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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. (19938). These
additional analyses were prompted by suggestions made by peer reviews of the initial draft report.
Theinitia draft and the peer review comments are included in thisfinal 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 Washouga) to the Priest Rapids
stock were used in the subsequent analysis of in-river survival. Three aternate 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 « 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 unequa 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);



(2) the earlier analysis only considered flow as an independent variable, the new analysis consid-
ers severa 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 a. 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.



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 | concen-
trated on developing methods and assembling the coded-wire-tag (CWT) data. A Phase | report
covered the development and evaluation of two methods to estimate survival and presented crite-
ria for data selection (Hilborn et a. 1993a). Under Phase I, a multivariate analysis of the Priest
Rapids fal chinook stock was performed to investigate the relation of in-river factors to the

observed juvenile survival rates.

The first draft of a Phase Il 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 alowed. 1n 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

Xi



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 rel ationships 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 a. 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 (Oncorhynchus tshawvtscha), chum
salmon (0. kera), sockeye salmon (0. nerka), coho salmon (0. kimrclr), and steelhead (O.
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 sailmon 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 dlightly 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 magjor 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 aresult 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, al 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
changesin 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 sdmonid runsin 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 (Prvchocheilus 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 sdmonid survival. Specifically, we chose
to look at temperature, flow, turbidity, transportation. spill, and total annual hatchery releases into

the Columbiariver (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 sailmon (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 itsinclusion 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 ColumbiaRiver, 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 m?/sec.), and in the
range of 24 to 27 km/day at low flows (about 4250 m?¥/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 a. 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 mgor 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 Oncorhynchus) 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, Kope. 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, afraction 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 a. 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
anaysis. 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 1970, 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-caled “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 atagged 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 isimportant 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 (usualy 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-
iesis 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 commercia fishery sampling effort probably provides the best data

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

The commercia 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 substantialy 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)
Annua Fish Passage Reports, 1976-1989. Specificaly, 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.

Figure | Average weekly flow at MdNay Dam. 1976-1989. Releases a Priest Rapids are indicated by dots.
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Figure 3:Average weekly turbidity at McNary Dam, 19i6-1989. Measurements were taken with a
saochi disk. Releases at Priest Rapids are indicated by dots.
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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.

Release
o flow flow spiil spul turbidity turbidity lemperature (¢ ‘.cmp.ctalurc

ves Jjulian s.e. s.e. S, S
* date

-6 182 239489.29 25129.27 6143571 36575.02 233 0.26 16.94 0935
-6 182 239489.29 25129.27 6143571 3657542 233 0.26 164 0.95
o 177 93489.29 31219.21 0.00 0.00 1.96 0.28 19.21 03°
-8 177 19913929 21448.3R 142.86 32453 2.3 0.36 17.62 0.9]
-9 142 21018214 40131.81 153432.14 2151275 Y 2 0.26 14.50 0.83
-9 178 126553.5° 31240.30 .00 0.00 324 .33 18.93 120
-9 178 116553.5-  31240.30 0.00 0.00 33 0.35 18.93 1.20
-9 178 126353.5 31240.30 0.00 0.00 324 0.33 18.93 1.20
S0 1-- 179250.00 33447.85 125714 4780.84 261 041 17.84 .13
81 174 25672857 47662.52 31253.57 46843.84 2.46 1).37 15.95 =4
81 137 323146.43 8023582 130014.29  106622.02 254 .39 i3.10 086
82 166 375535.71  44052.23  216546.43 61516.07 1.78 .30 i5.67 073
82 137 34291.86 3235643 156396.43 31370.33 243 0.31 12.60 .93
83 143 332089.29 4907247  133683.71 54206.81 1.95 0.3 15.28 .86
83 172 208635.71 1997471 1882.13 TH3E2 2 0,40 im18 0.81
84 164  325746.43 5385334 14409286 49355.29 1.90 0.34 15.28 1.13
<%l 164  325746.43 53853.34 14409286 49355.20 1.90 0.33 15.28 133
84 164 325746.43  53853.34 134409286 40355.29 1.90 0.4 1518 1.13
85 161 156932.86 29992.58 0.00 000 2.88 042 1734 1.45
85 161 156932.86 29992.58 0.00 0.00 188 042 1754 1.43
86 9O 25449357 27060.38 36607.30 2160633 2.06 0.29 8.6~ 0.63
86 162 176905.36 52637.56 “an." 1 13306.46 207 .30 17.24 1.13
87 124 219407.14 3797198 3288357 31953.68 2.90 0.4 1262 [.06
87 124 21940714 3797198 3288357 31953.68 .00 0.4 12.62 1.06
87 124 21940714 3707198 3288357 31953.68 2.99 0.34 12.62 1.06
ST 124 21%407.14 3797198 32883.5° 3105368 2.90 0. 12.62 1.06
87 123 22024143 3715724 3294000 3189480 100 032 1254 1.08
87 123 22024143 3715724 3293000 3180480 3.00 0.32 12.54 1.08
87 123 220241.43 3715724 3294000 31894.80 2.00 0.32 12.54 1.08
87 146 158191.07  34618.27 275.36 1457.05 .96 0.3 15.22 145
87 175 106301.43 16341.28 0.00 0.00 348 0.46 19.44 0.69
88 169 123644.29  20933.15 0.00 0.00 3355 0.29 18.75 0.79
89 179 110425.36 17688.96 0.00 0.00 3.55 042 18.31 0.10
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Another method of covariate characterization entails summarizing the daily total outflow,
spill, temperature, and turbidity by alinear regression over the 28 days, in the form of:
rivercov, = a; + B,x
where:

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

Sis;
B = the dlope, 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
Q, = the intercept. or initial river covariate value at the time of Priest Rapids hatch-
ery release |.

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 R*’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 theriver, as al 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:

Z/

B,’ ’ 272 .
= 3 +a;°27] . (equation 1)
0

27 2

_ B x
area; = I(Bi..t+ai)= 5+ X
0

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

and dependent variables.

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 smalts 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 spillwaysisthat 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 ;) were obtained using the following formula

154
Pr = Z (pa,) x (1- ps;) x (FGE)
i=0
where: pa; = the probability of arrival atday i (i=0, L .... 154);
ps;  =theproportion of spill at day i;
FGE = thefish guidance efficiency, assumed to be a constant (FGE = 0.3); and
[ = 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 pa; 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 O 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 (P) calculated using the values of pa; based upon freeze-brand (P )
and PIT-tag (PTb) samples and are displayed in Table 2. Because values of Pr_ and Prb were

almost identical, P,-‘z was used in subsequent regression analyses.

Figure 5: Distribution of pa for Priest Rapids chinook.
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Table 2: JSimates of P based upon freeze-brand ( Py ) and PIT-tag ( P ) samples.

CWT Code  Release Date P T, P T, CWT Code  Release Date pT* PTh
131101 701776 0.2239 0.2205 632860 6/13/84 0.1750 0.1726
131202 701776 0.2239 0.2205 633221 6/11/85 0.3000 0.3000
631662 627177 0.3000 0.3000 633222 6/11/85 0.3000 0.3000
631746 627178 0.2997 0.2996 632330 4/01/86 0.2676 0.2624
631821 523779 0.2922 0.2947 634102 6/12/86 0.2985 0.2985
631857 6/28/19 0.3000 0.3000 51915 505787 0.2609 0.2670
631958 6/28/79 0.3000 0.3000 51916 50587 0.2609 0.2670
632017 6/28/79 0.3000 0.3000 51917 505/87 0.2609 0.2670
631948 6/26/80 0.2990 0.2997 51918 5/05/87 0.2609 0.2670
632155 6/24/81 0.2823 0.2801 51919 5/04/87 0.2570 0.2606
632261 5/18/81 0.1631 0.1509 51920 5/04/87 0.2570 0.2606
632252 6/16/82 0.1224 01124 51921 504787 0.2570 0.2606
632456 5/18/82 0.1645 0.1671 51922 527187 0.2999 0.3000
632611 5/24/83 0.1868 0.1846 634128 6/25/87 0.3000 0.3000
632612 6/22/83 0.2987 0.2976 635226 6/18/88 0.3000 0.3000
632848 6/13/84 0.1750 0.1726 635249 6/29/39 0.3000 0.3000
632859 6/13/84 0.1750 0.1726
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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:
C;=Pri+(1-Pr) (equation 2)

where: C, = the (multiplicative) adjustment to a Priest Rapids release group’s surviva estimate;
Pr = the probability of transportation for Priest Rapids batch i;

v =themultiplicative adjustment to survival of transported fish.

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

release can be written as:
E(ny) = NSp=

where: ny = total number of fish recaptured;

N =thetotal number of smolt released;

S = percent survival of thefish;

p = probability of recapture; and

t = theeffect 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) a McNary Dam. Using GLM (generalized linear models) and assuming a binomial error
structure, alog-link (Townsend and Skalski 1996) and a constant transportation-control ratio, the
model describing the recovered proportion from a specific releaseiis:

E(pj)=a. batchi . location; ' 1,

where: a = intercept;
Pijk = proportion of recovered adult fall salmon for release batch i, location j, treat-
ment k.
barch; = release covariate for group i (i = 1 to total number of releases for year);

location; = recovery covariate location j (j = dams, fisheries, hatcheries, or spawning

grounds); and
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T = transportation-control ratio (¢ = control, treatment). T =I 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 Commison (Figure 6). We used the total weight because each speciesis 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.

Figure 6:Total biomass of hatchery coatributions to the Columbia River, 1976-89.
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Virtual Population Analysis. Hilborn suggested using a Via Population Anaysis
(VPA) in Phase | (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 (N;) . Each age class was then divided by the estimated survival ( D;) (Table 3) for saimon
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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:

e
Ax = -
i=2Di

where:
N = number of CWTs recovered at age i adjusted for sampling fraction.

D, = survival to age;, 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 (32) were based on the frac-

tion

S, =

|3

where R is release size of the hatchery group.

Table 3. Vaues of surviva rates from age 2 to year i, recommended by the Pacific Salmon
Commission for virtual population anaysis (VPA).

Age conditiona survival
) (D))

2 100000
3 0.60000
4 0.4200Q
5 0.33600
6 0.30240
72 0.21088
a  D-was extrapolated using a quadratic model, as only divisors for ages! 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-sguare 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 anaysis, 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.
Finaly, there were six different approaches (with and without adjustment for the probability of
transportation), for atotal 21,600 models to analyze using just main effects. Clearly, there is alot

of unexplored territory here and opportunity for uncontrolled type | 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 al 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

Z€ro.

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 conditionsis 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 a. (1993)

report and contrast with other model results.

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

obsreturns;
og(T) =B (relyr;) + Bylharchery) + v'f (model 1)
ij '

where:

f~5 = vector of fitted regression coefficients,

v = the vector of covariates added to the model.

obsreturns; = the expanded number of observed returns for the ith batch and the jth year.;
R, = the total number of salmon released for the ith batch and the jth year;
relyr, = indicator variable for the jth release year (0 = /976); 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:

obsreturns;
og( R ") =log(prjt + (1-pp;))) + By(relvr)) + Bylhatcherv) + ¥ (model 2)

)

where:
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prij = 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,=Iprt+ (1- Prij)] For reference hatcheries. log(C) = 0 .

2.2.3 Response Modédl 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(()bspril,-) = RP:j f Py (oceansurv) . (harvrate) . (rivsurv)
and

E(obsre f))=Rp; fgi (oceansurv) . (harvrate)

where:
obspr;; = observed CWT count for the Priest Rapids hatchery stock for the jth batch in
the ith year (i = 1976, . . . . 1989);
obsref, = total observed CWT count for the reference group released in the ith year;
oceansurv = ocean survival rate;

harvrate = harvest rate;

rivsurv. = 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;

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

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

f Ri = sampling fraction for the reference stock for theith 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:

obspp; Rp;; fpy
- =R (rivsury uation 3
[()bsrezi_ RR_i . fRil . (rivsurvy) (eq )
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and as such, the log-transformation of the expected valueis:
(model 3)

0bspr; Rpii* fpyi
lo E[—”]= log| L Pill | v
g obsref, g RRi'fRi '@

where
Piijij
log(
Rpif g . . .
@ = the vector of fitted regression coefficients; and
= the vector of covariates added to the model to describe river surviva

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 Analysisof 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(ohsprij)zR,,,-j T Pij’ (oceansurv) . (harvrate) . (rivsurv) .(pnj‘c + ( 1-pm)).

Denoting  [pry;T+( 1-prpl = Cj (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
(equation 4)

series expansion) can be written as:
_ e ey G . (rivsurv)

obsppy;
E[_‘} = Py thy i
obsref,, Reif g
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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:

obspr ; Rpij fpy Cij
= _— del 4
IOgE[obsreﬁ] (log( R /o +x'B (model 4)
Ro. fo.C.:
where Iog(%””) was treated as an offset in the GLM analysis.
RiJ Ri

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(S'p, ) = (oceansurv) . (harvrate) (rivsurv)
P

and E(SRef‘) _ (oceansurv). (harvrate)
where:
S Pr, = VPA survival estimate for the Priest Rapids hatchery stock at age 2 for the jth
batch in the ith year (i = 1976, . . . . 1989):
E (Sre f) = VPA survival estimate for the reference group at age 2 for the ith year;
oceansurv = ocean survival rate;
harvrate = harvest probability;

rivsurv = in-river survival rate.

The ratio of the age 2 survival rates from Priest Rapids (S Pr.l) and a reference hatchery
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stock (S Res,) would have the expected value (to the first term in a Taylor series expansion) of:

~

S
E[ﬂ = rivsurv

Skef.

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

a

$
logEI:, P ’v} = B (model 5)
SRef_, -

where:
B = the vector of fitted regression coefficients, and

| =thevector of covariates added to the model.

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(Sp,,) = (oceansurv) . (harvrate) . (rivsrtrv) . (Pr, i+ (1-pr))

where:
Ser, = VPA estimate of survival for the Priest Rapids hatchery stock at age 2 for the
jth batch in theith year (i = 1976, . . . . 1989);
y Ref, = VPA estimate of survival for the reference group at age 2 for the ith year;

oceansurv = ocean survival rate;

harvrate = harvest rate;

rivsurv = in-river survival rate;
Pr = the probability of transportation for the ith year, the jth batch;
T = the transportation-control ratio (set at © = 3.24).
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Denoting [pr T+ (1- pT:,)] = C; (Eq. 2, page 15), then the expected value of the ratio
of VPA survival estimates at Priest Rapids (S p,_l) to the reference stock (S Ref ) (to the first term

of a Taylor series expansion) can be written as:

-

S
E|::4 = C,-j (rivsurv)
SRe[.

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

expressed in the form:

lnEl:-:M =In(C;) + x'B (model 6)
Skes.
where:
In(C ij) = offset, the estimated adjustment for the probability of transportation for the ith
year, the jth batch of Priest Rapids stock;
@ = the vector of fitted regression coefficients; and
X

= 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 al, 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.

/rist Rapids Dam

Grays River

Cowlitz
Washougal

/

Bonneville Brights

Tanner's Creek Bonneville Dam

The choice of hatchery stocksto act as referencesin 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 usualy 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 (A ppendix
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) Stock Brood year(s) Stock Brood year(s)

Abernathy 73-81.89 Kalama River 73-81.88 Sea resources 78-81

Big Creek 71.76-89 Klaskanine Hatchery 74.76-81.36-88 | South Fork Klaskanine Pond  80-87

Big, White Salmon 78 Klickitat Hatchery 75-81.86 South Santiam 77

Bonifer Pond 84 Lewis River 76-79.85.34 Speelyai 78

Bonneville Hatchery 76-89 Little White Salmon ~ 76-81.83-88 Spring Creek 72-89

Cowlitz 77-88 Lower Granite Dam 72 Stayton Pond 76-89
Elokomin 73.76-81.35.88 | Lyons Ferry 33-89 Toute 71.72.76-78.87
Fallen Creek

(lower Kalama) 71.72,77.79-81 | Oxbow 79-81 Turtle Ponds Creek 82-87

Grays River 74-82.84.85.88 | Priest Rapids 73-88 VanderveldtPonds SO

Hagerman 78-81.85.34 Ringold Hatchery 71.75.7% Washougal River 75.76-87
Irrigon 84-89 Rock Creek Net Pens 83 Youngs Bay Net Pens 89

Table 5: Distance measures from cluster anaysis, 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
Cowlitz 0.5370 0.1230 0.2103
Grays River 0.6229 0.1386 0.2486
Washougal 043 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( st >563.39)=0) (Bonneville brights, grouped by
state/province) to over (P (7(2 112 > 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 724718 1390.10 57841 63.18 32.23
Bonneville Tanner C. 154399 743571 249766 622.14 36.46 4491
Cowlitz 25760 1923.04 151275 63209 6.61 26.94
Grays River 24763 132353  569.03 136.61 22.78 14.19
Washougal 746.74 428269 1624.3; 41519 12.08 31.09
Priest Rapids 3939.98 8501.30 80021 213.01 34.39 4156

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

be used as areference stock for the Priest Rapids' releases, atest 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(;(m2 >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).

Companson

Bonneville Brights

Cowlitz

Grays River

Tanner Creek

washougal

Degrees
Xz of

Freedom

Degrees
of
Freedom

pé

o chr?es
ap“ of
P4

Freedom

Degregs
1 of

Freedom

N Degrees

x‘ of

Freedom

Expanded catch
counts using loca
tion within state/
province

Expanded catch

counts -grouped by
state/province

Expanded catch
counts gouped by
state/provinee and
by year of catch

1185.66 41

563.39 5

5346.43 112

4978.61 41

424457 5

10333.16 12

2095.98 41

126376 5

5428.11 112

:3008.64

~806.84 43

212741

(]}

12

323585 43

w

2136.12 5

6307.17

1. Table CI 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.

Degrees
. of
Comparison Score Freedom
Expanded catch countsusing location within state/province 52779.37 39
Expanded catch countsusing location within state/province and ~ 6122.62 468
year of catch
Expanded catch counts grouped by state/province 17440.61 4
Expanded catch countsgrouped 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 (r = 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 itsinclusion 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 1), the average
spill ratio for the 28-day time period and the annual total contribution from hatcheries (1bs.).

Variable Flow Turbidity Temperature Spuil Spill Ratio Hatchery Contribution
Flow 1.000* -0.786* 0.363* 0917 0.938% -0.203
Turbidity -0.786" 1.000* 0.333* 06i7 0.628 0315
Temperature -0.565* 0.353* 1.000° -0.546 0431° -0.306
Spill 0917 -0.617° -0.346 1.000" 0987 -0.201
Spill Rado 0.938* -0.628° 04317 0.987 1.000° -0.180
Hatchery Contribution -0.205 03i5 -0.306 -0.201 -0.180 1.000°

a Correlation issignificant (a < 0.03). with @ Pearson’s product 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.

Vanable Flowa Flowb Spilla  Spilb  Turba  Turbb Tempe.a Tempedb  Spill Ratio H. Con
Flow.a 1000*  -0.498% 0919 03583 0675 0173 03547 0.160 0.835° .088
Flow b 04198 10007 -0465° 0869° 0269 0085  0.150 -0.338 -0.040 0225
Spill.= 0919° 0465* 1.000° 0636* 0533 0116 033" 0.016 0.387g? -.106
Spill.b 0583 0869 0636° 1000° 0296 0005 0171 -0.115 -0.236 -.098
Turba 06757 0269 -0533' 0296 1 .000® 0364 0.295 04200 03508 0411
Turb.b 0173 -0085 -0.116 -0095 0364 1o0® 0262 0.313 -0.220 -0.366
Tempc.a 0.54=* 0150 -0.33- 0.1-1 0.295 0.262  1.000° -0.215 0412 -0.308
Tempc.b 0.160 -0.338 0016 -0.115 -0420° 02313  -0.215 |.000* -0.041 0.046
Spill Ratio 08352 0040 0878 0236 -0508* -0220 -0412° -0.041 1.000? -0.180
Hatchery Contribution -0.088 -0.225  -0.106 0098 0411° 0336  4.208 0.046 -0.180 1.000*

a  Correlaion issignificant ( x < 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-day period
following fall chinook releases at Priest Rapids hatchery, 1976-1989. The Hilborn model uses the
deviance from the grand mean to characterize ariver covariate.

Variable Flow spill Turbidity Temperature (C) spill Ratio C;atltfgjtri):)n
Flow 1.0000* 0.9165* -0.7860* -0.5655* 0.9384* -0.2046
Spill 09165 1.0000* 0.6167* -0.3463 0.9871* -0.2013
Turbidity -0.7860* 0.6167* 1.0000* 0.3530° -0.6277% 03153
Temperature (C). -0.5655* -0.3463 0.353¢* 1.0000* -0.4305* -03058
spill Ratio 09384* 0.98712 -0.6277* -0.4305% 1.0000 -0.1795
Hatchery ~Contribution -0.2046 -0.2013 0.3153 -0.3058 -0.1795 1.0000*

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

3.3 Fitted Response Models

Because al of the reference stocks had significantly different (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(Fy3 304 > 40.24) = 1.0x10*¢) and hatchery P(F53,5 > 9.07) = 4.61x10®)
were highly significant and were treated as the base model for further analysis (P (F g0 > 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,.eg > 20.23) = 9.86x10°%%)). The next most significant variable was flow
(P(F-- > 24.93) = 9.81x107'1)); with spill, turbidity, and spill ratio close behind (P(Fs-o-
24.73) = 1.16x10710), f& c,- > 24.74) = 1.15x1071%), P(F..o- > 24.49) = 1.43x10°1%)), respec-
tively. The normalized residuals plot (Figure 8) for the best fitting model, hatchery + release vear
+ harchery contribution + flow, 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 Hilborn et al. (1993a,b) model (1),
unadjusted for probability of transportation.

river condition pvalue R°

hatchery 461x10° 06325
Base Model

release year <1.0x10'%  0.6866

hatchery contribution 2 55x10°° 7219

turbidity 2.09x10% 07004
Base Model flow 9.86x10% 07065
+ 1 River Condition . 05

spill 126x10%°  0.7061

spill ratio 0.0001 0.7029

temperature (C) 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.

No. of . 5
Model Variables Best Fitted Model R- P

Base Model 3 v = -4.007 710580 - 1.6190 0.~ 104 *relyr77 - 06325 < 1.0x10°16
2.04830.5100*relyr78 - 2.36520.601*relyr79 -
2.157610.6265*relyr80 -1.673 lLio.coos)*relyr8 1 -
2.4988:06132*relyr82 - 1.085% 06175, *relyr83 -
1.19570.6132*relyr84 + 0.03290.61 14y relyr85 -
1.5 16406697 *relyr86 - 1.084610.5854)*relyr87 -
3.536510.3890)*relyr88 - 2.4512061141*relyr89
8 y=-4.00770.5400 - 1.345706729)*relyr77 - 1.827 Los 46" relyr78- 0.6866 < 1.0x10°16
1.983 1i0.589, *relyr79 - 2.0100w0.5994)*relyr80 -
1.44420.5833)*relyr81 - 2.3334(0.5860)*relyr82 -
1.1035(0.5906,*relyr83 -1.2283038s8)*relyr84 +
0.0617.0.5876)*1elyr85 - 1.22180.6351)*relyr36 -
0.745000.5641,*relyr87 - 3.18190.5700/*relyr88 -
2.292 105871 *relyr89 + 0.6181:0.2111*brights -
0.18000.22y*cowlitz - 0.88270.23311*grays -
0.3885.0.1600)*tanner + 0.17800.2433/*washougal

Base Model 9 ¥ = -5.664005763 - 0.023006705) relyr77 - 0.547306e98)*relyr78  0.7219 < 1.0x10'16

+ hachery - 0.354305163)*relyr79 - 0.224% 05358 *relyr80 +

coatribution 0.30830.6199)*relyr81 - 0.594 106212 *relyr82 +
0.62030.6239)*relyr83 + 0.5055062061*relyr84 +
1.7619w0.6196)*relyr85 + 0.2300w0s+42)*relyr86 +
0.2499.0.6235)*relyr87- 1.2532.06228/*relyr88 -
0.3572.0.6373)*relyr89 + 0.495%0.2002)*brights -
0.2549¢0.2105,*cowlitz - 0.86410.200/*grays -
0.6346¢0.1571)*tanner + 0.15010.2301)*washougal -
9.83x 10'10( 160x10"'%*hatchery contribution

Base Model 20 vy=-5.5855056) + 0.135%06615*relyr77 - 07317 < 1.0x1071¢
+ hatchery 0.5492.0.6590)*relyr78 - 0.2984/0.6066,*relyr79 -
contribution 0.3042i0.62600*relyr80 + 0.172106113*relyr81 -
+ flow 0.7831 06139 *relyr82 + 0.4849 0615 *relyr83 +
0.2913(w0.6140y*relyr84 + 1.711 Losos*relyr85 +
0.1870w0.6339y*relyr86 + 1.142906143)*relyr87 -
1.3508:0.6135)*relyr88 - 0.43690.6275)*relyr89 +
0.5386¢0.1974)*brights - 0.21580.2075y*cowlitz -
0.90390.2168)*grays - 0.62920.1548)*tanner +
0.15370.2269y*washougal -
8.55x10" 101 62 10"'%*hatchery contribution +
5.93x10" " s0x10% *low
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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
(Eg. 2). As above, we used the model presented in the first draft report (Hilborn et al. 1993b.
Appendix A) and added additiona river variables for the analysis of this model in this report.
Indicator variables for release year (P (F 304 > 38.80) < 1.0x107'6) and hatchery P(F;;,- > 7.57) =
9.90x10°") were highly significant and were considered as the base model for al further analysis
(P(F 5.00) > 34.74) < 1.0x10716y).
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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; sog)
> 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) = 9.74x10712)); with
flow, turbidity and spill ratio close behind, P(F..,- > 27.63) = 9.90x10%), P(F3 297 > 26.55) =
2.46x10°MY). P(F; 597 >27.34) = 1.26x10°12), 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 R for single river conditions for the Hilborn et a. (1993ab) log-linear
model (2). adjusted for probability of transportation.

River condition P R-

hatchery 9.90x10°"  0.1082
Base Model

release year < 1.Ox10°'6 0.6240

hatchery contibution 1.55x10°° 0.7138

turbidity 429x10°  0.7031
Base Model Spi" 8.83)(10—0-' 07017
+ | River Condition flow 8.86x10° 0.7017

spill ratio 6.05x10%°  0.6980

temperature (O 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.

No of . 5
Model Variables Best Fitted Model R* p

Base Model 13 v=-44091.03821)-1.34613.0 129 *relyr, 7 - 06240 < 1.0x10°'6

1.77530. 19/ *relyr78 - 2.1102.0.6223)*relyr79 -
1.7990w0.625 *relyr80 - 1.3147.06120)*relyr81 -
2.1293i06154,*relyr82 - 0.7417 06197 *relyr83 -
0.85 1906154 *relyr84 + 0.377 206136, relyr85 -
1.277406 22/relyr86 - 0.7228.0.5873,*relyr87-
3.143 Loso11*relyr88 - 2.07 8406136, *relyr89

18 v = <4409 L0 50 - 131380678 relyr77 - 06765 < 1.0x10°'6

1.8937 06301 *relyr78 - 2.0532:0.5913,*relyr79 -

2.0633:06042)*relyr80 - 1.48820%s0:*relyr81 -

2.3626:0.5904)*relyr82 - 1.14980.5953 *relyr83 -

1.2594.0.590s,*relyr84 + 0.005 li0.5923)*relyr85 -

1.285610.6402*relyr86 - 0.79850.5687 *relyr87 -

3.23440574*relyr88 - 2.345%0.5919y*relyr89 +

1.065(0.2128/*brights + 0.267 6w0.2245 *cowlitz -

0.42420.2350/*grays + 0.0647.0.1613 *tanner +

0.63040.245~*washougal

Base Model + 19 v =-6.099905802 - 0.063506738*relyr77 - 07138 < 1.0x107'6

hatchery 0.3872w06741,*relyr78 - 0.3904.06202,=relyr79 -

contribution 0.2428:0.6399*relyr80 + 0.300%0.6239*relyr81 -
0.5869.0.6252*relyr82 + 0.609%0.62-0*relyr83 +
0.5 15 lwe246,*relyr84 + 1.74070.6236)*relvr85 +
0.19650.6483,*relyr86 + 1.2380w.6275,*relyr87 -
1.26540.6268)*relyr88 - 0.370506414)*relyr89 +
0.9403/0.2015,*brights + 0.191 L0219, *cowlitz -
0.40520.2214*grays - 0.207 L.o.1581,*tanner +
0.6019:0.2316,*washougal -
10.03x10" " “1.601 "% *hatchery contribution

Base Model + 20 v =-359816i03682) - 0.0182 06600 "relyr’7 - 07272 < 1.0x10°16
hatchery 0.5458 06593, *relvr 8 - 0.3847.06065,*relyr79 -
contribution 0.3520006264*retyr80 + 0.13 1306117 *relvr81 -
+ spill 0.8637 06156 *relyr82 + 0.4468 06103 *relyr83 +
0.2206106136,*relyr84 + 1.6532.06095,*relyr85 +
0.18690 6330)*relyr86 + 1.090%0.6148 *relyr87 -
1.4112w06141,*relyr88 - 0.5 105.06232 *relyr89 +
0.9947.0.1975,*bnghts + 0.2333:0.2075:*cowlitz -
0.44670.2168,*grays - 0.1758.0.1348,*tanner +
0.6061.0 2264, *washougal -
8.55x10710 162v10*=hatchery contnbution +
8.74x107%.2 w1074 *spill
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Figure 9: Normalized residual plots for Hilborn model, adjusted for transportation.
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3.3.3 Analysisof CWT Observed Adult Counts. Not Adjusted for
Transportation

The independent variables were tested in the model (3), one factor at atime 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 (Tables17 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(Fs 4 >
7.09) = 0.0039); Bonneville, turbidity and temperature (P(F,,, > 8.15) = 0.0003); Washougd,
flow and spill ratio (P(F5., > 8.50) = 0.0006); and Tanner Creek, spill ratio, turbidity and temper-
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ature (P (F5.. > 15.06) = 1.79x10"%). The normalized residuals plot (FigurelQ) 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.

