bri@s

0.16 43 14068916 bri@s

0.16 43 140689926 bri@s

0.16 4314068926 hri_rhts

0.16 J31-lO689~6 bnghts

0.16 43 l-1068926 brights

0.16 43 14068926 bri-ehrs

0.16 43 l-1068926 bri_ehts

78 14HlO1 529.30 216338.56 46336.32 2.2 15.65 0.16 43 l-1068926 cowlit2

80 24426: 362.91 116338.56 16336.32 2.X 15.65 0.16 13 I-1068926 coulilz
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Table C7: (continued).

dyr marked obs.retum flow spa mrh rrmpc spiU.ntio 1-p hatchery

80 xx-1

81 20-19

91 153216

81 121’Tl _

52 41295

8’ 1991-6

53 150236

8-l 48946

sl 49036

x l 488’9

s-1 1%6-I

SS 4863-1

8.5 48246

SS 48382

S5 Ul26

X6 19-500

S- 10-003

S8 205308

S9 106115

101.19 216338.56 16336.32

395.22 216338.56 46336.32

!366.-9 116338.56 46336.33

326.11 2 1633X.56 46336.32

23.3X 3 16338.56 16336.32

413.14 116338.56 46336.32

180.46 116338.56 46336.32

l-653 316338.56 46336.32

62553 2 16338.56 46336.32

450.95 116338.56 46336.32

1722 31633X.56 46336.32

5823 I 216338.56 46336.32

549.3- 316338.56 16336.32

532.35 21633X.56 46336.31

6u.11 2 16338.56 16336.3’

550.2- 2 16338.56 46336.33

31-53 116338.56 46336.33

9-.10 116338.56 16336.33

205.16 116338.56 1633632

4 -Y- :_ 15.65

12 - 15.65

2. - 2 15.65

2.7 15.65

3 -7-._ 15.65

7 -3-._ 15.65

1 -?-._ 15.65

‘) - --_ 15.65

7 - --- - 15.65

3 -3-. - 15.65

2.2 - 15.65

3 -3-._ 15.65

‘I -*-._ 15.&i

- - --. - 15.65

7 - --. - 15.65

4 --3-. - 15.65

- -,- - 15.65

- -3-. - 15.65

3 -*-. - 15.65

0.16 -1314068926 CWliIZ

0.16 13 14068926 ccwlirz

0.16 13 14068926 co4Az

0.16 4314068926 COWliIZ

0.16 4314068926 <OUliIZ

0.16 13 14068976 COWliU

0.16 43 14068926 cowliIz

0.16 13 14068916 cowliu

0.16 131U%.S926 COUliIZ

0.16 4314068926 co* lirz

0.16 A3 Id068926 COWliU

0.16 4314068926 cowlirz

0.16 431.fO68926 COWliIZ

0.16 1314068926 c0wli1z

0.16 43 14068926 COWliIZ

0.16 4314068926 sowliIr

0.16 4314068926 cowtirz

0.16 4314068926 cowlirz

0.16 431-4068926 c0wli1z

-8

80

S!

x1

83

8-l

84

85

85

85

85

85

86

8:

88

1 xur 203 I 49 2 16338.56 4fi336.32

15 1399 5%.&I 216338.56 46336.31

314605 I154.6- 2 16338.56 $6336.33

3-S--4 605.63 2 16338.56 46336.32

I TM24 3-6.1 I 21633856 16336.32

lOlBl6 6-4.98 216338.56 46336.32

1015W 3163.7 2 1633X.56 46336.32

100892 13731 21633856 16336.32

SNOT- 701.4: 116338.56 46336.32

52’25 580.88 216338.56 46336.32

5 1408 1260.3-t 216338.56 46336.32

161-3 661.55 2 16338.56 46336.32

25169 592.25 316338.56 46336.32

2143-1 808.00 21633856 46336.32

200-3-T 100.45 216338.56 16336.32

113935 u1.51 216338.56 46336.32

9 - -- - 15.65

-I --I-.._ 15.65

‘) -*- - 15.65

2.3 - 15.65

1-3 15.65

1-2 15.65

lf2 15.65

1-1 15.65

7 --I-.- 15.65

2.2 - 15.65

, -?- - 15.65

- --I- - 15.65

22 - 15.65

7 --Ic- 15.65

1T1 15.65

-l - --I- 15.65

0.16 43 14068926 washoueal

0.16 43 14068926 washwnal

0.16 43 14068926 mshwnal

0.16 43 14068926 wdwugal

0.16 43 14068926 washougal

0.16 13 l-r068926 wshougal

0.16 1314068926 %Ishwnal

0.16 43 14068916 washweal

0.16 43 14068916 washwgd

0.16 43 14068926 washougal

0.16 43 14068926 wshouzai

0.16 13 14068926 %tshou!zal

0.16 43 14WS926 wahougd

0.16 43 14068926 washweal

0.16 13 14068926 washweal

0.16 43 14068926 washougal

-- 183202 241.36 ‘16338.56 46336.32 2-2 15.65 0.16 J31406S926 I-

T9 w-5 5’7.5 1 2 16338.56 46336.32 L-2 15.65 0.16 13146X926 tanrier

79 955-6 89.21 216338.56 46336.32 L - z.2 15.65 0.16 431M68926 I -

- 9 287916 877.74 216338.56 46336.32 L.Tt 15.65 0.16 1314068926 1-r

-9 15102 5.13 216338.56 06336.32 2.72 15.65 0.16 -t314068!E6 I-
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Table C7: (continued).

rel) r marked dxretum f7OU spill turb tempt spiLnti0 tOMa* hatchery

80 jcy62

so 49963

s o lsx2

50 lwo8

x0 1210-1

RI 129961

Rl -5-l’

41 5OM5

SI 51600

RI 53235

RI 51SIR

x1 5101-1

SI 50868

RI InxY

x1 IO%-:

S’ 96-98

9’ 51610

8’ 52.85:

9’ jzx

x”_ 51106

81 Inm6’

x3 3-492

53 19

53 5()--o

x3 52615

83 J-360

xl 50318

xl SO016

8.8 SO0138

s-s 412!3- -

85 -X76-

s5 -8962

s- 9891

S- 5820

s- Iwo2

s- III-6

s- 15w2

S- 15683

S- 16258

8- 15991

53.80 2 16338.56 36336.3:

15.4 216338.56 46336.3’

52.0- 21633S.56 16336.32

30.09 3 16333.56 -16336.3’

155.91 216335.56 46336.32

3-t-%.:5 216338.56 46336.3’

208.35 216338.56 46336.32

I IQ.:9 216338.56 46336.3’

X-1 216338.56 Ui336.32

Xl.2 21633S.56 46336.32

zof.Q?l 216338.56 16336.32

19.S 116338.56 16336.3’

I19.E 2 16338.56 46336.31

441.39 2 16338.56 -16336.32

3-9 55 216334.56 16336.32

Cl0 2:6338.56 46336.32

21.10 Z16338.56 46336.32

-.60 2 16335.56 16336.32

33.29 116338.56 16336.32

11.09 316338.56 1kT36.32

216.15 216338.56 Mi336.32

I IQ.50 21633R.56 46336.32

X6.53 : 16338.56 16336.32

299.2 216338.56 16336.31

1-5232 2 16338.56 -16336.3’

15-.5X 216338.56 46336.32

20.1Q 216338.56 46336.32

Xi.12 116338.56 46336.3‘

69.64 216338.56 U336.31

38.16 21633856 46336.31

2626.60 2 16338.56 -16336.31

1398.68 116338.56 Ui336.31

11.01 216338.56 46336.32

U-30 116338.56 16336.32

43.39 216338.56 -16336.32

3S.sJ 216338.56 Xi336.32

36.40 216338.56 46336.32

I@%.12 216338.56 X336.32

SY.21 216338.56 46336.32

53.53 216338.56 16336.32

7 --I
--

, -3
--

? --
-.  -

9 ---.  -

7 --
-.  -

9 -3
--

, -3
--

1 -3-.  -

, -3
--

3 --
-. -

7 -7-- -

. --
-. -

- -3
-.  -

-I  --i
-.  -

* ---. -

> --
-. -

s --I-.  -

T -,
-. -

3 -3
-.  -

f -*
--

3 -_I
-.  -

- --
--

-3 --
--

- -_I
-._

7 -,- -

* - -- -

-3 -*-._

1-1

z-2

‘-2

4 -3-.-

‘) - -- -

7  - -- -

3 -7- -

7 - --. -

- --I- -

>T1

1-2

-4 -9- -

T -3-.-

15.65 0.16 43 14068926

15.65 0.16 4314068936

15.65 0.16 431406S926

15.65 0.16 43 I-u%926

15.65 0. !6 43 14MS9’6

15.65 0 16 43 14068016

15.65 0.16 -131JMS9~6

15.65 0.16 -13 1406S916

15.65 0.16 13 1206f?‘K!6

15.65 0.16 13 IUxiSQ9’6

15.65 0.16 43 14)6,S936

15.65 0.16 13 IJO

15.65 0.16 13 lJO6S9,16

15.65 0.16 131-(06~36

15.65 0.16 43lXWW6

15.65 0.16 43 14068926

15.65 0.16 13 l.tMS926

lj.65 0.16 13 14068916

15.65 0. I6 43 1406S916

1565 0.16 -13 I406S926

15.65 0.16 -r314Of%‘C6

15.65 0.16 43 1406S916

15.65 0.16 33 14X%926

15.65 0.16 23 1406S926

15.6.5 0.16 43 1406SV6

15.65 0.16 131406S9~6

15.65 0.16 43 l-l068916

15.65 0.16 131406S916

15.65 0.16 431406897_6

15.65 0.16 43 14068926

15.65 0.16 4314OfA9,26

15.65 0.16 43 14068926

15.fs 0.16 43 1406119’6

15.G 0.16 13 14068926

15.65 0.16 13 1 YXiS916

IS.65 0.16 1314068916

15.65 0.16 43 lJO6S916

15.65 0.16 13 1406S916

15.65 0.16 43 140623926

15.65 0.16 13 1406S916

t3nner

tilnner

tanner

lilMCY

13nner

13Nler

tuuwr

tuuler

rmuler

t3NIrr

r.lnner

tanner

l;lMCI-

unner

13mer

1anner

Imner

Ianner

tanner

hnner

tanner

t-r

tmrw

t-r

13mer

kmner

mmer

tamer

1anner

1-r

ramer

t3nnc7

t-r

t-r

tanner

Ianner

lanner

t-r

bnner

t-r
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Table C7: (continued).

rely marked obs.Rtum BOW spill turb empc spiLnti0 tonnqe hacheq

s- 15551

8- 1-933

S- 15694

8- 16050

8: 168-3

8: 16944l

8: I-630

s- 1-2.52

8- 16503

8- i 8Y5U

x- 16400

s- 17580

s- 19665

!3- 1-130

x - 15-91

S- 181-l

S- 13911

4 - 16964

S- 156--

8: 1-49.5

S- I-389

8- I-926

S- I-65-

8- Ixlo

87 16328

87 1845-l

SY 18276

s- 18226

R- 15460

81 1795

S- 18385

87 1x20:!

8- 1m11

87 1SO.U

87 1’82’

8: 18179

87 IS259

ST IS546

8’: 18071

8:: 1x03

63.8: 216338.56 Mi336.32

80.94 216338.56 46336.31

95.09 216338.56 46336.32

6Y.41 216338.56 46336.32

W.55 216338.56 X336.33

44.29 216338.56 16336.32

111.: I 216338.56 16336.32

93.13 116338.56 46336.31

68-o- 116338.56 .l6336.31

--.21 216338.56 46336.32

131.:1 216338.56 46336.31

130.15 2 16338.56 16336.32

98.68 216338.56 X336.32

82.48 216338.56 46336.32

61.50 216338.56 46336.33

138.58 216338.56 16336.33

101.09 216338.56 16336.32

IN39 116338.56 46336.32

101.33 216338.56 16336.31

1.5Y.32 216338.56 46336.32

T1.02 216338.56 16336.32

1w.9: 216338.56 16336.32

126.95 216338.56 16336.32

73.24 216338.56 16376.32

103.89 116338.56 16336.32

116.44 216338.56 16336.32

l’q.U -- 216338.56 16336.31

109.86 216338.56 16336.31

61.33 Z 16338.56 46336.32

151.33 216338.56 16336.3'

0.00 216338.56 16336.31

10-t. 16 216338.56 16336.32

1’6.95 216338.56 46336.31

11435 216338.56 46336.32

I-O.56 216338.56 46336.31

X2.09 216338.56 16336.32

145.88 216338.56 46336.31

61.20 216338.56 46336.32

87.26 21633856 46336.32

133.99 216338.56 46336.32

1-1 15-G

3 -1
-- 15.65

7 -7
-.v 15.65

3 -q- - 15.65

* - --._ 15.65

-i -3-.._ 15x3

1 - --._ 15.65

-I -_I-.._ 15.65

7 - -- - 15.65

‘) -_I- - 15.65

-I --3-. - 15.65

7 - --. - IS.65

3 -q- - 15.65

- --I-. - 15.65

- -9-. - 15.6

7 -7_.._ 15.65

- -T- - 15.65

2-z 15.63

2.3 - 15.65

7 -.-.- 15.65

7 -+- - 15.65

12 - 15.65

-3 - 15.65

- -3-. - 15.65

12 - 15.65

7 --I- - 15.65

3 -3-- - 15.65

7 -9- - 15.65

, -9- - 15.65

1:2 15.65

2-1 15.65

- -_I- - 15.65

1-2 15.65

2.2 - 15.65

9 - -- - 15.65

12 - 15.65

Lf? 155.5

If2 15.65

2.’- 15.65

L.1- 15.65

0.16 131406SX6

0.16 43 14068926

0.16 43 14068926

0.16 43 l-W%926

0.16 43 14068916

0.16 4314068926

0.16 131406SW6

0.16 13 l-1068926

0.16 43 I4068926

0. I6 43 1 -IO@926

0.16 43 14068916

0.16 13 14068916

0.16 43 140689,16

0.16 43 1406S9~6

0.16 23 1406S916

0.16 43 14068936

0 16 l-7 14068926

0.:6 ~31406S916

0.16 43 lU%.S936

0.16 13 lU%S916

0.16 13 1406h’6

0.16 43 l-1068916

0.16 1314068926

0.16 131Jo68926

0.16 13 1406S926

0.16 43 l-UN2926

0.16 13 140689926

0.16 43 l.lMS926

0.16 43 140689’16

0.16 -I3 14068916

0.16 431U~iS926

0.16 -13 1.1068926

0.16 1314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 4314068926

0.16 1314068926

0.16 4314068926

IilNWT

tanner

tanner

tanner

taNIcr

tanner

kumer

bmner

tanner

Llnr&Y

tanner

kmnrr

tanner

tannr‘r

tanner

tanner

tamer

klnner

tanner

tanner

mnner

kmner

bmner

unner

tanner

tamer

tatuwr

miner

lmner

tvuwr

muter

tanner

runner

kmner

tJmWr

tanner

ranner

tanner

miner

tamer

Page 151



Table C7: (continued).

rel>r marked dxrerum flOU spdl turb rmpc spilLratio t0NlLlge hatch-

8:

R-

s-

x -

8 -

S-

S-

S-

R-

XT

S-

S-

S-

S-

S-

S-

S-

S-

S-

x -

8 :

R-

47

x -

X-

S-

S-

S-

8:

8:

8’

S-

87

8:

S-

8:

8:

S-

S-

23:

15(6’

18302

I-S-I-J

1 SOS-

ltu34

I S-0:

18-96

188’1

1805-

1830’

15891

1x51

18653

Is096

1x21

189-o

Is-s-

19008

18261

182.33

18532

18’55

182TS

IS063

18229

I-‘55

186-6

l&-l0

lS503

18062

18868

18f21

IT11

1SlXE

l-386

19003

18753

1900:

18536

18111

15S.15 216338.56 16336.32

115.&t 216338.56 46336.33

126.13 116338.56 46336.32

10993 2 16338.56 46336.31

153.26 216335.56 16336.31

301.38 2 16338.56 46336.31

I-035 216338.56 Mi336.3’

166.55 216338.56 A6336.32

IjO.’ 216338.56 16336.32

1x-3 216338.56 46336.31

X2.19 216338.56 16336.32

139.X 216338.56 16336.31

112.11 Z 16338.56 16336.31

152.38 116338.56 46336.32.

