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INTRODUCTION

contemporary management of Pacific 5almon stocks within the
jurisdiction of the Pacific Fishery Management Council relies
substantially on analyses of recovery data from coded~wire tagged
(CWT) fall chinook salmon released from public hatcheries. For
Klamath River fall chinook salmon in particular, CWT recovery
data have been used by the Klamath River Technical advisory Team
(KRTAT) to estimate time- and area-specific ocean fishery exploi-
tation rates, annual ocean fishery exploitation rates, terminal
fishery exploitation rates, and other life history parameters of
interest (e.g. age-specific maturation probabilities}).

Most of the methods that have been used by the KRTAT for
analysis of CWT recovery data can be loosely termed "cohort
analyses" (see, e.g., KRTAT 1990). These methods are based on an
age-structured representation of the life history and fisheries
for a fall chinook salmon stock (see, e.g., Hankin and Healey
1986). In these methods and throughout this report, the age of a
salmon refers to the difference between brood year and year of
recovery. Hankin and Healey (1986) assumed a "Type 1" ocean
fishery (Ricker 1975). Thus, the biological year begins with the
opening of ocean fishing for Klamath fall chinook salmon (usually
May 1) and all mortality during the fishing season is assumed due
to fishing. From the date that the fishing season ends, usually
about September 1, until the beginning of the next fishing sea-
son, all mortality is assumed due to natural causes. Maturation
is assumed to take place immediately after the fishing season,
but before natural mortality. This last assumption is in rough
agreement with freshwater run timing for most fall chinook salmon
stocks. We use the term "conditional ocean survival rate" to
refer to the fraction of fish that survive from the end of one
fishing season until the beginning of the next fishing season
because this rate applies only to fish that have survived the
fishing season and did not mature (i.e. were not caught and did
not enter freshwater). For brevity, we refer to these conditional
ocean survival rates simply as ocean survival rates.

Hankin (1990, Appendix A) gave a detailed presentation of
"cohort analysis" estimation methods for recovery data from a
single release of CWT fall chinook salmon, and he presented many
jllustrations of their application to appropriate data sets,
including those for Klamath River fall chinook salmon. (See
Cramer 1990 for applications of these methods to CWT recovery
data for Sacramento River chinook salmon). The cohort analysis
begins at the oldest age of recovery (typically age 5 for Klamath
River fall chinook), and catch and escapement at age 5 are added.
This sum is then adjusted for natural mortality and added to
estimated catch and escapement at age 4 to produce an estimate of
the total number of age 4 fish alive immediately prior to the
fishing season, A,. Age 4 ocean fishery exploitation rate can now
be estimated as age 4 ocean catch divided by the estimate of A,,



and this general process is continued "backwards" to age 2. Ad~—
justments for natural mortality between each age are made by
selection of particular values for ocean survival rates, Hankin
(1990), Cramer (1990) and the KRTAT (1986) have typically assumed
that ocean survival rates are 0.50 from age 2 to age 3, and are
0.80 for older age chinook.

The values of ocean survival rates that are assumed known
in these cohort analyses are loosely based on tag recovery exper-
iments in which chinook salmon from unknown stock mixtures were
tagged in the ocean (Parker and Kirkness 1956, Cleaver 1969) .
When salmon are tagged in the ocean, subseguent "loss" of tagged
fish may be attributed to three distinct causes (excluding viola~-
tion of the usual tag recovery assumptions such as no tag loss):
(1) capture in the ocean fishery, (2) maturation and return to
freshwater, and (3) natural mortality. Although estimation of the
catch of tagged fish in ocean fisheries may be accomplished
through routine sampling programs, there are no collected sample
data with which one might estimate freshwater escapement to an
unknown number of freshwater systems. Thus, it is impossible to
distinguish between losses due to natural mortality and losses
due to maturation. As Hankin and Healey (1986) point out, natural
mortality and maturation are confounded in ocean tag recovery
data so that no unique estimate of survival rate is possible
(unless one is willing to specify a particular maturation rate
for tagged fish). Because age-specific maturation probabilities
vary substantially both within and among chinook stocks (Nicholas
and Hankin 1988, Hankin 1990) and the tagged stock mixture is
unknown, there is no good basis for choice of any particular
maturation rate to apply to ocean tag recovery data. The current
assumed values for ocean survival rates appear to be based on
Ricker's 1976 paper in which he concluded that the 65% survival
rate guessed by Parker and Kirkness (1956) and Cleaver (1969) was
probably too low. Thus, for example, Hankin and Healey (1986)
generally assumed that the survival rate was 80%. We are not
aware of any peer-reviewed publication that serves as the basis
for an assumption that survival rates of chinook from age 2 to
age 3 may be different from those at older ages (as assumed by
the KRTAT, Hankin 1990, Cramer 1990), although this assumption
does seem biologically plausible.

Throughout this report we will use the term "CWT recovery
data" to refer to estimated catches and escapements of a CWT
release group based on actual CWT recoveries in ocean fisheries
and in freshwater. The cohort analysis methods described above
generally use a very simple summary of these CWT recovery data.
For a given CWT release group, summarized recovery data consist
of (a) estimated ocean catches (sport plus commercial) at ages 2
through 5, and (b) estimated freshwater escapements (catch plus
spawning escapement) at ages 2 through 5, for a total of 8
"observations" per release group. For an early-maturing stock
such as Klamath River fall chinook salmon, essentially no recov-



eries are obtained after age 5 and we assume throughout this
report that the age 5 maturation probability equals 1. Note that
CWT recovery data sampling programs for most chinook salmon
stocks are not adequate to allow meaningful estimation of fresh-
water escapement. The extensive and ongoing freshwater sampling
programs for returns of Klamath River fall chinook salmon are an
important exception in this respect because they are specifically
designed to produce estimates of total freshwater esgcapement.

For a given CWT release group, one might wish to estimate
{a) ocean fishery exploitation rates at ages 2 through 5, (b}
maturation probabilities at ages 2 through 4, (c¢) ocean survival
rates from age i (i = 2, 3, 4) to age i+l, and (d) survival rate
from release to age 2, immediately prior to ocean fisheries. In
total, this gives 11 parameters for which estimates are desired.
Thus, the number of parameters for which estimates are desired
exceeds the number of data observations, in which case there can
be no unique estimates of any model parameters. viewed from this
perspective, choice of assunmed conditional ocean survival rates
may be seen to be an expedient device which reduces the number of
parameters for which estimates are desired to 8, equal to the
number of observations.

In earlier work (Mohr and Hankin, unpublished) we found that
the cohort analysis methods presented in Hankin (1990) are of
maximum likelihood with respect to an assumed multinomial distri-
bution of catches and escapements based on recovery data for a
given CWT release group, assuming that conditional ocean survival
rates are known. Estimates of all 8 parameters are unique in this
case, and estimators have simple forms (see Hankin 1990, Appendix
A) . Because the number of observations is equal to the number of
parameters to estimate, the estimation model is termed "fully
saturated" and there are no "degrees of freedom" remaining for
error. Given a known number of fish released from a particular
release group, the observed recovery data (estimated catches and
escapements at age) can be perfectly reproduced from estimated
parameter values and CWT release group size.

There are no existing methods whereby estimates of all age-
specific maturation probabilities and ocean fishery exploitation
rates can be made from recovery data for a single CWT group
unless ocean survival rates are assumed known. Further, there are
no unbiased estimates of ocean survival rates in the published
literature and there is general but undocumented belief among
salmon biologists that ocean survival rates of salmon do vary and
may have been unusually low during the 1983 El Nino event. Final-
1y, assumption of any particular values for ocean survival rates
in analysis of CWT recovery data may lead to substantial biases
in estimates of life history and fishery parameters (see Part I,
Ssummary of Estimation Methods).



In this report we present estimation methods which are in-
stead based on statistical analysis of recovery data from a
sequence of CWT groups of chinook salmon released from four or
more successive brood years. If one makes a limited number of
reasonable assumptions, it becomes possible to estimate ocean
survival rates from CWT recovery data for such sequences of
releases. Because the number of observations may exceed the
number of parameters to be estimated in this context, differences
between observed and predicted recovery data allow comparisons
among alternative models and assumptions. Our estimation models
share some features of the tag recovery models of Brownie et al.
(1978, 1985), but they differ importantly in the complexity of
model form and in the number of years for which fish from indi-
vidual CWT release groups remain at large. Our proposed methods
alsc allow for easy and informative inclusion of "replicate" CWT
release groups from within the same brood year.

Because a formal presentation of our proposed estimation
methods is likely to be of much less interest to most readers
than the results of their application, immediately following this
introduction we provide a brief listing of our most important
findings and recommendations. The remainder of our report is
organized into two distinct sections. In Part I we give a simpli-
fied overview of the methods we have developed for analysis of
CWT recoveries from a sequence of release groups; this overview
is intended to be accessible to most fishery bioclogists. We then
present and discuss the application of these methods to CWT
recovery data for fall chinook salmon released from Trinity River
Hatchery (TRH) and Iron Gate Hatchery (IGH), 1978 through 1985
brood years. We conclude this section with a brief discussion of
our most important findings and we consider areas for future re-
search. In Part II, we present a very brief discussion of some
important statistical matters that relate to development and
application of our proposed estimation methods. In this section
we make no attempt to make our presentation accessible to the
"lay" reader, but we do assume that the reader has read the
Summary of Estimation Methods in Part I. Material presented in
Part II, when combined with computer data files and program
listings contained in Appendices A and B, should allow an inter-
ested quantitative fishery scientist to explore the performance
of the estimation methods we propose.

Finally, we wish to impress upon the reader that the pro-
posed estimation methods and their example applications that are
presented in this report should be regarded as preliminary. To
our knowledge, there are no existing CWT analysis methods that
are analogous to those presented in this report, and the methods
that we present and discuss have not yet been subjected to peer
review by qualified statisticians. There are many areas of uncer-
tainty in the application of our proposed methods, and we have
pointed some of these out as appropriate in this report. Also, we
must warn that application of our proposed methods requires spe-



cialized statistical analysis software and at least a 386-based
PC with at least 4 MB of free memory (or a comparable time-
sharing computing environment). Despite these reservations and
warnings, we have been very encouraged by the preliminary appli-
cations of our proposed methods to CWT recovery data for Klamath
River fall chinook salmon. We believe that our proposed methods
will be found to have substantial merit after they have been more
thoroughly developed and subjected to peer review.



SUMMARY AND RECOMMENDATIONS
Methods

1. Given a minimum of four successive brood years' release of
fall chinook salmon, at a similar time, size and location, one
may estimate life history and fishery parameters of interest from
CWT recovery data without assuming that conditional ocean surviv-
al rates are known.

2. Our proposed methods share many similarities with existing
models for tag recovery analysis, but differ in important re-
spects due to the unusual and complicated nature of the life
histories of and fisheries for chinook salmon.

3. Our proposed methods may be extended to include an indefinite
number of brood years' release of CWT fish, and may easily incor-
porate CWT recovery data from "true replicate" groups.

4. Application of our proposed methods may be accomplished using
specialized but commercially available software packages (such as
BMDP, BAS) and may be carried out in a PC environment, although
at least a 386-based PC with 4 MB of free RAM is required.

Results of Applications

1. We applied our proposed methods to CWT recovery data (estimat-
ed ocean catches and freshwater escapements) for fall chinoock
salmon released from Trinity River Hatchery (TRH) and Iron Gate
Hatchery (IGH), brood years 1978 through 1985. Application of our
proposed methods to recovery data for fingerling fall chinook
salmon produced implausible and unstable estimates of model
parameters. We suspect that this poor performance for fingerling
release groups reflects the inherent variation in CWT recovery
data for fingerling releases due to inconsistent and generally
poor survival.

2. Application of our proposed methods to CWT recovery data for
yearling fall chinook salmon released from IGH produced plausible
and stable estimates of life history and fishery parameters, and
allowed selection of an "appropriate" model. This model assumes
that all CWT groups share the same age 4 maturation probability,
put allows conditional ocean annual survival rates of age 2 and
older fall chinook salmon to vary between years. We assumed that
this same model applied to CWT recovery data for TRH yearling
chinook salmon.

3. We found no statistical evidence for a difference in ocean
survival rates of age 2 as compared to age 3 and older fall
chinook salmon based on CWT recovery data for IGH yearling re-
leases.



4. Estimated survival rates from release to age 2 ranged from
less than 1% to at least 40% for both IGH and TRH releases, and
estimated ocean survival rates ranged from approximately 15% to
100% for both IGH and TRH releases, over the period of vyears
spanned by 1978-1985 brood year releases.

5. Estimates of survival rates from release to age 2 were ex-
tremely poor for 1981 brood year fish released in fall of 1982,
and estimates of ocean survival rates for age 2 and older chinook
salmon were extremely poor for the fall/spring period of 1982/83.
These periods of extremely poor survival correspond to the peak
of the 1983 El Nino event.

6. Estimates of age-specific maturation probabilities confirmed
that although both IGH and TRH races are early-maturing (age 4
maturation probabilities are in excess of 90%), tendency for
precocious maturation and for maturation at age 3 is much more
pronounced for TRH fish than for IGH fish. Interannual variation
in age-specific maturation probabilities was especially large for
TRH fall chinook salmon for which age 3 maturation probabilities
ranged from less than 10% to nearly 100% over the 1978-85% brood
years.

7. The substantial variation in ocean survival rates, combined
with the substantial variation in estimated age 2 and age 3
maturation probabilities have substantial implications for man-
agement of Klamath River fall chinook salmon in general, and for
prediction of preseason abundance in particular. Current presea-
son prediction methods invoke implicit and untenable assumptions
that age-specific maturation probabilities do not vary between
years or among races for Klamath River chinook salmon.

Recommendations

1. Preseason predictions of the abundance of Klamath River chi-
nook salmon should be modified so as to account for interannual
variation in maturation probabilities at ages 2 and 3 and, if
possible to account for stock composition (e.g. IGH vs TRH
M"races"). A substantial amount of this interannual variation may
be attributable to variation in size at age.

2. We provisionally recommend that large (100,000 - 150,000) CWT
releases of yearling fall chinook salmon from IGH and TRH, that
have routinely been released as a single group with a single tag
code, be released instead as two true replicate CWT groups of
50,000 - 75,000 fish per group, each group receiving a distinct
tag code. Based on our preliminary analyses of CWT recovery data
for IGH (some replicated groups) and TRH (no replicated groups)
releases of yearlings, replication appears to improve stability
of estimated life history and fishery parameters and allows
better identification of appropriate model.



PART I
SUMMARY OF ESTIMATION METHODS

As discussed in the Introduction, it is impossible to esti-
mate survival rate from release to age 2, and age-specific matu-
ration probabilities or ocean fishery exploitation rates from CWT
recovery data for a single release group unless one assumes that
(conditional) ocean survival rates are known. Cholce of ocean
survival rates may in turn have substantial impact on estimated
life history parameters. For example, suppose that 100,000 fall
chinook salmon were released as yearlings from IGH and that ocean
fishery catches and escapements (freshwater catch + spawning
escapement) were as follows:

Age Ocean Catch Freshwater Escapement
2 12 68
3 1,546 1,336
4 1,237 1,088
5 ) 12

Label age~specific maturation probabilities as o; (i = 2, 3, 4,),
age-specific ocean fishery exploitation rates as uy (i = 2, «..,
5), and survival from release to age 2 as S5,. The %able below
illustrates the dependence of estimates of these parameters on
choices of the assumed occean survival rates if the single CWT
release group methods of Hankin (1990, Appendix A) are used. For
simplicity, the illustration assumes that ocean survival rates,
§, are the same at all ages (i.e. the survival rate from age 2 to
age 3 is the same as the survival rate from age 3 to 4, and from
age 4 to 5).

Estimated Assumed Values of Ocean Survival Rates at ages 2-4
Parameter S = 0.40 8§ = 0.50 S = 0.6H S = 0.80
U, 0.0005 0.0008 0.0012 0.0016
Uq 0.1757 0.2034 0.2379 0.2659
Uy 0.5225 0.5244 0.5261 0.5272
Ug 0.2941 0.2941 0.2941 0.2941
g4 0.0031 0.0045 0.0068 0.0093
o4 0.1842 0.2207 0.2697 0.3130
Ty 0.9624 0.9697 0.9765 0.9808
SO 0.4416 0.3056 0.2016 0.1470




Note that parameter estimates at earlier ages are more
affected by choice of ocean survival rate than are estimates at
older ages, For example, estimates of age 5 exploitation rates
are independent of assumed choices of survival rates, whereas
estimates of maturation probabilities and exploitation rates at
age 2 and of survival rate to age 2 display an approximately 3-
fold range of values according to choice of survival rate. Clear-
ly, it would be desirable to estimate life history and fishery
parameters from CWT recovery data without making some guesses of
the unknown ocean survival rates.

Brownie et al. (1978, 1985) presented estimation methods for
analysis of tag recovery data from a sequence of annual releases
of M; tagged fish (i = 1, 2, ..., s). Tags must allow identifica-
tion of year of release (as do coded-wire tags}. For their meth-
ods, it is simplest to let the recovery data be equal to the
number of tags that are returned each year by anglers. Label

these recovery data as R;;, where i denotes year of release and j

denotes year of recovery %j =1, 2, -.., K) . A recovery data

"array" may be visually displayed by the following table:

Year of Number Year of Recovery (1)

Release (i) Released 1 p 3 4
1 My R1a Ry2 Ri3 Rigq
2 M; Ry2 Rz3 Roy
3 My Ry; Riy
4 My Ryq

Although in the above table the number of years of release is
equal to the number of years of recovery (i.e. k = 8), recoveries
may continue for many years beyond tag releases (i.e. k > s).

