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Chapter 1

Introduction

This report constitutes the second of two deliverable products developed though
the “Iron Gate Hatchery” contract awarded by the Hoopa Valley Tribal Council to
Dr. David Hankin via the Humboldt State University Sponsored Programs Founda-
tion. The first deliverable product, consisting of an overview of the annual salmon
and steelhead propagation process at Iron Gate Hatchery, including recommendations
for modest changes that would assist introduction of a constant fractional marking
program, was delivered in January 2008 and was finalized in March 2008 (Logan and
Hankin 2008).

This second deliverable product consists of a preliminary analysis of coded-wire
tag (CWT) recovery data compiled from about 25 years of releases from each of three
hatcheries and four races of Chinook salmon: fall Chinook salmon released from Iron
Gate Hatchery (upper Klamath River, California), spring and fall Chinook salmon
released from Trinity River Hatchery (upper Trinity River, California), and spring
Chinook salmon released from Cole Rivers Hatchery (upper Rogue River, Oregon).
The primary objective of these analyses was to determine the degree to which es-
timated brood year survival rates for comparable releases were correlated with one
another across hatcheries and races so as to evaluate (a) the potential use of hatchery
fish survival rates as a proxy for ocean survival conditions shortly following releases,
and (b) to determine if the ratios of survival rates for fish released from Iron Gate
Hatchery as compared to Trinity River Hatchery have recently become less than in
earlier years, possibly due to changes in water management in the upper Klamath
River. A recent stock-recruitment analysis of Klamath River fall Chinook salmon
(STT 2005) used mean brood year survival rates of fingerling releases of fall Chinook
salmon from Iron Gate and Trinity River hatcheries as a proxy for post-rearing survival
conditions and thereby considerably improved the fit of a Ricker stock-recruitment
model for Klamath fall Chinook salmon. Presumably, variation in post-rearing sur-
vival is primarily a reflection of variation in ocean survival conditions. If so, then one
might expect to see strong covariation of survival rates, for similar release types and
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CHAPTER 1. INTRODUCTION 5

races, for CWT groups released from Iron Gate, Trinity River, and perhaps also Cole
Rivers hatcheries.

In addition to the principal focus on survival rates, analyses of CWT recovery
data were also designed to shed light on the degree to which age-specific maturation
probabilities and size at age were affected by stock type and by release strategy. In
an earlier analysis of just three or four brood years of CWT recovery data for Chi-
nook salmon released from California and Oregon hatcheries, Hankin (1990) believed
he had identified consistent effects of release type on maturation schedules, fishery
exploitation and size at age. It was of interest to determine whether or not these
apparent patterns would be reinforced or modified based on analysis of this much
longer, approximately 25 year, period of brood releases.

The analyses described in this report were carried out with future improvement
of marking at Iron Gate Hatchery as a principal interest, with a specific objective of
introducing a constant fractional marking (CFM) program, ideally at a 25% marking
rate that would match that used at Trinity River Hatchery since the 2000 brood year.
At Iron Gate Hatchery, as at many other Chinook salmon hatcheries, juvenile Chinook
are released as subyearlings during early summer (e.g., June releases of fingerlings )
or during early fall (e.g., October releases of yearlings ). Fingerlings typically average
about 90 fish per pound (about 5 g) at release whereas yearlings typically average
9-10 fish per pound (about 45-50 g) at release. At Iron Gate Hatchery (IGH), annual
releases consist of about 5 million fingerling and 900 thousand yearling fall Chinook
salmon. At Trinity River Hatchery (TRH), annual releases of fall Chinook salmon are
about 2 million fingerlings and 900 thousand yearlings, and annual releases of spring
Chinook salmon are about 1 million fingerlings and 400 thousand yearlings. Cole
Rivers Hatchery (CRH) annually releases about 1.6 million spring Chinook salmon
“smolts”, subyearlings released from August through October; these fish are similar
in size to the yearlings released from IGH and TRH.

The large number of fingerlings released from IGH creates substantial logistical is-
sues with respect to implementation of a constant fraction marking (CFM) program.
Therefore, we developed alternative mixes of fingerling and yearling releases that,
based on our CWT analyses, would generate similar total catches and escapement.
If fewer fingerlings but more yearlings were released, then implementation of a 25%
CFM program would be more feasible.

Over the past 25 years there have been substantial changes in ocean and fresh-
water fisheries regulations. In particular, restrictions to ocean fishing due to legal
recognition of the special fishing rights of the Hoopa and Yurok tribal members in
the Klamath and Trinity rivers (Parravano v. Babbitt 1995) have reduced the num-
ber of CWT recoveries in ocean fisheries and have thereby reduced the accuracy with
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which ocean fishery exploitation rates can be estimated from a CWT release group
of fixed size. Therefore, we engaged in some simplified but, we think, useful simula-
tions of variances of estimated life history and fishery parameters based on standard
cohort analysis methods as a function of CWT release group size. These simulation
results can provide substantial guidance concerning appropriate release group sizes
given reduced ocean fisheries.

An initial draft of this report was distributed on 12 June 2008 and considered
IGH and TRH CWT release groups through the 2001 brood year. This final version
of the report includes updated analyses (where judged warranted) based on IGH and
TRH CWT releases through the 2004 brood year. Among other things, these updated
analyses include a more explicit focus on the impact of ”cut-off date” (see sections
3.1.1 and 4.2) on estimated ocean fishery exploitation rates. Some analyses were
judged not to require updating and therefore remain based on CWT releases through
the 2001 brood year. Analysis results for the 2004 brood year are based on returns
through age 4 only; as few Klamath/Trinity Chinook salmon survive to mature at age
5, however, analysis results for 2004 brood year releases should be closely comparable
to those for brood years with CWT recovery data complete through age 5.



Chapter 2

Data Sources and Manipulations

We compiled CWT release and recovery data for four hatchery stocks of Chinook
salmon: Iron Gate Hatchery (IGH) and Trinity River Hatchery TRH (TRH) Fall Chi-
nook salmon; TRH spring Chinook salmon; and Cole Rivers Hatchery (CRH) spring
Chinook salmon. For each stock, the basic categories of data types included (a) re-
lease information; (b) estimated ocean recoveries; (c) estimated freshwater returns;
and (d) lengths at hatchery return.

2.1 Releases

Information about hatchery releases of CWT Chinook was obtained from the Pa-
cific States Marine Fisheries Commission’s (PSMFC) coded-wire tag database, known
as the regional mark information system, or RMIS. Information was obtained for IGH
and TRH fall Chinook releases from brood years 1978 through 2006, TRH spring Chi-
nook releases from brood years 1976 through 2006, and CRH spring Chinook releases
from brood years 1975 through 2005.

Releases from each hatchery and brood year often included several coded-wire tag
(CWT) release groups. In general, the RMIS release table includes one data record
per CWT release group. Release information for each CWT release group includes
tag code, species, race, brood year, release date, average size, release group size (num-
ber released with adipose fin clip and coded-wire tag), agency, hatchery, and release
location.

In most cases RMIS information was found to be accurate and complete. However,
we did find and correct some important errors in RMIS release data. In particular,
three 2001 brood year spring Chinook CWT release groups (093515, 093517, and
093518) from CRH were erroneously labeled as fall Chinook release groups. Also,
we found that RMIS release records for tag codes 060830 and 060831 released from

7



CHAPTER 2. DATA SOURCES AND MANIPULATIONS 8

IGH were erroneous duplicates of the release records for tag codes 063830 and 063831.

It was often challenging to determine, from RMIS release location data, whether
individual CWT groups were released directly from or near the hatchery rearing
location (on-site releases). Fish released at locations distant from the hatchery of
rearing (off-site releases) tend to stray (fail to return to hatchery of origin) at much
higher rates than fish released on-site. Because stray escapement of hatchery fish to
natural spawning areas may not be adequately estimated, estimates of total freshwater
escapement for off-site releases may be negatively biased as compared to those for
hatchery CWT groups released on-site thereby also affecting estimated survival rates
and other parameters. In most, but not all, cases, off-site releases were identifiable by
the entries in the release location code field of the CWT release table. We restricted
our CWT analyses to those groups which we believed to have been released on-site.
In the Klamath-Trinity and Rogue systems relatively few CWT groups have been
released off-site and these have often been small (e.g., IGH pond program in 1980s).
Essentially no CWT groups are currently released off-site from any of these facilities.

2.2 Ocean Recoveries

RMIS was the original source of all records of ocean recoveries of CWT Chinook.
For TRH spring Chinook,we initially acquired CWT recovery data from RMIS, but
then processed these data through modified versions of KOHM (Klamath Ocean Har-
vest Model) programs. Because CWT recovery data have been subjected to intensive
scrutiny for management of Klamath River Chinook, we took advantage of summa-
rized records of ocean recoveries of IGH and TRH CWT fall Chinook that had been
prepared for KOHM purposes (A.Grover, CDFG, pers. comm.). The KOHM records
were re-processed in our project so as to produce the statistical summaries required
for our calculations. KOHM summaries were generally by hatchery, release type and
month, whereas summaries required for our project analyses were generally by indi-
vidual CWT code and year.

For most analyses in our project, it was adequate that KOHM ocean CWT recov-
ery records were summarized by month of capture, but other analyses required date
of ocean captures. To produce such data, we modified and ran one of the KOHM
initial programs to generate a table that included capture date for individual ob-
served recoveries. The output records were otherwise identical to those produced in
the original KOHM table.

Individual ocean CWT recoveries were labeled as occurring before or after an
assumed cut-off date for river entry for fish maturing in that year. For TRH and
CRH spring Chinook, we assumed that age i maturing fish would entry freshwater
prior to June 15, and for IGH and TRH fall Chinook we (initially) assumed that all
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age i maturing fish entered freshwater prior to September 1 (consistent with KOHM
assumptions). For these cut-off dates we determined the estimated number of ocean
recoveries at age i prior to and following the cut-off dates. Because application of
our cohort analysis methods (see below) to CWT recovery data using the September
1 cut-off date produced some implausible results, particularly for post-maturation
ocean fishery exploitation rates of TRH fall Chinook (see section 4.2), we explored
the consequences of using alternative cut-off dates of 15 September and 01 October,
respectively. As KOHM data summaries are made on a monthly basis, re-expression
of landings and non-landed mortalities was straightforward for the 01 October cut-off
date. Generating data summaries for a 15 September cut-off date was more compli-
cated and is explained below:

• Step 1. From the existing KOHM processed ocean data, we pooled pre-and
post- September 1 impacts by CWT code and age of capture. Pre-and Post
Sept 1 NLM were pooled in the same way.

• Step 2. We extracted RMIS ocean recovery records matching the CWT codes
and capture ages in tables generated in Step 1. We summed the CWT recov-
ery sampling expansions for pre- and post- September 15 capture dates. From
these sums we calculated proportions of CWT recoveries occurring pre- and
post September 15 for the CWT codes and ages of interest.

• Step 3. We multiplied the pooled impacts and NLM from step (1) by the pre-
and post September 15 catch proportions calculated in Step 2. In this way we
re-repartitioned the impacts and NLM from pre- and post- September 1 intervals
to pre- and post- September 15 intervals for the CWT codes and ages of interest.

• Step 4. Results from Step 3 were integrated into the table containing ocean
recovery data for recovery years prior to 2007.

2.3 Non-Landed Ocean Mortalities

2.3.1 KOHM Methods, with Minor Modifications

For the brood years of CWT releases explored in this project, ocean fisheries have
been regulated such that hooked fish below legal minimum length limits (which may
differ by sport and commercial fisheries) must be released. Some unknown fraction
of these hooked and released fish will die. No records are kept of the numbers of
fish that are hooked and released, so non-landed mortalities are therefore generally
imputed rather than estimated from CWT recovery data. Members of the KOHM
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Modeling Team have devised a method for imputing ocean non-landed mortalities
of IGH and TRH fall Chinook that relies on observations of landed CWT’d fish;
incorporates age, release type, month of capture, expected mean and variance in
length for a given month and legal minimum retention length (which may vary by
year and/or fishery type); and assumes fishery-specific hooking mortality and drop-
off rates. Details about the derivation and use of the KOHM method for estimating
ocean non-landed mortalities are in Goldwasser at al. (2001).

In our project we modified the KOHM methods to estimate ocean non-landed
mortalities for IGH and TRH fall Chinook, and applied these modified methods also
to TRH spring Chinook. The modifications mainly involved minor changes in the
temporal strata within which coded-wire tag recoveries and non-landed mortalities
were summed. In our cohort analyses of CWT recovery data, we required non-landed
mortalities by age and fishery type for two time periods (pre- and post- cut-off date)
for each year for each CWT release group.

An important table in the KOHM method of estimating ocean non-landed mortal-
ities is called Plegal . Table Plegal is used, essentially, to calculate an answer to this
question: “In a cohort of Klamath River Chinook salmon originating from a release of
fingerlings or yearlings, respectively, what is the expected fraction of the fish that have
lengths above some given legal minimum length lmin at age i in month j?” Values
in the Plegal table were derived by KOHM personnel through analysis of many sets
of lengths of ocean-caught IGH and TRH Fall Chinook for specific combinations of
release group, age, and month of capture. We recognize that there may be unknown
errors in using the existing Plegal table, based on IGH and TRH fall Chinook, for
imputing non-landed mortalities for TRH spring Chinook. However, a Plegal table
for TRH spring Chinook has not yet been derived, and we believed that it would be
better to apply the existing Plegal table rather than to ignore non-landed mortalities
for releases of TRH spring Chinook salmon. Let plegal be the expected fraction of fish
belonging to a CWT release group that are above the legal minimum size limit at age
i in month j, and let Ĥlegal be the estimated number of (legal-sized) fish that have
been harvested in a fishery for some month. Then, assuming that legal and sublegal
fish of age i are contacted at the same rate in ocean fisheries, the total number of fish
from that CWT group that were contacted in that fishery/month stratum could be
estimated as:

Ĉtotal =
Ĥlegal

plegal

The imputed number of contacts with sublegal fish would therefore be:

Ĉsublegal = Ĉtotal − Ĥlegal =
Ĥlegal(1 − plegal)

plegal
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and the imputed number of non-landed mortalities would be:

D̂sublegal = Ĉsublegal · phook,

where phook is hooking mortality rate, set at 0.14 for recreational fisheries and 0.26
for commercial fisheries.