188.23 216338.56 46336.3’

161.41 316338.56 16336.3’

l-5.12 216338.56 46336.3’

126.53 116338.56 16336.3’

136.92 216338.56 46336.3’

1 --t.35 216338.56 46336.32

139.50 216338.56 46336.32

301.61 216338.56 46336.32

l-6.50 216338.56 16336.31

105.3  1 2 16338.56 46336.31

13.28 11633856 46336.32

178.16 116338.56 46336.32

205.0: 116338.56 16336.32

213.443 116338.56 16336.32

111.51 216338.56 16336.31

159.3- 21633X.56 46336.31

144.33 216338.56 16336.32

211.73 216338.56 16336.31

l-028 11633856 16336.31

1183: 216338.56 46336.32

l-11.75 216338.56 46336.32

183.98 11633856 46336.32

131.55 Zlt~338.56 46336.32

168.49 11633856 46336.32

145.00 21633856 46336.32

142.35 21633856 46336.32

- -7
-. - 15 65

T - -- - 15.65

-I -3- - 15.65

3 -T-. - IS.65

-3 - -- - 15.65

3 -3- - 15.65

7 - --. - 15.65

7 - --. - 15.65

1 -1-. - 15.65

‘) - --- - 15.65

_1 -,-. - 15.65

- -3- - 15.65

_I -q- - 15.65

7 - --.- 15.65

- - --..- 15.65

-3 -7- - 15.65

9 -*- - 15.65

7 - -- - 15.6i

9 -7-.- 15.65

3 - --.- 15.65

7 -3-- - 15.65

- -3-. - 15.65

- -7-. - 15.65

_I -9- - 15.65

L-’ _ 15.65

- -7- - 15.65

7 -‘)- - 15.65

1-2 15.65

‘) --I-.- 15.65

7 --i-.- 15.65

L.2 - 15.65

‘) --l-. - 15.65

7 -*- - 15.65

1-2 15.65

2.2 - 15.65

7 - -- - 15.65

7 - --. - 15.65

0.16 13 l-UMS926

0.16 43 14068916

0.16 43 lU%bW6

0.16 43 lUWiWZ6

0.16 1314068926

0.16 13 1406S926

0.16 13 1406x9’6

0.16 13 1-1068916

0. 16 13 1 JO68926

0.16 13 14068916

0.16 13 lJOf~S926

0.16 1.7 1206S936

O.!h 13 144368926

0 16 23 I406S926

0.16 13 14068916

0.16 13 1406h926

0.16 13 1406WPj6

0.16 13 lYWW6

0.16 43 14068926

0.16 43 l-tM.W26

0.16 13lUW3936

0.16 43 IN68926

0.16 43 14068926

0.16 1314068926

0.16 13 1406S926

0.16 431406S926

0.16 431JO68926

0.16 131406,S926

0.16 43 14068916

0.16 13 14068916

0.16 13 14MS926

0.16 23 14068926

0.16 43 14068926

0.16 J3 14068926

0.16 -1314068926

0.16 13 1406S926

0.16 13 14068036

0.16 4314068926

0.16 131406S916

0.16 13 14068926

tuner

I - r

tmner

lamer

lamer

tanner

tanner

tanner

tsnner

tmncr

lamer

mnner

Imrw

mmer

Ianner

tanner

tmner

tanner

tuner

Lmmr

Lmner

Lvmer

rmner

tanner

mnner

ranner

tanner

tinner

tamer

muter

tanrw

tanner

tanner

kmner

tanner

tanner

mnner

mmer

lan0e.r

tanner
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Table C7: (continued).

rely marked obsretum

8: 18930

8: 1826

ST lS309

S- 18519

87 18312

SY 18298

5- 1-530

s- lS5ZY

S- 151)X3

SS z9l80

58 39001

58 30040

58 ‘895-l

88 19510

88 29S6:

ss 19952

88 3m- 1

98 ‘982 1

88 30135

88 xx-9

X8 29215

ss 193-2

RR ‘9634

88 ‘W50

88 2966-t

88 19315

85 29j3-

88 1935 1

88 2%90

88 19845

88 29521

88 Y600

88 29-39

88 ‘w3o

88 198-2

38 1951:

88 3008:

88 3938:

88 3ooo6

88 29853

194.54 216338.56 46336.32

116.T.l 116338.56 16336.32

182.66 316338.56 46336.3’

113.13 116338.56 16336.31

110.09 216338.56 46336.32

121.3 2 16338.56 16336.32

l-3.15 216338.56 16336.32

sl.3 2 16338.56 46336.32

161.91 3 16338.56 16336.32

13.0-a 3 16338.56 16336.31

21.31 316338.56 163 36.32

16.5: 2 16338.56 16336.3~

20.0- 216338.56 46336.32

1’28 216338.56 46336.32

11.22 21633X.56 16336.32

-23 216338.56 26336.3’

11.63 216338.56 16336.32

IT.15 21633X.56 16336.32

9.94 216338.56 46336.31

12.16 216338.56 46336.31

IO.12 116339.56 16336.31

13.1’ 2 16338.56 16336.32

12.50 21633X.56 1633632

1 z-5 216338.56 16336.31

9.35 116338.56 -16336.32

‘1.86 2 16338.56 1633632

11.69 216338.56 46336.32

11.16 3 16338.56 46336.31

16.85 2 16338.56 46336.32

8.36 2 1633856 46336.32

11.95 2 16338.56 46336.32

18.38 116338.56 46336.32

12.93 216338.56 46336.31

23.x 2 16338.56 46336.32

11.03 2 1633856 16336.31

1.00 216338.56 16336.32

lY.46 216338.56 46336.32

‘1.83 2 16338.56 $6336.32

X.89 216338.56 46336.32

12.08 11633856 46336.32

turh temp: spilhtio hatchery

1TZ 15.65

7 --.A - - 15.65

* -?-.- 15.65

2.2 - 15.65

-I -7-.e 15.65

3 -*-... IT.65

* --.-.- 15.65

* -,-.- 15.65

7 --a-.-. 15.65

7 -*- - 15.65

, --I- - 15.65

) -*-. - 15.65

- -1-. - 15.65

3 - --.- 15.65

3 -3- - 15.65

-3 -7- - 15.65

* ->-. - 15.65

-I -7- - 15.65

-9 -*-. - 15.65

2. - 2 15.65

? - --. - 15.65

2-3 _ 15.65

3 -7-. - 15.65

1-2 15.65

- -3-.- 15.65

- -7-.v 15.65

y -_-.w 15.65

2-2 15.65

* -.-.- 15.65

z.-- -I 15.65

2.3 - 15.65

1-2 15.65

LT2 15.65

1 7,-.- 15.65

1.2 - 15.65

1-2 15.65

151 15.65

, 7’)-.m 15.65

Lf2 15.65

272 15.65

0.16 4314068936

0. I6 13 14068916

0. I6 13 14068926

0.16 1314068926

0.16 431406S926

0.16 131JO68926

0.16 J3 14068926

0.16 13 l-u)68926

0.16 13 1406S9~6

0.16 13 l-W68926

0.16 13 lJMS926

0.16 4314068926

0.16 13 14068926

0.16 131406S926

0.16 4314068916

0.16 13 14068926

0.16 131406S926

0.16 13 1406S926

0.16 -131406S936

0.16 43 14068926

0.16 3314068926

0.16 1314068926

0.16 1314068926

0.16 4314M8926

0.16 43 14068926

0.16 4314068926

0.16 431406S926

0.16 431406SE6

0.16 43 14068926

0.16 43 14068916

0.16 43 140689916

0.16 43 1.4068916

0.16 13 14068926

0. I6 43 14068926

0.16 13 14068926

0.16 43 14068916

0.16 1314068!26

0.16 4314068926

0.16 4314068926

0.16 4314068926

t3NlW

tanner

t3Nur

tmner

bmner

Imner

tamer

Iamer

tmner

tanner

tmner

t3nner

taruhx

taruhx

Ianoer

Iamer

t - r

tanner

Lmner

tmner

Imner

tanner

tanner

tanner

tanner

tanner

13noer

tanner

tanner

r-r

tanner

mNler

mum

tanner

tanner

tanner

t a m e r

taMeI-

laluler

lanner
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Table C7: (continued).

98 ‘9503

RX Y305

xs 2w93

8X 29813

88 29-94

xx 29lx-t

xx ‘%n2

58 Yl--

xx ?%lx

sx 2953X

8s ZQwQ

ss 3OIlS

SX 30193

85 19509

sx 30119

sx ‘%X

8X 308X6

xx ‘sll3

X8 36-j

RX 1%3

88 19316

8s 2911.1

8s 39335

98 1%9-t

X8 196x5

88 293u

48 241-1

3s 19394

X8 29658

89 2%59

89 2%W

89 2%95

!39 300-z

s9 30026

s9 3ool-

59 Y-3-

89 19-3-1

89 x-11

59 29391

s9 293-j

16.-W 316338.56

2052 2 16338.56

X.65 116.J.38.56

4.15 116338.56

15.65 116338.56

IS.15 216338.56

11.33 21633X.56

- 60 216338.56

X.CP 216334.56

10 5X 2lh33X.56

Y.15 21633X.56

X.Sl li633S.56

16.33 2 16338.56

11.8X 21633X.56

1 1.36 316338.56

1X6 21633X.56

3* 7.--.-- 3!6338.56

31.11 216338.56

l-1.2; 21637456

l-1.61 21633X.56

3-.4x 11633856

38.20 216338.56

- ---s 3.. 21633856

x3- 116338.56

31.6: 21633856

16.31 11633856

X-X 2 16339.56

45.11 2 16338.56

11.69 216338.56

60.61 11633856

-855 2 1633856

2-6 116338.56

95.13 2 16338.56

80.79 216338.56

115.08 31633856

16.05 216338.56

1256 216338.56

19.38 216338.56

l-.-l -- 21633X.56

6l.05 11633856

46336.3’

lfd36.32

16336.32

-16336.32

46336.3’

46336.33

16.3.76.31

4fri36.3’

4fri36.3’

46376.31

46336.31

-1&x36.31

46336.31

16336.32

lf5336.32

G336.32

46336.32

46336.32

16336.32

46336.32

-%336.32

16336.32

46336.32

16336.31

46336.32

16336.32

16336.31

46336.32

46336.32

46336.32

46336.32

M336.31

46336.31

46336.31

46336.32

46336.31

46336.31

46336.32

46336.3’

AG36.32

3 -9
-- 15.65

3 -3-. - 15.65

_\ -,-. - 15.65

- - --. - 15.05

- -3-. - lS.hj

3 - --. - lj.fC

3 - --. - 15 05

3 - -- - 1 .i fli

7 -3-. - I5.05

7 -*- - i 5 hi

. -.-- - lj.fS

, -.- - :j 05

3 - --. .- 15.05

3 -.- - 15.65

q - -- - 15.65

3 -.- - 15.65

T -T-. - 15.65

3 -3-. - lS.f>5

3 -q-. - l5.f>5

T --I-. - 15.65

3 -3-. - 15-G

9 -*- - 15.65

* - --. - 15.65

- -3-. - 15.65

3 -3-. - 15.65

7 - --. - 15.65

, -_I- - IS.65

7 -3-. - 15.65

3 -*- - 15.f5

‘) - --.- lS.fl5

‘1 - --.- 15.G

* - --.- 15.65

3 -3-.- IS.65

1-2 15.fS

-I -7-.- 15.6

? -7- - 15.65

-I -?-.- 15.65

0.16 13 l-UMX916 rmrr

0.16 13 14OfM26 I-r

I).  16 13 14JfW26 IaMrr

I).  16 43 14068916 LlNler

0.16 J3lwbX’J16 I-r

Il. 16 43 1 JOfiS916 tmer

0.16 13 1406XQ16 Imer

0.16 1.7 llMXQ’6 1mer

0.16 1.7 lJfK,X‘T6 mmer

I).  16 1.; IUH8916 rmner

0. i6 1.7 i -WfGX926 IilNW:r

0 16 1.2 iGOfM16 mnner

0. !6 1.: lJMXQ:6 Ianncr

0.16 43 1406X916 rmner

0.16 13 lUK,X9)26 ranner

Il.16 13l~KXQ26 nnnrr

0.16 43IUh589l6 tanner

0.16 43 l-t(b68916 tmnrr

0.16 13I4M8926 ranncr

0.16 13lYKX93926 1anncr

0 16 43 l-u)68926 r-r

0.16 43 lJOf%Y26 mnner

0.16 43 14068926 tanner

0.16 131406X9,26 t-r

0.16 13 1406tW6 tanner

0.16 -13 I AOf hnner

0.16 43 IUW?916 mmer

0.16 43 14Ofi8926 tar-mu

0.16 43 1406X9I?6 Lmner

0.16 4314068916 ranner

0.16 43lJO68926 t-r

0.16 13 l-U68926 I-

0.16 J3 1406X916 t-r

0.16 43 14068916 tamer

0.16 43 14CM%926 mmer

0.16 -131UM?916 13MU

0.16 13 14068926 t-r

0.16 43 l-1068926 t-r

0.16 43 1406E916 tanner

0.16 13 14068936 t-r
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Table C8: Tag codes of subyearling  fall chinook releases used in this analysis.

Bonneviile Brights Hatchery

Oil658 071660 071661 071735 Oil733 Oil’534 07220; 072141 072142 072506 072%

Oi2143 072424 072426 072545 Oi2548 07254i 072741 072826 Oi2827 072828 073124

Oi3125 072829 073008 073126 073323 073326 073007 073317 074129 074309 074319

074320 073318 074254 074304 0;4%3 075030 075033 073555 075408 075409 Oil-116

071417 075521 075618 073619 071460 071461

Bonneville Tanner  Geek Hatchery

091605

072133

072343

072416

073121

232058

232106

2321  li

232128

232139

232150

232161

232209

232220

232511

232532

232.555

232613

232635

233111

074747

075i56

071656 07 1659 071608 071613 Oi 1657 071842

07213-I 072 135 052136 072157 072138 072139

Oi2344 072345 072346 072358 072 140 072363

072417 Oi2425 02546 072663 072701 072727

073  122 Oi3 123 073322 073323 232052 232053

232059 232060 232061 232062 232063 232101

232 107 232 108 232109 232110 232111 232112

232118 232119 232120 232111 232122 232123

232  129 232130 23213  1 232132 232133 232 134

232140 232141 232142 232143 232144 232 145

232151 232152 232153 232154 232155 232  156

232  162 232 163 232201 232202 232203 232204

232210 2322  11 232212 232213 232214 232215

23222  1 232222 232223 232224 232225 232501

2325 13 2325 14 232516 2325 19 23252  1 232522

232535 23253; 232538 23254  I 232542 232544

232556 232559 232561 232562 232601 232602

232614 2326  16 232619 23262  1 232622 232625

23263; 232638 232641 232642 232644 23264;

233 122 233 135 233 147 233 159 233207 232802

074749 074750 074752 Oi4755 074756 074402

Ccnvlitz  Hatchery

071843

Oi2156

07240;

072728

232054

232102

232113

232124

232135

232146

232157

232205

232216

232502

232525

23254;

232604

232626

232649

2328  14

02404

071914 07 1736 071913

072329 07234  1 072342

052408 07241-t 072415

072729 072i30 073 120

232055 232056 232057

232103 232104 232105

232 114 232115 232116

232125 232 126 232127

232136 23213’; 232138

232 147 232 148 232  149

232158 232 159 232160

232206 232207 232208

23221; 232218 232219

232504 232507 232508

232526 232528 23253  1

232549 232550 232552

23260; 232608 2326  11

232628 23263  1 232632

232650 232652 232655

232826 232838 232850

075i53 Oi5754 OX55

631802 631942 631951 632154 632159 632137 632156 632255 632032 632450 632462

632603 632503 632610 632325 632328 633019 633&O 633124 633125 633235 633236

633237 633238 633448 633449 633450 633451 634108 634126 635231 635250 630452

634056 634526 635015
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Table C8: Tag codes of subyearling  fall chinook releases used in this analysis.

