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EXECUTIVE SUMMARY

Coded-wire tagged (CWT) hatchery groups are used as indgtatits to represent naturally-
spawning stocks originating within the same basin and regibime intent of the indicator

stock program is to derive information on fishery disttitn and exploitation rates in ocean
fisheries using cohort analysis methods (ASFEC 1997). C\W@& recoveries from sampled
fisheries and escapement are used to estimate landed atahded mortalities (e.g., shaker
mortality, catch-and-release mortality in speciesdele fisheries) for input to the cohort
analysis. Mass-marking of hatchery production using apoad fin clip has provided

management with the option of using mark-selective fiskewhich allow the release of
unmarked fish while marked (adipose fin clipped) hatchery éah be exploited. This

introduced a new type of non-landed mortality that previmethods in cohort analysis did
not address (ASFEC 1997, SFEC-AWG 2002). The indicator steckgm was changed to
include double indexed tag (DIT) groups. Double index tagged (Didlips are paired

coded wire tagged (CWT) groups that are reared and rele@asedimilar manner and are
identical with the exception that one of the grouphépair is adipose fin clipped (marked)
and the second is not clipped (unmarked).

A workgroup of biologists and biometricians from WashingtomateS Tribes and the

Washington Department of Fish and Wildlife analyzed doutdex tag data for coho salmon
from brood years 1995-1997. Attempts were made to analyreoddbe stocks with four

methods (SFEC-AWG 2002). All of these methods rely enrdtio of the unmarked and
marked tag groups in each DIT indicator group. Two of thé¢hous estimate the total
mortality of unmarked fish in all mark-selective fishermsmbined. The remaining two
methods estimate the total mortality of unmarked fisihdividual fisheries.

For each analysis, the assumptions of the four metiveds evaluated and several concerns
identified. These concerns range from assumption oktdue to sampling methods that
may be alleviated to violations due to inherent impact®oflacting mark-selective fisheries

that may not be correctable. An overall analysials® conducted to examine whether the
mark-selective fisheries have detectable impacts oodhe salmon tag groups in these years.

Seventeen hatchery-release DIT programs for Washingtastatostocks and Washington
Puget Sound stocks are analyzed for brood years 1995, 1996, and 199 tbe analyses
two concerns related to sampling and data were identified.

Inadequate reporting and samplin§ome spawning ground escapements and fisheries were
not sampled for coded wire tags. There are also feshe&vith no recorded catch, and tagged
recoveries from escapements and catches that weracnotinted for. These sources of
unsampled or non-reported mortalities or escapements wop&tt exploitation rate analysis
whether fish were double index tagged or not and whéistegries were mark-selective or
not. The consequences of inadequate reporting and samplinhiemed estimates of
exploitation rates.

Reporting errors:There were errors noted in the release databade'fielating to whether a
tag code was DIT, whether the fishery is mark-selectidentification of the detection
method used in the fishery, and identification of thatesl group ID.

! Coded Wire Tag release and recovery data are maintajriée Pacific States Marine Fisheries Commission
on the Regional Mark Information System or RMIS.



Estimates of mortalities of unmarked tagged fish in maldetee fisheries

Estimates of unmarked mortalities were made using thréeeahethods described in SFEC-
AWG (2002). All of the methods use the information providedhgyunmarked-to-marked

ratio for the tag groups in the DIT groups. Two of thehods were designed to estimate
total unmarked mortalities summed over all mark-selecisteefies. Those methods were
applied and resulted in imprecise and often biased esimdtaprecision was due to the
small number of mortalities being estimated. The bias eue to violation of the assumption
that all fishery mortalities and all escapements sarapled and reported.

The third method, paired-ratio, was designed for pairing ai-selective and selective

fisheries (SFEC-AWG 2002). However, the number of tagpveries in the non-selective

fishery component of the non-selective|selectiveefigipairs was insufficient for a precise
estimate of the unmarked-to-marked ratio of the DIT groughennon-selective fishery for

extrapolation to the subsequent selective fishery. s€qurently, two alternative estimates
were calculated using ratios from release and escapement

The group was unable to determine which source of the unmtorkedrked ratio, at release
or at escapement, was preferred so estimates are cegortdoth. The estimates using
release ratios are expected to yield underestimates adrikach mortalities and the method
using escapement ratios are expected to yield overestin@t unmarked mortalities.
Therefore, reporting both provided a bounded range foeshmates.

Uncertainty in estimates of unmarked mortalities in rsglective fisheries is due to bias as
well as to sampling error (imprecision). Bias, unlikeertainty due to imprecision, cannot
be quantified using sampled data from unmarked fish in telaéry. The potential bias in
estimates was evaluated using a range of unmarked-to-markesl aatl release mortality
rates. The range of the ratio was bounded by the ratiedease and at escapement, although
the differences between the two were not significanttf@ individual brood years and
hatcheries. The range of release mortalities echbgethe authors was based on the release
mortality rates currently used in pre-season managemeael|s.

Differences between marked and unmarked tag groups

Tests were conducted that compared the escapementnaiasnof unmarked to marked DIT
fish to the ratio at release. If mark-selectivéhdises significantly impacted a stock, one
would expect the ratio observed at escapement to favorrkedhéish. When the tests were
conducted separately for each release group, 12 out of 37swaiBcant at the 0.05 level
with 10 of the 12 favoring unmarked fish in the observed pesoants. Most of the
significant results were observed in coastal stocks.

When averaged over all DIT releases and all return yhare was a detectable impact of
mark-selective fisheries on exploitation ratesis likely that the mortalities were too small to
be detected using individual release groups, but combining eetpasips improved the
power so that the impact was detected.



Recommendations

These recommendations from the workgroup are not listpdarity order.

The impact to managers of conducting a mark-selective rfisise that the indirect
estimation of unmarked, mark-selective mortalities adidstianal uncertainty that cannot
be directly quantified. As with drop-off mortality, chatand-release mortality, and sub-
legal mortality, these mortalities are indirectlyimsated and unlike landed mortality, the
uncertainties cannot be estimated from direct observadi tags in landed catch by
samplers. Managers should consider these uncertaamibsheir implications regarding
stock management objectives and the precision and acafrslyery evaluation tools.
Whenever a mark-selective fishery is proposed managerddsconsider the source of
data for estimating the unmarked-to-marked ralih ( The analyses for this report
illustrated the importance of the unmarked-to-marked rdtith@ DIT group, which is
used to estimate encounters and cohort size for unmarkedsaddnon. The bias and
precision in the estimate of this ratio is critical fll of the methods for estimating
unmarked mortalities in mark-selective fisheries.

The assumptions required to obtain unbiased estimates ofkednaortalities (using the
methods developed by the SFEC-AWG) were often difficulsdtisfy. Many of these
situations could have been avoided, however, if the assumapif the analytical methods
were considered during the preseason planning process. béfifdr communication
between technical support staff and fisheries managers ofahgse problems could be
avoided or minimized in the future.

All fisheries and escapements should be sampled. tyrieibuld be given to larger
fisheries and to spawning grounds where there may be samifstraying from indicator
hatchery stocks.

Evaluation of the impacts of mark-selective fisheriectgparison of the escapement of
marked and unmarked groups in the DIT pairs relies on srificiumbers of tags being
released. Future tag group sizes should be evaluated witbbjective in mind.

Hatchery release and recovery programs for CWT grougemeral and DIT groups in
particular should be reviewed. Release programs shoutdirmful that tagged fish are
randomly allocated to a mark status and that after tgfggarking, both groups are treated
similarly (i.e., preferably are reared together). Hatg programs for recovering CWTs
from returning adults should also be reviewed to identifylifg limitations and to ensure
that sampling|handling practices are not mark-dependent déferent detection devices
used for unmarked and marked fish).

Communication with hatchery managers and enhancemeimigistd on the goals and
requirements of the DIT program is important and mushamtained.

Training programs for samplers and hatchery staff shoeld¢dntinued and improved
where necessary.

Indicator stocks should be reviewed for their utility adidator stocks. Hatchery stocks
where returning tagged fish cannot be sampled in thepeseant (e.g., net pens, or
hatcheries with significant unsampled straying or annualdffog) should not serve as
candidates for the exploitation rate indicator stodgpam.
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1 INTRODUCTION

Coded-wire tagged (CWT) groups of hatchery salmon are use@ptesent naturally-
spawning stocks of salmon originating within the same baginr@gion. The intent of this
indicator stock program is to derive information on fighaistribution and exploitation rates
in ocean fisheries using cohort analysis methods (ASEEZ) under the assumption that the
hatchery fish will exhibit the same migrational timingdaocean distribution patterns as the
natural-origin fish they represent once they havetledt watershed. The CWT recoveries
from sampled fisheries and escapements are used to testlammled and non-landed
mortalities (e.g., shaker mortality and catch-and-ssleanortality in species-selective
fisheries) which are used as inputs to cohort analysiassiharking of hatchery production
using an adipose fin clip has provided management with phienoof using mark-selective
fisheries to allow the release of unmarked fish whileked hatchery fish can be exploited.
However, the mortality due to the release of the unmafikbds a new type of non-landed
mortality that previous methods in cohort analysis dcaddress (ASFEC 1997, SFEC-AWG
2002). Therefore, it was necessary to develop new mettwoastimate the unmarked
mortalities in mark-selective fisheries. The indizastock program was changed to include
double indexed tag (DIT) groups. Double indexed tag groups @catar tag pairs intended
to allow estimation of unmarked mortalities in mark-seec fisheries. The pair of tag
groups is treated in an identical manner in rearing, taggng release with the only
difference being that one tag group is marked (adiposdifiped) and the other is unmarked.

Mark-selective fisheries have been directed at cohe@ sif®8 and coded-wire tag data from
double indexed stocks impacted by these fisheries are vaNalde for brood years 1995-
1997. In this report “marked” refers to adipose fin-clipped and tagged fishthe DIT pair,
while “unmarked” refers to the unclipped and tagged fish in the pairMethods for
estimating unmarked mortalities due to catch and releaseark-selective fisheries using
DIT groups have been developed by the Selective Fisievesation Committee — Analysis
Work Group (SFEC-AWG 2002). Recognizing the need to analygecoho tag data to
estimate unmarked release mortalities in mark-seledtsberies and to evaluate the DIT
program in general, a workgroup consisting of tribal aatedbiologists, as well as members
of the SFEC-AWG was formed and charged with the task.

The analysis of the DIT data was used to answer tworgleretegories of questions:

1. Are the analytical methods developed for estimating tbegality of unmarked salmon
in mark-selective fisheries by the SFEC-AWG (2002) appleablthe coho data? Is
it possible to verify the assumptions of the methodsiverGthe assumptions, how
precise are the estimates?

2. Have the mark-selective fisheries resulted in lowertaiities on unmarked fish than
marked fish as evidenced by a higher escapement rate ofkethaanrd tagged fish?

This workgroup focused its efforts on estimating unmarked migsain mark-selective
fisheries using the analytical methods recently develdyetthe SFEC-AWG (2002). While
assessing the effectiveness of mark-selective fishécmegory 2) was not the primary goal
of this workgroup, some preliminary analyses were undantdakeexamine the relative
impacts on marked and unmarked fish as well as theineledntribution to escapement.



2 METHODS

2.1 Data Compilation

Data were pulled from the Pacific States Marine Fisi@oynmission (PSMFC) regional
mark informational system (RMISittp://www.rmis.org/)in October of 2002 for each DIT
group (Table 1). In this database, DIT releases are ifidentby a “D” in the
related_group_typdield. Tag codes belonging to the same DIT release gquoripnked by a
unique identifier in theelated_group_idield. Release information from the RMIS was used
to estimate unmarked-to-marked ratios at release (referrasitin this report) for each DIT
group. Table 1 shows these estimates as well astiheatsd unmarked-to-marked ratios of
DIT groups at escapement (from samples at hatchekg raed natural spawning grounds).
Only recoveries listed as sample type = 1 (“in-sampd®veries from a sampled fishery with
known catch”) in the PSMFC database were includedaratialyses which estimated tagged
harvest and escapement.

Several data quality control checks resulted in the degoof a number of errors in the
database. Some of these errors were related toeatrepdate in the format of the data to
PSC version 4.0 (e.g., new reporting requirements regandiether recoveries occurred in a
mark-selective fishery and whether or not electronicdeigction was in place) or to new
fields identifying DIT groups. A cross-tabulation for d2lIT release group of tag codes by
mark-status identified several coding errors (e.g., Imedéal related _group ifl The
detection_methofleld was examined to determine the extent of visual sagpécorded in
the database (this field was often incorrectly reportedfinally, the release mark
(cwt_1st_markn release database) was compared to the mark statuded by the sampler
(recorded_markin the recovery database) to determine problems withereimarking
individuals or identifying the mark status (see Section 3.2Hjrors were reconciled by
working with appropriate agency staff and corrected in RISMFC database whenever
possible.

RMIS provided estimates of tagged fish harvested or inpescant. These are based on tag
recoveries expanded to account for sampling fractiodgpproximate estimates of the
sampling variances associated with each recoverydevere calculated using:

Var(X) = O(:iz—s) (1)

<=

where X is the estimated number of tags recovered (i.e., akegansion for samplingl) is

the observed number of tag recoveries in the sampdes iarthe expansion rate to account for
catch sampling as well as lost or unreadable tags (Reamal Clark 1996). The variance of a
group of recoveries (e.g., all those recoveries makirng fighery) was estimated by summing
the variances of the individual tag recoveries undeagsumption that the recoveries were all
mutually independent. This estimate of variance asstina¢ghe catch is known and does
not include the covariance component for combined tagscane fisheries (which is usually
relatively small).



Table 1. Hatchery release groups, showing unmarked-to-maaked\) at release and

escapement

Hatchery|Sea Pen E\’(rgg:j Related Group ID Nol.?glz?saerlged ng.ell\e/I:sr;zgd ARe! AEse
Bingham Creek 1995 419972203 74,919 72,016 1.04 4.66
Bingham Creek 1995 419972204 72,340 71,971 1.01 1.67
Bingham Creek 1996 419981011 61,023 59,913 1.02 1.14
Bingham Creek 1996 419981012 65,229 63,980 1.02 1.08
Bingham Creek 1997 419991009 74,744 75,449 0.99 0.85
Forks Creek 1995 419972401 75,497 75,294 1.00 1.34
George Adams 1995 419971601 45,243 45,068 1.00 0.93
George Adams 1997 419991020 21,728 20,817 1.04 1.18
George Adams 1997 419991021 22,312 22,280 1.00 1.08
Humptulips 1995 419972201 79,143 79,073 1.00 1.22
Humptulips 1996 419981001 74,509 79,321 0.94 1.09
Kalama Creek 1996 1419989001 48,782 44,078 1.11 0.00
Kendall Creek 1996 419981002 44,889 88,332 0.51 0.55
Kendall Creek 1997 419991010 33,824 35,209 0.96 0.94
Lower Elwha 1995 1419979001 72,909 78,150 0.93 1.03
Lower Elwha 1996 1419989002 75,203 78,862 0.95 0.89
Lower Elwha 1997 141999DI03 77,378 74,940 1.03 1.11
Makah NFH 1996 071998WM43 38,133 49,196 0.78 0.75
Makah NFH 1997 071999WM55 37,980 39,657 0.96 0.83
Marblemount 1995 419970301 42,567 42,489 1.00 0.93
Marblemount 1996 419981003 45,090 43,347 1.04 1.29
Marblemount 1997 419991007 41,907 42,298 0.99

Port Gamble Bay Pens 1996 1419989004 49,500 50,017 0.99

Port Gamble Bay Pens 1997 141999DI05 52,593 49,420 1.06

Quilcene Bay Pens 1996 1419989006 44,859 42,377 1.06

Quilcene Bay Pens 1997 141999DI102 45,788 48,875 0.94 1.09
Quilcene NFH 1996 071998WC15 40,861 45,411 0.90 0.84
Quilcene NFH 1997 071999WC35 46,235 48,413 0.96 0.98
Quinault NFH 1996 071998WT50 82,697 83,318 0.99 0.76
Quinault NFH 1997 071999WT85 78,347 80,935 0.97 0.96
Salmon River 1995 1419979002 71,285 98,028 0.73 1.27
Salmon River 1996 1419989003 98,473 73,928 1.33 1.34
Salmon River 1997 141999DI04 68,234 72,236 0.94 1.50
Solduc 1996 419981009 73,698 71,336 1.03 1.12
Solduc 1997 419991005 69,987 73,132 0.96 1.10
Soos Creek 1996 419981005 41,127 44,781 0.92 0.74
Soos Creek 1997 419991004 41,879 42,430 0.99 1.29
Voights Creek 1996 419981007 20,761 19,927 1.04 0.89
Voights Creek 1996 419981008 20,077 20,106 1.00 1.29
Wallace River 1996 419981004 45,718 46,253 0.99 1.11
Wallace River 1997 419991002 45,091 45,005 1.00 1.06




Individual recovery records were mapped to fisheries usiegCoded-wire tag Retrieval and
Analysis System (CRAS) fishery definitions (CRASaigrogram maintained by the NWIFC
in Olympia, WA for the purpose of summarizing CWT dat@RAS fisheries are defined by
PSMFC recovery location codes and fishery gear codesAppendix 1). In two instances,
the CRAS fisheries grouped recoveries made in a nontiseldshery with those from a
mark-selective fishery:

1. In 1998, the CRAS fishery labeled “WA Area 2 Sport” cetesl of recoveries in
Willapa Bay|Grays Harbor mark-selective fisheries &l s recoveries from non-
selective fishing in Ocean Area 2.

2. In 1999, the opposite occurred. The CRAS fishery labeled “¥ea 2 Sport”
consisted of recoveries in Willapa Bay|Grays Harbor-selactive fishery as well as
recoveries from a mark-selective fishery in Oceara/&te

In both cases, the WA Area 2 sport fishery was sqtlit two fishery strata, “WA Area 2 SF
Sport” and “WA Area 2 NSF Sport.”

2.2 Key Assumptions

All fisheries and spawning areas must be sampled in oodebtain unbiased estimates of
exploitation rates using indicator tag groups (with ortheat DIT). In addition,
comprehensive sampling programs are necessary for obtaimbgased estimates of
unmarked mortalities using two of the DIT methods developeth®ySFEC (SFEC-AWG
2002). Finally, all of the SFEC methods for estimating anked mortalities assume that
marked and unmarked fish are treated identically during geamadl that they are sampled
identically (e.g., using the same electronic tag detectquipment) in fisheries and
escapement. Violations of these assumptions can himsatss of unmarked mortalities.
Therefore, the first step in analyzing the DIT date waevaluate the rearing and sampling
history for each DIT group. This step was accomplishedooyacting hatchery personnel; a
checklist of questions regarding potential concerns wasl @isefacilitate this inquiry
(Appendix 2).

2.3 Methods for Estimating Unmarked Mortalities in Mark-Selectivhéiies

Four methods for estimating unmarked mortalities in maldetge fisheries were developed
by the SFEC-AWG. The assumptions of the methodseduations required to implement
the methods, and the properties of the methods are lEsan their report (SFEC-AWG

2002). All of these methods depend on the relationship ketWe unmarked and marked
DIT groups, measured by the ratio of unmarked to markedXjsh (

These methods can be categorized into two groups: totthoohs and fishery-specific
methods. The total methods estimate the total impaainomarked fish summed over all
mark-selective fisheries by subtracting the numberstf diccounted for (in either escapement
or in non-selective fisheries) from an initial abunclarestimate. The total methods do not
produce fishery-specific estimates of mortalities. cémtrast, the fishery-specific methods
work by estimating the number of encounters of unmarkédirisa specific mark-selective
fishery. Estimates of unmarked mortalities in this figh&re then estimated by applying a



selective fishery catch-and-release mortality rsfie, to the estimated number of encounters.
Required assumptions for these methods are given in Zabid Table 3.

Table 2. Assumptions of the total methods (requibait notsfn).

Equal Marine Survival (EMS) M ethod

Key » There are no differential sources of mortality betweemarked and
Assumptions marked fish before the first mark-selective fishery.
» Allfisheries and escapement of both unmarked and markedrésh
adequately sampled.
» There are no non-fishing sources of mortality (i.atural mortality)
on three year old fish.
» Effects of multiple mark-selective fisheries do notchezbe
separable by fishery.

Equal Exploitation Rate (EER) M ethod

Key * An appropriate non-selective fishery is available tavesie the\ at
Assumptions large (for each DIT group) in pre-terminal areas be&mg mark-
selective fisheries have occurred.
» Allfisheries and escapement of both unmarked and markedrésh
adequately sampled.
* There are no non-fishing sources of mortality (i.atural mortality)
on three year old fish.
» Effects of multiple mark-selective fisheries do notchezbe
separable by fishery.

Table 3. Assumptions of the fishery-specific methods {requandsfm).

Terminal (TERM) Method

Key * TheA feeding into the terminal area is constant for thetouraf
Assumptions the terminal area fisheries and escapement.
* One can accurately estimate the abundance of markleadnamarked
fish after the mark-selective fishery has occurred eraan estimatsg
the number of marked and unmarked fish that were vulnem@bie t
fishery.
» Fish do not encounter gear on multiple occasions.
» The selective fishery mortality rate of unmarked fideased in the
mark-selective fisherys{m is accurate.

Paired-Ratio (PR) M ethod
Key * TheA in the mark-selective fishery can be estimated acelyradr
Assumptions each DIT group (e.g., using a paired non-selective fi3hery
» The selective fishery mortality rate of unmarked fideased in the
mark-selective fisherys{m is accurate.
» Fish do not encounter gear on multiple occasions.




Workgroup members attempted to apply all four methods to thefatagach release group.
Problems with meeting the assumptions were noted, andisrasere reported for each
method for which the assumptions were thought to be rabomet (Appendix 3).

