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ABSTRACT

The Chinook Technical Committee (CTC) of the Pacific Salmon Commission (PSC) uses coded-wire tagged (CWT)
hatchery-origin Chinook salmon as surrogates to estimate harvest and exploitation rates exerted on natural spawning
populations. The Queets (QUE) exploitation rate indicator stock is used by the CTC to represent four natural-origin
fall Chinook salmon stocks along the Washington Coast—Queets, Quillayute, Hoh, and Grays Harbor and to
represent the distribution of fishing impacts on the overall Washington Coastal fall stock group. No formal
evaluations on whether QUE hatchery-origin fish adequately represent harvests and exploitation rates of natural
stocks have occurred. Although there is insufficient information available to test the applicability to represent
natural-origin fish, there are other CWT release-groups from hatcheries along Washington Coast to make
comparisons. We apply a new method to test representativeness of the QUE exploitation rate indicator stock with
data from PSC aggregate abundance based management (AABM) troll fisheries in Southeast Alaska and Northern
British Columbia. The methodology is based upon modified tag ratios, which standardize the probability of a fish
having a CWT, and modified contributions, which should not expect differences between hatcheries. Five separate
brood year and stock combinations were analyzed using a two-way ANOVA; in each analysis we found a significant
difference between stocks with p-values <0.001. QUE was always significantly different from the other Washington
Coast stocks. The difference of QUE to other stocks was >0 in all analyses, indicating that QUE over-represents
fishery impacts in the AABM troll fisheries. Given that hatchery releases from Strait of Juan de Fuca and Willapa
Bay regions represent nearly three quarters of the annual Washington Coast hatchery production, the inability of
QUE to represent all Washington Coastal fall hatchery production is cause for reevaluation of the assumptions for
use of this exploitation indicator stock in estimation of fishery impacts.

Key words ~ Chinook salmon, Washington Coast, Queets, coded-wire tags, exploitation rate, indicator stocks,
Pacific Salmon Treaty.

INTRODUCTION

Washington Coastal fall natural stocks tracked by the Chinook Technical Committee (CTC) of
the Pacific Salmon Commission (PSC) include Chinook salmon from the Hoko, Quillayute, Hoh,
and Queets rivers, and from Grays Harbor. Washington Coast origin Chinook salmon are an
important component of Chapter Three of the Pacific Salmon Treaty (PST). These fall stocks are
highly migratory with a northerly oceanic distribution, and are therefore significant contributors
to several fisheries in the PST area. The Southeast Alaska aggregate abundance based
management (AABM), Northern British Columbia AABM, and Washington coastal terminal
fisheries are the primary harvest sectors for Washington Coastal fall stocks. The CTC conducts
annual analyses using coded-wire tagged (CWT) data to determine stock specific exploitation
rates in these fisheries.

Exploitation rate indicator stocks are CWT hatchery release-groups used as proxies to estimate
harvest and exploitation rates for neighboring stocks—the indicator stock concept. The CTC
assumes that exploitation rate indicator stocks experience the same harvest and maturation rates
as the stock groups they represent, but more often than not this assumption is not validated.
Indicator stocks are used in a cohort analysis, a procedure that reconstructs the cohort size and
exploitation history of a given stock and brood year (BY) using CWT release and recovery data
(TCCHINOOK (88)-02). The analysis provides stock-specific estimates of BY total, age- and
fishery-specific exploitation rates, maturation rates, survival indices, annual distributions of
fishery mortalities, and fishery indices. Estimates of age- and fishery-specific exploitation and
maturation rates from the cohort analysis are combined with data on catches, escapements,
incidental mortalities, and stock enhancement to complete an annual calibration of the PSC
Chinook Model. Output from the model and related statistics are used to judge compliance of
fisheries under the PST.



Chinook stocks of the Washington Coast originate from four regions—Strait of Juan de Fuca,
Northern Washington Coast, Grays Harbor, and Willapa Bay (Table 1, Figure 1). There are
numerous hatcheries in the Washington Coast area, multiple CWT hatchery release-groups, and
the coverage of hatchery release-groups varies by region (Table 1). Each CWT stock in Table 1
is distinguishable by unique CWTs and clipped adipose fins (CWT+Ad) and has extensive
historical tagging and recovery coverage. The CTC primarily uses hatchery release-groups from
the Queets (QUE), and to a lesser extent Hoko (HOK) and Tsoo-Yess (SOO), as indicator stocks
of the Washington Coast. The rationale behind the use of QUE, HOK, and SOO is predicated on
data availability; these three stocks have the longest historical time series of release and catch
data (TCCHINOOK 15-(01) V1). The PSC Chinook Model uses QUE as the sole indicator stock
to represent both hatchery and natural stocks originating from the Washington Coast.

OBJECTIVES

The Queets exploitation rate indicator stock is used by the CTC to represent four natural-origin
Chinook stocks along the Washington Coast and to represent the distribution of fishing impacts
on the overall Washington Coastal fall stock group. No formal evaluations on whether tagged
Queets hatchery-origin fish adequately represent the harvests and exploitation rates of the natural
stocks that they are assumed to represent has occurred. Although insufficient information is
available to test whether QUE represents the distribution of natural-origin fish, there are other
CWT release-groups from hatcheries along the Washington Coast that can be used to verify
whether the Queets exploitation rate indicator stock is sufficiently representative of the other
Washington Coastal stocks to be suitable for PST purposes. The objective of this study is to test
the representativeness of the QUE exploitation rate indicator stock by comparing the ocean
distribution of fishing impacts with other Washington Coastal hatchery releases using data from
the PSC AABM troll fisheries in Southeast Alaska and Northern British Columbia.