Grays River Hatchery

130102 13080; 131615 631603 631743 631646 631833 631937 631939 631859 632043

632340 632263 632458 632459 632237 633242 633243 633326 633327 633759 633760

630419 635537 635538 635541 634218 634220 635911 634227 634229 634615 634933

Washougal Hatchery

010206 631641 631803 631938 631946 632153 632251 632148 632461 632238 632239

632259 633116 633117 633115 633119 633334 633335 633407 633408 633414 633415

633416 633433 633434 633827 633828 633829 633830 633831 633832 634113 634150

635228 635904 635621 634616 635040 635043

Priest Rapids Hatchery

131101 131202 631662 631i41 631821 631857 631958 632017 631948 632155 632261

632252 632456 632611 632612 632848 632859 632860 633221 633222 632330 634102

051915 051916 051917 051918 051919 051920 051921 051922 634128 635226 635239

63OY32 634057 634341 635010
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Appendix D: Plots of Daily River Conditions for Month

Following Priest Rapid’s Hatchery Releases

Table of Figures

D I Comparison  of VPA's estimated  before and after CWT database  update  in November 1995

D2 Plots of daily flows for the month following Priest Rapid’s  releases.

D3 Plots of daily spill for the month following Priest Rapid’s  releases.

D4 Plots of daily turbidity for tk month following Priest Rapid’s  releases.

D5 Plots of daily temperature for the mouth following Priest  Rapid’s  releases.
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Figure Dl shows how the VPA’s calculated prior to the CWT  database update differ from those calcu-

lated afterwards. Most of the hatchery stock released had an estimated increase in percentage of released fish

surviving to age 2, though Priest Rapids benefited more than those reference hatcheries used in this analysis.

Figure Dl: Comparison of VPA’s estimated before and after CWT  database update in November 1995.

Plots of river conditions and the least-squares regression line used in this analysis. Twenty-eight days

after each Priest Rapid’s release was used in regression to obtain an intercept and slope characterizing that

particular set of river conditions the batch was subject to. The intercept represents initial conditions and the

slope is the rate of change of those conditions. R* values were calculated and are displayed under each plot.
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Figure D2: Plots of daily  flows for the month following Priest Rapid’s releases.
Regressions lines sumtnarize  flows for the month.
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Figure D2: (continued)
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Figure D3: Plots of daily spill for the month following Priest Rapid’s releases.
Regressions lines summarize spill for the month.
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Figure D3: (continued)
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rigure v4: r10ts or aaily nmiaicy ror me niontn roiiowing  m-lest Kapia s releases.
Regressions lines summarize turbidity for the month.
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fIGURE D5 Plots or daily temperature for --- ------- --..--------  ‘-----f Yom.” c ~d,P~~Pc,

Regressions lines summarize
LIIE: IIIUIIIII  IUIIOWI~  rrlesl  I\~~IU  3 lr;l~;a3~3.

temperature for the month.
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Figure D5: (continued)
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Release year + hufchery  is the basic model for the rest of the regressions presented in this section.
Notice that these two variables explain approximately 70 percent of the variance seen in the survival
rRte3.

t .

Table El: Analysis of deviance tables for base model (1).

dt Lbii MmlLkv. F P R’

‘f-sea 317 ss6A877

-rcrr 13 351.9525 27.0733 xc389 < l.oxlcr’6 0.6325

amr 304 204.535  I 0.6728

dx Rvi McmDev. F P R3

317 ss6.487

5 705931 l.tl186 9.0658 4.61x10- 0.1269

amr 311 485.8%6 I.5574 I

d.lT rkvii Maarkv. F P R’

=wallT 317 556.487

-yar l3 351.9525

5 30-1358 ai272
a6856

103333 3.73x1009

QTochm 299 1743993 05833
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Table E2: Analysis of deviana tables for release year + hatchery + one river condition ~lt

McNtuy  Dam. R2 valws are for base mod21  + river cot&ion.

d.t. DaviaMz MeanDN. F P R2

=hoogl 299 1743993

8ow I 11.0859 1 I.o8!59 - 9.86x@ 0.1066

ura 2% 1633 135 I

dx Ikvii hkmlkv. F P R’

=-&emsm 299 1743993

apin 1 10.8316 IQ83 16 19.7338 126x10-= 0.7061

emr 298 1633677

d-t. &vii MealDav~ F P R’

‘I;-,, 299 1743993

MY 1 127106 127106 23.4263 209Xloa6 0.1094

sm 298 161.6887 OS26

dt MaanDav. F P R’

=wmmsm 299 1743993

-W-=(0 1 0.0018 WO18 0.0031 a9559  o-6866

am 298 1743975 03852 I

4x Dnimce hkmtkv. F P R*

=%mesm 299 1743993
I

spilldo 1 91#2!5 9.0525 163151 O.alOl  I O-7029

am 298 1653468 05549 I

d.t Rvii MmlRv. F P R’

=-m 299 1743993 I

bmldlayem 1 19.6X- 19.6183 37.7710 wxlOQ). 0.7219

crm 298 154.7811 0.5190

Hatchery contribution is the most significant variable, but note that all except temperature ha= low p
values (p < 0.05).



Table E3: Analysis of’deviance  tables for release year + hatchery + two river conditions at McNq
Dam. The over-all model p value is the signikancc  measure for both river conditions added to
the base model release year + hatchery, not all four variables together.

dx. wimac Manlkv. F P

lmtcluy anbilnxial 1 19.6183

Row 1 5.4nm 6Aso9 10.84  13 a0011

amr 297 1493301 05028

OVCP8lllllOddpVXlUC 9.81x10-”

dL rkvii hkanlkv. F P

=WUWdCl 299 1143993

ltaIckyamIributial 1 19.6183

w 1 5.22 5.2793 10.4878 O-0013

alu 297 149.5018 a5034

cm.r-8llmoddpw 1.16~10-‘~

dt t&ii rbkaockv. F P

ToplbpohD&l 299 1743993

lnIclmyamIrii00 1 19.6183

-Y 1 5.2862 5.2862 105021 a0013

am 297 149-4w 05033

over-allmoddpvahle 1.15x10-*0

6.f. xkii aaotkv. F P

T-Ill&J 299 1743993

lntdlayamtibutim 1 19.6183

‘-Q---(0 1 1.2037 1.2037 23279 0.1281

amr 297 1535773 0.5171

OWHllIOOddpVdUC 63lXloQ9

bl lkvii ktaLkv.  -F P

TamodBl 299 1743993

lutdlayalmribuliaIl 1 19-6183

qlilldo 1 511709 5.0709 10.0599 a0017

clloc m 149.7 102 0.5041

OWWlllUl&lp~ 1.x3x10-*0
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Again, all added river conditions except temperature are highly signikant @ < 0.05). Flow is chosen
as the next variable to include in the model, though spill, turbidity or spill ratio could as easily be consid-
ered.

Table E4: Analysis of deviance tables for release year + hatchery + three river conditions at McNary
Dam. The over-all model p value is the sign%cance  measure for the three river conditions added
to the base model release year + hatchery, not all five variables together.

6.t &vii Munacv. F P

baaay  axuriluim  +aow 2 25m

w 1 O.lmK a1805 03583 0.5499

amr 296 149.14% a3039

-XllmoddpVXlUC :.73nNl-'0

df. Rvi SkloIkv. F P

=%U3WLiBi ,T! 1743993

tukbay ambibutial +aow 2 25.0692

LlhidilY I 05873 05873 I.1681 0.2806

cmr 296 148.7429

over~moddpvablc 3.18x10-”

df. Devii -Mea0  Dew F P

299 1743993

2 25.0692

1 050% a5096 LO135 03149

alar 2% 148.82% o.5026

cwu-rllmoddpv8luc 3.43%10-‘0

df. wi MmlDN. F P

-hWldd 299 1743993

lmcbuy~lluial+oaw 2 25aw2

lpinraio _ I om21 a0021 -0.0636 am I

arar 2% 149.29@1

ovedlmoddp* 5.46X IP

No further information is gained by adding mofe river conditions to the regression. The best

model is log(observed  retums/rotal released) = release year + Mchev + hatchery contribution

+pow.
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One additional exercise was conducted with the following model: base model plus hatchery contribu-

tion plus one river condition plus flow. Spill, turbidity, temperature and spill ratio covariates  were each

inserted into the model (Table E5). The addition of any other covtite. with the exception of tempera-

iure, prior to flow appears to make the flow covariate nonsignifkant  (p > 0.05) to the model. This exercise

simply confkrned  that flow was highly correlated with most other river conditions.

Table ES: Analysis of deviance tables for release year + butchery  + hatchery contribution + one river
condition + flow at McNary  Dam. The over-all model p value is the signZcance  measure for .the three
river conditions added to the base model  release year + hatchery, not all five variables together.

=%WiKdd 299 1743993

2 24.8976

1 03522 03522 0.69% a4038
alar 296 149.14% 05039

OVUdlUOIMpVXhlC 4.73xm’O

dt lkii axok. F P

I 0.7520 a7520 1.4%4 a2222

2% 14117429

299
2

1

2%

1743993

20.8zo

4.7568

148.8206

4.7560 9.4611 a0023

05028

6.t Dtvi hkmnxv. F P

=-bml3mdol 299 1743993

hrba)rciXlISiM~+ 2 24.6892
rpind

fbw 1 0.4121 a4121 0.8170 03668

ema 2% 149.2981



Appendix F: ANODEV Tables for Model  (2)

Fl ~model(2).(model(l).~~forprobabilj,d~).

R rdease  -year + hatckry  + on+? river  corldition at McNary  Dam.

F3 releave -year + hatckry + two river con&ons at &Nay Dam
F4 release year + hatckry  + three  river con&&s  at McNsy Dam



Release year + hatchery is the basic model for the rest of the regressions presented in this section.
Notice that these two variables explain approximately 68 percent of the variance seen in the survival
rates.

Table Fl: Analysis of deviance tables for base model (2), adjusted for probability of
tr~on.

s&c dL &vii MemDcv. F P . R’

Taal, 317 5478629
I

13

301

262955 38.8011 < 1.ox1u’6 0.6240

a6777

dfl Dxvii Maufkv. F P 82

To(rl, 317 547.8629

5 59.22 11.8597 75737 9.9Oxlao7 0. IOU2

ara 312 I.5659

bt Lkvii b&mlDnt F P R’

317 5478629

13 351.8419
a6765

5 2&7870 5.7574 9.7129 131x10-O@

299 177.2339
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Table Fz: Analysis of deviana tables for release year + hatchery + one river condition at
McNary Dam.

dL DevimR MmlDcv. F P R'

‘I;-SbdBl 299 in2339
I

now 1 13.8247 13.8247 2u113 r86x1a07 0.7017

ara 2% 163.4092

6x DNii McmDN. F P R'

T-LIWdBl 2% in2339

m I 13.8282 13.8282 25-2182 8%3x1007 0.7017

am 29a 163-i

df. &vii MallIkv. F P R'

299 177.2339

1 145907 14.sv7 x7335  &Jgx&J 0.7031

amr 298 162.6432 as458 I

df Dmii MtmDN. F P Rf

299 1772339

1 om49 a0149 O-0251 as742 O-6765

298 IT.2190 0.5947

dL Dlwii hkaolkv. F P R=

299 m.2339

spilIldo 1 ll.ia68 Il.7868 21.2301  h(&x1(p  a69m

am 29a 165.4471 Oss2

df Dxvii MemDev. F P Rf

-4M.SlCdBl 299 177.2339

huctlaycoobibuial I 20.4462 20.4462 iukm 1.55x1009~ 0.7138

afu 2% 156.7878 05261

Hatchery contribution is the most signScant variable, but note that all except temperature have low p
values (p << 0.05).
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Table F3: Analysis of deviana tables fa release year + hatchery + two river cona%iom  at McNq
Dam. The over-all model p value is significana  measure fa both river conditions added to
the base model releuse  year + hatchery, not all four variables together.

dfi &vii MealDN. F P

baIcbayamnilxmi00

tkw

amr

OW-6lllWddpV6bJC

1 20.4462

1 73559

297 149.4319

73559 14.6200 MOO2

05031

9.9oxl(m

dL DNii MtmDN. F P

299

1

1

m.2339

20.4462

73721 73721 14.6537 a0002
- 297 149AlS7 05031

-dllWddpV8bW 9.74x10-

6x LkVii Meaoan. F P

badluycanribIRi00 1 20.4462

Iurbidily 1 6.4352 6.4352 127119 OAlfJO6

Sm 297 1503525 05062

-8llIIlOddpV6hlC 246xltT”

299 in2339

I

1 1.6662 1.6662 3.1902 a075 I

sm 297 lss.1215 05223

onr-dlIDOddpV6lU6 254Xlfl

299 m2339

I mA462

1 7.1100 7.1100 14.1081 aawn
- 297 149.6377  -

.

OWT-8UlOOddp~ 1.26X1U”
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Again, all added river conditions except temperature are highly signikant (p < 0.05). Spill is chosen
as the next variable to include in the model, though flow, turbidity or spill ratio could as easily be consid-
ered.

Table F4: Analysis of deviance tables for release year + hatchery + three river conditions at McNary
Dam. The over-all model p value is signikana measure for the three river conditions added
to the base model release year + hutchev,  not all five variables together.

dfl Wi McanDN. F D

2

1

2%

27.8182

03478

149.0679

a3478 0.6907 a4066

4.19x10-”

df. Dmii Mealacv. F P

,m9 177.2339

2 27.8182

1 13003 13CKU 259% al080
296 148J 154

-6UlMddpV6hl6 1.65xlU”

dt rkvii Maolkv. F P

299 u72339

2 21.8  182

1 O.llO81 aam 0.0160 a8993

2% 149.4076

-9moddpnhr 5.84XlU”

No further information is gained by adding more river conditions to the regression.
The best model is log(observed  returnsltotal  released) = release yew + hatchery + hatch-
ery contribution + spill.
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Table Gl: Analysis of deviana  tables for Grays River references,  using single river
conditions at McNaq Dam and obsemed counts. unadjusted for the probability of
fransportation.

dt Ikvii malrkv. F P R2

T-&W 17 w713

slw.x + aDw.b’ 2 4.8690 24345 26267 a 1052 0.2694

- IS 13stm 0.922

dfi rkvii Ibkmnx F P R=

17 18.ii13

2 41)919

15 14.6X5

z&74 20926 as9 0.2181

a9784

dL Dcvi MeaaIkv- F P R=

T-C4EbT
turb.a+aahb

-

I7

-2

15

ami3

4.7-

14.0307

23703 25341 ail27 0.2525

a9354

dc acviaot Maoh. F P R2

‘I-L? 17 mm3

-+-m-b 2 1025Si 5.1293 9.0383  a0027 05465

6mr 15 85127 as675 I .

foul,

qiinmio

-

df. tkvii - .skallkv. F P R2

17 um3

1 4.1m7 4.1407 45283 om92

16 14.6306 a9144

6.f. - Mmllkv. -F P R=

1 15229 IJW 1.4127 a2520 I 0.0811

- 16 17.2484 1.078 I



Table G13:  Axialysis of devhce tables fa Tanner  Creek refensccs  using three rive
conditions at McNary Dam and otmxved counts, unadjusted for the probability of
fransportation.