2.4 Methods to Test for Differences Between Marked and Unmarked Mesgalite to
Mark-Selective Fisheries

Return rates of age three marked fish to escapementtiiecestimated proportion of the
marked fish at release that escape to spawning grounds oeryatatks, p,,) were compared
to the return rates of age three unmarked figi) )(to ascertain whether mark-selective

fisheries resulted in lower total mortalities of unmarkesh compared to marked fish. A
z-test was used to assess statistical significance:

o BB
JVar(p,) +Var(p,)
Var(p,) andVar(p,, ) were calculated so as to account for variation duerdcegs error

(the number of fish surviving to escapement, given thebeuraf fish released, was assumed
to follow a binomial distribution) as well as var@ti due to sampling escapement for tags.
We illustrate the derivation &far(p, pelow:

(2)

(3)

U ~u
Var(p,) :Var( E j _ Var(E")

NY - [Nu]z

whereE" is the estimated escapement of age three unménkethgged fish andl” is the
number of unmarked and tagged fish released (assuonée known without error). To
calculate the variance & we condition on the true escapement and use thditmmal
variance formula, VaX) = Var[E(X|Y )] + E[Var(X|Y )] (Casella and Berger 1990, pp.158-
159) that can be described as measuring the preo@ssand sampling error, respectively:

Var(EY ) =Var[ E(EY | EV )] + E[Var(E" | EV )] (4)
process error sampling error

=NYp,(1-p,)+Ev 172
<

<=

wheres is the expansion rate for observed tags in escapemrlhe first term accounts for

random variation due to chance survival eventsentie second term accounts for variation
due to sampling escapement for tags. ReplaEthwith its estimate and combining (3) and
(4), we get:

p.A-P), E'C-9
N sIN,)?

u

Var(p,) = (5)



In addition, the difference in the average reture aicross alh release groups) of marked
and unmarked fish was estimated:

P =t (6)

The variance ofp, - p,) was estimated assuming independence among release groups and
using the individual variance estimates from equation (5):

> ar(p,) +Var(p,)

Var (p, = Pp) = oz : (7)

We also examined relative differences in return r A_

P
confidence intervals for the relative differencasreturn rates assuming the differences are
normally distributed. We used the delta methodaloulate the approximate variance of the
differences:

Pm) . We calculated 95%

Va{M} ~ Lﬂ Var(p,) { g } var(p,,).- (8)
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3 RESULTS

3.1 General Concerns with Incomplete Sampling

Workgroup members encountered several problems when attgnptianalyze the CWT
data. In particular, the group had difficulty obtainirdiable estimates of escapement and
total catch of tagged fish in all fisheries impacting tH& Droups. These problems are not
specific to whether or not a fishery is mark-selectiveto DIT groups, but arise when
attempting to complete a cohort analysis to estimgt#ation rates for any tagged group of
fish?. If escapement is not fully sampled, or if there fisheries that are not sampled, then
cohort sizes estimated from CWT recoveries will based low as tagged fish from the
unsampled locations will not be accounted for in thaltobhort size. It will be as if these
fish did not exist. There will be a zero exploitatiate for an unsampled fishery and all other
fishery-specific exploitation rates will be biased hingitause the cohort size will be too low.

When a mark-selective fishery is prosecuted, therebeilbiases due to non-sampled fisheries
or escapement in addition to those described above.thEawo total methods (EMS and
EER) and the TERM method, unsampled escapement andidsheil lead to bias in the
estimated mark-selective fishery mortality (see metho&FEC-AWG 2002). For the total
methods, the cohort size of the marked group will be Biase will the total expanded
unmarked tags from sampled fisheries and escapement. €ofERM method, the
reconstruction of harvest rates of marked fish in thaitel fishery will be biased.

In addition to the problems related to incomplete sampling,group discovered that the
assumptions required to obtain unbiased estimates of unmadkéalities using the methods

developed by the SFEC-AWG (2002) were often difficult tisBa Many of these situations

could have been avoided, however, if the assumptionthefanalytical methods were

considered during the preseason planning process. We hope beakfit of the analyses

presented here will be increased awareness of the eaggnts necessary to implement the
analysis methods. With better communication betweehnical support staff and fisheries
managers many of these problems could be avoided in tive fut

3.1.1 Incomplete Escapement Estimation
Problem:

In many cases, a large proportion of the hatcherymetas not sampled due to fish straying
from the hatchery, fish being released above the égtdl spawn naturally, or fish passing
over hatchery racks during extreme flood events. Nes$ petentially offer the most extreme
case of unsampled escapement since there is no Ictasion where returns can be
sampled.

2 An exploitation rate for an individual fishery is aallited as the total fishery mortality in that fisheryidizd
by the total cohort size (which is the sum of all fishmortalities plus escapement).



Consequences:

Three of the analytical methods available for estimgatunmarked mortalities in mark-
selective fisheries, the Equal Marine Survival MethotM§, the Equal Exploitation Rate
(EER) method, and the Terminal (TERM) method assuh@ & full accounting of
escapement of tagged fish is available. When a propastitime escapement is not sampled
or accounted for, these methods will result in biasstimates of unmarked mortalities
(SFEC-AWG 2002).

If expansion rates of hatchery returns do not accoumtdorsampled fish (e.g., fish released
above the rack), then escapement estimates will lsediaw for both marked and unmarked
fish. Furthermore, estimates of the initial cohaze sobtained from cohort analysis will be
too small which results in biased estimates of exploitatates.

Potential Solutions:

The solution is to obtain a complete estimate ofln@ber of fish that escape to the hatchery
and natural spawning areas. There are several probtamnmay make this goal difficult to
achieve. Some of these difficulties are discussed balomg with potential solutions.

There are not enough resources available to sample all fish that retahe toatchery. All
fish entering the hatchery should be electronically sednplf complete sampling (100%) is
not possible due to logistics (e.g., personnel not dlajlathen all fish that are handled
should be sampled systematically. For instance, if 2086to be sampled then every other
fish should be sampled. Samplers should always regbeth 100% sampling is not possible.
In addition to tag recovery information, the following arhation should be recorded:
sampling period (month|week|day), number of fish sam@ed@mber of fish handled\(,
and the sampling rats/{N).

Fish must be passed upstream for spawningish passed upstream should be sampled
electronically first. If this is not possible, thamese fish should be counted and this count
should be used to estimate the number of tagged fish pasdedaops Both marked and
unmarked fish should be sampled in the same manner (e.ggtdise wands for unmarked
fish and tube detectors for marked fish).

If both marked and unmarked fish are passed upstream, the&xghasion rates should be
adjusted for both sets of fish as in the following exi@mp

Data:

Total number of hatchery returns: 0086,
Number of fish passed upstream and not sampled: 2,000
Number of fish sampled in hatchery 6,000
Sampling rate in the hatchery: 100%
Number of marked and tagged fish sampled in the hatchery: 182
Number of unmarked and tagged fish sampled in the hatchery: 220



Adjustment:

Estimated “sampling rate” 75 Fﬂxmo
6,000+ 2,000

Estimated (expanded) number of marked fish to gieHery: 243 (= 182/0.75)
Estimated (expanded) number of unmarked fish tdéttehery: 293 (= 220/0.75)

One can also estimate the uncertainty of the iagudistimates of marked and unmarked fish
returning to the hatchery using equation (1) fraeotien 2. The adjusted estimate of the
number of hatchery recoveries and its estimatedpkagn variance will not constitute
statistically valid estimates if the fish passed\sbthe hatchery were not a random sample
from the total number of fish entering the hatcheNonetheless, the adjusted estimates are
preferable to the unadjusted numbers.

If only one group (e.g., unmarked fish) are pasgestream, use the example above but only
for that group. Similarly, if marked and unmarkesh are passed upstream at different rates
then the two groups will have different “sampliregas”.

There is flooding and fish escap#f the number escaping can be recorded, themitdod
described above should be used. If the numbempegcaannot be recorded, or a good
estimate cannot be made, then this is a bias dmatot be estimated. Estimates of fish
escaping upstream during a flooding event usualyme that fish do not move or are unable
to move upstream through the system during a Hading event, i.e., the number of fish
counted in holding ponds from the evening priorthe flood event accurately reflects the
number of fish passing upstream. If this assumpisoincorrect (e.g., if fish pass upstream
and are not observed or fish are swept downstretheohatchery and are later double
counted when they re-enter the hatchery) then aettsrof escapement will be biased.

Hatchery fish stray onto the spawning groundSampling spawners in the wild is difficult
and time consuming and therefore sampling ratesféea low (e.g., under 5-10%) leading to
imprecise estimates. Run reconstruction methodghtnbe used to estimate the number of
hatchery strays in cases where an estimate obtheterminal run size is available (e.g., see
the Voights Creek and Soos Creek analyses in Appehd5 and Appendix 3.16). The
specifics of the approach will depend on the spé&i@ation of the hatchery, terminal area
fisheries, and natural spawning grounds as wethadypes of information available. Using
run reconstruction methods, an estimate of hatcsteays is derived by subtracting individual
components (e.g., terminal fishery mortalities scapement components) from this estimate
of the total terminal run. The variance of thamate will be the sum of the variances of the
individual components as well as the variance eftdrminal run size estimate. Therefore,
estimates of hatchery strays obtained from runngcaction methods will typically be very
imprecise. Although, estimates of total escapentenspawning grounds are often very
uncertain, sampling spawning grounds offers a tlimethod of estimating hatchery strays
and is generally preferable to run reconstructi@thmds.

3 Estimate expanded for fish passed upstream and not sampled.
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If there is no method available to estimate tagged sthaysstraying is known to occur, then
a sensitivity analysis can be conducted to determine timse non-sampled fish may
influence the estimated exploitation rates. Conchsiregarding the resulting exploitation
rates may be reduced to statements such as, “if thene rarenber of unsampled fish that
escaped, then the exploitation rateyis This type of result is less satisfactory than a
statistically valid estimate of the exploitationgatHowever, it is better to recognize that the
estimates are uncertain because of unsampled escapbaehd use the data as is, assuming
that they are accurate. In addition, there may be tgihsa where data can guide the
sensitivity analysis. For example, if straying is doea flood event, a comparison of
escapements from flood years and non-flood years n@ay ahe to determine a likely range
for the non-sampled escapement.

Finally, if there are consistent problems with estinthescapement, then one may want to
reconsider whether or not the stock should contiawsetve as a DIT indicator stock.

3.1.2 Non-Sampled Fisheries and|or Non-Reported Catch

Problem:

Fisheries may not be sampled and in some cases thanagsnot be reported at all. For
example, in-river sport fisheries are often not sachplHowever, generally an estimate of the
total catch is available from catch record cards. Appehdists the freshwater sport fisheries
that are likely to have exploited DIT groups on their metmigration as adults. If total catch
is known and an estimate of the proportion of tagaviilable from another source, the
number of tagged fish harvested can be estimated. |a sases harvest is not reported or
sampled, for example due to sales not reported on conainésh tickets or sport catch
record cards, or due to poaching. If a fishery hangesbt reported, the number of tagged
fish cannot be estimated directly by any means.

Consequences:

Tagged harvest that is not accounted for has the saew® effi estimated cohort sizes and
exploitation rates as non-sampled escapement (ceized are underestimated and individual
exploitation rates are overestimated). SimilarBtinreates of unmarked mortalities using the
EMS or EER methods will be biased in the same mannehasdue to non-sampled
escapement. And, if the fisheries occur in terminabgreéhey may bias estimates of
unmarked mortalities using the TERM method.

Possible Solutions

The best solution is to sample all fisheries (i.eeshiwater fisheries should be planned with
the intent of sampling them). Estimates of CWT rec@s in freshwater sport fisheries are
most easily obtained by combining estimates of catom(ftatch record cards) with estimates
of the tag rate of marked and unmarked fish from a saafdieh caught in the fishery. For
fisheries with recorded catch but no sampling, one majtdose to apply the tag rates
estimated from a fishery in a similar area|time stra{see for example Voights Creek in
Appendix 3.15). Estimates will be biased to the extent timatcatch composition differs
between the sampled and unsampled fisheries. Whem isatot reported it is not possible to
estimate mortalities.
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In those cases where it is not feasible to sampignéfisant freshwater fishery or where non-

reporting occurs, then one can conduct a sensitivityysisalo determine the significance of

the problem. If the estimates of exploitation raappear to be highly sensitive to assumed
levels of non-reporting and non-sampled fishery mamali and the problem cannot be

alleviated, then the hatchery stock may not be an apate@xploitation rate indicator.

3.2 Data Quality Checks and New Data Needs

Significant modifications to sampling programs and to fidenavior have been necessary
since the implementation of mass marking, double indgginig, and mark-selective fisheries
for coho salmon. Electronic detection is required in ore obtain unmarked CWT
recoveries. In addition, mark-selective fisheriegune fishers to be knowledgeable of mark-
selective fishery regulations and to be able to recognizeénk status of fish. Finally, these
modifications have led to additional data requests and regogquirements.

3.2.1 Electronic Tag Detection

All of the methods developed by the SFEC-AWG assume dleattronic tag detection is
being used in all fisheries and that the detectors are mgpedfectively. Currently, Alaskan
fisheries are not sampled electronically. Unmarked etes in these fisheries were
estimated using the PR method with the selective fystedease mortality ratesfm set equal
to 1 (all unmarked fish that are encountered in theberies are kept and therefore die) and
estimated at release (under the assumption that tisezids have not been influenced by
prior mark-selective fisheries). In addition, sevestier recoveries in the database were
listed as being detected using “visual’ detection (i.esdarching for a missing adipose fin).
Most of these recoveries appear to have been misrdpof@ example, all CWT recoveries
by Oregon Department of Fish and Wildlife (ODFW) weeparted as having been visually
detected when in fact they were electronically dete¢fethn LeppinkODFW, personal
communication ODFW staff has been made aware of this problem a tpl correct the
data as time permits. Other (non-Alaskan and non-Ojagaoveries that were recorded as
having been detected using visual sampling are listed in #able

Table 4. Recoveries recorded as detected using “visual’lsgmnpe., using the presence of
an adipose fin clip as a CWT identifier.

Return Mark

Fishery Name Recovery Location Code Location Name Year Type Frequency
Escapement 2FS99GSVIH0100 H-BIG QUALICUM R 1999 M 1
Escapement 3F10107 010406 H KENDALL CR HATCHERY 1998 M 1
Escapement 3F10308 070943 H WALLACE R HATCHERY 1998 M 1
Escapement 3F10412 170012 H QUILCENE NFH 1998 M 1
Escapement 3F10412 170012 H QUILCENE NFH 1998 U 2
Escapement 3F21702 210429 H QUINAULT NFH -COOK C 1998 M 2
Freshwater Net 3F21702 210398 R QUINAULT R 21.0398 1999 U 1
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3.2.2 ldentification of Mark-Selective Fisheries

Another new field,adclip_selective_fisheyywas added to the PSMFC database in order to
identify mark-selective fisheries. We found that tmfoimation was not always correctly
reported. In particular, all coho fisheries in Oregomemmark-selective but none of these
were identified as such in the database. ODFW stafb&as made aware of the problem and
plans to correct the data as time permits (John LepPiDkW, personal communicatipn
Similarly, Washington sport recoveries in areas 5,nd, B3 in year 2000 were reported as
non-selective when these fisheries were mark-setctiv

3.2.3 Non-Retention of Legal Fish

Traditionally estimates of exploitation rates in &sles have accounted for non-landed
mortalities due to fish “drop off’ as well as catch-aettase mortalities of non-legal fish

(e.g., due to size or species restrictions), but hamerégl mortalities associated with the
release of legal-sized (i.e., retainable) fish. Siny| the methods developed by the SFEC
assume that all encountered marked fish are kept anch@buetered unmarked fish are

released in mark-selective fisheries. However, ratan fish (in mark-selective or non-

selective fisheries) may be released because angiees diready reached their bag limit,

because they hope that they will catch larger fisloreefeaching their bag limit, or because
they are simply not interested in retaining any fish.

Estimating mortalities from non-retention of legalesi fish can be problematic because it
requires assumptions or additional information regardimgler behavior (e.g., an estimate of
the non-retention rate of legal-sized fish = numbéregal-sized fish that are released /
number of legal-sized fish that are encountered). Atlihwigh it may be possible to estimate
the non-retention rate of legal-sized fish in a figh@pportioning these mortalities to tag
group requires additional assumptions. These estimationepnebare compounded by
increasingly complex fishery regulations (e.g., anralvdag limit of two fish of which only
one can be unmarked). This type of fishery regulatioh likély result in different non-
retention rates for marked and unmarked fish. Workgroupbeeralso expressed concern
that anglers may choose to release unmarked fish irselentive fisheries. Therefore,
estimation of mortalities due to non-retention of lefish will likely require separate
estimates of non-retention rates for marked and unmairkbdif both mark-selective and
non-selective fisheries.

3.2.4 Unmarked-Retention Error

In some of the mark-selective fisheries, unmarked and dafige were observed in the
sample of landed fish. In these fisheries, any ratesdor tag codes representing unmarked
fish represent either: (1) non-compliance with figheegulations (purposeful or non-
purposeful) or (2) fish tagged with a tag code indicatingrasiipped fish, but that lacked an
adipose fin. Either they were mistakenly marked befelsase or naturally lost their adipose
fin. Regardless, mortalities due to the retention ofamked fish can be estimated by directly
sampling landed catch if both marked and unmarked fish arple@nm all fisheries using
electronic tag detection equipment.
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3.2.5 Comparison of Sample Mark versus Release Mark — Mark Error

With the advent of mass marking both the release mautké release database) and the mark
recorded by the sampler (in the recovery database)asaaglable. This provides an
opportunity to evaluate quality control by comparing tHeage mark to the sample mark.
This type of analysis can help flag fisheries or releaseips with error rates that are larger
than average. Table 5 and Table 6 provide information rewptese mark error rates by
DIT group. A high mark error rate for a particular DIfbgp may be indicative of:

* a problem at the hatchery when fish were marked (esb.tHat should be unmarked were
marked, or vice versa); or

* a high error rate by the samplers at the hatcheny affishery that has a high exploitation
rate on that stock (e.g., samplers accustomed to ibiE®VT indicator groups where all
tagged fish were marked might have initially been pranestording all tagged fish as
marked regardless of their true mark status); or

» arelease group of unmarked fish with an abnormally hitghatinatural adipose fin loss;
or

* arelease of marked fish with a larger than normalmegeion rate of the adipose fin.

A large proportion of the hatchery returns for the UFBh and Wildlife Service release

groups from the Makah and Quinault National Fish HatcidfH) were recorded as having
an “unknown” mark status when sampled.
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Table 5. Percent of marked fish that were recorded by samplunmarked, marked,

and unknown by hatchery and brood year.

Release Sample Mark Type Number
Mark Hatchery Brood observed
Year Unmarked Marked | Unknown
Type (%) (%) (%) tags
M Bingham Creek 1995 3 96 1 974
M Bingham Creek 1996 2 98 0 1,316
M Bingham Creek 1997 2 98 0 589
M Forks Creek 1995 6 93 1 245
M George Adams 1995 1 99 0 221
M George Adams 1997 1 99 0 777
M Humptulips 1995 1 96 3 349
M Humptulips 1996 16 84 0 966
M Kalama Creek 1996 50 50 0 4
M Kendall Creek 1996 4 96 0 677
M Kendall Creek 1997 3 97 0 366
M Lower Elwha 1995 1 99 1 143
M Lower Elwha 1996 7 92 1 370
M Lower Elwha 1997 6 93 1 311
M Makah NFH 1996 2 37 61 503
M Makah NFH 1997 1 68 31 188
M Marblemount 1995 1 99 0 1,344
M Marblemount 1996 3 97 0 441
M Marblemount 1997 2 97 1 2,135
M Port Gamble Bay Pens 1996 2 98 0 201
M Port Gamble Bay Pens 1997 4 96 0 56
M Quilcene Bay Pens 1996 1 96 3 224
M Quilcene Bay Pens 1997 2 98 0 505
M Quilcene NFH 1996 0 96 4 242
M Quilcene NFH 1997 4 96 0 481
M Quinault NFH 1996 2 75 23 708
M Quinault NFH 1997 3 92 5 1,005
M Salmon River 1995 3 97 0 604
M Salmon River 1996 1 99 0 465
M Salmon River 1997 2 98 0 339
M Solduc 1996 2 98 0 1,595
M Solduc 1997 5 95 0 1,638
M Soos Creek 1996 2 98 0 280
M Soos Creek 1997 9 87 4 1,161
M Voights Creek 1996 1 99 0 204
M Wallace River 1996 2 98 0 981
M Wallace River 1997 3 96 1 3,266
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Table 6. Percent of unmarked fish that were recorded bylsaagunmarked, marked, and
unknown by hatchery and brood year.

Release Brood Sample Mark Type Number
Mark | Hatchery Year Unmarked | Marked | Unknown | observed
Type (%0) (%0) (%0) tags

U Bingham Creek 1995 95 5 0 1,018
U Bingham Creek 1996 98 2 0 1,465
U Bingham Creek 1997 95 5 0 496
U Forks Creek 1995 95 4 1 314
U George Adams 1995 95 5 0 204
U George Adams 1997 85 13 2 852
U Humptulips 1995 96 3 1 397
U Humptulips 1996 80 20 0 1,013
U Kalama Creek 1996 20 80 0 5
U Kendall Creek 1996 95 5 0 356
U Kendall Creek 1997 95 5 0 361
U Lower Elwha 1995 98 1 1 151
U Lower Elwha 1996 86 2 12 323
U Lower Elwha 1997 89 9 2 347
U Makah NFH 1996 30 2 68 336
U Makah NFH 1997 56 4 40 136
U Marblemount 1995 90 10 0 1,264
U Marblemount 1996 97 3 0 518
U Marblemount 1997 94 4 2 1,996
U Port Gamble Bay Pens 1996 95 5 0 159
U Port Gamble Bay Pens 1997 87 9 4 70
U Quilcene Bay Pens 1996 91 6 3 220
U Quilcene Bay Pens 1997 96 4 0 476
U Quilcene NFH 1996 92 3 5 193
U Quilcene NFH 1997 95 5 0 452
U Quinault NFH 1996 87 1 12 634
U Quinault NFH 1997 95 1 4 848
U Salmon River 1995 96 4 0 461
U Salmon River 1996 99 1 0 428
U Salmon River 1997 98 2 0 305
U Solduc 1996 97 3 0 1,732
U Solduc 1997 95 5 0 1,643
U Soos Creek 1996 88 10 2 224
U Soos Creek 1997 84 11 5 1,462
U Voights Creek 1996 93 7 0 217
U Wallace River 1996 91 9 0 1,051
U Wallace River 1997 94 5 1 3,385
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Table 7 and Table 8 list the error rates by fishery foDAI groups combined. Large error
rates over all DIT groups encountered in a single fishay be indicative of unusually high
sampler error rates. Inthese cases sampler tgasiould address the problem.

Table 7. Percent of marked fish that were recorded by samplunmarked, marked, or
unknown for all DIT groups combined within a fishery.