METHODS
MOoDIFIED CONTRIBUTION METHOD

The modified contribution method can be used to evaluate one or more indicator stocks across
brood years, fisheries, and ages; and most importantly can be applied to compare CWT indicator
stocks releasing different numbers of fish—as is often the case. The indicator stock assumption,
which says that an indicator stock represents the same natural mortality, vulnerability,
exploitation rates, and distributions as other stocks it was assumed to represent, is difficult to
evaluate because there are rarely multiple indicator stocks from the same region to compare
against. Given that there are two or more indicator stocks, the intuitive means to compare them
would be compare brood year exploitation patterns, but this approach is limited to only the
special case that each indicator stock releases the same number of fish annually (i.e. differences
of harvest contributions would then be a function of differential mortality, vulnerability,
exploitation rates, or distribution). The modified contribution method relaxes the requirement of
equal release sizes so that brood year exploitation rates can be freely compared.

The following definitions of CWT hatchery stock, CWT hatchery stock group, modified tag
ratio, and modified contribution are used in this analysis. A CWT hatchery stock is a series of
CWT tag code release-groups from a single hatchery. A CWT hatchery stock group is a group of
CWT hatchery stocks. Both CWT hatchery stocks and the CWT hatchery stock group were
indexed by brood year. The modified tag ratio, which standardizes the probability of a fish



having a CWT from a single CWT hatchery stock across the CWT hatchery stock group, within
a brood year, is the sum of all fish released in a CWT hatchery stock group divided by the
number of fish released for each CWT hatchery stock:

iR,
Gl,by = Ri‘bzy (Eq. 1)

where R; j,,, is the number of salmon released from a CWT hatchery stock i in brood year by. The
modified tag ratio has a few notable properties. If the number of CWT hatchery stocks in a CWT
hatchery stock group is 1, then the modified tag ratio is 1. If all CWT hatchery stocks’ release
sizes are the same, the modified tag ratio is a scalar and can be ignored. Large differences
between CWT hatchery stock release sizes yield larger modified tag ratios. The estimated
modified contribution of stock i in fishery j is calculated by normal means as the number of
CWTs recovered in fishery stratum j multiplied by the modified tag ratio and expanded for
sampling rates and head and tag loss (Bernard and Clark, 1996):

A m; 6

T = ﬁ (Eq. 2)
where m; ; is the number of CWTs recovered from stock i in fishery J, ¢; is the sampling
expansion for fishery j, and A; is the expansion for head and tag loss in fishery j. Note that
subscript by was dropped in Eq. 2 to simplify the equation at no cost to generality. The estimated
total modified contribution of stock i in one or more fisheries j is calculated as:

T, =i (Eq. 3)

where T, is computed annually for each stock. Each brood is vulnerable to a fishery at one or
more ages, so the total modified contribution is indexed by age. The estimated brood year total
modified contribution of stock i is the sum harvest across ages vulnerable:

b/y\Ti = Za Ti,a (Eq- 4)

where age a ranges from 2 to 8; however, since 99% of fish harvested in the AABM troll
fisheries are ages 3 to 6, all other ages are ignored.. The brood year total modified contribution is
the catch of stock i across multiple calendar years.

Recall that the modified tag ratio standardizes the probability of a fish having a CWT within a
CWT hatchery stock group by weighting each CWT hatchery stock by the number of fish
released against the total number of fish released by the entire CWT hatchery stock group.
Hence, two CWT hatchery stocks that release the same number of fish would have the same
probability of capture and therefore the same modified tag ratio and if CWT hatchery stock 1
released more fish than CWT hatchery stock 2, CWT hatchery stock 1 would a higher probability
of capture and therefore a smaller modified tag ratio. Thus, in both cases from the
aforementioned example, we’d expect that the sum modified contribution of each CWT hatchery
stock would be equal under the null hypothesis that there was no difference, which is equivalent
to the indicator stock assumption.

An appropriate model to compare the brood year total modified contributions and control for
variability between broods is a two-way analysis of variance (ANOVA). The log-linear model is
written as:

log(byTi,by) =pu+a;+ppytepy (Eq. 5)



i=1,2,...,n;by=12 ..t

where u is the general mean, q; is the stock effect, p,,, is the brood year effect, and e; ;,, is the
random errors; note e; ,,~N(0, o). Equation 5 can be used to compare brood year total modified
contributions of any number of stock and brood years, though the choice of n and t will
determine the degrees of freedom available to test hypotheses. No interaction term was included
because there was not sufficient number of replicate hatchery release-groups.

There are three hypotheses of interest: 1) differences between stocks, 2) difference between QUE
and other stocks, and 3) all pairwise differences between stocks. The latter two hypotheses are
post hoc tests, and where appropriate, used adjusted p-values (Bretz et al. 2016). The first
hypothesis tests for differences among stocks, Hy: a; = - = a,, vs H,: @; # a;. Hypothesis 1
was calculated using the traditional F test in a two-way ANOVA and was computed in R
(Experimental design book, R core team, 2016). If the first hypothesis was not significantly
different, no further hypotheses were tested. The second hypothesis tests for a difference

between QUE and all other stocks, Hy: C = agug —%(ai +t+ay) =0 vs Hy: C = agyg —

%(ai + -+ a,) # 0, where agyg was the mean of QUE and %(ai + -+ a,) was the average

of the means of the other stocks. If C = 0, it indicates that there was no difference between QUE
and the average of the other stocks. If C > 0, it indicates that QUE on average was exploited at a
higher rate than the average of the other stocks and similarly if € < 0, it indicates that QUE on
average was exploited at a lower rate than the average of the other stocks. The third hypothesis
tests for differences between all stocks, Hy: C = a; —a; =0 vs H,: C = a; —a; # 0, for all
i # j, resulting in n(n-1)/2 comparisons. Conducting statistical tests of all pairwise differences
increases the chances of making a Type-I error, so hypothesis three was applied once. The
interpretation of C in hypothesis 3 is similar to that of hypothesis 2: C = 0 implies no difference
between stock i and stock j, C > 0 implies that stock i was exploited at a higher rate than stock |,
and C < 0 implies that stock i was exploited at a lower rate than stock j. Hypotheses 2 and 3
were computed using the multcomp package in R (Hothorn et al. 2008).