-4W

@IdO+
llUhX+lld.b

tkw.6+llDW.b

df. D&i Memacv. F P

n 6a6817

3 445673

2 I.4559 am0 a7068 05041
aru P 226!385 1.0299

OW-6llWddpWhlC aam

dA tkvii Manlkv. F P

T-W

Xpillrrio+
lldU+ldLb

-+-w-b

-

27

3

2

22

68.6817

445673

65874

155270

4.2937

aw58
aam

8pillrrtio+ . 3 44562
IlldM+llEb.b

17176 am3

23 215663 a9377
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Table Q: Analysis of deviana table for Bonneville Brights references using single river
conditions at McNary Dam and obsemed counts. unadjusted for the probability of
transportation.

Ti-LT

SOW.6+W.b

ara

df. Lkviala -Me80 D?x. F P R’

26 615207

2 145306 7.2654 3.7108 a0394 02362

24 46.9899 1.9579

dt ONimDs MaaDev. F P R=

‘fi’%W 26 615207
I

apillr+spilLb 2 14.4427 7.2214 3.6814 a0403 0.2348

amr 24 47.0780 I.%16

6.L Jkvii luc!alRv. F P R=

‘f- m 615207

lUltU+tlUbb 2 28.0382

ara ?cl 33.4825

14.0191 lO.CbM a0007 0.4558
13951

d.fi lkvimce lbkmrkv. F P R=

_ Tb 26 615207

rmpu+rmpcb 2 3.16Qf 15802 0.6498 05311 0.0514

alw 24 583604 24317

Taal, 26 615207
I

qialmio 1 11.2267 m267 55806 au263 0.1825

amr 25 50.290 20118

df. Dni M6mtk-v. ‘F P R2

TapI, 26 615207

lmcbaycalmi~ I 193527 193527 11.4736 O-0023 03 146

era 25 421679 1.6867 I
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Table Gil: Analysis  of deviance -tables  for Tanner Creek references using single river
conditions at McNaq  Dam and observed counts, unadjusted for the probability of
transportation.

df. acvirwr SkmLkv. F P R’

-43E . n 68.6817

llOW6+llOKb 2 24.4271 112136 6.8996 o.aM 1 03557

- 25 44x46 Lno2 I

dfi Dxvii bkanfkv. F P R3

TG 2i 68.6815 I
rpillr+gilLb 2 27.8558 13.9279 85288 0.0015 0.4056

a m - 25 a.8259 1.6330 m

dt &vii &alLkv. F P R=

27 686811

2 235m 11.7888 65342 aam 03433

era 25 45.1041 1.8042 I

bf. Rvi Mcmrkv. F P R=

Tarrb, 27 68.6817

*mpu+lemprb 2 1.7408

ara 25 6&w
a8704 03251 a735 oms3
26776

dt wi Mmlkv. F P R=

T. 27 6861117

sin-i0 I 25.8368 25.8368 1x6767%8 a0005 03762

am 26 42.8449 1.6479

dt wi bhoD6v. ‘F P R=

T-CM n 68.6817 I
lmdlelycolaia

afw
I

26
23.7957

44.8m
23.7957 13.7835 aa310 03465

1.7264



Table GS: Analysis of deviana tables for Bonnedle  Brights references  using three river
conditions at McNaq Dam and observed counts, unadjusted for the probability of
~lUlSpft&iM.

df. Rwimu ManDcv. F P

TG 26 615207

4

2

36.732

35370 1.7685 1.6648 a2144

- 20 212465 I.0623

cwedlmoddp* aam

df. &vii rblanfkv. F P

26 615207

4 36.73i2

2 3m34 15067 13W2 a2735

- 20 21.7ml 1.0885

OV6MllIOOddpnLu aam

bt rkvii tbi68llk. F P

26 615207

4 36.7372

I 0.67W a6784 05910  a4506
cmr 21 2L).1051 I.1479

OVU-6lIlllOddpV6hC aooo8

df. McaoLkv. F P

26 615207

4 36.7372

1 0.0150 aom ON27 asrn-

alu 21 24.7685 1.1795

OVU-6Umaddpnhr a0011



Table G9: Analysis of deviame  tables fa Washougal  references using two r&r conditions
at McNary Dam and observed counts, unadjusted fm the probability of transportation.

tlOW~+llOW.b
spilll+apiILb

am

2
2

21

43688

1.8299

5.6248

a915o 3.4159 ao52o

a2678

-allmoddpvrhc aocm

df. D&i MaoDcv. F P

25 Il.8235

2 43688

2 0.8518 a4259 13546 a2797

21 66029 O.3144

-8IllUUldpV6lU6 a0124

df. LkVii MaOk. F P

Tarl, 25 11.8z35

dowr+SlWJJ 2 43688

-+-w-b 2 0.6919 0m lm42 035%

- 21 6.7628

-8nIDoddpvrhr a0156

Tarl,

tkwr+llorb

alinlaio

25

2

1

IL8235

43M8

1.9776 1.9776 7.9437 a0100

22 5ml a2490

-dlmoddp~ aam

4.f. IkvimR Mmlrkv. F P

25 llsp5

2 4.3688

1 Ofi a0167 o-95  a826o

- 22 7.4380 03581

OVUdlWddpV8iUC a0153



Table G7: Analysis of deviance tables for hdik references using two river conditions at
McNaq  Dam and obsemed counts, unadjusted for the probability of transportation.

-4X&T 25 7.9715

IUbA+lWb.b 2 1 A768

lkrr+llOW.b 2 03UM a1702 05808

am 21 6.1546 0.2931

CWCdllWddp~ a2244

bt LhNii ManDev. F P

Ti-kZOW 23 7.9715

tWbA+ltdb 2 1 A76d

*+giILb 2 0.1282 a0641 0.2115 0.8111

OVCT4llDOddpV8llE a2940

Tarl, 25 7.9715

lWbA+lldb 2 1.4764

rmpu+cemprb 2 OAM a408 1.4780 a2509

aTa 21 5.6936 a2711

-modappJT a1168

2s 7.9715

m+Udb 2 1.4764

gind 1 0m5 0.0275 om36 0.7625

am 22 6A675 0.2wo

tlW-dllWddp~ OH!51

d.f. DmimLT bkmDev. F P

lWb+llMhb 2 1.4764

llmdmyamibaial 1 OAW8 a0048 0.0162 0.9alO

aor 22 6Mo3 0.2950

avcrVnIlbOddpvJlr a2017



Table G7: Analysis of deviance tables for cowlitz references using two river conditions at
McNary  Dam and observed counts, unadjusted for the probability of transportation.

d.f. lhhlce MauDN- F P

Tarl, 25 7.9715

ti+lWb.b 2 1 A764

WA+llOW.b 2 03404 0.1702 05808

amr 21 6.1546 02931

OVCMlllllOddpV8lUC a2244

d.ll Lkvii McalIDcv. F P

‘C-L 25 7.9715

lUIbA+IUlkb 2 1.4764

*+e 2 0.1282 0.0611 0.2115 0.8111

am 21 03032

T- 25 7.9715

~iUfbA+lRb.b 2 IA764

-W=+aapcb 2 OBOlS aao8 1.4780

ala 21 55936 OX711

-modap& 0.1168

TaJ, 25 79715

m+arbb 2 IA764

rpind 1 Om75 a0275 odJ956 0.7625

crm 22 6A6is a2940

CWW4llDO&lpV8bC 0.1951

6.t tkviam McaIkv. F P

TG ZI 7.9715

llWh+lWhb

lacbcrycaurii

2 1.4764

1 - - a0048 om62 a9000
ara 22 6.4905 a2950

anaVnlWddpV8lIE a2017



Table G9: Analysis of deviance tables for Washougal  references using two tiver conditions
at McNary Dam and observed counts, unadjusted for the probability of traqmtation.

lbWA+lhLb

apilL+-

2 43688

2 1.8299 a9150 3.4159 a0520
arm 21 5.62s8 a267a

am

d.c &vii MtmDev. F P

‘forrl,
llOW.8+llOULb

lUbA+Ub.b

25 11x235

2 436%

2 0.8518 a4259 1.3546 a2797
ara 21 6&?29 03144

-8lllllOddpVdUC a0124

dx. Lkii uealllkv. F P

Bowr+tkwb

-+-w-b

2 4.3688

2 a6919 lm42 035%

- 11 6.7628

OWMllmoddpVdW a0156

6.f.  ~ t&vii Mmckv. F P

25 11.8m

2 4368%

1 I.9776 1.9776 7.9437 a0100

Crm P 5.4771 0.2490

-8lllllOddpV8lUC a0006

u &vii Malav. F P

+oal, 25 11X235

llOWA+OOW.b 2 43688

IntcbayamIrimal 1 0.0167

erm 22 7.4380

a0167 om95 a8260

O.3381

CWMllkWddpVdUC a0153



Table G5: Analysis of deviance tables for Bomeville  Brights references using three river
conditions at McNaty Dam and observed counts, unadjusted for the probability of
transpoltation.

antu+lulhb+
-+rmpcb

dlh+rpilLb

4

2

36.7372

35370 1.7685 1.6648 a2144

al-a 20 21.2465 1.0623

TbpI,

tullu+lldb+

rmpu+rmpc-b

tlowr+tkwb

26 615207

4 36.7372

2 3m34 13067 1.38)2 02735

- 20 21.m1 l.ae85

-dllDOddpnLr a0009

dJ. MmlDN. F P

luhA+lwb.b+
*mpu+vb

apillf8io

4 36.7372

1 0-m a6784 05910  a4506

ara 21 24.1051 1.1479

am8

bt Devii Mtmacv. F P

26 615207

4 36.7372

1 OB150 a0150 0.0127 a91 12.

crm 21 24.7685 1.1795

dIDOddpV8b a6011



Table Gil: Analysis of deviance -tables  for Tanner Creek references using single river
conditions at McNaq  Dam and observed  counts, unadjusted for the probability of
transportation.

dJ. lkii Meaotkv. F P RZ

T- . n 6u.6817

llOWA+liUW.b 2 24.4271 122136 6-8996 0-m 1 03557

alw 25 44.B46 l.mE I

dx &vii McanDsv. F P R2

n 68.6811

2 27.8558 13x79 85288 a0015 0.4056

ara 25 40.8259 1.6330 I

dJ. RvialR ManDtv. F P R2

n 686817

2 235735 11.7888 65342 a0052 03433

sm 25 45.1011 1.8)12 I

d.ll Devii lbkmb. F P RZ

n 68.6817

2 1.7408 am4 03251 a7255 0.0253

25 a.9109 26776

d.t Dni- MmDmf. F P R*

TapI, n 686817

mind0 1 25.836s 25.%68 15.6788 a0005 I 03762

alw 26 4-9 1.6479 I

dx D&i. MmDev. ‘F P R*

T&lwclmYanuriim n 68.68171 23.7957 23.7957 13.7835 amio I 03465
amr 26 44mlio 1.7264 I



Table G3: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Dam and observed counts, unadjusted for the probability of
tr~on.

dt lkvimoe Meaockv. F P R*

T- 26 615207

llOW8+llOW.b 2 145303 7.2654 3.7108 am94 0.2362

ara 24 462899 1.9579
I

d.L &vii -Meal  lkv. F P R’

‘f.-L 26 6152Ui
I

e+spipb 2 14.4427 7.2214 3.6814 a0403 02348

am .u 47mso 1.9616

d.f. &vii McmIkv. F P II*

T.-44E 26 6152Oi

lWbA+lUlkb 2 14.0191 10.0488 aam 0.4558

era w 33-m 1.3951

d.fl McmEk!L F P R*

_ ‘Iberl, a6 6152D7

-+rmnck 2 3.16w 15602 O-6498 aaii I 0.0514

- 24 583eM 24317 I

d.f. - Mmltkv. -F P R’

a6 615pt

1 112267 1 lx267 55806 am63 0.1825

erm 25 502%0 20118 I

d.f. mvii MmDrv ‘F p R*

26 615207

1 195527 19.3527 11.4736 O-0023 03146

s 4fl679 1.6867

l’qpt 181



Table G13:  Analysis of devhce tables for Tanner  Creek reti using the rivcx
conditions at McNary Dam and observed counts, unadjusted for the probability of
trans*on.

spin&O+
llMiJA+IWb.b

fkwr+hW.b

amr

3 44.5673

2 1.4559 a7280 0.706s a5041

22 22s85 lm99

OWWlllWlklp’mhr aami

dt Lkvii Meanlkv. F P
n

3

2

22

68.681;

44.5673

85874

1552io

4.2937

am58

a0079

=%Llu
qillraio+  .
llUbA+tWlkb

bablxycexltribui~

n 68.6817

3 445653

1 27176 aim
- 23 215663 a9377

OVUUllWlklpVXb 1.46X1046

pllee 191



Table Gl: Analysis of deviant tables for Grays River references, using single tiver
conditions at McNary Dam and observd  counts, unadjusted for the probability of
transportation.

dx Dxvii hkaav. F P R*

Ti-VObT 17 18.7713

OOWA  + s0w.b’ 2 *.a690 24545 26267 a 1052 0.2@U

amr 15 13.9@23 a9268

d.E tkvii McmKkv. F P R*

Tarb, 17 18.7713

-+3piILb 2 41)909 2fii4 20926 al579 02181

am I5 14.6765 a9764 I

dJ. lkvii MeanLkv. F P R*

-44Ill? 17 lUi713
I

lUbA+llWb.b

alu

.2

15

4.7406

14.o307

23703 2.5341 all27 0.2525

a9354

dJ. lkvimR Memtkv. F P R’

7i44W 17 187713
I

-w-+-w-b

alu

2

15

10.2587

85127

5.1293 9.0383 aam 05465

03675

d.f. rkvii - skmlkv. F P . R*

Tbub,

spilldo

arw

17

1

16

18.7713

4.1407

14.6306

4.1407 4521D 0.0492 02206

a9144

dt Dwii MemDcv. -F P R*

Tarl, 17 iuni3

lntdKxyalalrituial 1 1.5229 15w 1.4127 a2520 O.OSll

arw 16 17.2484 1.018

Pap 179



Appendix  H: ANODEV Tables for Model  (4)

HI

H2

H3

H4

H5

H6

H-7

H8

H9

HlO

Hll

H12

H13

H14

194

195

196

197

198

199

200

201

202

203

204

205

206.

207



Table Hl: Analysis of deviance tables far Grays River references, using single river
conditions at McNary Dam aad observed counts, adjusted for probability of won.

dt Dwixoce MealDxv. F P 112

llOWA+OOW.b

-

2

15 13.9067

32734 35303 a0654 03201

a9272

dt Dxvii MmIIkv. F P R’

=-44DlT

spillA+Xpill.b

cmr

17

2

15

20.4555

5.7999

14.6557

29alo 2.%81 a0620 0.2835

a9770

bt. Rri MaIlk. F P R’

=4OU

IUhA+tIUb.b

-

17

2

15

20.4555

5.92s

145269

29643 3.0606 a0768 02898

a9685

.scllEa d.f. &vii Akalltkv. F P R’

17

2

15

a4555

1131%

9.1359

5.6598 9.22 O-0024 05534

a6091

ti Dtvii MaIlDcv. F P R’

xpillmio

-
1

16

5.8557

14s996

5.8557 6.4173 a0221 0.2863

a9125

bt wi leantkv. F P R*

=WW 17 20.4555

baIchayanuriburiaa 1 15692 15692 13294 02659 OD767

amr 16 18.8864 1.1804



TableH2: Analysis of deviance tables for C3rays  River references using two river conditions
at McNary Dam and observed counts, adjusted for probability of transportation.

wqca + emPc.b

spilLa+@Lb

am

OblX4llUOddpV8lW

2 1131%

2 1366; 0.6834 1.1435

13 7.7692 a5976

aam

df. Dcvhu McxnDev. F P

‘Ibcrl, 17 a4555

‘-w-+vmpcb 2 1131%

tWb.X+lUdLb 2 2.4% 1.2182 23638 0.1332

alw 13 6.6996 0.5154

CWU-dlWddpVdUC 0.0038

df. Lkvialu MeanDcv. F P

‘I- 17 20.4555

-&-+trmpcb
SCWA+llOW.b

2 il31%

2 1.7646 a8823 15561 a2478

- 13 73713 05670

-lMlddpVXhC am68

fi-4lnu 17 l 20.4555

.