Sample Mark Type Number
!\l—/l ark Fishery" MSE | Rewrn ) marked pMarked yF:Jnknown observed
ype (YIN) Year
(%0) (%0) (%0) tags
M Buoy 10 Sport N 1998 0 100 0 2
M Buoy 10 Sport N 2000 0 100 0 2
M Coos Bay Sport Y 1999 0 100 0 4
M Coos Bay Sport Y 2000 0 100 0 3
M Escapement N 1998 2 98 0 3,443
M Escapement N 1999 4 89 7 7,550
M Escapement N 2000 3 96 1 10,050
M Freshwater Net N 1998 2 98 0 567
M Freshwater Net N 1999 2 98 0 746
M Freshwater Net N 2000 4 94 2 851
M Freshwater Sport Y 1998 0 100 0 14
M GeorgialJuan de Y 2000 0 100 0 1
FucalJohnstone
M Grays Harbor Net N 1998 0 37 63 27
M Grays Harbor Net N 1999 0 100 0 9
M Grays Harbor Net N 2000 8 92 0 12
M Newport Sport Y 1999 0 100 0 10
M Newport Sport Y 2000 0 100 0 30
M Southeast Alaska Net® N 1998 0 100 0 3
M Southeast Alaska Net® N 1999 0 100 0 3
M Southeast Alaska Troll® N 1998 0 100 0 26
M Southeast Alaska Troll® N 1999 0 100 0 15
M Southeast Alaska Troll® N 2000 0 100 0 7
M Tillamook Sport Y 1999 0 100 0 11
M Tillamook Sport Y 2000 0 100 0 6
M WA Area 1 Sport Y 1998 0 100 0 13
M WA Area 1 Sport Y 1999 0 100 0 62
M WA Area 1 Sport Y 2000 0 100 0 73
M WA Area 1 Sport N 2001 0 100 0 1
M WA Area 1 Troll Y 2000 0 100 0 52
M WA Area 10 Net N 1999 0 100 0 3
M WA Area 10 Net N 2000 10 90 0 10
M WA Area 10 Sport N 1998 0 100 0 6
M WA Area 10 Sport N 1999 29 71 0 7
M WA Area 10 Sport N 2000 3 97 0 35
M WA Area 10A Net N 2000 13 87 0 8
M WA Area 10E Net N 1998 0 100 0 1
- continued -

17




Table 7. Percent of marked fish that were recorded by samplunmarked, marked, or
unknown for all DIT groups combined within a fishery.

Sample Mark Type Number
!\I_/'ark Fishery" MSE | Rewrn ) marked pMarked yF:Jnknown observed
ype (YIN) Year
(%0) (%0) (%0) tags

M WA Area 10E Net N 1999 0 100 0 1
M WA Area 10E Net N 2000 0 100 0 1
M WA Area 11 Sport N 1998 0 100 0 1
M WA Area 11 Sport N 1999 0 100 0 2
M WA Area 11 Sport N 2000 0 100 0 8
M WA Area 12 Sport N 2000 14 86 0 7

WA Area 12, 12B, 12C,
M 12D Net N 1998 0 100 0 6

WA Area 12, 12B, 12C,
M 12D Net N 1999 0 100 0 6

WA Area 12, 12B, 12C,
M 12D Net N 2000 7 93 14
M WA Area 12A Net N 1998 0 100 0 2
M WA Area 12A Net N 1999 0 86 14 7
M WA Area 12A Net N 2000 5 93 2 96
M WA Area 13 Sport N 1998 0 100 0 1
M WA Area 13 Sport Y 2000 0 100 0 1
M WA Area 13A Net N 1998 0 100 0 1
M WA Area 13A Net N 2000 0 100 0 2
M WA Area 13D Net N 1998 0 100 0 1
M WA Area 13D Net N 2000 0 100 0 3
M WA Area 2 NSF Sport N 1998 6 94 0 35
M WA Area 2 NSF Sport N 1999 0 100 0 1
M WA Area 2 SF Sport Y 1998 0 100 0 10
M WA Area 2 SF Sport Y 1999 0 100 0 95
M WA Area 2 Sport Y 2000 0 100 0 187
M WA Area 2 Troll Y 2000 0 100 0 26
M WA Area 3 Sport N 1998 0 100 0 2
M WA Area 3 Sport Y 1999 0 100 0 97
M WA Area 3 Sport Y 2000 0 100 0 37
M WA Area 3 Troll N 1999 7 93 0 46
M WA Area 4 Sport N 1998 0 100 0 13
M WA Area 4 Sport Y 1999 0 100 0 84
M WA Area 4 Sport Y 2000 0 100 0 119
M WA Area 4, 4B Troll N 1998 0 20 10 20
M WA Area 4, 4B Troll N 1999 6 94 0 174
M WA Area 4, 4B Troll N 2000 0 100 0 24
M WA Area 5 Sport N 1998 0 100 0 25
M WA Area 5 Sport Y 1999 0 100 0 47
M WA Area 5 Sport Y 2000 0 100 0 97
M WA Area 6 Sport N 1998 10 20 0 10
M WA Area 6 Sport Y 1999 0 100 0 4
M WA Area 6 Sport Y 2000 0 100 0 26

- continued -
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Table 7. Percent of marked fish that were recorded by samplunmarked, marked, or
unknown for all DIT groups combined within a fishery.

Sample Mark Type Number
!\I_/'ark Fishery" MSE | Rewrn ) marked pMarked yF:Jnknown observed
ype (YIN) Year
(%) (%) (%) tags
M WA Area 6D Net N 1998 0 100 0 1
M WA Area 6D Net N 1999 0 100 0 4
M WA Area 6D Net N 2000 0 100 0 1
M WA Area 7 Sport N 1998 0 100 0 1
M WA Area 7 Sport N 1999 33 33 33 3
M WA Area 7B, 7C, 7E Net N 1999 5 95 0 276
M WA Area 7B, 7C, 7E Net N 2000 3 97 0 77
M WA Area 8 Net N 1999 0 100 0 2
M WA Area 8 Net N 2000 0 100 0 5
M WA Area 8 Sport N 1998 0 100 0 1
M WA Area 8 Sport N 1999 0 100 0 4
M WA Area 8 Sport N 2000 0 100 0 2
M WA Area 8-2 Sport N 1998 0 100 0 19
M WA Area 8-2 Sport N 1999 0 100 0 8
M WA Area 8-2 Sport N 2000 2 89 9 46
M WA Area 8A Net N 1998 0 100 0 3
M WA Area 8A Net N 2000 0 100 0 7
M WA Area 8D Net N 1998 0 100 0 9
M WA Area 8D Net N 1999 0 100 0 24
M WA Area 8D Net N 2000 3 97 0 33
M WA Area 9 Sport N 1998 0 100 0 12
M WA Area 9 Sport N 1999 0 100 0 4
M WA Area 9 Sport N 2000 5 95 0 21
M WA Area 9A Net N 1999 1 99 0 157
M WA Area 9A Net N 2000 2 98 0 62
WA Areas 4B, 5, 6, 6A,
M 6C Net N 1999 0 100 0 9
WA Areas 4B, 5, 6, 6A,

M 6C Net N 2000 0 100 0 8
M Willapa Bay Net N 1998 8 88 4 48
M Willapa Bay Net N 1999 0 100 0 18
M Willapa Bay Net N 2000 0 100 0 7

! Alaskan fisheries were not electronically sampled
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Table 8. Percent of unmarked fish that were recorded bylsaagpunmarked, marked or
unknown for all DIT groups combined within a fishery.

Mark Fishery' MSF | Retum Unmarl?eazjm plﬁﬂxsgt(j-ry[l);known Ol\tl)irenrt)lzi
Type (YIN) Year
(%0) (%0) (%0) tags

U Buoy 10 Sport Y 2000 0 100 0 1
U Escapement N 1998 94 6 0 3,548
U Escapement N 1999 89 6 5 7,707
U Escapement N 2000 92 6 2 10,587
U Freshwater Net N 1998 97 3 0 533
U Freshwater Net N 1999 98 1 1 737
U Freshwater Net N 2000 97 2 1 943
U Freshwater Sport Y 1998 75 25 0 8
U Grays Harbor Net N 1998 61 0 39 18
U Grays Harbor Net N 1999 100 0 0 6
U Grays Harbor Net N 2000 100 0 0 27
U Tillamook Sport Y 1999 0 100 0 1
U WA Area 1 Sport Y 1999 50 50 0 2
U WA Area 1 Sport Y 2000 0 100 0 2
U WA Area 1 Troll Y 2000 0 100 0 2
U WA Area 10 Net N 1998 100 0 0 1
U WA Area 10 Net N 1999 100 0 0 2
U WA Area 10 Net N 2000 100 0 0 11
U WA Area 10 Sport N 1998 100 0 0 5
U WA Area 10 Sport N 1999 100 0 0 12
U WA Area 10 Sport N 2000 96 4 0 46
U WA Area 10A Net N 2000 100 0 0 9
U WA Area 10E Net N 1999 100 0 0 2
U WA Area 10E Net N 2000 100 0 0 1
U WA Area 11 Sport N 1998 100 0 0 1
U WA Area 11 Sport N 1999 67 33 0 3
U WA Area 11 Sport N 2000 100 0 0 7
U WA Area 12 Sport N 1998 100 0 0 1
U WA Area 12 Sport N 2000 100 0 0 1

WA Area 12, 12B, 12C,
U 12D Net N 1998 100 0 0 3

WA Area 12, 12B, 12C,
U 12D Net N 1999 100 0 0 7

WA Area 12, 12B, 12C,
U 12D Net N 2000 92 8 0 24
U WA Area 12A Net N 1998 100 0 0 2
U WA Area 12A Net N 1999 100 0 0 6
U WA Area 12A Net N 2000 95 5 0 113
U WA Area 13 Sport Y 2000 100 0 0 3
U WA Area 13C Net N 1999 0 100 0 1
U WA Area 13D Net N 1998 100 0 0 1
U WA Area 2 NSF Sport N 1998 77 23 0 30

- continued -
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Table 8. Percent of unmarked fish that were recorded bylsaagunmarked, marked or
unknown for all DIT groups combined within a fishery.

Sample Mark Type Number
!\I_/Iark Fishery" MSE | Reum 1 marked pMarked yFl)Jnknown observed
ype (YIN) Year
(%) (%) (%) tags
U WA Area 2 NSF Sport N 1999 0 100 0 1
U WA Area 2 SF Sport Y 1998 50 50 0 2
U WA Area 2 Sport Y 2000 25 75 0 4
U WA Area 2 Troll N 1999 100 0 0 1
U WA Area 2 Troll Y 2000 0 100 0 1
U WA Area 3 Sport N 1998 100 0 0 3
U WA Area 3 Sport Y 1999 100 0 0 1
U WA Area 3 Troll N 1999 85 15 0 48
U WA Area 4 Sport N 1998 60 40 0 10
U WA Area 4 Sport Y 1999 0 100 0 1
U WA Area 4 Sport Y 2000 25 75 0 4
U WA Area 4, 4B Troll N 1998 93 7 0 15
U WA Area 4, 4B Troll N 1999 95 5 0 164
U WA Area 4, 4B Troll N 2000 97 3 0 30
U WA Area 5 Sport N 1998 90 10 0 21
U WA Area 5 Sport Y 1999 50 50 0 2
U WA Area 5 Sport Y 2000 0 100 0 4
U WA Area 6 Sport N 1998 100 0 0 9
U WA Area 6 Sport Y 2000 0 100 0 1
U WA Area 6D Net N 1998 100 0 0 2
U WA Area 7 Sport N 2000 100 0 0 3
U WA Area 7, 7A Net N 1998 100 0 0 1
U WA Area 7B, 7C, 7E Net N 1998 100 0 0 1
U WA Area 7B, 7C, 7E Net N 1999 97 3 0 158
U WA Area 7B, 7C, 7E Net N 2000 97 3 0 95
U WA Area 8 Net N 1999 100 0 0 2
U WA Area 8 Net N 2000 100 0 0 8
U WA Area 8 Sport N 1998 100 0 0 3
U WA Area 8 Sport N 1999 100 0 0 4
U WA Area 8 Sport N 2000 100 0 0 1
U WA Area 8-2 Sport N 1998 71 29 0 7
U WA Area 8-2 Sport N 1999 82 18 0 11
U WA Area 8-2 Sport N 2000 100 0 0 24
U WA Area 8A Net N 1998 100 0 0 2
U WA Area 8A Net N 2000 100 0 0 5
U WA Area 8D Net N 1998 50 50 0 6
U WA Area 8D Net N 1999 96 0 4 26
U WA Area 8D Net N 2000 96 4 0 50
U WA Area 9 Sport N 1998 79 21 0 14
U WA Area 9 Sport N 1999 71 29 0 7
U WA Area 9 Sport N 2000 81 19 0 16
U WA Area 9A Net N 1999 96 4 0 133
U WA Area 9A Net N 2000 92 4 4 73
- continued -
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Table 8. Percent of unmarked fish that were recorded bylsaagunmarked, marked or
unknown for all DIT groups combined within a fishery.

Sample Mark Type Number
Mark . MSF Return
Fishery" Unmarked | Marked | Unknown | observed
Type (YIN) Year
(%) (%) (%) tags
WA Areas 4B, 5, 6, 6A,
] 6C Net N 1998 100 0 0 5
WA Areas 4B, 5, 6, 6A,
] 6C Net N 1999 100 0 0 16
WA Areas 4B, 5, 6, 6A,
] 6C Net N 2000 86 14 0 7
] WA Areas 6B, 9 Net N 2000 80 20 0 5
U West Coast Vancouver N 1999 100 0 0 1
Island
] Willapa Bay Net N 1998 96 3 1 71
] Willapa Bay Net N 1999 100 0 0 15
] Willapa Bay Net N 2000 100 0 0 4

! Alaskan fisheries were not electronically sampled

Few unmarked fish were found in CWT samples from marlcgedefisheries, but they were
often recorded as marked and so the error rate is highnfmarked fish (Table 8). These
errors are due to either natural loss of the adiposer fsampler error. Tagged and unmarked
coho with natural adipose fin loss will show up aerrfor unmarked fish as the sample
mark status will be “marked” while the release mark statillsbe recorded as “unmarked”.
A second source of error may be due to samplers’ asmmtptt any landed fish in mark-
selective fisheries are marked since unmarked fish aregait Given the few unmarked fish
landed in mark-selective fisheries, it is not surprigmgee high error rates for unmarked fish
in mark-selective fisheries (Table 8).

3.2.6 Rearing and Sampling of DIT Groups

A fundamental assumption required for valid inferencerndigg DIT groups is that the two
groups of tagged fish (marked and unmarked DIT pair) have beatedridentically during
rearing. In addition, the two groups should be treatedahe sn non-selective fisheries and
escapement, and they should be sampled using identical daetbq., either both groups
should be sampled using wands or both should be sampledtulsengetectors). This equal
treatment is necessary to meet the assumptionsripatignificant differences noted between
the two groups (e.g., differences in return rates) ardalo®rk-selective fisheries rather than
some other confounding factor. In reality, howeveifed#nces could also result from the act
of marking the fish (e.g., there may be delayed markatikyjt

In talking to hatchery managers, we found that marked amdatked DIT pairs were, in

general, treated similarly during rearing and tagging and dunmgadult return. However,
some exceptions were found.
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At Marblemount Hatchery it was discovered that unmarkshl Were sampled using wands
while marked fish were passed through tube detectors. Toeegure was used so that
unmarked fish (which were potentially of natural originuldobe passed upstream with
minimal impact to these fish. When electronic tag detess used properly for coho salmon
both methods have been shown to have greater than 9&Xiidetrates (ASFEC 1997).

However, if the wands are used incorrectly or if $kasitivity of the tube detector is not set
properly, detection rates can be degraded [e.g., droppirdetietion rate to ~85%] (ASFEC

1997). Therefore, the use of different detection metfadsnmarked and marked fish could
bias comparisons of the number of expanded tags in gresps if there is sampler error
associated with one of the two methods. We recomntkeadthe same CWT detection

methods be used for both unmarked and marked fish whenevardisampled.

We also discovered that while all marked fish were sadhpt the weir on Bingham Creek,
only 25% of unmarked males were sampled and no unmarked fewetesampled at the

weir. Again, this procedure was done in order to havanmihimpact on the unmarked

population. While expansion rates can adjust for diffe@estmpling intensities, if males

and female fish have different probabilities of havingag then estimated recoveries of
unmarked fish will be biased. We recommend that unmarked ameadnagged fish should

always be treated, and sampled, in the same manner.

Another problem was noted with the release groups fr@mrge Adams Hatchery in 1997.

Two DIT groups were used and the total release sizesatdr & these DIT groups were half
the normal size. One of the groups was released aspsnimental group with an elastomer
jaw tag. Since the two DIT groups had half the normadasd size, less information is
available to estimate unmarked mortalities and|or to ddtéetences in return rates between
marked and unmarked groups. One alternative is to combinavtheelease groups, but in

doing so, one must assume that there is no effectodine elastomer jaw tag. In general, we
recommend experimental groups be treated separately fforgrBups.

3.3 Problems Implementing the DIT Analytical Methods

The group discovered that in many cases there were probigim meeting the assumptions
of the DIT methods. The methods will produce biased estisnof unmarked mortalities
when the assumptions are not met. See SFEC-AWG (2002)detailed description of the
equations and associated assumptions for all methods neploid.

3.3.1 Total Methods (EMS and EER)

These methods provide estimates of total mark-seleasterfy mortality for the unmarked
DIT tag group. They do not estimate fishery-specificl@igtion rates of unmarked fish in
multiple mark-selective fisheries. The methods usesthignates of total tagged harvest and
escapement for marked and unmarked tag groups in the DIT fpairthe marked fish this
represents the cohort size. The unmarked-to-markedfoatibe DIT group at the time prior
to any fishery exploitation, or at time of recruitrhempplied to the estimated marked cohort
size estimates the unmarked cohort size. The totalogettlepend on two different methods
for estimating this ratio. The difference between timsnarked cohort size and the total
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tagged and unmarked harvest and escapement is an estinia¢eunimarked mortalities in
mark-selective fisheries.

Both total methods assume that all fisheries and es@agewnh both unmarked and marked
fish are adequately sampled. This assumption was oftesatisfied (see section 3.1). In
addition, both methods produced estimates that wereingiecise. Typically, confidence
intervals were extremely large and several of thenasés of unmarked mortalities were
either negative or much larger than one would intugivetpect. These methods result in
imprecise estimates of unmarked mortalities (SFEC-AWG 2B82juse they require taking
the difference between two quantities, both of which esgmated with error, and the
variance of the estimate of unmarked mortalities isutaled by summing the variance of the
two sub-components. When the difference being meagsrethall relative to the values
being subtracted the resulting variances for the diffees will be large. In the case of the
mark-selective fisheries, the total recoveries beingraated (and variances being summed)
are very large relative to the smaller mark-selecistgefy mortalities.

An example shown in Table 9 illustrates the imprecigibthe estimates of unmarked mark-
selective fishery mortalities. This example uses Mekah NFH data for 1996 (Appendix
Tables 3.4.1 and 3.4.2) and the Equal Marine Survival method (Ed@3elow).

Total tagged mortalities and escapement are estimatead ®ampled fisheries and
escapement. The marked tag group cohort size is equag total tagged mortalities plus
escapement or 2,088 fish (assuming all fisheries and eseapédocations are sampled), with
a variance of 8,457 and a CV of 4% (Table 9).

As the summed mortality and escapement for unmarked fain Bampled tagged fish
represents an incomplete accounting, the unmarked groupctttait size is estimated by
using the marked cohort size multiplied by the releaseadked-to-marked ratio for the DIT
group ¢=0.775), giving 1,618 fish with a variance of 5,079 and a CV of 4%I¢T3).

The unmarked selective fishery release mortalities stien&ted by subtracting the sum of
unmarked mortalities and escapement estimated from taggeceries (1,551 fish) from the
estimated cohort size (1,618) giving 68 fish (Table 9).

The variances for the unmarked mark-selective fisheryatitogs are estimated by adding the
variances for the two components in the above cdlonlg6,917+5,079 = 11,997). The
result is a very large variance (11,997) for the unmarkedafite@s in the mark-selective
fisheries relative to the small number estimated ofigig the CV is 162% which indicates a
very imprecise estimate which will not be useful. BB86 confidence interval also illustrate
the imprecision of the estimate, the confidence iatlefor the unmarked mortalities in the
selective fishery goes from -147 to 282 fish.
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Table 9. An example of estimation of total unmarked ntibytia mark-selective fisheries

using the Equal Marine Survival (EMS) method. Data from Madk&H 1996

(Appendix 3.4) are used for this illustration.

Marked Unmarked
Total tagged mortalities and escapement 2,088 1,551
Variance 8,457 6,917
cv! 4% 5%
Cohort Size 2,088 1,618
Variance 8,457 5,079
Ccv 4% 4%
Estimated mark-selective fishery mortalities 117 68
Variance 159 11,997
Ccv 11% 162%
95% confidence interval®
Lower 92 -147
Upper 149 282

By comparison, the estimate of marked mortalities amkaselective fisheries is derived from
tags recovered in samples and has a much smaller CY1%f (Table 9). The Equal
Exploitation Rate (EER) method similarly uses a d#fenng approach and is similarly
imprecise.

3.3.1.1 EMS Method

The main assumption of the EMS method is that the wirfiom release to the first fishery
is the same for both the unmarked and marked fish of a DIOpgrTherefore, the assumption
is that the unmarked-to-marked ratig,is the same at the time of recruitment as it aias
release. This assumption will be of concern onlhéiré is a delayed (post-release) mortality
associated with marking. In addition, the assumpti@n &l fisheries and escapement are
adequately sampled is of primary concern.

3.3.1.2 EER Method

This method does not require the assumption of equal surfrval release to the first
fishery, which may not be the case if there is angys mark-mortality. Instead, if the first
fishery is a non-selective fishery, samples frorat thshery will provide estimates of the
unmarked-to-marked ratio at that point in time. The EB#&hod requires a non-selective
fishery from which one can estimate the ratio of uk@drto marked fishA, before any
mark-selective fisheries have occurred. In 1999 and 2000, mkdtise fisheries were
prosecuted before there were any non-selective fisherids mark-selective fisheries are
prosecuted and unmarked fish are released, Athef the DIT group should increase.

standarderror of estimate
estimat:

5 95% confidence interval = estimate +106tandard error.

*CV =
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Therefore, estimates affrom non-selective fisheries that occur after malketeve fisheries
will be biased high. This precludes being able to use thisade

3.3.2 Fishery-Specific Methods (TERM and PR)

Both of the fishery-specific methods require an estinaditthe catch and release mortality,
sfm in mark-selective fisheries. Currently, values sifn used in preseason fishery
assessment models range from 7 to 16%. Release myoftaliadult coho salmon caught
recreationally in Puget Sound is modeled preseason atai® [ess than 13” are modeled at
15%). The release mortality for recreational fiskelin the ocean is modeled at 14% (Larrie
Lavoy WDFW, personal communicatipn These values could also be used for post-season
analyses.

3.3.2.1 Paired-Ratio (PR) Method

The paired-ratio method uses estimated mortalities okedafish for a DIT group in mark-
selective fisheries (M), and applies the unmarked-to-marked ratio for the DIT g(aupo
estimate the unmarked encounters in the fishery. Thealies of unmarked fish (¥J) are
estimated by multiplying the encounters by a release htprate Sfm).

0 SF _ M SF;]SFSfm

The ratio of unmarked to marked fish in the mark-selecisleefy 7" that is required to
estimate unmarked mortalities using the PR method is Dilipgspecific (i.e.A5" = theA for

a specific DIT group). The rati®™"is not equivalent to the overall mark rate encountered by
the fishery, since the fish that are encountered mgluide both tagged and untagged fish and
fish from multiple stocks. For any specific mark-séiee fishery, there are three potential
sources that may provide an estimate ofAtha that fishery for any given DIT group, theat
release X*®), the A observed in one or more non-selective fisher’®$™, and the\ in
escapemeni\f®.