Define the annual recovery rate, r;i, as the fraction of the
fish alive at the beginning of a year for which tags are recov-
ered. The tag recovery models assume that this recovery rate
applies to all groups at large during a particular year of recov-
ery, although this rate may vary between years. Thus, the expect-
ed number of recoveries from a particular release group in a
particular year is equal to the product of the recovery rate, Ty,
in that year and the number of animals from that release group
which are alive at the beginning of the recovery year. The
number of animals from a particular release group that are alive
at the beginning of a recovery year depends on the assumed sur-
vival situation. For example, if annual survival rates are as-
sumed constant and are independent of age of animal, then the
expected number of animals from the first release group that are
alive at the beginning of the third recovery year would be



M;-8-5, and the expected number of recoveries from the firﬁs
release group during the third year would be E(R,,) = ryM;57.
Similar expected value calculations for other recovery en%ries
give the following array of expected recoveries:

Year of Number Year of Recovery

Release Released 1 2 3 4
1 My riM, r,M,S r,M, 2 r M, s3
2 M, r,M, rM,8 r,M,s?
3 M, r4Ms raM3S
4 M, raMy

In the above table of expected values, note that within a given
the column all entries depend on the same recovery rate; thus a
total of four recovery entries provide information on the recov-
ery rate in the fourth year, r,. Similarly, all recovery entries
that are not on the main diagonal (and are not of the form riMi3
depend on the same assumed constant survival rate and hence
provide information on its value. It is this "linking" or "shar-
ing" of common recovery rates and survival rates across release
groups and across years of recovery that allows survival rates
and recovery rates to be estimated.

Suppose, for example, that we instead had recovery data from
just a single release group and that we were interested in esti-
mation of the survival rate. The recoveries from this group
during its first year at large, R,,, would be uninformative
because they do not depend on 5. %ﬁe expected recoveries in the
second year do depend on S, but they also depend on the recovery
rate in the second year, r,. Thus, unless r, is assumed Known,
there is no way to estimate S from the recoveries of a single
release group in recovery year two. Equivalently, unless S is
assumed known, it is impossible to estimate r,. The parameters r,
and S are said -to be "confounded", in the same sense that it is
impossible to estimate survival rates of salmon based on tagging
of fish in the ocean because losses due to natural mortality and
maturation are confounded and cannot be statistically separated.

If there is a second year of tagged releases, however, the
recoveries from the second release group in the second recovery
year, R,,, would allow estimation of r, as R,,/M,. This estimate
of r, could then be used to obtain an estima%e of S5 from the
recoveries of the first group during the second recovery year.
Thus, the problem of confounding of r, with S for a single re-
lease group can be avoided by releasing a second release group
from which an estimate of r. can be obtained, thus allow statis-
tical separation of the parameters r, and S.

10



One very important alternative set of assumptions regarding
these same recovery data is to assume that annual survival rates
vary between years but are the same for all release groups in
year 3. 1In this case, we label annual survival rates by 8; and
the array of expected recoveries will look like the table Eelow:

Year of Number Year of Recovery, i
Release Released 1 2 3 4
1 My rlMi rlesl r3M15182 r4M1818253
2 M, rzMz r4M,5S, r4M25253
3 M, ryM, r M,S,
4 My r My

Note that, for this alternative model of the recovery data struc-
ture, information concerning a particular annual recovery rate is
again contained in the column entries for that particular recov-
ery year. Information regarding survival rates, however, now has
a much more complicated pattern than for the previous model. For
example, all information concerning survival during the second
year is contained in the upper right most four cells (Ry3, Ry4,
Ry4 and Rogldi only the first and second release groups were
eXposed to survival conditions during the second year so that
recoveries from successive release groups are not informative
with respect to S,.

Brownie et al. (1978, 1985) presented different sets of
estimators for these alternative models, and they also presented
statistical tests whereby an "appropriate" model could be select-
ed. These tests are based essentially on a comparison between a
weighted sum of the squared differences between observed and
predicted recovery data for one model as compared to some alter-
native and simpler model. That is, given estimates of r; and 5
for the first model (constant survival), it is possible to pre-
dict the values of the Ri- for each entry in the recovery data
array. For example, lettlag carats or "hats" denote estimated
quantities or parameters,

- -~ -

For the second model (in which annual survival rates vary between
years), R,y would be predicted as:

- -

Ryg = I3 My 5, .

11



Each set of predicted valu&s could then be compared to the actual
collected recovery data, and a {(weighted) sum of the sguared
differences between observea and predicted could be calculated.
If the sum for the simpler model (constant 8) were (essentially)
no greater than for the more complex model (variable S;), one
would conclude that there was no statistical evidence ln support
of the more complex model; thus, the simpler model would be
judged "“appropriate”. Alternatively, if the sum for the simpler
model were much larger than for the more complex model, one would
instead conclude that the more complex model was appropriate.

The methods that we propose for analysis of CWT recovery
data for chinook salmon share many similarities with the tag
recovery models of Brownie et al. (1978, 1985), but they are also
different in many important respects. First, recoveries from a
sequence of CWT releases of fall chinook salmon produce two
recovery data arrays and these are of a different "shape" than
those considered in the tag recovery models (Table 1). If all
salmon are assumed to mature at age 5, then ocean recoveries fronm
a particular group will take place for only four years at
ages 2 through 5. This feature gives the recovery data arrays a
shape which is very different from the tag recovery models in
which all release groups are assumed at 1arge in any given recov-
ery year (for j > i). Second, the entries in the arrays are
estimated total ocean catches and total freshwater escapements
rather than raw recovery data as in the tag recovery models.
Finally, underlying structure of all of our alternative models
reflects the age-structured and complex nature of the life histo-
ry and fisheries for fall chinook salmon. In this respect our
models are far more complicated than the tag recovery models
considered by Brownie et al.

Nevertheless, our proposed methods for analysis of CWT
recovery data for chinook salmon are similar to those of tag
recovery models in several important respects. First, measures of
the differences between ocbserved and predicted catches and es-
capements allow comparison among alternative models. Second,
application of our methods requires a minimum of four successive
brood years of CWT releases. If the number of entries in the
columns of the arrays of Table 1 are listed, they give the char-
acteristic pattern: 1, 2, 3, 4, 4, ..... 4, 4, 3, 2, 1. No matter
how many years that releases take place, there are never recover-
ies from more than four brood years of releases during any sxngle
recovery year. A minimum of four brood years of CWT releases is
needed to achieve this general pattern enclosed by the boxes in
Table 1 {(column totals in this case will be 1, 2, 3, 4, 3, 2, 1).
For the tag recovery models, a minimum of three years of releases
is required for goodness of fit tests (Brownie et al. 1978, Model
1). Finally, even with the sequential CWT release group approach,
certain parameters prove to be confounded with one another. For
example, the expected values of ocean catches and freshwater
escapement of the first group at age 2 are:
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Table 1. Illustration of the layout of estimated catches and
escapements based on recovery data from a sequence of CWT release
groups beginning with the 1978 brocod. Boxed areas indicate mini-
mal recovery data requirements for methods used in this report.
Fstimated catches are identified by Y's and subscripts indicate
release group number and age at capture. Thus, ¥ indicates
estimated catch from the second release group (15%9 brood) at age
3 (in 1982). Estimated escapements are identified by E's and
subscripts indicate release group number and age at escapement.

Ocean Catches

Rrood Year of Recovery
Year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
1978 Yip Y33 Y14 Y35
1379 Yo Y3 Ypq Y2
1980 ¥ip Y33 Y34 Y35
1981 Y42 Ya3 Yz4 Yss
1982 Ysp Yg3 Y54 Ygs
1983 Yoo Ye3 Yesa Yes
1284 Y72 Y93 Y74 Yys
1985 Ygo Ygz Yga Ygs

Escapements

Brood Year of Recovery
Year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
1978 Ei2 Eiz Fig Eys
1975 Eys Epxz Epg Eps
1980 Ejp Ez3 E3zy Esp
1981 Baa Eaz Fgq Eys
1982 Es; Esz EBsy Ess
1983 Ego Egz Egy Egs
1984 E72 E73 Egq Egs
1985 Egy Egy Egyg Egs
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E(Eyp) = 095 (1-uy5)-Ny-Sqgs

where u is the ocean fishery exploitation rate for the first
release group at age 2; 04, is the maturation probability for the
first release group at age 2; S8 is the survival rate from
release until age 2, immediately before the ocean fishing season,
for the first age group; and Ny is the number of CWT fish re-
leased from the first group. No expected values for any other
recovery data entries depend on u or on the intensity of the
ocean fishery during 1980. Thus, %ﬁe model parameters u,, and 5.,
are confounded and only their product (which we label P ? may be
uniquely estimated. The three factors o,,, (l-u;,) and g are
also confounded in the expected value for E and only tﬁeir
product (which we label P,)} can be unigquely estimated. In the

tag recovery models, when the number of years of recovery ex-
ceeds the number of years of release, estimates of annual recov-
ery rate and annual survival rate become confounded for recovery
years greater than or equal to the last year of release.

If the fate of each of four successive CWT release groups
were entirely unrelated to one another, then there would be a
total of 4-11 (44) parameters to estimate. The number of observa-
tions would only be 4.8 (32) and it would be impossible to obtain
unique estimates of parameters of interest. It is therefore
necessary to make some simplifying assumptions concerning rela-
tionships among model parameters. The most important simplifying
assumptions that we make for all model alternatives concern
relations among ocean fishery exploitation rates (u;;) of age 2,
3, and 4 fish and may be expressed in mathematical %arms by:

Y2
(1) Ujp = W4.7.3 ; and
I3
{2) Uj_1,3 = ui_2'4 ; s0 that
FaF3
(3) Usp = U5 5 4 -

In the above formulas, i denotes brood year of release, j denotes
age (j = 2, 3, 4) and r, and ry are constants which scale exploi-
tation rates between ages during fishing seasons. These assump-
tions are most easily understood with reference to a particular
brood year, i. For example, the assumptions state that (1) the
age 2 exploitation rate for fish from the 1980 brood year release
is equal to the age 3 exploitation rate for fish from the 1979
brood year release raised to the r, power, and (2) the exploita-
tion rate for age 3 fish from the %979 brood year release is
equal to the age 4 exploitation rate for fish from the 1978 brood
year release raised to the ry power. Thus, (3) the exploitation
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rate for age 2 fish from the 1980 brood year release is also
equal to the exploitation rate for age 4 fish from the 1978 brood
year release raised to the r, r, power.

The "sense" of these assumptions may be most easily under-
stood by reference to Table 1. Note that the third column of
ocean catches lists the estimated catches at age 4 from fish
released from the 1978 brood year, the estimated catches at age 3
from fish released from the 1979 brood year, and the estimated
catches at age 2 of fish released from the 1980 brood year. Thus,
each of these catches took place during the same fishing season.
Equations (1) - (3) basically argue that age-specific ocean
fishery exploitation rates have a simple relationship to one
another within a particular fishing season. We also assume that
this same simple relation holds in all recovery years. The magni-
tude of the age 4 exploitation rate may, of course, vary between
years and will affect the magnitude of the exploitation rates at
ages 2 and 3 in that same year.

We also make the important assumption that age 5 ocean fish-
ery exploitation rates are the same as age 4 ocean fishery ex-
ploitation rates in the same fishing season. Because so few
Klamath River fall chinook salmon are alive at age 5 and very few
are caught in ocean fisheries, it is essentially impossible to
estimate age 5 exploitation rate in any case. p

The significance of these assumptions regarding exploitation
rates is that they reduce the number of exploitation rate parame-
ters that need to be estimated from 16 (four for each group) to 6
(Wy3, Uqgr Upgr UYzgr Yy and u,q) plus the two additional parame-~
ters r. and r.. As mentioned previously, the parameter u is
confounded with S,, and cannot be uniquely estimated. Together,
this reduction by g in the number of parameters that must be
estimated leaves a total of 36 parameters to estimate as compared
with 32 observations; the estimation model is still "oversaturat-
ed" and unique estimates of model parameters still cannot be
calculated.

The remaining assumptions that we make ensure that the
estimation model is not oversaturated and allow us to compare
among alternative models. Table 2 lists those simplifying assump-
tions that we have made and the corresponding model parameters
that need to be estimated. The smallest number of model parame-
ters in Table 2 are listed for Model 1; for this alternative
model all groups are assumed to share the same age 4 maturation
probability and the ocean survival rate is assumed the same in
all years and at all ages. The largest number of model parameters
listed in Table 2 is for Model 5; for this alternative model each
group has its own unigque set of maturation probabilities at all
ages, ocean survival rates vary with years, and the ocean surviv-
al rates of fish from age 2 to age 3 may be different from those
of older aged fish.
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Table 2. Alternative assumptions and corresponding paranmeters
that must be estimated for alternative models of recovery data
for CWT fall chinook salmon, one CWT group released from each of
four successive brood vears. Alternatives are listed from the
simplest to the most complex and are identified model number
(e.g. Model 1). Subscripts on age-specific axploltatlon rates,

and on age-specific maturation probabilities, indicate
reiease year and age; first subscript on survival ra%%s from
release to age 2, SiOf indicates release year; subscripts on
ocean survival rates, indicate recovery year 7 (fall of year
3 to spring of year j+l? or fish age (Model 2 only). P, is a
confounded parameter equal to (1-u,,)(l-o4 )81 for Mo els 1 and
2; and equal to 5,(1-uy,)(1-04,)8,5 for Mo els 3, 4 and 5. 0,4,
and S, are probably con ounde for Models 4 and 5 but were not
treat@d as such.

Model 1
Assumptions:

1. All groups share the same common age 4 maturation probability;
2. Ocean survival rates are independent of age and year.

Parameters: 0,3, O35, U3¢ T332+ O33s T4, T43s Ogyy
Uygr Uggs Uogr U3g, Yags Yysy
r Yy, Ty, Py, Py, Pg,
Saor S3g9r Sso0-

Model 2
Assumptions:

1. All groups share the same common age 4 maturation probability;
2. Ocean survival rates are independent of year, but survival
rate from age 2 to age 3 is different than survival rate of older
fish.

Parameters: 0137 B39+ Oo3y O35y O33¢ Ogor T43s Ogyq
Uggr Uggr Uggs U3gr Yggar Yyse
52: Sgr rzr r3f 1! Pz: P3:
S20¢ =30+ S40°

Model 3

Assumptions:

1. All groups share the same common age 4 maturation probability;
2. Ocean survival rates are independent of age but may vary with
year.

Parameters: 0,4, 035, O3q, 032, 033,,042, Og3r Tgar

u u 19}
13+ M14y Y2 4+ 44' Uyso
Spr 8 3’ Sgr g 6 S7¢ Sg, Ty, T3, Py, Py Py,

Sa0r S30¢ 540-
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Table 2 (Continued). Alternative assumptions and corresponding
parameters that must be estimated for alternative models of
recovery data for CWT fall chinook salmon, one CWT group released
from each of four successive brood years. Alternatives are listed
from the simplest to the most complex and are identified model
number (e.g. Model 1). Subscripts on age-specific expln;tatlon
rates, ujy and on age-specific maturation probabilities,
indicate }elease year and age; first subscript on survival rgtes
from release to age 2, ’O' indicates release year; subscripts on
ocean survival rates, indicate recovery year j (fall of year
1 to spring of year j+l? or fish age (Model 2 only). P, is a
confounded parameter equal to (1wul ) (1-o4q )SIO for Models 1 and
2; and equal to S,(1- uy ) {1~o for Models 3, 4 and 5. Tsa
and 5, are probably con ounde& for Models 4 and 5 but were not
treated as such.

Model 4
Assumptions:

1. Ocean survival rates are independent of age but may vary with
year.

Parameters: 313' 322' 323! O24r g32f O33r O34+ Ogpr 43/ T44r
137 M1g7 Y2 4r U44r Ugs.
Sor S g Sgr gg: 6+ S7:+ Sgs Ty, Y3, Py, Py, Pg,
820+ S30r Sao0-

Model S
Assumptions:

1. Ocean survival rates may vary with year, but in any given year
the survival rate of fish from age 2 to age 3 is different from
the survival rate of older age fish according to the relation:

PR
where S. denotes the survival rate for age 3 and older fish
during ;ecovery year j, Q is a constant factor by which survival

of age 2 fish is related to survival of older fish, and sz
denotes survival rate for age 2 fish in year j.

Parameters: Oy, O35, O3, On4s T3¢ 033+ O34 Ogor Og3:1 Oyg:

i u u u i u
13' 147 2247 4+ “44r T457
Sy, 8 g 54: g S4, Sgs Ty, T3, Q, Py, Py, Py,

S20s S30¢ Sso0-
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If there are true "replicate" groups of CWT fish released
from any given brood year, recovery data for such groups can be
easily included in estimation methods. As our estimation methods
are currently formulated, however, the groups must be true repli-
cates in the sense that we assume that they share identical life
history and fishery parameters, including survival rate from
release to age two, and differ only in the CWT code that they
receive. It may be possible in the future to also include "par-
tial replicates" - groups for which survival to age 2 may differ,
but for which all other parameters may be assumed the same.
Because full replicate groups are assumed to share identical life
history and fishery parameters, inclusion of recovery data for
such groups serves only to augment the number of observations and
to increase the number of degrees of freedom for estimating model
"arror" and comparing among alternative models. Replication thus
appears intrinsically valuable for our proposed methods, but we
have not addressed this formally as yet.