Non-landed ocean mortalities of CRH spring Chinook were not calculated. A
spreadsheet with cohort reconstruction of CRH spring Chinook CWT release groups,
provided by Tom Satterthwaite, ODFW, did include estimates of ocean non-landed
mortalities. However, those estimates were calculated by methods very different from
and not comparable to those used by KOHM personnel to calculate ocean non-landed
mortalities for IGH and TRH fall Chinook. Therefore, when comparing estimate life
history or fishery parameters across IGH, TRH and CRH stocks of Chinook salmon,
we omitted inclusion of imputed non-landed ocean mortalities for CRH spring Chi-
nook. As noted in section 4.1.1, omission of non-landed mortalities (as calculated
using KOHM methods) would lead to small negative bias in estimates of survival
rates from release to ocean age 2 and small positive bias in estimates of age-specific
conditional maturation probabilities.

2.3.2 Alternative Methods

We believe that existing KOHM methods for imputing non-landed mortalities
could be improved in two respects. First, the method described above results in zero
imputed non-landed mortalities whenever there are no estimated landed recoveries of
legal-sized fish. At age 2, this means that imputed non-landed mortalities are almost
always zero, a result that seems highly implausible, especially for release groups at
large in the early 80s when ocean fishery exploitation rates for legal-sized fish often
exceeded 50%. Second, the use of a fixed set of plegal values for a particular month
and release type invokes an implicit assumption that interannual variation in size at
age has no effect on plegal values. Our analyses of mean lengths at hatchery return
suggest, however, that there is dramatic interannual variation in mean length at age 3.
This means that in some years an unusually large fraction of age 3 fish might exceed
lmin and would have high plegal (with correspondingly lower non-landed mortalities),
whereas in other years an unusually small fraction of age 3 fish might exceed lmin and
would have small plegal (with correspondingly higher non-landed mortalities). In the
Results section of this report, we briefly consider an alternative approach to imputa-
tion of age 2 non-landed mortalities, and we describe procedures and results of using
mean lengths at hatchery return to generate year- and month-specific values of plegal

that we believe could produce more plausible imputations of non-landed mortalities
at age 3.
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2.4 Freshwater Recoveries

Complete records of freshwater CWT recoveries for the Klamath-Trinity basin
were not available from RMIS. Summarized data for freshwater recoveries of IGH and
TRH CWT fall Chinook CWT groups were instead provided by KOHM personnel.
We assembled and summarized our own records of freshwater CWT recoveries of TRH
spring Chinook from brood years 1976 through 2006 from data provided by CDFG
and the Yurok and Hoopa Tribal Fisheries departments. Total CWT recoveries in
the upper Trinity sport fishery and natural spawning areas were estimated by CDFG
personnel based on Willow Creek weir mark-recapture data, hatchery returns, sport
angler surveys and reward tag returns, and actual CWT recoveries. CWT recoveries
in the Klamath sport fishery and natural spawning areas were also based partly on
observed CWT recoveries and partly on estimation from carcass and spawner surveys,
angler surveys, reward tag returns, and other sources of information.

Records of CWT spring Chinook released from CRH and recovered at CRH were
available from the RMIS. However, RMIS records of recoveries of CRH CWT spring
Chinook in the Rogue River sport catch and natural area spawning were incomplete
or lacking. Our primary source for CRH freshwater recovery data was a spreadsheet
provided by Tom Satterthwaite (ODFW) for cohort reconstruction of CRH CWT re-
lease groups. The spreadsheet was translated into a database table, and the freshwater
recovery data were extracted for use in the current analysis. Some values reported
in the CRH cohort spreadsheet (straying, prespawning mortality and river harvest)
were often not based on actual CWT recoveries, but were derived by Satterthwaite.
Pre-spawning mortalities, often substantial in the Rogue, were derived by regression
analyses for years in which there were not field programs designed to estimate these
mortalities.

2.5 Lengths at Hatchery Return

For each tag code and age of hatchery return, we attempted to calculate the mean
and standard deviation of lengths at hatchery return; this information is not consis-
tently available in RMIS records. In some cases we calculated means and variances
of hatchery lengths from raw length data (hatchery records). In other cases, we re-
lied upon previously calculated length statistics available in published or unpublished
reports. Below we summarize the steps that we took to generate a fairly complete
series of length statistics for individual CWT groups at hatchery return.
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2.5.1 TRH

Wade Sinnen, CDFG, provided a data tables containing 66,180 individual records
of Chinook returning to TRH in years 1990 through 2008. From that table we sum-
marized 62,162 records of TRH spring and fall Chinook with length measurements
and deciphered CWT codes (21,925 spring Chinook, 40,236 fall Chinook). Wade Sin-
nen also provided three tables with individual records of Chinook returns to TRH
in 1987, 1988, and 1989. The original tables had 13,153 records. We summarized
10,549 lengths from measured TRH CWT spring and fall Chinook (3,634 spring Chi-
nook, 6,915 fall Chinook). Mark Zuspan, CDFG, provided a table of spring and fall
Chinook returns to TRH in years 1983 through 1985 and 1987 through 1993. The
original table had 29,529 records. We summarized 7,025 CWT Chinook length records
from return years 1983 through 1985 (5,471 fall Chinook, 1,554 spring Chinook) from
Zuzpan’s table. We also worked up CDFG TRH hatchery records (including date,
tag code, and length) for CWT spring and fall Chinook returning to TRH in 1986:
2,340 records (1,327 fall Chinook, 1,013 spring Chinook). Finally, length statistics
from hatchery returns of CWT groups of TRH spring and fall Chinook released from
brood years from 1977 through 1980 were based on summaries presented in Hankin
(1990, his Table 5, mean lengths only).

2.5.2 IGH

Mark Hampton, CDFG, provided a spreadsheet of IGH CWT fall Chinook hatch-
ery return data from years 1986 through 2006. Morgan Knechtle, CDFG, provided
return data for 2007 and 2008. We translated these data to database format and sum-
marized 16,049 lengths. Length statistics for returns of CWT fall Chinook to IGH
in 1984 were calculated from hardcopy IGH hatchery records, based on 444 records.
Length statistics for IGH CWT fall Chinook released from brood years 1976 through
1980 were based on Hankin (1990, his Table 6, mean lengths only).

2.5.3 CRH

RMIS records provided lengths of individual CWT recoveries at CRH for brood
years 1979 through 2000 (return years 1981 2005). These data were summarized
(count, mean, standard deviation) for each tag code and age. Additional mean lengths
for 1975 through 1980 brood year recoveries of CRH CWT spring Chinook recovered
at CRH at ages 2 through 4 were based on Hankin (1990, his Table 3, mean lengths
only). Length data for CWT recoveries at CRH in 2006 were provided by John D.
Leppink, Oregon CWT Data Base Coordinator.
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2.6 Mean Weights at Release

Theoretically, mean weights at release should be recorded in RMIS records for
every individual CWT release group. Prior to the 1997 brood year at TRH, typically
just a single CWT code was used to “represent” all fingerling releases of fall or spring
Chinook salmon and mean weight at release was recorded for such CWT groups.
Beginning with the 1997 brood year, however, constant fractional marking (Hankin
1982) of releases from all raceways was initiated and distinctive codes were applied
to fish from individual raceways to allow assessment of the possible influence of size
at release on subsequent survival rates. Fish are ponded sequentially in raceways at
TRH (see Zajanc and Hankin 1998), according to spawning dates of parents, so that
the fish that are ponded first (from earliest-spawning parents) typically have larger
mean weight at release than fish that are ponded last from latest-spawning parents.

Mean weights of individual CWT release groups have not, however, been consis-
tently measured or reported at TRH and it appears that this has also been the case
at IGH. Instead, at TRH (and apparently also at IGH) in many years only a single
mean weight has been reported for from 2-9 distinct CWT codes. Reasoning that
fish ponded from later-spawning parents would, at the time of release, have a smaller
mean size than fish ponded from earlier-spawning parents, we developed methods to
make a reasonable guess of mean release size for individual CWT groups when re-
ported mean weights at release corresponded to fish reared in more than one raceway.
We emphasize that these are at best reasonable guesses. Unfortunately, in all but
one instance, we had no way to determine whether or not these guessed weights are
close to true mean weights at release.

Mean weight at release data were not available for individual TRH CWT releases
in 1999, 2000 or 2001 BYs. Instead, mean weights were reported for CWT groups
reared in 2-3 adjacent raceways. Based on information on raceway rearing locations,
we generated plausible mean weights at release for individual CWT groups. For the
1999 BY, there were two pairs of CWTs from adjacent pooled raceways. We as-
sumed that the reported mean weight for two pooled adjacent raceways was equal
to a weighted average of the mean weights in the adjacent raceways. Let Nj be
the number released from raceway j (j = 1, 2), let wj be the mean weight of fish
from raceway j, and let w̄ be the mean weight for the combined raceways. Then
w̄ = (N1w1 + N2w2)/(N1 + N2). We next assumed that the mean weights of fish
from adjacent raceways for all four CWT groups released from the 1999 brood year
differed from one another by a constant amount x. Let y denote the mean weight
of the CWT release group (CWT #065257) that was ponded last for the 1999 BY.
Then, the mean weights of fish in previously ponded raceways were assumed to be
y + x (065256), y + 2x (065255), and y + 3x (065254). This setup leads to creation of
the following simultaneous equations:
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N1y + N2(y + x)

N1 + N2

= w̄1,2 = 5.02

N3(y + 2x) + N4(y + 3x)

N3 + N4

= w̄3,4 = 5.71,

where 5.02 and 5.71 are the mean weights (g) reported for the combined CWT groups
(065257 and 065256) and (065255 and 065254), respectively. These simultaneous
equations were solved for x (giving a result of 0.3362 g) and y (giving a result of
4.8562 g), thereby generating plausible mean weights at release of 4.86 g, 5.19 g, 5.53
g, and 5.86 g, respectively, for CWT groups 065257, 065256, 065255, and 065254, re-
spectively. These calculated weights are similar to corresponding mean weights that
we calculated based on earlier hatchery weight records for fish (prior to release) from
individual raceways: 4.89 g, 5.14 g, 5.38 g, and 6.10 g, respectively.

For the 2000 BY, there were an unusually large number of individual CWT groups.
Three separate CWT codes were used to tag fish from raceway C3/4 (with a reported
pooled weight of 5.27g); a single CWT was used to tag fish from raceway C1/2
(reported mean weight = 6.87 g); and 3 CWT codes each were used to tag fish
from raceways A1/2, A3/4, and B1/2, respectively, with a single pooled mean weight
reported for all of these CWT groups (8.10 g). As for the 1999 BY releases, we
assumed that the reported mean weight across all three raceways should theoretically
equal a weighted mean weight from the individual races, so that:

8.10g =
N1y + N2(y + x) + N3(y + 2x)

N1 + N2 + N3

where N1, N2, and N3 are the numbers of fish in raceways B1/2, A3/4 and A1/2,
respectively. We constructed a program in R that generated guesses for x, given y,
so as to achieve the reported mean weight of 8.10 g and also ensure that the mean
weight of fish from raceway B1/2 exceeded the reported mean weight of fish released
from raceway C1/2 (6.87 g).

For the 2001 BY, two pairs of CWT release groups were released from two sets of
adjacent raceways with a single reported mean weight for each of these adjacent race-
way pairs. We were able to generate plausible guesses for raceway-specific weights for
these 2001 BY release groups using the previously-described simultaneous equation
approach used for 1999 BY CWT releases.

For the 2002-2004 brood years, raceways for release were unknown, so we made
no adjustments to reported mean weights at release (with the exception of correcting
a clearly erroneous listing from the 2003 BY).
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Analysis and Simulation Methods

3.1 Basic Cohort Analysis/Estimation Methods

We adopted a cohort analysis approach that is similar to, though not identical
with, the analysis methods that are currently used by the KOHM modeling team in
the context of regulation of ocean salmon fisheries. Our analysis methods differ in
two chief respects.

First, we make no attempt to account for ocean natural mortalities that may occur
during ocean fishing seasons. Instead, we assume that no natural mortalities occur
during ocean fishing seasons but that all ocean natural mortalities occur between the
end of one year’s fishing season and the beginning of the next year’s fishing season.
Second, we define age classes to begin with the numbers alive immediately prior to
the beginning of spring ocean fisheries whereas current analysis methods appear to in-
stead employ a ”birth-date” (termed cut-off date in this report) of September 1, after
which a cohort increases in age by one year. Neither of these differences should have
any substantial impact on relative values of most estimated parameters, but choice of
”birth-date” can have a substantial impact on estimation of ocean exploitation rates
following maturation at age (see sections 3.1.1 and 4.2).

We assume that Chinook salmon from the Klamath and Rogue rivers may mature
at ages two through five only. Define the following cohort model variables:

Ai(t) = spring ocean abundance at age i, immediately prior to fishing in year t;

Ci,pre(t) = ocean fishery landings (recreational and commercial) at age i in year t,

prior to the cut-off date after which immature fish only are assumed to

remain in the ocean;

16
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Ci,pos(t) = ocean fishery landings (recreational and commercial) at age i in year t,

following the cut-off date;

Hi(t) = freshwater harvest (net + sport) at age i in year t;

Si(t) = total freshwater escapement (freshwater harvests plus hatchery returns

plus stray escapement) at age i in year t.

The numbers of fish that remain alive at age and that are available for capture
or escapement at age depend on two additional sets of model parameters and a final
single parameter:

pi(t) = probability of surviving natural causes of death between ages i and i + 1 over

the interval from the end of ocean fisheries in year t to the beginning of

ocean fisheries in year t + 1;

σi(t) = (conditional) age-specific maturation probability = probability of maturing

at age i given alive at age i and not captured in ocean fisheries in year t prior

to the cut-off date;

p0(t) = probability of surviving from release to ocean age 2, just prior to ocean

fisheries, for a cohort released from brood year t.

For cohort analysis based on recoveries from a single CWT release group, one must
assume either that the ocean survival rates, the pi(t), are known or that the σi(t) are
assumed known and are time-invariant. We assume that the pi(t) = pi are known, as
is common practice, and we fix p2 = 0.50 and p3 = p4 = 0.80.