Choosing Betweea“S". AR¢ and ¢

If the unmarked and marked DIT groups are treated identicatlyrelease and, assuming no
delayed mark mortality, on average théor each DIT group should initially be the same in
all locations and should be equaN®’ (i.e.,AR® is an unbiased estimate of the fishk)y

Mark-selective fisheries will result in a change in ttasio, andA will increase since only
marked fish are retained in these fisheries. Howewes, change il will be limited to
regions impacted by the mark-selective fishery (eithiegctly or through migration of fish
that have escaped the fishery). T®in geographical areas that are separated by a large
distance from any mark-selective fishery should remiaisectol~®:

Region A impacted by the SF: XEE) < EQY),
Region B not impacted by the SF: ABY) = EQ\P).
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Figure 1 illustrates the value of the unmarked-to-marked thtmughout the migration of
salmon returning within a single year under several smeEnarEach path ending with an
arrow into escapement represents a different scenstarting withAR® = 1.0 for simplicity,

if there are no mark-selective fisheries, the expeafétiis also 1.0 (Path A). If there are
mark-selective fisheries thewill change depending on the timing of the fisheries and the
distribution of the tagged stock (Paths C and D). éfehis delayed mark mortality, will
increase even if there are no mark-selective fishéPath B).

Because coho salmon return predominately at age 3, wftéries occurring on these stocks
as they migrate towards terminal areas, one would expatk"® < A\5" < A¥*°as in Path D.
The SFEC suggested that an unbiased estimate infany region could be obtained by
“pairing” each mark-selective fishery with a non-salexfishery in the same time|area strata
(SFEC-AWG 2002). If the non-selective fishery exploish fwith the same@ as the mark-
selective fishery:

EQA") = EQ®) = EQ).

The problem with estimating from a non-selective fishery is that it is difficto obtain
enough tags to insure that the estimat&¥) will be close toA®. In other wordsA ™ is

not a very precise estimator . In contrast,A R and A 5 which are based on large
numbers of tagged fish will typically be very pssi but may be biased once mark-selective

fisheries have already occurred. Hence, therebiasversus precision tradeoff to usia§®
or A ¥versusA N,
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Figure 1. General schematic illustrating the potenti@nge in the unmarked-to-marked
ratio (\) over time (starting witiAR® = 1) for a migration occurring within a single
year (e.g., age 3 coho salmon) under several scenaritbsgmd without mark-
selective fisheries and with no selective fishery buhwelayed mark mortality).
A will increase with each new mark-selective fisheB¥) that impacts the stock.
A will increase if there is a delayed mark mortalityeetf Furthermore) can
decrease locally if fish from a DIT group that were swbjected to mark-selective
fisheries enter the area and thereby “dilite”

Statistically, estimators are evaluated in terms oir taecuracy and precision. The best
estimators are unbiased (on average, across all posaibigles, the estimator is equal to the
parameter that it is trying to estimate) and precise @stimates do not vary much from
sample to sample). Biased estimators systematicalgr- or under- estimate the true
parameter; therefore, it is often preferable to consigdriased estimators alone. In other
cases, a biased estimator that is very precise maydierable to a highly imprecise but
unbiased estimator (Figure 2).
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Figure 2. The sampling distribution of two estimates of uketh mortality in a mark-
selective fishery (SF) using different estimated3f The estimates using® is
biased but precise due to the large number of tags. Tiheasstusing recoveries
from a paired non-selective fishery to estimateis unbiased but very imprecise
due to small numbers of tags recovered.

In general, estimates using® and A will be much more precise than those usiNg”™ as
their estimation is based on larger numbers of sanisledn the hatchery, but more prone to
bias (Figure 2). The unmarked-to-marked ratio at rele®®d (vill always be biased low

after the first mark-selective fishery (Figure 1). Tago from escapementi®9) will also be
a biased estimator afin mark-selective fisheries. The direction of thas, however, will be

more difficult to infer than in the case with?®. The relationship betweeyt® andASF will
depend on the timing of the mark-selective fishangl its location relative to other later
fisheries and escapement. If all of the stockas egually vulnerable to all mark-selective
fisheries, the\™°can be lower or higher than thé it is estimating as seen in Path C in
Figure 1. A simple example illustrating the prables given below and in Table 10.

As shown in Table 10, initially equal numbers ofrkeal and unmarked (but tagged) fish are
released)\"® =1. These fish distribute themselves into twdinli$ regions, A and B, with
twice as many fish in region B than region A (Tab®. There are two distinct fishery time
periods. In the first time period, there is a mselective fishery in region AAEF =
4,000/4,000 = 1) and a non-selective fishery inoed@. The harvest rate of both fisheries is
0.4. In the mark-selective fishery, the catch-agldase mortality ratesfm is 0.1. In the
second fishery time period, there is a mark-seledishery in Region AX°" = 3,840/2,400 =
1.6) and a mark-selective fishery in region B (= 4,800/4,800 = 1). In both of these
fisheries, the harvest rate = 0.2 and ¢he= 0.1. All fish that are not caught in the second
fishery time period escape.
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Table 10. Example of the change in the unmarked-to-magt&d, during migration to
escapement in two regions as mark-selective fishergesxacuted.

Region A Region B Combined
Number A Number A Number A

After Release
Marked 4,000 1.00 8,000 1.00 12,000 1.00
Unmarked 4,000 8,000 12,000

After first fishery time period
Marked 2,400 1.60 4,800 1.00 7,200 1.20
Unmarked 3,840 4,800 8,640
After second fishery time period

Marked 1,920 1.96 3,840 1.22 5,760 1.47
Unmarked 3,763 4,704 8,467

Escapement
Marked 5,760 1.47
Unmarked 8,467

A5Cis biased high for both the mark-selective fisheryégiBn B and the first mark-selective

fishery in Region A (wher@S™ = AR = 1). In contrastA\®™° is biased low for the mark-
selective fishery in the second time period in Regigh A = 1.6).

But, while the direction of the bias faF* is more difficult to infer, in general the ratio will
always be greater than th&®, or:

EO\ESC) S EO\ReI).

The above examples illustrate the potential biasesciassd with estimatingSF using A *

and|orﬁ B These potential biases need to be assessedasiemiisly with the precision of
the estimators in order to determine which is napgtropriate in any given situation.

For the coho salmon DIT data for brood years 199%/1it was generally not possible to find
a non-selective fishery that would provide an uséthestimate of the in a mark-selective
fishery. Many of the non-selective fisheries ocedr after mark-selective fisheries had
occurred. Therefore, thein the non-selective fisheries would be expectelet biased high
relative to the mark-selective fishery precedinglit addition to the potential bias associated
with theA estimated from one or more non-selective fishethes precision of these estimates
was poor due to the small number of recovered tddge estimates of were highly variable
from fishery to fishery, reflecting imprecision ambssibly bias, and it was difficult to
determine whicl\ should be used.

Given the imprecision and potential for bias whemgA from a non-selective fishery, we

felt that A R and A E°were more appropriate for the coho DIT releasegsan the database.
The degree of bias associated with thesewill depend on the extent to which prior mark-

selective fisheries have altered then the fishery of interest. The ratibR® is likely to be
most appropriate for mark-selective fisheries tiake place in the earlier part (in time and
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location) of the migration, whereak™™® may be more appropriate for mark-selective fiseeri
occurring later in the migration and closer toimterminal areas.

The types of information needed to assess the f@tdrias and precision of the three
estimators are listed below.

Precision of the estimates:

« AF® requires knowledge regarding the techniques tsedtimate the number of DIT
fish released from the hatchery (“No. Released WWT” field in the PSMFC data
base). Several different counting methods are usedestimate this quantity
(“Counting Method” field in the PSMFC database).ethbds that rely on a statistical
sample (e.g., Petersen estimates) will allow oneegbmate the precision of the
estimate of the number of fish released.

AP requires estimates of the number of marked amdawked DIT fish landed in

the non-selective fishery(ies) along with theiirasted precision.

« AF%  requires estimates of the number of marked anchamked DIT fish in
escapement sampling along with their estimatedigiosc

Bias of the estimates:

« AR® requires knowledge regarding the extent of delayark mortality as well as the

impact of prior mark-selective fisheries.

AVSF requires knowledge regarding the degree to wttieh\s in the paired fishery

are likely to be representative of the in the mark-selective fishery of interest.

« A% requires knowledge regarding the degree to wtiieis in escapement samples
are likely to be representative of the in the mark-selective fishery of interest.

3.3.2.2 TERM Method

Very few of the DIT groups were harvested in teramhimark-selective fisheries, so the TERM
method was rarely applicable. However, the terhmnethod will produce biased estimates
of unmarked mortalities if escapement is not febynpled. This problem was pervasive (see
section 3.1).

3.4 Estimates of Unmarked Mortalities Using the PR Method

The PR method was used to estimate unmarked niegaliue to catch and release in mark-
selective fisheries. The&fmfor each fishery (Table 11) was used along withrdease and
escapement unmarked-to-marked ratios.

Mark-selective fishery mortalities of unmarked taddish were calculated usiigat release
and at escapement (Table 12). This provides aerafgralues for unmarked tagged fish
mortalities. The totals shown for the mark-selexfisheries include mortalities due to catch
and release and mortalities due to unmarked regogrerror, i.e., mortalities estimated from
unmarked tagged coho landed in mark-selective fiisbebut does not adjust for other non-
landed mortalities such as drop-off mortalities. shnple exploitation rate (SER) was
calculated as the estimated fishery mortalitiesdeid by the total mortalities plus escapement
(Table 13 and Figure 3). This rate is not cala@ddor the net pen hatchery programs in Hood
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Canal, as these do not have adequate escapement estiorades these included in the total
for estimation of total SER for Hood Canal stocks.

Table 11. Release mortality rates used as defaults ¢brreark-selective fishery. These
rates are those used for coho salmon pre-season maagaodels.

Mark Selective Fishery Release Mortality Rate (sfm)
Buoy 10 Sport 0.16
Coos Bay Sport 0.14
Freshwater Sport 0.14
GeorgialJuan de Fucal|Johnstone Straits Sport 0.00
Newport Sport 0.14
Tillamook Sport 0.14
WA Area 1 Sport 0.14
WA Area 1 Troll 0.26
WA Area 13 Sport 0.07
WA Area 2 SF Sport 0.14
WA Area 2 Sport 0.14
WA Area 2 Troll 0.26
WA Area 3 Sport 0.14
WA Area 4 Sport 0.14
WA Area 5 Sport 0.07
WA Area 6 Sport 0.07
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Figure 3. Estimated Simple Exploitation Rate (SER)fiarked and unmarked coho salmon
in mark-selective fisheries with 95% confidence intervé®). Unmarked
exploitation rates are estimated using bo#t release and escapement.
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The regional SER for the unmarked fish (Table 13) ranged @&% for the Strait of Juan de
Fuca region to 1.1% for the Coastal region. The eséich SERs for the individual stocks
ranged from 0.02% to 2.96% (Table 13) depending on theed (Figure 3). In comparison,
the regional SER for marked fish in mark-selective figseranged from 4.3% for the Elwha
DIT group to 8.9% for the Hood Canal DIT groups (Table 13} m@mged from 0.14% to
14.88% for the individual stocks (Figure 3). The differeroetsveen the SER estimated for
unmarked fish in mark-selective fisheries using the @ticelease and at escapement ranged
from O to 1%, which represents 20% or less of the estinnging the ratio at release (Table 13
and Figure 4). This difference was not significantly défé from zero for any stock.

Difference in Unmarked SER in mark-selective fisheries estimated
using ratio at release and escapement

80%

60% -
40% -
20% | . *

4
0% A * * ‘

Difference as % of release SER

-20% A

[ 24

-40%

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 16%
SER in SF for Marked fish

Figure 4. Difference between SER for unmarked fish in rsaf&ctive fisheries estimated
using AR and A¥® as a function of the SER for marked fish in mark-s@lec
fisheries.

The precision of the estimates of SER is measuretib9%% confidence intervals (Figure 3)
and by the relative error, which is half of the confrkeinterval divided by the estimate of
SER. The relative errors range from 15% to 174% for theatked stocks and 14% to 164%
for the marked stocks (Table 13). There is a general wédecreasing relative error with
increasing estimates of SER (Figure 5); however, thewnsiderable variability in this

trend. The estimates of unmarked SER in mark-sele@itheries have the same level of
precision as those of marked SER (Figure 5). For boithaes the relative error, or width of
the half of the 95% confidence interval, ranges from 8% for most estimates. However,
the relative error does not measure bias, and so undemgssi the true uncertainty in the
estimates of unmarked mortalities in mark-selective fiske
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Relative Error as a function of SER
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Figure 5. Precision of estimates of SER as a funafahe SER. Precision is measured as
the relative error, which is half of the 95% confidemsterval divided by the
estimate of SER.

The value of the release mortalityfr) was varied from the default (Table 11), with one
value half of the default and the other twice the alefaObviously the range of the estimates
of unmarked SER will vary similarly (Table 14), and thisiaton is more than the difference
between the estimates made using either the ratiteasest*®) or escapemenhf.
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3.5 Comparing Differences in the Escapement Rate of Unmarked and Marked Fis

Age 3 return rates for unmarked and marked fghand pm respectively, are given in
Table 15. Thep,, is the estimated proportion of the marked fish atas# that escape to

spawning grounds and hatchery racks andfifis the estimated proportion for the unmarked

tagged fish. Also shown are z-statistics calculat@usquation (2) in section 2 along with
the associatedP-value for the test. Positive values of the z-statishdicate that
proportionally more unmarked than marked tagged fish havenest s, > pn), as one would
expect if mark-selective fisheries result in lower talities on unmarked fish. R-value less
than 0.05 is significant at = 0.05. TheP-values in Table 15 do not account for multiple
comparisons and therefore should be interpreted withocauas in multiple comparisons
some tests are expected to be significant due to randaroecha

For most release groups we did not detect a significfetehce in the escapement rates of
marked and unmarked fish (Table 16). Confidence intervalshiorelative difference in
return rates were wide and included O in most cases (FigureO8her measures of the

difference in return rates [e.0p,/ P, . B, — P,,» 109(p,) —log(p,)] gave very similar
results.
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Table 15. Comparison of escapement return rates for undharkemarked fish. The,
andpm are the proportions of the total unmarked and marked estefisrning
to escapement. The z-statistic tests the null hypothieatsunmarked and
marked fish are returning at equal rates. A * inRhealue column indicates a
test significant at < 0.05. Sk = the number of marked and tagged fish that
were harvested in mark-selective fisheries divided by tttal number of
marked and tagged fish in fisheries and escapement.

Return
Hatchery|Location Year SF1 | pu (%) Pm (%0) z-statistic P-value
Coastal
Bingham Creek 1998 0.00 0.20 0.14 1.74 0.08
Bingham Creek 1998 0.07 1.81 1.09 1.61 0.11
Bingham Creek 1999 0.04 2.00 1.79 2.59 0.01*
Bingham Creek 1999 0.00 0.32 0.30 0.55 0.58
Bingham Creek 2000 0.07 0.62 0.71 -1.97 0.05
Forks Creek 1998 0.02 0.35 0.26 2.90 0.00*
Humptulips 1998 0.03 0.34 0.28 2.17 0.03*
Humptulips 1999 0.03 1.21 1.04 3.17 0.00*
Makah NFH 1999 0.06 3.22 3.36 -0.52 0.61
Makah NFH 2000 0.09 1.74 1.88 -0.65 0.51
Quinault NFH 1999 0.05 1.14 1.38 -2.47 0.01*
Quinault NFH 2000 0.10 1.63 1.72 -0.77 0.44
Salmon River 1998 0.00 1.26 0.72 1.69 0.09
Salmon River 1999 0.09 1.13 1.13 0.02 0.99
Salmon River 2000 0.15 0.95 0.60 1.30 0.19
Solduc 1999 0.08 2.28 2.08 2.57 0.01*
Solduc 2000 0.11 2.34 2.11 3.03 0.00*
Hood Canal
George Adams 1998 0.00 0.41 0.44 -0.72 0.47
George Adams 2000 0.04 1.95 1.74 1.59 0.11
George Adams 2000 0.13 1.82 1.71 0.95 0.34
Port Gamble Bay Pens 1999 0.06 NA NA NA NA
Port Gamble Bay Pens 2000 0.12 NA NA NA NA
Quilcene Bay Pens 1999 0.05 NA NA NA NA
Quilcene Bay Pens 2000 0.08 NA NA NA NA
Quilcene NFH 1999 0.09 1.00 1.03 -0.25 0.80
Quilcene NFH 2000 0.09 2.65 2.60 0.24 0.81
North Puget Sound
Kendall Creek 1999 0.08 0.47 0.43 0.81 0.42
Kendall Creek 2000 0.06 0.77 0.78 -0.12 0.90
Marblemount 1998 0.00 2.65 2.84 -1.72 0.08
Marblemount 1999 0.12 0.95 0.77 2.88 0.00*
Marblemount 2000 0.10 4.39 4.51 -0.86 0.39
Wallace River 1999 0.07 2.21 1.98 2.35 0.02*
Wallace River 2000 0.04 7.48 7.10 2.16 0.03*

- continued -

44



Table 15. Comparison of escapement return rates for undharkemarked fish. The,
andpm are the proportions of the total unmarked and marked estefisrning
to escapement. The z-statistic tests the null hypothieatsunmarked and
marked fish are returning at equal rates. A * inRhealue column indicates a
test significant at < 0.05. Sk = the number of marked and tagged fish that
were harvested in mark-selective fisheries divided by tttal number of
marked and tagged fish in fisheries and escapement.

Return
Hatchery|Location Year SF1 | pu (%) Pm (%0) z-statistic P-value
South Puget Sound
Kalama Creek 1999 0.00 0.00 0.00 -0.10 0.92
Soos Creek 1999 0.05 0.50 0.61 -1.59 0.11
Soos Creek 2000 0.07 2.75 211 6.02 0.00*
Voights Creek 1999 0.15 0.33 0.43 -1.41 0.16
Voights Creek 1999 0.13 0.59 0.46 1.87 0.06
Strait of Juan de Fuca
Lower Elwha 1998 0.01 0.16 0.15 0.72 0.47
Lower Elwha 1999 0.06 0.40 0.42 -0.56 0.57
Lower Elwha 2000 0.05 0.41 0.36 1.51 0.13

Table 16. Summary of escapement return rate tests by peaodummarized from Table 15.

Run Year Pm > pu (P < 0.05) Pu> pm (P < 0.05) Non-significant
1998 0 2 6
1999 1 5 10
2000 1 3 9
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Figure 6. Relative differences in return rates for marked unmarked release groups
plotted along with 95% confidence intervals for thesderdihces. (a) Coastal
stocks: 1-5 = Bingham Creek, 6 = Forks Creek, 7-8 = Hulippi{l®-10 = Makah
NFH, 11-12 = Quinault NFH, 13-15 = Salmon River, 16-17 = SoldbicHpod
Canal and Strait of Juan de Fuca (S.J.D.F.) stocks:=158orge Adams, 4-5 =
Quilcene NFH, 6-9 = Lower Elwha (S.J.D.F.); (c) Nddihget Sound stocks: 1-2
= Kendall Creek, 3-5 = Marblemount, 6-7 = Wallace Rivgd) South Puget
Sound stocks: 1-2 = Soos Creek, 3-4 = Voights Creek.
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The DIT release groups can be expected to have diffengmation pathways and therefore
should be encountered in mark-selective fisheries giingalevels. Those groups that are
encountered at higher rates in mark-selective fisheslesuld, in theory, have larger
differences in their return rates. We estimated asareaof mark-selective fishing pressure
for each DIT group §F) as the number of marked recoveries that occur in 4seldctive
fisheries divided by the total number of marked recovenied fisheries and escapement.

Somewhat surprisingly, there appeared to be no strorngrelhip between this measure and
the difference in return rates (Figure 7), despite a ddilectlifference in the average return
rate (across various release groups) shown in Table 1Teadohel 18.

0.6 0
04 fo
02 T S
0.0 - ° °
® @ o °
02 i )
| | | |
0.00 0.05 SF, 0.10 0.15

Figure 7. Plot of the relative difference in return sabetween unmarked and marked fish
versus mark-selective fishing pressure: S&) = the number of marked recoveries
in mark-selective fisheries divided by the total numbemafked recoveries in all
fisheries and escapement

There are several potential explanations for the gbdaesults:

1. The measure of mark-selective fishing pressure)(®E examined has too much error
associated with it to detect a signal. In general,nthere is measurement error in
the explanatory variable, the slope of a regressionnitide biased towards showing
no significant relationship (Rawlings 1988).

2. Unmarked fish have slightly higher return rates thankedhrfish, but the differences
in return rates may be due to other factors, e.g., eélayark mortality, or additional
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“savings” in non-selective fisheries if anglers are eniikely to release unmarked fish
in these fisheries. The ASFEC reviewed studies examimark-induced mortalities
in their 1997 report (ASFEC 1997). Few studies have been ceddtatdetermine
the potential effects of adipose fin-clipping. Examinatid DIT groups that have not
been subjected to mark-selective fishing pressure would alte to examine this
effect. However, tagging and sampling rates may neeck tmdreased in order to
ensure that the comparisons will have sufficient poweetect an effect of marking.

3. If unmarked and marked fish are reared differently, othdy are sampled using
different equipment, then estimates of the diffeeemcreturn rates could be biased.
While this could be a problem for one or two release grougs @ngham Creek —
see section 3.2.4), it is doubtful that these types akebkiare responsible for the lack
of a detectable relationship between differences in metates and mark-selective
fishing pressure.

N
The relative differences in return rates (1d@x-p,,)) are averaged locations and years in

Table 17 and Table 18, respectively. The relative differesiould be greater than zero due
to the impact of mark-selective fisheries.

Table 17. Mean differences in escapement return raggaged across release locations by

year.
Year 100 x (P, A P.) 95% Confidence Interval
1998 0.157% -0.016% - 0.330%
1999 0.035% -0.035% - 0.105%
2000 0.121% 0.032% - 0.210%
Total 0.093% 0.042% - 0.145%

Table 18. Mean differences in escapement return raggaged across years by release

location.
N
Location 100 x (P, = P.,) 95% Confidence Interval
u
Coastal 0.115% 0.015% - 0.215%
Hood Canal 0.063% -0.120% - 0.246%
North Puget Sound 0.069% -0.036% - 0.175%
South Puget Sound 0.141% -0.034% - 0.316%
Strait of Juan de Fuca 0.015% -0.196% - 0.226%
Total 0.093% 0.042% - 0.145%

The average of the differences in return rates igigedor all years and all release groups.
However, only the confidence intervals for return y2200 and for the Coastal group exclude
0 (which indicates the average is significantly differsatn zero). The Coastal group had
the largest number of release groups and year 2000 had thesthmyerall return rate.
Therefore, the non-significance (statistically) b tother sub-categories in Table 17 and
Table 18 is likely due to low power.
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4 DISCUSSION

The double index tag (DIT) system was instituted as pattieoindicator stock program for
the purposes of estimating exploitation rates in figseand survival for tagged stocks.
Exploitation rate analysis requires estimates ofl thédery mortalities in all fisheries, of
escapement to hatcheries and spawning grounds, and of anynottelities to which the tag
group may be vulnerable. The implementation of maskintgaand mark-selective fisheries
requires the development of a method for estimatingribwtalities of unmarked fish in mark-
selective fisheries. The intent of the DIT group®isidge the recoveries of marked and tagged
fish in the mark-selective fisheries, in conjunctiothwinformation on the unmarked-to-
marked ratios of the DIT group, to estimate these moesSFEC-AWG 2002).