Estimation of model parameters involves three basic steps.
The first step is to construct a data file which lists the num-
bers of fish from each CWT group that are estimated caught in
ocean fisheries or escaped to freshwater at age, and the corre-
sponding number of fish released from each such group (Appendix
A, I). The second step is to construct a computer program appro-
priate for estimation of the parameters of a particular alterna-
tive model (see Table 2). (Appendix A, II, provides programs
appropriate for Model 1, Model 2, Model 3 and Model 4 for the
four brood year case, and Appendix B, II, provides programs for
"Model 1", "Model 3", and "Model 4" for the 8 brood year case.)
Note that these computer programs must provide initial guesses
for all parameters to be estimated, as is typical of nonlinear
regression programs. The final step is to run such a program in a
suitable statistical computing environment, such as the "Nonlin-
ear Regression" program 3R in BMDP/386. BMDP uses an iteratively-
reweighted least-squares algorithm to arrive at the maximum
likelihood estimates of all model parameters, according to those
weights supplied by the user. Also supplied by the user is a
nloss function" criterion (or deviance) which is specified to
allow measurement of the nature of errors between observed and
predicted recovery data (based on maximum likelihood estimates of
model parameters) and to allow comparison among alternative
models. Details concerning choice of weights and the loss func-
tion are presented in Part II of this report.

APPLICATIONS OF METHODS AND RESULTS
Data Sets and Imposed Constraints

We applied our methods to summarized recovery data for fall
chinook salmon released with CWT from IGH and TRH, brood years

1978 through 1985. At least four successive brood years' releases
of CWT groups were made for fingerlings (generally June release
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of subyearlings at 4-8 g/fish) and "yearlings" (generally Octo-
ber/November release of subyearlings at 40-60 g/fish) at both
hatcheries. Although true yearling CWT releases (fish released in
April at age 1+) have been made from TRH, they have not been made
for four successive brood years. Thus, recovery data for true
vearling releases could not be subjected to our proposed methods.
CWT recovery data for 1979 through 1985 brood year CWT release
groups were provided by Alan Barraco (pers. comm., File
KLAMFAL.WK1). Recovery data for 1978 brood year CWT releases were
from Hankin and Diamond {(1584).

Application of our estimation methods to all sets of four
brood year groups of CWT recovery data (with no replication} for
fingerling releases of fall chinook salmon from Iron Gate and
Trinity River Hatcheries failed to generate results which con-
sistently identified the same “appropriate" model, and calculated
estimates were often implausible (e.g. survival rates from age 2
to age 3 greatly exceeded survival rates of older fish for Model
2). For these reasons, we have not presented any results for
fingerling release groups. Recovery data may be too "sparse" to
allow stable estimation of model parameters due to generally low
and highly erratic survival of these releases to age 2. We did
not subject fingerling data to the full 8 group analysis method,
however, and it is possible that this procedure might produce
plausible parameter estimates.

For applications of our methods to TRH releases of yearling
fall chinook salmon, we found no groups that could be considered
replicates during any brood year. Thus, CWT recovery data for all
groups of four brood years were limited to exactly 32 observa-
tions. For IGH releases of yearling fall chinook salmon in sever-
al brood years, however, we treated "diet study" groups (which
were released at identical or nearly identical mean weights) as
if they were true replicates. In these instances, summaries of
CWT recovery data generally suggested very little difference
between survival rates of diet groups from a particular brood
year, and there was no obvious reason to suspect that diet would
affect subsequent life history or fishery parameters. We empha-
size that these groups are not "true replicates" in the sense
discussed previously. Nevertheless, we believed they were suffi-
ciently similar to true replicates to treat them as such. Doing
so also allowed us to examine the performance of our estimation
methods where data sets have (IGH) or do not have (TRH) replicate
groups. We also applied our estimation methods to CWT recovery
data from all 8 brood vears simultaneously, thus including the
full recovery data arrays depicted in Table 1.

To ensure that our estimation methods produced parameter
estimates that were always positive, we constrained all estimates
of maturation probabilities, ocean fishery exploitation rates,
and annual ocean survival rates between 0 and 1. We constrained
our estimates of survival from release to age 2 between 0 and
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0.40, thus ruling out rates in excess of 40% which we felt, a
priori, would be unreasonable. Finally, we constrained the param-
eters r. and r, between 0 and 10; in retrospect we feel it was
probably not nécessary to constrain these two parameters. Other
than these generally reasonable constraints, we imposed no other
assumptions on the estimation process with the important excep-
tion of specification of the underlying estimation model.

Selection of Appropriate Model

We found in all cases that model "lack of fit" (deviance -
see Part II) could not be distinguished between Model 1 and Model
2, and between Model 4 and Model 5. Thus, our estimation methods
provided no statistical evidence in support of a consistent
difference between ocean survival rates from age 2 to age 3 as
compared to those for older aged fish. This does not necessarily
mean that differences between survival rates do not exist between
ages. Differences between age groups may be too small to detect
given the errors of estimation of survival rates, or relative
differences between age groups may not vary according to the
assumption made in Table 2 (see Models 2 and 5). Accordingly, we
present no results for these two alternative models (Model 2 and
Model 5).

Table 3 shows that F statistics for selecting among the p
remaining 3 alternative models (Model 1, Model 3, and Model 4)
were non-significant in all comparisons between Model 4 (the
"full model™) and Model 3. From this we conclude that our analy-
ses suggest that, for both IGH and TRH races of fall chinook
salmon, there is little statistical evidence in support of inter-
annual variation in maturation probability at age 4. (Recall that
Model 3 assumes that all groups share a common age 4 maturation
probability, whereas Model 4 allows each group to have a unique
age 4 maturation probability.)

F statistics for comparing models Model 1 and Model 3 re-
sulted in clear significance (P ¢ 0.01) in 4 of 5 comparisons for
TGH fall chinocok salmon, but in no case (0/5) for TRH fall chi-
nook salmon. Note, however, that the degrees of freedom for these
F statistics were considerably larger for the comparisons between
IGH groups than for the TRH groups. From these comparisons we
conclude that Model 3 model appears most appropriate for IGH
releases of yearling fall chinook salmon. For the TRH CWT year-
ling groups, on purely statistical grounds one might conclude
that Model 1 is generally appropriate (i.e. that annual ocean
survival rates do not vary), but we suspect that this conclusion
may principally reflect the lack of replication among TRH re-
leases of CWT fall chinook salmon. Also, we suspect, on a priori
grounds, that it is unreasonable to suppose that ocean survival
rates of chinook salmon do not vary between years. We therefore
assume that Model 3 is most appropriate for TRH fall chinook
salmon.
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Table 3. Approximate F statistics for comparisons among

alterna—

tive models for IGH and TRH releases of yearling fall chinook
salmon, based on four successive years' releases. Estimates of
dispersion parameter for F statistics, ¢, are based on an as-
sumed full model for which annual ocean survival rates and age
four maturation probabilities vary between years (Model 4). Best
estimates of dispersion parameter, ¢*, are based on the reduced

model (Model 3) for which ocean survival rates vary, but
which age four maturation probabilities are the same for
groups. The simplest model (Model 1) assumes that annual
survival rates and age four maturation probabilities are
for all groups. Number of data observations is indicated

for

all
ocean
the same
by m and

reflects degree of replication of releases; n = 32 indicates no
replication. Brood indicates first year of four years used for
calculations; thus, 1978 refers to brood years 19878 through 1981.
Degrees of freedom for F statistics are (3, n-30) for comparisons
of Model 3 with Model 4, and (4, n-30) for comparisons of Model 1
with Model 3. Probabilities of F statistics are listed in paren-

theses) .
F statistics

Facility Brood n P 3 vs 4 1 ve 3 p*
IGH 1978 48 16.40 0.76 (0.83) 4.37 (0.012) 15.34
IGH 1879 64 14.19 0.39 (0.76) 13.97 {0.0000) 13.49
IGH 1980 88 13.95 1.95 (0.13) 6.25% (0.0003) 14.60
IGH 1981 88 13.31 1.91 (0.14) 6.22 (0.0003) 13.91
IGH 1982 72 15.89 0.93 (0.43) 1.77 (0.15) 18.49
TRH 1978 . 32 18.15 0.39 (0.78) 0.81 (0.62) 12.92
TRH 1979 32 §.55 0.38 (0.78) 3.62 (0.23) 16.76
TRH 1980 32 23.00 0.30 (0.83) 0.95 {0.57) 17.11
TRH 1981 32 45.60 0.23 (0.87) 0.09 (0.98) 19.70
TRH 1982 32 3.30 5.74 (0.15) 0.37 (0.82) 12.68
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When all 8 brood years (1978 through 1985) of CWT releases
of yearling fall chinook salmon are subjected to simultaneous
analysis, Models 1, 3 and 4 have 39, 47 and %4 parameters, re-
spectively. (Parameters are all listed in the Appendix B computer
program.) F statistics, degrees of freedom (in parentheses), and
related measures for comparing among alternative models (listed
as in Table 3) were as follows:

F statistics

Facility Brood n $e 3 vs 4 1 vs 3 P*
IGH 1978-85 120 17.37  0.57 (7,66) 4.71 (8,66) 16.67
TRH 1978-85 64 13.04 0.59 (7,10) 1.67 (8,10) 10.82

For IGH data, these F statistics clearly argue that Model 3 is
again appropriate. For TRH data, F statistics were again both
non-significant, although the F-statistic for the comparison
between Model 1 and Model 3 was fairly unlikely (P = 0.22). From
these comparisons we again conclude that Model 3 is most appro-
priate for IGH fall chinook salmon. For the sake of consistency,
we assume that this conclusion also applies to the TRH CWT recov-
ery data for yearlings, despite the inconclusive F statistic in
support of this conclusion.

Predicted recovery data based on model parameter estimates
generally appeared to match well with observed recovery data,
although occasional substantial differences were noted even with
the supposedly "appropriate" Model 3. For example, Table 4 lists
observed and expected recovery data for one four brood year CWT
data set for IGH yearling fall chinook salmon. Substantial dis-
crepancies may be noted for Y,5; and for most escapements at age
4. Discrepancies among age 4 escapements may reflect our choice
of appropriate model because all groups are assumed to share the
same age four maturation probability for Model 3.

Parameter Estimates

Table 5 contrasts estimated survival rates from release to
age 2 and ocean survival rates based on all sets of four brood
year CWT yearling releases of IGH fall chinook salmon. For the
particular parameters presented in Table 4, agreement of parame-
ter estimates between groups appeared relatively good, if imper-
fect. For example, S,, was estimated as 0.008 for the first set
of four brood years, g was estimated as 0.008 for the second
set of four brood years, and S,,; was estimated as 0.008 for the
third set of four brood years; in each case, these estimates
correspond to survival from release to age 2 for 1981 brood year
releases.
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Table 4. Example of observed (OBS8) recovery data and predicted
recovery data (PRE). Data set is I78ALLY.DAT (as in Appendix A},
IGH releases of yearling fall chinook salmon, brood years 1978
through 1981. Model assunptions are that age 4 maturation proba-
bility does not vary by brood year, but annual ocean survival
rates vary between years (Model 3). Estimated catches are identi-
fied by Y's and subscripts indicates release group number and age
at capture. Thus, Y, indicates estimated catch from the second
release group (1979 grood) at age 3 (in 1982). Estimated escape-
ments are identified by E's and subscripts indicate release group
number and age at escapement. Thus, E indicates estimated
escapement of the fourth release group (1981 brood) at age 5 {(in
1986) . STDRES denotes standardized residuals ([OBS~PRE]/VPRE).
Multiple entries for same code label reflect "replicate" groups
released from the 1981 brood year. Note that release group sizes
were not equal for 1981 brood year "replicate” groups.

Code OBS PRE STDRES Code OBS PRE STDRES
Y40 0 0.02 =~ 0.14 Yas 2 0.71 1.53
¥4 2508 2475.84 0.65 Y43 26 20.55 1.20
¥4 1778 1882.99 -~ 2.42 Yau 86 49.48 5.19
Yi5 6 14.58 =~ 2.25 Yu5 0 0.00 0.00
Eqq 19 19.00 0.00 Ezq 1 0.63 0.47
Eq3 415 415.73 - 0.04 Eaq 21 £1.31 -~ .07
Eqi4 1122 1049.32 2.24 Egq 168 109.69 5.57
Eqig 17 7.53 3.45 Egg 4 1.086 2.94
Yoo 5 14.96 =~ 2.58 Yu5 0 1.83 - 1.35
Y54 1630 1009.34 0.65 Y43 72 52.51 2.69
You 744 594,67 6.12 Yaa 106 126.45 - 1.82
¥You 5 16.86 -~ 2.89 Yy 0 0.00 0.00
Esq 29 28.97 0.01 Eyn 2 1.61 0.31
Exnq 272 271.44 0.03 Egq 57 54.46 0.34
Esy i59 275.64 -~ 7.03 Egq 200 280.31 - 4.80
Eqg 4 14.63 - 2.78 Euxg 1 2.69 - 1.03
Ya5 20 8.80 3.78 Y40 2 0.86 1.23
Y34 166 252.68 - 5.45 Yu13 21 24.72 -~ 0.75
Yau 400 408.68 - 0.43 Ysg 47 59.53 - 1.62
Ya5 7 10.48 - 1.07 Y45 0 0.00 0.00
Eqq 67 67.1r =~ 0.01 Ezo 0 0.76 - 0.87
Esx 202 187.14 1.09 Esq 21 25.64 - 0.92
Eag 368 318.23 2.79 Egq 131 131.96 - 0.08
Eqs 49 25.88 4.54 Eyg 0 1.26 - 1.12
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Table 5. Estimated survival rates from release to age 2 (8;,) and
estimated ocean survival rates (S.) for CWT fall chinook salmon
released from IGH as yearlings duging October or November. Each
set of estimates is based on releases made in four successive
years. Thus, IGH78-81 reflects estimates for yearling releases
from the 1978 through 1981 brood years. Estimates of 1.000 and
0.400 are egual to the imposed constraints for indicated parame-
ters. Accepted model assumes equal age 4 maturation probabilities
across groups, but allows annual ocean survival rates to vary
(Model 3). (Note that the estimated survival rate during the
seventh year, 5., may have such a large error of estimation as to
be maaningless.;

Estimated Parameters for Indicated Groups

Parameter IGH78-81 JTGH789-82 IGH80~-83 IGH81~84 IGH82-85

Survival to

Age 2

5S40 0.400 0.041 0.008 0.147 0.400
S4p 0.076 0.008 0.120 0.400 0.134
S40 0.008 0.400 0.400 0.049 0.059

Ocean Survival

Rate

Sq 0.170 0.343 1.000 0.820 0.196
Sy 0.185 1.000 1.000 0.122 0.482
Sg 1.000 1.000 0.121 0.870 0.442
Sg 1.000 0.033 0.860 ¢.810 1.000
S5 0.084 0.085 0.816 1.000 0.382
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In contrast, for 1982 brood year releases a simllar compari~
son gives 0.400, 0.120, and 0.147 for three different sets of
four brood years each; although these estimates would all be
regarded as "high" relative to 0.008, they are clearly not all
the same. Similar comparisons of ocean survival rate estimates
across groups can be made and reveal the same general but imper-
fect agreement. In the remainder of this report we therefore
present only estimates which are based on the full 8 brood year
data sets for both Iron Gate and Trinity River hatchery releases
of fall chinook salmon as yearlings. Only a single estimate of
each model parameter is possible when data from all groups are
subjected to simultaneous analysis.

Appendix Tables Cl through C6 present point estimates and
approximate confidence limits for survival rates to age 2, ocean
survival rates, age-specific maturation probabilities, and age 4
ocean fishery exploitation rates for 1978 through 1985 brood year
CWT releases of yearling fall chinook salmon from Iron Gate and
Trinity River hatcheries for Model 3 based on all eight groups.
In this Results section we instead present graphical summaries of
these data.

Survival rates from release to age 2 demonstrated extreme
variation across brood years for both IGH and TRH CWT yearling
releases of fall chinook salmon, and the pattern of survival rate-
with brood year was in strong agreement between the two hatcher-
ies (Figure 1). Survival rates were extremely good in two years,
reaching the 40% imposed constraint for the 1979 and 1983 brood
years for both hatcheries, and survival rate was extremely poor
(less than 1%) for the 1981 brood for both hatcheries.

A similar and also dramatic variation in ocean survival
rates between years was indicated for fish released from both
hatcheries and there was general, if imperfect, agreement in the
trend of estimates for the two stocks (Figure 2). Ocean survival
rates were extremely good for both stocks during the fall/spring
periods of 1983/84, 1984/85, and 1988/89. Ocean survival rates
were extremely poor (point estimates less than 30%) for both
stocks during the fall/spring periods of 1981/82, 1982/83, and
1985/86. Agreement between stocks was less good for fall/spring
periods 1986/87, 1987/88 and 1989/90. However, as documented in
Appendix Tables Cl1 and C4, approximate 95% confidence intervals
were extremely large for all of those estimates of survival rate
which might be classified as "favorable" (greater than about
40%), and no interval estimates were possible for estimates equal
to the constraint of 1. Thus, the relatively poor agreement
between stocks for certain "favorable" fall/spring periods may
not be real because errors of estimation of these "favorable"
survival rates are so large. In contrast, errors of estimation of
survival rates for those periods during which survival rates
would be classified as "poor" were usually small. For example,
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Figure 1. Survival rates from release to age 2 for fall chinook salmon released from
IGH and TRH, 1978 - 1985 brood years.
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Ocean Survival Rate
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Figure 2. Estimated conditional ocean survival rates from fall of year 1 to spring -

of year i+1 for fall chinook salmon released as yearlings from IGH and TRH,

1978 - 1985 brood years.
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95% confidence intervals for the estimated survival rates during
the fall/spring period of 1982/83 were 0.09 - 0.44 for IGH fish
and 0.05 - 0.26 for TRH fish; for the 1985/86 period analogous
intervals were 0.08 - 0.21 and 0.27 = 0.31 for IGH and TRH fish,
respectively.