The feasibility of the modified contribution method was evaluated by comparing hatchery
release-groups released at the NOAA research hatchery at Little Port Walter in Alaska and is
discussed in Appendix A. A test of robustness of the modified contribution method to removal of
a highly influential stock (QUE) is presented in Appendix C.

DATA

The eight hatchery stocks used in the analysis are, from north to south: Hoko Falls (HOK),
Salmon River (QUE), Makah (SOO), Quinault Lake (QNT), Quinault (QN2), Humptulips
(HUM), Naselle (NAS), and Forks Creek (FCH) (Table 1). Values of R; ,,, m; ;, ¢}, and 4; were
retrieved online from the Regional Mark Information System (RMIS) database
(http://www.rmpc.org). Data from RMIS were loaded into the CTC’s CAS database in order to
relate CWT recoveries to the standard fishery definitions used by the CTC. The number of
Washington Coast CWT hatchery release-groups varied by stock and brood year (Appendix D).
Across brood years, QUE hatchery release-groups were the most consistent, with regular releases
since brood year 1985. Hatchery release-groups from SOO, QNT, QN2, and HOK were a little
less consistent, with nearly continuous releases since brood year 1985. Hatchery release-groups
from FCH, HUM, and NAS were the least consistent. Nearly 90% of the hatchery release-groups
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were comprised of 100,000 or more fish with an average of 175,000 fish per hatchery release-
group. Hatchery release-groups from QNT were the smallest, with four release-groups less than
50,000. The CWT tag codes used in this analysis are available upon request.

Five separate brood year and stock combinations were selected to compare a maximal number of
hatchery release-groups, within the constraints of the brood year data available (Table 3). Breaks
in the brood year time series were present in most of the analyses; however, the existence of
breaks does not prevent application of the modified contribution method. Data after brood year
2009 were not considered in this analysis because catch information for these brood years was
not complete.

Each brood year and stock combination examined compares a unique set of stocks. Analysis 1
compared the three CWT indicator stocks from the Washington Coastal stock aggregate that the
CTC regularly reports (TCCHINOOK 15-(01) V1). Analysis 2 compared CWT hatchery stocks
across the entire Washington Coast aggregate. Analysis 3 was the same as Analysis 1 except that
it included a stock from Willapa Bay, FCH. Analysis 4 was similar to Analysis 3, but it included
two stocks near QUE — QN2, QNT. Analysis 5 compared only stocks from North Washington
Coast.

RESULTS

Modified tag ratios and brood year total modified contributions were calculated for the five stock
and brood year combinations. QUE often had the greatest modified contribution, whereas SOO
often had the smallest (Figure 3). Error bars in Figure 3 show the standard error of modified
contributions for Analyses 1-5; as expected, analyses with more years of data have smaller
standard errors. Although not depicted in Figure 3, stocks with higher modified contributions
tended to have greater variability, which was as expected for log-normally distributed data.
Scatterplots of the log modified contribution for Analyses 1-5 can be found in Appendix A.
Under the null hypothesis, expected values should fall on the 1:1 line in each scatterplot, which
provides a visual means to compare pairwise differences between hatchery release-groups.
Scatterplots for each analysis highlighted differences among most of the stocks in the analysis.
Analyses with more brood years in the comparison— 1, 3, and 5— indicated that QUE had
consistently greater modified contributions than other stocks, with the exception of QNT.

Two-way ANOVAs were calculated for the five stock and brood year combinations (Table 4).
All analyses were significant, p <0.001. In all of the analyses, the stock effect was significant, p
<0.001, indicating that in each analysis at least two stocks were significantly different. The brood
year effect was significant in all of the analyses, p<0.05.

Comparisons show that QUE was significantly different from the other stocks in all analyses, p
<0.05 (Table 5). The difference of QUE to the average of the other stocks was greater than 0 in
all comparisons. Pairwise comparisons of the Northern Washington Coast stocks were significant
in 5 of the 6 comparisons, p <0.001 (Table 6). An additional analysis was conducted to
determine if the presence of QUE in the analyses was driving the significance of the stock effect;
results were robust to the removal of QUE (Appendix C).

DISCUSSION

The analysis clearly indicates that the QUE indicator stock does not share the same ocean
distribution of fishing impacts as the other Washington Coastal hatchery releases. Differences in



the contributions to fisheries between stocks were significant in all comparisons, indicating that
QUE may not represent all stocks along the Washington coast and may not represent stocks in
the same geographic area such as Makah (SOQO), Quinault Lake (QNT), or Quinault (QN2). QUE
consistently over-represented fishery impacts in SEAK and NBC AABM troll fisheries relative
to other Washington Coastal stocks it is assumed to represent. Given that hatchery releases from
the Strait of Juan de Fuca and Willapa Bay regions combined represent nearly three quarters of
the annual Washington Coast hatchery production, the inability of QUE to represent all
Washington Coastal fall hatchery production is cause for a serious reevaluation of the
assumptions for use of this exploitation indicator stock in estimation of fishery impacts. This
apparent bias also has implications for the validity of management objectives of Washington
Coast stocks, since many of the production models for these stocks are based on run
reconstructions of ocean impacts from QUE recovery data.

These results also bring into question the scientific rigor of current assessments of natural-origin
Washington Coast stocks. The validity of QUE (or any of the other hatchery stocks) as a
surrogate for natural-origin stocks has never been evaluated to verify that exploitation rate of
hatchery-origin indicator stocks adequately represent the harvests and exploitation rates of
natural stocks. Although only part of the exploitation history of these stocks, the pattern of
AABM fishery contributions differs from other Washington Coast hatchery releases across all
analyses conducted herein, raising questions regarding the true exploitation rate and distribution
of total mortalities of all natural-origin stocks along the Washington coast.