River Conditions Bonneville Brights Cowlitz Grays River Tanner Creek Washougal
Flow 0.2362* 0.1234 0.2694 0.3557 0.3695~
Hatchery Contribution 0.3146* 0.1077 00811 0.3463* 0.0453
Spill 0.2348= 00624 0.2181 0.4056* 0.1024
Spill Ratio 0.1825= 0.0550 0.2206= 03762 01227
Temperature (C) 0.0514 0.0805 0.3465= 00253 0.2461*
Turbidity 0.4558* 0.1852 0.2525 0.2433* 0.2535"

= indicates significance at p <).03

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.

Ref No. of .
He alecri]:: va: ab‘:“ Best Fitted Model R2 p
Bonneville ” v = 3.1125(1.1746) - 1.6968.0.4191) * turbidity.a - 2.01231451°0) * 0.4498 0.000~
Brights turbidity.b
4 v =2.90430.9113) - 1.89240.4180) * turbidity.a - 1.154520:729 * 0.5345 0.0003
turbidity.b + 0.13600.1183) * tempc.a - 1 1.3393(>.2263) * tempc.b
Cowlitz 0 v = 0.70200.1107 00000 1.23v10°%
Grays River N v=447250.1112)- 0.126700678) * tempc.a - 13.62473.4638) * tempc.b 03465 0.0027
Tanner Creek ! v =0.496703209) + 5219013180 * spill ratio 03762 0.0005
3 v=-1.87971.4375)+ 7.55981.6530 * il ratio + 0.209510.4193)* 06489  1.16x10°%
wrbidity.a + 55.0431153932) * turbidity.b
5 y =1.22632.1045) + 6.0139(1.4805; * spill ratio - 0.47670.4044) * 0.7739 0.7739
turbidity.a + 50.9806 15 .4783) * murbidity.b + 0.03 15.0.0920) * tempc.a
- 14.07304.9549) * tempc.b
Washougal 2 y =-0.4806(03643) + 4.66x10°%, -, 0% *flow.a 0.3695 0.0050
+ l.44x100‘(457,10‘”)*ﬁ0w.b
3 y = -2.017006317) + 14.94x10 %3 87x10*low.a + 2.92x106s%x10 05368  0.0006

By*flow.b- 4.52421.6052y*spill ratio
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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 atime 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
(P(F15 > 9.14) = 0.0024); Bonneville, turbidity and temperature (P(F,,, > 8.57) = 0.0003);
Cowlitz. turbidity ((P(F,,; > 2.24) = 0.0334); Washouga. flow and spill ratio (P(F ;- > 10.24) =
0.0002); and Tanner Creek, spill ratio, turbidity and temperature (P(F;s.. > 16.46) = 8.58x1077).
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 R? for single river conditions for each reference hatchery stock, using log-
linear response model (4), adjusted for the probability of transportation.

River Condition Bonneville Brights Cowliz Grays River Tanner Creek Washougal
Flow 02761* 0.1216 0.3201 0.3916’ 0.4634
Hatchery Contribution 0.3211* 0.1307 0.0767 0.3405’ 0.0518
Spill 0.2776* 0.1490 0.2835 0.4465* 0.2708*
Spill Retio 0.2218’ 0.1372 02863 0.4165 0.2053*
Temparaure (C) 0.0450 0.1003 0.5534 0.0249 0.2604*
Turbidiy 0.4744* [e)zssey 0.2898 0.3486’ 03077

* indicates significance at p < 0.05
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Table 20: Summary table for best models for each reference stock using log-linear response
model (4), adjusted for the probability of transportation. Standard errors of the coefficient
estimation are in parentheses.

Reference No. of . ] s
Hatchen \ariables Best Fiued Model R o)
Bonneville Brights : v = 3.01221.1851, - 1.818510.4228) = turbidity.a - 5.6082:i4 6464, = 0474 000
wrbidity.b
4 v =2.747219328,- 2.020510.4227 * turbidity.a + 5.3 1982100710 * 0.6092 0.0003

turbidity.b + 0.140lw0.1196) * tempc.a - 11153327 30°%, ~ tempe.b

Cowlite z y = 1.69840.5330: - 0.3480k0.2975) * turbidity.a - 7. 4407 657881 % 0.2550 003
turbidity.b
Gray's River z v=4310L::511, - 0.1437. 00703, ~ tempc.a - 14.0716 2 33, = 0.3534 00024
tempc.b
Tanner Creek 1 y = -1.0189.0.3210; + 5.6780: 2121 * spill ravo 04163 00002
_ . . - - . 10
3 v =-2.4282 143 4+ 804251632 spifl ratio + 0.2172.0.4190, = 06721 o
turbidity.a + 55.2616415.38) * turbidity.b
v =0.6017:21009 + 6.3107: 1.47s"y*spill ratio - 0.4709.0.4029; ™ tur- 07891 8.58v10™
> bidity.a +50.7643 153501, * rurbidity.b + 0.0362.0 w10, ~ tempc.a -
13.924 14948, * tempc.b
Washougal 2 v =-1.1522.03532 + 53.70x10%.: 1320~ = flow.a + 1.62x10 04634 008
™4 43¢107) = flow.b
3 0.5826 0.0002

v =-2.5155060n + 14.82x10% 33600 = low.a + 2.93x10°
™.657x10"%) = flow.b - 4.0144 16012 * spill ratio
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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
(P(Fs,5 > 5.67) = 0.0093); Bonneville, hatchery contribution and spill ratio (P(F,., > 10.61) =
0.0005); Washougal, temperature and spill ratio (P(Fi». > 3.20) = 0.0432); and Tanner Creek.
hatchery contribution, spill ratio, and turbidity (P (F,-; > 15.85) = 2.31x10%). 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 < 0.05.

River Condition Bonneville Brights Cowlitz Grays River Tanner Creek Washougal
Flow 0.1994 0.050" 0.1369 0.3431* 0.2278
Hatdhay Contribution 0427"= 1.0365 0.2198* 0.4016* 0.0237
Spill waeen e 0.0811 0.1850 04277 0.138~
Spill Ratio 0.167" * 0.0569 0.1682 0.3852* 0.1293
Temperature (C) 0.0714 0.0202 0.3585* 0.0157 0.2738=
Turbidity 0.4256 * 0.0733 0.1770 0.3655= 0.1581

* indicates significance at p < 0.05
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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

i 2
Hetchery Varibles Best Fitted Model R P
Bonneville Brights 1 v = 4.297 L3492 - 1.25x107%; 23810 * hatchery 0.4277 0.0002
contribution
Cowlitz 0 y =0.75730.13¢9 0.0000 9.48x100¢
Grays River 2 ¥=3.51521.3263) - 0.06960.0810) * tempc.a - 0.3585 0.0358
11.6397(4.1343) * tempc.b
3 ¥ =6.0523(1.5548 - 0.05810.0705) * tempc.a 0.5487 0.0093
11.26383.5928) * tempc.b - 7.13x1071%2.93c10%) *
hatchery contribution
Tanner Creek 1 v=5577702557 - 11.35x10'%2-x10°% * harchery 04016 0.0003
contribution
2 y = 39652100 - 9.29x10 221109 *hatchery 06398 2.86x10°
contribution + 4.23771.0423y*spill raio
y = 1.40961.9381) - 5.31x107'%2 41x10'%*hatchery
4 contribution+ 6.07831 5211)*spill ratio + 07338  2.31x10%
0.0587 03759 *turbidity.a +
37.28076.1833y*turbidity.b
Washougd 2 y = 3.014005743) - 0.1503(0.0512y*tempc.a - 0.2738 0.0253

3.47073.4022*empc.b
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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(F,,,> 5.60) = 0.0098); Bonneville, hatchery contribution (P(F, -5 >
19.05) = 0.0002); Washougal. flow (P(F,-; > 5.05) = 0.0152); and Tanner Creek, spill ratio,
hatchery contribution and turbidity (P(F,3 > 17.48) = 1.03x10°%). 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 Cowlitz Crays Tanner 1 chougal
Blights River Creek =

Flow 0.0555* 0.1081 0.2438 03586+ 03052+
Hatchery Contibution 0.4325* 0.0197 0.2072 03927+ 00157
spill 0.2791* 0.1542 0.2456 0.4687* 0.2119
spill Retio 0.0053 0.1216 02302* 0.4253* 0.2036'
Temperature (C) 0.0592 0.0279 0.3689* 001285 02858
Turbidity 0.4682* 0.1111 0.2001- 03692+ 0.1983

« indicatessigifiance at p < 0.05
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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 v = log (Priest Rapids VPA/
reference stock VPA). Standard errors of the coefficient estimation are in parenthesis.

Reference No. of . "
Hatchery Variables Best Fitted Model R: p
Bonneville Brights 1 v =4.031313782 - 1.29x10"%2.95c10 ) * hatchery contribution 04325 06.0002
Cowlitz 0 ¥=0.31500.1323) 0 0.0362
Grays River 2 v =3.35301.3672) - 0.08650.0835: * tempc.a - 12.086714.5617) * 03689  0.031°
tempc.b
3 v =35.89381.6215, - 0.0750k0.0735, = tempc.a - 11.71023.7472)* 05455 0.0098

tempc.b - 7. 14x10" 105 06x10-7; hatchery contribution

Tanner Creek 1 v =-0.9324.0.3166: + 5.70391 2003 * spill ratio 04253 0.0002

to

v=3.46411.06"2 + 4.69191.0308, = spill ratio - 9.33x1071%(220x10°% 06653 1.14x10®
* hatchery contribution
4+ v =0.893419353 + 6.5456(1 6179 * spill ratio 07018 1L03x10%

- 5.37x107'%2.4510°% * hachery contribution
+ 0.06490.351, * turbidity.a + 37.305%16.:516) * turbidity.b

tas

v = -0.92490.83 - 5.41x10%0 1 w110, * flow.a 03052 00152
- 13.46x10% 5 63¢10-%) = flow.b

Washougal

Figure 13:Normalized residual plots for VPA estimates of survival to age 2, adjusted for wranspor-
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4. DISCUSSION

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 Hilborn et
al. (1993) type models (1-2), hatchery contribution accounted for most of the variability followed

by turbidity, then flow. It isinteresting to note that hatchery contribution was consistently impor-
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tant in most of the models. Some of the differences between models (1-2) 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 (I-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 a. (1993) models (I-
2) aso 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. Thereis no basis to conclude the results from any one reference stock are any more reli-

able than another.



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

Hilbom et dl. (1993) Models

Reference Stocks

Model (1)
VPA Ratio
(unadjusted)*

Model (2)

VPA Ratio (adjusted)’

hatchery contribution
+ Row

hatchery contribution
+ spill

Skalski/Townsend Response Model

Model (3) Model (4) Model (5 Model (6)
Reference Stocks Observed Count Ratio Observed Count Ratio VPA Ratio VPA Ratio
(unadjusted)’ (adjusted)” (unadjusted)’ {adjusted)®

Grays River temperature wmperature + hatchers  lemperature + hatchery  emperature + hatchery

Bonneville Brights
Cowlitz
Washougal

Tanner Creek

turbidity + temperature
none
flow + gill ratio

spill ratio +turbidity +

contribution

turbidity +temperature
turbidity

flow + gill ratio

spill ratio + turbidity +

contribution
hatchery contribution
none

lemperature

hatchery  contribution

contribution

hatchery contribution
none

flow

spill ratio + hatchery
contribution + turbidity

temperature temperature + spill ratio + turbidity
a. Priest Rapids adult survivals not adjusted for the probability of transportation.
b. Priest Rapids adult survivals adjusted for the probability of ransportagon.

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 smolt

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 « 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 differentia 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 severa 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 away 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. Pascua, 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 fal 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 MdNay 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.
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I ntroduction

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 (Oncorhynchus tshawytscha), chum salmon (0. kera), sockeye
salmon (0. nerka), coho salmon (0. kisurch), and steelhead trout (0. masu). 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 migration: spring 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. generaly in a tributary stream, before minting to sea. and are known as
“yearlings’. Ocean-type juveniles. termed “sub-yearlings’, out migrate 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). Most 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 mgjor
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

l0:28 AM DRAFT NOT FOR CITATION 8/27/93



HILBORN ET AL.-4

Foww and survival Page 4

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 changesin the
environment, could eventually jeopardize the existence of the chinook salmon in the [mid]

Columbia River.”

Thereislittle question that the downriver movement of the juvenile 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 m3/sec.), and in the range of 24 to 27 km/day at low flows (about 4250

m3/sec.).

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 timeis 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 1daho, 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 Pecific
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 sdmonid 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. All three factors are likely to be involved in atruly 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 spill of water over the dam bypassing the turbines: (iv)
predator control: reducing the population of northern squawfish (P cchocheilu.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, thisis 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.

M ethods 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 are experimental
than either production or index, we may not want to exclude experimental groups out of

hand.

Since the am 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 isnot 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 tagging 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 can 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
surviva to age 2 (S) using the following equation:

N: =§ R,
a=2 pJ (1)

where N7 is the number of individuals surviving to age 2. R, is the number of tags
in the catch and escapement at age a. 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 ASthe
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 rely 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 mortdity will affect al groups equaly.

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 graph 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 thisto 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 asthey 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 analysisin 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 s relationship. first
one chooses an a level. the probability of rgecting the null hypothesisif it istrue, and then
determine p, the probability that the data could have been obtained if the null hypothesisis
true. If p islessthan a the null hypothesisis 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). FHrs, one must determine a, 3 totally
arbitrary decision. Secondly, if we fail to reject the null hypothesis, do we act asiif 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 decisionsis statistical decision theory
(Raiffa 1968) 0 ne 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 a. (1993) provide 3 discussion and example
of how these methods can be used in fisheries management.

As asimple 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 asthey variable
mentioned above) is

5, =F+a(F,-F)+e, ()

where Sg is the predicted survival rate for code group g, 3 is the slope between
flow and survival. ¥ isthe average survival for the data set, Fg is the flow affecting code

group g, F is the average flow, and eg is a normally distributed random error. The
likelihood of the data for any value of a is the normal likelihood

a2
—Sg)

L(Sla)= H —exp (T) ©)
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If we consider 3 set of discrete hypotheses about the slope. and assume that we
know @, then the Bayes posterior distribution for any given level of a is

L(Sta.)Pr(a)
15) = Jra 4
Pr(al3) S L(Sia,)Pr(a,) )

where Pr(a,1§) 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 1/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=0.01. 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 trendsin 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

EO
|E)= 5
LOIE)=— (5)

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:

E=Ts+ ©)
f

where T is the number of tags released. sisthe 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 al consider a large number of space/time strata for recovery of tags.
We will employ this method in alater section, but first we will use the basic approach to
consider the overal survival ratein aredigtic statistical context

In the VPA we used the number of estimated recoveries by age (Ry), and inflated
these by the estimates of survival to arrive at an estimate of the number alive at age 2. We
could consider the number alive at age 2 (N3) of equation 1 as the “ observed” recoveries
and treat them as poisson distributed random variables. In redlity, 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 N» -- that is:

O= N,

1

E=Ts—
Sf (7)

f=0.2

We then can calculate surviva as a function of flow, use the survival termin
equation 7 to obtain predicted recoveries, then use equation 5 to calculate the likelihood
andogous to equation 3. In the next section we will write the entire likelihood.

The multinomid 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 datais often is much
higher than predicted from multinomial or Poisson distributions. This is aimost aways 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 aternative to the scaled Poisson distribution is to treat the observed recoveries
as lognormal variables. The lognorma 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 al 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 aternative to the Poisson model. The lognormal

likelihood is:

L(OIE) = G—jﬁexp(""(o )2;‘:"(5”'-) ®

10:28 AM DRAFT NOT FOR CITATION 8/27/93



HILBORN ET AL-A11

Flow and survival Page 11

Correcting for trendsin ocean survival

Figure 5 shows the trends in survival estimated from VPA for anumber of
Columbia River chinook hatcheries. These data include al 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

In 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:

§,=GxH, xY,xM,x(1+a(F,- F)) if Priest Rapids hatchery

9

5, =GxH xY, xM x 1 if control hatchery ®)
where G is an overall grand mean survival. Mg is a hatchery effect. Yq isayear of release
effect. M is a month of release effect aisthe slope of the flow-survivd relationship, F

is the flow during the month CWT group g is released. and F is the average flow.

Choice of best matching hatcheries

Before we can begin with aformal 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 thisis that the
fishery islimited 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 Californiato Alaskain
both the commercia 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 CWTSs, but the
temporal and spatial coverage is not extensive. Commercia and recreational catches of
sdmonids 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 aso 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 fishin
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 al years. The
resulting matrix showed calculated distances (affinities) between stock distributions. the

smaler 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. Recoveriesin
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
smal recoveries.

Table 2 near here.

Figure 6 near here.

General issuesin 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 amost 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 hypothesisis 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
D,, =2[2O1E)-£(010)] (10)

where DM is the defiance of model M, 2(OI E) is the negative log likelihood of the
data given the model (equation x), and 2 (O1O) is the negative log likelihood of the data
given the data. computed by substituting the observed values for the expected valuesin
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 isthe deviance of the “full model” (model 1) which isthe most complex
model we consider. The deviance of model 1. divided by the degrees of freedom of model
1 isthe 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 scaled deviance. The delta scaled deviance is x2 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 xz 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. Y ear effects are seen in the Cowlitz and Priest Rapids data. al hatcheries
except Grays have better average survivals than Bonneville, and may has the highest
monthly survival. The estimated flow slope (@) is 0.0030. This means that an increase in
flow from 200 kcfsto 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 thisis commonly found in other analyses of CWT data (Green and MacDonald
1987, Cormack and Skalski 1992, Pascua 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 lognormd
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
modd | as follows.

R(M,,M,)=2(2(datal M) — (datai M )) (11)

where R(M,, M) is the likelihood ratio of model i to model j. R is theoretically x3
distributed with number of degrees of freedom lost moving from model j to model i.

We estimated the o by fitting the full model, as follows:

- 1 < 2
&= \/;zgzl[ln(Og)—ln(E: )] (12)

Table 5 near here

The value for & is 0.45. The results with the nested mode! is shown in Table 5.
We can see that the addition of all of thetermsis clearly significant. and that the estimated
slope is .0065, considerably higher than obtained with the poisson 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 margina 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 avalue. then
maximize the likelihood by searching over all other parameters. We repeat this calculation
over arange 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:

Ay
corrected s = 3 ( 13)

‘TIM,

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 survivalsin
Houre9 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.
Tabie 8 near here

Alternatives to VPA -- commercial ocean recoveries

A potential weakness of VPA isthat 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 Modd format adopted by Green and MacDonald (1987), and
Cormack and Skalski (1992). We broke al recoveries down by age of fish, and state or
province. Thus the model is:

R,.=T,f, ,cxp(G+H‘+Y‘+M‘+L3J_J+A”__,+HLL,J+HA‘_,_J+a(I-',—I-—")) (14)

whereRg | 4 is the number of observed tags recovered from group g at location 1
at agea, Ty is the number tagged in group g, fy 1is the sampling fraction in the year and
location that age a tags were recovered from group g, G is the grand mean. I-Ig isthe
hatchery affect for the hatchery for tag group g, Y, is the year effect for the year of
release of tag group g, Mg is the month effect for 'ﬁ1e month of release of tag group g,

Lg 1.5 isthelocation effect for the location of the recoveries from tag group g.l.a, A isthe
age effect for the tags from g,1.a, HL is hatchery by location interaction, HA is hatchery by
age interaction. ais the slope of the flow-survival relationship, and Fg is the flow at
McNary dam during the month of release, if the group is from Priest%lapids 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 graxd 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 Washouga 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 May 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 flowsin the Columbia and Snake
Rivers would lead to better survival of hatchery and wild stocks throughout the entire
Columbia and Snake river basins. Thisis 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 aoneit 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 aso
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 environmenta 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 agiven 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
ismore 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 Monte-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 severa 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 severa 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. Y ears 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 smply one small piece of evidence in determining the expected
impact of different management actions on the survival of Columbia River salmon. [t
needs to be corroborated by further CWT studies, further in-river passage studies, and
mote ecological and physiologica understanding of these fish.

There are anumber of obvious next stepsin 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

andysis.

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 amost 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 Dateof Number “Estimated” VPA TdAL  Flow at

Year  Release Released recoveries Survivd expanded McNay
Estimate recoverie at time of

S Release
73328 Bonneville 86 8-May-87 105922 93 0.09 18.52 0
73006 Bonneville 86 8-May-87 52096 139 0.27 27.75 0
73632 Bonneville 86 8-May-87 51478 120 0.23 23.90 0
73326 Bonneville 84 20-Jun-85 206756 4281 2.07 856.29 0
72108 Bonneville 81  4-Jun-82 96798 163 0.17 32.52 0
72157 Bonneville 79 28-May-80 121071 288 0.24 57.53 0
72342 Bonneville 80 12-May-81 51609 152 0.30 30.47 0
72341 Bonneville 80 12-May-81 50805 218 0.43 43.67 0
71842 Bonneville 78 29-May-79 287916 1570 0.55 314.01 0
72329 Bonneville 80 12-May-81 75717 366 0.48 73.10 0
632154 Cowlitz 79  1-Jul-80 244267 746 0.31 149.27 0
632159 Cowlitz 79  11-Jul-80 70474 201 0.29 40.24 0
632156 Cowlitz 80 28-Jun-81 153216 1819 1.19 363.74 0
634126 Cowliu 86 19-Jun-87 207003 396 0.19 79.14 0
632255 Cowlitz 80 28-Jun-81 121271 717 0.59 143.36 0
632032 Cowlitz 81 8-Jul-82 41295 49 0.12 9.86 0
632462 Cowlitz 81 8-Jul-82 199176 972 0.49 194.47 0
633237 Cowlitz 84 19-Jun-85 48382 1159 239 23171 0
633019 Cowlitz 83 21-Jun-84 48946 937 1.91 187.36 0
633020 Cowlitz 83 21-Jun-84 49036 1150 2.35  229.99 0
633124 Cowlitz 83 21-Jun-84 48829 868 1.78 173.59 0
633125 Cowlitz 83 21-Jun-84 49664 933 1.88 186.56 0
633235 Cowlitz 84 19-Jun-85 48634 1173 2.41 23455 0
633236 Cowlitz 84 19-Jun-85 48246 1137 236 22742 0
634108 Cowlitz 85 26-Jun-86 197500 1056 0.53 21112 0
633238 Cowlitz 84 19-Jun-85 44126 1414 320 28279 0
632503 Cowlitz 82 23-Jun-83 150236 1004 0.67 200.78 0
631802 Cowlitz 77 19-Jun-78 146001 1011 0.69 202.14 0
633759 Grays 85 28-May-86 49874 254 0.51 50.72 0
633760 Grays 85 28-May-86 50635 211 0.42 42.29 0
632458 Grays 81 1-Jun-82 27460 11 0.04 2.18 0
632459 Grays 81 1-Jun-82 45361 48 0.11 9.63 0
632263 Grays 80 8-Jun-81 64096 284 0.44 56.82 0
631646 Grays 78  9-Jun-79 73872 100 0.14 19.95 0
631833 Grays 78  9-Jun-79 7635 14 0.19 2.85 0
631937 Grays 78  9-Jun-79 68115 94 0.14 18.85 0
632043 Grays 79 24-Jun-80 37456 172 0.46 34.37 0
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632340 Grays 80 1-Jun-81 10180 77 0.75 1530 0
631743 Grays 77 26-May-78 143182 70 0.05 1392 0
631939 Grays 78  5-Jun-79 92358 145 0.16  29.03 0
131615 Grays 76 16-Aug-77 15197 101 0.66 20.12 0
632155 Priest Rapids 80 24-Jun-81 194649 2227 1.14 44532 357
632252  Priest Rapids 81 16-Jun-82 262176 3269 1.25 653.72 366
631857 Priest Rapids 78 28-Jun-79 17467 47 0.27 9.49 175
631958 Priest Rapids 78 28-Jun-79 5316 12 0.22 2.35 175
632848 Priest Rapids 83 13-Jun-84 74170 3541 477 708.11 343
632859 Priest Rapids 83 13-Jun-84 74392 3241 436 648.22 343
632860 Priest Rapids 83 13-Jun-84 74170 2640 3.56 528.04 343
631948 Priest Rapids 79 26-Jun-80 147145 1708 1.16 341.66 284
632261 Priest Rapids 80 18-May-81 42089 1190 2.83  238.03 235
632456  Priest Rapids 81 18-May-82 48700 994 2.04 198.76 331
634102 Priest Rapids 85 12-Jun-86 203534 2055 1.01 411.04 257
634128  Priest Rapids 86 25-Jun-87 201779 876 0.43 175.27 148
633221  Priest Rapids 84 11-Jun-85 103665 3977 384 795.4 185
633222  Priest Rapids 84 11-Jun-85 105224 4361 4.14 872.17 185
51915 Priest Rapids 86 5-May-87 48975 435 0.89 87.10 225
51916 Priest Rapids 86 S-May-87 49769 510 1.02  101.91 225
51917 Priest Rapids 86 S5-May-87 49331 405 0.82  81.02 225
51918 Priest Rapids 86 5-May-87 48796 520 1.07 104.02 225
631662 Priest Rapids 76 27-Jun-77 147338 2646 1.80 529.12 120
631741 Priest Rapids 77 27-Jun-78 152532 1460 0.96 292.05 241
632611 Priest Rapids 82 24-May-83 204141 3708 1.82  741.62 302
632017 Priest Rapids 78 28-Jun-79 82243 129 0.16 25.74 175
631821 Priest Rapids 78 23-May-79 48130 725 1.51 145.04 231
632153 Washougal 79 30-Jun-80 314605 2384 0.76  476.88 0
632461 Washougal 81  6-Jul-82 170424 899 0.53 179.76 0
632251 Washougal 80 6-Jul-81 278774 1318 0.47 263.57 0
634150 Washougal 86 19-Jun-87 207377 441 0.21 88.13 0
631641 Washougal 76  28-Jun-77 126007 3777 3.00 755.30 0
1118 0.74 223.69 0

631803 Washougal 77 27-Jun-78 151399
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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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McNary Average Flow

May June July August

Figure 2. The average flow during May, June, July and August for the years 1976 to 1988
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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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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 6. North south distribution of stocks
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Figure 7. The estimated survival for five hatcheries using non-experimental CWT groups.
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Production groups, lognormal model
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Figure 8. The Bayes posterior distribution for the slope of the flow survival relationship
obtained by regression flow on survival.
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Lognormal corrected
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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 a McNary dam. 1976-1988.

May June Julv August
May 1.00
June 0.76 1.00
July 0.82 0.92 1.00

August 0.76 0.70 0.85 1.00

Table 2. Cluster analysis results for ocean distribution analysis with the affinities
measured against the Priest Rapids stock. Calculations are based on the euclid

measure.

Hatchery name Distance measure Y ears of data Notes

Used in the analysis

Priest Rapids N/A 14

Bonneville 0.0908 14

Cowlitz 0.1426 14

Grays River 0.1463 12

Washougal 0.1136 13

Not used in the analysis

Spring Creek 0.2474 17 small affinity
Lewis River 0.0974 6 Too few years of data
Rock Creek Net Pens 0.1030 | Too few years of data
Klickitat 0.1485 8 Above Bonneville
Lower Granite 0.1336 | Too few years of data
Turtle Rock Net Pens 0.1433 7 Above Bonneville
Irrigon 0.1158 7 Too few years of data
Bonifer Pond 0.1334 1 Too few years of data
Social Security Net 0.0940 | Too few years of data
Pens

Table 3. Analysis of deviance results for poisson error model.

Model Main Effects Deviance Df Scale scaled Factor deltascaled delta p value
Number Factor Deviance  Tested deviance  df

1 G+Y+H+M+F 892.00 51 17.49 51.00 F 9.74 1 0.0018
2 G+Y+H+M 106241 52 17.49 60.74 M 33.23 3 0.0000
3 G+Y+H 1643.55 55 17.49 93.97 H -119.84 4 0.0000
4 G+Y 3739.50 59 17.49 213.81 Y 491.86 10 0.0000
5

G 12342.15 69 17.49 705.66

1:30 PM DRAFT NOT FOR CITATION 8/16/93



HILBORN ET AL.-37
Page 37

Flow and survival

Table 4 Parameters estimated from full model, poisson error, non-experimental codes.

Hatchery (H) Release Month
Year (Y) M)

Bonneville 1.00 1977 1.00 May 1.00
Cowlitz 178 1978 0.28 June 0.58
Grays 0.57 1979 0.24 July 0.34

Priest Rapids 2.54 1980 0.28 August 0.62

Washougal 244 1981 0.36

1982 0.31
1983 0.31
1984 1.06
1985 158
1986 0.31
1987 0.14
Grand Mean 0.018 Flow .0030
G) slope (@)

Table 5. Negative log likelihoods for lognormal error model.

Source negative log
likelihood
Grandmean 227.89
Y ear 101.23
Hatchery 48.61
Month 41.41
flow 35.00
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Table 6. Parameters estimated for lognormd error, full model, non-experimental codes.

Hatchery (H) Release Month
Year (Y) (M)
Bonneville 1.00 1977 1.00 May 1.00
Cowlitz 2.39 1978 0.14 June 0.62
Grays 0.93 1979 0.14 July 0.41

Priest Rapids 3.35 1980 0.22 August  0.43
Washougal 3.20 1981 0.31

1982 0.14

1983 0.23

1984 0.72

1985 1.22

1986 0.25

1987 0.12

GrandMean 0.0 16 Flow .0065

slope (a)

Table 7. Negative log likelihoods for all production and experimental groups

Source Negative log
likelihood
Grandmean 320.68
Year 184.14
Hatchery 169.19
Month 120.91
Flow 11350

Table 8. Results when using observed recoveries

Model Negative log
likelihood
GrandMean+Y ear+ 38.86
Hatchery+Month
+Flow 35.00
0 0.42
Flow Slope .0060

1:30 PM DRAFT NOT FOR CITATION 8/16/93



HILBORN ET AL.-39
Page 39

Flow and survival

Table9 Analysis of deviance for model of marine recoveries. aggregated by year and

state.

Model  main Effects Interactions  Deviance df  Scale  Scaled  Factor  deltascaled deltadf pvalue
Factor deviance Tested deviance

G+Y+H+M+L+A+F HA+HL 2001.60 529 3.78 529.00 F 11.71 1 0.0006

2 G+Y+H+M+L+A HA+HL 204590 S30 178 540.71 HL 2.71 15 0.0000

3 G+Y+H+M+L+A HA 292640 S45 3.78 TI341H A 143.14 15 0.0000

4 G+Y+H+M+L+A 3468.00 S60 3.73 91658 A 502.94 4 0.0000

b G+Y+H+M+L 5371.00 564 3.78 141949 L 280.75 4 0.0000

6 G+Y+H+M 643330 568 1.78 170028 M 109.31 3 0.0000

7 G+Y+H 6846.90 571 3.78 1809.56 H 39.14 4 0.0000

8 G+Y 6995.00 575 3.78 1848.70 Y 382.43 10 0.0000
9 G 8442.00 585 3.78 2231.12
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Table 10. Parameters estimated for model of marine recoveries, aggregated by year and
state.