Estimates of annual ocean fishery exploitation rates for age
4 chinook salmon released as yearlings from IGH and TRH generally
ranged from 40% to 60% over the 1982 through 1989 fishing seasons
(Figure 3). Although Figure 3 suggests that age 4 exploitation
rates for TRH fish may generally be less than those for IGH fish,
95% confidence intervals for estimated exploitation rates had
substantial overlap in all but one year (Appendix Tables C2 and
C5). For both 5tocks, the most striking feature is the relative
lack of trend in estimated ocean fishery exploitation rate given
the continually greater restrictions imposed on the ocean fishery
by the Pacific Fishery Management Council from 1982 through 1989.

Estimated maturation probabilities of IGH and TRH releases
of fall chinock salmon showed substantial differences between
stocks and generally followed those trends earlier described by
Hankin (1985, 1990) based on cohort analysis methods for which
annual ocean survival rates are assumed known. At age 2, matura-
tion probabilities for IGH releases ranged from near zero to
slightly more than 1%, whereas maturation probabilities ranged
from about 1% to more than 8% for TRH releases ({Figure 4). At age
3, maturation probabilities for IGH fish ranged from about 2% to
almost 20%, whereas maturation probabilities for TRH releases
ranged from about 10% to 100% (Figure 5). Although interannual
variation in estimated maturation probabilities would probably be
considered "large" for both stocks, this variation seems much
more substantial for TRH fish than for IGH fish. There was no
clear evidence of synchronous variation in maturation probabili-
ties at age between stocks, although maturation probabilities
were unusually large for both stocks for 1980 brood releases.

Approximate 95% confidence intervals for estimated matura-
tion probabilities were generally quite small for most IGH and
TRH release groups at age 2 and age 3, although some age 3 matu-
ration probabilities were poorly 1dent1fled for TRH f£ish (Appen-
dix Tables €3 and C6). For example, a "typical" 95% confidence
interval for the age 2 maturation probability of IGH releases was
0 - 0.03, whereas a "poor" 95% confidence interval for the age 3
maturatlon probability was indicated by the 1985 brood year TRH
releases for which the interval was 0.20 - 0.92. Errors of esti-
mation of maturation probabilities did not, however, appear
directly related to the magnitude of the estlmated probablllty
For example, the 95% confidence interval for age 3 maturation
probability of the 1983 brood release from TRH was 0.72 - 0.78,
and the 95% confidence intervals for age 4 maturation probablll—
ties were 0.98 - 1.0 and 0.89% - 0.96 for TRH and IGH stocks,
respectively.
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Figure 3. Estimated age 4 ocean fishery exploitation rates for TRH and IGH releases of
fall chinook salmon, brood years 1978 - 1985.
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Figure 4. Estimated age 2 maturation probabilities for fall chinook salmon released as
yearlings from IGH and TRH, 1978 - 1985 brood years.
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Figure 5. Estimated age 3 maturation probabilities for fall chinook salmon released as
yearlings from IGH and TRH, 1978 - 1985 brood years.
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DIBCUSSION

We are extremely encouraged by the performance of our esti-
mation methods based on estimated catches and escapements for CWT
releases of yearling fall chinook salmon from IGH and TRH. For
all practical purposes, recovery data and related estimates for
TRH and IGH CWT releases are nearly independent of one another.
Recovery probabilities in ocean fishery samples are so small for
individual CWT groups that estimated catches of IGH and TRH
groups are effectively independent of one another. In freshwater,
estimates of freshwater catch of different groups must clearly be
correlated with one another because CWT appearance rates in river
net and sport fisheries are relatively high. Nevertheless, fresh-
water catches only constitute a part of the total freshwater
escapement. Hatchery returns to IGH and TRH are clearly independ-
ent of one another and produce enumerations rather than esti~
mates. Finally, methods for estimating stray escapement of TRH
and IGH fish are very different and rely on nearly independent
data sets. Thus, the striking agreement in the interannual pat-
tern of estimated survival rates to age two (Figure 1) and in
estimated (conditional) ocean survival rates (Figure 2) argues
strongly that our methods have merit and that they produce mean-
ingful estimates of life history and fishery parameters.

We emphasize that the methods that we have developed are
limited in application to CWT recovery data sets for which it is
possible to generate a "full accounting" of all recoveries,
including estimates of total freshwater escapement at age. Hankin
(1990), in his applications of single CWT group cohort analysis
methods, found very few such data sets for California or Oregon
stocks of chinook salmon. The extensive freshwater sampling
programs carried out in the Klamath River system by the U.S. Fish
and Wildlife Service, California Fish and Game, the U.S. Forest
Service, and the Hoopa Valley Tribe probably produce the very
best estimates of total freshwater escapement for any stock of
fall chinook salmon from California, Oregon or Washington. Our
methods also require that CWT releases are carried out on a
continuous basis and that release group sizes are large. In this
respect also, CWT recovery data sets for Klamath River fall
chinook salmon are outstanding when compared to those for other
stocks of chinook salmon. For every brood year since 1977, Cali-
fornia Fish and Game has made major on-site (i.e. at hatchery)
CWT releases of fingerlings (during June) and yearlings (during
October/November) at both IGH and TRH. Release group sizes have
generally been of a desirably large size: 150,000 - 200,000 for
fingerlings, and about 100,000 for yearlings. Ccalifornia Fish and
Game must be applauded for these large CWT release group sizes
and for the continuity of its tagging program, both of which
appear unrivaled in the Pacific Northwest.
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Biological Implications of Results

Estimated survival rates from release to age 2 and ocean
survival rates for older aged Klamath River salmon appear to
relate meaningfully to the unusual El Nino event of 1982/83. We
have made no formal studies of ocean environmental indicators in
this project, but our informal communications with knowledgeable
fishery scientists indicate that the substantial El Nino event
produced unusually warm surface water temperatures and/or unusu-
ally high sea levels beginning in October of 1982 and lasting
roughly through August of 1983. By October of 1983, these indica-
tors of unusual ocean environment were "back to normal" (P.
Lawson, pers. comm.). Physical condition of south-migrating
(Nicholas and Hankin 1988) chinook salmon was poor in the ocean
during the summer of 1983 and condition and size at age were also
poor among hatchery returns that same year (Johnson 1884). John-
son argued that adult mortality increased during 1983, but his
conclusion rested on unexpectedly low returns of south-migrating
stocks to coastal rivers. This conclusion is unfortunately con-
founded by (unknown) possible reductions in age-specific matura-
tion probabilities that might have resulted due to reduced size
at age. Size at age has been shown to have a strong and positive
influence on maturation (Hankin 1990).

Estimated survival rates from release to age 2 were excep-
tionally low for 1981 brood year yearling fall chinook releases
from both IGH and TRH. These fish were released in October/Novem-
ber of 1982 and would have been immediately exposed to the de-
veloping unusual ocean climate during the 1982/83 El Nino event.
Similarly, the estimated ocean survival rates for IGH and TRH
fall chinook salmon from fall 1982 through spring 1983 were also
unusually low, again coinciding with the "peak" of the El Nino
event. In contrast, ocean survival rates were extremely good
during the following fall/spring periods (1983/84 and 1984/85)
for both stocks of chinook salmon, and the survival rate for the
1983 brood year releases (released in fall of 1984) was also
exceptionally good. Thus, estimated survival rates from release
to age 2 and ocean survival rates of older aged fish appear
congistent with the presumed but undocumented impact of the
1982/83 El1 Nino event on ocean survival rates of chinook salmon.

our statistical conclusion that "Model 3" was most appropri-
ate for IGH yearling releases of fall chinook salmon is a conclu-
sion that appears reasonable on biological grounds. This model
assumes that age 4 maturation probabilities do not vary with
brood year, but annual ocean survival rates are allowed to vary
petween years. First, estimates of age 4 maturation probabilities
for the early-maturing stocks of chinook salmon reared at IGH and
TRH are generally in excess of 90%, regardless of release type
(Hankin 1990). Thus, any minor variation in age 4 maturation
probabilities (which no doubt takes place) can be ignored with
relative safety. Second, anecdotal evidence such as that present-
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ed above strongly suggests that ocean survival rates and survival
rates from release to age 2 must have been substantially affected
by the 1982/83 El Nino event that cut across virtually all of the
data sets considered in this report. Thus, it was gquite "natural"
to anticipate that ocean survival rates varied over the period
1980 though 1%%0,.

What we did not anticipate was the degree to which estimated
ocean survival rates varied. Over an approximately ten year
period, our estimates suggest that ocean gurvival rates of Kla-
math River fall chinook salmon have ranged from about 20% to
100%. Also, the 1982/83 fall/spring El Nino period was not the
only year identified to produce low ocean survival rates; 1981/82
and 1985/86 fall/spring periods were equally poor. This substan-
+ial interannual variation in ocean survival rates and in age-
specific maturation probabilities, especially among TRH fall
chinook salmon, have important implications for pre-season pre-
diction of the abundance of Klamath River fall chinook salmon,
and for estimation of the Ricker « parameter for Klamath River
fall chinook salmon based on cohort analysis reconstructions of
recruited year-class strength. While we do not feel that it is
appropriate to discuss these implications in detail in the con-
text of this report, we do feel obligated to point out that the
current method for pre-season estimation of abundance can be
shown to invoke an implicit but untenable assumption that matura-
tion probabilities of Klamath River fall chinook salmon do not
vary between years.

Unsettled Statistical Issues

Although we feel relatively certain that the methods of
analysis we have proposed and applied have substantial theoreti-
cal and practical merit, there are many important issues of
application and development that remain unsettled or unexplored.
Here we briefly mention some of these issues so that readers will
not develop the false impression that the problem of estimating
ocean survival rates of Pacific salmon has been "solved" by our
research.

First, the relative advantages or disadvantages of the "four
brood year" analysis as compared to the "ejight brood year" analy-
sis needs to be explored. In tag recovery models additional
years of releases appear generally beneficial in that continually
greater numbers of brood years are presumably at large at the
beginning of successive recovery years. This might argue for
analysis of the largest possible data sets. For chinock salmon,
however, the maximum number of brood years that can be represent-
ed in any given recovery year is four for an early-maturing fall
chinook stock. (Note that this maximum would be five brood years
for a mid- or late-maturing stock for which many fish do not
mature until age 6.) Although the "eight brood year" analysis can
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be extended to include an indefinite number of successive brood
years of release, it is not clear that there is any benefit to
this practice,

Related to the above issue of number of brood years is the
issue of replication. Based on a comparison of the performance of
our estimation methods between four brood year groups of TRH and
IGH yearling releases of fall chinook salmon, replication appears
to be advantageous. Analysis of (replicated) IGH groups resulted
in a clear signal that Model 3 was appropriate, whereas this
signal was not clear for the (unreplicated) TRH groups. This
contrast in performance may, however, reflect some factor other
than replication, such as differences in reliability of fresh-
water escapement estimates between IGH and TRH groups. Our intui-
tion suggests that replication is indeed highly desirable,
however, and we therefore provisionally recommend that CWT re-
leases of 100,000 - 150,000 yearlings that now receive a single
identifying code instead be released as two "true replicate"
groups of 50,000 - 75,000 fish, each with a different tag code.
It may also prove possible to modify our methods of inclusion of
"replicates" groups so that "partial replicates" could be includ-
ed. For these partial replicates, differences in hatchery rearing
and/or release practices might substantially alter survival rates
from release until age 2, but would otherwise not be expected to
have substantial effects on life history or fishery parameter .
values. The most obvious example of this kind of partial replica-
tion would be CWT groups which differ only in their location of
release (e.g. many TRH off-site release groups). In principle,
inclusion of recovery data for each such partial replicate group
would increase the number of observations by 8 while increasing
the number of parameters to estimate by just one ~ an additional
survival rate from release to age 2 for the relevant brood year.

Although we have examined five alternative models {Models 1-
5), there must be a great many more possible models, some of
which may be as plausible as those that we have selected to
develop thus far. In particular, alternative models should be
explored to further address our preliminary conclusion that there
is no evidence - of differential ocean survival rates between age 2
and older chinook salmon. This conclusion may be correct but it
may instead reflect our assumption that age two ocean survival
rates are equal to survival rates of older fish raised to some
constant power. Instead, survival rates of age 2 fish could be
some simple fraction, 7, of survival rates for older fish: 5.4, =
7-S:. Related to this issue of alternative models is the que;%ion
of Row to compare between alternative models when one model is
not a simple reduction of a larger parameter model, but is in-
stead of a different guality or structure. Also,it would be
desirable to develop some measure of "goodness of fit" with which
to judge whether any model provided an acceptable match with
observed recovery data. Our current estimation methods allow only
comparison among alternative models.
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Although there is a theoretical basis for the methods we
have used to attach errors of estimation to parameters estimated
using our methods, there is no doubt substantial room for addi-
tional theoretical work in this problem area. Calculated errors
of estimation presented in Appendix Tables Cl - C6 and discussed
at various points in the text appear generally reasonable to us.
We are concerned, however, that errors of estimation appear to be
correlated with the magnitude of estimated ocean survival rates.
This may or may not be generally true and there may or may not be
a good reason for it.

Finally, we wish once more to emphasize the critical impor-
tance of those assumptions that we have made regarding relations
among age~specific exploitation rates within recovery years.
Although we believe that these assumptions are gquite reasonable,
they may in some cases be violated. For example, age 3 exploita-
tion rates may depend not only on age 4 exploitation rates during
the same recovery year, but also on size of age 3 fish (see
Hankin 1990, Figure 1) and perhaps on the mixture of sport and
commercial landings of Klamath salmon during that same year. In
our further research and development of our proposed estimation
methods we hope to address this issue and many of the other
unsettled issues raised above.
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PART I1
MODEL SPECIFICATION

Tn our earlier research (Hankin and Mohr 1990, Appendix 1)
we demonstrated the equivalence of two different methods of
simulating the recovery data for a single CWT group of chinook
galmon: (1) a series of conditionally binomial events (the bino-
mial chain representation), and (2) a single multinomial process.
In development of the estimation schemes presented in this re-
port, we have instead elected to view the eight individual recov-
ery "cells" for each CWT group as reflecting independent Poisson
variables. A set of independent Poisson variables closely approx-
imates a multinomial variable when the cell probabilities are
small (Johnson and Kotz 1969), in the same manner that a single
Poisson variable closely approximates a binomial variable for
small p. Viewing the recovery data as a set of Poisson variables
has substantial advantages in that certain key results from the
theory of generalized linear models (McCullagh and Nelder 1989,
Cormack 1989) can be applied.

If the independent Poisson model is adopted, then the ex-
pected value of the recoveries in "cell i" can be expressed as
Np;, where N is the CWT release group size, and p; is the proba-
biiity of entry into cell i (Cormack 1989). The probability, p;.,
in turn depends on model parameters and the particular alterna-
tive model that is examined. Model parameters for our alternative
models, along with their assumptions, are listed in Table 2 of
part I of this report. Expected values of catches and escapenmnents
of individual CWT groups at age directly follow Hankin and Healey
(1986), with minor modifications due to model structure.

FITTING ALTERNATIVE MODELS

We used BMDP/386 (1991), program 3R (Nonlinear Regression),
to fit our alternative models. For members of the exponential
family of probability distributions (including the Poisson),
Green (1984) showed that the method of iteratively reweighted
least-squares will produce the maximum likelihood estimates of
model parameters. When observations are viewed as independent
Poisson random variables, then the appropriate weights for obser-
vations are 1/f, where f denotes the expected value of an obser-
vation based on the current iterations' estimates of model param-
eters. Thus, in our BMDP program code (Appendices A II and B II)
we have specified WT = 1/F. Constraints that we imposed on model
parameters were discussed in Part I. Initial guesses prove to be
relatively unimportant for the BMDP algorithms, and derivatives
do not need to be supplied by the user.
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We based our comparisons among alternative models on the
total deviances of each fitted model, scaled by the appropriate
degrees of freedom. McCullagh and Nelder (1989) show that the
deviance for the ith observation (assumed to reflect an independ-
ent Poisson random variable) is of the form:

D; = 2[y;ln(y;/y;) = (vj~¥j)] for y; > 0, or

D; = 2Y; for y; = 0.

In the above expressions, the y; indicate predicted observations
pased on estimated model parame%ers, whereas yj indicate the
actual observations (the estimated catches and escapements at age
for each CWT group). The total deviance for a given set of obser-
vations and assumed model is simply the sum of all individual
observation deviances.

For a true simple Poisson process, the expected value of the
deviance (over all possible sample observations) is one so that
the expected value of the total deviance for n observations
assumed to be independent Poisson would be n-p. When a fitted
nfull model" results in a deviance substantially larger than this
expectation, this phenomenon is termed overdispersion (see McCul-
lagh and Nelder 1989). In this case, we define a quantity ¢ which
is analogous to the residual error, scaled by degrees of freedom,
in a fitted linear regression model. For our research, we defined
Model 4 as our "full model"; this model thus becomes the basis
for estimating ¢. Letting D equal the total deviance of a fitted
model at the maximum likelihood solutions for model parameters:

-~

¢’=~"D/(ﬂ“IH) ’

where m denotes number of parameters for the "full model" and n
denotes the number of observations for the fitted data set.