The use of QUE as the sole Washington Coast exploitation indicator stock by the CTC is
problematic and rife with implications for the management and evaluation of fisheries under the
Pacific Salmon Treaty (PST). The CTC uses data from recoveries of QUE releases to generate
estimates of age- and fishery-specific exploitation and maturation rates from cohort analysis
combined with data on catches, escapements, incidental mortalities, and stock enhancement to
complete an annual calibration of the PSC Chinook Model. Output from the model and related
statistics are used to set harvest limits for AABM fisheries and used to evaluate compliance of all
fisheries under the PST. Consequently, all CTC analyses that use QUE as the sole indicator stock
of the Washington Coast stock aggregate should be interpreted with caution until the validity of
this approach is evaluated.

We recommend that additional hatchery exploitation stocks used to represent distribution and
harvest of Washington Coast and Juan de Fuca Chinook stocks be established and that natural-
origin CWT indicator stocks be established. This would facilitate tracking of natural-origin fish
and allow carefully developed experiments to verify the assumption that hatchery-origin
Chinook adequately represent their natural-origin counterparts. An option for further
consideration until such time as natural origin Chinook are directly tagged is to use a blended
approach to represent this stock group using a combination of all available CWT data.
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TABLES AND FIGURES



Table 1.—Washington Coast hatchery release-groups.

Washington Coast Region Hatchery CWT Stock Acronym
Strait of Juan de Fuca Hoko Falls Hatchery HOK
Salmon River Fish Culture Hatchery QUE
Northern Washington Makah National Fish Hatchery SO0
Coast Quinault Lake Hatchery QNT
Quinault National Fish Hatchery QN2
Grays Harbor Humptulips Hatchery HUM
) Naselle Hatchery NAS
Willapa Bay
Forks Creek Hatchery FCH

Table 2.—Overall Chinook salmon hatchery and CWT+Ad production from Washington Coast by
Region, BY 1999-2014.

CWT+Ad All Releases
Washington Coast Region Average SD Average SD
Strait of Juan de Fuca 225,040 111,870 3,495,831 1,071,048
Northern Washington Coast 746,674 130,271 3,356,982 834,733
Grays Harbor 99,255 159,473 715,269 270,072
Willapa Bay 301,353 218,168 7,105,935 1,359,107

Table 3.—Description of the stocks and brood year combinations investigated.

Analysis Stocks Brood Years
1 QUE, HOK, SOO 1985-1987, 1989-2009
2 QUE, HOK, SO0, QNT, QN2, FCH, HUM, NAS  2003-2006
3 QUE, HOK, SOO, FCH 1985-1987, 1998-1999, 2003-2009
4 QUE, HOK, SO0, QNT, QN2, FCH 2003-2009
5 QUE, SO0, QNT, QN2 1986-1987, 1989-2001, 2003-2009
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Table 4.—ANOVA table for Analyses 1-5.

Source of Degrees of ~ Sum of Mean

Variation Freedom Squares  Square F Pr>F
Analysis 1: QUE, HOK, SOO
Brood year 23 45.338 1.971 2.636  0.003 **
Stock 2 67.263  33.631 44972 <0.001 ***
Error 46 34.400 0.748
Analysis 2: QUE, HOK, SOO, QNT, QN2, FCH, HUM, NAS
Brood year 3 12.957 4319 5.099 0.008 **
Stock 7 57.818 8.260 9.752 <0.001 ***
Error 21 17.786 0.847
Analysis 3: QUE, HOK, SOO, FCH
Brood year 11 25.983 2.362 2.841 0.010 **
Stock 3 47.969 15990 19.229 <0.001 ***
Error 33 27.441 0.832
Analysis 4: QUE, HOK, SOO, QNT, QN2, FCH
Brood year 6 17.100 2.850 3.137 0.017 *
Stock 5 58.178 11.636  12.808 <0.001 ***
Error 30 27.255 0.909
Analysis 5: QUE, SOO, QNT, QN2
Brood year 21 54.184 2.580 3.913 <0.001 ***
Stock 3 89.532 29.844 45.260 <0.001 ***
Error 63 41.542 0.659

Signif. codes: 0 “***°0.001 “**’ 0.01 “** 0.05
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Table 5.—Tests of the hypothesis that QUE was not different from the other stocks: Hy: C; = 0 vs
Hg: C; # 0 where contrast, C;, is defined separately for Analyses 1-5.
Standard
Analysis Contrast Estimate Error t Pr>F
1 Cl = (XQUE - E((XHOK + 0(500) 1725 0216 7977 <0001 ok
> C2=us =5 (o + @onr + dona + @s00 | 19 0492 2420 0025  *
+ apcy + Ayym + Anas)
1
3 C3 = agye — §(aH0K + +aso0 + Arcy) 1.657 0.304 5452 <0.001 **=*
4 Co=aous — 5 (@nox + Gonr + Goma ¥ @00 519 0.395 3.849 <0.001 ***
+ apep)
1
5 Cs = ague — §(aQNT + agnz + As00) 1.087 0.200 5.437 <0.001 ***

Signif. codes: 0 “***’ (0.001 “*** 0.01 “** 0.05

Table 6.—Comparison of mean brood year total modified contributions of all hatchery release-groups

from Analysis 5.