Affect GW GlM s.d. Muttiplicativ
estimate e value

1978 -1.35 0.082 0.26
1979 -1.29 0.093 0.28
1980 -1.28 0.075 0.28
1981 -1.43 0.081 0.24
1982 -1.72 0.099 0.18
1983 -2.00 0.103 0.14
1984 -0.45 0.084 0.64
1985 -0.33 0.066 0.72
1986 -1.78 0.095 0.17
1987 -2.19 0.081 0.1
Cowlitz 0.85 1.258 2.33
Grays 0.74 0.52 2.09
Priest Rapids 0.50 1095 1.64
Washougal 1.57 1.149 4.81
June -0.84 0.057 0.43
July -1.52 0.091 0.22
August -0.02 0.426 0.98
Oregon 1.64 1.017 5.1
Washington 2.75 1.005 15.56
B.C. 3.49 1.004 32.72
Alaska 2.76 1007 15.77
Age 3 2.15 0.202 8.62
Age 4 1.48 0.209 4.40
Age 5 1.71 0.238 5.53
Age 6 -0.99 0.493 0.37

flow slope 0.002594  0.00039 10026
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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
Chris Ross (National Marine Fisheries Service)

Al Giorgi (Don Chapman, Assoc. Inc.)

John Stevenson (Pacific Northwest Utilities Conference Committee)
John Williams, et. al. (National Marine Fisheries Service)

Phil Mundy (Columbia River Inter-Tribal Fish Commission)

Scientific Review Group; L. Calvin, et a. (Columbia Basin Fish &
Wildlife Authority
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Figure 9. Survival corrected by year and month effect plotted against fl ow at McNary
dam during month of release for CWT groups from Priest Rapids hatchery.
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Introduction

Columbia River salmon have tezn fished for perhaps thousands of Years. With the
arrival of western European se:lers the magnitede of the exploitation increased
dramatically. At its pesk. the Columbia River sdlmon 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 SAlIMoNids native to the Columbia
River are chinook sdmon (Oncoraynchus tshawytscha), chum salmon (O. keta), sockeye \ G .
salmon (O. nerka), coho salmon (O. kisutch), and stesihead trout (O (fnasu)) Chinook ada b
samon are recognized as having two distinct life histories. ocean and steam. When /
discussing Columbia River chinook. fisheries managers commonly refer to thres races
based on time of the return migration: spring, summer. and fail. Spring chinook have a
. saeam-type life higtory, fall chinook have an oczan-type history, and the summer stocks b
are a mixture of the two. After emergencs, stream-type juveniles ‘spend one year in fresh 7
wam,;_m:,% in a tributary stceam. before migrating to sea. and are known as
“yearlings’. Ocean-type juveniles. ®. ermed*sub-yearlings " ournigrate arthe gad e the

first summer.

Beginning about the turn of the century, catches began to show a downward trend
athough the annual fI uctuadons 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 wen declining again (Chapman 1986). Most authorities
(e.g. Laythe et al. 1948, NWPPC. 1986) have attributed the decline in chinook runsto a
wide variety of causes including deforestation, farming, mining, pollution, over-fishing.
unscreened water diversions and construction of ‘darns - the last considered to be the
major contributor. To overcome these problems. Laythe (1948) suggested a mitgation
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 exaremely low levels. The use of hatcheries to increase the /‘"f""""“'*

runs had proved reladvely unsuccessful :

Studies were initiated on the survivmlr(.:—hi nook samon stocks in the mid-Columbia
River from Bonneville Dam to Grand Coflg: Dam. Raymond (1969, 1979, 1988) studied
the effect the dams were having on travel! timee 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 owed 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 199 1) with varying results. Giorgi
et a. (1990) investigated the relation of flow to wavel 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 wavel time of out migrant smoits firom 14
days to 22 days for that stretch of river. Stevenson and Olsen (1991), experimentng 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 eads toward
warming water and increased numbers of predators. and other complex changesin 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 juvenile salmon has .
been slowed by the construction of dams (Raymond 1979; Ebel and Raymond 1976). For 4“‘“‘4—1 ,é:,‘
each darn constructed above Ice Harbor dam on the Snake River. the travel time was 2 (o N

increased by about 50% or more (Ebel and Raymond 1976), or an average delay of 8 davs Faawd L
per reservoir. Raymond found that migradon rates for juveniles were on the order of 40 { Luwie

to 55 kmv/day for both fres flowing and impounded stretches at moderate river flows el T3 4
(about 8,500 m3/sec.), and in the range of 24 to 27 km/day at low flows (about 4250 Ry
m3/sec.). pee projec

aJL - /60 KX

While the hypothesis that flow and travel dme 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 1daho. 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 Electmic 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 ¢y ) deetsae
the production of nawrai Spawning salmon. and (iii) increase in the downstream survival W
of juveniles. Al three factors arelikely to be involved in atruly successful stock
rebuilding effort. Many management actions have been taken in an attempt to increase
downs- 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)
transportation: juvenile salmon collected at the fish bypass facilities and transported via
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barge below Bonneville g)am where they are released: (ii1) irereased flow during periods
of smolt migration¥augmeasing e spill of water over the dam bypassing the turbines: ( V)
predator control: reducing the population of northern squawfish (Prychocheilus
oregonensis) in the rcsc"vou's Each of thcsc actions is dxrcacd toward increasing Lhc

survival of*fish|fx erth
[>am. [ While fish bypass facilities have been cvaluatca using Xm-chppcd or freeze- branaca

ROSS-5 A‘-‘/&"Jl t 6'.’"'
aptd]
¥
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fish, and ransportation evaluated using coded-wire-tags, to date no attempts have b‘ic:’_??,imﬂ.

made to evaluate increased flow or predator control effort.

——d

One of the guiding principles of the Fish and W’Udliﬂg'z is asdaptive management
- learning by past actions. Until managers are able to evaluate reliably the effectiveness of
their actions; learning will be dow. Changes in flow and other factors associated with
downstream survivals fto SOME extentican be evaluaedtby in-river mark recaprure
experiments. and such experiments are certainly an esseaual part of any well-designed
attempt to evaluate water flow. However, thisis not practical on abiz enough scale to |
encompass dl 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 reiationship between flow surviv@have concentratsd ON
in-river measurements and comparison. primarily using freszz branding to measure Fave
A&mes: Such studies have no way of examining the impact of changes in flow on surviva
after the fish pass through the dam system A potentia sourcs 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 commercia and recreational fisheriee/(
and escapements to hatcheries have been systematcally sampled to obtain tag recoveries’
CWT data have been routinely used by the Pacific Salmon Commission (PSC) working
groups to estimate surviva of Columbia River stocks.

The purpose of this study isto investigate the potendal for using the CWT data
base to examine the relationship between iniver factors (especiaily flow) and survival WZ/
Columbia River chinook salmon.

Methods and Results

Estimating Survival: from Coded-Wire-Tag data

Since the early 1970's approximately 2600 individual groups of chinook salmon
have been marked with CWT's on the Columbia River. These tags have been applied
primarily a hatcheries. dthough 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, when agencies are
experimenting with hatchery practices in some way. Production groups are fish reared
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Fovw and survival Page 6

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 preferable 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 arange of flow
conditions.. Figure 1 shows the average flow at McNary dam in May, from 1976 to 1989.
Theamount 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.

Figure 2 near here
Table 1 near here

We searched over al 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 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
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 yearsto 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

10:28 DRAFT' NOT FOR CITATION 8/27/93



GORG-1

Meror andum

4 Cct., 1993

To: Bob Donnel Iy, UW
From Al Gorgi, DCC

Subject: Review of draft G nanuscri pt

On page 5 the stated purpose of the study was to
investigate inriver factors(especially flow) and survival in
Col unbia River chinook salnmon. But in fact, only a single
factor, flow, was examined. In ny viewthis is a major
short coming of the analysis. Since ail of your analytical nodels
indicate a relationship between flow and survival 1o age two,
further devel opnent and treatment.of the mechanisns that could
affect survival and accompany increasing flows is warranted. Flow
is only a general index of overall passage conditions. At high
flow |l evels,spillage increases.this would be expected to enhance
mai nstemsurvival. Sone investigations indicate that
subyearlings mgrate faster With increasing flows, which my
increase survival to scne degree. You fail to either discuss, or
anal ytically treat these matters. Your results and discussion
sections inply that increased flow increases survival, but it is
possible to provide spill at any flow level. Wich nechanismis
really key in inproving 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 fl ow
vol ume.

Since spill and fish mgration speed are repeatedly
inplicated as nechanisns affecting instream survival, you shoul d
at least treat these. For example, in Figure 9; 1977, 1979,

1985, 1987 yielded the | owest adjusted survival. Your depiction
illustrates that your index flows were bel ow 200 kcfs.  However
in those sane years spill was either absent or negligible during
the June/Jul y/ August period, Wwhen these fish are mgrating
seaward. The.problemis that spill effects cannot be separated
from perceived migration effects in these data sets. You-must
informthe reader of this difficulty. [If you do not, you may
spawn yet another Sins and Gssiander debate. Sone readers will
see flow as a surrogate for mgration speed related surviva
effects, while others will contend.it is a spill effect. You
could illustrate the difficulty by showing the correlation

bet ween spill and flowin this data set, and di scussing the
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ram fications.
Tenperature is another inportant factor that affects

predatory fish consunption rates. Int he |ower Colunbia there
may be a relation between your_flowindex and tenperature. This
shoul d be explored. Gorgi et al. (1990) showed that throughcut
the sunmer survival to adult decreased, for three years. Over
t he course of each sumer flows decreased, spill 8 decreased, and
temperature increased. Al highly correlated. It was inpossible
to attributes effects to any single variable. They probably work
in concert.

Transportation: The proportion of the Priest Rapids
popul ati on subjected to transportation each year will affect
survival. Estimating this-‘will be difficult. Realirggalls
Level s the tine the popul ation passes McNary is critical, as
m ght be annual changes in FGE, which in themsel ves may be flow
sensitive. Sone creative thinking may |lead to some plausible

I ndex.
Insummary, this is a multivariate river system analyses

must treat it as such. | would be willing to werk with ycu..in __
devising appropriate indices .of.spill, tenperature and

transportati on. There may even be sone travel tine data from
hatchery to MCN and John Day that be instructive. Branded groups
were released fromPR in sonme years.

Sonme Specific Questions/Itens:

The Flow index:
| suggest selecting a flow index other than nonth of

rel ease. Freeze brand data for this population indicates the
Tedi an passage tine at McNary Damto be the very end of June and
through early July. The bulk of the population is noving through
the lowe.r inpounded section primarily during July. This would
appear to be a preferable index period, when attemptlng to a

— = Lt ammman e o e

characterizes inriver conditions during mgration. —
Alternatively, averaging flows over_.a thirty-day period follomnng
rel ease may be useful since the median travel tine to MNary dam
is typically near 20 days (see sone FFC reports since 1983).

Ei ther of these seempreferable to the current index. For
exampl e, many groups are released during the last ten days of May
or June, and are not even inriver during the mgjority of the
period you have selected as the index(i.e. nonth of rel ease).
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Tule Stocks as control groups for Prjest URBs:
Except for URBs at Bonneville hatchery, the rest of the
control popul ations appear to be tule stock. It seens like it

woul d be difficult to argue that tules and URB are similar enough
to warrant use as_comtrols.. ocean di stribution is onfy ong~——
indicator of simiarity. Perhaps other life history traits need
exam nation. To dismss this as a concern seens nost

i nappropriate, and will certainly be subject to criticismin any

final draft.
Survival estinates:

In the results section it is not apparent_which h_hatchery
populatiogontrols. to_yield figure 9. Wre
hat cheri es pooled in sone years. The nechanics of the procedure
is not clear. Aso, is the adjusted survival in figure 9
survival to age 2?2 Then the survival in figure 7 is survival to

returning adul t?

Assumptions:
Equation #1 assunes that the P's are knawn. P's are

esti mat ed and never "known!. How robust is the analysis to

‘departures from estimated P? Discussion of this seens
appropriate. Aso, the cited F values fromthe CTC aefor what

race_of .chinook; presumably they are falls, not spring chifiook.
Please clarify. Also, the crc values are reported w thout error.
What are the variances associated with these estimtes, and how

does that affect analyses and concl usi ons?
I nter-dam | oss of fish appears to be ignored in these

analyses. It is not clear that this is warcanted. Priest Rapids
fish incur this nortality, while control stocks do not. It seens

that sone adjustment is required.

Hypothesis testing:
On page 7 you state that hypothesis testing is inappropriate

for decision making. Yet on page 13 you test nodels which pose
hypot heses? Wat's up?

Di scussi on:
The range of the change in survival related to flow ranged
fromz26 to 65 %, not the 20 and 60% specified on p. 18.
Yogi state that flow affects estuarine conditions: how so?
A little discussion of estuarine dynanics_seens in order
TTHRe—bIg One - what - mechani Sms associated with, of
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acconpanyi ng increased river discharge are inplicated as

affecting survival. The paper conspicucusly avoids any treatment
of migration speed, temperature/predation dynamics, SPill -
vol unes, cr transportaticn.

regard. Further aralyses are warrant ed.

cc: Fat Foe
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PNUCC

PACIFIC NORTHWEST UTILITIES CONFERENCE COMMITTEE

December 13. 1993

Mr. Robert Donnely
School of Fisheries WH-10
Univergity of Washington
Sedttle. Washington 98 195

Dear Mr. Donndly:

|. along with PNUCC member biologists and other PNUCC s:artf biologists. have reviewed the
manuscript entitled "The relationship between river flow and survival for Columbia River chinook
samon.” and offer the following comments.

General Comments

Abstract — The abstract of the manuscript states:

The relationship between flow and survival when correcred for ocean condition shows a
stronger correlarion, WhiCh IS highiy significant. The slope indicates thar an increase in
flow 0Of 100.000 cfs at McNary Dam would remit in 65 percen: increase in survival of
Priest Rapids hatchery fish.

Although this conclusion is discussed within :he body of the text. it leads the reader to believe that this
is the mgor concluson of the paper. Later in the texi. astatement is made to the effect that while it
appears that surviva is correlated to flow. you do not feel confident in saying which statistical medel
most accurately reflects that relationship. Y ou continue by saying that you are less confident in the
expected increase of survival in relation to flow than you are with which modd to use. Despite these
statements. you present the results of the Virtual Population Analysis and conclude that a flow increase
of 100 kcfs at McNary will result in asurvival increase of 63 percent for Priest Rapids harchery fish.

My concern is that many people will read only the abstract and will miss the main conclusion of your
paper, which | read as—flow is correlated to survival. but to what extent you are uncertain. | strongly
suggest that vou 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 (especialy flow) and surviva in Columbia River chinook salmon.”
In line with this objective. your conclusions should address the utility of these coded wire tag data in
evauating survival, and of the paper’s statistica 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 other data (such as the
PIT tag data collected in 1993 in the Snake River).

PNUCC ONE MAIN PLACE 107 SW MAIN STREET, SUITE 810 PCRTLAND, CR 97204-321€¢  {SC3) 223-9343 FAX(S03) 294-7230
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Mr. Robert Donnelly
December 13. 1993
Page 2

Assumptions -- In each of the statistical 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 elevated
nitrogen leveis ). 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, arnd 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 analysis.

Other Factors -- Assuming that temperature is significantly correlated to time. time to flow. and flow
to survival, is it possible the affects on survival seen in the analysis are in part the result of temperarure?
Also. is the possible influence of temperature on survival addressed adequately by evaluating the variable
“month effect”? Knowing that temperature is a function of time. and there is a correlation between flow
and time. | 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 Priest Rapids fal chinook are typicaly released
late in the season when temperatures are high. predation is high, and the smolts are relaively smdl (in
1993. PRD fish were released at S0-70 fish/pound in June).

Control Group — Your analyss is based on the assumption that lower river and Priest Rapids hatchery
groups have comparable ocean mortality rates. | 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 Pecific Sdmon Commission Joint Chinook Technica
Committee in their 1991 Annua 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 environmenta 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-sengitive effects of a

multitude of variables.

| 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. | may be reached at (503) 223-9343.

a m
John R. Stevenson .
Senior Fisheries Analyst

cc: Patrick Poe. Bonneville Power Administration
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Mr. Robert Donnelly
December 13, 1993

Page 3
Annual distribution of reported catch (PSC TCCHINOOK (92)-4).
Stock All All Fisheries Total Other Other Other Other Other
Alaska Nth/Cnt WCVI Geo St Canada Canada u.s. u.S. u.s.
BC Troll Net Troll Troll Net Spont
URB 26.0 19.2 13.3 0.3 0.9 0.2 1.9 344 3.9
(79-91
Cowliz 6.9 9.7 21.8 0.2 2.0 0.7 17.9 20.2 20.6
(81-91)
Bonne- 0.0 34 21t 24 1.6 1.9 is.0 19.6 16.9
ville
80-37)
Spring Q.0 0.9 254 1.2 1.2 0.9 19.8 36.9 13.8
Creek
79-9D)

Annua distribution of total mortalities (PSC TCCHINOOK (92)-4).

Stock All All Fisheries | Total Other Other Other Other Other
Alaska Nth.Cmt WCV] Geo St Canada Canada U.S. u.s. u.Ss.

BC Troll Net Troll Troll Net Sport
URB 30.8 18.5 13.0 0.3 0.7 0.1 1.9 311 35
(79-91)
Cowliz 9.1 9.7 -2h 0.2 i.8 0.6 18.4 i8.8 19.2
81-91) |
Bonne- 0.0 3.0 396 1.8 30 1.2 16.9 16.6 17.8
ville
‘80-87)
Spring 0.0 0.9 253 1.1 1.0 0.9 206 35.0 14.7
Creek
79-91)

Reproduced from tables presented in the Pacific Slmon Commission Joint Chinook Technical Committes
1991 Annual Report.
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Specific Comments

Comment

Page Par
2 Abstract
2 Abstract
3 Abstract
3 1

1
3 1
3 3
4 5

2-5

Should list dl of the factors evauated in the andysis. not just
flow.

A summary within the abstract on the range of dopes developed
in the analysis, their significance, and a statement of the
assumptions would be very useful.

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 andysis was performed.

Is this saying that an “annua” 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 sdmonids nativeto . . " to
“The five species of anadromous samonids nativeto...."
Also. should other anadromous samonids 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 O. mykiss.
O. masou is a samonid species commonly referred to as the
masu salmon. and is only found in Asa

Change “Grand Coolee Dam” to “Grand Coulee Dam.”

| would agree that each of the measures identified possess the
potential to aid in the achievement of the Council’s goa. But,
while athough the focus of your paper is on downstream
migration, and more specificaly surviva, | 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.).



Mr. Robert Donnely
December 13. 1993
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Specific  Comments

Comment

Page 5

Page Par Line
5 ! !

s 1 5

5 6-5

7 2 (full) 4-6
1 4

Jsliol

Item (ii), which begins on page 1 should be modified to reflect
that fish are also transported by truck. not just barge.

The statement . . 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.

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 alarge scale Second. that in-river mark
recapture studies cannot identify mortality after a fish has left the
river system. | would disagree that mark recapture cannot
evaluate hatchery stock survival. Using the single release method
tested by the National Marine Fisheries Service in 1993, | would
think that with enough PIT-tagged hatchery fish. surviva could
indeed be measured. | would agree that mark recapture methods
cannot evaluate mortality once afish leaves the river system.
But that is only an issue if it is assumed that the effects of
mortality are readlized after the fish has left the system. | 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 . ..."



Mr. Robert Donnelly
December 13, 1993
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specific comments

Comment

Page 6

Page Par Line
1 Equation 9

12 3 (full) 6

12 3 (ful) 1011
12 3 (full) 1

13 3 (full) 1

13 3 (full) 2

14 Equation 11

18 ! 2-5

JSIOI

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.

Capitalize “spring creek.”

What is the source of the ocean spatia distributions presented in
figure 67

Capitalize “priest.”
Should “defiance” be “deviance™.
Should “equation X" be “equation 9"?

One of the M’s on the right hand side of the equation should be
subi. not j.

The statement “. . . evidence that higher flows would lead to
better survival . . . throughout the entire Columbia and Snake
river basing’ is a this time conjecture. It should be deleted from

the text.
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g UNITED STATES DEPARTMENT OF COMMERCE
' Mational Oceanic and Atmospheric Administration
0 i  MATIONAL, MARINE EISHERIES SERVCE ¢ o -

Coastal Zone and Estuarine Studies D vision

2725 Mont| ake Boul evard East .
Seattle, Washington 98112-2097

November 16, 1993

Dr. Robert Donnelly

School of Fisheries, WH 10
Uni versity of Washington
Seattl e, Washington 98195

Dearqu;:)’
Rl
Attached are sone conbi ned anonynous staff reviews, with comments

also added to the text, of the draft report entitled "The
rel ati onship between river flow and survival for Colunbia River

chinook salnmon.” | hope that you will find them constructive. It

appears that one of the |argest problems may lie with the ocean
distributions of the lower river versus Priest Rapids Hatchery

fish. Maybe a nore prom nent placenment of the caveats outlined by
one reviewer would also inprove the strength of the paper (but not
necessarily of the conclusions found). If you have any questi ons,
give ne a call at 860-3277.

Sincerqu yours,

/ //L'-'C-i
John/ G. Williams
l'

cc: Fat Foe
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H Il born et al. 1993
Editorial comments:

Generally sloppy Witing.

Page 3, para 1. masu should be mykiss

Page 5 wpara 1. "to date no attenpts have been made to
eval uate increased flow for predator control effects (on'
survival)"

Aut hors should read Sinms and GCssiander, Petrosky, etc.

Page 7, para I
Cal cul ation of survival to age 2

Assunes probability Of survival fromage 2 to age
6 is known, only losses to fishery and escapenent, and all fish
spawn by age 6.

Does not consider upstream passage nortality.
Chose to ignore incidental fishing nortality assumng all groups
affected equally.

Page 7, last para:
Why i sS*hypothesis testing inapproriate for decision-
nmaki ng" ?

"It is statistitally inappropriate to use surviva
rates as the y variable in a linear regression."”

Pages 8-09:
in arguing against the appropriateness of hypothesis
tes'-Ing for decision-nmaking, the only argunent put forward

i nvol ves hypothesis testing and using survival as the y variable
in a linear regression.
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Figure 6 apparently indicates an ocean distribution of fish that
&= auzatantizlly different for Priest Rapids fish compar=d o
sh from the lower Columbia River hatcheries. Figure 6 is

fis

mizleading because it covers up the distribution of fish off the
Washington Coaszt; nonetheless, it appears that apprcximately 35%
of the Priest Rapids fish are caught in A aska and while onl

I N WashingzTon In contrast, it appears that Bonneville Hatc ery
may have the closest distribution to the Priest Rapi ds st ock;
however, Bonneville Hatchery fish are caught at 1/2 the rate in
Al aska and nearly € times the rate in Washington conpared to th=
Priest Raplds fish. Fromthese results. it agpears inapprosriate
use lower river stocks to adjust for ocean nortalities. This
particularly so since stocks fish from Al askan waters have
a sutswantial increase in barvaa; since the |ate 1970s (the
od you considered ner2). It seens highly plausible that

st Rapids fish may have survived at a higher rate than lower
r hatchery because of a different ocean distribution. Tota
stock returns to the Columtia River woul d apﬁear to bear this out
where lower river tules and upper river bright fall chinook seem
to haxeastoo-. When one grcup has high returns. the other does not,

and\vice versa.
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Flow and survival WIPLaLgIg%S ET AL.-4

Introduction

Celumbia River salmon have been fishad for p2rhaps theusands of years. With the
arrival of westemn European sealers the magnituce of the exploitation increased
damaZeaily. Atits peak, the Columbia River salmon siocks produced cawchas of over §
miilion fish from 3 species (Chapman 1986). Tt= peak cawches for each species occurrad
at differsat times over a period of about 30 years centersd around 1500. Chapman (1586)
estmated that :oaal reremn o the Columbia River, catch and escapement, wasin the
neighberhicod of 7.5 miltion fich. The five species of saimonids native 0 the Columbia
River are chinook salmon (Dncorhyrcius ¢ kawytscha}, chum salmen (0. kera), sockeye £
salmon (O. nerka), coho salmen (0. kisuzeh), and swezthead wout (O {a}u) hinook m
saimen ase recognized as having two distinc: Lifs historiss, cczan and steam. Whea
discussing Columbia River chincok, fisheries managars commenly refer 1o three races
based cn Ume cf the rezirn migration: spring; summer, and faii. Spring chirock have a
sxeam-tyne life histery, fail chinook have 2n ecean-type history, and the summer stocks oean
are 2 mixnze of the twe. Afieremerzencs, sweam-rype juveniles’spend cne year in frech ‘s
waz:r.f‘%ﬁ? in a mibutary smeam, before mizmading 10 sez, and are kncwn as
“yearlings”. Ocean-type juveniles, :ermed “sub-yearlings”, cut migrate 2 Thepadef the
first summer.

/

oo
Slua Ao

Beginning abous the turm of the cenrury. catches begza to show 2 downward mend
althcugh the annual fluciadons continued. The aduits that migrate into the fives during
the sumumer have suffered the mos: (Thompson 1551}, deciining o very low numbers,
recovering slighty in 1959 and then declining again (Chapman 1986). Most autheridss
(c.2. Laythe ez ai, 1948, NWPPC. 1986} have aitibuted the decline in chinook runs 1o 2
wide variety of causes including deforestadon, farming, smining, poliution, over-fishing,
unscresaed waier diversions and consmuction of dams - the !ast considered o be the
major ccatitutor. To overcome these preblems, Laythe (1943) sugges:ed a midgation
program in the lower river which included scresning, water diversions, and habitat
protecden, as weil as the consmrucdon of fish hatcheries. The hatcheries and lower-river
effors were never fully implemented, and by the mid- 1970's ihe ruas of chinock saimon .
10 the mid-Columbia were at exwemely low leveis. The use of hatcheries 10 incrsase the A<
runs had proved reladvaly unsuccessful .2

Studies were initated cn the survivingchincok saimon siocks in the mid-Columtia
River frcm Boanevills Dam 0 Grand Cc’lc/: Dam. Raymond (1969, 1979, 1588) smdied
the effzct the dams were having on nvc[a'mc of the cut migrant smclts. Two major
findings from his work wers (i) wiid stocks had bener survival compared o hatchery
stocks, 2nd (i) impoundment of water behind the dams siowed dut migradon and weze
thcught 0 reducs suzvival The dirsce effect of river discharge on downsaream movement
of salmen &y has been studied by a number of investgators (Irvine 1986; Gicrgi et al.
1550: Raymond 1968; Park 1969: Steveason and-Olsen 1991) with varying resulis. Giorgi
et al. {1990) invesdzarad the reiation of flow (5 mravel Sme of seb-yeariing chincok saimon
and were unabie 0 conclude that changes in {low were related 10 cianges in mave! dme;
however hey 2id ncte that fish moving out ia the early part of the summer had higher
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survival to adulthood compared with those that out migrated later. Raymeonad (1969)
found that ihe Jehn Day Reservoir increased the travel dme Of out migranfsmolts Tram 14
days t0 22 days for that szexch of river. Stevenson and Olsen (1951), experimendag with
differsnt ficw regimes in Jokn Day Reserveir, were unable t0 demonstraie a solid
relaticnship berwesn flow and mavel dme.  Park (1966) concluded that. with the advent of
dams, the peak flows wers reducad, wrbidity Was decreased, predation and disease

" increased, and that "an aimest condinvousiy impounded river, with resultant erends toward
warming water and increased nUMbers of predators, 2nd ether complex changes inthe
eavironment, could evzarally jeopardize the existence of the chinook salmen in the [mid]
Columbia River.” '

There is lictle queston that the downriver movement of the juvenile salmon has
besa siowed by the consauction of dams (Rzymend 1679; Ebel and Raymond 1976). For. & ;
e2c dam constucted above ice Harter dam on the Sazke River, the mavel time was
increased by about 50% or mere (Ebel and Raymend 1976), o an average delay of 8 davs
per reservoir, Raymend found that mizraden raes for juveniles wese on the order of 40
W 53 kr/day for boih free fiowing and impounded saeiches a: moderate river flows
(abcut 8,500 m3/sec.), and in the rzage of 24 10 27 kiniday at low flows (about 4250
m3/sec.).

N

J

)

-

n

w7
60

tF

While the hypothesis that flow and oavei £me are inverseiy relazzd is viewed as a
casis for prasest river management, the sityation is ace s clear as might be hoped -
apparendy confused by confcunding vastiadles. For example, Tavel ime is related o the
conctiticn of the juveailes at dme of migradon. Thex physiological conditica is relaed to
water temperaure which in tumm is relaied o the time of year (Giorgi ez al. 1588). The
laz2r in the year, the fasier the juveniles appear to migrats (Chapman ez 2l 1991).