The differences between deviances can now be used to compare
among alternative models. As illustration, let D, and D, denote
the deviances for the full model, Model 4, and the reduced model,
Model 3, for some CWT data set. Then,

(Dy = Dy)/¢(30 - 27)

is approximately distributed as F with degrees of freedom 3 and
(n - 30), where 3 is the difference in the number of parameters
(30 - 27) between Model 3 and Model 4 for the four brood year
analysis for some CWT recovery data set. If this F statistic is
non~significant, then one would conclude that Model 3 is no less
acceptable a model than Model 4, and one would proceed to compare
some further reduced model, for example Model 1, against Model 3.
An analogous statistic would be used for the latter comparison
and the same estimate of ¢ would appear in the denominator.
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Finally, once the "appropriate" model is selected, a final
estimate of ¢ should be calculated as the total deviance for this
appropriate model divided by its corresponding degrees of freedom
(n - m). BMDP allows easy calculation of deviances through speci-
fication of a "loss function" as illustrated in the computer
programs listed in Appendices A and B.

Errors of estimation of estimated model parameters are
routinely calculated by BMDP using the variance - covariance
matrix at the final iteration at which time the maximum likeli-
hood solutions for model parameter estimates have been achieved.
As listed in the Appendices, we specified "MEAN SQUARE = 1.0" in
our computer programs, analogous to an assumption that each
observation was indeed the outcome of a simple Pojisson process or
to an assumption that the residual mean square (¢%) equals one in
a regression context. We found that our estimates of ¢ were much
greater than one, however, indicating substantial overdispersion.
Therefore, all BMDP estimates of the standard errors of estimated
model parameters were scaled up by the square root of the final
estimate of ¢ based on the appropriate model (Model 3).
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Appendix A. Sample BMDP data file and BMDP program code for data
analysis based on four successive groups, and with parameteriza-
tions of m = 23, 24, 27 and 30, respectively.

I. Data file =~ I78ALLY.DAT. Iron Gate Hatchery releases of year-
ling fall chinook salmon, 1978 through 1981 brood vears.

Y12 0 191071
¥i3 28508 191071
¥i4 1778 181071
Yis 6 191071
12 19 191071
13 415 191071
Bi4 1122 191071
E1§ 17 191071
Y2l 5 21060
Y23 1030 91000
Y24 744 91000
Y25 5 91000
E22 29 91060
E23 272 91000
E24 159 91000
E25 4 91000
¥32 20 87450
¥33 166 87450
¥4 400 87450
Y35 7 87450
E32 67 87450
£33 202 87450
E34 368 87450
E35 49 87450
Y42 0 65385
Y43 72 65385
Y44 103 65385

Y45 65385
E42 2 65385
£43 57 65385
E44 200 65385
E45 1 65385
Y42 2 25586

¥43 26 25586
Y44 86 25586
Y45 0 25586
E42 1 25586
E43 21 255886
E44 188 25586
E45 4 25586
Y42 2 30781
Y43 21 30781
Y44 47 30781
¥45 G 30781
E42 0 30781
E43 21 30781
E44 131 30781
E45 0 30781

IT. BMDP program code.

/ INPUT FILE = 'I78ALLY.DAT'.
VARIABLES = 3.
FORMAT IS FREE.
CASES = 48.

/ VARIABLES NAMES = CODE, CATCHES, RELEASES.

LABELS= CODE.



/ REGRESS DEPENDENT = CATCHES.
PARAM = 23.
ITER = 75,
MEANSQUARE = 1.0.
WEIGHT = WT.
LOSS.
TOLERANCE = .001,
/ TRANSFORM WT = 1.0.
/ PARAM
NAME = pP1, sS20, 830, s540, P2,
813, 122, s23, 832, 833, 842, 843, si4,
P3, r2, r3, 5,
ul3d, uld, u24, uld, udd, udd.
INITIAL L0011, .G24, .006, 022, L0001,
L3739, .0029, .2782, .028, .2Z854, .0126, L1750, .98,
001, 2, 1.5, .5,
.4373, .3824, .2700, .5617, .5556, .5263.
MINIMUM = .000001, .00001, .000C1, .00001, .0D001,
.00001, .00001, .00001, .00001, .00001, .00001, .00001,
.0Q001, .00001, .0C001, .00001,
.000o1, 00001, .00001, .0CO01, .000CL, .0O0001.
MAXIMUM = 1, .4, .4, .4, 1,
L, 1, 1,1, 1, %, 1, 1,
i, 10, 10, 1,
i, 1, 1, 1, 1, 1.
/ FUNCTION u22 = ul3**r2.
u23 = uld4**r3.
u3z = u2ixvrz,
u3ld = u24**r3.
ud2 = ul3**r2.
w43 = ul4g**rr3d,
uls = u24d.
u2s% = ul4.
u3s = u4d.
814 = s44.
824 = 844.
834 = s4d4.
Al3 = P3*S*RELEASES.
Al4 = Al13*(1l-ul3)*{1l-si3)}*sS.
Al% = Al4*{1l~uld)*{1-814)*5.
A22 = S820*RELEASES.
AZ3 = A22*{1-u22)%{1l-g22}*S.
224 = A23%({1-u23)*(1l-s823)*5.
A25 = AZ24*%(1-ul4)*(1-824)*3,
A32 = S30*RELEASES.
A33 = A32*(1-u32)*(1-s32}*S.
A34 = A33*(1-ul3)*{1-s833}*S.
A35 = A34*{1l-u34d)*({1-834)*S8.
242 = S40*RELEASES.
BR43 = A42*(1-ud2)*(1l~s542)*8.
BAd4 = A43*{1-udd)*{1l-s43)*S.
B45 = R44*{1-udd)*{1l-s44)*S.
IF (CODE == CHAR(Y12)) THEN F = Pl*RELEASES.
IF (CODE == CHAR{Y13)) THEN F = ul3*Al3.
IF (CODE == CHAR(Y14)) THEN F = ul4*Al4.
IF {CODE == CHAR{Y15))} THEN Fo= ulB*AlS.
IF (CODE == CHAR(E12)) THEN F = P2*RELEASES.
IF (CODE == CHAR(E13)) THEN F = sl3*(1-ul3)*al3.
IF (CODE == CHAR(El4)) THEN F o= gl4*(1l-uld)*Al4.
IF (CODE == CHAR(E15}) THEN P = {(1-ul5)*aAls.

. 00001,



IF (CODE == CHAR(Y22)) THEN F = u22*A22.

IF (CODE == CHAR(Y23)) THEN F = u23*a23,

IF (CODE == CHAR(Y24)) THEN F = u24*A24,

IF (CODE == CHAR(Y25)) THEN F = u25*A25.

IF (CODE == CHAR(E22}) THEN F = $22%(1-ul2)*AZ2.
IF {CODE == CHAR(EZ23)) THEN F = 823*(1-u23)*R23.
IF (CODE == CHAR(EZ4)) THEN F = 324*{1-uld)*A24.
IF (CODE == CHAR{E25)) THEN F = (1-u25)*R25.

IF {CODE == CHAR(Y32)) THEN F = u32*A32.

IF (CODE == CHAR{Y33)) THEN F = u33*A33.

IF (CODE == CHAR{Y34))} THEN F = u34*A34.

IF (CODE == CHAR(Y35)) THEN F = u35*A35.

IF (CODE == CHAR{E32)) THEN P = ®32*(1l-u32)*A32.
IF {(CODE == CHAR(E33)) THEN F = 833*(1-u33}*A33.
IF (CODE == CHAR(E34)) THEN F = s34*(1-u34)*A34.
IF {CODE == CHAR(E35)) THEN F = (1-u35)*A35.

IF (CODE == CHAR(Y42)) THEN ¥ = u42*A42.

I¥ {CODE == CHAR({Y43)) THEN F = u43*a43.

IF (CODE == CHAR{Y44)) THEN F = ud4*nsd.

TP (CODE == CHAR(Y45)) THEN F = u45%R45.

"{F (CODE == CHAR(E42)} THEN F = s42%(1-ud2)*A42.
IF (CODE == CHAR{E43)) THEN F = 843*(1l-udl)*A43.
IF (CODE == CHAR(E44)) THEN F = s44*(1-udd)*Add.
IF (CODE == CHAR(E45)) THEN F = (1-ud5)*A45.

WT = 1/F.

IF (CATCHES
IF {(CATCHE
(DEV =
1¥ {(CATCHE
(DBV =
XLOSS
END

INPUT

VARIABLES

REGRESS

TRANSFORM
PARAM

NAME

INITIAL =

MINIMUM =

0) THEN (DEV = 2*F).
S > 0) AND ((ABS(1l~(CATCHES/F
2% ( (CATCHES* (LN(CATCHES /¥)))

y)}} >= .001)) THEN
§ > 0) AND ( (ABS(l-(CATCHES/F)
)

)
%CATCHES“F))).
1)

%k

< .001)} THEN
{2-{CATCHES/F) }* { {{F~CATCHES ) **2} /F}).

= DEV.

FILE = "I7BALLY.DAT'.

VARIABLES = 3.

FORMAT IS FREE.

CASES = 48.

NAMES = CODE, CATCHES, RELEASES.
LABELS= CODE.

DEPENDENT = CATCHES.

PARAM = 24.

ITER = 75.

MEANSQUARE = 1.0.

WEIGHT = WT.

LOSS.

TOLERANCE = .001.

Wr = 1.0,

Pl, 820, 830, sS40, P2,

813, =22, 223, s32, 833, 842, =43, s44,

P3, r2, r3, s82, 83,
ul3d, uld, u24, u34, udd, u4s.

.001, .024, 006, .022, .0001,

.3739, .0029, .2782, .028, .2854, .0l26, .175Q, .98,

L0011, 2, 1.5, .5, .5,

.4373, .3824, .2700, .5617, .5556, .5263.
.000001, .00001, .00001, .00001, .00001,
.00001, .00001, .0CO0L, ,.00001, .0QQO0L1, .0000C1, . 00001,
.00001, .00001, .00Q001, .00001, .00001,

.0D0001, .00001, .0GOCL, .00GO1, .00001, .0QO001.

.0000%,



HAXIMUM = 1, -4; -‘;g -ér
1

1, 10, 10, i, 1,
1, 1, 31, 1, 1, 1.

/ FUNCTION u22 = ull3#»pl.
w23 = ul4rerid,
132 = dd*xFrd.
u3ld = u24**xxrl,
42 = ulddeFrr.
W43 = uldsxrd,
uls = ul4g.
u2s% = ul4g.
uids = udd.
214 = 344,
824 = 844.
534 = g44d.
213 = PA*32+*RELEASES.
Al4 = AL3*(l-ulld}*{l-sl3}*53.
AlS5 = Al4*{l-uld)*{i-514})*53.
A22 = SZ20*RELEASES.
A23 = A22%(1-uz22)*(l-s22})*52.
AZ24 = A23*(1-u23)*{1-s823)*53.
AZ5 = AZ4*{l-u24)*{1-s24)*83.
A32 = B30*RELEASES.
B33 = A32*(1-ud2)*(l-a32)*82.
A34 = A33%({1l-u33)*{1-833)}*33.
R35 = A34*{1-u34)*(1-834)*53.
a4z = S40*RELEASES.
A43 = R42*(1-ud2)*({1-842)*32,
A44 = RA43*(1-ud3)*(1-s43)*53.
A4S = A44*(1-udd)*(1-s544)*53.
I¥ (CODE == CHAR(Y12)) THEN ¥ = P1*RELEASES.
IF {CODE == CHAR(Y13)) THEN F = uld+*pal3d.
IF (CODE == CHAR(Y14)) THEN F = uld*nld.
IF (CODE == CHAR(Y15)) THEN F = ulb*als.
I¥ (CODE == CHAR(E12))} THEN F = P2*RELEASES.
IF {CODE == CHAR(E1l3)} THEN F = 813*(1=-ul3)*Al3.
IF {CODE == CHAR(E1l4)) THEN F = 814* (1-ul4)*Al4.
I¥ (CODE == CHAR(E15)) THEN F = {1~ul5)*AlSs.
IF {(CODE == CHAR(Y2Z)) THEN F = uZ2%Az22.
IF (CODE == CHAR(Y23)) THEN F = w23*A23.
IF (CODE == CHAR(YZ24)) THEN F = u24*A24,
IF (CODE == CHAR(Y25)) THEN F = uZ2h*A25.
IF {CODE == CHAR(EZZ)) THEN F = 822* (1-u22)*A22.
I¥ (CODE == CHAR{E23})) THEN F = g23*%{1-u23)*A23.
IF (CODE == CHAR(E24)) THEN F = s24%(1-u2d)*A24.
IF (CODE == CHAR(EZ25)) THEN F = {1~u25)*A25.
IF (CODE == CHAR(Y3Z)) THEN F = u32*n32,
IF (CODE == CHAR(Y33)) THEN F = w33*A33.
IF {(CODE == CHAR(Y34)) THEN F = u34*A34.
IF (CODE == CHAR(Y35)) THEN F = u35*A35.
IF (CODE == CHAR(E32)) THEN F = s32*(1-u32)*A3Z2.
IF¥ (CODE == CHAR{E33)) THEN F = 833*%(1-u33)+*Al3.
IF (CODE == CHAR{E34)) THEN F = g34*{1~u34d)*ai4.
IF (CODE == CHAR{E35)) THEN F = {1=-u3B8)*A35.
IF (CODE == CHAR(Y42)) THEN F = u42*R42.
IF {(CODE == CHAR{Y43)) THEEN F = ud43*R43.
IF (CODE == CHAR{Y44)) THEN F = udd*nd4d.
IF {(CODE == CHAR(Y45)) THEN F = ud5*R45.
IF {CODE == CHAR(E42)) THEN F = s42% (1-ud2)*h42.
IF (CODE == CHAR(E43)) THEN F = s43*(1-u43)*R43.
IF (CODE == CHAR(E44)) THEN F = s44%(1-udd)*h4d.
IF (CODE == CHAR{E45)) THEN F = {1l-u45)*A45.



I¥ {CATCHE

(DEV
XLOSS
/ ERD

/ INPUT

/ VARIABLES

/ REGRESS

/ TRANSFORM WT

/ PARAM
NAME =

INITIAL =

MINIMUM

MAXIMUM

/ FUNCTION

8

=

Wl =

1/F.

= ) THEN (DEV = 2%F).
IF {{CATCHES > 0O) AND ({ABS(1l-(CATCHES/F))) >= .001)) THEN
(DEV = 2%{ (CATCHES* (LN{CATCHES/F)))~(CATCHES-F)}).
IF ((CATCHES > 0) AND ((ABS{1~-(CATCHES/F)})) < .00l)) THEN
(2~ (CATCHES/F) ) * ( ({F~CATCHES)**2) /F}).
= DEV.

FILE = *I7BALLY.DAT'.
VARIABLES = 3.

FORMAT IS5 FREE.

CASES = 48.

NAMES = CODE, CATCHES, RELEASES.
LABELS= CODE.

DEPENDENT = CATCHES.

PARAM

= 27.

ITER = 75.
MEANSQUARE = 1.0.
WEIGHT = WT.
LO8S.
TOLERANCE = .001.

Pl,

513,

B3,

ulil,

.001
.3735, L0029, .2782, .028, .2854, .0126, .1750, .98,
.C01
.4373, .3824, .2700, .5617, .5556&, .5263.

.000001, .00001, .00001, .00001, .00001%,

.00001, .00001, .000C01, .00001, .000Q01, .00001, .00001,
.00001, .00001, .00001, .000GC1, .00001, .00001, .000O01,
.00001, .00001, .00001, .00001, .00001, .000O1.

u2
u23
u32
u33
u4z2
u43
uls
u2b
u3s
314
a24
s34

Al13
Al4
Al5

AZ22
A23
A24
A2S

oUW oW R EH

[/

[ |

1.0.

820, 830, 540, P2,

g22, =23, 832, 833, s42, 843, s44,
r2, r3, 83, 84, 85, 56, s7,

uld, uz4, u3d4d, udsd, u4dsb.

.024, .008, .022, .0001,
2, 1.5, .5, .%, .5, .5, .5,

1,1, 1, 1, 1, 1, %,
10, 10, 1, 1, i, 1, 1,
1, 1, 1, 1, 1.

uli*=+*r2,
uld**r3,
uZ3**rz,
u24**r3,
u33*x*rl,
ul4g*x*r3,
uz4.
u3g.
ud4.
s44.
944.
a44.

P3*RELEASES.
Al3*{1-ul3)*(1-s13)*83.
Al4*{1-ul4)*(1l-s14)*584.

S20*RELEASES.

A22% (1-u22)*(1-522)*S3.
A23*(1-u23)*(1-523)*54.
R24* (1~-u24)*(1-524)*85.

A=-5

. 00001,
. 00001,



A32 = S530*RELEASES.

A33 = A32%(1l-ul2)*(1-832)*54.

A34 = A33¥(1-u33)*(1-833)%85,

A35 = A34*(1-uld)*(1-834)*56.

A42 = S40*RELEASES.

243 = A42*(1=ud2)*(1-842)*55.

244 = B43*(1-ud3}*(1-843)*56.

B45 = Ad4*{1-udd)*(1~s44)*S7.

IF (CODE == CHAR(Y12)) THEN F = P1*RELEASES.

IF (CODE == CHAR(Y13)) THEN F = ul3#Al3.

IF (CODE == CHAR(Y14)) THEN F = ul4*Al4.

IF (CODE == CHAR(Y15)) THEN F = ul5*Al5.

IF (CODE == CHAR(E12)) THEN F = P2*RELEASES.

IF (CODE == CHAR(E13)) THEN F = s13%(1-ulld)*Al3.
IF (CODE == CHAR(E14)) THEN F = sldx(1-ul4)*Al4.
IF (CODE == CHAR(E15)) THEN F = (1-ulb)*Al5.

IF (CODE == CHAR{Y22)) THEN F = u22*A22.

IF (CODE == CHAR(Y23)) THEN F = u23*A23,

IF (CODE == CHAR(Y24)) THEN F = u24*A24.

IF (CODE == CHAR(Y25)) THEN F = u25*%A25.