Contrast Estimate Standard Error t Pr>F
QN2-QUE=0 -0.974 0.245 -3.980  0.001 **
ONT -QUE=0 0.115 0.245 0.468 0.966
SO0 -QUE=0 -2.401 0.245 -9.807 <0.001 ***
QNT-QN2=0 1.089 0.245 4448 <0.001 ***
SO0 -QN2=0 -1.427 0.245 -5.827 <0.001 ***
SO0 -QNT =0 -2.516 0.245 -10.275 <0.001 ***

Signif. codes: 0 “***> 0.001 “**’ 0.01 “*” 0.05
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Figure 1.—-Map showing Washington Coast regions (source:
http://www.rmis.org/files/rmis_maps/RMIS_Atlas Domain_WA.pdf).
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Figure 2.—Average annual hatchery production of Washington Coastal stocks by region, for brood
years 1999-2014.
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APPENDIX A: BROOD YEAR TOTAL MODIFIED
CONTRIBUTION SCATTERPLOTS
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Appendix A.1.-Log brood year total modified contribution scatterplots for Analysis 1.
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Appendix A.2.—Log brood year total modified contribution scatterplots for Analysis 2.
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Appendix A.3.-Log brood year total modified contribution scatterplots for Analysis 3.
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Appendix A.4.—Log brood year total modified contribution scatterplots for Analysis 4.
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Appendix A.5.-Log brood year total modified contribution scatterplots for Analysis 5.
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APPENDIX B: FEASIBILITY ANALYSIS OF THE
MODIFIED CONTRIBUTION METHOD: LITTLE PORT
WALTER
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The efficacy of the modified contribution method was evaluated by comparing hatchery release-
groups released at the NOAA research hatchery at Little Port Walter in Alaska. Beginning in the
early 1980s, two separate broodstocks were collected from the Chickamin and Unuk rivers and
reared at Little Port Walter. Concurrent hatchery releases-groups have since occurred from
1991-1999 and 2001-2011

Both the Chickamin and Unuk rivers are from the same region in Southeast Alaska and both
stocks have similar distributions and life histories. Since both broodstocks are released from the
same hatchery, are from the same region originally, have similar life histories, and similar
distributions, it was expected that the modified contribution method would not detect a difference
between the two stocks. Beginning in brood year 1991, hatchery release-groups of both
broodstocks have been released concurrently with sufficient CWTs to facilitate a comparison
between release-groups. Modified contributions were calculated using the SEAK AABM troll,
net, and sport fisheries (Appendix E). The modified contributions of both broodstocks were
similar across all brood years (Appendix B.1, left panel). Furthermore, the log modified
contributions of each stock by brood year, when plotted against each other, fell almost exactly on
the 1:1 line, which is what would be expected under the null hypothesis (Appendix B.1, right
panel). Based on ANOVA results, the stock effect was not significant (Appendix B.2). The
results of this analysis show that modified contribution method works as anticipated.

Appendix B.l.—Average brood year total modified contribution of Chickamin (CHIC) and Unuk
(UNUK) broodstock (left panel). Log brood year total modified contribution scatterplot (right panel).
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Appendix B.2.-ANOVA table for Little Port Walter analysis.

Source of Degrees of Sumof Mean

Variation  Freedom Squares Square F Pr>F
Brood year 17  39.115 2301 25238 <0.001 ***
Stock 1 0.284 0.284 3.115 0.096
Error 17 1.550  0.091

Signif. codes: 0 “***’ (0.001 “*** 0.01 “** 0.05
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APPENDIX C: REMOVE QUEETS ANALYSIS
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Tests of significance in two-way ANOVAs compare mean values across all groups and the
inclusion of a group that is very different from all of the others could be the sole factor in
observed significant differences. The stock effect was significant (p<0.001) in all five of our
analyses, but we hypothesize that this conclusion could be the result of including data from QUE
in all of the analyses. Our hypothesis is based on the following: visually, modified contributions
of QUE were different than the modified contributions of the other stocks (Figure 3; Appendix
A); and, QUE was significantly different than the other stocks (Table 5). To evaluate this
possible explanation for the significant result, data from QUE releases were removed from each
of the analyses and the modified tag ratios and modified contributions re-computed for each of
the remaining stocks. The null hypothesis in this case would be that removal of QUE from the
analyses will not affect the conclusions of a significant stock effect in all five analyses. Recall
that the modified tag ratio is calculated as:

_ ZibyRi

Ouny = ", (Eq. C.1)

where the omission of a stock from the analysis, given that i >2, will only change the numerator,
and thus not change the ratio of the modified tag ratios for any of the remaining stocks:
G=q; Q%] (Eq. C.2)

J
and it follows that the relationship of the modified contributions will also remain the same.
Removal of a stock from the analysis was anticipated to have largely two different influences:

1. The removal of a stock(s) will result in a modified tag ratio that is strictly less than the previous
tag ratio, with the opposite also being true, that the addition of a stock(s) will give a modified tag
ratio that is strictly greater. Noting that larger tag ratios have greater uncertainty, and vice versa,
the omission of a stock will only impact the uncertainty around the modified contribution
estimate. However, because the sum modified contribution is log-transformed, some of the stock
addition or removal effect is mitigated.

2. The removal of a stock(s) will decrease the degrees of freedom used to test the main stock effect
by (n-1) and (n-1)*(t-1) degrees of freedom. Fewer stocks could mean less ability to detect
differences, especially when t (the number of brood years) is small.

After removing data from QUE and re-running the analyses, we found that the removal of QUE
did not change the main conclusion — the stock effect remained significant in all five analyses
(Appendix C.1). We could not reject the null hypothesis that removal of QUE would not affect
the conclusions. These results show that the conclusions gained from the comparisons are valid
for all stocks and are robust to the influence of data from QUE.
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Appendix C.1.—ANOVA table for Analyses 1-5 with QUE removed.

Source of Degrees of Sumof Mean

Variation  Freedom Squares Square F Pr>F
Analysis 1: QUE, HOK, SOO
Brood year 23 47396 2.061 2341 0.023 *
Stock 1 18967 18.967 21.550 <0.001 ***
Error 23 20.243 0.880

Analysis 2: QUE, HOK, SOO, QNT, QN2, FCH, HUM, NAS

Brood year 3 13.873 4.625 5455
Stock 6 52.078 8.680 10.239
Error 18 15259 0.848

Analysis 3: QUE, HOK, SOO, FCH

Brood year 11 30.841 2.804 3.253
Stock 2 22.644 11322 13.138
Error 22 18.959 0.862

Analysis 4: QUE, HOK, SOO, QNT, QN2, FCH

Brood year 6 17.406 2901 2.903
Stock 4 44.035 11.009 11.018
Error 24 23980 0.999

Analysis 5: QUE, SOO, QNT, QN2

Brood year 21 48484 2309 2.708
Stock 2 70.038 35.019 41.077
Error 42  35.806 0.853

0.008
<0.001

0.009
<0.001

0.028
<0.001

0.003
<0.001

kk

koksk

kK

skksk

koksk

kK

skksk

Signif. codes: 0 “***” (0.001 “**’ 0.01 “*’ 0.05
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APPENDIX D: HATCHERY RELEASE-GROUPS, MODIFIED
TAG RATIOS, AND MODIFIED CONTRIBUTIONS
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Appendix D.1.—Number of Ad+CWTs fish released by hatchery and brood year.