A second use for the DIT groups is to compare the totdlafitees of mark-selective fisheries
on the marked and unmarked groups by comparing the proporti@&loroup returning to
the hatchery and|or escapement to the spawning groundsumiAgsthat there is no
differential mortality related to marking other than tth@&sulting from mark-selective
fisheries, the expectation would be that a lower priogpoof marked fish would return to the
hatchery.

This report has looked at both of these uses of the [ipgrfor coho salmon of brood years
1995, 1996, and 1997. The report also evaluated and made recdatiomes regarding the
quality of the tagging, sampling, and data available fotabegroups.

4.1 Estimation of Unmarked Mortalities in Mark-Selective Fisheries

Mark-selective fisheries for coho salmon have begriadmented since 1998. Although four
methods were proposed by the SFEC-AWG (2002) for estighatimarked mortalities in
mark-selective fisheries the workgroup concluded that omyroethod, the paired-ratio (PR)
method, provided useful estimates. Two of the methodsred to as the Total Methods,
were found to be unreliable due to the imprecision oestenates. These two methods are
unlikely to be useful for estimation of unmarked mortaditin mark-selective fisheries for
coho salmon unless selective fishery mortalities compaismuch larger percentage of the
total fishing mortalities than observed in our analyses.

The paired-ratio method uses a ratio of unmarked to marigegbdafish &) for each DIT
group to estimate encounters of unmarked tagged fish fromdamdetalities of marked
tagged fish. As originally described, theised would be estimated from DIT recoveries in a
non-selective fishery if one occurred in the same amea|stratum as the mark-selective
fishery or immediately prior to the mark-selectivehéisy in time or space (SFEC-AWG
2002). When the in a non-selective fishery provides an unbiased estiofatiee A in the
selective fishery, the estimate of unmarked encourdemsbiased. However, no appropriate
fishery pairs were available for the coho data from 1998-20@0so no fishery ratios could
be used.
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The unmarked-to-marked ratio is well known and precisavatpoints in the life history of
the DIT group, upon release and at escapement at ttigehat In the analyses reported, the
ratios measured at release and escapement of age-3 BdTsabmon were used to provide
bounds for the estimates of encounters. The assumptde was that prior to the first mark-
selective fishery, thaR® provides an unbiased estimatesf in all fisheries and a lower
bound for all fisheries after the first mark-selectighery. Once a mark-selective fishery
occurs the\ of the vulnerable DIT pairs will change, increasing asketh fish are removed
in the selective fisheries. The final estimateho&t escapement would provide an upper
bound on the fisherk for the DIT group.

In addition to choosing A for the PR method, it is also necessary to choosadue Yor the
release mortality ratesfm). In our analyses we chose three valuesfrofthe values currently
used for pre-season management models for each fighergefault value) and a value half
of the default and twice the default. Again this providesange of values for unmarked
mortalities in selective fisheries.

4.1.1 Estimates Using™® and A%

Recoveries of double index tagged coho salmon are avaflabthe years 1998-2000 and
were used to estimate unmarked mortalities in the marktseldsheries. Estimates were
made of simple exploitation rates (SER = fishery waldyt divided by mortalities plus
escapement). The estimates made using the two rafwesest a bounded range of
exploitation rates for unmarked fish in mark-selectigddries. For the return years 1998-
2000 the differences between these two estimates genemathed between +20% of the
estimates, but this was not a significant differencEhe precision of the estimates was
comparable to the precision of estimates of markedrfisiark-selective fisheries.

We report a range of estimates of unmarked mortalitiesarrk-selective fisheries, each with
one of two values oX and one of three values sfim. In choosing which of the estimates to
use the analyst or manager must consider the reasnaaslef the input values farandsfm

In these analyses there was little difference batd€' and A¥° but the differences that

result from using afmhalf or twice that of the default values are morestartial.

4.2 Comparison of Escapement Rates of Unmarked and Marked Fish

Comparisons of the proportion of DIT marked and unmarked tagpgrreturning to the
escapement found that in 10 out of 37 cases (hatcherggediinations) significantly more
unmarked fish returned, while in 25 cases there were no is@mtifdifferences. Six of the
significant differences were found for coastal groups, wihike remaining significant tests
were for Northern and Southern Puget Sound stocks. Wheraged by region the
differences in return rates were positive for aljio@s. However, only the coastal stock
group showed a significant average difference, i.e.98% confidence interval for the mean
difference did not include zero.

In order to use DIT pairs to evaluate the impact of sgkedisheries by comparing the return

rate of unmarked and marked tagged fish, the number of tagbeshfigpled in the hatchery
is extremely important. The larger the number of tagged returning to the hatchery the
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smaller the difference in return rates that can lbectied. In the case of the 1995-1997 brood
years for coho, most of the comparisons were not ggnif. In order to detect small impacts

it is necessary to sample larger numbers of taggedefigier by increasing the size of the tag
group or sampling at higher rates. As most hatchetiempt to sample at or close to 100%,

tag group sizes would have to be increased.

4.3 Quality of Tagging, Sampling, and Data

Several issues were raised during the evaluation of thdae by the workgroup including
fisheries that were not sampled for tags, harvestwaat not reported, escapement that was
not sampled, and concerns with sampling methods in hashand the escapement to the
spawning grounds.

Many of these concerns are not unique to the DIT sydtatnntroduce potential bias to the
general use of tagged hatchery stocks for estimatiexmbitation rates and survival. When
fisheries and escapement are not sampled for tags,ctdtalt size will be biased which
results in biased estimates of exploitation ratessamdival. In addition, exploitation rates
cannot be estimated for unsampled fisheries. Thesesares which need to be assessed for
each watershed to evaluate and improve the quality gfrgsent indicator stock system.

Methods of rearing, tagging, and sampling the marked and unthBskemust be conducted

in an identical manner for the major assumption of EH& system to be valid. The

assumption is that the only difference between the [aif is the mark and their differential
exploitation in mark-selective fisheries. If markeddaunmarked fish are not treated
identically when reared, tagged, and sampled, the effabieanark-selective fishery will be

confounded.

4.4 Implications

The impact to managers of conducting a mark-selectiveryishehat the indirect estimation

of unmarked, mark-selective mortalities adds additionabdamty that cannot be directly

guantified. A value of the unmarked-to-marked ratio musthosen in order to estimate the
encounters of unmarked fish in mark-selective fishea#spugh for coho salmon estimates
using the release and escapement ratio represent a baanded Estimating mark-selective
mortalities of unmarked fish also requires input valuesrétgase mortality rates. Both of
these input values represent assumptions and sources afloeh increases the uncertainty
in the estimates.

The sources of bias may be evaluated to some extentc@hg salmon encounter rates can be
evaluated by comparing the unmarked-to-marked ratio at releasataescapement, or for
release mortality rates by examining studies in theatitee or carrying out research to
independently estimate the rates. The effect of theti@aa unknown bias is reflected in this
report in that the estimated mortalities are reportedaages rather than as single values.
Given this range, managers can consider the impacedfitis with reference to the numbers
of mortalities and the exploitation rates being ested.
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5 RECOMMENDATIONS

The recommendations of the workgroup are summarized beldhese are not listed in
priority order. They can be put into two groups, recomuagions that pertain only to
estimation of mortalities of unmarked fish in mark-selecfisheries, and recommendations
that are relevant for the CWT indicator stock progrdor all estimation using cohort or
exploitation rate analysis.

Recommendations:

 The impact to managers of conducting a mark-selective rfisise that the indirect
estimation of unmarked, mark-selective mortalities adidtianal uncertainty that cannot
be directly quantified. As with drop-off mortality, catand-release mortality, and sub-
legal mortality, these mortalities are indirectlyimsated and unlike landed mortality, the
uncertainties cannot be estimated from direct observadi tags in landed catch by
samplers. Managers should consider these uncertaamibsheir implications regarding
stock management objectives and the precision and acafrslyery evaluation tools.

* Whenever a mark-selective fishery is proposed managerddsconsider the source of
data for estimating the unmarked-to-marked ratih ( The analyses for this report
illustrated the importance of the unmarked-to-marked rdtith@ DIT group, which is
used to estimate encounters and cohort size for unmarkedsaddnon. The bias and
precision in the estimate of this ratio is critical fll of the methods for estimating
unmarked mortalities in mark-selective fisheries.

» The assumptions required to obtain unbiased estimates ofkednaortalities (using the
methods developed by the SFEC-AWG) were often difficulsdtisfy. Many of these
situations could have been avoided, however, if the assumapif the analytical methods
were considered during the preseason planning process. bétifdr communication
between technical support staff and fisheries managers afahgse problems could be
avoided or minimized in the future.

» All fisheries and escapements should be sampled. tyrieimould be given to larger
fisheries and to spawning grounds where there may be samifstraying from indicator
hatchery stocks.

» Evaluation of the impacts of mark-selective fisheriectmparison of the escapement of
marked and unmarked groups in the DIT pairs relies on srificiumbers of tags being
released. Future tag group sizes should be evaluated witbbjective in mind.

* Hatchery release and recovery programs for CWT grougemeral and DIT groups in
particular should be reviewed. Release programs shoutdirdmful that tagged fish are
randomly allocated to a mark status and that after tgfggarking, both groups are treated
similarly (i.e., preferably are reared together). Hatg programs for recovering CWTs
from returning adults should also be reviewed to identifylifg limitations and to ensure
that sampling|handling practices are not mark-dependent ddéferent detection devices
used for unmarked and marked fish).

» Communication with hatchery managers and enhancememgisits on the goals and
requirements of the DIT program is important and mushamtained.
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Training programs for samplers and hatchery staff shoeld¢dntinued and improved
where necessary.

Indicator stocks should be reviewed for their utility adidator stocks. Hatchery stocks
where returning tagged fish cannot be sampled in thepesent (e.g., net pens, or
hatcheries with significant unsampled straying or annualdffog) should not serve as
candidates for the exploitation rate indicator stodgpam.
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APPENDIX 1

APPENDIX 1. CRASFISHERY DEFINITIONS

Individual recovery records were mapped to fisheries usiegCoded-wire tag Retrieval and
Analysis System (CRAS) fishery definitions (CRASaigprogram maintained by the NWIFC
in Olympia, WA for the purpose of summarizing CWT dat@RAS fisheries are defined by
PSMFC recovery location codes and fishery gear codggpemdix Table 1.1 was used to
assign recoveries to CRAS fisheries. The mappingksvby taking each recovery record’s
fishery code and recovery site location code and congdrirow by row, to the columns 3,

5, and 6 in Appendix Table 1.1. The recovery is mapped ttrshdishery in the table where

the following criterion are met:

1. The firstN characters of the recovery’s recovery site locatiode is exactly equal to the
PSC recovery site location code, whdtés equal to the number in thé 4olumn of the
table.

2. The recovery’s fishery code is between the lowerwger fishery gear codes in columns
5 and 6 of the table.

Appendix Table 1.1. PSC location codes sorted by numberf @)avacters, PSC recovery
site location code, and fishery gear code

Fishery Fishery Name PSC_recovery site # Slesz;eégde Slesz;eégde
Number location code Char
lower upper
30 Tillamook Troll 5M22202 02 10 18 10 19
24 WA Area 1 Troll 5M22202 02 19 18 10 19
24 WA Area 1 Troll 5M22202 02 37 18 10 19
29 Buoy 10 Sport 5F33201 R1 32 18 40 49
31 Tillamook Sport 5M22202 02 11 18 40 49
25 WA Area 1 Sport 5M22202 02 19 18 40 49
25 WA Area 1 Sport 5M22202 02 37 18 40 49
68 WA Area 10E Net 3M10510 888101 15 20 29
68 WA Area 10E Net 3M10510 888105 15 20 29
68 WA Area 10E Net 3M10510 888106 15 20 29
66 WA Area 10A Net 3M10510X2 X10A 15 20 29
68 WA Area 10E Net 3M10510X5 X10E 15 20 29
78 WA Area 13D Net 3M10513 888130 15 20 29
78 WA Area 13D Net 3M10513 888131 15 20 29
18 WA Area 4, 4B Troll 3M364 X1 X6C 14 10 19
59 WA Area 8D Net 3M10308X1 X8D 14 20 29
69 WA Area 11 Net 3M105 X1 X11 14 20 29
65 WA Area 10 Net 3M165 X1 X10 14 20 29
61 WA Areas 6B, 9 Net 3M167 X1 X6B 14 20 29
90 California General Troll 3M* CAL 13 10 19
87 Canada General Troll 3M* CAN 13 10 19
89 Oregon-California General Troll|3M* OR- 13 10 19
88 Oregon General Troll 3M* ORE 13 10 19
22 WA Area 2 Troll 3M32101 8601 13 10 19
24 WA Area 1 Troll 3M32202 8602 13 10 19
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Fishery Fishery Name PSC_recovery site # Slesz;eégde Slesz;eégde
Number location code Char
lower upper
18 WA Area 4, 4B Troll 3M32303 8603 13 10 19
18 WA Area 4, 4B Troll 3M354 X1 X4 13 10 19
18 WA Area 4, 4B Troll 3M354 X2 X4 13 10 19
42 Fort Bragg Troll 6MO  NHFR 13 10 19
42 Fort Bragg Troll 6MO  NHPP 13 10 19
44 Southern California Troll 6MO  NHPS 13 10 19
38 Crescent City Troll 6MO  OBBG 13 10 19
38 Crescent City Troll 6MO  OBFK 13 10 19
26 WA North Coast Net 3M10745X2 X4 13 20 29
47 WA Area 7, 7A Net 3M10767X1 X7 13 20 29
61 WA Areas 6B, 9 Net 3M164 X2 X9 13 20 29
47 WA Area 7, 7A Net 3M167 X1 X7 13 20 29
61 WA Areas 6B, 9 Net 3M167 X1 X9 13 20 29
23 WA Area 2 Sport 3M32101 8601 13 40 49
25 WA Area 1 Sport 3M32202 8602 13 40 49
19 WA Area 4 Sport 3M32303 8603 13 40 49
43 Fort Bragg Sport 6MO NHFR 13 40 49
43 Fort Bragg Sport 6MO  NHPP 13 40 49
45 Southern California Sport 6MO  NHPS 13 40 49
39 Crescent City Sport 6MO OBBG 13 40 49
39 Crescent City Sport 6MO  OBFK 13 40 49
38 Crescent City Troll 6MO FKB 12 10 19
40 Eureka Troll 6MO  FKC 12 10 19
40 Eureka Troll 6MO  FKS 12 10 19
40 Eureka Troll 6MO  OBC 12 10 19
39 Crescent City Sport 6MO FKB 12 40 49
41 Eureka Sport 6MO  FKC 12 40 49
41 Eureka Sport 6MO  FKS 12 40 49
41 Eureka Sport 6MO  OBC 12 40 49
24 WA Area 1 Troll 5M22202 OO0 11 10 19
44 Southern California Troll 6MO FR 11 10 19
25 WA Area 1 Sport 5M22202 OO0 11 40 49
45 Southern California Sport 6MO FR 11 40 49
40 Eureka Troll 6MO B 10 10 19
42 Fort Bragg Troll 6MO C 10 10 19
44 Southern California Troll 6MO P 10 10 19
44 Southern California Troll 6MO S 10 10 19
32 Newport Troll 6MO W 10 10 19
49 WA Area 7D Net 3M10107 8 10 20 29
49 WA Area 7D Net 3M10107 D 10 20 29
59 WA Area 8D Net 3M10308 D 10 20 29
73 WA Area 12A Net 3M10412 1 10 20 29
73 WA Area 12A Net 3M10412 8 10 20 29
73 WA Area 12A Net 3M10412 A 10 20 29
66 WA Area 10A Net 3M10510 A 10 20 29
67 WA Area 10B Net 3M10510 B 10 20 29
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Fishery Fishery Name PSC_recovery site # Slesz;eégde Slesz;eégde
Number location code Char
lower upper
68 WA Area 10E Net 3M10510 E 10 20 29
70 WA Area 11A Net 3M10511 A 10 20 29
76 WA Area 13A Net 3M10513 A 10 20 29
78 WA Area 13D Net 3M10513 B 10 20 29
77 WA Area 13C Net 3M10513 C 10 20 29
78 WA Area 13D Net 3M10513 D 10 20 29
79 WA Area 13E-K Net 3M10513 E 10 20 29
79 WA Area 13E-K Net 3M10513 F 10 20 29
79 WA Area 13E-K Net 3M10513 G 10 20 29
79 WA Area 13E-K Net 3M10513 H 10 20 29
79 WA Area 13E-K Net 3M10513 | 10 20 29
79 WA Area 13E-K Net 3M10513 J 10 20 29
79 WA Area 13E-K Net 3M10513 K 10 20 29
48 WA Area 7B, 7C, 7E Net 3M10707 E 10 20 29
41 Eureka Sport 6MO B 10 40 49
43 Fort Bragg Sport 6MO C 10 40 49
45 Southern California Sport 6MO P 10 40 49
45 Southern California Sport 6MO S 10 40 49
33 Newport Sport 6MO W 10 40 49
34 Coos Bay Troll 5F2220505 9 10 19
34 Coos Bay Troll 5F2221605 9 10 19
24 WA Area 1 Troll 5F2223002 9 10 19
24 WA Area 1 Troll 5M2220201 9 10 19
24 WA Area 1 Troll 5M2220202 9 10 19
30 Tillamook Troll 5M2220203 9 10 19
32 Newport Troll 5M2220204 9 10 19
24 WA Area 1 Troll 5M2220502 9 10 19
30 Tillamook Troll 5M2220503 9 10 19
34 Coos Bay Troll 5M2220505 9 10 19
24 WA Area 1 Troll 5M2220602 9 10 19
30 Tillamook Troll 5M2220603 9 10 19
30 Tillamook Troll 5M2220803 9 10 19
24 WA Area 1 Troll 5M2221001 9 10 19
24 WA Area 1 Troll 5M2221002 9 10 19
30 Tillamook Troll 5M2221003 9 10 19
32 Newport Troll 5M2221004 9 10 19
34 Coos Bay Troll 5M2221005 9 10 19
36 Brookings Troll 5M2221006 9 10 19
38 Crescent City Troll 5M2221007 9 10 19
30 Tillamook Troll 5M2221203 9 10 19
32 Newport Troll 5M2221204 9 10 19
24 WA Area 1 Troll 5M2221601 9 10 19
24 WA Area 1 Troll 5M2221602 9 10 19
30 Tillamook Troll 5M2221603 9 10 19
32 Newport Troll 5M2221604 9 10 19
34 Coos Bay Troll 5M2221605 9 10 19