[n an effort tc shed light or a compiex situadon and 0 prevent continning erosion
of Columbia River salmcn runs, Congress rassed the Pacific Norhwest Electric Power
Planning and Conservation Act in 1580 which authcrized the states of Idaho, Menuna,
Orzgon and Washingion o creaw a eadsy e pian for two important resources in the
Celumbia River basin: elscuicity, and fish and wiidlife. The sndty created was the Pacific
Nor:awest Eiecic Power and Conservation Planaing Council, best known as the -
NorZiwest Power Planning Council. To emphasizs the impormance ¢f fish and wildlife,
Congrsss mandated that the Council deveicp the Columtia River Basin Fish and Wildlife
Program before developing a power nlan. -

Tae Codncil has eswblished the doubling Of the saimonid runs of the Columbia
River as a primary goal Of in Fish and Wildlife Program. Achievement of this'objectve
could result from: (i) an increase in the procuction Of hzichery salmon. {ii) increases ir( " ) decienas
the production of narzral spawning salmen. and {iii) increase inthe downseam survival™ = 4 o

of juveniles. All tree factors are lixely to be involved in atruly successful stock - 7.
@ rebuildinefforr. Many managemear actions have been taken in an azempt to increase e

downszream survival, incleding: (i) fish bypass facilides: screeas that divent juvenile
salmon from the wurbines, passing them through the dam in aseparate water system; (ii
Tansporiaton: juvenile saimor collected at the fish bypass facilides and oransporzed via
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barge below Bf\qncvz:lc, amfwhere they are reieased: (i) iasased flow during periods

_’f

o smolt migraticnyZugmenity rife spill of water over the dam bypassing the turbines; (fv)

predater conwsl: reducing the population of zonhemn squawfish (Prychockeilus
nsis) in_the reserveirs. z:ac.‘: of thess actcas is dm:c:»:d toward .nc'cnsm F4 thc

ﬂn-fhp"cd or ‘n:cz:-orand:d

fsh, and = Tansporation evaluated vsing coded-wire-tags, (¢ daie 10 agampts have besa ?"‘/ A
' -

macs 0 evaluaw increased flow or predaior conmol sffors.
sommpm—

e

One of the guiding principies of the Sish and Wiid!ifs Bleft is adaptive i mamgcm.nt S

- ieaming by past actions. Untl maragers are able 10 evaluzte reliably the effecdveness of 9. )¢

their zciions, learning will be slow. Changes in flow and other factors assccizted with
‘downsteam survivais (T3 SOTE SxEntcan e cvaualedy in-river mark recapuure
experiments, and such experiments are cartziniy an essential par of any weil-designed
anemp: i evaluaw wazer flow. However, this is not pracdical on a big srough scaie 0

sacempass all hatchery siocks, nor wouid such 2n in-river mask recovery program
raeasure impacts that mighs occur once the fish leave the river.

Ty O S

Mgst studies of the reladionship berween dow a:'dﬁur;ig"n.avc concentaed on

in-river measurements and compasisor. primarily using fresze :.’anding.'m.-r:-evci-

ames: Such studies have o way of exarmining the impacs of changes in flow on survival
afier the fish pass through the dam svsiermn. A powatial sourcs of such data is the coded
wirg 132 (C'WT) darz base. Since the eariy ! 9"":Jy thousands of groups of hawchery and

wild fish have been :azgzed on the Columbia, and the commercial and recreational fisheries /{

0—.5-

and escapements tc hachesies have been sysiematically sampled 0 obuain wag recoveries.
CWT 2 have besn rouzineiy used by the Pacific Salmon Commission (PSC) working
gToups 10 estimate survival of Columbia River swocks. )

The purpose of his study is 10 investigats the potendal for using the TWT data

base :0 examine "u: reiadoaship terwesn ingiver cicrs {especially flow) and survival y(ap/

Caolumbia River chincek saimoa.

Methods and Results

Estimating Survival from Coded- Wire-Tag data

Since the early 1970's approximately 2660 individual grcups of chinook saimon
have deen marked with CWVT s on tie Columbia River. These tags have teen applied

primanly at hawcheries, a.r.‘xoz.g‘t there has be=n some mariking of wiid stocks. and some of

fish collecied a:dams. The modvation for agging has been quite diverse, but most tags
have beea appii=d 10 compare expesimental hatchery Teamments, such as size and time of
release, feeding regimes, cor other hatchery pacices. Tae daia base on CWT daca
denctes thres pr".man.y tvpes of tagging, experimental, productcn and index.
Experimennal 1ag groeps arz those meationed previously, where agencies are
experimeating with harchery gractices in some way. Prcduction groups are fish reared
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WILLIAMS ET AL-7

Pl ease check these comments for accuracy and whether you
understand what | nean! Note that comments are due by the 15th

and |I'msure you'll be getting this on the 15th!

6, par. 4, last sentence - _
Wiy is the "high correlation in flows between nonths" of

noted i nportance? Isn't this generally true?

7, par. 1 -
In the equation for N,, the p is |owercase, but in the text

the P's are uppercase.

7, par. 4, sentence 5 - _
"survival rates cannot have values less than zero" is only a

probl em when the distributions around the true survival
rates woul d 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

Coul d the authors expand on the neaning of "... the
potential for differential reliability of different survival
rates..." and why that nmakes using survival rates as the y

variabl e inappropriate.

pg. 11, Correcting for trends in ocean survival

This is a good idea, but can it be assumed or denpbnstrated
that the Priest Rapids stock and the |ower Colunbia hatchery
stocks are mxed in their ocean mgration distribution, i-e

is the CM sanpling equal for the two groups in all sanpling
areas? If not, how would this affect ?or ias) the results”

13, last par. - _ _ _
scal ed deviance (see Table 3) is not defined here, while

delta scal ed deviance is. Perhaps this definition should be
included after the sentence "...than expected under the

poi sson." The next sentence after inserting the scal ed

devi ance definition should say "The change in scal ed

devi ance fromone nodel to the next is the delta scal ed
deviance.". This would make this paragraph nore correctly

describe the colums in Table 3.

14, par. 2 - _ _ _
The scale factor is the residual deviance of the npst

general nodel you used divided by its degrees of freedom
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Perhaps why the scale factor was so large is that you ae
m ssing sone of the inportant factors in your nodel (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 |.

pg. 14, eq. 12 -
What is n?

p g . 14, last par. _ _
For the "layman reader it mght be helpful to have Table 5

show the "clearly significant™ results of adding terms to
t he nodel .

pg. 15, par. 1 - _
Wiile this may be true, the authors just took the reader

"deep into Bayesian Theory" which, for nmany readers, wll
lose them i.e., this paragraph is nuch |ess understandabl e

than the rest of the paper. The next paragraph does help.
Perhaps this section could be rewitten in sinpler language.

pg 15 last par. - o _
Doesn't the chi-square significance test look at twice the

change in negative log likelihood, (2 x 3.86)? See eq. 1.

D scussion - _ .
It is appreciated that the authors note the substanti al

weaknesses of the study, particularly that: 1) the extent
of inmpact of flow on survival is difficult to precisely
quantify, especially when the "correct or best” nodel cannot
be determned, and 2) the paper only identifies a
correlative, not a causitive effect of flow on survival.
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Reviev Hilborn et al. The relationship betveen river flov and survival..

Recommendation:

1. Publish after revision.
2. Obtain professional editorial advice.

General Comments

This is potentlally a very important p a g er 1in the fleld of
hydroelectric salmon passage. The basic paper is sound, however
it needs some work. I strongly recommend publlication with
revision.

The paper should stick to the original purpose of the
project which was to develop measures of survival which can be
compared to one another, and to other variables of interest.
Thie paper cannot hope to be the "final solution" to the flow
survival question. It should be a simple demonstration of 1)
the use ¢f CWT survivals, and 2) the use of dovnstream CWT data
to control for non-hydroelectric effects. That is plenty. There
is lots more that can be done, but leave {t to others who are
more famillar with the hydroelectrlic system. some ideas are
given below.

The Introduction is a bit too ambltlous and unnecessarlily
cemplex. It should focus on the circumstances that make thils
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
know that this paper is part of a long-term, economically and
biologically critical debate over ther 0 | e of river £low in
salmon recovery. At stake are the very existence of salmon above
Bonneville Dam, and hundreds of millions of dollars in electric
bills. At intellectual issue are the extent to which salmon
behavior depends on the historic river flowregimes, and the
magnitudes of the rlisks 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 o n fall chinook salmon in the mid-Columbia by
impoundment, that your data analyslis are relevant.

The tenor of the text may be considered too colloquial by
some. A more formal style may be appropriate for a work of this
gravity. For example, the term, "y variable," could be replaced
by, "dependent variable. ® In a more formal paper, "out
migration" could be replaced by "emigration".

The discussion section needs work. It may be a bit too
apologetic, and it lacks a one-~-to-one correspondence to the
methods and results.

Specific Comments, | n ordex o f
occurrence i n ttext Please note that editorial
comments are denoted, e0, and other substantive comments are
denoted, O. Editorial comments follow other comments.

November 15, 1993
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Review Hilborn et al. The relationship between river flov and survival..

0 - p. 3, first para., next to last sentence, final clause, the
wording is ambiquous and inaccurate. Please consider replacing
this language with, "... and the summer chincok stoc ks may be of

either llfe history type." It ls erroneous to imply that-a summer
chinook population could be a mixture of ocean-type and stream-
type.

O - p. 3, second para., last sentence, a literature cite is
needed here, and it needs to be made clear agalinst what level of
abundance the term, "increace" is applicable. 1f by "increase"
it 1s meant, "return the runs to former or histcrical levels of
abuncance", then substitute this clause for thetermlncrease.

0 - p. 3, last para., third sentence. What ig the relevance o f
conclusion (i) to the present paper? Was Raymond's work
concerned with flch originating at Frlest Raplds hatchery? Is
this paper based on any data concerning the survival of non-
hatchery fish? If not, it is not clear what sort of parallel (s
Teing drawn, orif a ccnclusion !s belng nade.

O - p. 4, third paragraph, third sentence, consider being more
spec!f tcthan "physlologlcal condition"; how about "state of
maturation?"

O - p. 4, fourth paragraph, this paragraph and the next three
r3racgraphs are out of place, and the first sentence is not guite
right. The Northwest Power Act was not passed to shed light on
the r2lation between flow and the survivals andtravel tinmes cf
Juvenile salmon. The fish and wildlife provisions of the

Nor thwest Power Act were a new mlestone in efforts to conserve
and rebuild the basin's damaged ané declining salmon runs. These
effoxrts date a t least to the earliest involvement of the Bureau
of Commercial Fisheries during the 1920's, or perhaps earlier.
Suggest the following actlons, 1) change the first sentence tc
describe the NWPA as yet another attempt to turn the salmon runs
away the path of destruction, 2) nove this paragraph and the next

three paragraphs (ending "... Columbia River stocks.") behind the
second paragraph on page 3, and 3) make the last paragraph before
the "Methods and Results" section 0o n page 5 the first sentence of

a new introductory paragraph to come before the current first
raragraph o n page 3. Why walt unt!il the last paragraph to tell
the reader what youcame tod 0 ?

O - p. 4, last paragraph; the first three conditions, (1) -
(i1l) are not exhaustive or all inclusive. Which version of the
Fish and Wwildlife 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, cr would
emphasize? What about "lIncrease in upstream survival of
migrating adults?" or "Decrease in prespavning mortaiity for
adults holding on or near the spawning grounds?", or "Decreases
in fishing mortalities on subaduits and adults?" Consider using
the same construction ac in the second sentence following, "Many
management actions . .. including . . ."

O - p. 5, first lilne, the description of action (111) is not

Novenber 15,1993
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accurate; increased flow and gpjll are twvo Aifferent actions.

The action of spilling water does not require increased flow, nor
are increased flowvws necessarily spllled. The spillway is one of
three basic routes that may be available for a migrating suvenile
to move through a dam. The other two routes take the £ish into
either the bypass system, or through the turbine. Not all dams
have bypass, although all mainstem dams have splli and turblne
routes.

0 - page 6, third and fourth paragraghs. The mean monthly flow
Is nat the only flow statistic that needs to be investigated, and
the month in which the fish are released may not he theoniy time
periocd to use.

In addition to sample mean mcnthly flcv in the month of
release, use the sample standard deviation (1) of cdaily flow
cduring the month in which the fish wer e released, vhere n is the
numbher O f days In the month and the random variaktle, X, is the
average daily flow. It may also be Instructive to investigate
other time measures of flow such as hcurly flow, as ther andom
varlable, using both the mean and standard deviaticn as sample
statistics. Please give an explanation of hcw the flows are
measured, or cite a reference.

An additional choice of random variable would be vol ume
during somet i m e period, as the integral cf the time rate of
change i n volume, the flow.The relaticn between volume and
survival may o r may not bem o r e instructive than the relation
between fiow and survival. The impact of a given flow level on
survival may depend on pcol el evati on.

The cholce of tine interval over which to neasure the
independent variable may be important. The hypothesis that
survival is proportional to flow points to mechani sns 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 migraticn shculd be proportional to
flow, since velocity of migration (time rate of change in
distance traveled) should be proportional to flowv (time rate of
change i n volume). Therefore, b y picking a fixed time duration
over whichto measure the independent variable, information from
outside the time horizon of the event may be inappropriately
applied to explain the event. A s a theoretical example, suppase
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 fcr the observed survivals?

As an alternative to mean menthly flow in the month of
release, consider the average and varlance of daily flow during a
time period during which most (say ninety-five percent) of the
migrants would have been passing McNary Dam. Such a time

November 15, 1993
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interval may be estimated as the 95% confidence Interval about
the mean of the time distribution of abundance of fall chinook in
the sampling facility at McNary.

The problem of obtaining measures of flows as they ©Dccurred
during the juvenile migration of each tag group, F(g) (Egn. 2},
s 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 mlgration
of the population of juveniles to which the survival estimates

apply.

0 - page 6, fourth paragraph. The fact that there are "high"
correlations between flows in adjacent mcnths does not solve the
problem of synchrony. There needs to be a secticn called,
"Appropriate physical measures and results," where at least as
much attention as has been paié¢ to statistical model selection is
paid to the selectlon and use of the irndependant varliatle, flowv.
O - 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 Bayeslian inference. Decision theory
and hypothesis testing are not equivalent tcols. Cite referxences
wvhere Bayesian decision making approach has been explal ned,
ccmpared and contrasted with hypothes!is testing and let it go at
that. Focus on the relation between flow anc¢ survival.

O - page 12, first full para., sixth line from the top at right,
"Some naturallly] spawning . .. "; Juveniles from the naturally
spavning 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.
Technical reports are available from Matt Schwartzberg and CWT
analyses are available from Mike Matylewich (Columbia River
Inter-Tribal Fish Commission, 503-238-0667}.

Since the Hanford fall chinook are the same kind of chinook
as PR, It would be appropriate to acknowledge Hanford tagging as
the longest continuocus application of -CWT to measure fisheries
contributions and smolt to adult survival in a naturally spawning
Pacif ic salmon population. Also, since the distributions of ocean
fishery recoveries for PR and Hanford Reach are similar, this
would validate the extension of the results of the flow survival
model to naturally spawning fall chinook in the mid-Coclumbia.

The use of Priest Rapids CWT tag recoveries as proxies for
calculating the vital statistics of at least some of the
naturally spawning fall chlnook populations of the mid-Tolumbia
has been validated by data, as 1s not usually the case {n CWT
studies.

The validity of hatchery CWT returns as proxies for thelr
naturally spawnlng counterparts figures very prominently In
supporting the assertions and conclusions reached in the flilrst
paragraph on page 18.

O - page 13, General issues . . ., first para. last sentence.

November 15, 1993
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Please clarify wvhether Bonneville and Washougal had almost no
releases of CWT marks, or just no on-station releases during this
“ime period.
O - page 18, flrst paragraph. 3See comments for page 12; above.
The validlity of this assertion rests on the similarity, or lack
thereof, of hatchery fish to naturally spawning fish. Given the
fact that a number of authors, including Hllborn, Waples and
others, consider hatchery fish inferior in many respects,
including survival, to their naturally spavning counterparts, the
fact of similarity between PR hatchery and the naturally spawning
fall chinook has to be established. The validity of extending
these results to other types ocf salmon spawning {n other parts of
the Columbla Basin bumps up against the problem of synchrony,
iscussed above.
O - page 18, second paragraph. See comments for page 12 above.
Approach the applicabllity of results in terms of solving the
problem of synchrony.
C - page 19, f irst paragraph; the findings are cons!stent with
the hypothesis that survival of juvenile emigrants is positively
reilated to flow. The hypothes ig2 iz also consistent with known
mechanlsms of mortallity during emigration.
- page 19, second paragraph, third sentence; please explain how
fiow "undoubtedly" could impact conditicns influencing survival
ln the estuary; cite a reference. Why woulé any cof the
Clfferences identifled in this paragraph impact lowver river and
upriver stocks differently? 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 13 reduced Aurxr ing higher
flecws, or 1{f predation in the hydroelectric system is reduced
dux ing higher flows, or diseases associated vith elevated
temperatures are impeded during higher flows, or {f{ migratory
delay induced residualism is decreased during higher flows, then
all of these mortalities would not be experienced by the lowver
river stocks. On the other hand, upriver stocks would suffer in
the estuary right along with lower river stccks, and so forth.
Frankly, I £ind these apologies for cecmparing upriver to lowver
river stocks unnecessary.
O - The Discussion section needs to b e expanded to correspond
more closely to the results.

o

e0 - p. 3, first para., next to lagst sentence, migsing word,
"life" between "ocean-type" and "life" follcwing "fall chinocok."

eC - p., 3, filrst para., last sentence, extra word, "out" before
"migrate."

e0 - p. 3, last para., second sentence, extra word, "out" Dbefore
"migrant"; "migrant" is the wrong word, it should Lbe "migrating."

November 15, 1993 5
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Use of "cut" is redundant, since smolts only migrate in one
direction, out, although smolts do not necessarily migrate, since
they may residualize.

eC - p. 3, last para., third sentence, and elsewhere in the
manuscript please consider replacingt h e term, "out migration,"
with, "migrat ion, " or with "migration to the sea", or "downriver
migration." There area | s o the alternatives, "emlgration" and

"emigrant." Consider replacing all occurrences of "out migrant"
vith "emigrant."

e0 - p. 4, third paragraph, flrst sentence, awkward@ construction,
colloquial language.

PC - p. 4, last paragraph; Management actlon (1i); a verb 1s
needed her e and there, " .. .juvenile salmon are collected . ..

e0 - page 6, first and second lines; awkwvard construction; delete
all but, "where tagging is done to determine the contributicrn of
hatchery tc fisneries and spawning escapenments ."

eC - page 6, second paragraph, next to last line and third
caragraph, second line; The use of "we" represents a change of
person. Decide on which person the paper is going to bhe written
iv5 ané stick to it. I advise against the use of pronouns in Lhe
f£irst and second person, although some journals find this
acceptable.

e0 - page 9, Appropriate statistical model, line before Egn. 53,
e X tra words, "given the" tefore "predicted" and missing word,

"model" after "probability."

e0 - page 13, first line after eqn 10, "DM" needs tom a t ¢ h the
form used in eqn. 10, and the wrong word, "def lance,” is usedin

place of "deviance."

e0 - p. 22, Check spelling on References; e.g. Lebreton et al.
reference, "unified," s e e also Pascual 1993.

eC - End of editorial 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. S8nedecor and Ccchran (1980), Statistical Methods, Seventh
Edition, p. 31, sect. 3.5, Iowa State Unlv. Press.
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Subject: The rdationship 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 “fina solution” 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 colloquia. 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 forma 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
biologicaly critical, debate over the role of river flow in salmon recovery, and that the focus
ison fal 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 intellectua 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 fal chinook salmon in the mid-Columbia by impoundment, that the data

anaysis 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 salimon
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 tempora properties.

6. Focus the paper on evauating the potentia relation between flow and survival,
lending less effort to discussion of Bayesan statistica methods and genera 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 a McdNay 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,. . . . .. [page 17] to the more accurately
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 parallél 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. 1992] 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 dternative 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 se=sxd 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 tag groups 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 fal 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 (N-BC) and the west coast Vancouver Island (WCVI). 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 proportiona 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 datistical
methods and general history of the Columbia Basin.

It sill is not clear how a simple linear regression analysis would have led to
conclusions different from those offered by Bayesan methods. The discussion of decision
theory [page 8, 9 and 10] may not be convincing. The question, " . ..if we fail to reect 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 | and type 2 errors.” The
second question, “If we do regject the null hypothesis, how much flow do we allow?’ [page 8,
paragraph 3 ] 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 totaly arbitrary decision. " It may
be true for some investigators, but it should not be. Any manager should make a ressxed
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
a least to the earliest involvement of the Bureau of Commercia Fisheries during the 1920's,
or perhaps earlier.

The first three conditions, (i) - (iii) are not exhaustive or al 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 following,
“Many management actions. . . including . . ."

The description of action (iii) [p. 5, first ling] is not accurate; increased flow and spill
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 al mainstem
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dams have spill and turbine routes.
While no survival studies have been done that have evaluated flow [page 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.
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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 | was completed and published by
the Bonneville Power Administration in November 1993. This report (Phase Il) 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 €licit 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-
guent 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

Priest Rapids hatchery releases of fall chinook salmon for 1987. expanded recaptures grouped by state
and year 1988-1992.

Release data used in river conditions/adult survival rate analysis
River conditions used in analysis.

NMES Data from McNary Dam transportation studies 1986- 1988. used in calculation of fall salmon
transportation-control ratio.

Correlation of percentage of total adult returns to vpa estimates for sunkal to age 2 for each hatchery
in this analysis.

Freeze-branded chinook released at Priest Rapids and sampled at McNary Dam.
Data matrix used for Hilborn et a. model (5 & 6) regressions.
Tag codes of subyearling fal chinook releases used in this anaysis.
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Table Cl: Priest Rapids hatchery releases of fall chinook salmon for 1987, expanded recaptures
grouped by state and year 1988-1992. A test of homogeneity between the nine releases

is rejected: (P(yf > 266.62) = 0)

Recovery Year 3191531916 31917 51918 51919 31920 51921 51922 634128

Alaska
1988 000 000 000 000 000 000 000 000 0.00
1989 000 000 000 000 000 000 000 000 5.07
1990 2920 2811 2447 2774 1160 78 1160 609 4766
1991 1803 11.27 827 644 000 :»H 419 322 1341
1992 000 000 000 000 000 000 000 OO0 0.00

British Columbia

1988 000 000 139 139 696 .39 000 000 0.00
1989 1843 6.98 905 1543 300 000 000 000 9381
1990 372 2664 607 3494 20 15347 2044 1624 5917
1991 656 2654 3248 1133 445 1622 327 902 17.86
1992 000 000 714 000 000 000 000 000 0.00
Washington
1988 000 000 000 828 000 000 000 000 3.19
1989 000 000 225 390 000 2766 000 245 5.42
1990 000 000 000 000 000 000 000 000 lO.14
1991 230 364 000 000 000 000 000 000 0.00
1992 000 000 000 000 000 000 000 0.00 0.00
Oregon
1988 000 000 000 000 000 000 000 000 0.00
1989 000 000 000 000 000 000 000 000 1.50
1990 000 000 000 243 000 000 000 000 0.00
1991 000 000 000 367 000 000 000 0.00 0.00
1992 000 000 000 000 000 000 000 0.0 0.00
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Table C2: Release data used in river conditions/adult survival rate analysis

release  release :::i:ls Grays River B(;n::hv;llc C u_w litz  Washougal Tzng;s
sear day vpa vpa vpa vpa vpa vpa

"6 182 0.0565 NA NA NA NA NA
) 182 0.0624 NA NA NA NA Na
o | By 00176 0.0009 NA NA 0.0363 0.0033
"8 1 00102 0.000~ NAa 0.0071 0.0098 NaA
-9 142 00210 0.0025 0.0609 NA NA 0.0063
9 178 0.0051 0.0025 0 0609 NA NA 0.0063
-9 1”8 0.0052 0.0025 0.0600 NA NA 0.0065
-0 178 0.0036 0.0025 0.0600 NA NA 0.0063
S0 177 0.0115 0.003" 0.0278 0.0032 000™" 00025
81 174 0.0089 0.0068 0.0281 0.0195 0.0062 0.0060
81 137 0.0265 0.0068 0.0281 0.0195 0.0062 0.0060
32 166 0.0169 0.001~ 00250 0.0034 0.003" 0.0035
82 137 0.032~ 0.0017 0.0250 0.0034 0.003" 0.0035
83 143 0.0271 0.0035 00270 0.0084 0.0148 0.0099
83 172 0.0430 0.0033 0.0270 0.0084 00148 0.0099
34 164 0.0427 NA 0.0370 0.0234 0.0423 0.0013
84 164 0.0503 NA 0.0370 0.0234 00423 0.0013
ko 164 0.0520 NA 0.0370 0.0234 0.0423 0.0013
85 161  0.0610 0.0583 0.0454 00270 0.0443 0.0878
85 161  0.0619 0.0583 0.0454 0.0270 0.0343 00878
86 % 00327 0.0072 NA 0.0064 0.0105 NA
86 162 0.0077 0.0072 NA 0.0064 0.0105 Na
8" 124 0.0089 NA 0.1639 0.0041 0.0029 0.0189
8 124 00136 NA 0.1639 0.0041 0.0029 0.0139
8 124 00117 NA 0.1639 0.004] 0.0029 0.0189
8 124 00158 NA 0.1639 0.0041 0.0029 0.0189
87 123 0.0024 NA 0.1639 0.0041 0.0029 0.0189
87 123 0.0037 NA 0.1639 0.0041 0.0029 00189
87 123 00037 NA 0.1639 0.004 | 0.0029 0.0189
87 146  0.0053 NA 0.1639 0.0041 0.0029 0.0189
87 175  0.0081 NA 0.1639 0.0041 0.0029 0.0189
88 169  0.0018 NA 0.0021 0.0008 0.0046 0.0016
89 179  0.0029 0.0015 0.0094 0.0013 NA 0.0056
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Table C3: River conditions used in analysis.

spui} spiii
release  release flow a flow b spill.a spill b wurba turb.b empe.a empe.h S‘pl_“ o mano
sear day Fatio var oy

6 182 24174183 -167.0772 88245.0739 -1985.8785  1.9643 N.0270 15,4424 01153 0.2565 00202 05542
) 182 24174483 -167.0772 R8245.0739 -1985.8785 1.9643 nozta 153424 0.1113 0.2563 00202 0.5542
o 1-- 94852.96 -101.0126 0 0000 0.0000 16873 NU200 [U3Te 00274 00000 0.0 NA

-8 v 21777143 -1380.1387 -4.9261 10.9469  2.762% -00293 i6 4329 D08~ 0000~ QXN 3.6682
-0 142 265992 86 ~134.1270 45321.6749 -2214.039% 18461 0.0143 13.2581 0.0023 00734 00062 10713
Y 1°8] 143738.18% -1272.0338 0.0000 [0XV.0.) LRI V1Y R 0.0221 169010 1).;223 0.0000 Q0000 NA

9 178 143738.18 -1272.9338 0.0000 [BXY.3.) D ERIC X T{ 8] 00221 169010 013435 00000 00000 Ny

-9 1°8 143738.18 -1272.0338 0.0000 0 0000 2.a304 00221 16.9910 01435 00000 00000 NA

80 |-- 223920.41 -3308.921° 3910.5911 -196.5517 2.4333 0.0134 16.1029 0.1283 0.0070 00004 28067
S 1-1 310043.60 -3449.2611 R1483.9001 37778 22466 0.0136 151725 0.0578 0.1217 00197  }.1523
81 137 19994729 9125.8621 -21158.1281 119386973 2.8419 00224 12.2565 10).0693 0.4333 00711 0.6133
82 166 430767 .40 -1091.2425 257445.0739 -3029.5203 20145 -.0172 14.3375 0.0842 0.5766 00176 0.2299
82 137 382620.06 -2641.5709 193980.7882 -2769 2118 21010 0.00)34 116737 1.0686 0.4367 00027 0.1130
83 143 3908R0.05 43548714 211188.9163 -3302.8208  Z.2264 -0.0203 [4.2354 00772 0.4086 00138  0.2872
3 172 210916.01 -168.9108 -1874.1379 2782430 1.8131 0.0337 16.0331 0.0849 0.00%0) 0.0010 23904
L] 164 389842.61 ~747.8654 204853.9409 ~1500.8210 1.5493 0.0262 13.5130 0.1305 0.4423 00092 0.2166
A ! 389842.61 17478654 204853.9400 ~4500.8210  1.5493 10.0262 13.5i39 01303 0.4423 0.009Z  0.2166
3 164 389842.61 ~1747.8654 204853.9409 -4500.8210 5403 0.0262 13.5139 0.1305 0.4423 00092 02166
h& 161 20002453 -3191.9759 0.0000 0.0000 23804 03.0362 15 2535 01694 0.0000 000N  NA

/S 161 200024 57 -3191.9759 0.0000 00000 23894 0.0362 15.2535 01693 00000  0.0000  NA

86 ay 257%88.9° -251.510- 42510.0000 -437.2222  1.686” 0.0280 ~.6836 0.0731 01438  0.0073 03922
86 162 258654 .43 -6055.48-1 24858.3251 -1256.1193 {.0036 0.0059 154875 0.1300 0.0447 00038 13797
8" 124 268144.29 -3610.158" T0013.22 -27503448 3.1 X - -0.00099 11.2150 0.1040  0.1499 0014 0.8019
8 124 268143.29 -3610.158~ ~0013.2266 -2750.3448 31227 -0.0000 11.2130 0.1040 0.1499 0014 0.R019
8" 124 268144.20 -3610.158~ “0013.2266 -2750.3448 3.112- -0.0099 11.2150 0.1040  0.1499 001 0.8019
8" 124 268144.29 -361N.1587 “0013.22 -2750.3448 31227 -0.0009 112150 0.1040 0.1499 0014 0.8019
8~ 123 261659.75 -3068024 | 63423.7685 -2258.0569 30756 -0.0053 11.0617 0.1095 0.1496 0014 0.8014
8 123 261639.75 -3068.024| 63423.7685 -2258.0569 3.0756 -0.0053 11.061° 0.1095 0.1496 0014 08014
8" 123 261659.75 -3068.0241 63423.7685 -2258.0569 3.0756 -0.0053 11.061° 0.1095 0.149%6 0014:  0.3014
8~ 146 206426.38 -3572.9858 987 487" -532.7508 0 27542 0.0153 12.9293 0.1695 0.001~ 0.0001  4.3385
8" 175 110719.26 -327.2469 0.0000 0.0000  3.4062 0.0054 18.7630 0.0505 00000 00000 NA

88 169 145405.74 -1611.9595 0.0000 0.0000 3.5961 -0.0031 17.6892 00786 00000 00000 NA

89 179 123858.23 -995.0274 0.0000 00000 3.4569 0.0069 18.2578 0.0041 0.0000 0.0000 NA
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Table C4: NMFS Data from McNary Dam transportation studies 1986-1988, used in calculation
of fall salmon transportation-control ratio.

contro] Ireatment
release spawning spawning
YU paich % dams fisheries hatcheries grounds 4 dams fisheries hatcheries grounds
released # recovered # recovered # recovered #recovered | eleased % recovered #recovered # recovered  # recovered

86 1 10000 0 i0 4 0 10000 3 I 2 0
86 2 10000 2 9 0 10000 0 3 0
86 3 10000 z 13 5 0 10000 0 9 5

86 4 10000 3 (I 13 0 10000 6 26 15 0
86 5 10000 ° 13 5 0 loom 3 34 14 I
86 6 10000 3 10 0 10000 6 30 6 3
86 10000 3 8 I 1 10000 12 43 4 I
86 8 10000 0 0 10000 8 32 4 |
86 9 10000 1 8 0 0 loom I 33 0 0
86 10 10000 0 5 0 0 10000 5 43 2 4
86 11 10000 I 8 0 1 10000 9 16 9 0
86 12 5836 3 0 0 0 4557 2 15 0 0
8" I 10000 2 4 4 0 10003 42 3
87 3 9146 3 - 4 0 9146 6 11 | 2
8~ 3 ~53 3 5 I 0 9834 8 24 2 0
8~ 4 10000 5 17 0 0 10001 5 21 5 0
8~ 5 10000 9 2 I 10000 I 22 | 2
8~ 6 9392 4 10 2 1 9392 21 51 | 6
87 10000 8 5 2 10000 29 93 10 5
88 1 10002 2 4 0 0 10002 3 2 1 0
88 2 10002 0 0 0 0 10003 0 2 1 0
88 3 10002 2 1 2 0 10002 4 1 1 0
88 4 10002 0 1 0 0 10002 0 6 2 0
88 3 10002 0 2 0 0 10002 2 15 0 0
88 6 10000 0 3 0 1 10002 2 18 0 i
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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? Total aduit :ﬁ:‘ :T:xgch Hatchery catch
catch % = - “
Bonneville Brights 0.93° 0.042 0.581
Cowlitz 0.984 0.638 0.937
Gray s River 0,078 0.795 0.977
Priest Rapids 0.%41 0430 0.935
Tanner Creek 0.954 0.270 0.803
Washougal 0.990 0.7 0.955

Table C6: Freeze-branded chinook released at Priest Rapids and sampled at McNary Dam.