2 1131%

1 1.1360 1.1360 19881 aim
a7u 14 7.9999 0.5714

aurrCXlltMddpVXhlX a0036

d.lT lbkmrkv. F P

17 2a4555

2 .1131%

1 LO692 1.0692 1.8556 al947

14 a.0668 0.5762

OW-8llWddpV8blC a0038



TableH3: Analysis of deviance table forBo~eville  Brights references using single river
conditions at McNary’Dam  and observed counts, adjusted for probability of tramportation.

df. &vii bkalDxv. F P R’

T-LT 26 64ao2
I

8OU.X+llOW.b 2 17.9034 89517 45763 am-n 02761

alw 24 469468 1.9561

d.f. ani Mmacv. F P R’

26 64xm

2 lam02 9.tJool 4.6105  a0202 O-26

dl Ikvii MedI)H. F‘ P R’

Tap6, 26 64&e I
lld.X+lWhb 2 30.7665 15.3832 10.8321 a0804 OAi44

alw w 3M83i 1.4202

d.f. &vii Mmtkv. F P R’

T@&I 26 64.8502

-+-w-b 2 29189 1.4591 05656 05754 Ox#50

- 24 61.9313 25805 I

d.t Lbii McaDxv. F P Rf

TG-

qlillraio

ara

26

1

25

64.8502

143855

50.4647

143855

20186

7.1265 a0132 0x218

d.f. tkvalce !umhDtv. F P R*

--LU 26 64.8502

llmckxyaxmi~aa 1 mm45 Mau5 11.8252 aam 03211

sm 25 44Am7 1.7610



TableH4  Analysis of deviance table for Bonneville Brights references using two river
conditions at IV&Nary  Dam and obsemed counts, adjusted for probability of traqortahon.

mrb.a+mrhb 2 30.7665

StW.X+SOU.b 2 4.9386 24m3 1.8640 0.1787

-

OVCMllltddpVXlU

22 29.1451 i.3Ba

a0011

Topl,

mlu+tib

pilL+gilLb

-

dL Ikvii MtmDxv. F P

26 64.8502

2 30.7665

2 55m5 2no2 91352 al421

rr 285432 1.2974

ilWl4llDOddpVdUC a0009

+-LIl

anlu+mb.b

-w-+-w-b

61. CkVii MemDcv. F P

26 64.8502

2 30.7665

2 8.7382 4.3@1 3.i92, aat
- 72 25.3455 Ll521

OW-XlllllOddpV8lUC am

saprdc

Tmb,

tUdN+tlhb

apillraio

dx lhii Mmtkv. F P

26 64.8%2

2 XI.7665

1 0.8375 a8375 05794 a4543
- 23 332462 1.4455

OWUllUlOddpVXlUC aa

d.f. Lhii Mantkv. F P

26 64.8502

2 30.7665

1 0.62% _ a622 oA3w a5171

23 33.4541 1.4545

-8llUlOdXlpVXlUC 0.0014



TableHS:  Analysis of deviauie tables for Bonneville Brights references using three river
conditions at McNary Dam and observed counts, adjusted for probability of trmspomtion.

d.t h-ii MeaDxv. F P

llnbA+nab.b+
-+‘-r=b

W+apilLb

4 39scM7
.

2 4.1101 20552 1.9356 a1704
sm m 21.2351 ima

aam

dt rkvii MeaDxv. F P

26

4

2

64.8502

395o47

3ma 1.m19 1.7114 a2060
alw m 21.6417 1.0621

-XlllMddpV8blX aa

dJ. Ikvimm MtaDcv. F ‘P

a6 aa5o2

4 395(#7

1 1.1206 1.1206 0.9716 o.3355

- 21 242217 1.1536

aam

Toal,

mrbA+lurb.b+
-f-+-b

baclmyamlribmi~

a6 64.8502

4 395017

1 o.ol69 a0169 .omo a9069

am 21 253286 1.2o61



TableH6:  Analysis ofdevhce  tables for bdik references using single river conditions at
McNary Dam and obsemed  counts, adjusted for probability of tmymtahon.

d-f. rkvimce skaDI)H. F P 112

25 a.7391
2 1.936a a9684 32743 a0561 0.2216

alw 23 a2958 I

d.t Dwii MeallDtv. F P R”

25 a.7391
I

spillr+spiab 2 13020 a6610 2.0133 a1564 0.1490

- 23 7.437  I 03234

dx. Lbii McmDcv. F P R*

=-LIT

llEbA+lWb.b
aru

25 .a7391
2

23 6x02

I.1180 3.9sul aa334 0.2559

a2827

T-L?

-+nmpcb
-

d.fL Duii MeaDLkx F P R*

25 a.7391
2 0.8X9 a4381 1.2827 a2964 0.1003

23 7.a622 03418

d.t &vii MeaoDer. F P R*

15 lL7391

1 1.1989 I.1989 3.8159 a0625 0.1372

am 24 7.sm3 03142 I

d3. tkvii Mmltk8? F P R*

25 a.7391 I
bucbcrymi 1 1.1421 1.1421 3.6080 a0696 0.1307

- 24 75970 0.3165



TableH7: Analysis of dwiance tables for Cowlitz references using two river conditions at
McNary Dam and obtund  counts, adjusted for probability af traqmmhon.

dL Devii MemlDEv. F P

arbr+tUfb.b 2

tbrr+lbwh 2 0.7722 0.781  I a4707

am 21 6mw arm82

ttWMllIW&lpV&C all894

d.fl Dcvii Ibkmlkv. F P

Topl, 25 u7391

m+tlWb.b 2

m+rpilLb 2 0.1470 a0735 02429 a7865

arm 21 6.3561

OUWdlIlbO&lp~ a1365
.

au.. Dwii MeallDev. F P

‘Ibal, 25 8.7391

tlWbA+Whb 2

-+(emprb 2 09217 0.4608 I.7339 a2om

crm 21 55815 W658

Om33

4l.f. Lkvii MeaIM. F P

25 8.7391

ti+Ub.b 2

qlillraio 1 a0167 a0167 0.0567 0.8139

CWClUllIDOddprJr OSl621

d.f. - MmlIkv. F P

=-L w 8.7391

llWh8+lWb.b 2

brcbay- 1 O.oal3 0.0113 0.1406 0.7113_

am 22 6.4619

au790



TableH&  Analysis of deviance tables for Washougal  references using single river
conditions at I&Nary Dam and obsewed  counts, adjusted for probability of transportation.

d.c lkviaa Mcamlckv. F P R2

25 1313583

2 6M12 3.02% 9.9313  aam O-463'

am 73 7.0971 03047 I

4-t hkalckv. F P R2

Toflll, 25 13.0583m+m 2 35358 1.7679 4.2701 au265 I 0277

sm 23 9.5225 a4140 I

TOPI,

lUdU+llUbLb

d.L aeviaot MemDev. F P R2

25 130383

2 4.0179 2Olm 5.1109 a0146 03077
- 23 9.mOs 0.3931 I

d.f. Lkvii MmlDEv. F P R’

TOPI, 25 13m83

-+vb 2 3.4608 I.7004 4.04% aami I 02604

sm 23 9.6575 a4199 I

dJ. Lkvima MemDev. F P R2

25 13.0583

1 26aOs 26m5 6.1989 a0201 I 0.2053

24 103178 a4324 I

bt Wi MeallDN. F P R’

25 13.6683

1 0.6759 a6759 131m a2637 OMl8

ala 24 123824 0.5159 I



TableB  Analysis of deviame  tables for Washougal  references using two river conditim
at McNaq  Dam and obsemd  counts, adjusted for probability of transportation.

T4W

llOWA+lkW.b

dlA+WLb

d.f. Rvi MeaDev. F P

25 13.0583

2 6M12

2 1.4281 a7142 268w a0913

21 55787 a2657

aver-AmoddpvJu O.OOW

d.c &Vii hkanrkx F P .

Th 25 13m83

llOW.8+SLW.b 2 6.0512

IUlbA+IlUhb 2 0.7150 a3575 1.1932 0.3230

- 21 6.2921 a2996
-dllUOddpvJuc aamo

13.M83

6.0512

05820 awl0 09510 a-m24

- 21 6.4251

OUX-88OlOddp~ om37

dJ. &vii MmDcv. F P

T-

fkwr+llOUb

apill&

25

2

1

13m83

6.0512

13571 1.5571 6.2854 aam
ara 22 5.4500 a2477

am

T-L 25 13.0583

Borr+dowb 2 6.O512

bacberyamei~ 1 On142 _ a0142 om48 a8344

- “, 69928 OX79

OVU-8lllDOddpvJr aam



TableHlO: Analysis of deviame  tables for Washougal  references using threz river
conditions at McNq Dam and observed counts, adjusted for probability of transportation.

d.c DNii Meaatkv. F P

f- 25 13.0383

llaw.a+lkw.b+@laio,
lldU+llIVb.b

3 7AoB3

2 0.0211 a0106 0.0389 a9620
- 20 5.4289 a2714

OVCMllllIOddpvJr aam

d.c LkVii -Mean Dev. F P

T-&T

flowa+8ow.b+spinrrtio

-+-m=b

25

3

2

13.0583

7-m

0.2811 a1406 05439 a5888
0110 20 5.1689 a2581

OW-rllUlddpV8bE a0014

d.c Dwii MeaDN. F P

25

3

1

13.0583

7.6083

OdlW2 aam 0.0355 a8524
alu 21 5.4408 a2591

.

-lDOddpVdlE aam-



TableHll: Anal@ of deviance tables for Tanner Creek references using  single riwr
conditions at I&Nary Dam and obsemed  counts, adjusted for probability of tmsporhm.

6.c rkviaw hkalrkv. F P RZ

fabb, 2i 73.4319
I

tlorr+tlowb 2 28.7538 14.3769 8.OU7 MO2O 03916

ClloT 25 44.6781 1.7871

4.f. Devii MeaDcv. F P R’

27 73.4319

2 327892 16.3946 lOm46 aam 0.4465
clloc 25 40.6428 1.6257 I

d.c DNimR MeanLkv. F P R’

T-Ll 27 73.4319

lUlbA+llRlLb 2 25.6002 12mOl 6.6902 a0047 03486

am 25 47.8318 1.9133

d.c Devi MtmLkv. F P R’

-%U 27 73.4319
I

-v-+-b 2 -1.8252 a9126 03186 a7301 0.0249

alw 25 71.6668 t8643

d.c rkvii Mmltkv. F P R2

Topl, 2i 73.4319

sind 1 3Os813 30.3813 185554 a0002 0.4165

ara 26 428507 1.64Sl I

d.c Devii baemaev. F P R2

27 73.4319

1 25.0034 25.0034 13.4237 a0011 03406

ara 26 -48.4286 I



TableH12: Analysis of clhancc  tables for Tanner Creek references using two river
conditions at McNary  Dam and observed counts,  adjusted for probability of transpordon.

dJT Dwii Mealkv. F P

27 73A319

1 X)5813

2 ODW a0427 omo a9763
am 24 427652 1.7819

OVWdllllOddpnhr aan

d.L IkVii MemIkv. F P

apillmio 1 3o5813

lUltU+llWbb 2 18.7747 95874 93578 a0010

d.c -rkvii MtmDev. F P

‘Ibrrl,
qillruio

tcmpcl+‘-W’

n 73.4319

1 305813

2 105583 5.2791 3.9235 am36

ara 24 322924 1.3455

averUnlWddpV8blC aam

734319

305813

14m 14.6830 lh318 a0013

28.1677 1.1267



TableH13: Analysis of deviance tables for Tatmw  Creek refhzes using thm r&r
conditions at McNaq  Dam and obsavcd counk, adjusted for probability of trauspordon.

qiUrrio+tmlu+tib 3 493766

LbwA+llOW.b 2 IA894 a7447 0.722 a4934

- t2 225865 1.0267

n

22

3

2

73.4319

15.4881

493766

85878

am40
42939 6.0993 aans

OVU4llMUldpVXhlt cs8xl~

d.t Lkii hkaorkv. F P

27

3

1

73.4319

493760

26108 26106 27975 aim
UIW 23 21.4651  ’ a9333

OWlWlllllOMpVXbE 658x10-



TableH14: Analysis of desiance  tables far Tanner Creek references using all four river
conditions at McNary Dam and observed counts, adjusted for probability of trampomtion.

d.c Dxvii .axll rkv. F P

Ihal, 27 73.4319

qiRdio+anls.a+mrb.b+ 5 57.9438
-+rmprb

lkrr+tkrb 2 0.7103 0352 0.4888 a6233

- a0 14e1T56 a7389

OVUU8moddpvJr 9.33x10-5

d.L Lkvimb Maolkv. F P

T-btlE 27 73-4319

qilldo+~+twhb+ 5 57X38
-w-+-w-b

bebuyamtfikliaa 1 o-4988 a4988 0.6988 a4126

-

-XlllUOddpV8blC

21 149893 Q7138

2ioxlo=



Appendix  I: ANODEV Tables  for Model  (5)
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Table 11: Analysis of deviance tables for Grays River refexences,  using singIe river
conditions Ft McNq Dam and vpa counk, unadjusted for the probability for tmspomion.

d.c DEviLarc bkaalkv. F P R2

‘f- 17 18.9056

8ow.a  + llow.b* 2 35333 1.7666 1.7?? a21 19 0.1869

- 15 153723 1.0248 I

d.t &Vii .&¶a tkv. F P R2

17 18.9066

2

15

3.4%i

15.4069

1.7484

l.o273

1.7020 a2157 0.185o

d.f. DNimu lbfallDxw F P R’

TOUI, 17 18.9lB6

lWbA+mrbb 2 33469 1.6734 1.6134 a2319 0.177o

- 15 155587 1.0372

dx &vii Munlkv. F P R2

‘Ibpc, 17 18.9056

-+-m=b 2 6.77% 3389o 4.1917 (10058 I 03585

15 121276 a8185
I

dt lkvixaa Mean&v. F P R’

-4+XU 17 18.9o56apillmio 1 3.1798 3.1798 3.2352 a0910 I 0.1682

am 16 15.7259 a9829 I

63 MealDcv. F P R2

T-L 17 18.W

bebaycauribIxial 1 4.1552 4.1552 -45011 aob97 0.2198

- 16 14.7s a9219

a”.aw&diogindkamlbcincaap~.b”iadicaestbeslopedtbe~negressiorr tortblltV8li-



Table I2: Analysis of devhce tables far Grays River references using two river &dition~
at McNary  Dam and vpa counts, unadjusted for the probability for trmon.