Having defined the above variables and parameters, our cohort analysis proceeds
from the oldest age as outlined below (omitting year-specific notation, which is as-
sumed implicit), substituting estimated values for the Ci,pre, Ci,pos, and Si:

At Age 5, assuming that all fish mature by age 5:

Â5 = Ĉ5,pre + Ŝ5

At Ages 3 and 4:

Âi =
Âi+1

pi

+ Ĉi,pre + Ĉi,pos + Ŝi =
Âi+1

0.80
+ Ĉi,pre + Ĉi,pos + Ŝi

At Age 2:

Â2 =
Â3

p0

+ Ĉ2,pre + Ĉ2,post + Ŝ2 =
Â3

0.50
+ Ĉ2,pre + Ĉ2,post + Ŝ2
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Let the numbers of fish belonging to a CWT release group be denoted by R. Then,
survival from release to age 2, just prior to ocean fisheries, can be estimated as:

p̂o =
Â2

R
Conditional age-specific maturation probabilities at ages i = 2, 3, 4 can be estimated
as:

σ̂i =
Ŝi

Âi − Ci,pre

Pre-maturation and post-maturation age-specific ocean fishery exploitation rates,
Ei,pre and Ei,pos, can be estimated as:

Êi,pre =
Ĉi,pre

Âi

Êi,pos =
Ĉi,pos

Âi − Ĉi,pre − Ŝi

Finally, age-specific freshwater exploitation rates, ui, can be estimated as:

ûi =
Ĥi

Ŝi

3.1.1 Ocean Fishery Cut-Off (Birth-) Date

In cohort analyses of CWT recoveries for Klamath River fall Chinook salmon, a
cut-off date of 01 September has been used to separate ocean fishery catches consisting
of immature and maturing Chinook (prior to the cut-off date) from those consisting
of immature fish only (following the cut-off date). At a January 2008 meeting con-
sidering some of the preliminary findings from our research, D. Hillemeier (Yurok
Tribal Fisheries) noted that use of this September 1 cut-off date might be responsible
for what appeared to be unrealistically high estimates of post-season ocean fishery
exploitation rates for Trinity River fall Chinook salmon, and he also noted that TRH
Chinook enter the lower Klamath River net fishery later than IGH fall Chinook.
We therefore explored the consequences of adopting alternative cut-off dates of 15
September and 01 October. Using those alternative cut-off dates, we evaluated their
merits by examination of the plausibility of estimated post-season ocean fishery ex-
ploitation rates for TRH Chinook, in particular, and the relative agreement between
exploitation rates estimated for IGH and TRH fall Chinook. Alteration of the cut-off
date required that we generate corresponding estimates of ocean fishery catches and
non-landed mortalities prior to and following the alternative cut-off dates, but there
were otherwise no changes made in cohort analysis estimation methods.
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3.1.2 Pooling Across Release Groups Within Brood Years

To simplify presentation and interpretation of cohort analysis results, we calcu-
lated weighted averages of estimated parameters across multiple CWT releases groups
of the same type released from the same brood year. Let θ̂ij be an estimated param-
eter based on recoveries of CWT group i (i = 1, 2, . . . , k) released in year j, and let
Ri denote corresponding release group sizes. Then, pooled parameter estimates for
year j were calculated as:

ˆ̄θj =

k∑
i=1

θ̂ijRi

k∑
i=1

Ri

3.2 Simulation of Estimator Variances vs CWT

Release Group Size

We explored the relationships between variances of estimated life history and
fishery parameters and CWT release group size by constructing a simplified simulation
model. Given release of a known number of fish belonging to a CWT release group,
we assume that a multinomial model adequately captures the essential structure of
the true (but unknown) numbers of fish that are accounted for by a simplified set
of fates: caught in the pre-maturation or post-maturation ocean fisheries at age i;
maturing and returning to freshwater at age i. The probabilities of each of these
events can be expressed in terms of the cohort analysis model parameters previously
described. For example, P(captured in pre-maturation fishery at age 3)=

p0(1 − E2,pre)(1 − σ2)(1 − E2,post)p2E3,pre

The multinomial model should provide a good theoretical representation of the vari-
ability in the actual outcomes (fates) suffered by individual fish, assuming that fates
of individual fish are independent of one another. We used a multinomial generating
function in R to generate the true numbers of fish that might be caught in ocean
fisheries or escape to spawn at ages 2-5 given multinomial model parameters.

Superimposed on this natural “process” variability is uncertainty in the numbers
of fish that suffer specific fates as it depends on sampling error. For example, not
all fish in the ocean catch are examined for presence of adipose-fin clips which indi-
cate presence of a CWT. Instead, only about 20% of the ocean catch is sampled at
random. We very crudely modeled variability due to sampling by assuming a 20%
sampling rate in ocean fisheries and in freshwater escapements. Given the assumed
20% sampling rate, we assumed that numbers of observed CWTs would be Poisson



CHAPTER 3. ANALYSIS AND SIMULATION METHODS 20

distributed with mean and variance equal to 20% of the observed outcome under
the multinomial model. We used the function Rpois() in R to generate the Poisson
model sampling outcomes. Finally, the simulated numbers of CWT’d fish observed
via sampling were then scaled up by a factor of 5 to account for the 20% sampling
fraction.

Given the above simulation structure, fishery and life history parameters were
set equal to the mean estimated values for IGH fingerling releases of fall Chinook
salmon that were at large over the period 1996 through 2006 to represent “current
conditions”. We assumed that annual survival rates were known and equal to those
assumed for cohort analysis methods. For each simulated complete outcome of the
mutually exclusive fates of a CWT release group and associated Poisson sampling, we
applied our cohort analysis methods to calculate estimates of life history and fishery
parameters, and we calculated expected values, bias, variance, and mean square error
over a large number (100, 000) of such independent simulations. We varied the number
of fish in release groups to determine the relationships between release group size and
variability in estimates of life history and fishery parameters. We emphasize that the
simulated bias and variability of estimates that we generated are conditioned on the
strong (and no doubt incorrect) assumption that conditional ocean survival rates (p2,
p3, p4, p5) are known.

3.3 Effects of River Flows

At the suggestion of Mark Hampton, CDFG, we explored the possibility that sur-
vival rates of IGH fingerling releases of fall Chinook might be affected by flows in the
upper Klamath River at or near the time of release. We also examined the possibility
that survival rates of TRH releases of Chinook salmon might be affected by flows in
the upper Trinity River.

Our river flow data were monthly mean flows during June of the year of release
based on USGS gauges at Seiad (upper Klamath River) and Burnt Ranch (upper
Trinity River). We used simple scatterplots of estimated pooled brood year survival
rates for fingerlings against mean June flows during the year of release to explore the
possibility that survival rates from release to age 2 were affected by freshwater flows at
time of release. We used a Monte Carlo permutation test to evaluate the possibility
that the very suggestive scatterplot that emerged for IGH might have originated
due to chance under a null hypothesis of independence of flows and survival rates.
Methods used for this permutation test are described in the Results section, in the
context of the scatterplot, without which it would be difficult to describe the logic of
this statistical approach.
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3.4 Alternative Mixes of Fingerling and Yearling

Releases

One of the serious logistical constraints to implementation of a constant frac-
tional marking program at Iron Gate Hatchery and, in certain years, at Trinity River
Hatchery, is the very large number of fish that are released as fingerlings. Fingerlings
originating from late-spawning fall Chinook parents are smaller than those originat-
ing from early-spawning parents, and there is often only a brief temporal window
within which they are sufficiently large for tagging prior to release. Thus, if there
are large numbers of such very small fingerlings planned for release in early June, it
may be difficult or impossible to achieve a desired tagging objective for these fish. In
contrast, fish released as yearlings are large and may be tagged over a much longer
period of time. Therefore, if it were possible for hatcheries to reduce production of
fingerlings but increase production of yearlings, and to produce similar numbers of
adult returns, then the logistics of achieving a constant fractional marking program
would be simplified. In addition, reduced releases of fingerlings might have reduced
impacts (e.g., reduced competition, stress) on wild juveniles that appear to move
downstream at a time that is similar to time of releases for fingerlings.

Based on our cohort analysis results, we averaged the estimated life history pa-
rameters for fingerling and for yearling fall Chinook salmon released from Iron Gate
and Trinity River hatcheries over the brood years 1978-2001, and we averaged fish-
ery parameters over the brood years 1990-2001, to produce performance parameters
that characterized long-term average life history traits and “current” fishery man-
agement regimes which have recognized the Native American fishing rights in the
Klamath River. Given these parameter sets, we calculated the expected ocean im-
pacts (catches + non-landed mortalities), freshwater catches (net plus sport), and
freshwater escapements that would result from specified releases of fingerlings and
yearlings. We began with the existing production goals at the two hatcheries (2.00
million fingerlings and 0.90 million yearlings at TRH; 4.92 million fingerlings and
0.90 million yearlings at IGH), and calculated expected catches and escapements for
alternative production goals that reduced the numbers of fingerlings, increased the
numbers of yearlings, but achieved very similar catches and escapements. For these
calculations, for a reduction in releases of y fingerlings, the releases of yearlings were
increased by y/Sy/f , where Sy/f is the ratio of average survival rates to age 2 for fish
released as yearlings as compared to fingerlings. At IGH and TRH these calculated
ratios were 4.088 and 5.526, respectively. This very simple rule produced essentially
stable total production with relatively small changes in expected allocation of catches
across ocean and freshwater fisheries.
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Results

Unless otherwise noted, analysis results presented in this section are based on an
assumed fall IGH and TRH Chinook ”cut-off date” of September 1 so as to make
analysis results most comparable to those generated using existing KOHM methods.
As noted below, however, it appears that a more appropriate cut-off date may be
September 15. Impact on parameter estimation is trivial with the exception of ocean
fishery exploitation rates which receive only minor treatment in this report. Also, with
the exception of analyses that focus specifically on the impact of methods used to
calculate non-landed mortalities (see below), all reported analysis results for IGH and
TRH releases of fall and spring Chinook salmon are based on methods for calculating
non-landed mortalities that are currently used for management of Klamath River
Chinook salmon.

4.1 Non-Landed Mortalities

Calculated values of non-landed mortalities are important in the context of ocean
fishery management of Chinook salmon because fish may be caught and released at
age 2, when they are almost always below legal size limits, or at age 3 when varying
proportions of a cohort may be below legal size. Mortalities due to such capture and
release are counted toward ocean fishery allocations of fish. Hatchery release practices
(e.g., release of juveniles as fingerlings or yearlings) may influence the proportion of
fish that exceed legal size at age 3, thereby also affecting non-landed mortalities
in ocean fisheries. In this section we examine the importance of estimates of non-
landed mortalities with respect to estimation of life history parameters; we present an
alternative procedure for imputing non-landed mortalities at age 3; and we express
concern regarding current methods used to calculate non-landed mortalities at age 2.

22
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4.1.1 Importance for Parameter Estimation

Because it was impractical to develop methods for calculating non-landed mor-
talities for CRH spring Chinook salmon that would be analogous to those used in
the KOHM process, we compared survival rates of CRH and TRH spring Chinook
based on cohort analyses that ignored non-landed mortalities altogether. Ignoring
non-landed mortalities would clearly lead to negative bias in estimation of ocean fish-
ery impact rates, but may have very small impact on estimates of survival rates to
age 2 and the life history parameters that were the primary focus of our research.

Tables 4.1 and 4.2 show that exclusion of imputed non-landed mortalities from
cohort analyses has a very minor but predictable impact on estimated survivorship
to age two and on age-specific conditional maturation probabilities for IGH and TRH
fall Chinook salmon CWT releases (pooled across multiple CWT groups released
from the same brood year). Namely, estimated survival rates are slightly lower when
non-landed mortalities are excluded from cohort analyses and age-specific maturation
probabilities are slightly higher when non-landed mortalities are excluded. For exam-
ple, for Iron Gate fall Chinook salmon released as fingerlings, a linear regression of
estimated age 3 maturation probabilities estimated excluding non-landed mortalities
against estimated age 3 maturation probabilities including non-landed mortalities had
a near perfect correlation (adjusted R-square = 0.9997), a slope not significantly dif-
ferent from 1 (0.996 +/- 0078), and a small but significant positive intercept (0.0057).
The effects are so minor that it is very clearly meaningful to compare life history and
survival parameters across stocks (i.e., TRH spring Chinook vs CRH spring Chinook)
when non-landed mortalities are excluded from CWT recovery data for both stocks.

4.1.2 Alternative Methods for Calculations of Non-Landed
Mortalities

Age 3 Non-Landed Mortalities

As noted in the Methods section of this report, current KOHM methods for cal-
culating ocean non-landed mortalities at age 3 rely on an implicit simplification (or
assumption) that monthly mean length and variance in length at age (for a given stock
and release type, e.g. IGH fall Chinook released as fingerlings) are fixed parameters
without interannual variation . Assuming that mean length at age, measured among
returning hatchery spawners, provides a good index of size at age, there is strong
evidence (see below: Covariance Among Estimated Parameters Across Hatcheries
and Races/Size at Age) that this implicit simplification is seriously violated. Indeed,
interannual variation in size at age is quite striking. Because age 3 Chinook are gen-
erally only partially vulnerable to ocean harvest (i.e., a substantial proportion of a
cohort may be below the legal size limit during a particular month), assumption of an
invariant growth pattern can theoretically lead to serious underestimation or overes-
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timation of non-landed mortalities in a given fishing season according to whether size
at age for a given cohort is much smaller than or much larger than the expected long-
term average. Below, we propose an alternative method for calculating non-landed
mortalities that accounts for interannual variability in length at age.

Table 4.1. Estimated mean survival rates from release to ocean age 2 for fall Chinook
salmon released as fingerlings or yearlings from IGH or TRH including or excluding non-
landed mortalities calculated using modified KOHM methods.