58




APPENDIX 1

Fishery Fishery Name PSC_recovery site # Slesz;eégde Slesz;eégde
Number location code Char
lower upper
30 Tillamook Troll 5M2221803 9 10 19
32 Newport Troll 5M2221804 9 10 19
24 WA Area 1 Troll 5M2222201 9 10 19
24 WA Area 1 Troll 5M2222202 9 10 19
30 Tillamook Troll 5M2222203 9 10 19
32 Newport Troll 5M2222204 9 10 19
34 Coos Bay Troll 5M2222205 9 10 19
36 Brookings Troll 5M2222206 9 10 19
24 WA Area 1 Troll 5M2222401 9 10 19
24 WA Area 1 Troll 5M2222402 9 10 19
30 Tillamook Troll 5M2222403 9 10 19
32 Newport Troll 5M2222404 9 10 19
34 Coos Bay Troll 5M2222405 9 10 19
36 Brookings Troll 5M2222406 9 10 19
38 Crescent City Troll 5M2222407 9 10 19
24 WA Area 1 Troll 5M2223001 9 10 19
24 WA Area 1 Troll 5M2223002 9 10 19
30 Tillamook Troll 5M2223003 9 10 19
32 Newport Troll 5M2223004 9 10 19
34 Coos Bay Troll 5M2223005 9 10 19
36 Brookings Troll 5M2223006 9 10 19
38 Crescent City Troll 5M2223007 9 10 19
24 WA Area 1 Troll 5M2223202 9 10 19
30 Tillamook Troll 5M2223203 9 10 19
32 Newport Troll 5M2223204 9 10 19
34 Coos Bay Troll 5M2223205 9 10 19
36 Brookings Troll 5M2223206 9 10 19
38 Crescent City Troll 5M2223207 9 10 19
24 WA Area 1 Troll 5M2223401 9 10 19
24 WA Area 1 Troll 5M2223402 9 10 19
30 Tillamook Troll 5M2223403 9 10 19
32 Newport Troll 5M2223404 9 10 19
34 Coos Bay Troll 5M2223405 9 10 19
36 Brookings Troll 5M2223406 9 10 19
38 Crescent City Troll 5M2223407 9 10 19
32 Newport Troll 5M2223604 9 10 19
34 Coos Bay Troll 5M2223605 9 10 19
36 Brookings Troll 5M2223606 9 10 19
38 Crescent City Troll 5M2223607 9 10 19
30 Tillamook Troll 5M2223803 9 10 19
32 Newport Troll 5M2223804 9 10 19
34 Coos Bay Troll 5M2223805 9 10 19
36 Brookings Troll 5M2223806 9 10 19
38 Crescent City Troll 5M2223807 9 10 19
24 WA Area 1 Troll 5M2224002 9 10 19
32 Newport Troll 5M2224004 9 10 19
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Number location code Char
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34 Coos Bay Troll 5M2224005 9 10 19
36 Brookings Troll 5M2224006 9 10 19
38 Crescent City Troll 5M2224007 9 10 19
24 WA Area 1 Troll 5M2224202 9 10 19
30 Tillamook Troll 5M2224203 9 10 19
32 Newport Troll 5M2224204 9 10 19
34 Coos Bay Troll 5M2224205 9 10 19
36 Brookings Troll 5M2224206 9 10 19
38 Crescent City Troll 5M2224207 9 10 19
67 WA Area 10B Net 3M10510X1 9 20 29
65 WA Area 10 Net 3M10510X2 9 20 29
67 WA Area 10B Net 3M10510X3 9 20 29
67 WA Area 10B Net 3M10510X4 9 20 29
65 WA Area 10 Net 3M10510X5 9 20 29
79 WA Area 13E-K Net 3M10513X1 9 20 29
79 WA Area 13E-K Net 3M10513X2 9 20 29
25 WA Area 1 Sport 5M2220201 9 40 49
25 WA Area 1 Sport 5M2220202 9 40 49
31 Tillamook Sport 5M2220203 9 40 49
33 Newport Sport 5M2220204 9 40 49
31 Tillamook Sport 5M2220803 9 40 49
25 WA Area 1 Sport 5M2221001 9 40 49
25 WA Area 1 Sport 5M2221002 9 40 49
31 Tillamook Sport 5M2221003 9 40 49
33 Newport Sport 5M2221004 9 40 49
35 Coos Bay Sport 5M2221005 9 40 49
37 Brookings Sport 5M2221006 9 40 49
39 Crescent City Sport 5M2221007 9 40 49
31 Tillamook Sport 5M2221203 9 40 49
33 Newport Sport 5M2221204 9 40 49
25 WA Area 1 Sport 5M2221601 9 40 49
25 WA Area 1 Sport 5M2221602 9 40 49
31 Tillamook Sport 5M2221603 9 40 49
33 Newport Sport 5M2221604 9 40 49
35 Coos Bay Sport 5M2221605 9 40 49
25 WA Area 1 Sport 5M2222201 9 40 49
25 WA Area 1 Sport 5M2222202 9 40 49
31 Tillamook Sport 5M2222203 9 40 49
33 Newport Sport 5M2222204 9 40 49
35 Coos Bay Sport 5M2222205 9 40 49
37 Brookings Sport 5M2222206 9 40 49
25 WA Area 1 Sport 5M2222401 9 40 49
25 WA Area 1 Sport 5M2222402 9 40 49
31 Tillamook Sport 5M2222403 9 40 49
33 Newport Sport 5M2222404 9 40 49
35 Coos Bay Sport 5M2222405 9 40 49
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Number location code Char
lower upper
37 Brookings Sport 5M2222406 9 40 49
39 Crescent City Sport 5M2222407 9 40 49
25 WA Area 1 Sport 5M2223001 9 40 49
25 WA Area 1 Sport 5M2223002 9 40 49
31 Tillamook Sport 5M2223003 9 40 49
33 Newport Sport 5M2223004 9 40 49
35 Coos Bay Sport 5M2223005 9 40 49
37 Brookings Sport 5M2223006 9 40 49
39 Crescent City Sport 5M2223007 9 40 49
25 WA Area 1 Sport 5M2223202 9 40 49
31 Tillamook Sport 5M2223203 9 40 49
33 Newport Sport 5M2223204 9 40 49
35 Coos Bay Sport 5M2223205 9 40 49
37 Brookings Sport 5M2223206 9 40 49
39 Crescent City Sport 5M2223207 9 40 49
25 WA Area 1 Sport 5M2223401 9 40 49
25 WA Area 1 Sport 5M2223402 9 40 49
31 Tillamook Sport 5M2223403 9 40 49
33 Newport Sport 5M2223404 9 40 49
35 Coos Bay Sport 5M2223405 9 40 49
37 Brookings Sport 5M2223406 9 40 49
39 Crescent City Sport 5M2223407 9 40 49
25 WA Area 1 Sport 5M2224002 9 40 49
33 Newport Sport 5M2224004 9 40 49
35 Coos Bay Sport 5M2224005 9 40 49
37 Brookings Sport 5M2224006 9 40 49
39 Crescent City Sport 5M2224007 9 40 49
25 WA Area 1 Sport 5M2224202 9 40 49
31 Tillamook Sport 5M2224203 9 40 49
33 Newport Sport 5M2224204 9 40 49
35 Coos Bay Sport 5M2224205 9 40 49
37 Brookings Sport 5M2224206 9 40 49
39 Crescent City Sport 5M2224207 9 40 49
42 Fort Bragg Troll 6MOSFBOD 8 10 19
78 WA Area 13D Net 3M10513X 8 20 29
81 Freshwater Net 6MOSFCMA 8 20 29
57 WA Area 8-2 Sport 3M112082 8 40 49
43 Fort Bragg Sport 6MOSFBOD 8 40 49
80 Freshwater Sport 6MOSFCMA 8 40 49
84 Escapement 6MOSFCMA 8 50 59
10 SW Vancouver Island Troll 5M*2215 7 10 19
40 Eureka Troll 5M*2216 7 10 19
24 WA Area 1 Troll 5M22201 7 10 19
30 Tillamook Troll 5M22203 7 10 19
30 Tillamook Troll 5M22204 7 10 19
32 Newport Troll 5M22205 7 10 19
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32 Newport Troll 5M22206 7 10 19
34 Coos Bay Troll 5M22207 7 10 19
34 Coos Bay Troll 5M22208 7 10 19
34 Coos Bay Troll 5M22209 7 10 19
34 Coos Bay Troll 5M22210 7 10 19
36 Brookings Troll 5M22211 7 10 19
36 Brookings Troll 5M22212 7 10 19
36 Brookings Troll 5M22213 7 10 19
24 WA Area 1 Troll 5M2221A 7 10 19
24 WA Area 1 Troll 5M2221B 7 10 19
32 Newport Troll 5M22220 7 10 19
32 Newport Troll 5M22226 7 10 19
30 Tillamook Troll 5M2223A 7 10 19
32 Newport Troll 5M2224A 7 10 19
32 Newport Troll 5M2224B 7 10 19
32 Newport Troll 5M2226A 7 10 19
62 WA Area 9A Net 3M10409 7 20 29
69 WA Area 11 Net 3M10511 7 20 29
75 WA Area 13 Net 3M10513 7 20 29
26 WA North Coast Net 3M10704 7 20 29
47 WA Area 7, 7A Net 3M10707 7 20 29
26 WA North Coast Net 3M10744 7 20 29
51 WA Area 5 Sport 3M11105 7 40 49
52 WA Area 6 Sport 3M11106 7 40 49
46 WA Area 7 Sport 3M11107 7 40 49
55 WA Area 8 Sport 3M11208 7 40 49
60 WA Area 9 Sport 3M11309 7 40 49
63 WA Area 10 Sport 3M11410 7 40 49
64 WA Area 11 Sport 3M11411 7 40 49
74 WA Area 13 Sport 3M11413 7 40 49
71 WA Area 12 Sport 3M11512 7 40 49
23 WA Area 2 Sport 5M*2214 7 40 49
41 Eureka Sport 5M*2216 7 40 49
25 WA Area 1 Sport 5M22201 7 40 49
31 Tillamook Sport 5M22203 7 40 49
31 Tillamook Sport 5M22204 7 40 49
33 Newport Sport 5M22205 7 40 49
33 Newport Sport 5M22206 7 40 49
35 Coos Bay Sport 5M22207 7 40 49
35 Coos Bay Sport 5M22208 7 40 49
35 Coos Bay Sport 5M22209 7 40 49
35 Coos Bay Sport 5M22210 7 40 49
37 Brookings Sport 5M22211 7 40 49
37 Brookings Sport 5M22212 7 40 49
37 Brookings Sport 5M22213 7 40 49
25 WA Area 1 Sport 5M2221A 7 40 49
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25 WA Area 1 Sport 5M2221B 7 40 49
33 Newport Sport 5M22220 7 40 49
31 Tillamook Sport 5M2223A 7 40 49
33 Newport Sport 5M2224A 7 40 49
33 Newport Sport 5M2224B 7 40 49
33 Newport Sport 5M2226A 7 40 49
92 8reea§30n-Unknown or Mixed 5M22206 7 60 69
74 WA Area 13 Sport 3M1114 6 40 49
5 Central British Columbia Troll [2MNO05 5 10 19
4 North British Columbia Troll 2MNO06 5 10 19
1 Southeast Alaska Troll 2MNO7 5 10 19
9 NW Vancouver Island Troll 2MS01 5 10 19
10 SW Vancouver Island Troll 2MS02 5 10 19
18 WA Area 4, 4B Troll 2MS03 5 10 19
Georgia/Juan de
13 Fuca%ohnstone Straits Troll 2MS04 5 10 19
10 SW Vancouver Island Troll 2MS14 5 10 19
87 Canada General Troll 2MS16 5 10 19
24 WA Area 1 Troll 3M321 5 10 19
22 WA Area 2 Troll 3M322 5 10 19
20 WA Area 3 Troll 3M323 5 10 19
18 WA Area 4, 4B Troll 3M324 5 10 19
50 WA Area 5, 6, 6C, 7, 7TA Troll |3M325 5 10 19
50 WA Area 5, 6, 6C, 7, 7TA Troll |3M326 5 10 19
50 WA Area 5, 6, 6C, 7, 7TA Troll  |3M327 5 10 19
50 WA Area 5, 6, 6C, 7, 7TA Troll |3M354 5 10 19
50 WA Area 5, 6, 6C, 7, 7TA Troll |3M364 5 10 19
34 Coos Bay Troll 5M221 5 10 19
38 Crescent City Troll 6MOCR 5 10 19
40 Eureka Troll 6MOEU 5 10 19
42 Fort Bragg Troll 6MOFB 5 10 19
44 Southern California Troll 6MOSF 5 10 19
2 Southeast Alaska Net 2M*47 5 20 29
7 North British Columbia Net 2MNO09 5 20 29
8 Central British Columbia Net  [2MN12 5 20 29
16 Fraser River Net 2MS08 5 20 29
15 Georgia/Johnstone Straits Net |2MS10 5 20 29
15 Georgia/Johnstone Straits Net |2MS11 5 20 29
Strait of Juan de Fuca Net
17 (Canadian Area 20) 2MS13 5 20 29
12 \lilveetSt Coast Vancouver Island 2MS20 5 20 29
12 \lilveetSt Coast Vancouver Island OMS21 5 20 29
15 Georgia/Johnstone Straits Net |2MS45 5 20 29
16 Fraser River Net 2MS58 5 20 29
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12 \lilveetSt Coast Vancouver Island >MS70 5 20 29
48 WA Area 7B, 7C, 7E Net 3M101 5 20 29
56 WA Area 8 Net 3M102 5 20 29
58 WA Area 8A Net 3M103 5 20 29
72 \lilVeAt\ Area 12, 12B, 12C, 12D 3M104 5 20 29
65 WA Area 10 Net 3M105 5 20 29
61 WA Areas 6B, 9 Net 3M106 5 20 29
53 WA Areas 4B, 5, 6, 6A, 6C Net |I3M107 5 20 29
54 WA Area 6D Net 3M108 5 20 29
62 WA Area 9A Net 3M164 5 20 29
61 WA Areas 6B, 9 Net 3M165 5 20 29
53 WA Areas 4B, 5, 6, 6A, 6C Net |3M167 5 20 29
27 Grays Harbor Net 3M218 5 20 29
28 Willapa Bay Net 3M219 5 20 29
Georgia/Juan de
14 Fuca%ohnstone Straits Sport 2MS22 5 40 49
Georgia/Juan de
14 Fuca%ohnstone Straits Sport 2MS23 5 40 49
Georgia/Juan de
14 Fuca%ohnstone Straits Sport 2MS24 5 40 49
11 \évpeosrtt Coast Vancouver Island OMS27 5 40 49
Georgia/Juan de
14 Fuca%ohnstone Straits Sport 2MS28 5 40 49
23 WA Area 2 Sport 3M218 5 40 49
23 WA Area 2 Sport 3M219 5 40 49
25 WA Area 1 Sport 3M321 5 40 49
23 WA Area 2 Sport 3M322 5 40 49
21 WA Area 3 Sport 3M323 5 40 49
19 WA Area 4 Sport 3M324 5 40 49
35 Coos Bay Sport 5M221 5 40 49
39 Crescent City Sport 6MOCR 5 40 49
41 Eureka Sport 6MOEU 5 40 49
43 Fort Bragg Sport 6MOFB 5 40 49
45 Southern California Sport 6MOSF 5 40 49
5 Central British Columbia Troll [2MN5 4 10 19
44 Southern California Troll 6MOM 4 10 19
6 North/Central British Columbia SMN2 4 40 49
Sport
29 Buoy 10 Sport 3M42 4 40 49
45 Southern California Sport 6MOM 4 40 49
1 Southeast Alaska Troll M 2 10 19
1 Southeast Alaska Troll 1F 2 10 19
81 Freshwater Net 1F 2 20 29
2 Southeast Alaska Net M 2 20 29
81 Freshwater Net 3F 2 20 29
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95 Washington-General Net 3M 2 20 29
81 Freshwater Net 4F 2 20 29
81 Freshwater Net 5F 2 20 29
81 Freshwater Net 6F 2 20 29
80 Freshwater Sport 1F 2 40 49
3 Southeast Alaska Sport M 2 40 49
80 Freshwater Sport 2F 2 40 49
80 Freshwater Sport 3F 2 40 49
80 Freshwater Sport 4F 2 40 49
80 Freshwater Sport 5F 2 40 49
80 Freshwater Sport 6F 2 40 49
84 Escapement 1F 2 50 59
84 Escapement 2F 2 50 59
84 Escapement 3F 2 50 59
84 Escapement 4F 2 50 59
84 Escapement 5F 2 50 59
84 Escapement 6F 2 50 59
94 Cal FW-Unknown or Mixed 6E > 99 99
Gear
85 Alaska Cost Recovery 1 1 94 94
Alaska-Unknown or Mixed
91 Gear 1 1 61 61
Alaska-Unknown or Mixed
91 Gear 1 1 64 64
91 Alaska-Unknown or Mixed 1 1 90 90
Gear
91 Alaska-Unknown or Mixed 1 1 94 94
Gear
92 Oregon-Unknown or Mixed 5 1 61 61
Gear
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APPENDIX 2. CHECK LIST FOR ANALYSISWITH DIT GROUPS

Hatchery

Brood Year

Related Group Id

Hatchery Issues:

Unmarked Group Size

Marked Group Size

“Good” DIT group

Release Ratio

Method of estimating Release Ratio

Pre-terminal Fishery Issues:

Are there Alaska or Canadian fisheries not electronically sampled?

Are all pre-terminal fisheries sampled?

Terminal and in-river fishery issues (hatchery and fishery bios):

Location and size of terminal and in-river net

Are all net fisheries sampled?

Location and size of freshwater sport fishery

Is freshwater sport fishery sampled?

If fisheries not sampled, what method can be used to “estimate” harvest of
DIT tags?

Questions for hatchery managers:

Are 100% of the fish entering the hatchery sampled?

Are all jacks counted and sampled?

Are any fish passed above the hatchery?
» If so, are they included in the total hatchery count reported and
sampled at 100?
* If notincluded in total hatchery count, how are they reported and
how sampled?

Does 100% of the adult hatchery return enter the hatchery?

Is there any spawning ground sampling for hatchery tags?

OTHER:
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The results are organized by hatchery. A few caveatyg.apple confidence intervals that are
included are all approximate (SFEC 2002).
incorporate the uncertainty in the estimates of thecteeé fishery mortalit§ (sfm) and

APPENDIX 3

RESULTSOF INDIVIDUAL ANALYSES

uncertainty due to biases that result from process @kpgrendix Table 3.1).

In this appendix, “marked” refers to adipose fin-clipped aoded-wire tagged fish in the

DIT pair, while “unmarked” refers to the unclipped and code@wagged fish in the pair.

Appendix Table 3.1. Potential biases of the double index tégpohe

Method

Reason for bias

EMS

AR is not equal to A at large (due to delayed mark-induced
mortality or differential survival of marked and unmarked fish due
to process error).

Unsampled fisheries or escapement.

EER

AP is not equal to the A at large (due to process error or because
of previous mark-selective fisheries).
Unsampled fisheries or escapement.

PR

A"SFis not equal to the A at large (due to process error or because
of previous mark-selective fisheries make the non-selective
fishery an inadequate pair).

Assumed sfm is incorrect.

TERM

Abundance used to estimate encounter rate is incorrect.
Assumed sfm is incorrect.

® The selective fishery mortality is the mortalityat occurs as a result of a fish harvested by a saidighery

being released.
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Appendix 3.1. Bingham Creek Hatchery

Jeff Haymes, WDFW
Annette Hoffmann, WDFW
Laurie Peterson, WDFW

Brood Year | Stock Related Group ID | Unmarked Marked ARe
1995 Normal-timed 419972204 72,340 71,971 1.0051
Late-timed 419972203 74,919 72,016 1.0403
1696 Normal-timed 419981011 61,023 59,913 1.0185
Late-timed 419981012 65,229 63,980 1.0195
1997 Normal-timed 419991009 74,744 75,449 0.9907

Bingham Creek Hatchery is operated by the Washington Depislo and Wildlife (WDFW)
and is located on Bingham Creek, a major tributary ¢oBast Fork Satsop River (Appendix
Figure 3.1.1). A trap operated by WDFW is operated on BingGeaek at river mile 0.8.
The East Fork Satsop and Bingham Creek intersect at ap@ateiynthe hatchery location.

Hatchery practices that are relevant to these analyses

Marked and unmarked fish were reared in similar conditp® to release. At return, all
coho (including jacks) entering the hatchery are eleatatly sampled (primarily with
wands). Untagged and unclipped fish are released upstifaam lmatchery. When flows are
high enough, some returning adults may jump over the Eakt$aisop Dam (and escape
being counted at the hatchery). However, this is unlikebause a concrete splash apron was
constructed at the base of the dam in 1996 which limitaltligy of fish to jump the dam.

Sampling practices at the hatchery|trap

All hatchery fish may not enter the hatchery. Rséically, when the hatchery holding pond is
full, the fish ladder that provides access to the pondsed temporarily to returning adults.
During these times, some fish destined for the hatcsteay into Bingham Creek. These fish
are 100% electronically sampled (with wands or “V” detextby WDFW crew operating the

fishway|trap on Bingham Creek. After electronic sanglifish are classified as tagged or
untagged and then processed as follows:

* All markedand taggedish are sacrificed, their heads are taken for taguwery, and their
carcasses returned to the stream. Ofuhmarked and taggedfish, only males are
sacrificed for tag recovery at a rate of 20-25%, while 1@@%he females are released
upstream. Alunmarkedand taggedacks are sacrificed.

* All markedbut untaggedfish are sacrificed and their carcasses are retuonge stream.
All unmarkedand untaggedish are released upstream to spawn.
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Lake Nahwatzel

Bingham Creek

Trap Bingham Creek

Hatchery
E.F. Satsop Dam & Fishway

Appendix Figure 3.1.1. Map of the East Fork Satsop River,aimgCreek, and tributaries,
showing WDFW trapping facilities.

Spawning ground sampling

The Quinault Indian Nation and WDFW have conducted spanground surveys below and

above the hatchery. Electronic sampling was conductealla@oho salmon surveyed and

heads were taken if tags were detected. The mark sfatish sampled and other data were
also recorded.

Preliminary tag recovery data from spawning ground surveydumed in Grays Harbor and
Willapa Bay basins for return years 1998, 1999, and 2000 (Apperabie 13.1.1) were

obtained from WDFW. That tag recovery data had notbgen entered into the RMIS
system. For return year 1998, there were two jack reesv€1996 brood year) on the
spawning grounds of the Satsop River, one unmarked (tag code 6362 b2eamdrked (tag

code 636213). For return year 1999, there were two adult réeee(2996 brood year) on the
spawning grounds of the Satsop River, one unmarked (tag code 6362 Db2eamdrked (tag

code 636213). These numbers were added to the escapementotyyretata on the

appropriate data sheets. For return year 2000, there meereported recoveries of the
Bingham Creek Hatchery DIT group on the spawning grounds.
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General comments for all brood years 1995-1997

For brood years 1995 and 1996, two different DIT groups weresegleaone that was from
“normal-timed” stock and one that was from “late-tdhetock. Late-timed coho typically
return in late fall|early winter, while normal-timedH usually return in mid-fall.

General notes and concerns

In-river mark-selective sport fisheries existed in tHeekalis and Satsop rivers during all
three return years 1998, 1999, and 2000. However, these fishanesnot sampled for
CWTs. An additional difficulty arises because th&clkas expected to consist of marked fish
from more than one hatchery. In addition to the Bimgli&reek Hatchery, the Satsop Springs
rearing facility has also released adipose fin-clippecthesy coho over several years,
including brood years 1995, 1996, and 1997. Satsop Springs is la@atettream of
Bingham Hatchery on the Satsop River at river mil& 14 his facility is operated by a co-op
and receives its stock from the Bingham Creek Hatchery.

Number of marked fish released from Satsop Springs geéaaiity.

Brood Year Ad-Clipped but not CWT Ad-Clipped and CWT
1995 517,500
1996 401,709 38,868 (tag code 636161)
1997 520,000

Adult return information to the Satsop Springs facilsyincomplete making it difficult to
apportion escapement or to assess straying rates. oweis believed that most adults
return to the Bingham Creek Hatchery (Stan HamW&FW, personal communicatipn
Because the catch in the mark-selective fishery isatgdeto consist of marked fish from
both Bingham Creek Hatchery and Satsop Springs Hatcihevguld be difficult to apportion
the catch to each, a necessary step for indirestiynating the number of tags in the catch
(see Appendix 3.13 for detailed method). An alternativelldvde to combine the two
facilities under the assumption that they represeatstaock.

In fishery year 2000, unmarked fish were recovered in twonmanark-selective fisheries.
These recoveries were recorded by the sampler as unmaudkeédeaefore likely represent an
error on the angler’s part (i.e., these fish shoaldehbeen released).

There were no recoveries of the 1995 brood “late-timedtheay coho in 1998 mark
selective fisheries, nor were there recoveries of 1966d “late-timed” stock in 1999 mark-
selective fisheries. It appears that selective fisseoccurred too early to capture late-timed
hatchery fish during these fishery years.