Brood Stock
Year FCH HOK HUM NAS QN2 QNT QUE SO0 Total
1985 208,302 123,563 215,738 202,924 201,209 117,674 137,990 1,207,400
1986 211,092 144,482 201,468 200,006 99,925 199,013 127,387 1,183,373
1987 207,950 199,740 209,254 193,395 151,701 101,914 203,819 1,267,773
1988 206,735 161,118 147,936 132,135 647,924
1989 110,572 203,892 187,402 143,129 120,787 93,972 859,754
1990 164,815 207,589 193,235 137,094 164,504 173,677 1,040,914
1991 182,308 158,079 92,806 168,795 248,384 850,372
1992 177,056 189,731 94,130 165,014 126,876 752,807
1993 202,858 180,775 122,109 170,604 261,790 938,136
1994 144,132 197,922 137,487 80,019 271,025 830,585
1995 199,041 182,411 130,440 209,929 223,712 945,533
1996 81,578 184,158 137,991 206,522 105,907 716,156
1997 200,516 188,538 144,675 200,731 240,765 975,225
1998 242,011 178,002 193,421 126,044 175,687 187,220 1,102,385
1999 204,257 141,633 207,247 42,378 179,685 258,306 1,033,506
2000 136,880 196,903 36,091 186,609 245,710 802,193
2001 157,639 191,935 39,888 204,251 259,391 853,104
2002 203,669 181,046 250,529 635,244
2003 192,238 260,590 196,605 198,318 182,936 31,661 206,096 228,862 1,497,306
2004 194,111 211,296 180,029 198,220 176,487 173,153 170,652 230,523 1,534,471
2005 202,922 67,347 236,285 198,596 206,823 184,372 194,075 252,446 1,542,866
2006 199,782 78,892 198,689 209,561 97,044 215,153 201,780 194,614 1,395,515
2007 201,838 210,854 189,570 205,869 186,540 252,628 1,247,299
2008 197,835 67,479 197,512 157,773 218,187 238,849 1,077,635
2009 198,941 155,144 101,863 176,530 200,838 214,648 242,077 1,290,041
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Appendix D.2.-Number of Ad+CWTs released and modified tag ratios for Analysis 1.

Ad+CWTs Released Modified Tag Ratio
Brood year HOK QUE SO0 HOK QUE SOO
1985 123,563 117,674 137,990 3.07 322 275
1986 144,482 199,013 127,387 3.26 237  3.70
1987 199,740 101,914 203,819 2.53 496 248
1989 110,572 120,787 93,972 2.94 269  3.46
1990 164,815 164,504 173,677 3.05 3.06 290
1991 182,308 168,795 248,384 3.29 355 241
1992 177,056 165,014 126,876 2.65 2.84  3.70
1993 202,858 170,604 261,790 3.13 372 243
1994 144,132 80,019 271,025 3.44 6.19 1.83
1995 199,041 209,929 223,712 3.18 3.01 2.83
1996 81,578 206,522 105,907 4.83 1.91 3.72
1997 200,516 200,731 240,765 3.20 320 2.67
1998 178,002 175,687 187,220 3.04 3.08  2.89
1999 141,633 179,685 258,306 4.09 323 224
2000 136,880 186,609 245,710 4.16 3.05 232
2001 157,639 204,251 259,391 3.94 3.0 240
2002 203,669 181,046 250,529 3.12 351 254
2003 260,590 206,096 228,862 2.67 337 3.04
2004 211,296 170,652 230,523 2.90 3.59 2.66
2005 67,347 194,075 252,446 7.63 2.65 2.04
2006 78,892 201,780 194,614 6.02 236 244
2007 210,854 186,540 252,628 3.08 3.48 257
2008 67,479 218,187 238,849 7.77 240  2.20
2009 155,144 214,648 242,077 3.94 2.85 253
2010 178,081 161,952 252,961 3.33 3.66 234
2011 247,131 194,550 205,444 2.62 333 3.15
2012 263,519 196,583 199,639 2.50 336 3.30
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Appendix D.3.—~Number of Ad+CWTs released and modified tag ratios for Analysis 2.

Brood Ad+CWTs Released

year HOK QUE SO0 QNT QN2 FCH HUM NAS

2003 260,590 206,096 228,862 31,661 182,936 192,238 196,605 198,318
2004 211,296 170,652 230,523 173,153 176,487 194,111 180,029 198,220
2005 67,347 194,075 252,446 184,372 206,823 202,922 236,285 198,596
2006 78,892 201,780 194,614 215,153 97,044 199,782 198,689 209,561

Brood Modified Tag Ratio

year HOK QUE SO0 QONT QN2 FCH HUM NAS
2003 5.75 7.27 6.54 47.29 8.18 7.79 7.62 7.55
2004 7.26 8.99 6.66 8.86 8.69 7.91 8.52 7.74
2005 22.91 7.95 6.11 8.37 7.46 7.60 6.53 7.77
2006 17.69 6.92 7.17 6.49 14.38 6.99 7.02 6.66
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Appendix D.4.—Number of Ad+CWTs released and modified tag ratios for Analysis 3.