Brand Brood Rekease date N Brand Brood  Release date N
RA-T-1 84 6/12/85 1397 LA-U-2 90 6/23/91 S04
LA-T-1 85 6/10/86 2028 LA-U-3 %) 6/20/01 605
LA-T 85 6/10/86 1241 LD-U-1 )] 6/13/91 552
RA-T-2 86 6/08/8~ 1363 LD-U-3 90 6/17/91 490
RA-T-3 86 672218~ 1409 RA-U-| 91 6/24/92 337
RA-R-2 8~ 6/18/88 425 RA-U-3 91 6/15/92 16~
L\R- 1 8~ 6/)6/88 379 RA-U-2 91 6/12/92 470
LA-R-2 8" 6/09/88 404 RD-U-1 91 6/21/92 48~
LA-R4 8~ 6/12/88 429 RD-U-3 91 6/18/92 463
LA-T-| 88 6/12/89 666 La-U-l 92 6/18/93 658
LA-T2 88 6/29/89 178 La-U-2 92 6/15/93 236
LA-T-3 88 6/25/89 335 LA-U-3 92 6/24/93 402
LD-T-1 88 6/18/89 450 LD-U-| 92 6/21/93 329
LD-T-3 88 6/27/89 213 LD-U-3 92 6/27/93 331
RA-H-1 89 607190 372 LAH-1 93 6/20/04 243
RA-H-2 89 6/10/90 333 LA-H-2 93 6/13/93 420

RA-UP-1 89 6/19/90 364 LD-H-1| 93 6/16/%4 22

RA-UP-3 89 6/16/90 384 LD-H-2 93 6/12/9%4 479
RD-H-1 89 6/13/90 214 RA-H-1 93 6/18/94 207
LA-U-| 90 6/26/91 578
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Table C7: Data matrix used for Hilborn et al. model (5 & 6) regressions.

relyr  marked obs.retum flow spitl urb tempe  spill.ratio tonnage hatchery
6 132004 217915 239489.29 6143571 233 16N 0.26 2629033004 priest
"6 152412 3049.78  239489.29 6143571 233 16.% 0.26 2629033004 priest
-- 147338 1238.24 93489.29 0.00 496 19.21 0.00 2676503847 priest
8 152532 “82.70 199139.29 14286 237 17.62 0.00 2696194438 priest
-9 48120 409.85 l10182.14 343214 203 1430 0.07 3938009027 priest
-9 17467 2959 126553.57 0.00 324 1893 0.00 3938009027 priest
-9 5316 633 12655357 0.00 324 1893 0.00 3938009027 priest
-9 82243 132 12655357 0.00 324 1893 0.00 393800902 priest
so 147145 90509 179250.00 125714 261 178 001 3122663209 priest
81 194649 9780 25672857 3123357 246 159 0.12 3791298958 priest
81 42089 46698 32314643 14001429 234 13.19 043 3791298958 priest
82 262176 1468.12  375535.71 21634643 1.78 15.67 0.58 3826687145 priest
82 48700 45355 34291786 15659643 115 12.60 046 3826687145 priest
83 204141 1687.85 332089.29 135685.71 1.95 15.28 0.41 3798441366 priest
83 202388 48007 208635.71 1882.14 227 1718 0.01 3798434366 priest
84 T4170 1668.87 32574643 144092.86 1.90 15.28 043 3113388611 pniest
84 4392 1409657 3257346343 14409286 1.90 15.28 0.41 3113488611 priest
84 T4170 122605 32574643 1409286 1.90 1528 044 31 13488611 priest
85 103665 185143  156932.86 0.00 288 1°.54 0.00 3054288529 priest
85 105224 204062 156932.86 000 288 1754 0.00 454288529 priest
86 107461 1596.55 2544933  3660°.50 .06 8.67 0.14 2636381462 priest
86 203534 982.28  176905.36 T900.71 207 1724 0.04 3656581462 priest
8~ 48975 183.73  219407.14 3288357 290 262 0.15 35533314176 priest
8~ 49769 23942 21940714 32883.57 299 1262 0.15 35533314176 priest
8~ 49331 17344 21940714 3288357 299 1262 0.15 5533314176 priest
8~ 18796 24100 21940714 3288357 299 1262 0.15 5333314176 priest
8~ 19551 62.05 22024143 3204000 300 1254 0.15 3533314176 priest
87 48943 98.84 220241.43 3294000 3.00 1254 0.15 5333314176 priest
ST 49511 81.22 22024143 3294000 3.00 1254 0.15 5333314176 priest
87 48995 87.28 158191.07 27536 296 1522 0.00 5533314176 priest
87 201779 502.88 106301.43 000 348 194 0.00 55333134176 priest
88 196221 10044  123644.29 0.00 355 1875 0.00 3557969121 priest
89 201608 26492  110425.36 000 355 1831 0.00 5884447497 priest
-- 135781 127.82 216338.56 46336.32 .72 15.65 0.16 4314068926 Zrays
T8 143182 5894 216338.56 4633632 272 15.65 0.16 4314068926 grays
79 73872 43.72 21633856 4633632 272 15.65 0.16 4314068926 grays
79 7635 598 21633856 4633632 272 15.65 0.16 4313068926 grays
9 68115 4595 216338.56 4633632 272 1565 0.16 4314068926 grays
79 92358 7487 21633856 4633632 272 15.65 0.16 4314068926 grays
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Table C7: (continued).

relyr  marked obs.return flow spill wrb  tempe  spill.ratio tonnage hatchery
9 23302 6992 21633856 1633632 272 15.65 0.16 4314068926 grays
80 373456 8208 21633856 4633632 272 1565 0.16 4314068926 grays
81 10180 3441 21633856  46336.32 272 1565 0.16 4314068926 gravs
81 64006 123.79 21633856 4633632 272 1565 0.16 4314068926 grayvs
82 27460 6.55 21633856 3633632 27 1565 0.16 4314068926 grayvs
82 45361 25.23 21633856 1633632 72 1565 0.16 4314068926 grays
83 97135 34033 21633856 4633632 272 15.63 0.16 4313068926 grays
8S 52090 149808 21633856 1633632 272 1565 0.16 4314068926 grays
85 52368 151003 21633856 3633632 272 1565 0.16 4314068926 grays
86 49874 123.16 21633856 14633632 272 15.65 0.16 4314068926 rays
86 50635 100.81 21633856 1463363 272 15.65 0.16 4314068926 grays
89 98541 3202 21633856  46336.32 272 1565 0.16 4314068926 gravs
"9 32745 897.03 216338.56 4633632 271 1365 0.16 4314068926 hrights
80 49334 48791 21633856 4633632 272 13.65 0.16 4314068926 brights
80 100717 863.92 21633836 463363 271 15.65 0.16 3313068926 brights
81 99632 693.05 21633856 4633632 272 1565 0.16 4314068926 brights
81 102221 129648 21633856 4633632 2.72 5.65 0.16 4314068926 brights
82 50553 1339.55 216338.56 4633632 172 3.65 0.16 4314068926 brights
82 105029 467.83 216338.56 46336.32 1.7Z 5.65 0.16 43140689206 brights
82 104966 64945 21633856 4633632 272 5.63 0.16  431K68926 brights
83 39918 980.16 216338.56 4633632 272 15.63 0.16 4313068926 brights
83 99570 16149 21633856 4633632 272 1565 0.16 4314068926 brights
83 100244 997.86 216338.56 4633632 271 1563 0.16 4314068926 brights
83 100259 “82.27 21633856 4633632 272 1565 0.16 4313068926 brights
83 99001 147034 21633856 4633632 27 1565 0.16 1313068926 brights
84 210441 1634.69 216338.56 4633632 272  15.65 0.16 4313068926 brights
84 102184 257224 21633856 4633632 272 1563 0.16 4314068926 brights
83 96448 7375 21633856 4633632 272 15.65 0.16 4314068926 brights
84 101431 1819.16 216338.56  46336.32 272 1565 0.16 4313068926 brights
85 78962 2398.68 216338.56 4633632 271 1565 0.16 4314068926 brights
85 206756 178791 21633856 4633632 272 1565 0.16 4314068926 brights
85 51960 1208.71 216338.56 4633632 272 15.65 0.16 43134068926 brights
87 47943 223389 21633856 4633632 272 1565 0.16 4314068926 brights
88 53333 3706 21633856  16336.32 272 1565 0.16 3314068926 brights
89 51181 5425 21633856 4633632 272 1565 0.16 1314068926 brights
89 50424 5443 21633856 4633632 272 1565 0.16 4314068926 brights
89 49742 139 21633856 4633632 272 1565 0.16 4314068926 brights
89 24352 246.53 21633856 4633632 272 1565 0.16 4314068926 brights
78 146001 52930 216338.56 4633632 X171 1565 0.16 4314068926 cowlitz
80 244267 36291 21633856 4633632 272 1565 0.16 4314068926 cowlitz
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Table C7: (continued).

relyr marked obs.retum flow spill wrb tempc  spill.ratio tonnage hatchery
80 T0474 101.19 21633856 1633632 a-_ 15.65 0.16 4314068926 cowlitz
81 20719 395.22 21633856 1633632 272  15.65 0.16 43 14068926 cowlitz
81 15316 866.79 21633856 1633632 172 15.65 0.16 43 14068926 cowlitz
81 121271 326.12  216338.56 4633632 272 15.65 0.16 4314068926 cowlitz
82 41295 2338 31633856 4633632 272  15.65 0.16 4314068926 cowlitz
82 199176 423.14 21633856 4633632 2-= 1565 0.16 43 14068926 cowlitz
83 150236 48046 21633856  16336.32 ax-r=  15.65 0.16 43 14068926 cowlitz
84 18946 476.33 21633856 1633632 a--= 1565 0.16 43 1468926 vowlitz
84 19036 62553 21633856 3633632 272 15.65 0.16 3314068926 cowlitz
x1 48829 45095 21633856 4633632 272 15.65 0.16 4314068926 cowmlitz
S4 49664 47722 21633856 4633632 272 15.65 0.16 43 14068926 vowlitz
85 48633 58231 21633856 1633632 172 13.65 0.16 4314068926 cowlitz
85 48246 54937 21633836 4633632 271 1565 0.16 4314068926 cowlitz
85 48382 532.35 21633836 3633632 a2--  15.65 0.16 4314068926 cowlitz
85 +H126 64441 21633856 1633632 27 15.65 0.16 4313068926 cowlitz
86 197500 550.27 216338.56  16336.32 4-a 1565 0.16 4314068926 cowlitz
8~ 207003 317.53 21633856 4633632 7 15.65 0.16 4314068926 cowlitz
88 205308 97.10 21633856  46336.32 272 15.65 0.16 4313068926 cowlitz
89 206145 205.16 21633856 4633632 272 13.65 0.16 4314068926 cowlitz
T 126007 203149 21633856 4633632 o5 --  13.65 0.16 4314068926 washougal
"8 151399 596.64 21633856 4633632 272 1565 0.16 4314068926  washougal
80 314605 1154.67 21633856 4633632 27 1565 0.16 4314068926 washougal
81 278774 605.63 21633856 1633632 272 1565 0.16 4314068926 washougal
82 170424 376.11 21633856 4633632 272 1565 0.16 4314068926  washougal
83 101206 67498 21633856 4633632 172 1565 0.16 4314068926 washougal
84 101594 2163.75 21633856 4633632 172 1565 0.16 4314068926 washougal
84 100892 137731 21633836  46336.32 272 15.65 0.16 4314068926  washougal
8 5077 70147 21633856 4633632 a-s 1565 0.16 1314068926 washougal
85 52725 580.88 216338.356 4633632 27Z 1565 0.16 4314068926 washougal
85 51408 1260.24 21633856 4633632 ; -» 15.65 0.16 4314068926 washougal
8 26173 661.55 216338.56 1633632 >71 1565 0.16 41314068926  washougal
85 25169 59225 21633856 4633632 27X 1565 0.16 4314068926 washougal
86 214371 808.00 21633856 4633632 a-2 1565 0.16 4314068926  washoueal
87 207377 40045 21633856 3633632 1.7 15.65 0.16 4314068926  washougal
88 213935 44254 21633836 4633632 2L 1565 0.16 4314068926 washougal
-~ 183202 241.36 21633856 4633632 272 1565 0.16 4314068926 tanner
79 96575 57751 21633856 34633632 272 15.65 0.16 4314068926 tanner
79 95576 8921 21633856 1633632 272 1565 0.16 4313068926 I -
-9 287916 8§77.74 21633856  46336.32 272 1565 0.16 4314068926 tanner
-9 15102 5.13 21633856 4633632 272 15.65 0.16 4314068926 tanner
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Table C7: (continued).

relyr marked obs.return flow spill turb  tempc  spill.ratio tonnage hatchery
80 50462 53.80 21633856 4633632 272 1565 0.16 4314068926 tanner
80 19963 3548 216338356 4633632 27 1563 0.16 4314068926 tanner
so 48052 5200 21633836 4633632 271 1565 0.16 4314068926 tanner
80  1%408 3009 31633856 4633632 27> 1565 0.16 4314068926 tanner
80 121071 15591 216338.56 4633632 271 15.65 0.16 3314068926 tanner
{1 129961 34475 21633856 4633632 271 1565 0.16 4314068926 tanner
81 “5T1T 0835 216338356 4633632 217 1563 0.16 3314068926 lanner
81 50805 11979 216338.56 4633632 272  15.65 0.16 3314068926 tanner
81 51600 “8.71 21633856 4633631 2172 1565 0.16 3314068926 tanner
81 33235 B1.58 21633856 4633632 272 1565 0.16 3314068926 tanner
R 31818 20693 216338356 14633632 272 15.65 0.16 4314068226 lanner
81 5104 1985 21633856 4633632 271 15.65 0.16 4314068926 tanner
81 350868 11982 21633856 4633632 272 1565 0.16 3314068926 tanner
Rl 10282" 1239 216338356 3633632 272 15.63 0.16 3314068926 tanner
82 105872 37055 21633836 4633632 272 1565 0.16 3314068026 tanner
82 06798 8730 21633856 4633632 272 15.65 0.16 1314068926 tanner
82 51619 2110 21633856 1633632 272 1565 0.16 1314068926 tanner
82 52452 ~60 21633856 4633632 272 15.65 0.16 4214068926 tanner
82 52518 3329 21633856 4633632 272 15.65 0.16 4314068026 tanner
82 54106 1409 1633856 1633632 271 (563 0.16 4314068926 tanner
82 100062 21615 216338356 14633632 271 15.65 0.16 1314068926 tanner
83 37302 11950 21633856 4633632 272 15.65 0.16 4314068926 tanner
83 19900 286.83 21633836 1633632 1271 1565 0.16 4314068926 tanner
83 50T 29072 21633856 4633632 2T 15.65 0.16 43134068926 tanner
83 52615 178.82 21633856 4633632 71 1565 0.16 4314068926 tanner
83 47369 15-58 21633856 4633632 - 1565 0.16 4314068926 tanner
4 80348 20.19 21633856 4633632 172 1565 0.16 4314068926 tanner
84 80046 1642 21633856 4633632 272 1565 0.16 4314068926 tanner
84  80I3R 69.64 21633856 4633632 272 1565 0.16 4314068926 tanner
84 81282 3826 21633856 4633632 272 15.65 0.16 3314068926 tanner
85  "R36” 2626.60 1633856 4633632 471 1565 0.16 4314068926 tanner
85 "8962 239868 21633856 4633632 ?-:  15.65 0.16 4314068926 tanner
8~ 9891 41.01 21633856 4633632 7 - 1565 0.16 4314068926 tanner
8" 3820 1430 21633856 4633632 271 15.65 0.16 4314068926 tanner
8~ 10402 4339 21633856 4633632 2-: 1565 0.16 4313068926 tanner
8~ 11176 3884 21633856 4633632 171 1565 0.16 3313068926 tanner
8~ 15042 3640 21633856 4633632 272 15.65 0.16 4314068926 tanner
8~ 15683 10442 21633856 4633632 272 15.65 0.16 4314068926 tanner
8 16258 8721 216338356 4633632 7Y 1565 0.16 3314068926 tanner
8~ 1599] 53.53 21633856 4633632 271 1565 0.16 1314068926 tanner
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Table C7: (continued).

relyr  marked obs.retum flow spill turb tempc  spill.ratio tonnage hatchery
8" 15551 63.87 21633856 4633632 272 1565 0.16 4314068926 tanner
8" 17933 80.94 21633856 4633632 272 1563 0.16 4314068926 tanner
8 15694 95.09 21633856 4633632 272 1565 0.16 4314068926 tanner
8" 16050 6741 21633856 4633632 7 1565 0.16 4314068926 tanner
87 16873 8455 21633856 4633632 XTI 15.65 0.16 4314068926 tanner
- 16940 4429 216338.56 4633632 272 15.65 0.16 4314068926 tanner
87 17630 11471 216338.56 4633632 a.-: 15.65 0.16 4311068926 tanner
8~ 17252 93.43 216338.56 4633632 172 15.65 0.16 1314068926 tanner
87~ 16503 68.07 21633856 4633632 2 - 15.65 0.16 4313068926 tanner
8~ i 88590 ~~234 216338.56 4633632 272 13.65 0.16 4313068926 tanner
8- 16490 131.72 216338.56 1633632 272 15.63 0.16 4313068926 tanner
8~ 17880 130.15  216338.56 1633632 2.7 15.65 0.16 4314068926 tanner
8~ 19665 98.68 216338.56 46336.32 *>7  15.65 0.16 4314068926 tanner
8~ 17120 8248 21633856 4633632 as-3  15.65 0.16 4314068926 tanner
X - 15-91 61.50 216338.36 4633632 272 13.65 0.16 4313068926 tanner
8~ 18171 138.38 21633856 4633632 =2-= 1565 0.16 4314068926 tanner
8~ 13911 102.09 116338.56 46336.32 7 1565 0.16 4314068926 tanner
4= 16964 10439 21633836 4633632 272 1565 0.16 1314068926 tanner
8~ 1567 104.33 21633856 4633632 27T 13.65 0.16 4314068926 tanner
8~ 17495 15732 21633856 4633632 27T 15.63 0.16 43134068926 tanner
8~ 17389 202 21633856 1633632 7" 1563 0.16 4313068926 tanner
8~ 17926 104.87 21633836 4633632 27I 1563 0.16 4313068926 tanner
87 1765~ 12695 21633836 4633632 27 1563 0.16 4314068926 tanner
8- 17840 7324 216338536 4633632 1.7 15.65 0.16 4314068926 tanner
87 16328 103.89 216338.56 4633632 272  15.65 0.16 4313068926 tanner
8T 18454 146.44 21633856 4633632 7 1563 0.16 4314068926 tanner
87 18276 12244 21633856 4633632 -3 1565 0.16 4314068926 tanner
8~ 18226 109.86 216338.56 4633632 a~-~~» 1563 0.16 4314068926 tanner
8~ 15460 6133 21633856 4633632 7Y 1565 0.16 4314068926 tanner
87 17795 15233 216338.56 4633632 272  15.65 0.16 3314068926 tanner
8" 18385 000 21633856 4633632 272 1563 0.16 4314068926 tanner
87 18202 104.16 21633856 1633632 -~ 1563 0.16 1314068926 tanner
8" 1801 1 126.95 21633856 4633632 272 [565 0.16 4314068926 tanner
87 18044 11435 21633856 1633632 272 1565 0.16 4314068926 tanner
87 17827 170.56 216338.56 3633632 4 -- 15.65 0.16 4314068926 tanner
87 18479 8209 21633856 4633632 271 1565 0.16 4314068926 tanner
87 18259 14588 21633856 4633632 272 15.65 0.16 4313068926 tanner
87 18546 61.20 21633856 4633632 272 1565 0.16 4314068926 tanner
87 18071 87.26 21633856 1633632 272 15.65 0.16 4314068926 tanner
87 17803 13399 21633856 4633632 272 15.65 0.16 4313068926 tanner
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Table C7: (continued).

relyr marked obs.reum flow spill turb  wmpc  spill.ratio tonnage hatchery
87 18462 I58.15 21633856 4633632 272 1565 0.16 4314068926 tanner
8~ 18302 115.64  216338.36 4633632 7> 15.65 0.16 4314008926 I -r
8- 17844 126.13 21633856 3633632 7 15.65 0.16 4314068926 tanner
X- 1808~ 10993  216338.56 463363 272 13.65 0.16 4314068926 tanner
8- 18434 153.26  216338.56 46336.32 = 15.65 0.16 14313068926 tanner
8~ 18707 202.38 216338.36 4633632 272 15.65 0.16 4314068926 tanner
8 18796 17085 216338.36 4633632 as-- 1565 0.16 4314068926 tanner
8 18824 166.55 21633856  46336.32 a--  15.65 0.16 4314068926 tanner
8 1808~ 150.79 216338.56 4633632 a-x 13.65 0.16 3314068926 tanner
87 18302 12973 21633856 4633632 2>"2 15.65 0.16 4314068926 tanner
8~ 18891 20249 21633856 4633632 17X 15.6 0.16 4314068926 tanner
8" 18751 139.24 21633856 4633632 71 1565 0.16 4314068926 tanner
8~ 18653 11212 21633856 4633632 72 15.65 0.16 4314068926 tanner
8 18096 15238 21633856 4633632 272 13.65 0.16 4314068926 tanner
8~ 17821 188.23  216338.56 46336.32 272 15.65 0.16 4314068926 tanner
8~ 18970 161.41 216338356 4633632 a-~ 1565 0.16 4313068926 tanner
8~ 1875~ 17542 21633856 4633632 27  135.65 0.16 43168926 tanner
8 19008 126.83 21633856  46336.32 ?°: 1565 0.16 4314068926 tanner
8~ 18261 136.92 21633856 4633632 as-a  13.65 0.16 31314068926 tanner
X- 18233 17435 21633856 4633632 271 1565 0.16 14314068926 tanner
8: 18532 139.50 21633856 4633632 272  15.65 0.16 4314068926 tanner
8" 18755 20161 21633856 4633632 a2-a  13.65 0.16 4314068926 tanner
87 18278 176.50 216338.56 4633632 I.72 15.63 0.16 4314068926 tanner
X- 18063 10531 21633856 4633632 ~-~ 1363 0.16 4314068926 tanner
X- 18229 123.28 21633856 46336.32 1 -2 15.65 0.16 4314068926 lanner
8 17755 178.16 21633856 4633632 --» 15.65 0.16 4314068926 tanner
8~ 18676 20507 21623856 4633632 s-»  13.65 0.16 4314068926 tanner
8" 18440 21340 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18503 141.52 21633856 4633632 272 15.65 0.16 4314068926 tanner
87 18062 17937 21633856 4633632 a-x 1565 0.16 4314068926 tanner
8~ 18868 14433 21633856 4633632 272 1565 0.16 4314068926 tanner
8~ 18721 211.73 21633856 4633632 272 5.6 0.16 1314068926 tanner
8 18711 170.28 21633856 4633632 71 1565 0.16 4314068926 tanner
8”7 18002 11837 21633856  16336.32 272 1565 0.16 4314068926 tanner
87 17386 14175 21633856  46336.32 271 15.65 0.16 4314068926 tanner
87 19003 18398 21633856 4633632 - 15.65 0.16 4314068926 tanner
87 18753 13455 21633856 4633632 2.°I 1565 0.16 4314068926 tanner
8" 19007 16849 21633856 4633632 271 1565 0.16 4314068926 tanner
8" 18536 14500 21633856 4633632 272 15.65 0.16 4314068926 lanner
87 18112 14235 21633856 4633632 272 15.65 0.16 14314068926 tanner
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Table C7: (continued).

relyr marked obs.retum flow spill turb tempc  spill.ratio tonnage hatchery
8~ 18930 194.534 21633856 4633632 272 1565 0.16 3314068926 lanner
87 18726 226.74 21633856 1633632 AT 1565 0.16 4314068926 tanner
87 18309 182.66 21633856 4633632 172 1565 0.16 4314068926 tanner
8~ 18529 11243  216338.56  46336.32 272  15.65 0.16 4313068926 tanner
87 18312 11009 21633856 4633632 272  15.65 0.16 4313068926 tanner
8T 18298 127.25 21633856  46336.32 272 13.65 0.16 4314068926 tanner
8~ 17830 173.45 216338.56 1633632 217X 15.65 0.16 4314068926 tanner
8~ 18527 84.23 216338.56 4633632 -2 15.65 0.16 1314068926 tanner
8~ 18083 161.91 31633856 4633632 271 [5.65 0.16 4314068926 tanner
88 29380 13.04 31633856 4633632 4 -» 15.65 0.16 1314068926 tanner
88 29001 21.34  216338.56 46326.32 7 15.65 0.16 1314068926 tanner
88 30040 16.57 21633856  146336.32 272 1565 0.16 4314068926 tanner
88 28954 200 21633836 4633632 272 |5.65 0.16 1314068926 tanner
88 29510 12.28 21633856 4633632 21 15.65 0.16 4313068926 tanner
88 29867 1422 216338.56 4633632 4 -~ 15.65 0.16 1313068926 tanner
88 29952 ~.23  216338.56 4633632 27 1565 0.16 1314068926 lanner
88 30071 12.62 216338.56 1633632 .72 15.65 0.16 4313068926 to-r
S8 29821 17.15  216338.56 4633632 27 15.65 0.16 4314068926 tanner
88 30235 994 21633856 4633632 272 1565 0.16 3314068926 tanner
88 29579 12.16 216338.56 46336.32 272 1565 0.16 4314068926 tanner
88 29215 2042 21633856 46336.32 271 15.65 0.16 4314068926 tanner
88 29372 12,12 21633856 4633632 -2 1565 0.16 4313068926 tanner
88 29634 1250 21633856 4633632 a-» 13.65 0.16 4314068926 tanner
88 29450 1275 21633856 4633632 172 13.65 0.16 4314068926 tanner
88 29664 935 21633856 4633632 2.2 15.65 0.16 4314068926 tanner
88 29315 21.86 21633856  46336.32 172 15.65 0.16 4314068926 tanner
88 29437 11.69 216338.56 46336.32 272 1563 0.16 4313068926 tanner
88 29351 12.16 31633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29690 1685 21633856 4633632 asx-= 15.65 0.16 4314068926 tanner
88 29845 836 21633856 4633632 273 15.65 0.16 4314068926 tanner
88 29521 11.95 21633856 1633632 272 1565 0.16 1314068926 tanner
88 pd 1838 216338.56 4633632 272 13.65 0.16 4314068926 tanner
88 29739 12.58 21633856 4633632 272 15.65 0.16 1314068926 tanner
88 2 2372 21633856  16336.32 a-a 1565 0.16 1314068926 tanner
88 29872 11.03 21633856  46336.32 272 15.65 0.16 4314068926 tanner
88 29517 1.00 21633856 4633632 -2 15.65 0.16 1314068926 tanner
88 30087 1746 21633856 4633632 272 15.65 0.16 4314068926 tamer
88 29387 21.83 21633856 4633632 .72 15.65 0.16 4314068926 tanner
88 30006 889 216338.56 4633632 272 1565 0.16 4314068926 tanner
88 29853 1208 21633856 4633632 272 15.65 0.16 4314068926 tanner
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Table C7: (continued).

relyr  marked obs.retum flow spill twrb  wmpe  spill.ratio tonnage hatchery
838 29503 1648 21633856 4633632 27X 1565 0.16 14314068926 tanner
RX 20303 2052 21633856 1633632 272 1563 0.16 4314068926 tanner
Kb 20493 28635 Z1633856 4633632 XTI 15.63 016 3314068926 tanner
88 20813 4.15 21633836 1633632 s.-- 1365 0,16 4314068926 tanner
88 29793 13.65 216338.56 4633632 272 1365 0.16 4314068926 tanner
XX 2484 18.15 21633856 4633632 272 1563 .16 4314068926 tanner
XX 20602 1433 21633836 1633632 272 1563 0.16 4313068026 tanner
88 i SO0 21633856 1633632 2= 1363 0.16 4313068926 tanner
XX 20648 8.09 21633856 4633631 a.-a 3.65 0.16 4313068926 tanner
88 20338 1058 21633856 1633632 7 i5363 0.16 4314068926 tanner
88 2oye 2315 21633856 163363 =" 13.63 0.i6 4303068926 tanner
$S 30248 881 21633856 4633632 : 7 1563 016 4313068926 tanner
88 30193 1633 21633856 1633632 a-- 1503 0.16 4314068026 tanner
88 29509 1488 21633856 4633632 7 1563 0.16 4314068926 tanner
88 30249 11.36 21633856 4633632 27> 1563 0.16 4313068926 tanner
88 20622 2266 216338356 1633632 27 1563 0.16 4314068926 tanner
88 30886 2222 216338356 4633632 27 1563 0.16 431468926 tanner
XX 23413 3011 21633856  46336.32 s-s  15.63 0.16 4314068926 tanner
88 29675 1421 21633856 4633632 272 15.65 0.16 1314068926 tanner
88 20625 1461 21633856 4633632 272 1565 0.16 1314068926 tanner
88 29316 3748 216338356 1633632 a2-3 13065 0.16 4314068926 tanner
88 2942} 38.20 21633856 4633632 7 15.65 0.16 1314068926 tanner
83 29235 ~Saa 21633856 4633632 271 15.65 0.16 431468926 tanner
88 29694 2037 11633856  46336.32 272 13.65 0.16 4314068926 tanner
88 20685 3167 21633856 1633632 27 15.65 0.16 4313068926 tanner
88 29344 2632 21633856 4633632 a-= 1565 0.16 4314068926 tanner
88 29474 50.78 21633856 1633632 7 1503 0.16 4314068926 tanner
88 29394 4541 21633856 4633632 27X 15.65 0.16 4314068926 tanner
88 29658 2269 21633836 1633632 7 1563 0.16 4314068926 tanner
89 29639 60.61 21633856 1633632 a-: 15.65 0.16 4314068926 tanner
89 29680 "853 21633856 4633632 a-:= 1365 0.16 4314068926 tanner
89 29695 T2.76 1633856 4633632 2. 1563 0.16 4314068926 tanner
89 30072 9543 21633856 1633632 271  15.65 0.16 4314068926 tanner
89 30026 80.79 21633856 4633632 272 1565 0.16 331468926 tanner
89  3004° 14508 21633836 4633632 272 1565 0.16 4314068926 tanner
89 29737 1605 216338.56 4633632 ~-+ 1365 0.16 4314068926 tanner
89 29734 2256 21633856 4633632 272 15.65 0.16 4314068926 tanner
89 29721 19.38 21633856  46336.32 27 1565 0.16 4314068926 tanner
89 29391 4221 1633856 4633632 271 1565 0.16 4314068926 tanner
89 29373 6405 21633856 4633632 272 15.63 0.16 4314068926 tanner
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Table C8: Tag codes of subyearling fall chinook releases used in this analysis.