70



APPENDIX 3

L1 S
96t pajewnsy
l paalesqO 4S8 yodg uodmep
SLLL 86'8 S0l 6.8 A evl s
ce'lL  89/¢ ov'ee 0891 60°¢l 6£'8 pajewnsy
9¢ 48 14 € 6 L paAIesqQO | JSN 19N JogleH sheln
06°L s
298¢ pajewnsy
6 paAlasqQ 48 yods Jeyemysei-
0S'¢L 928l €L°6 Y0 LL 86"/ L0°G YXAVAL Sv'le eL'e r40h74 3s
76901 G8'/vI LeLE 9g'8y | LS'te  ¥90!L /6821 8111 .28 GG'v | perewnsy
€e 14 4 9 9 ¥ [44 2s 4 L | PeAIBSAO | 4SN 19N Jojemysal
€29 129 000 000 000 000 ¢s'ice 000 | 0g°0cE 000 as
82686 LL'6G¥ | 00621 L 00'066 | 00°'G02 00°061 | Gi"20€°t 00°18Z | 68°0LF 00°L0} | perewnsy
$G€ 2184 62l 066 S0¢c 061 £68 182 0L 10} | PeAIBSqO | 4SN juswadeosy
qg'iL s
gLe paiewisy
} paAIesqO 4S uwodg gt fong | ¢
02 as
09¢ pejewiisg
b paAlesqO 4S yodg 4S 2 ealy Y
SvL 68°S 3S
4T 06°Gl peiewis3
e G paAlasqO 1S uodg teremysai
000 000 000 000 000 3S
004L 009. 00706 00'¥8 00°} psjewns3
1L 9. 06 78 L paalesqO | 4SN Juswedeosy 4
n N n N n N n (4 n N eleq | adAy Kioysiy | eby
pauwll [BWION pauwi} [eWION pauwi aje paull [BWION pauwi aje
1661 9661 G661

1661 PUB ‘9661 ‘S661 Sieak poolq 10] sdnoid I A1oyoiel] yoa1) weySulg ol uourjes oyoa (1)) paylewun

pue (JA) pasytew 1o jueuredesse pue soLoysy ul ysy padSe) Jo senifeirowr jo sojeuwnse pue s§e) paAIesqo Jo IequinN 1°1°¢ o[qel xipuoddy

71



APPENDIX 3

el 78°1L as
€29 20's pajewisy
] € paAlesqO 4s Hodg ¢ ealy Y M
19t 66°¢C s
61L¢ /89 pajewsy
! € paAlesqQ ES) [10J1 ¢ BalY VM
€c'¢ Ie'e s
6L¢ 0c’L pajewiis3
b € panesqo | 4S Uodg g ealy VM
€v'e 16°C G061 3s
o'y 2es Iyee perewnsy
4 4 9 paAlesqO ER) Hodg 43 g eaiy YW
SLyL cL Pl LeL 0S5t 26’0 3as
€g'Sh rAeq oLe £e°¢ SS'1 psjewns3y
b b 4 4 ! paAldsqO | 4SN | HodS 4SN 2 ealy VM
€ee €6°0 3s
88¢ 961 pajewnsy
3 L pPaAlesqQ | 4SN 19N d€1 esly YM
L0'g 3s
8¥°0¢ parewns3
L PoAIRsqO 4S 1011 | Baly Y
GG'¢ 109 Sc'e 3s
08°L 9L’ LL S1'6 psjewnsy
€ 9 S peAlesqO 48 Hodg | ealy Y M
ce’e [4A> €LY s
98'¢ 9.°¢ ¥.'6 | perewns3y
L b € | PoAIBSqQO | 4SN | 1104 L BYSelY 1sesyinosg
n W n W n N n N n W ereq | adAL Aisysid | aby
pawi} |eWON pawi} [BWION pawi} e pauwlj} [BWION pawl 81e7
166} 966} G661

‘L66]1 pue d@mﬁ amma,ﬁ s1eok poouq 10} sdnoi3 LI %HO&Owﬁm Jol) Eﬂﬂmﬁ—m wody uouwrfes oyood ADV payiemaun

pue (JA) pedrew JoJ juowredesss pue SaLIOUsY Ul ysi pegSe) Jo senI[eliow JO Sojewnss pue s3e) paAalasqo Jo requnN ‘1°]1°¢ 9[qe] Xxipuaddy

72



APPENDIX 3

18’12 S¥'Se Gl'ge 86ve| 66/, 68L| €0722E 22'0¢ | 987028 ) 10113 piepuels [ejo |
96699 G/'118|8599ee’t 8G'€ee't | 19822 Szgle | vO29r'L 02'1S0‘L | 96°G8Y 18/LL pajews3 (elo |
L 6¢ /G 98 €g or 25t /8 22 12 panIasqQ [eio
£6°¢ as
o'y parewns3
L paalesqQ | 4SN Hods | eaiy YM
8¢e'e as
26°¢ paewnsy
L panlesqQ 4SN 18N Joremysai4
€e0| €€0  /vO as
O] OFL  o02e perewns3
L 1 V4 paniesqQ | 4SN EmEQOomm 74
GI'L 166 v8'e 80°¢ 85'¢ 8G°¢ 3s
vyl 06'/2 y8'2l Gv'8 HLy FLY perewns3
14 L 9 14 ! L peniesqO | 4SN 10N Aeg edejjim
ev'e vE0L €0°S 9L | 0ro as
9ey ord? elee} ogy| ¥lL'L 29z | perewnsd
4 4 b € L 2| ponBsqO | 4SN | 1041 g ‘v ealy YW
n N n W n W n N n W eleq | edAL Aiaysi] | eby
pauwi} |ewIoN pauwl} [ewloN pawi 81e pauwi} [eWION pauwi} 8e
/661 9661 G661

‘L66T PUB ‘0661 ‘S66T SIeak pooiq 10] sdnoid JI( AIeyoiel] eoI) weySulg wolj uowes oyood () pespreurun
pue (JA) payIew 1oj jusuredessd pue SOLIGYSI Ul Ysy pa3Se) Jo sonielIouwl JO SIJeWINS9 pue sSe) PaAIasqo Jo 1aquunN ‘['T°€ Q[qel Xipuaddy

73



APPENDIX 3

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Bingham Creek Hatchery DIT groups largebued in Washington ocean
and Puget Sound fisheries (Appendix Table 3.1.1).

Equal Marine Survival (EMS) Method

Using A Rel the EMS estimates for the total unmarked mortalitpnmed across all mark-
selective fisheries are given in Appendix Table 3.1.2.

Appendix Table 3.1.2. Estimated numbers of unmarked morsatitieBingham Creek DIT
groups in all mark-selective fisheries using the EMS nektho

Brood Year e Estimate 95% Confidence Interval
Lower Upper
1995 1.005 -768 -2028 492
1996 1.019 -77 -155 1
1997 0.991 146 81 211

The mark-selective fisheries in return years 1998 and 1999 appsanall relative to other
fishery mortalities. For both years, the EMS methad wnable to detect such a small impact
and yielded negative and imprecise estimates (brood years ad9®86). In contrast, there
were six mark-selective fisheries in 2000. In this yda,EMS method detected a selective
fishery impact (brood year 1997). Considering the hatcheagtipes discussed above, it
seems reasonable to assume that there is no delay&ddmaortality, and that the post-
release tag loss rate was identical for the marked wamdarked groups, both critical
assumptions of the EMS method.

Equal Exploitation Rate (EER) Method

For the EER method, all non-selective fisheries warmbined to yield an unmarked-to-
marked ratio. Using all non-selective fisheries, tleREestimates for the total unmarked
mortality summed across all mark-selective fisherresgaven in Appendix Table 3.1.3. In
all three years, there were no non-selective figisettiat occurred prior (in time and area) to
the mark-selective fisheries (although WA Area 2 Spod WA Area 4/4B Troll occurred
somewhat concurrently with the WA Area 1 Sport selectishery). Therefore, this method
is expected to yield biased estimates of unmarked morsalitie

Appendix Table 3.1.3. Estimated numbers of unmarked morsalitieBingham Creek DIT
groups in all mark-selective fisheries using the EER ntetho

Brood Year NSF SE(/]NSF) Estimate 95% Confidence Interval
Lower Upper
1995 0.76 0.145 -1,055 -2,343 232
1996 0.91 0.293 -230 -982 521
1997 0.87 0.131 46 -106 199
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Paired-Ratio (PR) Method

The As at release and escapement were used to estimate riiiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table43.1Three values of the selective
fishery mortality §fm) were used for the estimates: a default value, 50%eodéffiault value,
and 200% of the default value. The default value variefishgry and depended on whether
the fishery was located in marine or fresh watere dafault values used were the same as
those used by the Fishery Regulation Assessment ModAMIER

Terminal (TERM) Method

The terminal fisheries for this hatchery are notctele and|or are not sampled, therefore, this
method was not applied.
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Appendix 3.2. Forks Creek Hatchery

Annette Hoffmann, WDFW
Laurie Peterson, WDFW

Brood Year Related Group 1D Unmarked Marked ARe
1995 419972401 75,497 75,294 1.0027

Forks Creek Hatchery is operated by the Washington Deptsbfand Wildlife (WDFW) and
is located on Forks Creek, a tributary to the Will&neer.

Hatchery practices that are relevant to this analysis

All coho salmon, including jacks, entering the hatcherg eounted and electronically
sampled using wands. Wild fish that are sampled as untaggkdinclipped are released
upstream of the hatchery. When flows are high (ifriier comes up 2-3 feet) fish could
jump over the barrier at the hatchery so that sorm@&mag adults could pass above the
hatchery unsampled. For the 1995 brood, the marked and unma&skedete reared in
similar conditions prior to release.

Spawning ground sampling

Spawning ground surveys were conducted below and above theeryatclElectronic
sampling was conducted on all coho surveyed. The mankssvdtfish sampled and other
data were also recorded. Preliminary data from spawning greumnveys (Susan Markey
WDFW, personal communicatipin years 1998, 1999, and 2000 showed no recoveries of
Forks Creek Hatchery tags on the spawning grounds.

General notes and concerns

A selective sport fishery existed in the Willapa River1098, possibly intercepting Forks
Creek hatchery fish. However, this fishery was natdad.

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries were made of Forks Creek Hatchery DIT l&siely in Washington ocean and
Puget Sound fisheries (Appendix Table 3.2.1).
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Appendix Table 3.2.1. Number of observed tags and estimabagrtalities of tagged fish in
fisheries and escapement for marked (M) and unmarked (W) coh
salmon from Forks Creek Hatchery DIT groups for brood $685.

Age Fishery Type Data M U
3 Buoy 10 Sport SF Observed 1.00
Estimated 2.22
SE 1.65
Escapement NSF Observed 182.00 243.00
Estimated 198.11 264.69
SE 4.19 4.86
Freshwater Net NSF Observed 1.00
Estimated 2.19
SE 1.61
Grays Harbor Net NSF Observed 1.00
Estimated 1.05
SE 0.23
Southeast Alaska Troll NSF Observed 1.00
Estimated 1.64
SE 1.02
WA Area 1 Sport SF Observed 2.00
Estimated 4.41
SE 2.67
WA Area 11 Sport NSF Observed 1.00
Estimated 4.15
SE 3.62
WA Area 13A Net NSF Observed 1.00
Estimated 1.00
SE 0.00
WA Area 2 NSF Sport NSF Observed 3.00 1.00
Estimated 6.13 1.55
SE 2.61 0.92
WA Area 2 SF Sport SF Observed 1.00
Estimated 4.01
SE 3.47
WA Area 4, 4B Troll NSF Observed 2.00 2.00
Estimated 3.45 2.40
SE 1.58 0.70
WA Area 5 Sport NSF Observed 1.00
Estimated 4.29
SE 3.76
WA Area 8-2 Sport NSF Observed 1.00
Estimated 2.35
SE 1.78
Willapa Bay Net NSF Observed 48.00 67.00
Estimated 248.68 319.59
SE 33.70 36.88
Total Observed 245.00 314.00
Total Estimated 482.63 589.28
Total Standard Error 34.34 37.21
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Equal Marine Survival (EMS) Method

Using A% the EMS estimates for the total unmarked mortality reech across all mark-
selective fisheries are given in Appendix Table 3.2.2.

Appendix Table 3.2.2. Estimated number of mortalities of wkethfish for Forks Creek
DIT coho salmon in all mark-selective fisheries using HMS

method.
5 ;
Brood Year JRel Estimate 95% Confidence Interval
Lower Upper
1995 1.0027 -104.24 -245.93 37.46

Only two selective fisheries occurred in return year 1998 (Avea 1 Sport and Buoy 10

Sport) and there were minimal tag recoveries (6.63 expandédedrecoveries total). This

method was unable to detect impacts from selective fishetgch resulted in a negative and
imprecise total estimate of unmarked mortalities in mal&esige fisheries.

Equal Exploitation Rate (EER) Method

For the EER method, all non-selective fisheries warmbined to yield an unmarked-to-
marked ratio A¥°"). Using all non-selective fisheries, the EER estimdt the total
unmarked mortality summed across all mark-selective fstieare given in Appendix
Table 3.2.3.

Appendix Table 3.2.3. Estimated number of mortalities of wkethfish for Forks Creek
DIT coho salmon in all mark-selective fisheries usimg EER

method.
5 ;
Brood Year s SE() Estimate 95% Confidence Interval
Lower Upper
1995 0.76 0.145 -17.28 -162.15 127.57

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate riiiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table43)2.Three values affm were
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).

Terminal (TERM) Method

The terminal fisheries for this hatchery are notcele and|or are not sampled, therefore, this
method was not appropriate.
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Appendix Table 3.2.4. Estimated number of mortalities inrkrsalective fisheries for
unmarked DIT coho salmon from Forks Creek Hatchery foodr
year 1995 using the PR method and the unmarked-to-markedAgtio (
at release and in the escapement.

Age Fishery Di;ﬁ,lu't 50% sfm SE | Defaultsfm SE | 200% sfm SE
AReI
3 |WA Area 1 Sport 0.14 0.31 0.19 0.62 0.38 1.24 0.75
WA Area 2 SF Sport 0.14 0.28 0.24 0.56 0.49 1.13 0.98
Buoy 10 Sport 0.16 0.18 0.13 0.36 0.26 0.71 0.53
3 Total 0.77 0.56 1.54 1.13 3.08 2.25
AESC
3 |WA Area 1 Sport 0.14 041 0.25 0.82 0.50 1.65 1.00
WA Area 2 SF Sport 0.14 0.38 0.33 0.75 0.65 1.50 1.30
Buoy 10 Sport 0.16 0.24  0.18 0.47 0.35 0.95 0.70
3 Total 1.02 0.75 2.05 1.50 4.10 3.01
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Appendix 3.3. HumptulipsHatchery

Annette Hoffmann, WDFW
Laurie Peterson, WDFW

Brood Year Related Group 1D Unmarked Marked ARe
1995 419972201 79,143 79,073 1.0009
1996 419981001 74,509 79,321 0.9393

Humptulips Hatchery is operated by the Washington Depgtistf and Wildlife (WDFW) and
is located on Stevens Creek, a tributary of the Humpt&iper.

Hatchery practices that are relevant to this analysis

All of the fish entering the hatchery were electraflicsampled during return years 1998 and
1999, primarily with tubes. All jacks were counted and sathplith wands. However, the
majority of returning coho salmon do not enter the retch Returns to the hatchery are
voluntary with most of the escapement going up the rrenm$iumptulips River and passing
the hatchery. In a typical year, about 28,000 fish vaturn to the hatchery while about
40,000 will head up the mainstem Humptulips River to spaWDRKW, personal
communication The Humptulips Hatchery is no longer a DIT relesite

Concerns

There was a mark-selective sport fishery in the ritkeat was not sampled (Appendix
Table 4).

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Humptulips Hatchery DIT groups largely osmliin Washington ocean and
Puget Sound fisheries (Appendix Table 3.3.1).

Appendix Table 3.3.1.Number of observed tags and estimates of mortalities of dafigfe ir
fisheries and escapement for marked (M) and unmarkeddhk) salmo
from Humptulips Hatchery DIT groups for brood years 1995 and 1996.

1995 1996

Age Fishery Type | Data M U M U
2 Escapement NSF | Observed 13 18
Estimated 13.00 18.00

SE 0.00 0.00

3 Escapement NSF | Observed 219 268 810 881
Estimated | 219.00 268.00 810.00 881.00

SE 0.00 0.00 0.00 0.00

Freshwater Net NSF | Observed 89 106 100 96
Estimated | 281.74 331.52 238.01 219.20

SE 26.23 28.11 20.11 18.35

Grays Harbor Net NSF | Observed 19 8 5 2
Estimated 24.11 10.48 28.00 11.20

SE 2.78 1.95 11.35 7.18
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Appendix Table 3.3.1.Number of observed tags and estimates of mortalities of dafigfe ir
fisheries and escapement for marked (M) and unmarkeddht salmo
from Humptulips Hatchery DIT groups for brood years 1995 and 1996.

1995 1996
Age Fishery Type | Data M U M U
Newport Sport SF | Observed 1
Estimated 2.29
SE 1.72
Southeast Alaska Net NSF | Observed 1
Estimated 5.51
SE 4.98
Southeast Alaska Troll | NSF | Observed 7
Estimated 16.10
SE 4.93
Tillamook Sport SF | Observed 1
Estimated 1.13
SE 0.38
WA Area 1 Sport SF | Observed 4 8
Estimated 7.97 17.13
SE 2.94 5.25
WA Area 2 NSF Sport | NSF | Observed 4 7
Estimated 8.28 13.62
SE 3.24 3.83
WA Area 2 SF Sport SF | Observed 3 4
Estimated 10.68 10.60
SE 5.34 4.32
WA Area 3 Sport NSF | Observed 1
Estimated 1.06
SE 0.25
SF | Observed 2
Estimated 3.50
SE 1.70
WA Area 3 Troll NSF | Observed 1 4
Estimated 1.17 4,52
SE 0.45 0.78
WA Area 4 Sport SF | Observed 1
Estimated 1.28
SE 0.60
WA Area 4, 4B Troll NSF | Observed 2 5 7 4
Estimated 2.52 6.62 35.89 16.74
SE 0.81 1.53 15.78 10.62
WA Area 8D Net NSF | Observed 1
Estimated 1.90
SE 1.31
Willapa Bay Net NSF | Observed 2 13 8
Estimated 12.26 27.38 16.90
SE 7.93 5.53 4.35
Total Observed 349 397 966 1,013
Total Estimated 577.81 643.56 1,189.38 1,167.56
Total Standard Error 28.19 29.56 29.42 22.82
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Equal Marine Survival (EMS) Method

A key assumption of this method is that adequate sampliogniducted at escapement and in
fisheries, but this assumption was clearly violatedhéndase of the Humptulips Hatchery DIT
groups because of inadequate sampling of the escapement.

Equal Exploitation Rate (EER) Method

A key assumption of this method is that adequate sampliognducted at escapement and in
fisheries, but this assumption was clearly violatedhéndase of the Humptulips Hatchery DIT
groups because of inadequate sampling of the escapement.

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate riiiernof mortalities of
unmarked fish in all selective fisheries (Appendix TableZ3.3.Three values affm were
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).
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Appendix 3.4. Makah NFH

Aimee Keller, Port Gamble
Cindy Gray, PNPTC

Amy Seiders, NWIFC
John Fieberg, NWIFC

Hatchery Brood Year | Related Group ID Unmarked Marked ARe
Makah NEH 1996 071998WM43 38,133 49,196 0.7751
1997 071999WM55 37,980 39,657 0.9577

The Makah National Fish Hatchery (NFH) is operated by th®. Bish and Wildlife Service
(USFWS) on the Soos River.

DIT rearing strategy

Marked and unmarked DIT groups are tagged on the same day ecutves days and are
reared together in the same pond (four separate repligabeips are used for DIT tagging).
The initial number of fish in each DIT group is estimatisthg an inventory method. Release
numbers are then determined by subtracting estimated Immestaoccurring between this
initial abundance estimate and the release date. Thesklities are estimated by hand
counts and are allocated to tag|mark group in relative piopotd initial abundance
estimates for each group.

General comments

The location of the hatchery is three miles fromnieuth of the Soos River. The hatchery is
on the mainstem and runs a completely spanning|blockingiféectveir with an associated
fish ladder. There are no tributaries downstream e@fdichery and it is expected that very
few fish spawn in-river downstream of the hatchery (Ba¥ajack, USFWS personal
communication The location of the weir makes it subject to ltiddluence and high water
occurrences swamp the weir and allow fish to pass. séimate of the number of fish that
pass above the hatchery is made during these times.hattieery return is sampled at less
than 100% and some fish are passed above the hatcheweveétofish that are passed above
the hatchery are counted so that expansion rates adoouhese fish. Jacks are treated no
differently from other fish when sampling.

General concerns for all brood years

These release groups were caught in the southeast Aldskdinfishery which is not
electronically sampled. Therefore, unmarked recoverisot be observed in this fishery.
These recoveries were estimated using the PR methddsfmit = 1 and usingA®®. In
addition, these recoveries were ignored when applyingi® and EER methods.
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Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Makah DIT groups largely occurred in Washingta Oregon ocean fisheries
(Appendix Table 3.4.1). For the 1996 brood year, unmarked reeswegere observed in the
Area 3 and Area 4 sport selective fisheries.
expanded recoveries) which was recorded as unmarked byntiesa In Area 4 there was
1 observed recovery (2.94 expanded recoveries) which wasdegt as marked by the
sampler. For the 1997 brood year, there was 1 observedkeunacovery in the WA Area
1 Sport fishery which was mark-selective. It was rdedrby the sampler as a marked fish.

A single unmarked tag was observed in the Area 2 spextad fishery.