IF (CODE == CHAR(E22)) THEN F = s22%(1-u22)*A22.
IF (CODE == CHAR(E23)) THEN F = $23*(1-u23)*A23,
IF (CODE == CHAR(E24)) THEN F = s24*{1-u24)*A24.
IF (CODE == CHAR(E25)) THEN F = (1-u25)*A25.

IF (CODE == CHAR(Y32)) THEN F = u32*A32.

IF (CODE == CHAR(Y33)) THEN F = u33%A33.

IF (CODE == CHAR(Y34)) THEN F = u34*A34.

IF (CODE == CHAR(Y35)) THEN F = u35*A35.

IF (CODE == CHAR(E32)} THEN F = g32%(1-u32)*A32.
IF (CODE == CHAR{E33)) THEN F = §33%(1-u33)*A33.
IF (CODE == CHAR(E34)) THEN F = s34%(1-u34)*A34.
IF (CODE == CHAR(E35)) THEN F = (1-u35)*A35.

IF (CODE == CHAR(Y42)) THEN F = ud2*ad2.

IF (CODE == CHAR(Y43}) THEN F = ud3*A43.

IF (CODE == CHAR(Y44)) THEN F = udd*ad4.

IF (CODE == CHAR(Y45)) THEN F = u45*A45.

IF (CODE == CHAR(E42)) THEN F = s542%(1-u42)*Ad2.
IF {(CODE == CHAR(E43)) THEN F = s43*(1-ud43)*Ad3.
IF (CODE == CHAR(E44)) THEN F = s44%({1-u44)*hd4.
IF (CODE == CHAR(E45)) THEN F = (1~-ud5)*A45.

WT = 1/F.

IF (CATCHES = 0) THEN (DEV = 2*F).
IF ((CATCHES > 0) AND ((ABS({1-(CATCHES/F
(DEV = 2% ( (CATCHES* (LN({CATCHES/F))

y)) >= .001)) THEN
)..
IF (({CATCHES > 0) AND ((ABS({1-(CATCHES/F)
5}

3}
(CATCHES-F))) .
}} < .001)) THEN
*

(DEV = (2~{CATCHES/F))*{((F~CATCHE 2} /F)).
XLOSS = DEV.
/ END
/ INPUT FILE = 'I78ALLY.DAT'.
VARIABLES = 3.
FORMAT IS FREE.
CASES = 48.
/ VARIABLES NAMES = CODE, CATCHES, RELEASES.

LABELS= CODE.

/ REGRESS DEPENDENT = CATCHES.
PARAM = 10,
ITER = 75.
MERNSQUARE = 1.0.
WEIGHT = WT.
LOSS.
TOLERANCE = .001.



/ TRANSFORM WT = 1.0.

/ PARAM
NAME = Pl, 820, 830, 840, P2,
213, s14, 22, 823, =24, 832, 833, 834, 842, 843, 844,
3, r2, r3, 83, 54, 5%, 56, 8§87,
ulld, uwld, uz4, uldd, udd, udb.
INITIAL = 001, .024, .0Q0&, .022, .0001,
L3739, .9, .0029%9, .2782, .9, .028, .285%4, .9, .0126, L1750,
.0001, 2, 1.5, .5, .5, .%, .5, .5,
L4373, .3824, .2700, .5617, .%556, .B2463.
MINIMUM = .0000601, .0C001, .00001, .QQ001, .00001,
00001, 00001,
00001, .00001, 00001, .00G01, .00001, .00CO1.
MAXIMUM = 1, .4, .4, .4, 1,
i, 1, 1, 1, 1, 3, 1, 1, %, 1, 1,
i, 10, 16, 1, 1, 1, 1, 1,
i, 1, 1, 1, 1, .
/ FUNCTION u22 = ul3**r2.
W23 = uld**r3,
1432 = u23*kprl,
udld = ul4**r3.
g2 = uldwxrrl,
u43d = u34+r*r3.
uls = uz24.
uz2s = ul4,
ulds = ud4.
Al3d = P3I*RELEASES.
Al4 = Al3*(1l~ul3)*({l-sl3)*83,
AlS = Al4*{1-uld}*(1l-8l4)*S4.
AZ22 = S20*RELEASES.
A23 = A22%(1-u22)*{1-s22)*83.
A24 = A23*(1~-u23)*(1-s23)*54,
A25 = AZ24*%{1-u24)*(1-324)*855.
A3Z = S30*RELEASES.
A33 = A32*(1-ul2)*({1-s32)*54.
A34 = A33*{1-u33)*(1~-s833)*85.
A35 = A34*(1-u3qd)*(1-834)*856.
A42 = S40+*RELEASES.
R43 = R42*(1=-ud2)*(1-542)*55.
A44 = B43*{1=-ud3)*({1-s43)*56.
A45 = RAd44*{1-udd)*(1-s44)*87.
IF {CODE == CHAR(Y12)) THEN F = Pl1*RELEASES.
IF (CODE == CHAR(Y13}) THEN F = ul3*al3.
IF (CODE == CHAR({Y1l4)) THEN F = ul4=*Aal4.
IF {CODE == CHAR({Y1S5}) THEN F = ul5*AlS.
IF {CODE == CHAR({(E12)) THEN F = PZ*RELERSES.
IF {CODE == CHAR(E13)} THEN F = sl3*(1l-ul3)*Al3.
IF (CODE == CHAR(El14)) THEN F = sld*{l-uld4)*Al4.
IF (CODE == CHAR(E15)) THEN F = (1-ul5)*al5.
IF {CODE == CHAR(Y¥22)) THEN F = u22*a22.
IF {CODE == CHAR(Y23)) THEN F = u23*A23.
IF (CODE == CHAR({Y24)) THEN F = u24*A24.
IF (CODE == CHAR(Y25)) THEN F = u25*A25.
IF (CODE == CHAR(EZ2)) THEN F = g22*(l-ul2)*Rh22.
IF (CODE == CHAR(E23)) THEN F = s23*(1-u23)*Aa23,
IF (CODE == CHAR(EZ24)) THEN F = s24*(1-ul4)*n24.
IF (CODE == CHAR({E25)) THEN F = (1-u25)*A25.

.98,



IF (CODE == CHAR(Y32)) THEN F = u32*R32.

IF (CODE == CHAR(Y33)) THEN F = u33*A33.

IF (CODE == CHAR(Y34}) THEN F = u34*A34.

IF {(CODE == CHAR(Y35)) THEN F = u35%A3S5,

IF (CODE == CHAR(E32)) THEN F = p32+%(1~u32)*A32.
IF (CODE == CHAR{E33)) THEN F = 33*%(1-u33)*a33.
IF (CODE == CHAR(E34)) THEN F = 834*(1~u34)*A34.
IF (CODE == CHAR({E35)} THEN F = (1~u35)*A35,

IF (CODE == CHAR(Y42)) THEN F = ud2*h42.

IF {CODE == CHAR(Y43)) THEN F = u43*%A43,

IF {CODE == CHAR(Y44)) THEN F = ud4*Add,

IF (CODE == CHAR(Y45)) THEN F = ud5*A45.

IF {CODE == CHAR(E42)} THEN F = s42*(1-ud2)*Ad42.
IF (CODE == CHAR(E43)) THEN F = 843%(1-ud3)*pd3.
IF (CODE == CHAR(E44)) THEN F = g44*(1-ub4d)*pd4.
IF {CODE == CHAR({E4S)) THEN F = {1-ud5)*a45.

WT = 1/F.

IF (CATCHES = Q) THEN (DEV = 2%F).

IF ((CATCHES > 0} AND ((ABS(1-(CATCHES/F))
(DEV = 2% ( (CATCHES* (LN (CATCHES/F)} )=

IF ((CATCHES > 0} AND ({ABS(1=-{CATCHES/F))
(DEV = (2~{CATCHES/F))*{({F-CATCHES)*
XLOSS = DEV.

) >= .001)) THEN
CATCHES=F})} .

) < .001)) THEN
*2)/F)).

/ END



Appendix B. Sample BMDP data file and BMDP program code for data
analysis based on eight successive groups, and with parameteriza-
tions of m = 39, 47 and 54, respectively. For the four group case
listed as Appendix A, these parameterizations correspond to "m" =
23, 27, and 30, respectively.

I. Data file - IGHALLY.DAT. Iron Gate Hatchery releases of year-
ling fall chinook salmon, 1978 through 1985 brood years.

Y12 0 181071
¥Yi3 2508 191071
Yli4 1778 191073
Y18 6 121071
£12 1% 191071
B13 41% 191071
El4 1322 191071
ElS 17 181071
Y22 g 51000
Y23 1030 $1000
Y24 744 210060
Y25 5 291000
B22 29 91000
EZ3 272 21600
E24 159 31000
EZ5 4 31000
Y32 20 87450
¥33 166 87450
Y34 400 87450
Y35 7 87450
E32 67 87450
B33 202 87450
E34 3é8 87450
E35 49 87450

Y42 ¢ 65385
Y43 72 65385
Y44 106 65385
Y45 0 65385
E42 2 65385
E43 57 65385
E44 200 65385
E45 i 65388
Y42 2 25586

v43 26 25586
Y44 86 25586
Y45 0 25586
E42 1 25586
E43 21 25586
E44 168 25586
E45 4 25586
Y42 2 30781
Y43 21 30781
Y44 47 30781
Y45 0 30781
E42 0 30781
E43 21 30781
E44 131 30781
E45 0 30781
Y52 2 39127
Y53 472 39127
Y54 243 39127
Y55 g 39127
E52 53 39127
ES3 470 39127
E54 229 39127
E55 0 39127



¥E2 2 364997
¥53 461 36997
Y54 166 36997
¥55 O 364997
B52 85 36997
E53 a7z 36997
54 257 316597
E55 1 36997
Y52 2 70171
Y53 633 10171
Y54 445 70171
YES 2 70171
ERZ 26 70171
EE3 645 10171
E54 asl 70171
EB5 1 70171
Y62 1 94738
Y63 666 94738
Y64 1474 94738
Y65 13 94738
E62 24 94738
E63 330 94738
E64 1203 94738
E&3 20 94738
Y&2 0 22599
Y63 118 22599
Yed 525 22539
Y65 12 22599
E62 15 225939
E63 190 22599
£64 308 22599
EES iz 22599
Y62 3 24830
Y63 263 24830
Y64 43% 24830
¥65 6 24830
E62 27 24830
E63 306 24830
E64 305 24830
E65 13 24830
Y62 7 23766
¥63 218 23766
Y&4 424 23766
Y65 16 23766
E62 10 23766
E63 100 23766
E64 361 23766
E65 8 23766
Y72 & 98500
Y73 975 98500
Y74 1149 98500
Y75 58 98500
E72 91 98500
E73 480 98500
E74 891 98500
E75 37 28500
Y82 2 95296
¥83 330 95296
Y84 969 95296
Y85 26 95296
E82 14 95296
83 194 95296
E84 200 95296
EB5 4 95296

11I. BMDP Program code.
/ INPUT FILE = 'IGHALLY.DAT'.
VARIABLES = 3.

FORMAT 15 FREE.
CASES = 120.

A-10



/ VARIARBLES

/ REGRESS

/ TRANSFORM
/ PARAM
NAME =

INITIAL =

]

MINIMUM .

.
-
.
-

.

MAXIMUM

]

/ FUNCTION

NAMES = 0ODE, CATCHES, RELEASES.
LABELS= CODE.
DEPENDENT = CATCHES.
PARAM = 39,
ITER = 75.
MEANSQUARE = 1.0.
WEIGHT = WT.
LOSS.,
TOLERARNCE = ,001.
WD = 1.9,
P1, 820, B30, 840, 5%0, 860, s70, 880, PZ,
513, =822, 823, 832, 833, 842, 843},
a%2, @53, 862, s63, a72, 873, 882, 583, =884,
i, r2, r3, 5,
ulld, uld, u24, u3id, udd, ud4, ub4,
uid, uB4, udb.
L0001, .02, .02, .02, .02, .02, .02, .02, .0001,
.2, 0%, .2, .05, .2, .05, .2,
.05, .2, .0%, .2, .05, .2, .0%, .2, .9,
.01, 2.5, 1.5, .5,
.2, 4, .4, .4, .4, .4, .4,
A4, 4, 4.
000001, .0001, .0001, .0001, .00Q1, .0001, .0001, .00O1,
001, .0001, .001, .0601, .001, .0001, .0Q01,
go0l, .001, .0001, .001, .0001, .0Q03, .0001, .01, .1,
00001, .00001, .00001, .00001,
01, .1, .1, .1, .1, .1, .1,
1, <1, .1,
i, .4, .4, .4, .4, .4, .4, .4, 1,
1, 1,1, 1, 1, %, 1,
i, 1,1, 1, 1, %, 1, i, 1,
1., 10, 10, 1,
1, 1, 1, 1, 1, 1, 1,
1, 3, 1.
1322 = uld**r2,
u23 = uld*»*r3.
uld2 = u23**r2.
u33 = ud**r3,
udz = ul3l**rz.
udd = ul4**rd,
ub2 = u43**r2.
us3 = udd**r3.
ub2 = us3Ixxr2.
w6l = ub4**ri.
u72 = ub3*vr2,
u73 = ubd**r3,
uB2 = u73**r2,
uB3 = ulgd**r3i,
uld = uz24.
u2s = ui4d.
u3ds = u4d.
u4s = ub4.
uss = ubd.
ubs = u74.
u7% = u84g,
ald = s84.
824 = s84.
834 = s84.
544 = g84.
854 = g84,
864 = s84,
874 = s84,

A-11

. 000001,



AL3 PI*S*RELEASBES.

Ri4 = Al13%(i-ul3)*(1-813}*§.

AlS = Al4*{i~uld)*(i-814)*S.

A22 = S20*RELEASES.

A23 = AZ2*{1-u22)*(1-822)%S.

A24 = A23%({1-u23)*(1-823)*5.

A25 = AZ4*{1~u24}*(1-524)*S.

A32 = S30*RELEASES.

A33 = A32%({1-u32)*(1-832)*5.

A34 = A33%(1-u33)*(1-833)*8,

A3% = A34x(1l-u34)*(1-534)*S.

A42 = S40*RELEASES.

A43 = A42*(1-ud2)*(1-842)*S.

Ad4 = AA3*(1-udd)*(1-843)*S,

A4S = A44%(1l-udd)*{1-s544)*5.

A52 = SSO*RELEASES.

A53 = AB2%(1-ub2}*(1-852)*S.

AS54 = AB3*(1-u53)*(1-s53)*S.

A55 = AS4*(1-uS54)}*{1-854)*8.

62 = S6E0*RELEASES.

A63 = AB2*(1-ubZ)*{1-a62}*5.

A64 = A63*(1-ub3)*{1-863)*S.

A65 = AB4A~(1l-ubd)*(1-564)*5.

A72 = S70*RELEASES.

A73 = A72*(1-u72)*{1=-872)*S.

A74 = AT3*{1-u73)*{1-873)*S.

R75 = AT4*(1~u74)*(1-874)*S.

A82 = SBO*RELEASES.

R83 = A82%(1-uB2)*(1-882)*S.

A84 = AB3*{1-uB3)*({1-883)*s.

AB5 = AB4*(1-uB84)*(1-884)*§.

IF (CODE == CHAR(Y12)) THEN F = P1*RELEASES.

IF (CODE == CHAR(Y13)) THEN F = ul3*Al3.

IF (CODE == CHAR(Y14)) THEN F = ul4*ald.

IF (CODE == CHAR(Y15)) THEN F = ul5*AlS5.

IF (CODE == CHAR(E12}) THEN F = P2*RELEASES.

IF (CODE == CHAR(E13)) THEN F = sl3*(1-ul3)*Al3.
IF (CODE == CHAR(E14)) THEN F = sl4+*(1-uld)*Al4.
IF (CODE == CHAR(E15)}) THEN F = (1-ul5)*al5.

IF (CODE == CHAR(Y22)) THEN F = u22%A22.

IF (CODE == CHAR(Y23)) THEN F = u23*A23,

IF {CODE == CHAR(Y24)) THEN F = u24+*A24.

IF (CODE == CHAR(Y25)) THEN F = u25*A25.

IF (CODE == CHAR(E22)) THEN F = s22%(1-u22)*A22.
IF {(CODE == CHAR(E23)) THEN F = §23*(1-u23)*A23,
IF (CODE == CHAR(E24)) THEN F = s24*(1-u24)*A24.
IF (CODE == CHAR(E25)) THEN F = (1-u25)*A25.

IF (CODE == CHAR(Y32)) THEN F = u32#*A32.

IF¥ (CODE == CHAR(Y33)) THEN F = u33*A33.

IF (CODE == CHAR{Y34)) THEN F = u34*A34.

IF (CODE == CHAR{Y35)) THEN F = u35+%A35.

IF (CODE == CHAR(E32)) THEN F = s32+%(1-u32)*A32.
IF (CODE == CHAR(E33)) THEN F = 833*{1-u33)*A33.
1F (CODE == CHAR(E34)) THEN F = 834*({1-u34)*A34.
IF (CODE == CHAR(E35)) THEN F = (1l-u35)*A35.

IF (CODE == CHAR{Y42)) THEN F = u42+ad2.

IF (CODE == CHAR(Y43)) THEN F = u43+%A43.

IF (CODE == CHAR(Y44)) THEN F = ud44+*nd4.

IF (CODE == CHAR(Y45)) THEN F = u4S5*A45.

IF (CODE == CHAR(E42)) THEN F = s42%(1-ud2)*Ad2,.