Bonneville Brights Hatchery

071658

72143
073125
074320
071417

071660

72424
072829
073318
075521

71661
072426
073008

74254

75618

071735
072545
073126

74304
075619

071733 071734 072207
072548 072547 072741
073323 073326 073007
074963 075030 075033
071460 071461

072141
072826
073317
073555

Bonneville Tanner Creek Hatchery

72142
72827
074129
75408

072506
072828

74309
075409

072507
073124
074319

71416

091605
072133
072343
072416
073121
232058
232106
232117
232128
232139
232150
232161
232209
232220
232511
232532
232555
232613
232635
233111
074747

075756

71656
072134

72344
072417
073122
232059
232107
232118
232129
232140
232151
232162
232210
232221
232513
232535
232556
232614
232637
233122
074749

071639
072135
072345

72425
073123
232060
232108
232119
232130
232141
232152
232163
232211
232222
232514
232537
232559
232616
232638
233135
074750

071608

72136
072346
072546
073322
232061
232109
232120
232131
232142
232153
232201
232212
232223
232516
232538
232561
232619
232641
233147
074752

071613 071657 071842
072157 072138 072139
072338 072140 072363
072663 072701 072727
073323 232052 232053
232062 232063 232101
232110 232111 232112
232121 232122 232123
232132 232133 232134
232143 232144 232145
232154 232155 232156
232202 232203 232204
232213 232214 232215
232224 232225 232501
232519 232521 232522
232541 232542 232544
232562 232601 232602
232621 232622 232625
232642 232644 232647
233159 233207 232802
074755 074756 074402

Cowlitz Hawchery

071843
072156
072407
072728
232054
232102
232113
232124
232135
232146
232157
232205
232216
232502
232525
232547
232604
232626
232649
232814
074404

71914

72329
072408

72729
232055
232103
232114
232125
232136
232147
232158
232206
232217
232504
232526
232549
232607
232628
232650
232826

75753

071736
072341
072414
072730
232056
232104
232115
232126
232137
232148
232159
232207
232218
232507
232528
232550
232608
232631
232652
232838
075754

71913
072342
072415

73120
232057
232105
232116
232127
232138
232149
232160
232208
232219
232508
232531
232552
232611
232632
232655
232850

631802
632603
633237
634056

631942
632503
633238
634526

631951
632610
633448
635015

632154
632327
633449

632159 632137 632156
632328 633019 633020
633450 633451 634108
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633124
634126

632032
633125
635231

632450
633235
635250

632462
633236
630452



Table C8: Tag codes of subyearling fall chinook releases used in this analysis.

Grays River Hawchery
130402 130807 131615 631603 631743 631646 631833 631937 631939 631859 632043
632340 632263 632458 632459 632237 633242 633243 633326 633327 633759 633760
630419 635337 635538 6335541 634218 634220 635911 634227 634229 634615 634933

Washougal Hatchery

010206 631641 631803 631938 631946 632153 632251 632148 632461 632238 632239
632259 633116 633117 633118 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 Hawchery
131101 131202 631662 631741 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 635249
630732 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
Comparison of VPA's estimated before and after CWT database update in November 1995
Plots of daily flows for the month following Priest Rapid's releases.
Plots of daily spill for the month following Priest Rapid's releases.
Plots of daily turbidity for tik month following Priest Rapid's releases.
Plots of daily temperature for the mouth following Priest Rapid's releases.
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Figure DI 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 DI: Comparison of VPA'’s estimated before and after CWT database update in November 1995,
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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 representsinitial 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 summarize 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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Regressions lines summarize turbidity for the month.
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Release year + hatchery 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

rates.

<

Table EI: Analysis of deviance tables for base model (1).

Source at Deviance Mecan Dev. F p R?
Total o 317 556.4877
releasc year 13 351.9525 270733 402389 1.0x10°'¢ 0.6325
error 304 2045351 0.6728

Source af. Deviance Mean Dev. F p R
Total, o, 317 5564877
hatchery 5 705931 14.1186 90658  461x10% 0.1269
error 312 485.8946 1.5574

Source af Deviance Mean Dev. F P R
Totaleoyr 317 5564877
release year 13 351.9525

. 0.6866

batchery s 30.1358 60272 103333 3.73x10%°
CITONyage mrodel 299 1743993 0.5833
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Table E2: Analysis of deviance tables for release year + hatchery + one river condition at
McNary Dam. R2 values are for base model + river condition.

Source df Deviance Mean Dev. F p R2
Otalygee model 174.3993
flow [ 11.0859 1.0859 202285 9 g6x)0% 0.7065
error 298 1633135 0.5480 |
Source df Deviance Mean Dev. F P R2
“Totalyeee modet 299 1743993
1 10.8316 10.8316 19.7338 1 26x10% 0.7061
error 298 163.5677 0.5489
Source df Deviance Mean Dev. F P R?
“Totaliey, modet 299 1743993
turbidity 1 12.7106 127106 234263 209x10°% 0.709%4
error 298 161.6887 0.5426
Source af Deviance Mean Dev. F P R2
Totalyee, model 299 1743993
temperature (C) 1 00018 0.0018 0.0031 0.9559 0.6866
aror 208 1743975 0.5352 |
Source dar Deviance Mean Dev. F p R?
Totalye, godei 299 1743993
spill ratio 1 9.0525 90525 163151 0.0001 ! | 0.7029
error 298 1653468 0.5549 |
Source df Deviance Mecan Dev. F p R?
Totalye, moses 299 174.3993
hatchery contribution t 196183 196183 317710 555109 | 07219
error 298 154.7811 0.519%4

Hatchery contribution is the most significant variable, but note that all except temperature have low p
values (p < 0.05).
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Table E3: Analysis of deviance tables for release year + hatchery + two river conditions at McNary
Dam. The over-all model p value is the significance measure for both river conditions added to
the base model release year + hatchery, not all four variables together.
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Source d.L Deviance Mean Dev. F p
hatchery contribution 1 19.6183
flow 1 54509 6.4509 10.8413 0.00t1
error 297 1493301 0.5028
over-all model p value 9.81x10°!
Source df Deviance Mean Dev. F P
Totalye, model 299 1743993
hatchery contribution 1 19.6183
spill 1 52793 5.2793 10.4878 0.0013
error 297 1495018 0.5034
over-all model p value 1.16x10°'¢
Source daf Deviance Mean Dev. F p
Totalyege model 299 1743993
haichery contribution 1 19.6183
turbidity ! 5.2862 5.2862 105021 0.0013
error 297 149.4948 0.5033
over-all model p value 1.15x10°10
Source df Deviance Mean Dev. F p
Totalyeas mode! 299 1743993
hatchery contribution 1 19.6183
iemperature (C) 1 12037 1.2037 23279 0.1281
error 297 1535773 0.5171
over-all model p value 6.31x10%
Source df. Deviance Mean Dev. F P
Totalyepe modet 299 1743993
hatchery contribution 1 19.6183
spill ratio 1 50709 5.0709 10.0599 0.0017
error 297 149.7102 0.5041
over-all model p value 1.43x10°10




Again, all added river conditions except temperature are highly significant (p < 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 + threeriver conditions at McNary
Dam. The over-all model p value is the significance measure for the three river conditions added
to the base model release year + hatchery, not all five variables together.

Source df. Deviance Mean Dev. F p
Totalygse mode! 299 174.3993
haichery contribution +low 2 250602
spill 1 0.1805 0.1805 03583 0.5499
error 296 149.1496 0.5039
over-all model p value 4.73x10710
Source d.f Deviance Mean Dev. F p
Totalyey, modet 299 1743993
batchery contribution +flow 2 25.0692
trbidity [ 05873 0.5873 1.1687 0.2806
error 296 148.7429 0.5025
areraﬂmoddpvahle 3.l8x10"°
Source d.f Deviance Mean Dev. F p
Totalpege model 299 174.3993
hatchery contribution +flow 2 25.0692
temperature (C) 1 0.5096 0.5096 10135 03149
error 296 148.8206 0.5028
over-all model p value 3.43x10°0
Source df. Deviance Mean Dev. F P
Totalyp e model 299 1743993
hatchery contribution +flow 2 25.0602
spill ratio C 00321 0.0321 '0.0636 0.801 |
error 296 1492981 0.5044
over-all mode] p value 5.46x10°°

No further information is gained by adding more river conditions to the regression. The best
model is log(observed returnsitotal released) = release year + hatchery + hatchery contribution

+ flow.
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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 ES). The addition of any other covariate, with the exception of tempera-
ture, prior to flow appears to make the flow covariate nonsignificant (p > 0.05) to the model. This exercise

simply confirmed that flow was highly correlated with most other river conditions.

Table ES: Analysis of deviance tables for release year + hatchery + hatchery contribution + oneriver
condition + flow at McNary Dam. The over-all model p value is the significance measure for the three
river conditions added to the base model release year + hatchery, not all five variables together.
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Source df Deviance Mean Dev. F P
Totalyyy, modet 299 1743993
batchery contribution +spill 2 24.8976
flow ! 03522 03522 0.699 0.4038
error 296 149.1496 0.5039
over-all model p value 4.73x10°10
Source df Deviance Mean Dev. F p
Totalyeys modet 299 1743993
hatchery contribution + 2 24.9045
turbidity
flow I 0.7520 0.7520 1.4964 0222
error 296 148.7429 0.5025
over-all model p value 3.18x1070
Source dL Devisnce Mean Dev. F p
Totalyeye modes 299 1743993
hatchery contribution + 2 20.8220
temperature (C)
flow 1 4.7568 4.7568 9.4611 0.0023
error 296 148.8206 05028
over-all model p value 3.3x10°°
Source dL Deviance Mean Dev. F p
Totalyg modl 299 1743993
haschery contribution + 2 24.6892
spill ratio
flow 1 04121 0.4121 0.8170 03668
error 296 1492981 0.5044
over-all model p value 5.46x10°10




i

Appendix F: ANODEV Tables for Modd (2)

Table of Tables

base model (2). (model (1). adjusted for probability of transportation).
release year + hatchery + one river condition at McNary Dam.
release year + hatchery + two river conditions at McNary Dam
release year + hatchery + three river conditions at McNary Dam.
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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 F1: Analysis of deviance tables for base model (2), adjusted for probability of

transportation.

S;ulce df Deviance Mean Dev. F p . R?
Total, 317 547.8629
releasc year 13 341.8419 262955 383011 . jox10'® 0.6240
emor 304 206.0209 0.6777

Source daf Deviance Mean Dev. F P Rr?
Total oy 317 547.8629
batchery 5 59.2985 11.8597 75737 9.90x10" 0.1082
error 312 4885644 1.5659

Source df Deviance Mean Dev. F P R?
Total oy 317 547.8629
release 13 341.8419

yeur 0.6765

+ hatchery 5 28.7870 57574 97129 131x10%
T e modal 299 177.2339 0.5928
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Table F2: Analysis of deviance tables for release year + hatchery + one river condition at

McNary Dam.

Source dt Deviance Mean Dev. F P R?
Totalyepe model 299 177.2339
flow 1 13.8247 13.3247  B2113  g36x10” 0.7017
error 298 163.4092 0.5484

Source daf Deviance Mean Dev. F P R?
Totalyeey model 299 1772339
spill [ 13.8282 133282 252182 g gyxi007 0.7017
error 298 163.4057 0.5483

Source d.f Deviance Mean Dev. F P Rr2
Totalpess mode! 299 177.2339
wrbidity 1 14.5907 145907  26.7335 420510 0.7031
error 298 162.6432 0.5458 |

Source df Deviance Mean Dev F p R?
Tokalyeee mode! 299 177.2339
temperature (C) 1 0.0149 0.0149 0.0251 0.8742 0.6765
error 298 177.2190 0.5947

Source df Deviance Mean Dev. F p Rr2
Totalyepy mode! 299 1772339
spill ratio 1 11.7868 11.7868 212301  g6osx10% 0.6980
error 298 165.4471 0.5552

Source daf Deviance Mecan Dev. F p R?
Totalpege model 299 177.2339
hatchery contribution [ 204462 204162 388612 155¢10%°.| o0.7138
error 298 156.7878 0.5261

Hatchery contribution is the most significant variable, but note that all except temperature have low p
values (p << 0.05).
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Table F3: Analysis of deviance tables for release year + hatchery + two river conditions at McNary
Dam. The over-all model p value is significance measure for both river conditions added to
the base model release year + hatchery, not all four variables together.

Source df Deviance Mean Dev. F P
Totalygge mode! 299 1772339
hatchery contribution 1 20.4462
flow 1 73559 7.3559 14.6200 0.0002
error 297 1494319 0.5031
over-all model p value 9.90x10°12
Source dt Deviance Mean Dev. F p
Totalyey, model 299 177.2339
haichery contribution 1 20.4462
spill 1 73721 73721 14.6537 0.0002
error 297 149.4157 0.5031
over-all model p value 9.74x10°12
Source df Deviance Mean Dev. F p
Totalygge modol 299 177.2339
hatchery contribution 1 20.4462
wurbidity 1 64352 6.4352 127119 0.0004
eror 297 1503525 0.5062
over-all mode] p value 2.46x10"11
Source df Deviance Mean Dev. F P
Totalyege modal 299 177.2339
hatchery contribution 1 204462
semperature (C) 1 1.6662 1.6662 3.1902 0.0751
error 297 155.1215 0.5223
over-all model p value 2.54x10%
Source df Deviance Mean Dev. F P
Totalyey, model 299 177.2339
hatchery contribution 1 204462
spill ratio 1 7.1100 7.1100 14.1081 0.0002
error 297 149.6777 0.5040
over-all model p value 1.26x10°!!

Page 176




Again, all added river conditions except temperature are highly significant (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 + threeriver conditions at McNary
Dam. The over-all model p value is significance measure for the three river conditions added
to the base model release year + hatchery, not all five variables together.

Source d.f Deviance Mean Dev. F p
Totalpgge model 299 177.2339
hatchery contribution 2 27.8182
+spill
flow 1 03478 0.3478 0.6907 0.4066
error 296 149.0679 0.5036
over-all model p value s.19x10
Source df Deviance Mean Dev. F P
Totalygse modet 299 177.2339
hatchery contribution 2 27.8182
+spill
turbidity 1 13003 1.3003 2.5986 0.1080
error 296 148.1154 0.5004
over-all model p value 1.65x10°1!
+ Source df. Deviance Mean Dev. F P
Totalyepe model 299 177.2339
hatchery contribution 2 27.8182
+opill
temperature (C) 1 0.0081 0.0081 0.0160 0.8993
error 296 149.4076 0.5048
over-all model p value 5.84x10'!!

No further information is gained by adding more river conditions to the regression.
The best model is log(observed returns/total released) = release year + hatchery + hatch-

ery contribution + spill.
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Appendix G: ANODEV Tables for Modd (3)

Table of Tables
Grays River reference, using single river conditions and unadjussed observed counts.
Grays River reference using two river conditions and unadjusted observed counts.
Boaneville Brights reference using single river conditions and unadjusted observed counts.
Bonneville Brights reference using two river conditions and unadjusted observed counts.
Boaneville Brights reference using three river conditions and unadjusted observed counts.
Cowlitz reference using single river conditions and unadjusted observed counts.
Cowlitz reference using two river conditions and unadjusted observed counts.
Washougal reference using single river conditions and unadjusted observed counts.
Washougal reference using two river conditions and unadjusted observed counts.
Washougal reference using three river conditions and unadjusted observed counts.
Tanner Creek reference using single river conditions and unadjusted observed counts.
Tanner Creek reference using two river conditions and unadjusted observed counts.
Tanner Creek reference using three river conditions and unadjusted observed counts.
Tanner Creek reference using four river conditions and unadjusted observed counts.
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Table G1: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and observed counts. unadjusted for the probability of

transportation.

Source df Deviance Mean Dev. F P R2
Totalooe 17 18.7713
flow.s + flow.b® 2 4.3690 24345 26267 a 1052 0.2694
error 15 13.9023 0.9268

Source df. Deviance Mean Dev. F P R?
Total,oy 17 18.7713
spilLa + spillb 2 40949 20473 20926 01579 | 0218
emror 15 14.6765 0.9784

Source dL Deviance Mean Dev. F P R?
Total,, 17 1877113
turb.a + turbb 2 1.7406 23703 25341 0.1127 0.2525
error 15 14.0307 0.9354

Source dt Deviance Mean Dev. F P R?
Total o 17 18.7713
tempc.a + tempc.b 2 10.2587 5.1293 90383 0.0027 0.5465
evor 15 85127 0.5675 I

Source af Deviance Mean Dev F P R2
Total oy 17 18.7713
spill ratio 1 4.1407 4.1407 45283 0.0492 02206
error 16 14.6306 0.9144

Source dt Deviance Mean Dev. -F P R?
Total o 17 18.7713 |
hatchery contribution 1 15229 1.5229 14177 0.2520 I 00811
error 16 17.2484 1.078 |

a. “ a” ending indicates the intercept. “.b” indicates the slope of the linear regression for that variable.
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Table G13: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Dam and observed counts, unadjusted for the probability of

transportation.

Source L Deviance Mean Dev. F P
Total o, 27 68.6817
spill ratio + 3 445673
turba + turbd
flow.a + flow.b 2 1.4559 0.7280 0.7068 0.5041
ervor 2 22, 1.0299
over-all model p value 0.0001
Source df Deviance Mean Dev. F P
Totaleoy 27 68.6815
spill ratio + 3 415673
turba + turbb
tempc.a + lempe.b 2 85874 4.2937 6.0837 0.0079
error 2 155270 0.7058
over-all mode] p value 1.79x10°%
Source df Deviance Mean Dev. F P
Totalpo, 7 68.6817
spill ratio + . 3 445673
turba + turbb
hatchery contribution 1 25482 25482 27176 0.1128
error 3 215663 0.9377
over-all model p value L46x10°%
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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
transportation.

Source df Deviance Mean Dev. F p R
Totalooy 26 615207
flow.a + flowb 2 145308 7.2654 3.7108 0.03% 02362
eror % 46.9899 1.9579

Source dL Deviance Mean Dev. F P R2
Total 26 615207
spilla + spillb 2 144427 7.214 3.6814 0.0403 02348
error %4 47.0780 1.9616

Source dL Deviance Mean Dev F P R?
“Total gy 26 615207
turb.a + turbd 2 280382 14.0191 10.0488 0.0007 0.4558
error % 334825 1.3951

Source df Deviance Mean Dev. F P R?
“Totaloor 26 61.5207
tempc.a + empe.b 2 3.1603 1.5802 0.6498 0.5311 00514
error % 583604 24317

Source dfr Deviance Mcan Dev. F P R?
Totalee 26 615207
spill ratio 1 11.2267 11.2267 5.5806 0.0263 0.1825
error 25 50.2940 20118

Source af Deviance Mean Dev. F P R?
“Totalogy 2% 61.5207
hatchery contribution [ 193527 19.3527 114736 0.0023 03146
error 2 42.1679 1.6867 [
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Table G11: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

Source dL Deviance Mean Dev. F p R?
Total o 7 68.6817
spill.a + spillb 2 27.8558 13.9279 8.5288 0.0015 0.4056
am - 25 40.8259 1.6330 .

Source df Devisnce Meaa Dev. F P R?
Total,,, v 686817
turb.a + trb.b 2 85775 11.7888 65342 0.0052 03433
error 2 45.1041 1.8042 |

Source df Devisnce Mean Dev. F P R?
“Total o 7 68.6817
tempe.a + tempe.b 2 1.7408 0.8704 03251 0.7255 00253
error 25 66.9409 26776

Source af Deviance Mcan Dev. F P R?
Totalooy, z 68.6817
spill ratio [ 25.8368 25.8368 15.6788 0.0005 03762
error 26 42.8449 1.6479

Source daf Devisnce Mean Dev. F P R?
Total o n 68.6817
hatchery contribution 1 23.7957 87957 137835 0.0010 03465
error 26 44,8960 1.7264
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Table GS5: Analysis of deviance tables for Bonneville Brights references using three river
conditions at McNary Dam and observed counts, unadjusted for the probability of

transportation.
Source Deviance Mean Dev. F p
Total o0 26 615207
turb.a + turb.b + 4 36.7372
tempc.a + tempc.b
spilla + spillb 2 3.5370 1.7685 1.6648 0.2144
error 20 21.2465 1.0623
over-all model p value 0.0008
Source Deviance Mean Dev. F p
Total o 26 61.5207
turb.a + turbb + 4 36.7372
tempc.a + tempce.b
flowa + flowb 2 3.0134 1.5067 13842 0.2735
error 20 21.701 1.0885
over-all model p value 0.0009
Source Deviance Mean Dev. F p
Total o, 26 61.5207
turba + turbb + 4 36.7372
tempc.a + tempe.b
spill ratio | 0.6784 0.6783 05910 0.4506
error 21 24.1051 1.1479
over-all model p value 0.0008
Source Deviance Mean Dev. F p
Total ooy 26 61.5207
turba + turb.b + 4 36.7372
tempc.a + tempce.b
hatchery contribution 1 00150 0.0150 00127 09112
error 21 24.7685 1.1795
over-all model p value 0.0011
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Table G9: Analysis of deviance tables for Washougal references using two river conditions
at McNary Dam and observed counts, unadjusted for the probability of transportation.

Source dar Deviance Mean Dev. F p
Total 25 113235
flow.a + flowb 2 43688
spill.a + spillb 2 1.8299 0.9150 3.4159 0.0520
error 2 56248 0.2678
over-all model p value 0.0027
Source df Deviance Mean Dev. F p
Total o s 118835
flow.a + flowb 2 43688
turba + turb.b 2 0.8518 0.4259 13546 0.2797
error 21 6.6029 03144
over-all modet p value 0.0124
Source df Deviance Mean Dev. F p
Total oy 35 11.8235
flow.a + flowb 2 43688
tempc.a + tempc.b 2 0.6919 03460 10742 0.3596
error 21 6.7628 0.3220
over-all model p value 0.0156
Source df Deviance Mean Dev. F P
Total oy 25 11.8235
flows + flowb 2 43688
spill ratio 1 1.9776 1.9776 7.9437 0.0100
error » 54771 0.2490
over-all model p value 0.0006
Source af Deviance Mean Dev. F p
Totalor 25 113235
flow.a + flowb 2 43688
haichery contribution 1 00167 0.0167 0.0495 0.8260
error 2 74380 03381
over-all model p value 0.0153
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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.

Source df Deviance Mean Dev. F p
“Total oy 25 79715
wrba + wrbb 2 14764
flow.a + flowb 2 03404 0.1702 0.5808 0.5682
error 21 6.1546 0.293)
over-all model p value (| e/ )
Source af Deviance Mean Dev. F P
Total ooy 25 7.9715
turb.a + trbb 2 1.4764
spilla + spillb 2 0.1282 0.0641 02115 08111
error 21 63668 0.3032
over-all model p value 0.2940
Source df Deviance Mean Dev. F P
Total o, 25 79715
turb.a + turbb 2 14764
tempc.a + tempe.b 2 0.3015 0.4008 14790 0.2509
error 21 5.6936 0.2711
over-all model p value 01168
Source d.f Deviance Mean Dev. F P
Total o 25 79NnSs
torb.a + tarb b 2 14764
spill ratio 1 00275 0.0275 00936 0.7625
error » 64675 0.2940
over-all model p value 0.1951
Source daf Deviance Mean Dev. F p
Total o 25 79N5
turb.a + turbb 2 14764
hatchery contribution 1 0.0048 0.0048 00162 0.9000
error » 6.4903 0.2950
over-all model p value 0.2017
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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.

Source dt Deviance Mean Dev. F p
Total o, 25 79715
narb.a + webb 2 14764
fow.a + flowb 2 03404 0.1702 05808 0.5682
error 21 6.1546 0.2931
over-all model p value 02244
Source df Deviance Mean Dev. F p
“Totalogyr 25 79715
turba + murbb 2 14764
spilla + spillb 2 0.1282 0.0641 02115 0.8111
error 21 63668 0.3032
over-all model p value 0.2940
Source df. Deviance Mean Dev. F P
“Totalogy 25 79715
wrb.a + turbb 2 14764
tempc.a + empe.b 2 0.9015 0.4008 14780 0.2509
error 21 5.6936 02711
over-all model p value 0.1168
Source df Deviance Mean Dev. F P
Total oy 25 79M5
turb.a + turb b 2 14764
spill ratio 1 00275 0.0275 0.0936 0.7625
error ] 64675 0.2940
over-all model p value 0.1951
Source df Deviance Mean Dev. F p
Total o 25 79115
turb.a + trb b 2 14764
hatchery contribution 1 B B 0.0048 00162 0.9000
error 2 6.4903 0.2950
over-all model p value 0.2017
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Table G9: Analysis of deviance tables for Washougal references using two river conditions
at McNary Dam and observed counts, unadjusted for the probability of transportation.

Source df Deviance Mean Dev. F [
Total o, 25 11.8235
flow.a + flowd 2 43688
spilla + spillb 2 1.8299 0.9150 34159 0.0520
efror 21 5.6248 0.2678
over-all model p value 0.0027
Source df. Deviance Mean Dev. F P
Total oy 2 11.8235
flow.a + flowb 2 43688
turb.a + turbb 2 0.8518 0.4259 1.3546 0.2797
error 21 6.6029 03144
over-all model p value 00124
Source af Deviance Mean Dev. F P
Total o 25 11.8235
flow.a + flowd 2 4.3688
tempc.a + tempe.b 2 0.6919 0.3460 1.0742 0.3596
error 2 6.7628 03220
over-all model p value 0.0156
Source daf Deviance Mean Dev. F P
Total ., 25 11.8235
flowa + flowb 2 43688
spill ratio 1 1.9776 1.9776 7.9437 0.0100
error 2 54771 0.2490
over-all model p value 0.0006
Source df Deviance Mean Dev. F p
Total oo 2 118235
flowa + flowb 2 43688
hatchery contribution 1 00167 0.0167 0.0495 0.8260
eror 2 7.4380 0.3381
over-all model p value 0.0153
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Table GS5: Analysis of deviance tables for Bonneville Brights references using three river
conditions at McNary Dam and observed counts, unadjusted for the probability of

transportation.
Source Deviance Mean Dev. F P
Total oy 26 615207
turba + turb.b + 4 36.7372
tempc.a + lempc.b
spilla + spillb 2 35370 1.7685 1.6648 0.2144
error 20 21.2465 1.0623
over-all model p valoe 0.0008
Source Deviance Mean Dev. F P
“Totaleg 2 615207
turb.a + turbb + 4 36.7372
tempca + empe.b
flow.a + flowb 2 3.0134 1.5067 13842 0.2735
error 20 21.7701 1.0885
over-all model p value 0.0009
Source Deviance Mean Dev. F p
Total oy 26 61.5207
turb.a + turbb + 4 36.71372
tempc.a + empc.b
spill ratio 1 0.6784 0.6784 05910 0.4506
emror 2 24.1051 1.1479
over-all model p value 0.0008
Source Deviance Mean Dev. F P
Total oy 26 615207
turb.a + turbb + 4 36.7372
fempc.a +w
haichery contribution 1 0.0150 0.0150 00127 09112
error 21 24.7685 1.1795
over-all model p value 0.0011

Page 183




Table G11: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Dam and observed counts, unadjusted for the probability of

transportation.

Source df. Deviance Mean Dev. F P R
Totaloeg ~ n 68.6817
flowa + flowd 2 24.4271 12.2136 6.8996 0.004 | 03557
error 25 44.2546 1.7702 I

Source df. Deviance Mean Dev. F P R?
Total o n 68.6817
spill.a + spillb 2 27.8558 13.9279 85288 0.0015 0.4056
error 25 40.8259 1.6330 I

Source df Deviance Mean Dev. F p R?
Total e n 68.6817
trba + turb.b 2 23.5775 11.7888 65342 0.0052 03433
error 25 45.1041 1.8042 |

Source af Deviance Mean Dev. F p R?
Totaleorr n 68.6817
tempce.a + tempe.b 2 1.7408 0.8704 03251 0.7255 0.0253
error 25 66.9409 26776

Source df Deviance Mean Dev. F P R2
Total o n 68.6817
spill ratio 1 25.8368 25.8368 15.6788 0.0005 | 03762
error 26 42.8449 1.6479 |

Source af Deviance Mean Dev. F P Rr?
hatchery contribution n 23.7957 23.7957 13.7835 0.0010 | 03465
error 26 44.8960 1.7264 I
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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

transportation.