KOHM Non-Landed Mortalities Non-Landed Mortalities Excluded
Brood Year IGH Fingerlings TRH Yearlings IGH Fingerlings TRH Yearlings

1979 0.03126 0.07167 0.02940 0.06614
1980 0.01080 0.05053 0.01038 0.04975
1981 0.01904 0.01864 0.01863 0.01832
1982 0.00627 0.04256 0.00609 0.04092
1983 0.01634 0.27139 0.01565 0.25541
1984 0.01362 0.14209 0.01305 0.13767
1985 0.01021 0.14516 0.00973 0.13992
1986 0.00062 0.11545 0.00061 0.10971
1987 0.00088 0.02185 0.00082 0.02056
1988 NA 0.01716 NA 0.01707
1989 0.00029 0.00323 0.00028 0.00319
1990 0.01345 0.00428 0.01330 0.00427
1991 0.00261 0.01093 0.00258 0.01081
1992 0.02579 0.12683 0.02548 0.12562
1993 0.00102 0.01851 0.00101 0.01846
1994 0.00166 0.01621 0.00165 0.01605
1995 0.00158 0.07281 0.00158 0.07264
1996 0.00305 0.01077 0.00303 0.01072
1997 0.03884 0.10080 0.03821 0.09975
1998 0.01133 0.05617 0.01120 0.05557
1999 0.01628 0.07803 0.01598 0.07648
2000 0.00977 0.09080 0.00946 0.08802
2001 0.00039 0.08784 0.00036 0.08286

For existing KOHM methods, we begin with an estimated number of fish landed
(by hatchery CWT group, TRH or IGH, and release type, fingerling or yearling)
in the ocean fishery at age 3. ”Lookup tables” are then used to find the expected
mean fish length (for that month), variance in length (for that month), minimum
size limit in effect, and thereby calculate an expected proportion of the fish that
would exceed legal size, Plegal, for that month and location. This calculated Plegal
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value is then used to generate an estimated non-catch mortality experienced by fish
of sub-legal size. Although this method of calculating non-landed mortalities makes
a good deal of sense, failure to account for the very substantial interannual variation
in size at age may lead to substantial errors in imputed non-landed mortalities. We
propose to incorporate interannual variation in length at age in the following manner.

Table 4.2. Estimated age-specific conditional maturation probabilities at ages 2 (σ2) and 3
(σ3) for fall Chinook salmon released as fingerlings or yearlings from IGH or TRH including
or excluding non-landed mortalities calculated using modified KOHM methods.

KOHM Non-Landed Mortalities Non-Landed Mortalities Excluded
Brood Year σ3: IGH Finger. σ2: TRH Finger. σ3: IGH Finger. σ2: TRH Finger.

1979 0.44618 0.05144 0.45710 0.05325
1980 0.47666 0.32339 0.48382 0.32609
1981 0.36791 0.11503 0.37204 0.11623
1982 0.38596 0.02489 0.39388 0.02541
1983 0.23345 0.18394 0.23900 0.19151
1984 0.15823 0.09125 0.16207 0.09496
1985 0.47868 0.12343 0.48472 0.12787
1986 0.39049 0.21811 0.39855 0.22286
1987 0.13675 0.13196 0.13675 0.13449
1988 NA 0.19652 NA 0.19817
1989 0.56368 0.22330 0.56368 0.22330
1990 0.59997 NA 0.60245 NA
1991 0.39910 0.14692 0.40127 0.14773
1992 0.60288 0.07122 0.60621 0.07240
1993 0.47021 0.05459 0.47098 0.05504
1994 0.40570 0.06674 0.40804 0.06698
1995 0.71663 0.06806 0.71808 0.06835
1996 0.48638 0.02330 0.48701 0.02341
1997 0.85647 0.04179 0.85815 0.04217
1998 0.53461 0.04828 0.53726 0.04881
1999 0.37217 0.01069 0.37614 0.01085
2000 0.46727 0.04492 0.47588 0.04633
2001 0.70451 0.06270 0.70604 0.06526

Let µ3i denote the expected mean length of an age 3 fish originated from a given
release type and hatchery during month i, and let σ2

i denote the associated expected
variance in length at age. (These values are available from the Lookup Tables.) Let
µ∗3(t) denote the observed mean age 3 length, measured at hatchery return, in year
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t; let µ3 =
2001∑

t=1978

µ∗3(t)/24 denote the observed grand mean length at age 3, measured

at hatchery return, over all CWT groups of a given race and release type; and let

σ2
µ3

=
2001∑

t=1978

(µ∗3(t)−µ3)
2/(24−1), the observed interannual variance among the hatch-

ery mean lengths at age 3. We wish to use the observed hatchery mean lengths at
age 3, µ∗3(t), to adjust the expected mean lengths at age 3 in ocean fisheries, the µ3i,
thereby producing the adjusted values µ∗3i(t).

If lengths at age 3 are normally distributed in the ocean and at hatchery return,
we believe that it may be reasonable to invoke the following equality:

µ∗3i(t) − µ3i

σ3i

=
µ∗3(t) − µ3

σµ3

(4.1)

Solving equation 4.1 for µ∗3i(t) gives:

µ∗3i(t) = µ3i + (µ∗3(t) − µ3)
σ3i

σµ3

(4.2)

The adjusted values µ∗3i(t) would then be used to calculate age 3 non-landed mortali-
ties in the usual manner used in KOHM analyses except that µ∗3i(t) would replace µ3i.

Based on lengths of individual fish measured at hatcheries, it appears that vari-
ance in length at age increases with mean length at age. Therefore, it is probably
appropriate to also modify variance in length at age once mean length at age has
been adjusted as suggested above. Rather than use the assumed constant σ3i from
the lookup tables, it would probably be better to assume a constant coefficient of
variation (standard deviation/mean). In analysis of extensive hatchery length data,
we found that coefficients of variation in length at age had essentially no trend with
mean length (see Figure 4.1) and averaged about 0.0813. Therefore, expected stan-
dard deviation could be calculated as 0.0813 times µ∗3i(t).

Table 4.3 compares age 3 non-landed mortalities calculated using the current
KOHM methods and our proposed alternative method (including CV adjustment)
for two IGH yearling CWT release groups for which the mean lengths at hatchery
return at age 3 were unusually large (1982 BY CWT code 065908, 724 mm, 28.58 in)
or small (1980 BY CWT code 065906, 590 mm, 23.23 in) compared to the approx-
imately 25 years average (648 mm, 25.52 in). For the release group with unusually
large length at age 3, the total number of non-landed mortalities imputed by the
proposed revised method was just 19.2% that for calculated using existing KOHM
methods; for the release group with unusually small length at age 3, the total number
of imputed non-landed mortalities was 324 times larger than calculated using the ex-
isting KOHM methods. Clearly, failure to account for interannual variation in length
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Figure 4.1. Coefficients of variation (CV = standard deviation/mean) in length at ages 2-4
among returning fall Chinook hatchery spawners at TRH and IGH, 1978-2001 brood years.
Horizontal dotted line shows value of mean CV (0.0813).

at age could have serious consequences for the errors associated with imputation of
non-landed mortalities, especially when mean size at age is considerably less than the
long-term average assumed in current KOHM calculations. Adjustment for CV had
essentially no impact on the imputed values for non-landed mortalities.

We recognize that the results presented in Table 4.3 are rather extreme and that
there are some unsettling aspects of the adjustment of monthly mean lengths. We
briefly consider these issues in the Discussion section.

Age 2 Non-Landed Mortalities

The current KOHM methods for imputing non-landed mortalities generate values
of zero whenever no legal-sized fish are reported captured. Imputed non-catch mor-
talities for age 2 Chinook will therefore almost always have zero value because it is
very unusual for age 2 Klamath River Chinook to exceed the minimum size limits.
Although it might be argued that age 2 non-landed mortalities are not of importance
because fishery allocations are all expressed in terms of adult fish (age 3 and older),
this argument fails to consider the fact that ocean interceptions and non-landed mor-
talities of age 2 Chinook will reduce the numbers of fish surviving to be alive at age
3 and therefore should be included in overall ocean fishery impacts.
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Table 4.3. Imputed non-landed mortalities during the months of May through October for
two illustrative IGH CWT groups releases of yearlings from brood years for which the mean
lengths were unusually large (065906) or unusually small (065908). Column headings with
asterisks are based on our proposed methods; headings without asterisks are those based
on the existing KOHM calculations. Calculation methods including the size adjustment
are otherwise consistent with the existing KOHM methods. Mean lengths and standard
deviations (S.D.) in inches.

CWT 065906
Existing KOHM Proposed Length-Adjusted

Month l̄3 S.D. N̂LM l̄∗3 S.D.∗ N̂LM
∗

5 24.4 2.3 37.1 29.8 2.4 3.4
6 26.4 2.3 16.7 31.8 2.6 3.1
7 26.4 2.3 13.8 31.8 2.6 4.7
8 26.5 2.4 71.2 32.2 2.6 14.9
9 26.6 2.3 27.1 31.9 2.6 5.8

10 26.4 2.1 3.1 31.4 2.6 0.6
· · · · · ·

Total: 169.0 32.9

CWT 065908
Existing KOHM Proposed Length-Adjusted

Month l̄3 S.D. N̂LM l̄∗3 S.D.∗ N̂LM
∗

5 24.4 2.3 9.4 20.3 1.7 10,917.1
6 26.4 2.3 7.9 22.4 1.8 326.6
7 26.4 2.3 11.9 22.4 1.8 533.2
8 26.5 2.4 5.9 22.3 1.8 325.5
9 26.6 2.3 0.5 22.6 1.8 0.5

10 26.4 2.1 2.0 22.7 1.8 71.3
· · · · · ·

Total: 37.6 12,174.2
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Let φcom and φrec be “age 2 shaker contact” multipliers for commercial and recre-
ational fisheries. These multipliers are intended to reflect the likelihood that com-
mercial fishermen, in particular, deliberately avoid contact with age 2 Chinook given
their lack of commercial value and/or that age 2 Chinook have ocean migration or
distribution patterns that are different from those for age 3 and older Chinook. Thus,
the φcom and φrec may be considerably less than 1. Then, assuming that no age 2
Chinook exceed legal size in a particular year, t, the expected non-landed mortalities
at age 2, for a particular CWT group, in the pre-maturity fishery, would be:

NLMcom(t) =A2φcomEpre,com(t)phook,com

NLMrec(t) =A2φrecEpre,rec(t)phook,rec

where Epre,com(t) and Epre,rec(t) are the exploitation rates for fully vulnerable fish in
year (t). To apply this kind of approach, one would have to rely on other CWT groups
at large at age 4 in year t to estimate the exploitation rates for fully vulnerable fish.
Also, it seems likely that the non-catch mortality rates, phook,com and phook,rec might
be greater for age 2 fish than the 0.14 and 0.26 values, respectively, that are assumed
at age 3.

In his spreadsheets for cohort analysis of Rogue River spring Chinook CWT groups
released from CRH, Satterthwaite included age 2 non-landed mortalities that were
calculated using a very similar method to the one proposed above. Although the φcom

and φrec are unknown, a range of plausible values might be conjectured (e.g., 0.2-0.5)
and imputations of age 2 non-landed mortalities could be generated over this range
of plausible multipliers. Only through such hypothetical calculations could one judge
whether or not the current failure to address age 2 non-landed mortalities is a serious
flaw in existing KOHM calculations.

4.2 Importance of Cut-off Date

Choice of cut-off date (September 1, September 15, or October 1) had negligible
or trivial impact on calculated survival rates from release to age 2 or on age-specific
conditional maturation probabilities. Choice of cut-off date did, however, have mod-
est impact on estimated ”pre-maturation” ocean fishery exploitation rates (Êi,pre)
and often very substantial impact on estimated ”post-maturation” ocean fishery ex-
ploitation rates (Êi,pos). Whenever there were substantial ocean fishery recoveries
beyond September 1, estimated pre-maturation exploitation rates generally increased
modestly with increasing cut-off date, whereas estimated post-maturation exploita-
tion rates decreased, sometimes dramatically (Table 4.4).

For both TRH and IGH fall Chinook CWT releases, estimated post-maturation
ocean fishery exploitation rates were implausibly large in some years when the usual
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September 1 cutoff date was used. For example, mean estimates of E4,pos were 0.764,
0.391, 1.000, 0.194, 0.4681 and 0.255 for brood years 1983, 1985, 1991, 1992, 2000
and 2002, respectively, for TRH fingerling releases, and were 0.478, 0.379, 0.168, 0.134
for brood years 1989, 1983, 1992 and 1999, respectively, for IGH fingerling releases.
When the cut-off date was moved to September 15 (or October 1), estimates of
E4,pos were always either zero or could not be calculated (no recoveries beyond age
4). Similar, though less dramatic, implausibly large estimates of E3,pos were also
sometimes calculated when the cut-off date was September 1, but estimates did not
seem implausibly large for cut-off dates of September 15 or October 1.

4.3 Effect of Release Type

For a given stock and race (IGH fall Chinook, TRH spring or fall Chinook, CRH
spring Chinook), release type had important effects on survival rates to age 2, size at
age, and on age-specific ocean fishery exploitation rates and maturation probabilities.
Observed effects were fully consistent with those earlier noted by Hankin (1990) based
on CWT recovery data for a very limited set of brood years. Generally, release at a
larger size in a later month had the following effects: (1) increased survival to age
2; (2) reduced size at age of return to freshwater; (3) reduced age 3 ocean fishery
exploitation rates; and (4) reduced maturation probabilities at ages 2 and 3. We
consider these effects in detail below.

4.3.1 Survival Rates versus Release Type

Mean survival rates from release to age 2 (pooled across release groups from the
same brood year) were substantially greater for yearlings than fingerlings for IGH
and TRH fall Chinook and TRH spring Chinook, but showed relatively little clear
differences among CWT releases of CRH spring Chinook made during the months of
August, September or October. Interannual variation in survival rates was extreme for
IGH and TRH releases of fall and spring Chinook (maximum survival rates were from
80-250 times minimum survival rates for these stocks), but variation in survival rates
was less extreme for CRH releases of spring Chinook (max/min ranged from about 12 -
23). Mean survival rates were 0.0104, 0.0149, and 0.0175 for finglering releases of IGH
fall Chinook, TRH fall Chinook and TRH spring Chinook, respectively; 0.0340, 0.0661
and 0.0657 for yearling releases of IGH fall Chinook, TRH fall Chinook and TRH
spring Chinook, respectively; and were 0.05490, 0.04390, and 0.04303 for CRH spring
Chinook released in the months of August, September and October, respectively.
Coefficients of variation of survival rates were nearly equal to 100% for all stocks and
release types at IGH and TRH and were slightly less for CRH releases (Table 4.5).
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Table 4.4. Estimated mean pre-maturation and post-maturation ocean fishery exploitation
rates at ages 3 and 4 (Êi,pre) for TRH releases of fingerling fall Chinook salmon based
on alternative cut-off dates of September 1, September 15, and October 1. Estimated
exploitation rates are displayed only for brood years for which there were non-trivial CWT
recoveries beyond September 1.