END

INPUT

VARIABLES

REGRESS

e
IE
IF

IF
IF
IF
IF
IF
IF
IF
IF

IF
IF
ir
ir
IF
iF
iy
IF

IF
IF
IF
¥
IF
g
Ir
IF

IF
IF
IF
IF
Ir
IF
IF
IF

WT
IF
IF

IF

(CODE == CHAR{EA43)) THEN ¥ = 843%(1-udl)*h43.
(CODE == CHAR(E44)} THEN P = s44%(1-ud4)* Ad4d.
(CODE == CHAR(E45)) THEN ¥ = (1-ud5)*n45,
(CODE == CHAR(Y52)} THEN F = uS2*AS2.

(CODE == CHAR(YS53)) THEN F = ub3*A83,

(CODE == CHAR{Y54)} THEN F = ub54*A54.

{CODE == CHAR(Y55)} THEN ¥ = ubB*A55.

(CODE == CHAR(ES2)) THEN F = 852%(1-u52)*A52.
{CODE == CHAR{E53)) THEN F = 853%(1-u53)*B53.
(CODE == CHAR(E54)) THEN F = gb4*(1-ub4)*A54.
(CODE == CHAR(E55}) THEN F = (1-uS5)*A55.
(CODE == CHAR(Y62}) THEN F = ub2*A62.

{CODE == CHAR(Y63)) THEN F = u63*a63.

(CODE == CHAR(Y64)}) THEN F = uB4*A64.

(CODE == CHAR(Y65)) THEN F = uB5+%A65.

{CODE == CHAR(E62}) THEN F = s62*%(1-u2)*A62.
(CODE == CHAR(E63)) THEN F = 863* (1-uf3)*A63.
(CODE == CHAR(E64)) THEN F = 564*(1-u64)*A64.
(CODE == CHAR(E65)) THEN F = (1-u65)*A65.
(CODE == CHAR{(Y72)) THEN F = u72*A72.

(CODE == CHAR({Y73)) THEN F = u73*a73,.

(CODE == CHAR(Y74)) THEN F = u74*A74.

(CODE == CHAR{Y75)) THEN F = u75*A75.

(CODE == CHAR{E72)}) THEN F = s72*(1-u72)*A72.
(CODE == CHAR(E73)) THEN F = s73*(1-u73)*A73.
(CODE == CHAR(E74)) THEN F = s74*(1-u74)*A74.
(CODE == CHAR{E75)) THEN F = (1-u75)*A75.
(CODE == CHAR(Y82))} THEN F = uB2#%A82.

(CODE == CHAR(Y83)) THEN F = uB3+*a83.

(CODE == CHAR{YB84)) THEN F = uB4*A84,

{CODE == CHAR({Y85)) THEN F = uB5+%a85.

(CODE == CHAR{E82)) THEN F = s82*%(1-uB82)*AB2.
(CODE == CHAR(E83)) THEN F = s83*%(1-u83)*A83.
{CODE == CHAR(ES84)) THEN F = s84%(1-uB4)*a84.
(CODE == CHAR{E85)) THEN F = (1-uB5)*A85.

= 1/F.

(CATCHES = 0) THEN (DEV = 2%F).

{ (CATCHES > 0) AND ((ABS(1-(CATCHES/F))) >= .001)) THEN
(DEV = 2% ({CATCHES* (LN (CATCHES/F)))~(CATCHES-F))).

{ (CATCHES > 0) AND ((ABS(1-(CATCHES/F))) < .001}) THEN
(DEV = (2~ (CATCHES/F))*(({F~CATCHES)**2)/F}).

XLOSS = DEV.

FILE = 'IGHALLY.DAT'.
VARIABLES = 3.

FORMAT IS FREE.

CASES = 120,

NAMES = CODE, CATCHES, RELEASES.
LABELS= CODE.

DEPENDENT = CATCEHES.
PARAM = 47.

ITER = 75.
MEANSQUARE = 1.0.
WEIGHT = WT.

LOSS.

TOLERANCE = .001.

TRANSFORM WT

PARAM

= 1.0.



NAME =

INITIAL

MINIMUM =

g

MAXIMUM

/ FUNCTION

Pl,

ald,
a52,

P31,
56,

820, 830, B4O, 850, 560, 570, 580, P2,
822, 823, 8332, 833, 842, 843,

853, w862, 863, 872, 873, 882, 883, =i4,
r2, r3, 83, &4, 85,

87, B8, 5%, 510, Ss11,

913, uid, w24, u3dd, udd, ub4, ubd, u74, uB4, uBs.

-2,
.05,

-

.0o01, .02, .02, .02, .02, .02, .02, .02, .0001,

05, .2, .0%, .2, .05, .2,

.2, .05, .2, .05, .2, .05, .2, .9,
2.5, 1.%, .5, .%, .5,

5, .5, .5, .5, .5,

4, 4%, .4, .4, .4, .4, .4, .4, .4.

. 000001, .0001, .0001, .00081, .0G01, .0001, .0001, .00O01,

-001,
.Q001L,

»

00001,
LCO001,
¢ 5 APEE I NP AP PR DTS A T P I

i, .4,

1, 1,
1, 1,

1, 10,

1, 1,
i, 1,

ule
u2ld
u3l
u33d
ud2
u43l
ub2
ub3
ub
u6b3
u72
u73
ug2
ull
uls
uzs
uis
u4s
ubs
ubh
u7s

14
824
834
add
a54
864
874

Al3
Al4
AlS

A22
A23
A24
AZ2bs

A3Z2
A33
A34
A3S

#1048

#HH

[ T | A A (1 IR I - IO

[ I I | I

LI I

UL T 14

R

0001, .061, .0001, .001, .0001, .001,

.001, .0001, .001, .0001, .001, .00031, .01, .1,
00001, .00001, .00001, .00001, .00001,
L0000, 00001, (00001, .00001, .00001,

.4, .4, .4, .4, .4, .4, 1,
. 1, % 1, 1,
1, 1, %, 1, 1, 1, 1,
10, 1, 1, 1,
ll 1l l} 3‘1‘
1, 1, i, i, 1, 1, 1, 1.

Ql3**r2,
ulg**ri,
u23**r2.
uz2d**ri,
u33x*r2,
ulddrrrl,
ud3**rz.
udd**ry,
ubh3**r2.,
ub4**r3,
up3e*r2,
ub4**r3.
u73**r2,
u74**r3,
uzé.
u3id.
ud4,
ubéd,
ubd.
u7d.
uB4.

s84.
a84.
a84.,
s84.
s84.
=284.
884,

P3*RELEASES.
Al3*(1-ul3)*(1-s13)*S3.
Ald*(1-uld)*(1-514)*54.

S20*RELEASES.
A22%(1-u22)*(1-822)*83,
A23*(1-u23)*(1-523)*54.
A24*(1-u24)*(1-824)*S5.

S30*RELEASES.
A32%(1-u32)*(1-832)%54.
A33%(1-u33)*(1-833)*S5.
A34*(1-u3d)*(1-s34)*S6.

A-14

000001,



A4z
Adl
A44d
A4E

RS2
AB1
A54
aBS

A62
RE3
A64
ABS

A72
AT3
A4
A75

AB2
AB3
AB4
ABS5

IF
iF
IF
IF
Ir
IF
IF
IF

IF
IF
IF
e
IF
ir
IF
ir

IF
iF
IF
IF
iF
Ir
iF
iy

IF
IF
IF
IF
IF
Iy
IF
ir

IF
1¥
IF
IF
IF
IF
IF
IF

-

= S40*RELEASES.

= Aéz*{lmu42) (1»%42;*55.

= B43* (1-udd) ¥ (1-g43)*86.

= A44* (1 uu44)*(1*344)*s?.

= SS0*RELEASES.

= ASE*(luuSZ} {1-852)%56,

= BEA«({l-ubd)yx(1l-a%33%57.

= AS4%(1l-ubd4)*(1-a54)+*58.

= H60*RELEASES.

= AG2*(1l-ub2)*(1-8621%87.

= ABI*(l-ubl)*({1l-863)*38,

= AB4*{1l-ubd)*(1~864)*%89.

= STO*RELEASES.

= A72*(1-u72)*(1-872)*58.

= AT3*(1=-u73)*({1l-ag73})*%39.

= A74* {1~-u74)*(1~874)*S10.
= SB0*RELEASES.

= AB2*(1~uB2)*{1i-582)*%59.

= AB3*{1-uB3)*{1-z83)*510.
= A84¥(1-uB4)*{i-g84)*511
(CODE == CHAR(Y12)) THEN F
(CODE == CHAR{Y13)) THEN F
(CODE == CHAR{Y14)) THEN F
{CODE == CHAR{Y15)) THEN ¥
(CODE == CHAR{E1lZ2)) THEN F
{CODE == CHAR{E13))} THEN F
(CODE == CHAR{(El4)) THEN F
(CODE == CHAR[E15)) THEN F
(CODE == CHAR(Y22)) THEN F
{CODE == CHAR(Y23)) THEN F
{CODE == CHAR(Y24)) THEN F
{CODE == CHAR{Y25))} THEN F
{CODE == CHAR{EZ2)) THEN F
{(CODE == CHAR{E23)) THEN ¥
{CODE == CHAR{E24)) THEN F
(CODE == CHAR({E25)) THEN ¥
{CODE == CHARR({Y32)) THEN F
(CODE == CHAR{Y33)} THEN F
{(CODE == CHAR{Y34)) THEN F
(CODE == CHAR{Y35))} THEN F
{CODE == CHAR{E32)) THEN F
(CODE == CHAR(E33)) THEN F
(CODE == CHAR(E34)) THEN F
{CODE == CHAR(E3S5}) THEN F
(CODE == CHAR(Y42)) THEN F
{CODE == CHAR(Y43)) THEN F
{CODE == CHAR(Y44)}) THEN F
(CODE == CHAR(Y43)) THEN F
(COPE == CHAR(E42}) THEN F
(CODE == CHAR(E43)) THEN F
(CODE == CHAR(E44)) THEN T
(CODE == CHAR(E45)) THEN F
(CODE == CHAR(Y52)) THEN F
(CODE == CHAR(Y53)) THEN ¥
(CODE == CHAR(YS54}) THEN ¥
(CODE == CHAR(Y55)) THEN F
{CODE == CHAR(ES2}) THEN F
(CODE == CHAR(ES53}} THEN F
{(CODE == CHAR(ES54)) THEN F
{CODE == CHAR(E55)}) THEN F

L I

Hdils

o

R

0o

il

RN RNHE

B0 H R

H# it HaHdH

Pl*RELEASES.
ul3*pl3.
uld*al4g.
ulS*Als.
P2*RELEASES.
g13*{1-ul3})*al3.
gla*{1~-uld)*hald.
{1~ul5)*Al5.

u22*R22.
u23*nz3,
u24*nz4.
U2s*A2s,
822%{1-u22)*A22.
g23%{1-u23)*RA23.
824* {1~u24)*A24.
{1-u25)*A25.

u32*p32.
u33*A33.

u34*A34d,

u35*A35,
832%(1-u32)*A32.
s33#(1-u33)*A33.
$34% (1-u34)*A34.
(1~u35)*A35.

ud2+*A42.
PETIVEN
u44*A44.
ud5*R45,

s42% (1-ud2 ) *Ad2.
S43%(1-udl) *A43.
s44* {1-udd ) *Add.
(1-ud5)*Ad45.

uS2*p52,
ub3*As3,
usS4*a54,
us5#*p55,
g52*%(1-u52)*A52.
s53* (1-u53)*A53.
g54%{1~ub4)*n54.
{1-ub5)*ALES5,



IF {CODE CHAR(Y62)) THER F = ub2*A62,.

IF {CODE CHAR(Y&3)) THEN F = u63+A63.

IF {(CODE == CHAR(Y64)) THEN F = ub4+*A64.

IF (CODE == CHAR(Y65)) THEN F = uB5*A6S5.

IF {CODE == CHAR(E62)) THEN F = 562%(1-ub2)*A62.
IF (CODE == CHAR(E63)}) THEN P = s63%({1-u63)*A53.
IF {CODE == CHAR(E64)) THEN F = s64*{1-ubd)*As4,
IF {CODE == CHAR{E65)) THEN F = (1-ub65)*A65.

IF {CODE == CHAR(Y72)) THEN F = u72*AR72.

1F {(CODE == CHAR(Y73)}) THEE F = u73%*R73.

IF {CODE == CHAR(Y74)}} THEN F = u74*A74.

I¥ {CODE == CHAR(Y75)) THEN F = u75*A7S.

IF (CODE == CHAR(E72)) THEN F = s72%(1-u72)*A72.
IF {CODE == CHAR(E73)) THEN F = s73*(1-u73}*A73.
1F (CODE == CHAR(E74)) THEN F = s74*{1-u74)*A74.
IF (CODE == CHAR(E75)) THEN F = (1~u75)*A75.

IF (CODE == CHAR(YB2)) THEN F = uS82%A82.

IF {CODE == CHAR(YB83))} THEN F = uB83*A83.

IF (CODE == CHAR(YB84)) THEN F = uB4*AB4.

IF (CODE == CHAR(YB5)) THEN F = uB5*A85.

IF {CODE == CHAR(E82)) THEN F = 882%(1-uB82)*A82,
IF (CODE == CHAR(EB83)) THEN F = a83%(1-uB3)*a83.
IF (CODE == CHAR(E84)) THEN F = s84*{1-uB4)*A84.
IF (CODE == CHAR{E8S5)) THEN F = (l-u85)*A85.

WT = 1/F.

IF (CATCHES = 0) THEN (DEV = 2*F).

IF ({CATCHES > O) AND ((ABS{1-{CATCHES/F))) >= .001)) THEN
(DEV = 2% ({CATCHES* (LN (CATCHES/F}))~(CATCHES~F))).

IF {(CATCHES > 0) AND ((ABS(1~(CATCHES/F)}) < .G0l)} THEN
{DEV = (2~(CATCHES/F)}*({{F-CATCHES)**2)/F}).

XLOSS = DEV.

END
INPUT FILE = 'IGHALLY.DAT'.
VARIABLES = 3.
FORMAT IS FREE.
CASES = 120.
VARIABLES NAMES = CODE, CATCHES, RELEASES.
LABELS= CODE.
REGRESS DEPENDENT = CATCHES.

PARAM = 54,

ITER = 75.
MEANSQUARE = 1.0.
WEIGHT = WT.
L0ss.

TOLERANCE = .001.

TRANSFORM WT = 1.0.

/ PARAM

NAME = Pl, 8520, 530, 540, S50, 860, §70, 880, P2,
813, sl4, s22, s23, =824, 832, 833, s34,
842, 543, s44, 852, $53, 854,
s62, s63, s64, s72, 873, 874,
882, =83, s84,
P3, r2, r3, 83, 54, 85,
56, 87, 88, 89, 810, s11,
ulld, uld, u24, ui4, udd, ud4, ud4, u74, uB4, uss.

INITIAL = .0001, .02, .02, .02, .02, .02, .02, .02, .0001,
.2, .9, .05, .2, .9, .05, .2, .9,
.05, .2, .9, .05, .2, .9,
.05, .2, .9, .05, .2, .9,
.08, .2, .9,
.01, 2.5, 1.5, .5, .5, .5,
.5, .5, .5, .5, .5, .5,
22, 4, .4, .4, .4, .4, .4, .4, .4, .4.



MINIMUM =

MAXIMUM =

/ FUNCTION

000001, .000%L, L0001, L0001, 0001, 0001, 0041,

001,

*

00001,
.00001,

N+ R I D D D S T Y

i AP
1s 11

i, 106,

1, 1,
1, 1,

uie
uzd
ulz
u33
ud2
ud3
ub2
ub3
ubz
ub3
a7z
u73
uB2
uB3
uls
ulb
u3b
udb
ubh
uébsb
u7s

Al3
al4
AlS

R22
A23
A24
A25

A3Z
A33
A34
A35

A42
R43
Ad4
A4S

a52
AS3
AS4
ALS

A62
A&3
A&4
A65

A72
A73
A74
ATS

g B3 BB BN BN WA Y

it

{120 (I I 1

L I

[ (A 1| s HoH#H 484

LI I

T 1]

01, 0001, 003, .01, .000L, .001, .01,
.oooy, L0061, .01, 0001, 061, .01,
L0001, 001, .G, G001, .001, .01,

L0001, L00L, .01,
LQOoo1, .0000%, 00001,
L00001, L0000, 00001,

A, W4, .4, L4, .4, .4,
1, 1, 4,1, 1, 1,
1, 1, 1, 1, i, 1,
1,01, 1,1, i, 1,
}‘; lg 1;
16, 1, 1, 1,
I, 1, 1, &,
i, 1,1, 1, 1, 1, %1, 1.

Wild**p2,
uld**r3i.
WAFR*re.
uz24**r3,
u33**r2,
ulgx*r3,
ud3x*yr2,
udd**ri,
uhd*Ap2,
ub4x*r3,
ub3I**ra.
ubqr*rl,
w73r*p2,
u74**p3,
uzd.
ulg.
udd.
ub4g.
ubg.
u74.
ul4d.

P3*RELEASES.
Al3*(1-ul3)*(1-813)*83.
Al4*(1-uld)*(1l-sl4)*s4.

S20*RELEASES.
A22* (1-uR2)*(1-s22)*S3.
A23*(1-u23)*(1-523)%54.
A24*(1-u24)*(1-824)*S5.

S30*RELERSES,

A32*{l-ul32)*{1l-832)*54.
A33*%(1=-u33)*{1-833)*85.
A34*(1-134)*{1~-834)*86.

S40*RELEASES.
Ad2% (1~ud2)*(1-s42)*85,
A43*(1-ud3)*(1-s43)*S6.
R44* (1-udd)* (1~844)*S7.

S50*RELEASES.