Source dr Deviance Mcan Dev. F P R?
Totalgr 26 615207
flow.a + flowb 2 14.5308 7.2654 3.7108 0.0394 0.2362
error % 46.9899 1.9579 |

Source ar Deviance Mean Dev. F p R?
Total ., 2 61.5207
spilla + spillb 2 144427 1.214 3.6814 0.0403 02348
error Pl 470780 1.9616

Source daf Deviance Mean Dev. F p R?
“Totalogy 26 615207
turb.a + turbb 2 28.0382 14.0191 10.0488 0.0007 0.4558
error %4 334825 1.3951

Source df Deviance Mean Dev. F p R?
Total o 26 615207
tempc.a + tempe b 2 3.1603 1.5802 0.6498 05311 | 00514
error 2% 583604 24317 |

Source dt Deviance Mean Dev. F p R2
Totalooyr 26 615207
spill ratio 1 112267 11.2267 5.5806 0.0263 0.1825
error 2 50.2940 20118 |

Source df Deviance Mcan Dev. F P R?
Totaleoy 2 61.5207
hetchery contribution 1 193527 193527 11.4736 0.0023 03146
error 25 42.1679 1.6867
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Table G13: Analysis of deviance tables for Tanner Creek references using the river
conditions at McNary Dam and observed counts, unadjusted for the probability of

transportation.

Source dar Deviance Mean Dev. F p
%n=m'—=
spill ratio + 3 445673
turb.a + turbb
flow.a + flowb 2 14559 0.7280 0.7068 0.5041
error 2 22, 1.0299
over-all model p value 0.0001
Source daf Deviance Mean Dev. F p
Total e 27 68.6817
spill ratio + 3 445673
turb.a + turb.b
tempc.a + tempe.b 2 85874 4.2937 6.0837 0.0079
error n 155270 0.7058
over-all model p value 1.79x10°%
Source df Deviance Mean Dev. F p
Total o n 68.6817
spill ratio + . 3 445673
turb.a + turb.b
hatchery contritation 1 25482 2.5482 27176 0.1128
error 3 21.5663 0.9377
over-all model p value 1.46x10°%
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Table G1: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and observed counts, unadjusted for the probability of
transportation.

Source dL Deviance Mean Dev. F p R?
Totalor 17 18.7713
flow.a + flow.b® 2 1.8690 24345 26267 a10s2 02694
eror 15 13.9023 0.9268 o

Source dt Deviance Mecan Dev. F P R?
Total oy 17 18.7713
spilla + spillb 2 40949 20474 2026 01579 | 02im
error 15 14.6765 0.9784

Source af Deviance Mean Dev. F P R2
Total 17 187713
turba + twrbb 2 4.7406 23703 25341 0.1127 02525
error 15 14.0307 0.9354

Source df Deviance Mean Dev. F P R?
Toual,,, 17 187713
tempc.a + tempe.b 2 10.2587 5.1293 90383 0.0027 05465
eror 15 85127 0.5675

Source af Deviance Mean Dev. F P R?
Total ., 17 187713
spill ratio 1 4.1407 4.1407 45283 0.0492 0.2206
error 16 14.6306 0.9144

Source df Deviance Mean Dev. -F P R?
Total e 17 18.7713
hatchery contribution 1 15229 15229 14127 0.2520 0081}
error 16 17.2484 1.078

a. “.a” ending indicates the intercept. “.b” indicates the siope of the linear regression for that variable.
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HI
H2
H3
H4
H5
H6
H-7
H8
H9
HIO
HIl
H12
H13
H14

Appendix H: ANODEV Tables for Model (4)

Table of Tables
Grays River reference. using single river conditions and adjusted observed counts.
Grays River reference using two river conditions and adjusied observed counts.
Bouneville Brights reference using single river conditions and adjusted obsesved counts.
Bomneville Brights reference using two river conditions and adjusted observed counts.

n e2lla Petalite mafocaman cootma hhana ccae A 220 e aced o2 cntad hiencnan ) s
DULIICVLIC DIZUL ICICITIAA UNIUY WITT 1IVED VCUBUIuGEDS aisg wmmm

Cowlitz reference using two river conditions and adjusted observed counts.
Washougal reference using single river conditions and adjusted observed counts.
Washougal reference using two river conditions and adjusted observed counts.
Washougal reference using three river conditions and adjusted observed counts.
Tanner Creek reference using single river conditions and adjusted observed counts.
Tanner Creek reference using two river conditions and adjusted observed counts.
Tanner Creek reference using three river conditions and adjusted observed counts.
Tanner Creek reference using all four river conditions and adjusted observed counts.
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Table HI: Analysis of deviance tables far Grays River references, using single river
conditions at McNary Dam aad observed counts, adjusted for probability of transportation.

Source df Deviance Mean Dev. F P R?
Total o 17 20.4555
flow.a + flowb 2 6.5468 3.2734 35308 0.0554 03201
errar 15 13.9087 0.9272

Source df Deviance Mean Dev. F P R?
Totaloer 17 204555
spill.a + spillb 2 5.7999 2.9000 2.9681 0.0820 02835
ervor 15 14.6557 0.9770

Source dL Deviance Mean Dev. F P R?
Totaloor 17 20.4555
trba + turb b 2 5.9286 29643 3.0608 0.0768 0.2898
error 15 145269 0.9685

Source df. Deviance Mean Dev. F P R?
Total ., 17 204555
tempc.a + lempc.b 2 113196 5.6598 92926 0.0024 05534
error 15 9.1359 0.6091

Source df Deviance Mean Dev. F p R?
Totalor 17 20.4555
spill ratio 1 5.8557 5.8557 64173 0.0221 0.2863
error 16 145998 0.9125

Source af Deviance Mean Dev. F P R?
TTotal o 17 204555
hatchery contribution 1 1.5692 1.5692 13294 0.2659 00767
esror 16 18.8864 1.1804
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TableH2: Analysis of deviance tables for Grays River references using two river conditions
at McNary Dam and observed counts, adjusted for probability of transportation.

Source d.t Deviance Mean Dev. F P
Total 17 204555
empc.a + iempe.b 2 113196
spill.a + spilLb 2 1.3667 0.6834 1.1435 0.3488
error 13 1.7692 0.5976
over-all model p value 0.0093
Source d.f. Deviance Mean Dev F P
Total o 17 204555
tempc.a + tempc.b 2 113196
twrb.a + rbb 2 24364 1.2182 23638 0.1332
error 13 6.6996 0.5154
over-all model p value 0.0038
Source df. Deviance Mean Dev. F P
Total o 17 20.4555
tempc.a + tempe.b 2 113196
flowa + flowd 2 1.7646 0.8823 1.5561 0.2478
error 13 73713 0.5670
over-all model p value 0.0068
Source df. Deviance Mean Dev. F P
Total o 17. 20.4555
fempc.a + tempc.b 2 113196
spill ratio . 1 1.1360 1.1360 1.9881 0.1804
error 14 7.9999 05714
over-all model p value 0.0036
Source dt Deviance Mean Dev. F P
Total e 17 20.4555
tempc.a + tempe.b 2 ‘113196
hatchery contribution 1 1.0692 1.0692 1.8556 0.1947
error 14 8.0668 0.5762
over-all model p value 0.0038
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TableH3: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

2

Source at Deviance Mean Dev. F P R?
Total,,, 26 64.8502
flow.a + flow.d 2 17.9034 89517 15763 0.0207 0.2761
errar p) | 46.9468 1.9561

Source df. Deviance Mcaa Dev. F p R?
Total o 2 64.8502
spilla + spillb 2 18.0002 9.0001 16105 0.0202 0.2776
error 2 46.8500 1.9521

Source df Deviance Mean Dev F P R2
Total 26 64.8502
turb.a + murbb 2 30.7665 153832 108321 0.0004 04744
error 2% 340837 1.4202

Source dafr Deviance Mean Dev. F p R?
Total o 26 64.8502
tempe.a + tempe.b 2 29189 1.459%4 0.5656 0.5754 0.0450
error 2% 61.9313 25805 |

Source df Deviance Mean Dev. F P R’
Total o - 2 64.8502
spill ratio 1 143855 14.3855 7.1265 00132 02218
error 25 504647 20186

Source dt Deviance Mean Dev F P R2
Total o 26 64.8502
hatchery contribution 1 20.8245 208245 113252 0.0021 03211
error 25 44.0257 1.7610
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TableH4: Analysis of deviance table for Bonneville Brights references using two river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source df Deviance Mean Dev. F [
Total o, 2% 64.8502
turb.a + turb.b 2 30.7665
flow.a + flowb 2 4.9386 24693 1.8640 0.1787
error ] 29.1451 13248
over-all model p value 0.0011
Source df. Deviance Mean Dev. F p
Total o 2% 64.8502
turb.a + turb.b 2 30.7665
spilla + spillb 2 55405 27702 21352 0.1421
error 2 285432 1.2974
over-ail model p value 0.0009
Source df Deviance Mean Dev. F p
Totalooy 2 64.8502
turb.a + wrbb 2 30.7665
tempc.2 + tempc.b 2 8.7382 4.3691 3.7924 0.0384
error 2 253455 1.1521
over-all model p value 0.0003
Source df. Deviance Mean Dev. F P
Toal 26 64.8502
turba + turb.b 2 30.7665
spill ratio 1 0.8375 0.8375 05794 0.4543
error 3 33.2462 1.4455
over-all model p value 0.0013
Source df Deviance Mean Dev. F p
Totalor 26 64.8502
turb.a + turbb 2 30.7665
hatchery contribution 1 0.6296 0.6296 04329 0.5171
error 3 334541 1.4545
over-all model p value 0.0014
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TableHS5: Analysis of deviance tables for Bonneville Brights references using three river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source drL Deviance Mean Dev. F P
Total ., 26 64.8502
turb.a + turbb + 4 39.5047
tempc.a + tempe.b '
spill.a + spillb 2 4.1104 2.0552 1.9356 0.1704
error 2 21.2351 1.0618
over-all model p value 0.0005
Source dL Deviance Mecaa Dev. F p
Total o 2 64.8502
twb.a + wrbb + 4 39.5047
tempc.a + tempce.b
flowa + flowb 2 3.7038 1.8519 1.7114 0.2060
error 20 21.6417 1.0821
over-all model p value 0.0005
Source d.L Deviance Mean Dev. F P
Total oy 26 64.8502
turba + rbb + 4 395047
tempc.a + iempe.b
spill ratio 1 1.1208 1.1208 0.9716 0.3355
error 21 24.247 1.1536
over-all model p value 0.0005
Source df Deviance Mean Dev. F ]
Total 2 64.8502
wrb.a + turbb + 4 395047
tempe.a + tempe.b
hatchery contribution 1 0.0169 0.0169 .00140 0.9069
error 21 253286 1.2061
over-all model p value 0/0008
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TableH6: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Dam and observed counts, adjusted for probability of transportation.

Source df Deviance Mean Dev. F P r2

Source df Deviance Mean Dev. F p R?
Total oy 25 8.7391
spilla + spillb 2 13020 06510 20133 0.1564 0.1490
error 3 74371 0334

Source aL Deviance Mean Dev. F p R?
Totalgr 25 - 87391
turb.a + turbb 2 2.2360 1.1180 3.9540 0.0334 0.2559
error 3 65032 0.2827

Source df Deviance Mean Dev. F p R?
Totalogr 25 8.7391
ftempc.a + iempe.b 2 0.8769 0.4384 12827 0.2964 0.1003
error B3 7.8622 03418

Source df Deviance Mean Dev. F P R?
Total oy 25 8.7391
spill ratio 1 1.1989 1.1989 3.8159 0.0625 0.1372
error % 7.5403 03142 |

Source af Deviance Mean Dev. F p R?
Total o, 25 8.7391
bhatchery contribution 1 1.1421 1.1421 3.6080 0.0696 0.1307
error 2% 75970 03165
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TableH7: Analysis of deviance tables for Cowlitz references using two river conditions at
McNary Dam and observed counts, adjusted for probability of transportation.

Source df Deviance Mean Dev. F P
Total ., 25 8.7391
turba + turbb 2 22360
flow.a + flowdb 2 04503 0.2252 0.7811 0.4707
error 21 6.0529 0.2882
over-all model p value 0.0894
Source af Deviance Mecan Dev. F P
Totaloe 25 8.7391
turba + turb.b 2 2.2360
spilla + spillb 2 0.1470 0.0735 02429 0.7365
error 21 63561 0.3027
over-all model p value 0.1365
Source L Deviance Mean Dev. F P
Totaloor 25 8.7391
turba + trbb 2 22360
tempea + tempe.b 2 09217 0.4608 1.7339 0.2009
error 21 535815 0.2658
over-all model p value ' 0.0433
Source df Deviance Mean Dev. F p
Toal, 25 2.7391
twba + turbb 2 2.2360
spill ratio 1 00167 0.0167 00567 0.8139
error 2 64864 0.2948
over-all model p value 0.0821
Source df Deviance Mean Dev. F P
Total oo 25 8.7391
turb.a + turbb 2 2.2360
hatchery contribution 1 00413 0.0413 0.1406 0.7113
error 2 64619 0.2937
over-all model p value 0.0790
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TableH8: Analysis of deviance tables for Washougal references using single river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source df Deviance Mean Dev. F p R?
Total ., 2 13.0583
flow.a + flowb 2 6.0512 3.0256 99313 0.0008 046347
error 23 70071 03047 I
Source df Deviance Mean Dev. F P R?
pill.a + spillb 28 135358 1.7679 42701 0.0265 | 2708
error 23 95225 0.4140 I
Source 4t Deviance Mean Dev. F p R®
“Total gy 25 13.0583
turb.a 4+ turbb 2 40179 2.0090 5.1109 0.0146 03077
efror 3 9.0405 0.3931 |
Source d.f. Deviance Mean Dev. F p Rr?
Totaleeer 2 13.0583
tempc.a + tempe.b 2 3.4008 1.7004 4.0496 0.0311 | 02604
error 23 9.6575 04199 |
Source dat Deviance Mean Dev. F p R?
Totaleoqr 2 13.0583
spill ratio 1 2.6805 26805 6.1989 0.0201 | 0.2053
evor 2 103778 04324 |
Source af Deviance Mean Dev. F P R?
Totaloee 2 13.0583
hatchery contribution 1 0.6759 0.6759 13102 0.2637 00518
ala 24 12384 0.5159 |
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TableH9: Analysis of deviance tables for Washougal references using two river conditions
at McNary Dam and observed counts, adjusted for probability of transportation.

Source af Deviance Mean Dev. F P
“Totaleoy 25 13.0583
flow.a + flow.b 2 6.0512
soilla + spillb 2 14284 0.7142 2.6884 0.0913
error 21 55787 0.2657
over-all model p value 0.0009
Source df Deviance Mean Dev. F P .
“Total g 25 13.0583
flow.a + flowb 2 6.0512
turb.a + turb.b 2 0.7150 0.3575 1.1932 03230
error 21 62921 0.2996
over-all modei p value 0.0030
Source at Deviance Mean Dev. F P
Totalgoe 25 13.0583
flow.a + flow.b 2 60512
tempc.a + tempe.b 2 05820 0.2910 09510 0.4024
error 21 64251 0.3060
over-all moded p value 0.0037
Source df Deviance Mean Dev. F p
Totaleor 25 13.0583
flow.a + flowb 2 6.0512
spill ratio 1 1.5571 1.5571 62854 0.0201
error b2 5.4500 0.2477
over-all model p value 0.0002
Source df Deviance Mean Dev. F P
Total o, 25 13.0583
flow.a + flowb 2 60512
hatchery contribution 1 00142 0.0142 0.0448 0.8344
esror 2 6.9928 03179
over-all model p value 0.0029
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TableH10: Analysis of deviance tables for Washougal references using three river

conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source df. Deviance Mean Dev. F P
Total o 25 13.0583 .
flow.a + flow.b + spill ratio 3 7.6083
;nnta + turbb 2 00211 0.0106 0.0389 0.9620
error 20 5.4289 0.2714
over-all model p value 0.0021
Source df. Deviance Mean Dev. F P
Toualoy 25 13.0583
flow.a + flow.b + spill ratio 3 7.6083
tempc.a + lempe.b 2 0.2811 0.1406 05439 0.5888
error 20 5.1689 0.2584
over-all model p value 0.0014
Source dt Deviance Mean Dev. F P
Total e 25 13.0583
flow.a + flow.b + spill ratio 3 7.6083
hatchery contribution 1 0.0092 0.0092 0.0355 0.8524
eror 21 5.4408 0.2591
over-all model p value 0.0007 -
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TableH11: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source df Deviance Mean Dev. F P R2
Total ., 27 734319
flowa + flowb 2 28.7538 14.3769 80447 0.0020 03916
error 25 44.6781 1.7871

Source a.f Deviance Mean Dev. F P R
Totalgy 27 734319
spilla + spillb 2 327892 16.3946 100846 0.0006 0.4465
error 25 40.6428 1.6257

Source df Deviance Mean Dev. F p R?
Totalooy vl 734319
twurb.a + turbb 2 25.6002 12.8001 6.6902 0.0047 03486
error 25 47.8318 1.9133

Source dar Deviance Mean Dev. F P R’
Total oo 27 734319
tempc.a + tempe.b 2 -1.8252 09126 03186 0.7301 0.0249
error 2 71.6068 29643

Source daf. Deviance Mean Dev. F P R?
Total o 1] 734319
spill ratio 1 305813 30.5813 18.5554 0.0002 04165
emmor 26 42 8507 1.6481 |

Source df. Deviance Mean Dev. F P Rr?
Totaloge 2 734319
hatchery contribution 1 25.0034 25.0034 13.4237 0.0011 03405
error 26 484286
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TableH12: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source dL Deviance Meaa Dev. F p
Total o, 7 734319
spill ratio 1 30.5813
flow.a + flowb 2 0.0854 0.0427 0.0240 0.9763
crror 2 42.7652 1.7819
over-all model p value 0.0042
Source dL Deviance Mean Dev F P
Totalger 27 73.4319
spill ratio 1 30.5813
turb.a + mrbb 2 18.7747 9.3874 93578 0.0010
eror % 240759 1.0032
over-all moded p value 204x10°°
Source df Deviance Mean Dev. F P
Totalcor 7 734319
spill ratio 1 30.5813
tempc.a + tempe.b 2 105583 5.2791 3.9235 0.0336
error 2% 322024 1.3455
over-all model p value 0.0002
Source dz Deviance Mean Dev. F P
27 734319
spill ratio 1 305813
hatchery contribution 1 14.6830 14.6830  13.0318 0.0013
aror 25 28.1677 1.1267
over-all model p value 4.90x10”
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TableH13: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Dam and observed couats, adjusted for probability of transportation.

Source af Deviance Mean Dev. F [
Total o, 27 734319
spill ratio + turb.a + turb.b 3 493760
flow.a + flow.b 2 1.489%4 0.7447 0.7254 0.4954
error 2 22.5865 1.0267
over-all model p value 1.57x10°%
Source df Deviance Mean Dev. F p
Toralg n 734319
spill ratio + turb.a + turb.d 3 493760
tempc.a + tempc.b 2 835878 4.2939 6.0993 0.0078
error 2 15.4881 0.7040
over-all model p value 8.58x10°7
Source d.f Deviance Mean Dev. F p
Total,,, 27 734319
spill ratio + turb.a + axb.b 3 493760
hatchery contribution 1 26108 26108 27975 0.1080
error s 214651 0.9333
over-all moded p value 6.58x10°%
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TableH14: Analysis of deviance tables far Tanner Creek references using all four river
conditions at McNary Dam and observed counts, adjusted for probability of transportation.

Source af Deviance Mean Dev. F P
Total o, n 734319
spill ratio + turb.a + turb.b + 5 579438
tempc.a + tempe.b
flow.a + flowb 2 0.7105 03552 0.4808 0.6253
error 20 14.7776 0.7389
over-all model p value 9.33x10°%
Source df Deviance' Mean Dev. F p
Total o, b1} 734319
spill ratio + turb.a + turb.b + 5 57.9438
tempc.a + lempe.b
hatchery contribution 1 0.4968 0.4988 0.6988 04126
error 21 14.9893 0.7138
over-all model p valse 2.70x10°%
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Appendix |: ANODEV Tables for Modd (5)

Table of Tables
Grays River reference using three river conditions and unadjusied VPA counts.

Bonneville Brights reference using single river conditions and unadjusted VPA counts.

Bonneville Brights reference using two river conditions and mnadjusted VPA counts.
Washougal reference using single river conditions and unadjusted VPA counts.
Washougal reference using two river conditions and unadjusted VPA counts.
Tanner Creek reference using single river conditions and unadjusted VPA counts.
Tanner Creek reference using two river conditions and unadjusted VPA counts.
Tanner Creek reference using three river conditions and unadjusted VPA counts.
Tanner Creek reference using four river conditions and unadjusted VPA counts.
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Table 11: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source df Deviance Mean Dev. F p R?
Toul o 17 18.9056
flow.a + Aow.b® 2 35333 1.7666 1.7239 0.2119 0.1869
error 15 153783 1.0248 |
Source df Deviance Mean Dev. F p R?
Totaloge, 17 18.9056
spill.a + spillb 2 3.4967 1.7484 1.7020 0.2157 0.1850
error 15 15.4089 1.0273
Source dr. Deviance Mean Dev. F p R?
“Total o, 17 18.9056
turb.a + trbb 2 33469 1.6734 1.6134 0.2319 0.1770
error 15 15.5587 1.0372
Source df Deviance Mean Dev. F p R?
Total,,,, 17 18.9056
empc.a + \empcb 2 6.7780 3.3890 4.1917 00358 |  0358S
error 15 12.1276 0.3085 |
Source df Deviance Mean Dev. F P R
soill ratio 17 13.1798 3.1798 32352 00910 |  0.1682
error 16 15.7259 0.9829 |
Source at Deviance Mean Dev. F P R?
“Totalgg 17 18.9056
batchery contribution 1 4.1552 4.1552 43071 0.0497 0.2198
error 16 14.7505 0.9219
a. “.a” ending indicates the intercept, “.b” indicates the slope of the linear regression for that vari-
able.
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Table I2: Analysis of deviance tables far Grays River references using two river conditions
at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source df Deviance Mean Dev. F p
Total, 17 18.9056
temp.a + temp b 2 6.7780
spilla + spillb 2 13313 0.6656 0.8015 0.4696
error 13 10.7963 0.8305
over-all model p value 0.0993
Source ar Deviance Mean Dev. F P
Total o, 17 18.9056
femp.a + temp b 2 6.7780
twrb.a + trbb 2 1.1569 05784 0.6855 0.5212
eror 13 10.9%07 08439
over-all model p value 0.1084
Source af Deviance . Mean Dev. F p
Total,, 17 18.9056
tempc.a + tempe.b 2 6.7780
flowa + flowb 2 1.6108 0.3054 0.9955 0.3960
error 13 105168 0.80%0
over-all model p value 0.0858
Source aL Deviance Mean Dev. F P
Totaleeer 17 18.9056
temp.a + temp.b 2 6.7780
spill ratio 1 0.9313 0.9313 1.1645 0.2988
error 14 11.1963 0.7997
over-all model p value 0.0556
Source d.f Deviance Mean Dev. F =]
Total oy 17 18.9056
temp.a + emp b 2 6.7780
batchery contribution 1 3.5951 3.5951 5.8987 0.0292
error 4 85325 0.6095
over-all model p value 0.0093

Page 210




Table I3: Analysis of deviance tables for Grays River references using three river conditions

at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source df. Deviance Mean Dev. F p
Total o 17 18.9056
temp.a + temp.b + 3 103731
hatchery contribution
spill.a + spillb 2 1.2900 0.6450 1.0686 03740
error 12 7.2426 0.6036
over-all model p value 0.0256
Source df Deviance Mean Dev. F P
“Total o, 17 18.9056
temp.a + tempb + 3 103731
hatchery contribution
turb.a + trbb 2 1.0656 0.5328 0.8563 0.4491
error 12 74669 0.6222
over-all model p value 0.0300
Source df Deviance Mean Dev. F p
Total,,, 17 18.9056
temp.a + temp.b + 3 103731
hatchery contribution
flowa + flowb 2 1.1180 0.5590 0.9047 0.4306
error 12 74146 0.6179
over-all model p value 0.0289
Source df. Deviance Mean Dev. F P
Total o 17 18.9056
temp.a + temp b + 3 103731
hatchery contribution
spill ratio 1 0.3887 0.8887 15115 0.2407
emror .. 3 7.6438 0.5880
over-all model p value 00135

No further information is gained by adding more river conditions to the regression.

The best model for the Gray’s River-Priest Rapids comparison is temperature + hatchery
contribution.
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Table I4: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source Deviance Mean Dev. F p R?
otal e 26 63.6718
flow.a + flowd 2 12.6990 6.3495 29896 0.0693 0.1994
error 24 50.9728 2.1239
Source Deviance Mean Dev. F p R?
“Total oy 26 636718
spilla + spillb 2 15.0882 7.5441 3.7267 0.0390 02370
error 2 485837 20243
Source Deviance Mean Dev. F p R2
rba + wrbb 2% 288171 14.4088 9.9217 0.0007 0.4526
error b 34.8542 1.4523
Source Deviance Mean Dev. F P R
Total o 26 63.6718
tempc.a + lempe.b 2 45430 22715 0.9220 04114 00714
error % 59.1288 24637
Source ‘Deviance Mean Dev. F P R?
Total o 26 63.6718
spill ratio 1 10.6766 10.6766 5.0366 0.0339 0.1677
error 25 529953 21198
Source Deviance Mean Dev. F p R?
Total ., 26 63.6718
hatchery contribution 1 27.2348 27.2348 18.6862 0.0002 04277
error 2 364370 1.4575
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Table IS: Analysis of deviance table for Bonneville Brights references using two river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source af Deviance Mean Dev. F p
“Totalooy 2% 63.6718
batchery contribution 1 272348
spill.a + spillb 2 34262 1.713] 1.1936 03212
error X 330108 1.4353
over-all model p value 0.0015
Source df Deviance Mean Dev. F p
Totaleoy 2 63.6718
hatchery contribution 1 272348
iempc.a + lempc.b 2 33979 1.6990 1.1827 03244
error B 33.0391 14365
over-all model p value 0.0015
Source af Deviance Mean Dev. F P
“Totalor 26 63.6718
hatchery contribution 1 272348
flowa + flowd 2 23438 L1719 0.7906 0.4655
error yx) 34.0932 14823
over-all mode] p value 0.0021
Source df Deviance Mean Dev. F p
“Totaloggr % 636718
hatchery contribution | 272348
spill ratio 1 26393 26393 1.8742 0.1837
ervor 24 337977 1.4082
over-all model p value 0.0005
Source df Deviance Mean Dev. F P
Totalcoer 26 63.6Mm8
hatchery contribution 1 212348
twrb.a + turbb 2 5.0484 25242 1.8496 0.1799
n 313886 1.3647
over-all model p value 0.0009
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Table I6: Analysis of deviance tables for Cowlitz references using single river conditions at
McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source df Deviance Mean Dev. = P RrR2
flows + flowd 25 10:618) 03090 0.6148 05494 | 0.0507
error b2} 115629 0.5027 |

Source af Deviance Mean Dev. F p R?
Totalygy 25 12.1810
spill.a + spillb 2 0.9874 0.4937 1.0144 03783 00811
error B 11.1936 0.4867 |

Source af Deviance Mean Dev. F P R?
“Totaloo 25 12.1810
turb.a + turbb 2 0.8927 0.4464 0.90%4 0.4168 0.0733
error 23 11.2883 0.4908

Source df Deviance Mean Dev. F P Rr?
Totalgy - 25 12.1810
tempc.a + tempc.b 2 02461 0.1231 0.2372 0.7908 0.0202
error 23 11.9349 0.5189

Source at Deviance Mean Dev. F P R?
Total o 25 12.1810
spill ratio 1 0.6927 0.6927 14472 0.2407 0.0569
error % 11.4883 04787 |

Source df Deviance Mean Dev. F P R?
“Total o 25 12.1810
batchery contribution 1 04446 0.4446 0.9091 0.3499 0.0365
error 24 11.7365 0.4890 |
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Table I7: Analysis of deviance tables for Washougal references using single river
conditions at McNary Dam and vpa counts, unadjusted for the probability far transportation.

Source df Deviance Mean Dev. F P R?
“Total oy 3 14.3628
flow.a + flow.b 2 33860 1.6930 33929 0.0511 02278
emror ) 114768 0.4990 |

Source ar Deviance Mean Dev. F P R’
Totalooyr 2 14.3628
spilla + spillb 2 20621 L0311 1.8526 0.1795 0.1387
error 3 12.8007 0.5566

Source df Deviance Mean Dev. F P R?
Total o0 25 14.8628
turb.a + turbb 2 23508 1.1752 2.1601 0.1381 0.1581
error p) 125125 0.5440

Source dat Deviance Mean Dev. F p R?
Totalogr 25 14.8628
tempc.a + iempc.b 2 4.0687 20344 43348 0.0253 0.2738
error P 10.79¢1 0.4693

Source df Dull Mean Dev. F p R?
Totaloey 25 14.8628
spill ratio 1 1.9217 1917 35639 00712 0.1293
esror 2% 12.9411 0.5392

Source at Deviance Mean Dev. F p R2
Total oy 25 14.8628
hatchery contribution 1 03528 0.3528 05836 04523 00237
error 24 14.5100 0.6046
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Table I8: Analysis of deviance tables for Washougal references using two river conditions at
McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source dar. Deviance Mean Dev. F p
TTotal g 25 14.8628
tempc.a + empe.b 2 4.0687
flow.a + flowb 2 1.0566 0.5283 1.1393 0.3390
error 21 9.7375 0.4637
over-all model p value 0.0545
Source afr Deviance Mean Dev. F p
“Totaleeg 25 14.8628
tempc.a + empe.b 2 4.0687
turb.a + turbb 2 0.8450 04225 0.8918 0.4249
error 21 9.9491 04738
over-all model p value } 0.0661
Source ar Deviance Mean Dev. F P
Towal o 25 14.8628
tempc.a + tempe.b 2 4.0687
spilla + spillb 2 1.0042 0.5021 1077 03587
error 21 9.7899 0.4662
over-all model p value 0.0572
Source ar Deviance Mean Dev. F P
Total -] 14.8628
tempc.a + tempe.b 2 4.0687
spill ratio [ 04464 04464 0.9491 0.3405
error 2 103477 04704
over-all model p value 0.0432
Source df Deviance Mean Dev. F p
Totaloer 25 14.8628
tempc.a + tempc.b 2 4.0687
batchery contribution 1 0.0005 0.0005 0.0010 0.9750
error y~] 10.7936 0.4906
over-all model p value 0.0661
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Table I9: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source df. Deviance Mean Dev. F P R2
Total z 677441
flow.a + flowd 2 23.2444 11.6222 6.5294 0.0052 03431
error 25 44.4997 1.7800

Source af Deviance Mean Dev. F p R?
Total g 27 67.7441
spill.a + spillb 2 289709 14.4854 93398 0.0009 04277
error 25 38.7732 1.5509

Source df Deviance Mean Dev. F P R?2

urb g + wrbb ” 24.7609 12.3800 7.2004 00034 | 03655
error 25 42.9841 1.7194 |

Source df Deviance Mean Dev. F p R?
Total o 7 67.7441
ftempc.a + empe.b 2 1.0636 0.5318 0.1994 0.8205 0.0157
error 25 66.6905 26672

Source dL Deviance Mean Dev. F P R?
Totaleoy n 67.7441
spill ratio 1 26.0935 26,0935 162886 0.0004 03852
error 2 41.6506 1.6019

Source daf Deviance Mean Dev. F P R?