Ê3,pre Ê4,pre

Brood Year Sept 1 Sept 15 Oct 1 Sept1 Sept15 Oct1
1979 0.3798 0.3872 0.3968 0.5046 0.5065 0.5065
1980 0.1639 0.1711 0.1711 0.6013 0.6013 0.6013
1982 0.0900 0.1070 0.1191 0.3478 0.3478 0.3478
1983 0.4382 0.4382 0.4395 0.3589 0.3830 0.3830
1984 0.4253 0.4385 0.4385 0.3268 0.3268 0.3268
1985 0.3388 0.3433 0.3439 0.4162 0.4271 0.4271
1986 0.3407 0.3550 0.3550 0.3333 0.3333 0.3333
1991 0.0554 0.0554 0.0554 0.1841 0.2218 0.2218
1992 0.1245 0.1524 0.1546 0.2003 0.2056 0.2056
1996 0.0176 0.0197 0.0197 0.1058 0.1058 0.1058
1997 0.0706 0.0742 0.0755 0.0780 0.0840 0.0840
1998 0.0518 0.0558 0.0558 0.2164 0.2864 0.2864
1999 0.0565 0.0581 0.0588 0.2550 0.2925 0.2946
2000 0.2309 0.2583 0.2641 0.5509 0.5574 0.5574
2001 0.3232 0.3393 0.3393 0.1275 0.1281 0.1281
2002 0.0224 0.0556 0.0581 0.0332 0.0366 0.0366
2003 0.0406 0.0480 0.0480
2004 0.1619 0.2132 0.2151 0.0026 0 0.0026

Ê3,pos Ê4,pos

Brood Year Sept 1 Sept 15 Oct 1 Sept1 Sept15 Oct1
1979 0.0537 0.0349 0.0082 0.0689 0 0
1980 0.0481 0 0 0 0 0
1982 0.0537 0.0258 0.0049
1983 0.0165 0.0165 0.0053 0.7643 0 0
1984 0.1407 0.0079 0.0079 0 0 0
1985 0.0311 0.0038 0 0.3911 0 0
1986 0.1206 0 0
1991 0 0 0 0.9999
1992 0.1313 0.0197 0.0103 0.1935 0 0
1996 0.0045 0 0 0 0 0
1997 0.0315 0.0146 0.0098
1998 0.0692 0.0371 0.0371
1999 0.0210 0.0188 0.0178 0.4681 0.1120 0.0990
2000 0.1931 0.0635 0.0300
2001 0.0884 0.0160 0.0160
2002 0.0839 0.0152 0.0098 0.2552
2004 0.2917 0.0141 0



CHAPTER 4. RESULTS 32

Table 4.5. Minimum, maximum, mean, standard deviation, coefficient of variation and
number of brood years for estimated survival rates from release to ocean age 2 for fall and
spring Chinook salmon released from IGH and TRH, brood years 1979-2004, and spring
Chinook salmon released from CRH, brood years 1975-2001. Estimated survival rates for
individual brood years were pooled over all CWT groups of the same type from a given brood
year and include non-landed mortalities with the exception of CRH releases for which non-
landed mortalities are excluded. Note that means are not always calculated over identical
sets of brood years as CWT groups were not tagged from all release types in all years.

Fall
Chinook

IGH Fing. TRH Fing. IGH Year. TRH Year.
minimum: 0.00029 0.00020 0.00200 0.00323
maximum: 0.03884 0.04764 0.11262 0.27140
mean: 0.01043 0.01492 0.03397 0.06610
s.d.: 0.01025 0.01520 0.02997 0.06153
c.v: 0.98274 1.01876 0.88224 0.93086
n: 25 24 23 25

Spring
Chinook

TRH Fing. CRH Aug. CRH Sept. CRH Oct. TRH Year.
minimum: 0.00023 0.01196 0.00634 0.01245 0.00185
maximum: 0.05949 0.14680 0.14440 0.15120 0.24931
mean: 0.01753 0.05490 0.04390 0.04969 0.06019
s.d.: 0.01826 0.03570 0.03566 0.04303 0.06657
c.v.: 1.04164 0.65027 0.81230 0.86597 1.10600
n: 22 19 22 25 25

4.3.2 Survival Rates versus Size at Release

TRH

Beginning with the 1997 brood year, individual CWT groups have been released
from each raceway at TRH in an attempt to ensure that there are representative
CWT groups for fish released at different sizes. Theoretically, variation in size at re-
lease could lead to variation in survival and the previous practice of selecting a single
”representative raceway” for coded-wire tagging would lead to erroneous extrapola-
tions of the performance of hatchery releases whenever applied to the full fingerling
production. Tables 4.6 and 4.7 provide strong suggestive evidence that size at release
has important effect on survival of fingerling fall Chinook salmon released from TRH.
In general, estimated survival rates are consistent with an hypothesis that larger size
at release, within a given brood year, generates greater survival rate. Across brood
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years, there was a relatively consistent pattern of largest survival rates for fish re-
leased at the largest size and lowest survival rates for fish released at the smallest
size. Generally, survival rates for the smallest sized releases were about one half
those for the largest sized fish released from the same brood year. We were unable
to engage in any sophisticated analyses of these data, however, because we felt that
such analysis would be unwarranted given the very large number of releases for which
mean weights at release were not directly measured but were instead conjectured
(“assumed”) based on usual patterns of size across raceways as they reflect dates
of parental spawnings. Also, we note that although size at release may explain a
substantial amount of variation in survival rates within individual brood years, it is
obvious that interannual variation (between brood year variation) in survival rates
makes a much greater contribution to overall variation in survival rates than does
variation due to size at release within a particular brood year (within brood year
variation).

IGH

Although IGH appears to have been using distinct CWT codes to tag fish reared
in individual raceways since about the 1993 brood year, reported mean weights for
multiple CWT release groups have almost always had the same value for multiple
groups, ruling out any ability to evaluate the possible effect of size at release on
survival rates of fish released as fingerlings from IGH.

4.3.3 Maturation Probabilities versus Release Type

Age-specific maturation probabilities were always lower for yearling than for fin-
gerling release groups of fall and spring Chinook salmon from IGH and TRH, and
mean age-specific maturation probabilities decreased with increasing duration of rear-
ing time prior to release for CRH spring Chinook salmon. Mean estimated age-specific
maturation probabilities also were distinctive among stocks. For example, TRH fall
Chinook salmon released as fingerlings or yearlings had a much greater tendency to
mature at age 2 (mean σ2F = 0.1073, mean σ2Y = 0.0409) than did IGH fall Chinook
salmon released as fingerlings or yearlings (mean σ2F = 0.0323, mean σ2Y = 0.0089).
TRH spring Chinook salmon released as fingerlings or yearlings had lower age-specific
maturation than did TRH fall Chinook salmon of the same release type. Age-specific
maturation probabilities were lowest for CRH spring Chinook salmon, especially at
ages 3 and 4. Whereas all TRH and IGH stocks and release types had mean age 4 mat-
uration probabilities that exceeded about 90%, mean age 4 maturation probabilities
for CRH spring Chinook released from August through October ranged from about
70-80% and mean age 3 maturation probabilities ranged from about 6-12% (compare
with 36% and 56% for TRH releases of yearling and fingerling spring Chinook salmon,
Table 4.8).
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Table 4.6. Estimated survival rates from release to age 2 (p̂0) for TRH fall Chinook salmon
fingerlings released at different sizes, 1997 - 2001 brood years. Note that mean weights at
release were not reported for all individual CWT release groups for the 1999, 2000 and 2001
brood years. See text for explanation of “assumed” values.

Mean Weights (g)
BY Raceway CWT Code # Released Reported Assumed p̂0

1997 C1/2 065236 48, 381 5.15 5.15 0.0269
1997 C3/4 065235 49, 785 4.54 4.54 0.0198
1997 D1/2 065234 49, 353 4.20 4.20 0.0277
1997 D3/4 065233 50, 927 4.12 4.12 0.0216
1997 E1/2? 065239 18, 304 2.83 2.83 0.0222

1998 C1/2 065242 46, 399 4.28 4.28 0.0062
1998 C3/4 065243 42, 659 3.84 3.84 0.0055
1998 D1/2 065244 49, 332 3.36 3.36 0.0039
1998 D3/4 065245 46, 391 3.22 3.22 0.0034

1999 C1/2 065254 44, 835 5.71 5.86 0.0231
1999 C3/4 065255 43, 066 5.71 5.53 0.0124
1999 D1/2 065256 43, 921 5.01 5.19 0.0154
1999 D3/4 065257 51, 781 5.01 4.86 0.0142

2000 A1/2 065265 32, 795 8.10 9.22 0.0329
2000 A1/2 065271 54, 867 8.10 9.22 0.0370
2000 A1/2 065272 36, 035 8.10 9.22 0.0303
2000 A3/4 065266 33, 806 8.10 8.11 0.0277
2000 A3/4 065275 64, 250 8.10 8.11 0.0232
2000 A3/4 065276 27, 159 8.10 8.11 0.0335
2000 B1/2 065267 34, 852 8.10 7.00 0.0283
2000 B1/2 065273 57, 444 8.10 7.00 0.0273
2000 B1/2 065274 32, 096 8.10 7.00 0.0286
2000 C1/2 065643 25, 007 6.87 6.87 0.0306
2000 C3/4 065268 33, 240 5.27 5.27 0.0136
2000 C3/4 065277 56, 582 5.27 5.27 0.0145
2000 C3/4 065278 34, 183 5.27 5.27 0.0154
2001 C1/2 065284 120, 531 6.39 6.66 0.0032
2001 C3/4 065285 114, 624 6.39 6.10 0.0031
2001 D1/2 065286 126, 135 5.27 5.54 0.0038
2001 D3/4 065287 121, 607 5.27 4.99 0.0032
2001 E3/4 065290 10, 234 3.60 3.60 0.0013
2001 E3/4 066291 8, 269 3.60 3.60 0.0014
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Table 4.7. Estimated survival rates from release to age 2 (p̂0) for TRH fall Chinook salmon
fingerlings released at different sizes, 2002-2004 brood years. Reported mean weights (listed
in descending value within brood year) at release may not be accurate for multiple groups
with same mean weights. Reported mean weight for 2003 BY CWT release group 065316
(1.78 g) was inconsistent with reported mean length (69 mm), so the reported mean weight
of group 065315 (4.32 g, with mean length 70 mm) is listed for this group. Raceways were
unknown for these groups.

Mean Weights (g)
BY Raceway CWT Code # Released Reported Assumed p̂0

2002 065298 124, 602 5.97 5.97 0.02378
2002 065299 126, 729 5.97 5.97 0.01889
2002 065306 124, 014 5.37 5.37 0.01948
2002 065307 123, 263 5.37 5.37 0.01508
2002 065292 10, 355 4.30 4.30 0.01201

2003 065313 126, 098 4.58 4.58 0.00351
2003 065314 132, 574 4.58 4.58 0.00240
2003 065315 131, 548 4.32 4.32 0.00103
2003 065316 128, 982 4.32 4.32 0.00178
2003 065293 11, 342 3.49 3.49 0.00070
2003 065294 5, 230 3.49 3.49 0.00084

2004 065322 123, 231 6.87 6.87 0.02629
2004 065323 120, 440 6.21 6.21 0.02472
2004 065325 120, 518 5.81 5.81 0.02548
2004 065324 122, 180 5.53 5.53 0.01835

4.3.4 Size at Age versus Release Type

For IGH and TRH fall and spring Chinook salmon, mean lengths at age for hatch-
ery returns were consistently larger for fish released as fingerlings than for fish released
as yearlings, and mean lengths decreased with duration of rearing time prior to release
for CRH spring Chinook salmon. Effects were large at age 2, modest at age 3, and
generally very small by age 4. As for maturation probabilities, distinct differences
were noted across stocks. for example, at ages 2 and 3, IGH fall Chinook averaged
about 30 mm longer than TRH fall Chinook, and lengths at age 4 for CRH spring
Chinook (762 - 785 mm for October - August releases) were considerably larger than
for TRH spring Chinook (750 mm for fingerlings and 732 mm for yearlings). No
attempt was made to statistically test for differences between means, in part because
such tests can only be meaningfully made by ensuring that brood years are identical
for any given comparison. As noted in Table 4.9, numbers of brood years used to
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Table 4.8. Mean estimated age-specific maturation probabilities for IGH and TRH fall Chi-
nook salmon released as fingerlings (June) or yearlings (October), for TRH spring Chinook
salmon released as fingerlings (June) or yearlings (October), and for CRH spring Chinook
salmon released as subyearlings during August, September or October. Reported means are
simple averages of pooled brood-year-specific estimates. Numbers and identities of brood
years vary slightly across stock types.

Fall
Chinook IGH Fing. TRH Fing. IGH Year. TRH Year.
Age 2 0.0315 0.1029 0.0087 0.0363
Age 3 0.4808 0.6447 0.2385 0.5629
Age 4 0.9327 0.9362 0.9348 0.9407

Spring
Chinook TRH Fing. CRH Aug. CRH Sep. CRH Oct. TRH Year.
Age 2 0.0409 0.0263 0.0150 0.0129 0.0199
Age 3 0.5577 0.1168 0.0761 0.0613 0.3526
Age 4 0.9365 0.8025 0.7271 0.7052 0.9031

calculate the reported means for the various stocks and release types varied substan-
tially, especially for lengths at age 2. Age 2 maturation probabilities were sufficiently
low for some stocks and release types (e.g., CRH spring Chinook, IGH fall yearlings)
that there were no reported hatchery lengths for some or many brood years.