Brood Ad+CWTs Released Modified Tag Ratio

year HOK QUE SO0 QNT FCH HOK QUE SOO QNT FCH
1985 123,563 117,674 137,990 208,302 215,738 6.50 6.83 5.82 3.86 3.72
1986 144,482 199,013 127,387 211,092 201,468 6.11 4.44 694 419 439
1987 199,740 101,914 203,819 207,950 209,254 462 905 453 444 441
2003 260,590 206,096 228,862 31,661 192,238 353 446 4.02 29.04 478
2004 211,296 170,652 230,523 173,153 194,111 464 574 425 5.66  5.05
2005 67,347 194,075 252,446 184,372 202,922 13.38 4.64 3.57 489 4.44
2006 78,892 201,780 194,614 215,153 199,782 11.28 4.41 4.57 4.14 4.46
2007 210,854 186,540 252,628 205,869 201,838 5.02 5.67 4.19 5.14 524
2008 67,479 218,187 238,849 157,773 197,835 13.04 4.03 3.68 5.58 445
2009 155,144 214,648 242,077 200,838 198,941 6.52 471 4.18 5.04 5.09
2010 178,081 161,952 252961 218,016 194,364 5.65 621 397 461 5.17
2011 247,131 194,550 205,444 212,609 201,823 430 546 5.17 499 5.26
2012 263,519 196,583 199,639 198,230 199,030 401 538 5.29 5.33  5.31
Appendix D.5.-Number of Ad+CWTs released and modified tag ratios for Analysis 4.

Brood Ad+CWTs Released Modified Tag Ratio

year HOK QUE SO0 ONT QN2 FCH HOK QUE SOO OQNT QN2 FCH
2003 260,590 206,096 228,862 31,661 182,936 192238 423 535 482 3482 6.03 5.73
2004 211,296 170,652 230,523 173,153 176,487 194111 547 678 5.02 6.68 6.55 5.96
2005 67,347 194,075 252,446 184,372 206,823 202922 1645 571 439 6.01 536 5.46
2006 78,892 201,780 194,614 215,153 97,044 199782 12.51 4.89 5.07 459 10.17 494
2007 210,854 186,540 252,628 205,869 189,570 201838 592 6.69 494 6.06 658 6.18
2008 67,479 218,187 238,849 157,773 197,512 197835 1597 494 451 683 546 545
2009 155,144 214,648 242,077 200,838 176,530 198941 7.66 554 491 592 6.73 597




Appendix D.6.—Number of Ad+CWTs released and modified tag ratios for Analysis 5.

Brood Ad+CWTs Released Modified Tag Ratio
year QUE SOO QNT QN2 QUE SOO QNT QN2
1986 199,013 127,387 99,925 200,006 3.15 4.92 6.27 3.13
1987 101,914 203,819 151,701 193,395 6.39 3.19 4.29 3.37
1989 120,787 93,972 143,129 187,402 4.51 5.80 3.81 291
1990 164,504 173,677 137,094 193,235 4.06 3.85 4.88 3.46
1991 168,795 248,384 92,806 158,079 3.96 2.69 720 423
1992 165,014 126,876 94,130 189,731 3.49 4.54 6.12 3.03
1993 170,604 261,790 122,109 180,775 431 2.81 6.02  4.07
1994 80,019 271,025 137,487 197,922 8.58 2.53 4.99 3.47
1995 209,929 223,712 130,440 182,411 3.56 3.34 572 4.09
1996 206,522 105,907 137,991 184,158 3.07 5.99 4.60 3.45
1997 200,731 240,765 144,675 188,538 3.86 3.22 5.35 4.11
1998 175,687 187,220 126,044 193,421 3.88 3.64 5.41 3.53
1999 179,685 258,306 42,378 207,247 3.83 266 1623 3.32
2000 186,609 245,710 36,091 196,903 3.57 2.71 18.43 3.38
2001 204,251 259,391 39,888 191,935 3.40 268 1744 3.62
2003 206,096 228,862 31,661 182,936 3.15 284 20.52 3.55
2004 170,652 230,523 173,153 176,487 4.40 3.26 434 425
2005 194,075 252,446 184,372 206,823 4.32 3.32 454  4.05
2006 201,780 194,614 215,153 97,044 3.51 3.64 3.29 7.30
2007 186,540 252,628 205,869 189,570 4.47 3.30 4.05 4.40
2008 218,187 238,849 157,773 197,512 3.72 3.40 5.15 4.11
2009 214,648 242,077 200,838 176,530 3.89 3.45 4.15 4.72
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Appendix D.7.—Brood year total modified contribution estimates for Analysis 1.

Brood Stock
year HOK QUE SO0
1985 139.80 587.40 84.10
1986 806.43 996.93 48.53
1987 643.67 1044.63 335.97
1989 259.71 968.02 266.33
1990 434.56 911.03 104.55
1991 349.25 269.95 4.97
1992 174.14 406.70 86.01
1993 594.20 2024.08 157.58
1994 481.87 388.62 109.35
1995 158.36 250.20 99.72
1996 137.26 295.98 12.54
1997 120.00 989.42 41.46
1998 715.66 1889.81 318.36
1999 1161.52 2117.14 464.74
2000 167.25 1379.10 652.99
2001 622.74 1676.58 648.42
2002 288.29 632.31 63.14
2003 662.56 762.79 29.78
2004 84.90 1445.47 0.00
2005 400.96 1447.36 257.84
2006 223.81 1048.16 14.68
2007 581.54 3259.10 505.35
2008 194.71 1947.62 207.52
2009 251.03 1343.44 57.58
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Appendix D.8.—Brood year total modified contribution estimates for Analysis 2.

Brood Stock

year FCH HOK  HUM  NAS QN2 QNT QUE SOO
2003 1178.21 142629 2872.61 1069.69 690.39 1909.17 1642.06 64.12
2004 622.77 21271 1798.71 637.80 1110.12 251041 3621.45 0.00
2005 2827.50 1203.88 4836.60 4155.64 1971.64 5788.72 4345.62 774.16
2006 1104.71 657.14 4510.85 1099.71 2008.77 1838.89 3077.56 43.10

Appendix D.9.—Brood year total modified contribution estimates for Analysis 3.