6.c twhocc bkmlkv. F P

-Lr 17 18.9%6

2 6.7780

2 13313 a6656 0.8015  a4696

am 13 iai963 a83o5

ova-dlmoddpvahmE ao993

sm l3 1o.m a8439

. owMnIwcklp~ am84

bt -. Meall&. F P
17 18So56

2 6.7780

2 14108 am54 0.9955

13 lo5168 am90

a0858

d.f LkvimKe IikalDxv. F P

17 mm66

2 6.7i80

1 0.%13 a%13 1.1645  a2988

14 11.1%3 a7997

a0556

d.f. Ikvii MmlRr. F P

TG

-+-V-b

bmcbuycoabi

17

2

1

189056

6.7i80

35Wl 33951 5.8987 ao292

sm

GlaunWddpVXbJX

14 85325 a6095

a0093

.



Table D: Analysis of deviance tables for Grays River references  using three river conditions
at McNary  Dam and vpa counk. unadjusted for the probability for tranqoruhon.

=%llT 17 18JM6

3 103731

2 12NMl a6450 i.06s6  a37443
ara 12 7.24% a6u36

OV8dllUOddpV8bC au256

Topl,

ranpA+mnp.b+
bmcbay-MaI

arbr+lWhb

d.t hkmrkv. F P

17 189056

3 103731

2 1.0656 05328 0.8563 a4491

aIu 12 724669 a6222

a0300

17

3

2

18.9U66

103731

1.1180 0.9047 a4306
am 12 7.4146 Q6179

OUYdlmoddpV8bl8 aoM19

6.f. D8vima WON. F P

17

3

1

18.W

10373 1

0.8887 a8887 15115 a2407

OUWdmaklpV8bE a0135

Nofurthuinfamatioais~byaddingmore~~conditions  totheregression.
The best model for the Gray’s River-Priest Rapids comp(vison  is temperature + hatcheq
contribution.
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Table 14: Analysis of deviance table for Bonneville Brighk refixemxs  using single rives
conditions at McNary Dam and vpa counk,  unadjusted for the probability for transportation.

d.f. DevLaoc hk8oDN. F P R’

foul, a6 63.6718

Ikwr+Wb 2 126990 63495 29896 a0693 0.1994

- Ia 50.9728 21239 I I

dt RVii Mtratkv. F P R’

T-L? m 63.6718

rpillr+m 2 . 15D882 7.5441 3.7267 aa390 02370

CIloT ZA 48583i 2a243

dt Dwii rbkmlkv. F P R2

=-4OU m 63.6718lWb+tIWb.b 2 28.8177 1421088 9x17 aooo7I 0.4526

- 24 34.8542 1.4523 I

d.f. &vii MunDrv. F P R’

Tbtrl, 26 63.6718
I

-w-+-W’ 2 45430 22715 0.9220 a41 14 OAT714

- 24 59.1288 24637

d.lT -Dcv- Mmllkv. F P R2

Tarl, 26 634718

qillmio 1 10.6766 la6766 5m66 a0339 0.1677

am w 529953 21196 I

d.f. Ikvianz Malllkv. F P R2

-4iV 26 63.6718

bwbayalnbiblaial 1 27.2348 2i.2348 m6862 aam -I 0.4m

Pqe 212



Table I5 Analysis of deviance table for Bonneville Brighk references using two river
conditions at McNazy Dam arad vpa counts,  unadjusted for the probability for tmnsportation.

dt Devii Me8nDev. F P

Tul, 26 636718

b8tcbayamlrlln8ia8 1 27.2348

W+W-b 2 3.4262 1.713  I 1.1936 03212

crm P 33.0108 1.4353

-88UlOddpcnhr am5

dx D8vii Meal&v. F P

Toul, 26 63.6718

b8ldlayaaIributial 1 272348

tanpcr+lempcb 2 33959 . 1.@90 1.1827 a3244

am 23 3311391 1.4365

OV8dllDOddpV8bl8 a0015

6.t &Vii MtmDcv. F P

f. 26 63.6718

b8tcbayalouibl8lm 1 27.2348

llOWA+SOW.b 2 2.3438 1.1719 0.7906 a4655

- 23 34m32 1.4823

aam

-4am 26 63.6718

belwxyamuiluim 1 27.2348

qiamlo 1 26393

am % 33.7977

26393 L8742 a183i

l-4382

cwcf4laloddpv8luc a0005

bt D8vii MeaDor. F P

=WJW

b8tcbayawi~al

llWlU+lW&b

a6

1

2

23

63.6718

n-2348

5- 25242 1.84% am9-

313886 1.3647

OV8dlOddpV8blfi aam
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Table 16: Analysis of deviance tables for Cowlitz references  using single river conditions at
McNq Dam ad vpa counts, unadjusted for the probability for transportation.

bf. Dwii M88nD8v. F P R2

‘I- 25 1218108OW8+8OW.b 2 a6181 0.6148 0.5494 I O&SO7

6.f Devii ManLkv. F P R’

‘I;- 25 121810

spill-r+- 2 09874 a4937 1.0144 03783 0.0811

- 23 11.1936 a4867 I

bl acvirvr MallLkv. F P R2

Topl, 25 121810

lldU+lWb.b 2 0.8927

- 23 11.2883

a4464 0.9094 a4168 0.0733

a4908

dt DHii lbkarkv. F P R2

25 121810

2 02461

23 llsu9

al231 02372 a7908 omm

O.5189

dx Ikvime m888Dnt. F P -R2

25 121810

1 0.H2.7 a6927 1.4472  a2407 a0569

?A 11.4s3 a4787 I

d.f. Dcvi Mepb. F P R2

=-xlLT 25 121810

bucbayauri~ 1 044446 a4446 0.9091 0.3499 0.0365

- zcl Il.7365 a-3890 I
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Table I7: Analysis’  of deviance tables for Washougal  references  using single rivex
conditions at McNary Dam and vpa counts, unadjusted for the probability far transportation.

u oeviula MtoLkv. F P R*

‘I;opI, 2s 14.8628

SOW~+llOW.b 2 338a 1.6930 33929 OBSII 0.2278

sm 23 11.4768 0.4990
I

SOA dx D&i McrmDev. F P R’

Topl, 25 14.8628

m+gilLb 2 20621 1.0311 I.8526 0.17% 0.1387

am 23 nJlan

d.lt D&ma? lumnrkv. F P R2

-4aw 2s 14a62a

mbA+nllhb 2 23ti 1.1752 21601 0.1381 0.1581

sm 23 12512s

d.t Daii MmLkv. F P R’

-R-L 2s 148628
I

-+empcb 2 4.06rl 20344 43348 au253  0.2738

alu 23 10.7wl a4693

ILL D u l l MmlRv. F P R*

=-baa 2s 14.&m

qillmio 1 1.9217 1.9217 35639 O.u712 0.1293

aa 24 I2W  1 05392

- bt Devimm MmRv. F P 112

Tacrl, 2s 14a628

b-b--Y- 1 0328 a328 OS836 a4s23  om37

am B 145100 o.t8n6



Table I& Analysis of deviame tables for Washougal  references using two river conditions at
McNary  Dam and vpa counts, unadjusted for the probability for transportation.

sapoc d.f. rkvii Memacv. F P

-%tr 2s 14.8628

-+-w-b 2 4.om

tkwr+lkwb 2 ms66 0x83 1.1393 03390

aTa 21 9.737s a4637

OVCMlllDOddpWhE 0.0545

d.c Devimm .Maltlkv. F P

T-W 25 14.8628

‘-t-+-v=” 2 4Am7

llUbA+lUb.b 2 OS!lO 0.4225 0.8918 a4249

alu 21 9.9491 W738

--%U 2s 14.%28 -

‘=v-+*mpcb 2 4m87

@llA+*ll.b 2 Lorn2 o.xl21 I.077 03S87

am 21 9-7899 a4662

WNlllMlddpnlue a0572

*mpu+wb
qlillmio

2 4.0687

I 0.4464 a4464 09491  0340s

am 22 103477 a4704

OWlUlllOOddpnhr aoe32

d.E Lkvii MmlDu. F P

2s 14s2a

2 4.0687

1 O.OOOS aam 0.0010 a9750

n 10.7936 a4906

suer-dllUOddpVdlE a0661

Pqe 216



Table 19: Analysis of devhnce  tables for Tanner  Creek references using single river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

dx. rkvimcc MemRv. F P R’

T- 27 67.744  1
I

Wa+llOW.b 2 23.2444 11.6222 632% aoos2 03431

w 25 44.4?97 1.7800

4.f. &vii ‘MaDuN- F P I12

27 67.744  1

2 28.9709 14.48% 93398 aam 0.4277

2s 3a7732 LsslB

d.ti tkvii MtrnDcv. F P R’

Toal,lUlh+llUbb 27 67.74412 24.7600 123800 72abi a0034 I 03655

am 2s 429841 1.71% I

dt &vii MtoRv. F P 82

--4W 27 67.744  1

-w-+-w-b 2 lAh536 0.5318 0.195~ aszos ODlS7

amr 2s 66.alM 26672

d.tL MeaRv. F P R’

Toal, n 67.744  1

@l&0 1 26.0935 26093s i6.288fi a0004 03852

arw 26 41.6nM I.6019

d.E Lbimcc Memlkv. F P R*

Top& 27 67.7441

lwcbay8xltawial 1 27.2072 27Jn2 17.4505 aam 0.4016

w s 405369 15591 I

pIse 217



Table 110: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

6.f. - MeanDcv. F P

n 67.7441

I 272072

2 14.1m 7.0852 65493 a0057

Tiul, 27 67.7441

l8achy  amlriluial I 273072

lUdU+lWbh 2 11.4826 5.7413 4.7426 aoiw
era 24 29M42 1.2106

OUU-dlUlOlldpV&E ami

T-L n 67.744  1

lmcbyanlribr*ioa 1 27.2u72

-W-a+rmpb 2 235u8 1.1754 0.7388 a4883
w 24 3amo 15911

OVU-dlWlldpVdUC aam

d.f. Lkvii MmnDev. F P

=%U 27 67.744  1

bafcbayamurlbuial 1 273372

W+spiILb 2 1-1 a4120 85139 a0016

w 24 23.7128 a9880

lWUUllIUO&lpV8k 1.12x10--

d.L D&i luculIkv. F P

Tacrl, n 67.744  1

qillmlo 1 16.1347  - 16.l347 165Mo a0004

amr 2s 24.4021 09761

WCWllIMddpV8lW 286%10-@5

p4ee 218



Table Ill: Analysis of deviame  tables for Tanner Creek references using three river
conditions at McNaq  Dam and vpa counk, unadjusted for the probability for mqxmation.

‘Iiub,
. n 67.744  I

2

2

23

433419

omss

235 167

a+(28 0.4330 a6537

1.0225

-lDOddpV8lUE 4.42xlop6

6.f. Devii IbkallLkv. F P

n 67.744  I

2 433419

2 63mo 3.1850 -lsM2s a0308
23 18.0321 a7840

T-LkT 27 67.744  1

z e+ . . 2 433419

-+*mD-b 2 25376 1X88 13347 a2829
23 21.8645 a9506

.
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Table 112: Analysis of deviance tables for Tanner Creek references using four river
conditions at I&Nary Dam and vpa cmunk, unadjusted for the probability for transportation.

d.f. Dwima Meman. F P

=W?UbT n 67.7441

bucbcryC4BlhibMi~+
qilldo+amb.a+auhb

llOWA+lbW.b

-

4

2

21

49.7119

0.2138

17.8183

a1069 0.1260 a8823
a8485

OVU-dlUddpWlllC 338x1046

+op1, n 67.744  1

brtebtryCOllUiMal+ 4 49.7119
spillraio+amb.a+arbb

m.a+rmOcb 2 4.2532 21266 3211 a0593
a-for 21 13.7789 a6561

OVtl4llllOddpVdUC 261~10~



Appendix J: ANODEV  Tables for Model  (6)

Jl

J2

J3

J4

J5

J6

n

J8

J9

JlO

Jll

J12

222

223

224

225

226

227

228

229

230

231

232

233

P-221



Table Jl: Analysis of deviance tables for Grays River references,  using singk rivex
conditions at McNaq  Dam and adjusting for probability of transportation.

bt &vii MtrnDcv. F P R’

-4mr 17 2oA203

8ow.8+ llow.b* 2 4.9790 2489S 24183 al229 0.2438

sm 1s IS.4414 lm9b I

dL Dniaac &aoDn. F P R’

17

2

rnA203

5.0150 2.4418 al208 I 0.2556

Cmr IS 15-9 mno I

dl lkvi&uE McaoDev. F P R’

=&IT 17 2oA203llEb.8+lUh.b 2 42698 2 Ku9 19828 al722 I 0.2tHl

arw IS 161sos I.0767 I

d.lL - luearkv. F P R*

17 2oA2032 75338 3.7669 43847 am17 I 03689

am 1s 12a8m au591 I

bt LkvimR .skm  Dev. F P R*

17

1

mm3

4.mlo 4.7010 4.7849 Ia0139  023m

alu 16 IS.7194 am25 I

bt MmLkv. F P 112

17 rnA203

1 4.2314 4.23 14 4.18m a0577 02072
arar 16 16.18% 1.0118 I

a. “.a” ending indicates the intercept, “.b” indicates the slope of the linear regres-
sion for that variable.



Table J2: Analysis of deviance tables for Grays River references using two river conditions
at McNary Dam and adjusting for probability of transportation.

d.f. Dtwimm MeanEQ. F i

17 2oAm3

2 75338

2 1ms3 12w7 03164

I3 147959 a83os
a0645

6.f. tkvii lbfeallth F P

=%E 17 m.4203
.

rcmpa+anpb 2 75338

lubr+llUhb 2 1.6026 a8013 0.9232 a4218

alw 13 11.2839 a8680

am27

dx - MemIkv. F P

-4W 17 rnAm3

-w-+-w-b 2 75338

tlow,+lbrb 2 2A257 I.2128 15072 QY78

am l3 lOA a8047

OVU-8llllkl&lpWbE aa

6.f. - lbkalth. F P

TG 17 2oA203

-+-W-b 2 75338

apillmio 1 1.6668 1.6668 al713

ara 14 11.2198 a8014

OVU-dlllhOtJdpVdIE am42

6.f. D&i MtmDcv. F P

17 m-4203

2 75338

1 3.m63

14 9.2812

3.6os3 5434383 aoosi

a6629

a0098



Table J3: Analysis of deviance tables for Grays River refxemes using three river conditions
at McNary  Dam and adjusting for probabil.ity  of transportation.

3 11.1391

2 l.mao 1.6x&? a2256
- 12 a6034 .

aoim

dt Devii Mcalluev. F P

Toul, I7 30.4203

rmp.a+kpb+ 3 11.1391
lmmbay  calrribl#ial

lUtU+lUlbb 2 13648 a6m 1.0344 038Sl

- 12 7.9161 acwi
-8lllllOddpVdiU am2

df. Dmii -Meal Dcv. F P

17

3

2

2oAm

11.1391

LSOIS a9008 lAS1 an40

amr l2 7.4m7 a6233

a0202

dt MuIlt&v. F P

2oA203

11.1391

1.6096

75716

1.6096 .27277 am5
as01

OWMllUlOCklpVdW aunt7



Table J4: Analysis of deviance table for Bo~A.lk  Brighk references using single river
conditions at McNary Dam, adjusted for probability of tranqmrtation.

dt Dcvii Meallrkv. F P RZ

=%7&T 26 66.9955

Soua+lbwb 2 1x8562 7.9281 3.7206 a0391 O.%SS

alu 24 51.1413 21309

dc D&i bkmacv. F P R*

26 66.993

2 18e6%6 95483 464so a0197 02791

?a 2012s

6x. &vii MuoDfx F P R’

aa 649925

2 313672 15.6836 105642 aam I OA682

alu 24 3s.6303 l&l6 I

6.f. DEvii Mean&v. F P R=

-4W 26 66.99X

tcmpu+rmpcb 2 3.9677 I.9838 0.7554 a4807 O.OS!Vi

alu 24 63.0298 26262

61. Devii hkallkv. F P R’

‘l-

Ypilldo

era

26 66.99%

1 03S40 0.1328 a7186  oim3

25 66W3S 16657

Toat, 26 6699X

bmIdlcqamwii 1 28ss7 28.9757 19mm aam 0.4315

arm 2s 38.0218 15209



Table J5: Analysis of deviance tabk for Bonneville Brighk references using two river
conditions at McNaq  Dam, adjusting for probability of tramportation.