4.3.5 Ocean Fishery Exploitation Rates Versus Release Type

As an apparent consequence of the larger average size at age 3 for fingerling as
compared to yearling releases, estimated age 3 pre-maturation ocean fishery exploita-
tion rates for IGH and TRH fall Chinook salmon were typically substantially larger
for fingerling releases than for yearling releases (Figure 4.2). Exploitation rates for
fully vulnerable age 4 fish were typically substantially larger than for age 3 fish at
large during the same fishing season, but age 4 exploitation rates for fingerlings were
not consistently larger than those for yearlings (Figure 4.3). Indeed, estimated age 4
ocean fishery exploitation rates of yearling releases were often greater than those of
fingerlings from the same brood year.
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Table 4.9. Mean lengths at age for hatchery returns of IGH and TRH fall Chinook salmon
released as fingerlings (June) or yearlings (October), for TRH spring Chinook salmon re-
leased as fingerlings (June) or yearlings (October), and for CRH spring Chinook salmon
released as subyearlings during August, September or October. Reported means are simple
averages of pooled brood-year-specific mean lengths. Numbers (in parentheses) and identi-
ties of brood years vary across stock types, due to absence of hatchery returns at ages 2 or
4 and or due to misreporting of means lengths in some years.

Fall
Chinook IGH Fing. TRH Fing. IGH Year. TRH Year.
Age 2 523.1 (17) 490.2 (22) 460.4 (15) 456.5 (25)
Age 3 689.6 (24) 664.1 (25) 644.2 (24) 635.3 (26)
Age 4 792.4 (24) 763.6 (24) 774.9 (24) 758.9 (26)

Spring
Chinook TRH Fing. CRH Aug. CRH Sep. CRH Oct. TRH Year.
Age 2 473.5 (21) 430.5 (11) 406.0 (06) 404.7 (07) 433.4 (24)
Age 3 658.6 (22) 654.5 (15) 632.5 (13) 607.4 (14) 617.2 (25)
Age 4 755.0 (22) 785.4 (16) 772.1 (17) 762.4 (19) 735.9 (25)
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Figure 4.2. Estimated mean age 3 pre-maturation ocean fishery exploitation rates for
fingerling and yearling releases of fall Chinook salmon from IGH and TRH, brood years
1978-2004.
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Figure 4.3. Estimated mean age 4 pre-maturation ocean fishery exploitation rates for
fingerling and yearling releases of fall Chinook salmon from IGH and TRH, brood years
1978-2004.

4.4 Covariance Among Estimated Parameters Across

Hatcheries and Races

All stocks showed striking interannual variation in survival rates from release to
age 2, age-specific maturation probabilities, and size at age. In many cases, there
was striking covariance between stocks in these attributes. Generally, covariance
was strongest between stocks released from the same hatchery at the same approxi-
mate date (e.g., TRH spring and fall Chinook released as fingerlings or as yearlings).
Covariation between stocks was also quite strong for IGH and TRH fall Chinook
released as fingerlings or yearlings. Survival rates of CRH October releases of sub-
yearling spring Chinook showed less covariation with TRH spring Chinook releases,
but covariation was still evident even though distance between the mouths of the
Klamath and Rogue Rivers is considerable (about 70 miles).

4.4.1 Survival Rates

In this section, we present an example of interannual variation in survival rates
of fingerlings as compared to yearlings from the same stock type, but we focus our
attention primarily on covariation between estimates of survival rates for the same
release type but from different stocks. We begin with the strongest detected covaria-
tion (between spring and fall stocks of Chinook salmon released from TRH), we then
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examine variation between estimated survival rates of stocks within the same system
(fall Chinook released from IGH and TRH), and we conclude with a comparison of
survival rates of CRH and TRH spring Chinook salmon released as subyearlings in
October (termed “yearlings” in CA).

Fingerlings vs Yearlings

Survival rates of yearlings exceeded survival rates of fingerlings in almost all years
for all stocks, but in a small number of instances survival rates of fish released as fin-
gerlings in June were comparable to or slightly exceeded survival rates of fish released
in October as yearlings. We used a log transformation of mean brood-year specific
survival rates to evaluation correlations across years, as adopted in the recent stock-
recruitment analysis of Klamath River Chinook salmon (STT 2005). Correlations
between these log-transformed mean survival rates of fish released as fingerlings or
yearlings from the same brood year were generally not strong. We present only one
illustrative example, Iron Gate fall Chinook salmon released as fingerlings or yearlings
(Figure 4.4) for which the correlation between estimated log mean survival rates was
just 0.342 (n = 22 brood years). Correlations between survival rates of fish from
different stocks released at the same approximate time (e.g., fingerling fall Chinook
from IGH and TRH) were highly significant, however, and are discussed below. In
most cases we present figures to visually illustrate covariation because these figures
are in many cases very striking.

Although CRH released no Rogue spring Chinook salmon as fingerlings, it was
possible to compare survival rates for fish released from the same brood years in
the months of August, September or October (Figure 4.5). Correlations between
log-transformed mean survival rates across brood years were very high for August
compared to September releases (r = 0.851), but were less substantial for comparisons
of August with October (r = 0.620) or September with October (r = 0.544).

TRH Fall vs Spring Chinook

The strongest degree of interannual covariation in log-transformed mean survival
rates was seen in comparisons of survival rates of fingerlings and yearlings for fall
and spring Chinook salmon released from TRH. Calculated correlations between log-
transformed survival rates of fall and spring Chinook released from TRH were ex-
tremely high: 0.874 for fingerlings (Figure 4.6) and 0.911 for yearlings (Figure 4.7).

IGH vs TRH Fall Chinook

Although not as highly correlated as survival rates between releases of the same
type for different races of Chinook reared at TRH, log-transformed survival rates for
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Figure 4.4. Estimated brood year-specific log-transformed mean survival rates from release
to age 2 for IGH releases of fall Chinook salmon as fingerlings (June) or yearlings (October),
1978-2004 brood years.
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Figure 4.5. Estimated brood year-specific mean log-transformed survival rates from release
to age 2 for CRH releases of spring Chinook salmon in August, September or October, 1975-
2001 brood years.



CHAPTER 4. RESULTS 41

1980 1985 1990 1995 2000 2005

−9
−8

−7
−6

−5
−4

−3
−2

TRH Fall and Spring Chinook

Brood Year

log
(F

ing
er

lin
g 

Su
rv

iva
l R

at
e 

to
 A

ge
 2

)

TRH Falls
TRH Springs

COR(x,y)=0.874

Figure 4.6. Estimated brood year-specific log-transformed mean survival rates from release
to age 2 for TRH releases of fingerling fall and spring Chinook salmon, 1979-2004 brood
years.
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Figure 4.7. Estimated brood year-specific log-transformed mean survival rates from release
to age 2 for TRH releases of yearling fall and spring Chinook salmon, 1979-2004 brood years.
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fall Chinook released as fingerlings from TRH were nevertheless very highly corre-
lated with those for fingerlings released from IGH (r = 0.799, Figure 4.8), and log-
transformed survival rates were also strongly correlated for yearlings released from
the two Klamath system hatcheries (r = 0.582, Figure 4.9). We saw no clear evidence
that relative survival rates of IGH fall Chinook compared to TRH fall Chinook have
decreased over the past decade or so due to changes in water management policies in
the upper Klamath River. Indeed, mean survival rates for fingerlings released from
IGH actually exceeded those for fingerlings released from TRH for the 1997 and 1998
brood years, a relatively unusually situation when compared to the complete time
series of survival rates (see Figure 4.8). Survival rates of IGH fingerlings and year-
lings have typically been lower than for TRH fingerlings or yearlings released from
the same brood year.
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Figure 4.8. Estimated brood year-specific log-transformed mean survival rates from release
to age 2 for TRH and IGH releases of fingerling fall Chinook salmon, 1979-2004 brood years.

TRH vs CRH Spring Chinook

Covariation of log-transformed mean survival rates from release to age 2 was
less striking for October releases of spring Chinook from CRH as compared to TRH
(yearlings). The correlation over the entire data set was just 0.322, considerably less
than for other between stock or between hatchery calculations, but this correlation
was heavily influenced by the 1991 brood year for which survival rates of CRH CWT
groups were quite good (0.095) but for which survival rates of TRH CWT groups
was unusually poor (0.0118, see Figure 4.10). With the 1991 data point removed, the
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Figure 4.9. Estimated brood year-specific log-transformed mean survival rates from release
to age 2 for TRH and IGH releases of yearling fall Chinook salmon, 1979-2004 brood years.

correlation improved to 0.515, similar to the calculated correlation between yearling
releases of fall Chinook salmon made from IGH and TRH (0.582).

4.4.2 Maturation Probabilities

Maturation probabilities often displayed striking covariation across stocks and
hatcheries. Similar to covariation in survival rates, we found strongest covariation in
maturation probabilities between stocks released from the same hatchery. We present
only two visually striking graphical examples of such covariation from the many com-
parisons that were made, but we provide a summary table that reports all calculated
correlations.

The most striking examples of covariation of maturation probabilities were for
comparisons of age 2 and age 3 maturation probabilities for TRH fall Chinook salmon
released as fingerlings compared to yearlings (r = 0.822 and r = 0.825, respectively)
and for comparisons of age 2 and age 3 maturation probabilities of CRH spring Chi-
nook released in August, September or October. For example, Figures 4.11 and 4.12,
respectively, display age 2 and age 3 maturation probabilities for TRH fall Chinook
released as fingerlings as compared to yearlings. In addition to illustrating the strong
covariation in estimated maturation probabilities for the two release types, Figure
4.11 also suggests a possible long-term trend to lower age 2 maturation probabilities
for yearling releases and possibly also for fingerling releases.
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Figure 4.10. Estimated brood year-specific log-transformed mean survival rates from re-
lease to age 2 for TRH and CRH releases of spring Chinook salmon in October, 1979-2001
brood years.

Covariation of age 2 and age 3 maturation probabilities of Rogue spring Chinook
released in August, September and October was even stronger than those for TRH
fingerlings and yearlings. These correlations ranged from 0.751 (age 3 maturation
probabilities for August vs October releases) to 0.984 (age 2 maturation probabili-
ties for August vs October releases, see Figure 4.13) and exceeded 0.920 in 5 of 6
comparisons. Correlations for all calculated comparisons are presented in Table 4.10.

4.4.3 Size at Age

Interannual variation in size at age (measured by size of fish at return to hatcheries)
was substantial across all stocks and races and there was striking covariation in size
at age across all stocks and races. For illustrative purposes, we focus on comparisons
between the most similar stocks (TRH fall and spring Chinook), similar stocks re-
leased from different hatcheries (IGH vs TRH fall Chinook) and the most dissimilar
stocks (TRH and CRH spring Chinook).
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Figure 4.11. Estimated brood year-specific age 2 maturation probabilities for TRH fall
Chinook salmon released as fingerlings (June) or as yearlings (October), 1979-2004 brood
years.
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Figure 4.12. Estimated brood year-specific age 3 maturation probabilities for TRH fall
Chinook salmon released as fingerlings (June) or as yearlings (October), 1979-2004 brood
years.



CHAPTER 4. RESULTS 46

1975 1980 1985 1990 1995 2000

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

CRH Spring Chinook

Brood Year

Ag
e 

2 
M

at
ur

at
ion

 P
ro

ba
bil

ity

August
October

COR(Aug.,Oct.) = 0.984

Figure 4.13. Estimated brood year-specific age 2 maturation probabilities for CRH spring
Chinook salmon released as subyearlings in August as compared to October, 1975-2001
brood years.

TRH Fall vs Spring Chinook Released as Fingerlings

Spring and fall Chinook reared and released from TRH as fingerlings share essen-
tially identical rearing and release history and are very closely related from a genetic
perspective. It would therefore be reasonable to suppose that lengths at age for these
two stock types would be most highly correlated. As Figure 4.14 illustrates, lengths
at age are indeed very highly correlated for these two populations.

IGH vs TRH Fall Chinook Released as Fingerlings

Although IGH and TRH fall Chinook are genetically distinct and experience dif-
ferent rearing and downstream migration histories, fingerlings from the two hatcheries
are released at a similar time (early June) and should theoretically experience very
similar ocean growing conditions. Therefore, it would be reasonable, a priori, to as-
sume that lengths at age would be highly correlated between these two stocks from
the Klamath River. As Figure 4.15 illustrates, size at age for these two stocks clearly
covary in a striking fashion, with fish from IGH typically larger than those from TRH.

TRH vs CRH Spring Chinook released as Yearlings

TRH and CRH spring Chinook stocks are the most genetically distinct stocks
considered in this report, do not share rearing or downstream migration histories,
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Table 4.10. Calculated correlations between stocks and/or release types for estimated age
2 and age 3 maturation probabilities.

Maturation Probability Comparison Correlation Sample Size
σ2 IGH vs TRH Fingerlings 0.687 23
σ3 IGH vs TRH Fingerlings 0.159 23
σ2 IGH vs TRH Yearlings 0.324 22
σ3 IGH vs TRH Yearlings 0.394 22

σ2 IGH Fall: Fing. vs Year. 0.545 22
σ3 IGH Fall: Fing. vs Year. 0.559 22

σ2 TRH Fall: Fing. vs Year. 0.822 24
σ3 TRH Fall: Fing. vs Year. 0.825 24

σ2 TRH Spring: Fing. vs Year. -0.034 24
σ3 TRH Spring: Fing. vs Year. 0.571 24

σ2 CRH Spring: Aug. vs Sept. 0.966 17
σ2 CRH Spring: Aug. vs Oct. 0.984 17
σ2 CRH Spring: Sept vs Oct. 0.950 18
σ3 CRH Spring: Aug. vs Sept. 0.920 18
σ3 CRH Spring: Aug. vs Oct. 0.751 17
σ3 CRH Spring: Sept vs Oct. 0.926 18

and their release locations are most distant from one another among those stocks
considered in this report. Therefore, a priori, one might suspect that lengths at age
would covary less strongly than for the previous two comparisons. As Figure 4.16
illustrates, however, lengths at age for October releases from these two stocks also
exhibit striking interannual covariation. This strong degree of covariation presumably
is a reflection of the fact that the two stocks experience very similar ocean growing
conditions during their lives, probably also suggesting that the two stocks may share
very similar ocean migration patterns.
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Figure 4.14. Mean lengths at age (measured at hatchery return) for spring and fall Chinook
salmon released from Trinity River Hatchery as fingerlings, 1978-2004 brood years.