Brood Stock
year FCH HOK QUE SO0
1985 1252.92 216.59 910.05 130.29
1986 1253.28 116795 1443.84 70.29
1987 1410.76 908.48 147439  474.18
1998 534.43 1035.86 2735.34 460.79
1999 1511.91 1570.83 2863.21 628.52
2003 698.59 845.68 973.61 38.02
2004 327.35 111.81 1903.59 0.00
2005 1313.61 559.30 2018.90 359.66
2006 534.39 317.89 1488.74 20.85
2007 1156.89 762.11 4271.08 662.26
2008 177.27 268.16 2682.22 285.80
2009 41498 332.65 1780.25 76.30

Appendix D.10.—Brood year total modified contribution estimates for Analysis 4.

Brood Stock

year FCH HOK QN2 QNT QUE SOO
2003 867.45 1050.10 508.30 1405.62 1208.95 47.20
2004 469.25 160.28 836.47 1891.59 2728.76 0.00
2005 2030.52 864.55 141590 4157.08 3120.74 555.95
2006 781.53 46490 1421.12 1300.93 2177.24 30.49
2007 169392 1115.89 919.63 7621.12 6253.75 969.68
2008 264.46  400.05 777.87 3493.35 400147 426.36
2009 608.12 48747 470.88 4685.61 2608.81 111.81
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Appendix D.11.-Brood year total modified contribution estimates for Analysis 5.

Brood Stock
year QN2 QNT  QUE SO0

1986 52322 1296.66 1326.04 64.56
1987 34592 58639 1345.03  432.58
1989 483.34 1301.61 1622.50 446.40
1990 25995 1015.58 1210.81  138.95
1991 238.78  360.64  300.84 5.54
1992 705.14 41036 49933  105.60
1993 1821.04 1671.38 2342.79  182.39
1994 200.81  596.05 538.74  151.59
1995 22443 58293 29521 117.66
1996 82.98 73220  476.70 20.19
1997 411.56 1897.32 1193.92 50.04
1998 552.68 4012.52 2384.05 401.62
1999 1270.47 324045 2511.60  551.33
2000 634.18 350842 1611.97  763.25
2001 1015.65 3761.52 1876.78  725.84
2003 299.50 82823 71235 27.81
2004 543.18 122834 1771.97 0.00
2005 1070.52 3143.05 2359.50  420.34
2006 1019.98  933.72 1562.67 21.88
2007 61536 5099.53 4184.58  648.85
2008 586.36 2633.29 301630  321.39
2009 330.56 3289.27 1831.37 78.49
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APPENDIX E: FISHERY DEFINITIONS
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Appendix E.1.—Description of the fisheries used in the Washington Coast Analyses.

Fishery Description

NBC AABM Troll North Fall Troll
North Spring Troll
North Summer Troll

SEAK AABM Troll Alaska Early Winter North Inside Troll
Alaska Early Winter North Outside Troll
Alaska Early Winter South Inside Troll
Alaska Fall North Inside Troll
Alaska Fall North Outside Troll
Alaska Fall South Inside Troll
Alaska Fall South Outside Troll
Alaska July North Inside Troll
Alaska July North Outside Troll
Alaska July South Inside Troll
Alaska July South Outside Troll
Alaska June North Inside Troll
Alaska June North Outside Troll
Alaska June South Inside Troll
Alaska June South Outside Troll
Alaska Late Winter North Inside Troll
Alaska Late Winter North Outside Troll
Alaska Late Winter South Inside Troll
Alaska Late Winter South Outside Troll
Alaska Spring North Inside Troll
Alaska Spring North Outside Troll
Alaska Spring South Inside Troll
Alaska Spring South Outside Troll

Source: Fishery definitions used in the CTC’s 2016 ERA (TCCHINOOK 16-03)
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Appendix E.2.—Description of the fisheries used in the Little Port Walter analysis.

Fishery Description

SEAK AABM Sport  Alaska Southeast Sport

SEAK AABM Troll  Alaska Early Winter North Inside Troll
Alaska Early Winter North Outside Troll
Alaska Early Winter South Inside Troll
Alaska Fall North Inside Troll
Alaska Fall North Outside Troll
Alaska Fall South Inside Troll
Alaska Fall South Outside Troll
Alaska July North Inside Troll
Alaska July North Outside Troll
Alaska July South Inside Troll
Alaska July South Outside Troll
Alaska June North Inside Troll
Alaska June North Outside Troll
Alaska June South Inside Troll
Alaska June South Outside Troll
Alaska Late Winter North Inside Troll
Alaska Late Winter North Outside Troll
Alaska Late Winter South Inside Troll
Alaska Late Winter South Outside Troll
Alaska Spring North Inside Troll
Alaska Spring North Outside Troll
Alaska Spring South Inside Troll
Alaska Spring South Outside Troll

SEAK AABM Net Alaska District 101 And 102 Gillnet
Alaska District 106 And 108 Gillnet
Alaska District 111 Gillnet
Alaska District 115 Gillnet
Alaska Southeast Other Gillnet
Alaska Southeast Set Gillnet
Alaska District 101 & 102 Seine
Alaska District 103 & 104 Seine
Alaska District 105 106 & 107 Seine
Alaska District 109 & 110 Seine
Alaska District 111 Seine
Alaska District 112 Seine
Alaska District 113 Seine
Alaska District 114 Seine
Alaska Trap

Source: CTC’s 2016 ERA
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APPENDIX F: MODEL DIAGNOSTICS OF ANALYSES 1-5
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Appendix F.1.—Residual vs fitted plots from each of the analyses. Panel A is the residual vs fitted plot
from Analysis 1. Panel B is the residual vs fitted plot from Analysis 2. Panel C is the residual vs fitted plot
from Analysis 3. Panel D is the residual vs fitted plot from Analysis 4. Panel E is the residual vs fitted plot
from Analysis 5.
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