1

2

23

~d.9737

S.134S

328873

25672 I.7953 am6
1.4299

CWW-dlOOddpvrLr a0008

dt lkvii MMlllkv. F P

Toal, 26 6699X

IPlcbcrg.- 1 28ms7

lcmpu+Wb 2 3.6208 1.8104 12104 0.3164

arar 23 34M)lO 1.4957

CWCdllDO6dpnhr a0013

dt lkvii Maolhv. F P

Tbcrs, 26 -66hiS

brrcber)-- 1 2897s7

Sawma+lbrb 2- 3.6722 1.8361 l-2294 0.3110

ara 23 3434% 1.493s

CltUdllDOddpV8blC 0.0013

bt Manrkv. F P

26 669975

1 2897s7

1 4.143s 4.1435 2.9353 aa
am 24 33.8783 1.4116

am

dll - MmDev. F P

T-W 26 66.9975

N- 1 289757

lWlU+IlEhb

am
2

25
5.9569

320649

29784 21364 aid09
1.3941

aurr-dlIMlddpvJw aam



Table J6: Analysis ofdeviance tables for COWfik references using single river conditions at
McNary Dam and adjusting fa probability of tmspatation.

u lkii IbkaoDriv. F P R’

+aal, 2s 13.1577

Oowwa+&wb 2 lAZ.4 a7i 12 13939 a2683 0.1081

cna 23 11.73s 05102

dc Dmii Manlkv. F P R’

2s 13.1577

2 ‘20288 1.0144 ‘2m64 Ql458 O.lS42

23 11.12E9 a4839
I

4-L Dmii MUIIDCV. F P 112

-43&W 2s 13.15i7

lldU+llUhb 2 lA6lS a7308 lA3X a2582 0.1111

am 23 11.6962

df. Devkhx .Meall  lkv. F P 82

Tbcll, 2s 13.lSi7

rmpcr+-w=b 2 03674 al837  03303 a7221 00279

alar a 1279m 05S61

dll Devii McaDcv F P R2

Tocrl, 2s 13.1577
I

apillmio

amr

1 15999

u 115577

15999 33223 a0608 0.1216

Q4816

dt Dmima MtaDor. F P RZ

linl, 2s 13.1577

lmtduycuMfiluial 1 06542 a6542 1.2ss7 a2736 0.0497

clloc 2A 12503s 05210



.

Table J7: Analysis of deviance tables fa Washougal  refmences using single river
conditions at McNary Dam aad acljudng fa probability of transpomion.

dc D&i McmDN. F P R”

2s
2

23

162471

4.9583

11.2887

24792 S.osll aolst 03OS2

a4908

dL Dcvii MealoN. F P R*

‘I;- 2s 16.%71

*+rpiILb 2 3.4424 1.7212 31)916 a0647 02119

aTa 2.3 128317 o.5567
I

-443U

lIldU+lWbb

dc DNii McmDev. F P R*

2s 16.2471

2 3221s 1.6107 2.8442 a0787 0.1983

dt &vii MmlDtv. F P R’

=%l#T 2s 16.2471

-w-+-b 2 4.6435 23218 *do21 ao2o8 03858

am 23 11-s 0504s 1

6x lhvii Mcanlkv. F P RZ

Toal, 2s 16.2471
I

1

24

33682

129389

3.3082 diw ao2o7 02036

o5391

d.l! Devii bfemRv.  F P R*

25 16.2471

1 02550 a2550 03827 054m OXJlS7

am 24 lS9920 a6663 I



.

Table J8: Analysis ofdevimce  tables fa Washougal  referemcts using two river conditions at
McNmy  Dam and adjusting fa p&ability oftraasportation.

df. lkvii Meal&v. F P

2s 162471

2 4.%83

2 02110 am5 02000 a8203
21 110778 05275

ao77s

‘Ii-L

lkw.a+Ooub

llUbA+tWlLb

bt Lkvii MatlDev. F P

25 16.2471

2 4.9583

2 02724 an62 025% a1738

aTu 21 ll.ol63 05246

-dllWlldpVdW 0.Oi.l  1

dL Duii Manlkv. F P

Y 16.2471

2 4.9583

2 156os 0.7802 1.6843 a2o97

alar 21 9.7282 OA632

OW!HlltUOddp~ o.u.?39

dt tkvii McmRv. F P

Topl, 2s 16.2471

llou.a+flowb 2 4.9583

qJillmi0 1 a1683 am3 03330 05697

am 22 11.1204 05OSS

OtWUIllUOddpV8lUC ao36a

dl - MmlDev. F P

2s

2

1

16.2471

4.9383

13901 139ol 3.0894 ao927

22 9.sm7 a4499



Table J9: Analysis of deviance tables for Tanner  Creek references  using single river
conditions at McNary  Jhm and adjusting for probability of transportation.

bt Dcviooc MtmDN. F P R2

=wlmr 27 125599
I

SOW.8+8OW.b 2 27X51 13.7366 7.6167 aaJ26 03786

ara 25 45.0868 1.8105

dl Ikvimce McmDcv. F P R2

-4ar 27 723599

giIlr+WJJ 2 W&T78 17.0039 11.0266 wmO4 0.4687

era 25 385521 I.5421 1

d.c rbkulav. F P R’

farl, 27 723599

lldU+IW&b 2 26.7887 13.3944 73159 04032 0.3692

afa 25 45.7712 1.8308

dL MmDev. F P R2

T-bmr 27 72.5599

laapcr+U 2 a4662 0.1627 02507 a01285

am 25 71.6276 28651

d.c tbimce Mmnw. F P 112

-GE 27

qinrmio I Mm05 19.2418 aalo2 OA253

am 26 41.69w l-6(108

d.c DaimR &man. F P R2

27 722

I 28A976 2114976 16.8157  aam 03927

alw 26 44.0623 1.6947 I



Table JlO: Analysis of deviance tables for Tanner Creek refaces using two river
conditions at McNaq  Dam and adjusting far probability of transportation.

OWEMlllllOddpVXhDX aam

d.f. Dxvi8us MexIlIkv. F P

TOPI,

qillraio

llEbA+llUb.b

amr

27

1

2

24

725599

30.8605

19.9555

21.7440

9.9778 ll.OW aam
a906o

CWU4lmoddpVXbE 1.8sx1046

6l.f. &Vii lbkmckv. F P

Tacrl,

qilldo

-+-w-b

27

1

2

723599

30.8605

13s954 b9477 5.9971 am77
am 20 27mbl 1.1585

WCMllmoddpvllhr 3.25x108

dt Lkvii Mmav. F P

27 72.5599

1 30.8605

1 17Al53 17.4153 17.9287 a0003
arw 25 24.2841 a9714

WEf-dlmoddpVXbBC 1.14x10-



Table Jll: Analysis of deviacm tables for Tanner  Creek refmmxs using three river
conditions at McNq Dam and adjusted for probability of traqmrMon.

d.f. Dmii ~Dxv. F P

t-C!4EE 27 723s98

Xpillrrio+ 2 48.2758
b8Icbayantribution

SOU.X+tbwb 2 0.8431 a4216 0.4136 o-&61

am 23 23.4411 1.0192

d.t ManDcv. F P

n 723599

2 4827S8

2 63226 3.1613 4AM81 aa3i2
crm 23 17.%15 a7809

d.f. Duii Mtrntkv. F’ P

‘I;& n .72399
2

2

23

48.2758

21.638

13230 1.4063 a2653

a9408
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Table J12: Analysis of deviance tables for Tanner  Creek references using four river
conditions at McNaq  Dam and adjusting far probability of traqmtation.

dt Rvi !emRv. F P

n 725999

4 s45984

2 02563 0.1281 0.1530 ass99

21 17.7052 a8431

WMllmoddpVXlW 1.61~10~

bt Dxvii MealILk% F P

#pill&O+
b&tkyCXWlbdaI+
lWbA+lldb

trmpu+rmpcb

-

4

2

21

s459al

42617

13.6999

21303 32663 OSX82

a6524
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Manuscript Rm

1. . .
identification: Skalski, J.R., R.L. Townsend, R.F. Donnelly, and R.W. Hilborn
(April 1998) The relationship between survival of Columbia River fall chinook
salmon and inriver  environmental factors. Final Report, Analysis of Historic Data
for Juvenile and Adult Salmonid Production: Phase II. Center for Quantitative
Science, School of Fisheries, University of Washington, Seattle, WA 98195.
Prepared for: U.S. Department of Energy, Bonneville Power Administration,
Division of Fish and Wildlife, P.O. Box 3621,  Portland,  OR 97208-3621 Project
Number 87-413-02, Contract Number DE-Bl79-878035885,  Task Order AT79-
89-BPO1772

2. How this review is constructed. The review consists of four parts; specific
comments on the scientific  content of the manuscript, editorial comments,
comparison to past review, and comments written directly on the original copy of
the manuscript which is enclosed. The specific comments are summarized and
a few are elaborated in the letter of transmittal. Please note that the edited copy
of the manuscript is an important part of the review. For example, problems-
encountered in undersbnding the mathematical notations and definitions of
statistics and parameters are noted directly on the manuscript along with
suggestions for clarification The order of the specific and editorial comments
follows that of the manuscript

.3. R- I recommend this manuscript be accepted for publication
with revisions whi& are discussed as stated in paragraph 2.

w-
Notethatthesecommenb maybeinaddiiontothosewfittenontheendosedcopyof
the manuscript and the letter of transmittal.

1.1 The relevant background is that the Columbia River basin has been profoundly
altered with respect to the physical attributes ( temperature,  flow, geomorphology,  and
manymofe)whichchafactefizethenofmatMsalmonbeafingecoqs&m.  Giithe
observations and analyses in the manuscript most of this section seems gratuitous.
Recommend that most of sections 1.1. and 1.2 be deleted. Retain infonwtiti  relevant
to the factors evaluated. For example, the first full paragraph on page 2 looks like a
keeper. Last~befwesedion1.2~ln<eaholdoverfromHilbometal.

1.2 This section illustrates why I Counsel  keeping the introductory verbiage to a
minimum. The t&nale for inclusion oftufbidii-wha is given here is very weak, and
it is not supported  by citations to the primary literature. Not that turbidity should have
beenexcl@ed,butwtrat,exactly,  isthemechanismofmoftalityassociatedwith
twbidity?  Why do juvenile salmon avoid turbidity What does juvenile emigrant
mortality have to do with hrbidii  Junge and Oakley (1988) hypothesized  that
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reductions in turbidity in McNary forebay would increase mortality  of juvenile salmon
emigrants, and that decreases in turbidity would increase the length of time needed for
emigration because juvenile salmon would hesitate to move during daylight hours in
low turbidity conditions. In the reference section I have included some general and
specific references on mechanisms of salmon migration. In section 3.35 the best
rationale for studying flow, temperature  and turbidity is given on page 46, top of the
page-

Page 5, para.  1 To what extent are any of the other ‘independeM  variables actually
independeMofflow?  Howcanthe confounding  effects of covariates  of flow be
removed? To what extent is natural mortality in the marine environment related to
broad scale climatic factors which also determine runoff and other water movement
variables? Take care not to trivialize the development of the flow-survival hypothesis.
The version of the hypothesis current in the CR basin, although extremely simplistic, is
consistent with a much larger literature on the role of water movements in the life cycles
of anadromous  and catadromous fishes. Hynes (1970)  has a good introduction to the
older more descriptive literature on the ecology of lotic waters, which the synthesis of
flow survival which Glenn Cada did for the Northwest Power Planning Council did not
include. Note that the NPPC Fish and Wildlife Program has evaluation of the flow-
survival hypothesis as an explicit object&e. Citing this would help establish the
relevancy of this work to CR salmon recovery.

Page5para2Theeffectsoftemperatur e are likely to be cumulative, as well as acute.
Timing of emergence, stawation,  and basic physiological mechanisms such as enzyme
systems, all function with respect to temperature based on cumulative effects and
thresholds. For example see Holtby et al. 1988 and references cited, and Northcote
1984. April through August might not be the appropriate time frame for temperature
with respect to fall chinook juveniles. There may be no ‘rigw time period. See the
cover letter to this review, and commentary later on. Literature cites are lacking.

Page 5, para 3. Lack of literature citations and incautious selection of words makes
this paragraph most uMMunate.  Scientists ‘believe9  that spill is the lowest mortality
route of hydroelectric project passage because tagging experiments involving hundreds
ofthousandsofmakedmembers havedemonstratedittobeso.  Thereareno
estimatesofmortalityawing~gasbubblediseasebasedontaggedmembers,orany
other method, because the extent to which the nitrogen supersaturated water coincides
WiththepthOfttlWfligrantshaSMtbeenmeasured. Sotheequationofthelevelof
scient%c  knowledge on these two sources of mortality, spill and GBD,  as ‘beliefs" is
cavalier and iwe.

Page 5, para.  3. ‘Increased spill is thought to result in increased flow, . . . m By whom?
This is physically impossible, since the route that water takes through a hydroelectric
projedhasnobearingonthevolwneofwater~unittimecomingdowntheriver,
althoughthetimerateofcharrgeinvolumeafwatercanforcetheprojedoperatorto
spill. Fact Juvenile salmon downstream movement, including emigration, is delayed by
hydroelectric projects especially during times of the day when generation  of electricity
is sharply reduced, or stopped, if water is not sent over the spill ways. Fact: Spill alters
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prey fields of predators below dams in ways favorable to juvenile emigrants..
Hypothesis supported by empiricism:. Provision of spill reduces delay in hydroelectric
projectpassage,anditprovkWthehighestknownprojectpassagesuwival.
Alternative hypotheses,  unsupported by in situ empirical evidence, which question the
value of spill based on negative effects of Gas Bubble Disease, have been advanced,
and should not be discounted. However, the GBD hypotheses are based on in vr’tro
obsefvations which may, or may not, translate into in situ mortalities. In situ
observations of acute effects of GBD in fish handling facilities at dams do not translate
into mortality estimates. ln vitro observations of LD-50 in GBD should not be given the
same weight as in situ estimates of mortalities of juveniles which have passed over spill
ways. Such in situ records integrate the mortalities generated by GBD,  as well as other
factors. This is most definitely not a trivial point since credibility depends on
impartiality, and it is not &entifically  impartial  to give equal weight to unequally
wb&antiated  hypotheses.  Again, if the literature grounding is not available to you, my
advicaistoskipit,ratherthantonsktheappearance of bias. It is reasonable to look at
spill in the context of this study because spill is an important operational attribute of the
hydn2electric  system which may bear on juvenile emigrant survivals, period.

2. Materials and Methods

Page6-IwassurprisednottoseeanyMeranca heretotheea&rPhaseIwwkbyR.
Hilbom, M. Pascual,  R Donnelly, C. mez and others cited at this
point. Isthisnotbasedtosuneextentonthosewurks?

Page 7, Envirmmental  covariates. Environmenta I covariates  require definition well
beyond~ispresentedhereinordertoaddcredibilitytothe~  Arethe
condiions really ambient with respect to tha emigrants? This central question is not
addresd. Since so much hinges on the credibility of these physical variables, the
lackofeffortinthisregardisaseriousshortcoming.  SpecificwggestMsoneach
variablearegivenbelow.  Irecommandaddingatableofweeklyawrages(April-
August1-j sbndarddevWonsbyyearwithgraphsofaverageoverallyearswith
95% Cl for each physical variable. In general this work is lacking in data summaries
andgraphstosupporttheResultssection.  SuggestusingthefonnatsinAppendixA,
pp. 26-35.