4.5 Simulated Cohort Analysis Estimator Perfor-

mance versus CWT Release Group Size

Results of simulations (based on IGH fingerling releases, see Table 4.15, and as-
suming a September 1 cut-off date) for release groups sizes (R) of 25K, 50K, 100K,
200K, and 400K, showed that cohort analysis estimators of most model parameters
were approximately unbiased for release group sizes exceeding 50K fish; small pos-
itive bias seemed evident for estimation of E4.pos, even at the largest release group
sizes (400K). The estimator of survival from release to ocean age 2 was approximately
unbiased for all release group sizes. Thus, with the exception of E4.pos, selection of
release group size should not be strongly influenced by bias considerations.

Simulated coefficients of variation (CV), however, varied considerably across model
parameters. The most poorly behaved parameters were the post-maturation exploita-
tion rates, E3.pos and E4.pos, for which CV exceeded 200% for R = 25K and for which
CV exceeded 50% even for R = 400K. Parameters with intermediate behavior in-
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Figure 4.15. Mean lengths at age (measured at hatchery return) for fall Chinook salmon
released as fingerlings from IGH and TRH, 1978-2004 brood years.

cluded the two pre-maturation exploitation rates, E3.pre and E4.pre, and the age 2 mat-
uration parameter, σ2. For these parameters, CV ranged from 76-97% for R = 25K,
but then decreased to from 19-24% at R = 400K. Estimators of the remaining pa-
rameters, σ3, σ4 and S0, were well-behaved, even for small release groups sizes. For
these parameters, CV ranged from 11-30% at R = 25K and decreased to from 3-7%
at R = 400K (Table 4.11).

As a rough rule of thumb for fishery management, it is desirable that CV for
estimated parameters is not much more than 25%. On that basis, it seems that
R = 200K or perhaps slightly larger (say, 250K) would be a wise choice of release
group size given the level of ocean exploitation that has been typical over the past
10-15 years. This would give CV less than 30% for the critical pre-maturation ex-
ploitation rates, about 33% for the age 2 maturation parameter, and no more than
10% for the remaining maturation parameters and for survival rate to age 2. This
release group size would not be large enough to allow accurate estimation of the
post-maturation exploitation rates at ages 3 or 4, however. Estimation of E4.pos is
especially problematic because essentially all Klamath river Chinook mature at age 4;
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Figure 4.16. Mean lengths at age (measured at hatchery return) for spring Chinook salmon
released as subyearlings in October from TRH and CRH, 1978-2001 brood years.

thus, few should remain available to potential ocean capture in the post-maturation
ocean fishery.

4.6 Survival Rates versus Flow - IGH and TRH

For IGH releases of fingerling fall Chinook salmon, a plot of log estimated mean
annual survival rates against mean annual flows for the month of June at the Seiad
gauge (Figure 4.17) suggested a highly non-random association of survival rates and
flow and, among other things, implies that survival rates are generally high when fish
are released under high flows.

A similar plot of log estimated mean annual survival rates for TRH releases of fin-
gerling Chinook salmon again mean June flows at Burnt Ranch (upper Trinity River)
failed to suggest any relation between survival and Trinity River flows (Figure 4.18),
however, although June flows at the two locations were highly correlated with one
another (r=0.868, see Figure 4.19).



CHAPTER 4. RESULTS 51

Table 4.11. Simulated expected values and coefficients of variation (standard devia-
tion/expected value) of parameters estimated from cohort analyses as a function of release
group size (R = 25K, 50K, 100K, 200K, 400K). Assumes that age 2 ocean impact rates are
0. Based on multinomial model for fates of released fish, Poisson model for 20% level of
sampling, and 100,000 independent simulations for each release group size.

Expected Values
Parameter True Value 25K 50K 100K 200K 400K
E3.pre 0.0852 0.0861 0.0851 0.0858 0.0853 0.0852
E3.pos 0.0208 0.0214 0.0216 0.0211 0.0210 0.0208
E4.pre 0.1579 0.1595 0.1578 0.1582 0.1572 0.1575
E4.pos 0.0755 0.0945 0.0874 0.0869 0.0810 0.0800
σ2 0.0286 0.0299 0.0291 0.0290 0.0287 0.0288
σ3 0.4219 0.4246 0.4248 0.4216 0.4219 0.4227
σ4 0.9345 0.9364 0.9358 0.9353 0.9345 0.9344
S0 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097

Coefficients of Variation
Parameter 25K 50K 100K 200K 400K
E3.pre 0.7611 0.5378 0.3747 0.2630 0.1867
E3.pos 2.2651 1.5577 1.0748 0.7457 0.5374
E4.pre 0.8516 0.5967 0.4118 0.2897 0.2047
E4.pos 2.9394 2.9217 2.6221 2.0958 1.4340
σ2 0.9660 0.6714 0.4659 0.3308 0.2367
σ3 0.2999 0.2086 0.1474 0.1015 0.0721
σ4 0.1138 0.0795 0.0558 0.0392 0.0280
S0 0.2340 0.1671 0.1177 0.0840 0.0584

Our tentative conclusion that survival rates may be affected by river flow follow-
ing release rests strongly on an observation that the four highest flows on Figure 4.17
are associated with generally high survival rates; at much lower flows variation in
survival rates is large and the mean survival rate is considerable lower. Because our
tentative interpretation of these data rests on the location of just four data points, we
used a Monte Carlo permutation test (see, e.g., Good 2005) to calculate the probable
statistical plausibility of this interpretation.

We calculated the probability that the relatively high survival rates would be asso-
ciated with the four highest flows under a null hypothesis that survival rates and flows
were completely uncorrelated with one another. To accomplish this test, we made
a large number (40,000) of independent, random rearrangements of the times series
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Figure 4.17. Estimated brood year-specific mean survival rates from release to age 2 for
1978-2004 brood year IGH releases of fingerling fall Chinook salmon (released in early June)
plotted against mean June flow (cfs) at Seiad gauge, upper Klamath River, during year of
release.

of flows and survival rates. For each set of random rearrangements, we calculated
the difference between the mean survival rate (or mean log(survival rate)) associated
with the four highest flows and the mean survival rate (or mean log(survival rate))
associated with the remaining flows. We then calculated the probability of observ-
ing a difference as large or larger than the actual difference implied by Figure 4.17.
We found that the probability of finding differences as large as those observed were
about 0.021 and 0.019, respectively, for the differences between mean survival rates
and mean log(survival rates)(see Figure 4.20). We conclude that there is substantial,
although not convincing, reason to reject a null hypothesis that flows and survival
rates are uncorrelated. Therefore, we continue to suspect that survival rates of IGH
fall Chinook salmon are positively associated with high flows in the upper Klamath
River during the period of release and downstream migration.
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Figure 4.18. Estimated brood year-specific log mean survival rates from release to age 2
for 1978-2004 brood year TRH releases of fingerling fall Chinook salmon (released in early
June) plotted against mean June flow (cfs) at Burnt Ranch, upper Trinity River, during
year of release.
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Figure 4.19. Mean June flows at Seaid (Klamath River) and Burnt Ranch (Trinity River)
USGS gauges, flow years 1979-2005.
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Figure 4.20. Simulated distribution of differences between the mean survival rates (or
log(survival rates)) associated with the four highest June flows at Seiad and the mean sur-
vival rates (or log(survival rates)) associated with lower flows, under a null hypothesis that
flows and survival rates are uncorrelated. The probability of observed differences is equiv-
alent to the proportion of the simulated differences that exceed the observed differences.

4.7 Alternative Mixes of Fingerling and Yearling

Releases

4.7.1 Trinity River Hatchery

As noted previously, production goals for fall Chinook salmon at TRH are 2.00
million fingerlings, released in early June, and 0.90 million yearlings, released in early
October. Mean estimated parameter values were used to characterize typical life his-
tory and (recent) fishery model parameters for TRH fingerlings and yearlings and are
summarized in Table 4.12.

We used the parameter values from Table 4.12 to calculate expected age-specific
ocean impacts (catches + non-landed mortalities) prior to (OCN.pre) and after (OCN.post)
maturation; expected age-specific freshwater catches (FW.Catch); and expected age-
specific freshwater escapements from fingerling (*.F) or yearling (*.Y) releases given
a specified mixture of releases. Table 4.13 shows the expected adult (age 3 and older)
contributions (numbers of fish) from fingerlings and yearlings for the current TRH
production releases consisting of 2.00 million fingerlings and 0.90 million yearlings.

We also calculated a proxy for contributions of fish in terms of biomass by multi-
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Table 4.12. Mean parameter values estimated from CWT recoveries of fingerling and
yearling fall Chinook salmon released from Trinity River Hatchery: 1978-2001 BYs (life
history parameters) and 1990-2001 BYs (fishery parameters).

Parameter Fingerlings Yearlings
Survival to Age 2 0.0146 0.0807

σ2 0.0989 0.0386
σ3 0.6257 0.5609
σ4 0.9483 0.9770

E2.pre 0.0000 0.0000
E2.pos 0.0000 0.0000
E3.pre 0.1009 0.0604
E3.pos 0.0111 0.0051
E4.pre 0.1896 0.1873
E4.pos 0.0248 0.0337
E5.pre 0.0292 0.0292

u3 0.1585 0.1137
u4 0.2559 0.2244
u5 0.2402 0.2402

l̄2 (mm) 489.4 455.9
l̄3 (mm) 659.5 631.9
l̄4 (mm) 757.2 753.7
l̄5 (mm) 850.0 850.0

Table 4.13. Expected age-specific ocean impacts, freshwater catches, and spawning es-
capements for current TRH production releases of 2.00 million fingerlings (*.F) and 0.900
million yearlings (*.Y).

Age OCN.pre.F OCN.pos.F FW.Catch.F Escape.F
3 1,327 49 1,173 7,401
4 664 4 689 2,691
5 22 0 22 93

Totals 2,013 53 1,884 10,185
Age OCN.pre.Y OCN.pos.Y FW.Catch.Y Escape.Y
3 794 76 3,033 19,133
4 2,233 7 2,422 9,465
5 32 0 34 140

Totals 3,059 83 5,489 28,738
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plying expected numerical contributions by the cube of the corresponding length at
age and scaling by a factor of 10−8. Expected combined (fingerling + yearling) con-
tributions, expressed by numbers of fish and by biomass proxy, for different mixtures
of fingerling and yearling releases are summarized in Table 4.14.

Table 4.14. Expected total age-specific ocean impacts, freshwater catches, and spawning
escapements, expressed as numbers of adults (age 3 and older) or by associated biomass
proxies, for different mixtures of fingerling and yearling releases of fall Chinook salmon from
Trinity River Hatchery.

Number Released (x106) Number of Age 3 and Older Adults
Fingerlings Yearlings OCN Impacts FW Catch Escape. Total

2.000 0.900 5,209 7,372 31,550 44,131
1.750 0.945 4,978 7,433 31,770 44,182
1.500 0.990 4,748 7,495 31,989 44,232
1.250 1.036 4,520 7,562 32,235 44,318
1.000 1.081 4,290 7,623 32,455 44,368

Number Released (x106) Biomass (Proxy): Age 3 and Older
2.000 0.900 20,824 27,007 111,351 159,182
1.750 0.945 20,147 27,152 111,897 159,197
1.500 0.990 19,471 27,297 112,444 159,211
1.250 1.036 18,807 27,464 113,081 159,352
1.000 1.081 18,130 27,609 113,628 159,366

4.7.2 Iron Gate Hatchery

Mean parameter values used in calculations of expected contributions from alter-
native mixtures of releases of fingerling and yearling fall Chinook salmon from Iron
Gate Hatchery are listed in Table 4.15. Summarized expected combined (fingerling
+ yearling) contributions given different mixtures of fingerling and yearling releases
from IGH are presented in Table 4.16.
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Table 4.15. Mean parameter values estimated from CWT recoveries of fingerling and
yearling fall Chinook salmon released from Iron Gate Hatchery: 1978-2001 BYs (life history
parameters) and 1990-2001 BYs (fishery parameters). We assume no age 2 ocean impacts.

Parameter Fingerlings Yearlings
Survival to Age 2 0.0097 0.0397

σ2 0.0286 0.0008
σ3 0.4219 0.2174
σ4 0.9345 0.9328

E3.pre 0.0852 0.0333
E3.pos 0.0208 0.0067
E4.pre 0.1579 0.1768
E4.pos 0.0755 0.0838
E5.pre 0.1673 0.1673

u3 0.1245 0.1260
u4 0.3065 0.3567
u5 0.3316 0.3316

l̄2 (mm) 528.4 475.3
l̄3 (mm) 688.1 648.3
l̄4 (mm) 789.4 774.1
l̄5 (mm) 850.0 850.0

Table 4.16. Expected total age-specific ocean impacts, freshwater catches, and spawning
escapements, expressed as numbers of adults (age 3 and older) or by associated biomass
proxies, for different mixtures of fingerling and yearling releases of fall Chinook salmon from
Iron Gate Hatchery.