AS2% (1-u52) % (1~552)*86.
A53*{1-u53)*(1-s53)*57.
AS4*(1-u54)*(1-554) *S8.

S60*RELEASES .

AB2* (1~ub2)*{1-862)*37.
A63* (1-ub3)*(1-s63)*S8.
AG4*(1-ub4)*{1~564)*S9.

S70*RELEASES.
A72%(1-u72)*{1-872)*S8.
A73*(1-u73)*(1-s73)%89.

A74*(1-u74})*(1-s74)*810.

A-17

00001, 00801,
L00001, 00001,
AP

1

L0601,

L 200001,



A82 = SHO*RELEASES.

AB3 = AB2*(1-uB2)*(1-882)*59,

AB4 = AB3*(1l-uB3)*(1-883)*510,

B85 = AB4*(1-uB4)*(1l-s84)*S11.

IF (CODE == CHAR(Y12)) THEN F = P1*RELEASES.

IF (CODE == CHAR({Y13)) THEN F = ul3*Al3.

IF (CODE == CHAR(Y14)) THEN F = ul4*Ald.

IF {CODE == CHAR(Y15}} THEN F = ulS*Al5.

IF {(CODE == CHAR{E12}) THEN F = P2*RELEASES.

IF (CODE == CHAR(E13)) THEN F = s13*(1-ull)*al3.
1F (CODE == CHAR(E14)) THEN F = sl4*(1l-ul4)*Ald.
IF {CODE == CHAR(E15)}) THEN F = (1-ul5)*alb,

IF (CODE == CHAR(Y22)) THEN F = u22*R22.

IF (CODE == CHAR(Y23)} THEN F = u23*A23.

IF (CODE == CHAR{Y24)) THEN F = u24*A24.

IF {CODE == CHAR(YZS5)} THEN F = u25*A25.

IF {CODE == CHAR(E22)) THEN F = 822*%(1-ul2)*A22.
IF (CODE == CHAR(E23)) THEN F = 823%(1-u23)*A23.
IF (CODE == CHAR(E24)) THEN F = 824*(1-u24)*A24.
"I{F (CODE == CHAR(E25)) THEN F = (1-ul25)*A25,

iF (CODE == CHAR(Y32)) THEN F = ul2*A32.

IF (CODE == CHAR{Y33)) THEN F = u33*a33.

IF (CODE == CHAR(Y34)) THEN F = u34+*A34.

IF {CODE == CHAR({Y35)) THEN F = u35%A35.

IF {CODE == CHAR(E32)) THEN F = s32*%(1-u32)*A32.
IF (CODE == CHAR{E33)) THEN F = s33%({1-u33)*A33.
IF (CODE == CHAR(E34)) THEN F = s34*(1-u34)*A34.
IF (CODE == CHAR(E35)) THEN F = (1-u35)*A35.

IF (CODE == CHAR(Y42)) THEN F = u42*A42.

IF (CODE == CHAR(Y43)) THEN F = ud43*A43.

IF (CODE == CHAR(Y44)) THEN F = ud4*hdd.

IF (CODE == CHAR(Y45)) THEN F = ud5*245,

IF (CODE == CHAR(E42)) THEN F = s542%(1-ud2)*A42.
IF (CODE == CHAR(E43)) THEN F = s43*(1~-ud3)*A43.
IF {CODE == CHAR(E44)) THEN F = s44*(1-udd)*n44.
IF (CODE == CHAR(EA45)} THEN F = (1-ud5)*R45.

IF (CODE == CHAR(Y52)) THEN F = u52#*A52.

IF (CODE == CHAR(Y53)) THEN F = uS53*A53.

IF (CODE == CHAR(Y54)) THEN ¥ = u54*A54.

IF (CODE == CHAR(Y55)}) THEN F = u55%A55.

IF (CODE == CHAR{E52)) THEN F = s52%(1-u52)*A52.
IF (CODE == CHAR{E53)) THEN F = s53*(1-u53)*A53.
IF {CODE == CHAR{ES54)}) THEN F = 854*(1-u54)*A54.
IF (CODE == CHAR(ES55)} THEN F = (1-u55)*a55.

IF {(CODE == CHAR(Y62)) THEN F = uB2*A62.

IF {CODE == CHAR(Y63)) THEN F = ub63*A63.

IF (CODE == CHAR(Y64)) THEN F = ub4*A64.

IF (CODE == CHAR(Y65)) THEN F = u65*A65.

IF (CODE == CHAR(E62)) THEN F = 862%(1~u62)*A62.
IF (CODE == CHAR(E63)) THEN F = 863*(1-uf3)*A63.
IF (CODE == CHAR(E64)) THEN F = 864*(l-ub4)*A64.
IF (CODE == CHAR(E65)) THEN F = (1-u65)*a65.

IF (CODE == CHAR(Y72)) THEN F = u72*A72.

IF (CODE == CHAR(Y73)) THEN F = u73*a73.

IF (CODE == CHAR(Y74)) THEN F = u74*A74.

IF (CODE == CHAR(Y75)) THEN F = u75*A75.

IF (CODE == CHAR(E72)) THEN F = s72%({1-u72)*A72.
IF (CODE == CHAR(E73)) THEN F = s73*%(1-u73)*A73.
IF {CODE == CHAR{E74)) THEN F = s74*{1-u74}*A74.
IF (CODE == CHAR(E75)) THEN F = (1-u75)*A75.



/ END

1iF
IF
IF
IF
IF
IF
ir
ir

WT

1i¥
iF

IF

(CODE == CHAR(YB2)) THEN F = uB2*a82,

{CODE == CHAR{Y83)) THEN P = uB3*A83,

{CODE == CHAR(Y84)) THEN F = uB4*a84.

{CODE == CHAR(Y85)} THEN F = uB5*a85.

(CODE == CHAR(EB2)) THEN F = s82%(1-u82)*A82.

(CODE == CHAR(ES3)) THEN F = 583%(1-uB3)*A83,

(CODE == CHAR(EB4)) THEN F = sB84*(1-uB4)*A84,

(CODE == CHAR(EB5)) THEN F = (1-uB5)*A85.

= 1/F.

(CATCHES = 0O) THEN (DEV = 2*Fj.

{ (CATCHES > 0) AND ((ABS(1-{(CATCHES/F})) »= .001)) THEN
{DEV = 2*((CATCHES* (LN(CRTCHES/F)) )~ (CATCHES-F)}).

( (CATCHES > 0) AND ((ABS(1-(CATCHES/F))) < .001)) THEN

{DEV = (2“{CRTCHES/F})*(((FMCATCHES)**2}3F)}.

XLOSS = DEV.
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Appendix Table Cl. Estimated survival rates to age 2 (8;q) for
indicated brood years (Years) and estimated conditional ocean
survival rates (S;) from fall of year 1 to late spring of year
i+1 (Years) for fall chinook salmon released from Iron Gate
Hatchery. Listed standard errors are unadjusted estimates report-
ed by BMDP, and BMDP estimates adjusted by the square root of the
estimated ¢ (Adjusted). Confidence bounds are calculated as t 2
adjusted standard errors. Only point estimates are presented for
parameter estimates equal to imposed constraints. Estimates are
based on CWT releases made in eight successive brood years (1978
through 1985.). Accepted model (Model 3) assumes equal age four
maturation probability for all groups, but allows ocean survival
rates to vary (m = 47).

Standard Error 95% Confidence Limit

Parameter Years Estimate BMDP Adiugted Lower Upper
Survival to

age 2

S0 1878 0.1351% na na na na

Sag 1979 0.4000 m—— ——— o -

S30 1980 0.0523 0.0044 0.017% 0.0166 0.0880

840 1981 0.0082 0.0003 0.0011 0.0080 0.0103

5¢o 1982 0.1068 0.0048 0.0197 0.0674 0.1462

Sgo 1983 0.4000 e e e v

890 1984 0.0854 0.0084 0.0341 0.0171 0.1537

Sgo 1985 0.0519 0.0040 0.0164 0.0192 0.0846
Ocean Survival

Rate

S3 1981-82 0.1409 0.0181 0.07398 0.0000 0.2888

Sy 1982-83 0.2664 0.0212 0.08660 0.0932 0.4396

8¢ 1983~-84 1.0000 —— w-—— — =

S¢ 1984-85 1.0000 —-— - — e

Sy 1985-86 0.1456 0.0083 0.0338 0.0779 0.2133

Sg 1986-87 0.6923 0.0%505 0.2063 0.2798 1.0000

Sg 198788 0.4897 0.0369 0.1507 0.1983 0.8011

810 1988~-89 1.0000 -— -— - —

541 1989-90 0.4220 0.0832 0.3396 0.0000 1.0000

3p minimum estimate based on the estimate of the confounded parameter P

r
assuming that u,, and 0,, were both approximately zero for release grou% 1.
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Appendix Table C2. Estimated maturation probabilities at age 2
CETY and age 3 (043) for 1978 through 1985 brood year (Brood)
raieases of yearling fall chinook salmon from Iron Gate Hatchery,
and estimated maturation probability at age 4 (aié) for all
groups combined. Listed standard errors are unadjusted estimates
reported by BMDP, and BMDP estimates adjusted by the square root
of the estimated ¢ (Adjusted). Confidence bounds are calculated
as + 2 - adjusted standard errors. Only point estimates are
presented for parameter estimates equal to imposed constraints.
Fstimates are based on CWT releases made in eight successive
brood years (1978 through 1985.) . Accepted model (Model 3) as-
sumes equal age four maturation probability for all groups, but
allows ocean survival rates to vary (m = 47). Note that no esti-
mate of maturation probability at age 2 can be made for the first
release group (1978 brood}.

Standard Error 95% Confidence Limit
Parameter Brood Esntimalte BMDP Addusted Lower Upper
03 1978 0.0178 0.0013 0.0052 0.0074 0.0283
622 1979 0.0008 0.0001 0.0006 0.0000 0.0129
0,3 1879 0.0729 0.0064 0.0263 0.0203 0.12585
O35 1980 0.0145 0.0022 0.0086 0.0000 0.0317
Og4 1980 0.1969 0.0131 0.0535% 0.0899 0.3039
40 1581 0.0030 0.0018 0.0071 0.0000 0.0173
O43 1981 0.1135%9 0.0108 0.0441 0.0257 0.2021
Og o 1982 0.0105 0.0009 0.0038 0.0028 0.0182
053 1982 0.,1071 0.0089 0.0242 0.0587 0.15%55
Cen 1983 0.0011 0.0001 0.0005 0.0001 ¢.0022
Oc3 1583 0.10%95 0.0079 0.0322 0.0451 0.1738
Oqq9 1984 0.0108 0.0015 0.0063 0.0000 0.0234
g 1584 0.1020 0.0080 0.0325 0.0371 0.1669
Ogo 198% 0.0028 0.0008 0.0032 0.0000 0.0092
Og4q 1985 0,0909%9 0.0063 0.0256 0.0397 0.1421
Tia 1978-85 0.9240 0.0047 0.0191 (.8859 0.9621
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Appendix Table C3. Estimated exploitation rates at age 4 for
coded wire tagged fall chinook salmon released as yearlings from
Iron Gate Hatchery, brood years 1978 through 1985. Listed stand-
ard errors are unadjusted estimates reported by BMDP, and BMDP
estimates adjusted by the square root of the estimated ¢ (Adjust-
ed). Confidence bounds are calculated as % 2 - adjusted standard
errors. Only point estimates are presented for parameter esti-
mates equal to imposed constraints. Estimates are based on CWT
releases made in eight successive brood years (1978 through
1985.). Accepted model (Model 3} assumes equal age four matura-
tion probability for all groups, but allows ocean survival rates
to vary (m = 47}).

Year of Standard Error 95% confidence Limit

Fishery Estimate BMDP Adijusted Lower Upper
1982 0.5998 0.0081 0.0332 0.5334 0.6661
1983 0.6162 0.0093 0.0381 0.5858 0.6924
1984 0.4909 0.0108 0.0442 0.4025 0.5793
1985 0.4575 0.0103 0.0420 0.3736 0.5414
1986 0.5039 0.0068 0.0399 0.4241 0.5837
1987 0.5484 0.0069 0.0282 0.4921 0.6047
1988 0.5204 0.0077 0.0314 0.4576 0.5832
1989 0.5043 0.0115 0.0468 0.4108 0.5978
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Appendix Table C4. Estimated survival rates to age 2 (5i4) for
indicated brood years (Ysars) and estimated conditional ocean
survival rates (S;) from fall of year i to late spring of year
i+1 (¥Years) for fall chinook salmon released from Trinity River
Hatchery. Listed standard errors are unadjusted estimates report-
ed by BMDP, and BMDP estimates adjusted by the square root of the
estimated ¢ (Adjusted). Confidence bounds are calculated as %t 2
adjusted standard errors. Only point estimates are presented for
parameter estimates equal to imposed constraints. Estimates are
based on CWT releases made in eight successive brood years (1978
through 1985.). Accepted model (Model 3) assumes equal age four
maturation probability for all groups, but allows ocean survival
rates to vary (m = 47).

Standard Error g95% Confidence Limit

Parameter Years Estimate BMDP Adijusted Lower Upper
Survival to

Age 2

825 i979 0.4000 e - v e e

530 1380 0.1174 0.0114 0.0375 0.0423 0.1925

840 1981 0.0086 0.0012 0.0039 0.0008 0.0164

Sco 1982 0.0325 0.0091 0.0300 0.0234 0.0923

S¢n 1983 0.4000 ——— e e o

840 1984 0.0674 0.0008 0.0027 0.0619 0.0728

Sa0 1985 0.0722 0.0060 0.0197 0.0329 0.111%
Ocean Survival

Rate

S, 1981-82 0.190% 0.0135 0.0444 0.1017 0.27%0

54 1982-83 0.1564 0.0161 0.0530 0.0504 0.2623

Sg 1983~84 1.0000 — = e ——

Sg 1984~-85 0.9681 0.2836 0.9329 0.0000 1.0000

5, 1985~86 0.2880 0.0027 0.0089 0.2702 0.3058

Sg 1986-87 1.0000 —— —— —— e

59 1987-88 1.0000 -— v ——— ——

840 1988-89 0.7535 0.1666 0.5480 0.0000 1.0000

841 1989-90 1.0000 ——— - -—— ——

g
i
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Appendix Table C5. Estimated maturation probabilities at age 2
(055) and age 3 (033) for 1978 through 1985 brood year (Brood)
reieases of yearling fall chinook salmon from Trinity River
Hatchery, and estimated maturation probability at age 4 (oj,) for
all groups combined. Listed standard errors are unadjusted esti-
mates reported by BMDP, and BMDP estimates adjusted by the sduare
root of the estimated ¢ (Adjusted). Confidence bounds are calcu-
lated as + 2 - adjusted standard errors. Only point estimates are
presented for parameter estimates equal to imposed constraints.
Ectimates are based on CWT releases made in eight successive
brood years (1978 through 1985.) . Accepted model (model 3} as-
sumes equal age four maturation probability for all groups, but
allows ocean survival rates to vary (m = 47). Note that no esti-
mate of maturation probability at age 2 can be made for the first
release group (1978 brood).

gtandard Error g5% Confidence Limit
Parameter Rrood Egtimate BMDP Adjusted Lower Upper

Oy3 1978 0.2427 0.0158 0.0520 0.1387 0.3467
0yy 1979 0.0106 0.0005% 0.0018 0.0070 0.0142
Os7 1979 0.0989 0.0094 0.0309 0.0371 0.1607
Osq 1980 0.0855 0.0087 0.0285 0.028% 0.1425
044 1380 1.00G00 e s e o e

Oss 1881 0.0625 0.0000 ——— e e

Oy 1981 0.4713 0.0753 0.2477 0.0241 0.9667
052 1982 0.0508 0.0147 0.0484 0.0000 0.1475
Og 1982 0.3749 0.0135% 0.0444 0.2861 0.4637
T2 1983 0.0403 0.0010 0.0033 0.0337 0.0469
Og3 1983 0.7492 0.0048 0.015%8 0.7116 0.7808
Oy9 1984 0.0697 0.0032 0.0105 0.0486 0.0907
Oq4 1984 0.7170 0.0063 0.0207 0.6756 0.7584
Ogq 198% 0.0527 0.0051 0.0168 0.0191 0.08863
083 1585 0.5570 0.054¢9 0.1806 0.1958 0.9182
Cia 1978-85 (0.9884 0.0019 0.0062 0.9760 1.0000
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Appendix Table C6. Estimated exploitation rates at age 4 for
coded wire tagged fall chinook salmon released as yearlings from
Trinity River Hatchery, brood years 1978 through 1985. Listed
standard errors are unadjusted estimates reported by BMDP, and
BMDP estimates adjusted by the square root of the estimated ¢
(Adjusted). Confidence bounds are calculated as * 2 - adjusted
standard errors. Only point estimates are presented for parameter
estimates equal to imposed constraints. Estimates are based on
CWT releases made in eight successive brood years (1978 through
1985.). Accepted model (Model 3) assumes equal age four matura-
tion probability for all groups, but allows ocean survival rates
to vary (m = 47).

Year of Standard Error 95% Confidence Limit

Fishery Estimate BMDP Adjusted Lower Upper
1982 G.5086 £.0148 0.0487 0.4112 0.6060
1883 0.4968 0.0109 0.0358 0.4252 0.5685
1984 0.3548 0.0282 0.0928 0.1692 0.5403
1985 0.4676 0.0109 0,0368 0.3960 0.5392
1986 0.5925 0.0081 0.0266 0.5393 0.6457
1987 0.4842 0.0083 0.0273 0.4296 0.5288
1988 0.4210 0.0121 0.0398 0.3414 0.5006
1889 0.4371 0.0112 0.0368 0.3635% 0.5107