Flow. For example, where exactly, is flow measwed atMdwy?Isit~ly
meawred,orisit estimated?Doesitcontainsamplingormeaswement error, or both?
lfso,howmuch?  WheredotheHanfordReachemigrantsstarttoexperMcethisflow?
ForhowlongdotheyexpeMnce it? Whatpropwtianoftheemigrantsexperience
whichflows? Arefkwsaswogatefwvelo&y?  Doyoupostulatearelationamong
flow!3, watefvelodtyandfish  velocity? The following comment from an earlier review
needstobeaddm3!M in the discuwion  on this point;

Therefore, bypicking a fM time duration over rhic2z to
measure the~t~~le,infornationf~outside
the time horizon of the event maybe inappropriately applied
to explain t&3 event. As a theoretical example, suppose
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that ninety percent of the migration is swept out of the
hydroelectric system by high flows during the first week of
May. Why then should the flows during the rest of May be a
determinant of survival, if mortality factors associated
with the hydroelectric system are responsible for the
observed survivals?

The problem of obtaining measures of flows as they occurred
during the juvenile migration of each tag group, F(g) (Eqn.
21, is part of the general problem of synchrony to which
studies of this nature are subject, It is important to
employ measures of the physical environment that are
synchronous with the migration of the population of
juveniles to which the survival estimates apply.

where is temperatwe  at McNary  measured? Is this a scroll case temperature or
a water surface temperatwe? How does this temperature compare to the temperatures
in the river approa&ing the project, and to the temperatures in the river below the
proje&?  what is the spatial variability in temperature  in relation to the spatial variability
in distribution of fish? Is anything at all known about the spatial distribution of
temperature and its potential impact on emigration rates in juveniles?

Where is the turbidity measured? How is it measured? Over what spatial
r~~~framedoesitapply?Isthisreiatedtoturbiditiesupriverortothe~~af
impoundment on rates of sedimentation? (C. Paulsen questioned negative correlation
with flow in Table 7, page 25; Junge  and Oakley (1966)  indicated that McNary pool had
effect of reducing turbidities;  it is a settling pond.).

The addii of transpoftation  variable is an excellent idea, but note the
following. The method of construction of the pa, integrates all of the other physical
factors, since these determine the mean and variance of the time distribution of juvenile
salmon abundance  at McNary.  Hence the transportation variable is necessarily
con-elated with the other physical variables, to the extent they express physical
conditions which are ambient with respect to the emigrants.

Page 13 - Selection of stocks for comparison. One wild or semi4omesticated  animal
population is unlikely to ever r@orously  sati* the criteria to serve as a control for
another such animal population. Nonetheless, the comparisons are valid so long as
the appropriate  caveats about the limitations of the data are given. I suggest that
pooling all the downrhr stocks might provide a wrrogate  estimator of suitable
geographic resolution for ICIar-river~stuary-early  marine effects.

Selection of stocks for comparison. Comments from C. Paulsen.
~~commentisthatIdonot~~thaeisenoughdocumeatationonhow

the rekence  stocks (Bonneville, Cowl& etc.) were chosen  hm the pool of potential
refkrence  stocks. A detailed description of the data, including brood years of CWT data
usedandrecoveryfiactionsineachfishery~r~potential~stock,shouldbe
included. In addition, more details on selection of tag groups for the reference stocks
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should be inciuded. The selection ofrekence stocks was a sore point with reyiewefs of
the earlier draft,  and more infbrmation is needed to assess the authors’ choice of reference
stocks.

Seco~withaneyetowardassess@potentialmethodsforihturearperiments,~
might be instnictive  to compare di&rent Prkst Rapids CWT groups released the same
year,toseeiftheyhavesimilaroceanrecoverypiltteras.Forexample,in1987ninetag
codes were released @om Table CS, p. 63 of the report). Ifthese nine groups do not
havethesameoceanrecoverypatterns,itmay~~thatd~~g~reariag,and
release experiments to isolate the e&c& of in-river migration conditions may be extremely
diflicdt.  lfonewantstocontrolfbr~conditionsbyhavingtaggroupswitb~
in-river migration experiences be exposed to the same ocean conditions (the premise of
thee?rperimentsdiscussedinSection4),itwouldbehelplitoassessthesirnilarityof
ocean conditions for past releases. A similar comparison could be done for McNary
transport and control recover& to SeeiftraxBport affects ocean recovelypattems.
Again, ifit does make a difference, this does not bode well for the design of future
e2qHhmm  (C. Pal&en 6/W%).

pp- 14-15,  Eq. 1 seems to be missing a line or two (C. Paulsen 6/14/%).

p. 15. Need details on the &i-square homogeneity test (C. Paulsen 6/14/%).

p. 22 Table 4 - The Euclidean2  colunm doesn’t really add anything to the comparison.
(C. Paulsen 6hW6)

Page 25, text and Table 7. The observation that increased flow leads to increased spill
is not particularty  informative. Note that spill is positively correlated with flow at a dam
projectonlyattirries~flowexceedsthehydrauliccapacityofits~,
except in unusual circumstances such as the Endangered Species Act biological
opinion. At flows below hydraulic capacity,  the operator may choose whether or not to
spill. The table header needs to indiie the time period over vvhich,these  observations
were correlated, and the table should show whether or not each statistic is significantly
different from zero.

Page 25, Table 7 - Why is it that flow and turbidity are negatively correlated? (CP) Is
this a functiin of where turbidity is measured, e.g. Junge  and Oakley (1966)?  (PM)

Page 25, last sentence. Also consider that due to the way in which flow is measured,
temperature may happen to be a more appropriate measure of water movement which
is ambient with respect to the emigrating juveniles, than is flow.

Section 3.3.5 - There is a logical problem created by the tact that this manuscript is a
re-analysis  of a paper that was never published. To avoid having to include Appendix
A in the final report, I suggest this section be moved to the beginning of the methods
and results.

Discussion - There is not a one-to-one mapping of the points covered in the paper to
the points presented in the Discussion. Perhaps some of the discussion which occurs
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atthe~ofpresentingtheresu~ofeachmodel(l-6,i.e.~46)couldbemovedto
the discussion. Shorten the CW narrative by referencing Phase I documents, and by
moving the descriptive parts to the Moduction.  Next move on to discuss the
similarities and inconsistencies of the results of this research to the work  of Junge  and
Oakley, Raymond, Berggren and Filardo,  Cada,  and others.

Editorial CommeMs

Additional editorial suggestions are written directly on the enclosed copy of the
manuscript

The use of the construct, ‘inriver,’ which is not found in English, should be replaced by
the word, ambient For example, the title of the paper would read, 7% relationship
between survival of Columbia River fall chinook salmon and ambient environmental
factors’. The use of ambient would distinguish the factors treated in the paper from
larger scale environmental factors such as climatic factors. Suggest doing a global
search in the manuscript for ‘inriver’  to be replaced by ‘ambieM.

Introduction - crunch 1.1 and I .2 down to two paragraphs; paragraph one briefiy
describing the scientific context by citing Northcote  and Howard Raymond’s 1988
NAJFM  paper, and the fish and Wildlife Program of the NW Power Council, and
paragraph two, describing the history of the Hilborn  analysis of hatchery survival data
in the Columbia River basin (see first para.  Discussion) , and the first effort  to match
these survivals to physical factors.

Methods - Get the original VPA approach (Appendii  A) unadjusted for transportation up
front in a box or other separator. Build addiil models on to the back of this. This
should be model 1. There needs to be a section called, “Appropriate physical
measures,” where at least as much attention as has been paid to statistical model
selection is paid to the selection and use of the independent variables.

Results - Get the results obtained by applying the original VPA approach (Appendii  A)
madjusted  for transportation  (Section 3.3.5) up front in a box or other separator.
Summary data tables and graphii  are needed. No need to reproduce the Tables in
the Appendix, but summarize behaviors of the physical variables, survivals, and
hatchery stats. See specific suggestions  above.

Key concerns fiomapastreview

The Scientific Review Croup identified a number of concerns in a review made public
early in 1994.  I have examined the mawscript  with respect to how well it addresses
these key concems. The following is a synopsis of the extent to which these concerns
havebeenaddressed.

OUTLINE OF KEY CONCERNS

1. Specify the geographic  range to which the results may apply.
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There is yet some improvement to be made in this area. The work applies to flows at
MdVary, and this should be made dear in results and condusions. It may help to show
correlations among Priest Rapids, Ice Harbor  and McNary  flows.

2. Provide a more rigorous biological description of the populations of salmon
included in the study, and to which the conclusions may apply.

Progress has been made, but there is room for improvement. For example, see
comments from Paulsen, above.

3. Address key historical and other references, including alternative explanations
for the data.

Not much progress here. Theaddition of tempeiature,  turbidii,  and transportation
made this task much more onerous, but no less essential. -At this late date, it is not
recommended to delay the prodwtiofl  of the basic results while this is added.
Alternative approach  is suggested above.

4. Carefully examine and document the reason for selecting the downriver
control populations that are used to correct for trends in ex-hydroelecbic
survival.

Much pmgress  has been made here, although it is dear that one salmon population will
never be able to serve as a ‘controls for another, in the classic experimental sense. The
comparisons are valid so long as the appropriate caveats about the limitations of the
data are given. The present analysis takes great pains to understand these limitations.

5. Carefully evaluate the selection of the independent variable represerrting  flow
with respect to its physical and temporal pqwties.

PqresshasappafeWymadehere,  howvertheextentofthisprogwssisonly
appafentbycarefulscrutinyofthedataAppendii.  Needtoacknowledgethatthe
measures of physical f&&s available at the dams may not be appropriate surrogates
for ambient physical condii  for the smelts.

. 6. Focus the paper on flow sun&al, lending less effort  to discussion of
Bayesian statistical methods and general history of the Columbia Basin.

Twostepsfoward,andonestepbad~  Itisnotdearwhattheadditionafturbidityand
temperature, which are tightly correlated with flow, really added to the understanding of
the flow survival relationship. The original hypothesis of Hilborn  et al. has been moved
into the background, when it should have been the starting point for the analysis. In
fetrospedJheBayesianappE&ldoe!3n7looksobad.

7. Correct misstatements
Much progress  here. Basic understanding of the hydroelectric system is much
improved.
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Appendix K2: Responses  to Peer Reviewers’  Specific  Comments

Specific  Comments

Intrcduction

1.1:  This manuscript has been written for a vast array of potential readers, not all of which may be

familiar with the Columbia River history as Dr. Mundy.

1.2:  The mechanisms associated with any environmental factor are u n  no more so for tur-

biditythantheotherfactorsexaminedinthisreport.

page 5, para. 1: Annual plots of the all the environmental variables investigated in this report

were added for a visual comparison. Though a statistical correlation exists  between flow and the

other covariates, and with each other, there is considerable within-covariate variation, as shown in

Figures l-4. By using a step-wise procedure to build up the model one covariate atatime,any

confounding effects of flow would be indicated by the process. Further study involving interaction

terms between flow, temperature, etc. would be needed. Interaction terms were not included here.

due to the sheer number of models which were explored-with six explanatory variables, there are

720 combinations, and with five reference hatcheries, the analysis increases to 3600 models.

Additionally, there were six different approaches (with and without adjustment for the probability

of won), for a total of 21,600  models to analyze using just the main effects. The goal of

this study was to choose lower river stocks to control for the marine effects, so that any natural

mortality which may be related to the same broad scale climatic factors also a&cting the covti-

ates investigated in this report should not matter, equa&affecting  both up and down-&x  stock.



page 5, para. 2: This paragraph has been mod&d to include more citations and responses to the

suggested litea-atum  and other sources in regards to temperature and ik effects. The temperature

was not based on a futed calendar date, but on the 28-day  period following the release of the juve-

niles into the river, to better characterize conditions actually experienced by the juveniles.

page 5, para. 3: Citations have been added, and the paragraph modified to reflect literature find-

ings.

page 5, para. 3: Additional concerns ofdifferent  hypotheses have been addressed.

2. Materials andMethods

page 6: Reference to earlier Phase I work has been cited in sections describing the Vial Popu-

lation Analysis and the GLIM  analysis methods.

page 7: Additional characterizations of the environmental covariates  have been added to the

report (Figures  l-4,6 and Table 1). Figures l-4 are average weekly measurements of flow, spill,

. turbidity, temperature. Table 1 contains monthly average and standard errors of the environmen*&

covarhtes.  Fq. 6 is a graph of the annual total biomass contributed by hatcheries to the Columbia

River, as caIculated by Claribel  Coronado-Hemandez  (personal communication). In regards to

more details about the river data used in this analysis, the source is referenced  on pg. 7, para.  3

(United States Army Corps of Engineers (USCOE) Annual f ish Passage Reports. 19761989).

Measurement and sampling error were unavailable, and are likely candidates for a research paper

devoted solely to that topic. Further discussion  of the possible relationship of each river covaAa&

to adult survival has been included in the data section (2.1)  to warrant its inclusion in the analysis.

Hanford Reach emigrants were not part of this study, only releases from Priest Rapids were used.

The problem of synchrony and a partial solution is discussed in the methods section,

Page 11.

The impression of negative correlation of turbidity to flow is due to the way turbidity is

measured at McNary Dam. Using a secchi disk, a higher measured value (ii feet) indicates less



turbidity (the disk was visible at a greater distance through the water). Therefore, a negative cacfo

lation means that highcr flows are associated with greater turbidity (and smaller measurements),

and vice-versa.

page 13:  Due to the length of time involved in this analysis, the suggestion of pooling of the

downriver stocks into one group was not looked into. This would be an interesting avenue to

explore.

Selection of stocks for comparison: Starting with all fall chinook CWT-tagged  stocks on the

river, selection of potential comparison stocks were based on the following criteria:  1) release

dates: generally spring released stocks; 2) developmental stage: similar to Priest Rapids stock and

3) production and/or index stocks (no experimental stocks). A matrix of the fraction of stock

recovered by age and location were analyzed using SPSS cluster analysis. Brood years, recovery

fhctions  and tag ident&xtion codes for the fin+ reference stocks used in the analyses 8te listed

in Appendix C.

page 14-15:  Equation added back into the document.

page 15:  Additional iuformation added about the &i-square homogeneity test (See “3.1.2 Ocean

Distribution Analysis” on page 27.).

page 22,  Table 4: Euclidean2  column removed.

page 25,  text and Table 7: Table headers now include time periods of covariate  correlations. All

three miation tables nmv have an indicator of signi6cance  (a < 0.05)  of correlation different

. from zero, calculated using the Pearson’s product moment correlation coefficient test.

page 25, Table 7: Flow and turbidity appear to be negatively correlated, as turbidity is measured

by secchi disk, which records the distance of visibiQi. Higher turbidity is indicated by lower val-

ues. the opposite of flow, which is recorded as cubic feet per second.



page 25, last sentence: Temperature may be more of an importaat  factor than the other river

txnmriam  used in this analysis, and thus its inclusion in many of the models. The sentence com-

menting on temperature  coxrelation  was removed, due to the fact that though the correlations are

less than other factors, they are still signikant after  applying the Pearson’s product moment cor-

relation coefficient test for difference from zero.

Sedion  3.32~ In order to publish the analysis quickly, it was decided that it would be better to

incorporated the previous manuscript as an appendix (Appendix A) due to logistics of word-pro-

cessins, edit& etc.

Discussion: The Discussion section has been edited to remove the redundancy noted, and be more

to the point on the finding  of this analysis. Comparison of results to other studies is not appropri-

ateiIlthiScaSe,aSally seeming relationships determined in the coyllfiBttstOStiValarC

questionable, due to the inability to suffkiently  account for marine effects.