Number Released (x106) Number of Age 3 and Older Adults
Fingerlings Yearlings OCN Impacts FW Catch Escape. Total

4.920 0.900 6,703 6,605 22,401 35,710
4.500 1.002 6,562 6,677 22,376 35,615
4.000 1.125 6,397 6,768 22,363 35,538
3.500 1.247 6,231 6,856 22,339 35,425
3.000 1.370 6,066 6,947 22,326 35,338

Number Released (x106) Biomass (Proxy): Age 3 and Older
4.920 0.900 26,973 29,166 87,062 143,201
4.500 1.002 26,649 29,470 86,760 142,879
4.000 1.125 26,281 29,857 86,464 142,601
3.500 1.247 25,901 30,228 86,127 142,256
3.000 1.370 25,533 30,614 85,830 141,977
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Discussion

Analyses of the approximately 25 years of CWT recovery data for spring and
fall Chinook salmon released from IGH, TRH and CRH have strongly confirmed the
conjectures made by Hankin (1990). Namely, release of Chinook salmon at a larger
size (e.g., 40-50g vs 4-5 g) in a later month (e.g., October vs June) leads to (a)
substantially improved survival to age 2 (an average of 400-500% improvement); (b)
substantially reduced size at ages 2 and 3; (c) reduced maturation probabilities at
ages 2 and 3; and (c) reduced age 3 ocean fishery exploitation rates. For TRH and
IGH fall Chinook stocks, sizes of adults originating from fingerling or yearling re-
leases are similar at age 4, as are ocean fishery exploitation rates and age-specific
maturation probabilities. For spring Chinook salmon from TRH and CRH, however,
reductions in size at age and maturation probabilities were still evident at age 4 for
fish released in a later month. We surmise that these differences in life history pa-
rameters are a direct reflection of the duration of ocean growth prior to maturation
for fingerling (longer) as compared to yearling (shorter) releases and they are broadly
consistent with an hypothesis that, for a given stock, size at age is an important factor
influencing age at maturity (see Hankin et al. 1993.). It seems clear, however, that
factors influencing maturation at age depend upon more than size at age. Although
we certainly searched hard to find them, we did not detect any relationships sug-
gesting a strong correlation between estimated age-specific maturation probabilities
and size at age for specific release types from individual stocks. Wells et al. (2007)
argue that maturation at age is correlated with growth rate at age rather than size
at age per se, an attribute for which CWT recovery data do not provide a clear proxy.

Although we found no variable that was clearly correlated with age-specific mat-
uration probabilities, we did note an apparent long-term decline in age 2 maturation
probabilities of TRH fall Chinook released as fingerlings and yearlings (Figure 4.11)
and we found that estimated mean age 4 maturation probabilities for IGH and TRH
fall Chinook released as fingerlings or yearlings exceeded 94% (Table 4.8). The trend
of decreasing age 2 maturation probabilities, if persistent, warrants further atten-
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tion on two counts. First, it may reflect the long-term consequences of excluding
or largely excluding jacks from matings (see Hankin, unpublished; Fitzgibbons 2004,
Chen 2008), though this consequence is not necessarily undesirable. Second, the
long-term pattern of decline in age 2 maturation probabilities among age 2 fingerling
releases of fall Chinook, if shared by wild Klamath River Chinook, may complicate
pre-season prediction of age 3 abundance of Klamath River Chinook based on returns
of jacks in the preceding year. The exceptionally high age 4 maturation probabilities
effectively mean that essentially no fall Chinook salmon reared at Klamath River
hatcheries will return to freshwater as age 5 adult spawners. For example, assum-
ing that a cohort has reached age 3 and is unexploited in the ocean, probabilities
of maturing at ages 3, 4 and 5 can be calculated from the conditional age-specific
maturation probabilities and ocean survival rate. For fingerling releases of Iron Gate
fall Chinook salmon, such figures give the following probabilities: age 3 = 0.470
(= σ̂3); age 4 = 0.396 (= (1 − σ̂3)p3σ̂4 = (1 − .470) · 0.8 · 0.934); age 5 = 0.022
(= (1− σ̂3)p3p4(1− σ̂4)σ5 = (1− .470) ·0.82 · (1−0.934) ·1), where σ5 is assumed equal
to 1. These values generate unexploited age composition of adults that would be
52.9% age 3, 44.6% age 4, and just 2.5% age 5. Of course, Klamath fall Chinook are
not unexploited in the ocean, and the effect of ocean fishing is to shift age structure
toward younger ages (see Hankin and Healey 1986), thereby making it even less likely
that any IGH fingerling fall Chinook will ever return to freshwater at age 5.

Analyses presented in this report are of a very preliminary nature, and we hope
to engage in additional analysis if time and further funding permit. We believe that
there is substantial potential for additional important insights to be gleaned from
more sophisticated analysis of these CWT recovery data. Given the long-term com-
mitment to rigorous sampling programs in ocean and freshwater for Klamath River
Chinook salmon, the CWT recovery data examined in this report are of exceptionally
high quality and certainly merit further analysis. In particular, we believe that there
are two key features or improvements of additional analyses that would be highly
informative. First, we believe that it is essential to identify some suitable proxy indi-
cators of ocean growth and survival conditions that could be used as variables linking
survival rates and growth to ocean conditions. Among other things, such variables
could theoretically allow identification and separation of freshwater effects on survival
of CWT groups as compared to ocean effects. Although it seems a priori reasonable
to suppose that survival of CWT groups from release to age 2 is primarily a func-
tion of ocean conditions, especially for October releases of yearlings, there is also a
suggestion (IGH flows vs survival rates of June fingerling releases) that high (upper)
Klamath flows may have a substantial favorable impact on survival. This apparent
effect may either be through reduction in downstream migrant mortality or through
some unknown favorable impacts of the Klamath River plume on nearshore oceano-
graphic conditions (increased nutrients encourage phytoplankton and zooplankton
growth; increased turbidity reduces predation success; and so on). Ideally, two ocean
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variables would be useful: one to describe ocean conditions that may primarily affect
survival, presumably shortly following ocean entry of smolts, and one to describe
ocean conditions that may primarily reflect growth. We hypothesize that survival to
age two is primarily affected by ocean conditions shortly after ocean entry, whereas
size at age 2 primarily reflects ocean conditions following the critical survival period
following ocean entry. For the IGH, TRH and CRH CWT release groups considered
in this report, correlations between age 2 mean lengths at hatchery return and corre-
sponding estimated survival rates from release to age 2 were in almost all cases quite
weak (ranging from 0.16 - 0.64 for fingerling and yearling releases of IGH and TRH
fall Chinook).

It is also important and perhaps critical to revive and/or further explore the
”multi-cohort” analysis procedures outlined by Hankin and Mohr (1993) and fur-
ther developed by Mohr (unpublished). We recommend revisiting/reconsidering the
methods developed by Mohr because we are concerned that our various findings con-
cerning estimated survival rates and maturation probabilities and their covariances
among stocks may to some degree result from the fact that the single cohort analysis
methods relied upon for this report require that one invoke an assumption that either
survival rates or maturation probabilities are known. In this report, we assumed that
ocean survival rates were known and had the values 0.5 for age 2-3, and 0.8 for age 3-4
and age 4-5. Although this set of assumptions seems more appropriate than making
the alternative assumption that age-specific maturation probabilities are fixed and
known, it is at odds with the preliminary findings of Hankin and Mohr (1993) and
Mohr (unpublished) and it is also at odds with common sense. For example, Hankin
and Mohr (1993) found that estimated ocean survival rates for IGH and TRH CWT
groups varied considerably over the years they studied, with adult fish affected by
the strong 1982-83 El Nino event having extremely low survival rates (0.1-0.2 as com-
pared to the assumed 0.8). Measurements of lengths at age for CWT release groups
affected by the strong 1982-83 El Nino event showed consistently smaller lengths at
age, a clear reflection of poor conditions for growth as a result of this event. This
kind of very serious departure of apparent reality with assumed survival rates and
its consequences for size at age could introduce very substantial (but generally un-
known) bias in some years. It might also cause multiple stocks to appear to share
strong interannual covariance in estimated maturation probabilities. For example,
if cohort analyses assumed usual survival patterns, whereas adult survival between
age 3 and 4 was unusually low, then estimated age 3 maturation probabilities might
have a very serious positive bias due to serious underestimation of the number of fish
that did not mature at age three, but which died at an unusually high rate due to
during unusually poor ocean survival conditions between age 3 maturation and the
following fall. Overall, these kinds of considerations make us believe that one should
be extremely circumspect in interpretation of the degree of covariation of estimated
parameters between stocks.
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Nevertheless, the degree of observed covariation in estimated survival rates, length
at age, and estimated maturation probabilities that was noted in this report was in
a great many cases quite striking, and in almost all cases observed covariation was
consistent with reasonable biological mechanisms. For estimated survival rates from
release to age 2, covariation was strongest for the most closely related stocks released
from the same hatchery at the same time (i.e., spring and fall Chinook released from
TRH as fingerlings or as yearlings); was of intermediate strength for stocks released
at approximately the same time at nearby hatcheries (e.g., IGH and TRH releases
of fall Chinook as yearlings); was less strong though still highly significant for much
less closely related stocks released at the same approximate time at hatcheries distant
from one another (e.g., CRH and TRH spring Chinook salmon released in October);
and was lowest and often not significant for stocks released at very different times
(e.g., IGH fingerlings vs yearlings). These patterns are consistent with (a) survival
rates of hatchery fish being largely determined by ocean conditions rather than con-
ditions during freshwater migration; but (b) differences in freshwater downstream
migration conditions must also affect post-release survival as covariance declines as
less downstream migration history is shared; and (c) conditions for survival at ocean
entry probably vary considerably within a given year because survival rates of finger-
lings and yearlings released from the same stock type and hatchery are not strongly
correlated. The final conjecture, (c), is least well supported because differences in
survival rates for fish released in June as compared to October could alternatively
reflect strong differences in conditions for downstream migration survival in those two
months with ocean survival conditions being fairly stable.

One of the principle objectives of our CWT analyses was to determine whether
or not survival rates of CWT groups are likely good indicators of ocean conditions
for survival and whether recent survival rates for IGH releases of fall Chinook have
decreased relative to TRH releases of fall Chinook, possibly due to recent changes
in flow management in the upper Klamath (below IGH). As noted above, it appears
that variation in survival rates of CWT release groups is primarily a function of
variability in ocean conditions for survival, but it seems also clear that freshwater
downstream migration history has a modest impact on survival to age 2. In the ab-
sence of an ”ocean environment variable” that might be suitable for analysis (e.g., the
new ”Wells Production Index”), it is impossible to be much more definitive on this
topic. However, we note that the very substantial short-term (between year) varia-
tion in estimated survival rates must be a reflection of local, nearshore conditions that
affect survival of Chinook salmon smolts entering the ocean from the Klamath and
Rogue rivers. Year-to-year variation is striking and appears of greater significance
to these stocks than the kind of longer-term “favorable” or “unfavorable” conditions
for survival that are implied by large-scale regime shifts in ocean climate (see, e.g.,
Mantua et al. 1997). Also, we note that our comparisons of estimated survival rates
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of fall Chinook salmon released from IGH and TRH did not indicate that there has
been a recent decline in relative survival rates of IGH as compared to TRH releases.
Although average survival rates of IGH releases are typically less that those of TRH
releases, several exceptions to this generalization were evident in the past decade.

Although the confounding of ocean natural mortality rates with age-specific mat-
uration rates may to some degree be circumvented by use of multi-cohort methods
as compared to single cohort analysis methods, we remain concerned that there is no
good fix to the problems posed by non-landed mortalities in ocean fisheries. Although
errors in calculation of non-landed mortalities may be unlikely to affect the kinds of
broad conclusions or trends noted in this report, they can have important impacts on
allocation negotiations between ocean and freshwater fishers. In this report, we have
proposed an alternative procedure for imputation of age 3 non-landed mortalities
that accounts for the substantial interannual variation in size at age. We believe that
this approach, or some more appropriate modification of our approach that addresses
this same issue, is superior to the current imputation methods that assume a fixed
schedule of monthly lengths. As our numerical examples illustrated, these alternative
procedures would generate much larger estimates of non-landed mortalities in years
when size at age 3 is unusually small, and much smaller estimates in years when size
at age 3 is unusually large. These consequences seem quite reasonable to us, but
we recognize that the example behavior of our proposed alternative (see Table 4.3)
suggests that our proposed methods are off target. Among other things, the adjusted
lengths seem ”too large” (exceed observed mean lengths at hatchery for age 3 mature
fish for CWT code 065906) and they seem ”too small” in May for CWT code 065908
(and generate an implausibly large non-catch mortality total in May for that code).
We have no doubt that our suggested approach can be substantially improved! Nev-
ertheless, we reiterate our concern that length adjustments should be made at age 3
according to the relative size of age 3 fish at maturity.

We also express concern that failure to adequately address non-landed mortalities
at age 2 must lead to negative bias in estimates of ocean fishery impacts, negative
bias in estimates of survival to age two, and positive bias in estimates of age two
maturation probabilities. We recognize that our recommendations for imputation of
non-landed mortalities at age 2 inject yet another assumed parameter (age 2 contact
rate compared to fully vulnerable fish), but we believe that it is highly inappropriate
to ignore age 2 non-landed mortalities or to assume that they are non-existent be-
cause there are no landed CWT recoveries at age 2. If all age 2 fish were below legal
minimum size limits, as is typically the case, then there would be no reported age 2
landings. That certainly does not imply that no age 2 fish were contacted or that no
age 2 fish suffered non-landed mortalities. We believe that on-board observations on
recreational and commercial vessels are needed to better assess the probable magni-
tude of non-landed mortalities at age 2.
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Finally, effective long-term implementation of constant fractional marking (CFM)
programs at IGH and TRH will in part depend on the mix of fingerlings and yearlings
that are released from these facilities. To the degree that releases can be shifted away
from fingerlings and toward yearlings, effective implementation of a CFM program
would become more feasible. Letting Srel denote the average survival rate to age 2
of yearlings as compared to fingerlings, the device of increasing yearling releases by
the factor X/Srel, where X denotes a corresponding reduction in fingerling releases,
would achieve an expected total catch and escapement of adults that is very close to
the original policy (especially in terms of biomass landed in fisheries). Any potential
shift toward yearlings must also be balanced against the fishery management need for
sufficient numbers of fingerlings to be released to allow for estimation of life history
and fishery parameters important for fishery management analysis. Based on the
simulations of the performance of the cohort analysis estimators of these parameters,
it appears that adequate release group sizes are somewhere between 200,000 and
400,000 fish. If such release group sizes were achieved by pooling across all CWT
groups of the same release type from a given brood year, then a 25% CFM rate would
imply that minimum total fingerling fall Chinook salmon releases should range from
about 800,000-1,600,000, with 1,000,000 being a reasonable target value (i.e., 250,000
fish receiving CWT). Falling below this range would likely result in a substantial
increase in errors of estimation associated with important management parameters
that are currently estimated from CWT recovery data.
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