“Totalpy 277 67.7441

hatchery contribution 1 272072 272072 174505 0.0003 0.4016
error 26 405369 1.5591 |
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Table I10: Analysis of deviance tables for Tanner Creek references using two river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source df Deviance Mean Dev. F p
Total o, 7] 67.7481
hatchery contribution 1 272072
flow.a + flowb 2 14.1704 7.0852 64493 0.0057
error 2% 26.3665 1.0986
over-all model p value 3.90x10°%
Source d.f Deviance Mean Dev. F p
Totaleoer 7 67.7441
hatchery contribution [ 272072
wrb.a + trbb 2 11.4826 5.7413 4.7426 0.0184
eror 2 290542 1.2106
over-ail model p value 0.0001
Source d.f Deviance Mean Dev. F P
Total o, 27 67.7441
hatchery contribution 1 272072
temp.a + temp.b 2 23508 1.1754 0.7388 0.4883
error 2 38.1860 1.5911
over-all model p value 0.0029
Source df. Deviance Mean Dev. F p
Total o, 27 67.7441
hatchery contribution 1 272072
spilla + spillb 2 16.8241 84120 85139 0.0016
error 2 237128 0.9880
over-all model p value L.12x10%
Source df Deviance Mean Dev. F p
Total oy 27 67.7441
hatchery contribution 1 272072
spill ratio 1 16.1347 16.1347 16.5300 0.0004
error 25 24.4021 0.9761
over-all modei p value 2.86x10°%
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Table 1lI: Analysis of deviance tables for Tanner Creek references using three river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.
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Source df Deviance Mean Dev. F p
Total o n 67.7441
haichery contribution + 2 433419
spill ratio
flowa + flow.d 2 0.8855 0.4428 0.4330 0.6537
errar 3 235167 1.0225
over-all moded p value 4.42x10%
Source df. Deviance Mean Dev. F p
Total o 27 67.744|
hatchery contribution + 2 433419
spill ratio
turb.a + turbb 2 63700 3.1850 4.0625 0.0308
error 3 180321 0.7840
over-all model p value 231x10%
Source df Deviance Mean Dev. F p
“Total oy
. by 67.7441
spill raticcontribution +- 2 43.3419
temp.a + emp b 2 2.5376 1.2688 13347 0.2829
error 3 21.8645 0.9506
over-all model p value 1.98x10%




Table I12: Analysis of deviance tables for Tanner Creek references using four river
conditions at McNary Dam and vpa counts, unadjusted for the probability for transportation.

Source dL Deviance Mean Dev. F p
Total o 2 67.7441
haichery contribution + 4 19.7119
spill ratio + trb.a + wrb.b
flow.a + flow.b 2 02138 0.1069 0.1260 0.8823
error 21 178183 0.8485

over-all model p value 3.38x10%

Source dL Deviance Mean Dev. F p

Totaleoer 7 67.7441
hatchery coatribution + 4 49.7119
spill ratio + turb.a + turb.b
tempc.a + tempe.b 2 42532 2.1266 3.2411 0.0593
error 21 13.7789 0.6561

over-all model p value 2.61x10%
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J2
J3
J4
J5
J6

J8
J9
JIO
Jll
J12

Appendix J: ANODEV Tables for Modd (6)

Tabke of Tables
Grays River reference using single river conditions at McNary Dam and adjusted VPA counts
Grays River reference using two river conditions at McNary Dam and adjusted VPA counts.
Grays River reference using three river conditions at McNary Dam and adjusted VPA counts.
Bonneville Brights reference using single river conditions at McNary Dam and adjusted VPA counts.
Bonneville Brights reference using two river conditions at McNary Dam and adjusted VPA counts.
Cowlitz reference using single river conditions at McNary Dam and adjusted VPA counts.
Washougal reference using single river conditions at McNary Dam and adjusted VPA counts.
Washougal reference using two river conditions at McNary Dam and adjusted VPA counts.
Tanner Creek reference using single river conditions at McNary Dam and adjusted VPA counts.
Tanner Creek reference using two river conditions at McNary Dam and adjusted VPA counts.
Tanner Creek reference using three river conditions at McNary Dam and adjusted VPA counts.
Tanner Creek reference using four river conditions at McNary Dam and adjusted VPA counts.

Page 221

222
223
224
225
226
227
228
229
230
231
232
233




Table J1: Analysis of deviance tables for Grays River references, using single river
conditions at McNary Dam and adjusting for probability of transportation.

Source aL Deviance Mean Dev. F p R?
“Total gy 17 204203

flow.a + flowb® 2 49790 24895 24183 0.1229 0.2438
error 15 15.4414 1.0294 |

Source df Deviance Mean Dev. F P R
Total o 17 20.4203
spilla + spillb 2 50154 2.5077 24418 0.1208 | 0.2456
error 15 15.4049 1.0270 |

Source df Deviance Mean Dev. F P RrR2
nrha & turbb # 24.2608 213499 19828 0172 | 02091
error IS 16.1505 1.0767 |

Source df Devimnce Mean Dev. F p R?
Total o
tempc.a + tempc.b 12 27.5338 3.7669 43847 0.0317 | 03689
error 15 12.8865 0.8591 |

Source df Deviance Mean Dev. F P R?
Totalogr 17 204203
spill ratio 1 4.7010 4.7010 4.7849 0.0439 I 02302
error 16 15.7194 0.9825 |

Source daf Deviance Mean Dev. F p Rr?
Total 17 204203
hatchery contribution 1 42314 42314 4.1820 0.0577 02072
eror 16 16.1890 10118 |

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.

Source df Deviance Mean Dev. F P
Totalgey, 17 204203
temp.a + tempb 2 75338
spilla + spillb 2 20906 1.0453 12587 03164
error 13 10.7959 0.8305
over-all model p value 0.0645
Source af Deviance Mean Dev. F P
“Totalpe 17 20.4203
temp.a + temp.b 2 75338
turba + turb.b 2 1.6026 0.8013 09232 04218
error 13 11.2839 0.8680
over-all model p value 0.0827
Source df Deviance Mean Dev. F P
Totaley 17 20.4203
tempc.a + tempc.b 2 75338
flowa + flowb 2 24257 1.2128 15072 0.2578
error 13 104608 0.8047
over-all model p value 0.0539
Source df Deviance Mean Dev. F p
Total o 17 20,4203
temp.a + temp b 2 75338
spill ratio 1 1.6668 1.6668 20798 0.1713
error 14 112198 0.8014
over-all model p value 0.0342
Source af Deviance Mean Dev. F p
Total oy 17 20.4203
temp.a + temp b 2 75338
hatchery contribution 1 3.6053 3.6053 54383 0.0351
error 14 92812 0.6629
over-all model p value 0.0098
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Table J3: Analysis of deviance tables for Grays River references using three river conditions

at McNary Dam and adjusting for probability of transportation.

Source d.f Deviance Mean Dev. F p
Total o 17 204203
temp.a + temp.b + 3 11.1391
batchery contribution
spilla + spilth 2 20399 1.0200 1.6902 0.2256
error 12 72413 0.6034
over-all modei p value 0.0170
Source af Deviance Mean Dev. F p
Totalooy 17 20.4203
temp.a + emp b + 3 11.1391
hatchery contribution
turb.a + turb.b 2 13648 0.6824 1.0344 0.3851
error 12 7.9164 0.6597
over-all model p value 0.0272
Source df Devisnce Mean Dev. F P
Total oy . 17 20.4203
temp.a + temp.b + 3 11.1391
hatchery contribution
flow.a + flowb 2 1.8015 0.9008 14451 0.2740
error 12 74797 0.6233
over-all model p value 0.0202
Source df Deviance Mean Dev. F P
Total 17 204203
temp.a + temp.b + 3 11.1391
hatchery contribution
spill ratio 1 1.6096 1.6096 272m 0.1226
error 13 76716 0.5901
over-all model p value 0.0087




Table J4: Analysis of deviance table for Bonneville Brights references using single river
conditions at McNary Dam, adjusted for probability of transportation.

Source daf Deviance Mean Dev. F P R2
“Total o % 66.9975
flow.a + flowb 2 15.3562 7.9281 3.7206 0.0391 0.0555
error p) ) 51.1413 21309

Source ar Deviance Mean Dev. F P R?
Total oy 2 66.9975
spill.a + spillb 2 18.6966 93483 4.6450 0.0197 0.2791
error 2 483009 20125

Source af Deviance Mesn Dev. F p R?
Total g 26 66.9975
turb.a + turb b 2 313672 15.6836 105642 00005 | 0.4682
error 2% 35.6303 14846 |

Source af Deviance Mean Dev. F p R?
Totalooy 26 66.9975
tempc.a + lempe.b 2 3.9677 1.9838 0.7554 0.4307 00592
error n 63.0298 26262

Source daf. Deviance Mean Dev. F p R?
Total o 26 66.9975
spill ratio 1 03540 03540 0.1328 0.7186 0.0053
error 25 66.6435 2.6657

Source af Deviance Mecan Dev. F P R?
“Total g 26 66.9975
bhatchery contribution 1 289757 28.9757 19.0520 0.0002 0.4325
error 2 380218 1.5209
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Table J5: Analysis of deviance table for Bonneville Brights references using two river

conditions at McNary Dam, adjusting for probability of transportation.

Source af Deviance Mean Dev. F p
Total 26 66.9975
batchery.contribution 1 28.9757
spilla + spillb 2 5.1345 25672 1.7954 0.1886
error 23 32.8873 1.4299
over-all model p value 0.0008
Source df Deviance Mean Dev. F p
Total o 2 66.9975
‘haichery.contribution 1 28.9757
iempc.a + lempe.b 2 3.6208 1.8104 12104 03164
error 23 34.4010 1.4957
over-all model p value 0.0013
Source af Deviance Mean Dev. F P
Total o 26 66.9975
batchery.contribution 1 28.9757
flow.a + flowb 2 3672 1.8361 1.2294 0.3110
error pc] 34.349 1.4935
over-all model p value 0.0013
Source dat Deviance Mean Dev. F p
Total 26 66.9975
hatchery.contribution 1 289757
spill ratio 1 4.1435 4.1435 29353 0.0996
error 24 33.8783 14116
over-all model p value 0.0003
Source it Deviance Mean Dev. F P
Total 26 66.9975
hatchery.contribution 1 28.9757
turb.a + turbb 2 5.9569 29784 21364 0.1409
error p:] 32,0649 1.3%41
over-all model p value 0.0006
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Table J6: Analysis ofdeviance tables for Cowlitz references using single river conditions at
McNary Dam and adjusting for probability of transportation.

Source dr Deviance Mean Dev. F P R2
“Total oy 25 13.1577
flowa + flow.b 2 14224 0.7112 1.3939 0.2683 0.1081
esror p=) 11.7353 0.5102

Source df Deviance Mean Dev. F p R2
Total e 25 13.1577
spilla + spillb 2 20288 1.0144 2.0964 0.1458 0.1542
emor px) 11.1289 0.1839 |

Source af Deviance Mean Dev. F p R?
Totaloog 25 13.1577
turb.a + rbb 2 14615 0.7308 1430 0.2582 0.1111
error F=) 11.6962 0.5085

Source dt Deviance Mean Dev. F P R?
Total ooy 2 13.1577
tempc.a + tempe.b 2 03674 0.1837 03303 0.7221 00279
eror P=) 127903 0.5561

Source df Deviance Mean Dev. F p R
Total oy 25 13.1577
spill ratio 1 15999 1.5999 3323 0.0808 0.1216
error % 115577 0.4816

Source df Devisnce Mean Dev. F P R?
“Total o, 25 13.1577
hatchery contribution 1 0.6542 0.6542 1.2557 0.2736 0.0497
error 24 12.5035 0.5210
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Table J7: Analysis of deviance tables for Washougal references using single river
conditions at McNary Dam and adjusting for probability of transportation.

Source df Deviance Mean Dev. F P R
Toul__, 2 162471
flowa + flowb 2 4.9583 24792 5.0511 0.0152 03052
error 23 11.2887 0.4908

Source d.f Deviance Mean Dev. F P Rr2
Total oy 25 162471
spilla + spillb 2 34424 1.7212 3.0916 0.0647 2119
emmor 3 12.8047 0.5567 |

Source ds Deviance Mean Dev. F p R?
Total oy 25 162471
turb.a + turbb 2 3.2215 1.6107 2.8442 0.0787 0.19%3
ervor 2 13.0255 0.5663 |

Source ar Deviance Mecan Dev. F p R?
Total oo 25 162471
fempc.a + tempe.b 2 4.6435 23218 4.6021 0.0208 02858
error 23 11.6035 0.5045 1

Source af Deviance Mean Dev. F p R
Totalogy 25 162471
spill ratio 1 33082 3.3082 6.1363 0.0207 0.2036
error 24 12.9389 0.5391

Source daf Deviance Mean Dev. F p R?
Toul . 2 162471
hatchery contribution 1 02550 0.2550 03827 0.5420 00157
error A 15.9920 0.6663 |

Page 228




Table J8: Analysis of deviance tables for Washougal references using two river conditions at

McNary Dam and adjusting for p&ability of transportation.

Source dL Deviance Mean Dev. F P
Total o 25 162471
flow.a + flowb 2 49583
spilla + spillb 2 2110 0.1055 0.2000 0.8203
error 21 11.0778 0.5275
over-all model p value 00778
Source dt Deviance Mean Dev F P
“Totaloy, 25 162471
flow.a + flowb 2 4.9583
turba + trbb 2 02724 0.1362 0.259 0.7738
emor 21 11.0163 0.5246
over-all model p value 0.0741
Source dt Deviance Mean Dev. F P
Totaleoy 25 162471
flowa + flowb 2 49583
fempc.a + tempe.b 2 1.5605 0.7802 1.6843 0.2097
emror 21 9.7282 0.4632
over-all model p value 0.0239
Source df Deviance Mean Dev. F P
Total ooy 25 16.2471
flow.a + flow.b 2 4.9583
spill ratio 1 0.1683 0.1683 03330 0.5697
error 2 11.1204 0.5055
over-all model p value 0.0364
Source df Deviance Mean Dev. F P
Totalo, 25 162471
flow.a + flowb 2 49583
baschery contribution 1 13901 1.3901 3.0804 0.0927
errar 2 9.9987 0.4499
over-all model p value 00110
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Table J9: Analysis of deviance tables for Tanner Creek references using single river
conditions at McNary Dam and adjusting for probability of transportation.

Source dar Deviance Mean Dev. F P R2
Total o, n 72.5599
flow.a + flowb 2 274731 13.7366 76167 0.0026 03786
error 25 45.0868 1.8035

Source df Deviance Meaa Dev. F P R?
Total o 7 725599
spilla + spillb 2 34.0078 17.0039 11.0266 0.0004 0.4687
error 25 385521 1.5421

Source df Deviance Mean Dev. F p R2
Totaloor 27 725599
turb.a + turbb 2 26.7887 13.3944 73159 0.0032 03692
error 2 457712 1.8308

Source df Deviance Mean Dev. F P R?
“Total ooy ] 72.5599
fempc.a + tempe.b 2 0933 0.4662 0.1627 0.8507 0.01285
error 25 71.6276 29651

Source daf Deviance Mean Dev. F P r?
Totalogy 1l 725599
spill ratio [ 30.9605 30.9605 192418 0.0002 04253
error 26 41.6994 1.6038

Source L Deviance Mean Dev. F P R?
Total o, n 725599
hatchery contribution [ 284976 28.4976 16.8157 0.0004 03927
error 2 44.0623 1.6947 |




Table J10: Analysis of deviance tables for Tanner Creek references using two river

conditions at McNary Dam and adjusting far probability of transportation.

Source df Deviance Mean Dev. F P
Total o 27 72.5599
spill ratio 1 30.8605
flowa + flowd 2 0.0388 0.0194 00112 0.9889
error 24 41.6607 1.7359
over-all model p value 0.0035
Source df. Deviance Mean Dev. F p
Totaloy 7 725599
spill ratio 1 30.8605
wrb.a + turbb 2 19.9555 9.9778 110129 0.0004
error 2 21.7440 0.9060
over-all model p value 1.80x10°%
Source df Deviance Mean Dev. F p
Total oy n 725599
spill ratio 1 30.8605
tempc.a + tempe.b 2 13.8954 69477 5.9971 0.0077
error 24 27.8041 1.1585
over-all model p value 3.25x10%
Source df Deviance Mean Dev. F p
Total o, 27 72.5599
spill ratio 1 30.8605
hatchery contribution 1 174153 17.4153 17.9287 0.0003
error 25 24.2841 0.9714
over-all model p value 1.14x10%
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Table J11: Analysis of deviance tables for Tanner Creek references using three river

conditions at McNary Dam and adjusted for probability of transportation.

Source dL Deviance Mean Dev. F P
Totalooer 27 725599
spill ratio + 2 48.2758
haichery contribution
flow.a + flowb 2 0.831 04216 04136 0.6661
error 23 23.4411 1.0192
over-all modet p value 2.00x10°%
Source df. Deviance Mean Dev. F p
Total oo 27 725599
spill ratio + 2 48.2758
hatchery contribution
turb.a + turbb 2 63226 3.1613 4.0481 00312
error p<] 17.9615 0.7809
over-all model p value 1.03x10°%
Source df Deviance Mean Dev. F P
Total o 27 725599
spill ratio + 2 48.2758
hatchery contribution
tempc.a + tempc.b 2 2.6460 1.3230 1.4063 0.2653
erTor 23 21.638 0.9408
over-all model p value 2. 22x10%
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Table J12: Analysis of deviance tables for Tanner Creek references using four river
conditions at McNary Dam and adjusting far probability of transportation.

Source df. Deviance Mean Dev. F p
Total o 7 725599
spill ratio + 4 545984
hatchery contribution +
turb.a + turbb
flowa + flowb 2 0.2563 0.1281 0.1520 0.8599
error 21 17.7052 0.8431
over-all model p value 1.61x10°%
Source df Deviance Mean Dev. F p
Total . 27 725599
spill ratio + 4 545984
hatchery contribution +
turba + turbb
tempc.a + tempe.b 2 4.2617 21308 3.2663 0.0582
error 21 13.6999 0.6524
over-all model p value 1.23x10%
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Manuscript Review

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 Il. 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-BI79-878035885, Task Order AT79-
89-BPO1772

How thisreview 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 themanuscript

Recommendation. | recommend this manuscript be accepted for publication
with revisions which are discussed as stated in paragraph 2.

Specific Comments

Note that these comments may be in addition to those written on the enclosed copy of

the manuscript and the letter of transmittal.

Introduction

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
many more) which characterize the normative salmon bearing ecosystem. Given the
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 informationrelevant

to the factors evaluated. For example, the first full paragraph on page 2 looks like a

keeper. Last paragraph before section 1.2 looks like a hold over from Hilbomn et al.

1.2 This section illustrates why | Counsel keeping the introductory verbiage to a
minimum. The rationale for inclusion of turbidity which is given here is very weak, and
it is not supported by citations to the primary literature. Not that turbidity should have

been excluded, but what, exactly, is the mechanism of mortality associated with
turbidity? Why do juvenile salmon avoid turbidity What does juvenile emigrant

mortality have to do with turbidity? 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 | 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 “independent” variables actually
independent of flow? How can the 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 catadromousfishes. 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.

Page 5, para 2. The effects of temperature are likely to be cumulative, as well as acute.
Timing of emergence, starvation, 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 “right® 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 unfortunate. Scientists “believe” that spill is the lowest mortality
route of hydroelectric project passage because tagging experiments involving hundreds
of thousands of marked members have demonstrated it to be so. There are no
estimates of mortality owing to gas bubble disease based on tagged members, or any
other method, because the extent to which the nitrogen supersaturated water coincides
with the path of the emigrants has not been measured. So the equation of the level of
scientific knowledge on these two sources of mortality, spill and GBD, as ‘beliefs" is

cavalier and inappropriate.

Page 5, para. 3 ‘Increased spill is thought to result in increased flow, . . . " By whom?
This is physically impossible, since the route that water takes through a hydroelectric
project has no bearing on the volume of water pér unit time coming down the river,
although the time rate of change in volume of water can force the project operator to
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
project passage, and it provides the highest known project passage survival.
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 vitro
observations which may, or may not, translate into in situ mortalities. /n situ
observations of acute effects of GBD in fish handling facilities at dams do not translate
into mortality estimates. In 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 scientifically impartial to give equal weight to unequally
substantiated hypotheses. Again, if the literature grounding is not available to you, my
advice is to skip it, rather than to risk the appearance of bias. It is reasonable to look at
spill in the context of this study because spill is an important operational attribute of the
hydroelectric system which may bear on juvenile emigrant survivals, period.

2. Materials and Methods

Page 6 - | was surprised not to see any reference here to the earlier Phase | work by R.
Hilborn, M. Pascual, R Donnelly, C. Coronado-Hemandez and others cited at this
point. Is this not based to some extent on those works?

Page 7, Environmental covariates. Environmental covariates require definition well
beyond what is presented here in order to add credibility to the work. Are the
conditions really ambient with respect to the emigrants? This central question is not
addressed. Since so much hinges on the credibility of these physical variables, the
lack of effort in this regard is a serious shortcoming. Specific suggestions on each
variable are given below. | recommend adding a table of weekly averages (April -
August) and standard deviations by year with graphs of average over all years with
95% Cl for each physical variable. In general this work is lacking in data summaries
and graphs to support the Resuits section. Suggest using the formats in Appendix A,
pp.26-35.

Flow. For example, where exactly, is flow measured at McNary? Is it actually
measured, or is it estimated? Does it contain sampling or measurement error, or both?
If so, how much? Where do the Hanford Reach emigrants start to experierice this flow?
For how long do they experience it? What proportion of the emigrants experience
whichflows? Are flows a surrogate for velocity? Do you postulate a relation among
flows, water velocity and fishvelocity? The following comment from an earlier review
needs to be addressed in the discussion on this point;

Therefore, by picking a fixed tinme duration over which to
measur e the independent variable, information from outside
the tinme horizon ofthe event maybe inappropriately applied
to explain the event. As a theoretical exanple, suppose
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that ninety percent of the m'fgration I'S svveﬁt out of the
hydroel ectric system by high flows during the first week of
May. Wiy then should the flows during the rest of Miy be a
determnant of survival, if nortality factors associated
with the hydroelectric system are responsible for the
observed survival s?

The problem of obtaining measures of flows as they occurred
during the juvenile mgration of each tag group, F(g) (Ean.
2), is part of the general problem of synchrony to which
studies of this nature are subject, It Is inportant to

enpl oy measures of the physical environnent that are
synchronous with the mgration of the popul ation of
juveniles to which the survival estinmates apply.

Where is temperature at McNary measured? Is this a scroll case temperature or
awater surface temperature? How does this temperature compare to the temperatures
in the river approaching the project, and to the temperatures in the river below the
project? 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
reference frame does it apply? Is this related to turbidities upriver or to the effect of
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 addition of transportation 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 semi-domesticated animal
population is unlikely to ever rigorously satisfy 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. | suggest that
pooling all the downriver stocks might provide a surrogate estimator of suitable
geographic resolution for lower-river-estuary-early marine effects.

Selection of stocks for comparison. Comments from C. Paulsen.

The first comment is that I do not believe there is enough documentation on how
the reference stocks (Bonneville, Cowlitz, etc.) were chosen from the pool of potential
reference stocks. A detailed description of the data, including brood years of CWT data
used and recovery fractions in each fishery for each potential reference stock, should be
included. In addition, more details on selection of tag groups for the reference stocks
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should be included. The selection of reference stocks was a sore point with reviewers of
the earlier draft, and more information is needed to assess the authors’ choice of reference
stocks.

Second, with an eye toward assessing potential methods for future experiments, it
might be instructive to compare different Priest Rapids CWT groups released the same
year, to see if they have similar ocean recovery patterns. For example, in 1987 nine tag
codes were released (from Table C8, p. 63 of the report). If these nine groups do not
have the same ocean recovery patterns, it may suggest that designing tagging, rearing, and
release experiments to isolate the effects of in-river migration conditions may be extremely
difficult. If one wants to control for ocean conditions by having tag groups with different
in-river migration experiences be exposed to the same ocean conditions (the premise of
the experiments discussed in Section 4), it would be helpful to assess the similarity of
ocean conditions for past releases. A similar comparison could be done for McNary
transport and control recoveries, to see if transport affects ocean recovery patterns.

Again, if it does make a difference, this does not bode well for the design of future
experiments (C. Paulsen 6/14/96).

pp- 14-15, Eq. 1 seems to be missing a line or two (C. Paulsen 6/14/96).
p- 15. Need details on the &i-square homogeneity test (C. Paulsen 6/14/96).

p. 22 Table 4 - The Euclidean2 column doesn’t really add anything to the comparison.
(C. Paulsen 6/14/96)

Page 25, text and Table 7. The observation that increased flow leads to increased spill
is not particularly informative. Note that spill is positively correlated with flow at a dam
project only at times when flow exceeds the hydraulic capacity of its powerhouse,
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 indicate the time period over which,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 function 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, | 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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at the end of presenting the results of each model (1-6, i.e. page 46) could be moved to
the discussion. Shorten the CWT narrative by referencing Phase | documents, and by
moving the descriptive parts to the Introduction. 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 Comments

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, “The 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 “ambient”.

Introduction - crunch 1.1and 1.2 down to two paragraphs; paragraph one briefly
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 Hilbom 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 VIPA approach (Appendix A) unadjusted for transportation up
front in a box or other separator. Build additional 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 (Appendix A)
unadjusted for transportation (Section 3.3.5) up frontin abox or other separator.
Summary data tables and graphics 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 from a past review

The Scientific Review Croup identified a number of concerns in a review made public
early in 1994. | have examined the manuscript with respect to how well it addresses
these key concems. The following is a synopsis of the extent to which these concerns
have been addressed.

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
McNary, and this should be made dear in results and conclusions. 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 temperature, turbidity, and transportation
made this task much more onerous, but no less essential. -At this late date, it is not
recommended to delay the production 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-hydroelectric
survival.

Much progress has been made here, although it is dear that one salmon population will
never be able to serve as a “control® 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 representing flow
with respect to its physical and temporal properties.

Progress has apparently made here, however the extent of this progress is only
apparent by careful scrutiny of the data Appendices. Need to acknowledge that the
measures of physical factors available at the dams may not be appropriate surrogates
for ambient physical conditions for the smolts.

. 6. Focus the paper on flow survival, lending less effort to discussion of
Bayesian statistical methods and general history of the Columbia Basin.

Two steps forward, and one step back. It is not clear what the addition of turbidity and
temperature, which are tightly correlated with flow, really added to the understanding of
the flow survival relationship. The original hypothesis of Hilbom et al. has been moved
into the background, when it should have been the starting point for the analysis. In
retrospect, the Bayesian approach doesn’t look so bad.

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

Responses to the peer review by Dr. Phillip Mundy have been numbered to correspond to his

numbered 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 uncertain, no more so for tur-

bidity than the other factors examined in this report.

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 I-4. By using a step-wise procedure to build up the model one covariate at a time, 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 transportation), 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 affecting the covari-

ates investigated in this report should not matter, equally affecting both up and down-river stock.
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page 5, para. 2: This paragraph has been modified to include more citations and responses to the
suggested litea-atum and other sources in regards to temperature and its effects. The temperature
was not based on a fixed 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 of different hypotheses have been addressed.

2. Materials andMethods
page 6: Reference to earlier Phase | 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 1-4,6 and Table 1). Hgures 1-4 are average weekly measurements of flow, spill,
turbidity, temperature. Table 1 contains monthly average and standard errors of the environmental
covariates. Fig. 6 is a graph of the annual total biomass contributed by hatcheries to the Columbia
River, as calculated 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 fish 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 covariate
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
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turbidity (the disk was visible at a greater distance through the water). Therefore, a negative corre-
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
fractions and tag identification codes for the final reference stocks used in the analyses are listed

in Appendix C.
page 14-15: Equation added back into the document.

page 15: Additional iuformation added about the chi-square homogeneity test (See “3.1.2 Ocean
Distribution Analysis” on page 27.).

page 22, Table 4: Euclidean? column removed.

page 25, text and Table 7: Table headers now include time periods of covariate correlations. All
three correlation tables now have an indicator of significance (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 visibility. Higher turbidity is indicated by lower val-

ues. the opposite of flow, which is recorded as cubic feet per second.
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page 25, last sentence: Temperature may be more of an important factor than the other river
covariates Used in thisanalyss, and thusits inclusion in many of the models. The sentence com-
menting on temperature correlation was removed, due to the fact that though the correlations are
less than other factors, they are still significant after applying the Pearson’s product moment cor-

relation coefficient test for difference from zero.

Section 3.3.5: 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, editing, 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-
ate in this case, as any seeming relationships determined in the covariates to survival are

questionable, due to the inability to sufficiently account for marine effects.
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