Appendix Table 3.4.1. Number of observed tags and estimatasrtalities oftaggec

fish in fisheries and escapement for marked (M) and unm
(U) coho salmon from Makah NFH DIT groups for brood g
1996 and 1997. Numbers in italics are for fisheries with V
sampling where estimates were made using the PR methc

sfm= 1.
1996 1997
Age | Fishery Type| Data M 9] M U]
2 Escapement NSF |Observed 70 41 6 12
Estimated| 86.61 51.47 27.90 64.56
SE 5.32 4.24 10.85 16.82
Freshwater Net NSF [Observed 1
Estimated 3.54
SE 3.00
3 Escapement NSF |Observed| 308 231 147 119
Estimated| 1,565.68 1,175.55| 718.67 597.06
SE 80.17 69.45 53.18 48.98
Freshwater Net NSF [Observed 19 21 1 1
Estimated| 153.61 161.62 4.14 3.19
SE 33.27 34.06 3.61 2.64
Newport Sport SF |Observed 3 3
Estimated| 5.86 5.84
SE 2.40 2.37
Southeast Alaska Troll NSF [Observed 5 1
Estimated| 14.77 11.45 3.58 3.43
SE 5.68 4.40 3.04 2.91
Tillamook Sport SF |Observed 1
Estimated| 1.52
SE 0.89
WA Area 1 Sport SF |Observed 10 5 1
Estimated| 22.21 14.66 2.45
SE 5.59 5.64 1.88
WA Area 1 Troll SF |Observed 2
Estimated 3.06
SE 1.38
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Appendix Table 3.4.1. Number of observed tags and estimatasrtalities oftaggec
fish in fisheries and escapement for marked (M) and unm
(V) coho salmon from Makah NFH DIT groups for brood g
1996 and 1997. Numbers in italics are for fisheries with V
sampling where estimates were made using the PR methc

sfm= 1.
1996 1997
Age | Fishery Type| Data M U M U
WA Area 2 SF Sport SF |Observed 9
Estimated| 22.98
SE 6.11
WA Area 2 Sport SF |Observed 10
Estimated 25.02
SE 6.31
WA Area 2 Troll NSF |Observed 1
Estimated 5.85
SE 5.33
WA Area 3 Sport SF |Observed 18 1 5
Estimated| 32.23 1.77 6.58
SE 5.11 1.17 1.46
WA Area 3 Troll NSF |Observed 7 9
Estimated| 8.03 11.92
SE 1.10 2.47
WA Area 4 Sport SF |Observed 11 1 6
Estimated| 28.55 2.94 12.18
SE 6.85 2.39 3.72
WA Area 4, 4B Troll NSF |Observed 41 30 1 2
Estimated| 142.55 137.73 7.48 14.96
SE 26.49 29.55 6.96 9.85
WA Area 5 Sport SF |Observed 1 1
Estimated| 3.78 5.02
SE 3.24 4.49
WA Areas 4B, 5, 6, 6A, 6C Net |NSF |[Observed 1
Estimated 1.81
SE 1.21
Total Observed 39 37 16 23
Total Estimated 2,088.38 1,550.66| 834.13 685.76
Total Standard Error 91.96 83.17 55.96 52.90

Equal Marine Survival (EMS) Method

For the 1996 brood year usintf® = 0.775, the estimate for the total unmarked mortality
summed across all mark-selective fisheries is 68 Agipéndix Table 3.4.2). For the 1997
brood year using®® = 0.958, the estimate for the total unmarked mortality sednacross all
mark-selective fisheries is 113 fish.
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Appendix Table 3.4.2. Estimated number of mortalities of ukethfish for Makah NFH
DIT coho salmon in all mark-selective fisheries using HMS

method.
Brood Year /]Re' Estimate 95% Confidence Interval
1996 0.7751 68 -147 283
1997 0.9577 113 -35 261

Equal Exploitation Rate (EER) Method

For the 1996 brood year, there were no non-selectikerfess that occurred prior (in time and
area) to mark-selective fisheries. Therefore, it may be possible to obtain an unbiased
estimate ofd from any of the non-selective fisheries. Thecombined in all significant
marine non-selective fisheries (WA Area 2 Troll, WAeaA 4, 4B Troll, WA Area 3 Troll)
was 1.04 (95% confidence interval = 0.5, 2.05). The estinohtthe total number of
unmarked mortalities in mark-selective fisheries using tB& Enethod with the abov is
631 (Appendix Table 3.4.3). Comparing this estimate to the Eddi@ate illustrates how
impacts the estimate of unmarked mortalities. In adlditthe EER method is extremely
imprecise since it accounts for the uncertainty in gtematedA due to sampling error. For
the 1997 brood year, the only non-selective fishery thghtribe considered for the EER
method would be the WA Area 4, 4B Troll fishery. Thererevvery few recoveries in this
fishery and it occurred after several non-selectiskefies had already begun. Therefore, a
reliable estimate could not be obtained using the EERadeth

Appendix Table 3.4.3. Estimated number of mortalities of wkethfish for Makah NFH
DIT coho salmon in all mark-selective fisheries usimg EER

method.
Brood Year ANSF SE(A™F) Estimate 95% Confidence Interval
1996 1.04 0.27 631.06 -428.21 1,690.32
1997 2.00 2.28 982.50 -2,719.26 4,684.26

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate ritiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table43.4.Three values affm were
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).
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Appendix 3.5. Quinault National Fish Hatchery

Andy Rankis, NWIFC
Marianna Alexandersdottir, NWIFC

Hatchery Brood Year Related Group 1D Unmarked Marked ARe
. 1996 071998WT50 82,697 83,318 0.9925
Quinault NFH
1997 071999WT85 78,347 80,935 0.9680

Hatchery practices that are relevant to these analyses

The Quinault National Fish Hatchery (NFH) is opedaby the U.S. Fish and Wildlife Service
(USFWS) and is located on Cook Creek, a tributary taQthmault River. All, or close to all,
returning adults enter the hatchery where the sanapdeis approximately 30%. There is a
very small sport fishery with limited access which niayvest a few fish.

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries were made of Quinault NFH DIT coho salfaogely in Washington and Oregon

ocean and terminal net fisheries (Appendix Table 3.5.1). kédiarecoveries occurred in

southeast Alaska fisheries which were not electrogicedimpled. Therefore, unmarked
recoveries will not be observed. These recoverigg wstimated using the PR method with
sfm =1 and usingi®®. Several unmarked and tagged fish were observed in markiselec
fisheries, including Tillamook sport, Washington Area 1 spad troll, and Washington Area

2 sport.

Appendix Table 3.5.1Number of observed tags and estimates of mortalities of tdighed
fisheries and escapement for marked (M) and wkeda(U) coh
salmon from Quinault NFH DIT groups for brood years 1996
1997. Numbers in italics are for fisheries with visual glamgy where
estimates were made using the PR methodsémg 1.

1996 1997
Age |Fishery Type |Data M U M U
2 Escapement NSF | Observed 48 99 153 130
Estimated 48.96 100.98 453.08 381.37
SE 0.99 1.42 30.00 27.30
3 Buoy 10 Sport SF | Observed 1
Estimated 2.49
SE 1.93
Escapement NSF | Observed 334 273 329 320
Estimated | 1,100.90 841.87 937.65 898.47
SE 51.33 42.66 41.77 40.46
Freshwater Net NSF |Observed 250 238 380 387
Estimated | 1,079.12 1,008.28 | 1,317.35 1,346.12
SE 61.02 58.38 58.33 59.16
Grays Harbor Net NSF |Observed 1
Estimated 3.14
SE 2.59
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Appendix Table 3.5.1Number of observed tags and estimates of mortalities of tdighed

fisheries and escapement for marked (M) and wkeda(U) coh
salmon from Quinault NFH DIT groups for brood years 1996
1997. Numbers in italics are for fisheries with visual glamgy where
estimates were made using the PR methodséme 1.

1996 1997
Age |Fishery Type |Data M U M U
Newport Sport SF | Observed 2 12
Estimated 2.67 22.88
SE 0.99 459
Southeast Alaska NSF | Observed 1
Troll Estimated 2.62 2.60
SE 2.06 2.04
Tillamook Sport SF | Observed 2 1 1
Estimated 2.52 1.52 1.32
SE 0.89 0.89 0.65
WA Area 1 Sport SF | Observed 7 24 1
Estimated 19.08 51.56 2.26
SE 5.95 8.66 1.69
WA Area 1 Troll SF | Observed 12 1
Estimated 24.70 1.83
SE 5.66 1.23
WA Area 13D Net NSF | Observed 1
Estimated 1.98
SE 1.39
WA Area 2 SF Sport| SF |Observed 21
Estimated 53.64
SE 9.56
WA Area 2 Sport SF | Observed 68 1
Estimated 153.70 3.24
SE 14.42 2.69
WA Area 2 Troll SF | Observed 7
Estimated 17.90
SE 5.57
WA Area 3 Sport SF | Observed 10 11
Estimated 16.69 14.37
SE 3.37 2.22
WA Area 3 Troll NSF | Observed 8 6
Estimated 10.92 6.86
SE 2.47 1.00
WA Area 4 Sport SF | Observed 5 3
Estimated 14.54 8.00
SE 5.29 3.78
WA Area 4, 4B Troll | NSF | Observed 18 16 3 6
Estimated 54.31 38.82 22.44 44.88
SE 14.63 8.96 12.06 17.05
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Appendix Table 3.5.1Number of observed tags and estimates of mortalities of tdighed
fisheries and escapement for marked (M) and ukeaa (U) cohi
salmon from Quinault NFH DIT groups for brood years 1996
1997. Numbers in italics are for fisheries with visual giamg where
estimates were made using the PR methodséme 1.

1996 1997
Age |Fishery Type |Data M U M U
WA Area 9 Sport NSF | Observed 1
Estimated 7.89
SE 7.37
WA Areas 4B, 5, 6, NSF |Observed 1
Estimated 3.29
SE 2.74
Willapa Bay Net NSF  |Observed 1 1
Estimated 2.03 2.03
SE 1.45 1.45
Total Observed 708 634 1,005 848
Total Estimated 2,415.89 2,002.96 | 3,029.42 2,684.60
Total Standard Error 72.93 72.90 81.15 78.73

Equal Marine Survival (EMS) Method

The estimates made using the EMS method were 395 cohoofud pear 1996 and 1,239 for
brood year 1997 (Appendix Table 3.5.2).

Appendix Table 3.5.2. Estimated number of mortalities of ukethfish for Quinault NFH
DIT coho salmon in all mark-selective fisheries using HMS

method.
. 95% Confidence Interval
Brood Year Rel Estimate o ~ont
Lower Upper
1996 0.9925 395 180 610
1997 0.9680 1,239 982 1,497

Equal Exploitation Rate (EER) Method

There were no non-selective fisheries that occurreat fin time and area) to mark-selective
fisheries. Therefore, it may not be possible to iobéa unbiased estimate affrom any of
the non-selective fisheries. THecombined in all significant marine non-selective fisberi
(WA Area 4, 4B Troll, WA Area 3 Troll) was 0.70 for the 198&od year and 2.00 for the
1997 brood year (Appendix Table 3.5.3). These estimates w&rmely imprecise. The
EER method is unreliable when the estimatd f imprecise.
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Appendix Table 3.5.3. Estimated number of mortalities of ukethfish for Quinault NFH
DIT coho salmon in all mark-selective fisheries usimg EER

method.
. . 9 i
Brood Year Fishery SE(AEem) Estimate 95% Confidence Interval
Lower Upper
1996 0.70 0.24 -311.13 -1,426.42 804.15
1997 2.00 1.32 3,374.24 -4,391.39 11,139.87

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate riiiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table43.5.Three values affm were
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).
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Appendix 3.6. Salmon River Hatchery

Andy Rankis, NWIFC
Marianna Alexandersdottir, NWIFC

Hatchery Brood Year [Related Group ID| Unmarked Marked ARe
1995 1419979002 71,285 98,028 0.7272
Salmon River 1996 1419989003 98,473 73,928 1.3320
1997 141999DI104 68,234 72,236 0.9446

Hatchery practices that are relevant to these analyses

The Salmon River Fish Hatchery is operated by the Quiihadian Nation and is located on
the Salmon River, a tributary to the Queets River.e hhtchery allows 1,700-1,800 coho
salmon to enter the hatchery for brood stock purpodesebelosing the rack. The remainder
of the run moves up the river. All fish entering theéchary are sampled for marks and
CWTs. There is sampling for CWTs on the spawning ground&8% of the spawning
abundance. There is a sport fishery in the Queets dmib®S&ivers, but it is relatively small
due to the combination of National Park regulations aoldtsd location. There is a guided
sport fishery on the Quinault Indian Reservation forcl recoveries are not available.

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Salmon River DIT groups largely occurreashington and Oregon ocean
fisheries (Appendix Table 3.6.1). Marked recoveries occurredutheast Alaska fisheries
which were not electronically sampled. Therefore, ukethrecoveries will not be observed.
These recoveries were estimated using the PR methodfwitk 1 and usingi™®. A single
unmarked tag was observed in the Area 2 sport selectiveyfishe

Appendix Table 3.6.1. Number of observed tags and estimbtesrtalities of tagged fish in
fisheries and escapement for marked (M) and unmarked (W) coh
salmon from Salmon River Hatchery DIT groups for bro@drs
1995, 1996, and 1997. Numbers in italics are for fisheries witlalis
sampling where estimates were made using the PR method and

sfm= 1.
1995 1996 1997
Age | Fishery Type | Data M U M U M U
2 | Hatchery Observed 2 2 4 3
Escapement Estimated 2.38 2.38 4.12 3.09
SE 0.67 0.67 0.35 0.30
WA Area 4 Sport SF | Observed 1
Estimated 2.27
SE 1.70
3 | Coos Bay Sport SF | Observed 3 1
Estimated 3.87 1.74
SE 1.06 1.13
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Appendix Table 3.6.1. Number of observed tags and estimbtaesrtalities of tagged fish in
fisheries and escapement for marked (M) and unmarked (W) coh
salmon from Salmon River Hatchery DIT groups for bro@dérs
1995, 1996, and 1997. Numbers in italics are for fisheries witlalis
sampling where estimates were made using the PR method and

sfm= 1.
1995 1996 1997
Age | Fishery Type | Data M U M U M U
Hatchery Observed 208 154 209 226 179 199
Escapement Estimated | 706.2 896.70 | 831.41 1,113.0| 427.17 642.01
SE 155.09 193.33 | 166.66 199.19 | 109.79 147.28
Spawning Grounds Estimated | 265.54 398.32 | 202.94 266.36 | 184.47 214.53
SE 82.38 100.89 | 48.69 55.79 | 100.15 70.00
Freshwater Net NSF | Observed 352 287 143 163 93 101
Estimated | 903.04 748.56 | 510.21 591.90 | 327.29 355.28
SE 38.10 35.17 36.63 39.72 29.53 30.69
Grays Harbor Net | NSF | Observed 1 1
Estimated 1.05 5.60
SE 0.23 5.08
Newport Sport SF | Observed 2 3
Estimated 3.82 5.62
SE 1.94 2.25
Southeast Alaska NSF | Observed 1
Net Estimated 5.47 7.29
SE 4.94 8.77
Southeast Alaska NSF | Observed 9 1
Troll Estimated | 24.63 17.91 2.57 3.42
SE 6.72 3.56 2.01 3.56
Tillamook Sport SF | Observed 3 1
Estimated 4.82 1.20
SE 1.72 0.49
WA Area 1 Sport SF | Observed 1 12 13
Estimated 3.16 22.84 25.33
SE 2.61 4.97 5.31
WA Area 1 Troll SF | Observed 6
Estimated 14.52
SE 4.79
WA Area 2 NSF NSF | Observed 21 15
Sport Estimated | 45.02 30.62
SE 7.63 6.03
WA Area 2 SF SF | Observed 23
Sport Estimated 59.54
SE 10.14
WA Area 2 Sport SF | Observed 30 1
Estimated 66.25 2.19
SE 9.24 1.61
WA Area 2 Troll SF | Observed 1
Estimated 2.49
SE 1.93
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Appendix Table 3.6.1. Number of observed tags and estimbtaesrtalities of tagged fish in
fisheries and escapement for marked (M) and unmarked (W) coh
salmon from Salmon River Hatchery DIT groups for bro@dérs
1995, 1996, and 1997. Numbers in italics are for fisheries witlalis
sampling where estimates were made using the PR method and

sfm= 1.
1995 1996 1997
Age | Fishery Type | Data M U M U M U
WA Area 3 Sport NSF | Observed 2 1
Estimated 2.12 1.06
SE 0.36 0.25
SF | Observed 21 3
Estimated 37.09 3.58
SE 5.40 0.84
WA Area 3 Troll NSF | Observed 12 8
Estimated 15.28 9.04
SE 2.56 1.10
WA Area 4 Sport NSF | Observed 2
Estimated 3.55
SE 1.99
SF | Observed 5 3
Estimated 12.83 8.65
SE 4.67 4.04
WA Area 4, 4B NSF | Observed 5 1 26 28 1 1
Troll Estimated 7.38 1.14 75.88 124.97 7.48 7.48
SE 1.97 0.40 17.74 27.90 6.96 6.96
WA Area 5 Sport NSF | Observed 2 2
Estimated 9.42 10.26
SE 5.94 6.51
WA Area 6 Sport NSF | Observed 1
Estimated 2.22
SE 1.65
WA Area 8D Net NSF | Observed 1
Estimated 1.90
SE 1.31
WA Areas 4B, 5, 6, | NSF | Observed 1
6A, 6C Net Estimated 1.25
SE 0.56
4 | Freshwater Net NSF | Observed 1
Estimated 3.10
SE 2.55
Total Observed 604 461 465 428 339 305
Total Estimated 1,972.9 2,106.7|1,799.6 2,119.5(1,082.1 1,2245
Total Standard Error 180.12 221.10 | 179.04 212.69 | 152.22 166.09
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Equal Marine Survival (EMS) Method

The estimates made using the EMS method were imprecgee(Wix Table 3.6.2). For the
1995 and 1997 brood years the estimates were negative atioefd®96 brood year not
significantly different from zero (95% confidence in&rincluded zero).

Appendix Table 3.6.2. Estimated number of mortalities of wkethfish for Salmon River
Hatchery DIT coho salmon in all mark-selective fiségrusing the

EMS method.
Brood Year JRe Estimate 95% Confidence Interval
Lower Upper
1995 0.7272 -654 -1,158 -151
1996 1.3320 288 -338 914
1997 0.9446 -202 -633 228

Equal Exploitation Rate (EER) Method

There were no non-selective fisheries that occurreat fin time and area) to mark-selective
fisheries. Therefore, it may not be possible to iobéa unbiased estimate affrom any of
the non-selective fisheries. THecombined in all significant marine non-selective fisberi
(WA Area 4, 4B Troll, WA Area 3 Troll) was 0.15 for the 199%®od year, 1.47 for the 1996
brood year, and 1.00 for the 1997 brood year (Appendix Tablg)3.8hese estimates were
extremely imprecise and the EER method is unreliablenvwhe estimate of is imprecise.

Appendix Table 3.6.3. Estimated number of mortalities of wkethfish for Salmon River
Hatchery DIT coho salmon in all mark-selective fiségrusing the

EER method.
Brood Year JFishery SE( /]Fishery) Estimate 95% Confidence Interval
Lower Upper
1995 0.15 0.08 -1,784.11 -2,328.19 -1,240.04
1996 1.47 10.00 536.70 -32,904.70  33,978.10
1997 1.00 9.16 -142.40 -19,450.36  19,165.56

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate riiiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table43.6.Three values affm were
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).
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Appendix 3.7. Solduc Hatchery

Marianna Alexandersdottir, NWIFC
Andy Rankis, NWIFC

Hatchery Brood Year | Related Group ID | Unmarked Marked ARl
1996 419981009 73,698 71,336 1.0331
Solduc Hatchery
1997 419991005 69,987 73,132 0.9570

The Solduc Hatchery is operated by the Washington Deptsbfdfid Wildlife (WDFW) and
is located is on the Quillayute River system.

Terminal fishery considerations

Returning coho salmon are harvested in river sport fisben the Quillayute River system
and its tributaries. Numbers of coho salmon hardelsyeyear are summarized below:

1999 2000
System
Adult Jacks Adults Jacks
Bogachiel 109 6 248 35
Calawah 22 3 28 7
Dickey 23 21 21
Quillayute 283 42 310 41
Solduc 997 238 709 62

Issues of concern

There are spawning ground surveys conducted by the tribatyageHowever, hatchery

carcasses are returned to the river for nutrient sugpieation. Due to the large number of
these carcasses, the spawning survey crews have beble woasample the naturally

spawning fish for tags. There is also a sport fishethe system that is not sampled.

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Solduc Hatchery DIT groups largely occurrélashington and Oregon ocean
fisheries and Strait of Juan de Fuca fisheries (Appenalntel3.7.1). Tag recoveries from the
Quillayute River net fishery were provided by tribal bio&igi
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Appendix Table 3.7.1. Number of observed tags and estimatasrtalities of tagged
fish in fisheries and escapement for marked (M) and unmarked
(U) coho salmon from Solduc Hatchery DIT groups for brood
years 1996 and 1997.

. 1996 1997
Age | Fishery Type |Data M U M U
2 Escapement NSF | Observed 79 111 295 275
Estimated 79.84 112.16 | 295.00 275.00
SE 0.93 1.10 0.00 0.00
WA Area 4, 4B Troll NSF | Observed 1
Estimated 2.92
SE 2.37
3 Buoy 10 Sport SF Observed 1
Estimated 1.37
SE 0.71
Coos Bay Sport SF Observed 1 2
Estimated 1.29 3.16
SE 0.61 1.52
Escapement NSF | Observed 1,404 1,567 | 1,246 1,365
Estimated 1,404.00 1,567.0 | 1,246.0 1,365.0
SE 0.00 0.00 0.25 0.22
Freshwater Net NSF | Observed 2 1
Estimated 1,382.57 1,410.2 |281.60 281.60
SE 4.13 3.18
Newport Sport SF Observed 2 9
Estimated 2.74 17.58
SE 1.06 4.11
Tillamook Sport SF Observed 4 4
Estimated 5.82 5.33
SE 1.72 1.35
WA Area 1 Sport SF Observed 13 1 22
Estimated 26.73 1.28 48.91
SE 5.95 0.60 8.59
WA Area 1 Troll SF Observed 16 1
Estimated 30.64 1.18
SE 6.04 0.46
WA Area 2 SF Sport SF Observed 22
Estimated 57.91
SE 9.99
WA Area 2 Sport SF Observed 25
Estimated 56.02
SE 8.72
WA Area 2 Troll SF Observed 4
Estimated 11.03
SE 4.70
WA Area 3 Sport SF Observed 21 4
Estimated 35.46 5.19
SE 4.98 1.25
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Appendix Table 3.7.1. Number of observed tags and estimatasrtalities of tagged
fish in fisheries and escapement for marked (M) and unmarked
(U) coho salmon from Solduc Hatchery DIT groups for brood

years 1996 and 1997.

. 1996 1997
Age | Fishery Type |Data M U M U
WA Area 3 Troll NSF | Observed 11 13
Estimated 15.99 14.57
SE 3.35 1.35
WA Area 4 Sport SF Observed 2 9
Estimated 5.97 18.55
SE 3.44 4.84
WA Area 4, 4B Troll NSF | Observed 32 36 2
Estimated 151.26 154.71 | 14.96
SE 31.64 32.31 9.85
WA Areas 4B, 5, 6, 6A, |NSF |Observed 2 3
6C Net Estimated 2.81 5.43
SE 1.21 2.10
Total Observed 1,595 1,732 1,638 1,643
Total Estimated 3,172.3 3,265.7 | 2,034.3 1,927.2
Total SE 34.76 32.58 | 18.74 2.53

Equal Marine Survival (EMS) Method

The estimates made using the EMS method were imprecgee(Wix Table 3.7.2). For the
1996 brood year the estimate was negative. For both braad ylee estimate were not
significantly different from zero (95% confidence in&rincluded zero).

Appendix Table 3.7.2 Estimated number of mortalities of unmarked fish for dSol
Hatchery DIT coho salmon in all mark-selective fiséerusing the

EMS method.
5 .
Brood Year R Estimate 95% Confidence Interval
Lower Upper
1996 1.0331 -22 -116 73
1997 0.9570 19 -16 55

Equal Exploitation Rate (EER) Method

There were no non-selective fisheries that occurreat fin time and area) to mark-selective
fisheries. Thel combined in all significant marine non-selective fisdei(WA Area 4, 4B
Troll, WA Area 3 Troll) was 1.01 for the 1996 brood year in 198&wever, no unmarked
and tagged fish were recovered in these fisheries fordbyear 1997 in 2000. The estimate
of the total number of unmarked mortalities in mark-seledisheries using the EER method
was a negative 55 coho salmon for the 1996 brood (Appendie Bahl3).
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Appendix Table 3.7.3. Estimated number of mortalities of wkewh fish for Solduc
Hatchery DIT coho salmon in all mark-selective fiséerusing the

APPENDIX 3

EER method.
. . 9 i
Brood Year Fishery SE(AEem) Estimate 95% Confidence Interval
Lower Upper
1996 1.01 0.29 -55 -1,775.64 1,665.50
1997 NA

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate ritieernof mortalities of
unmarked fish in all selective fisheries (Appendix Table43.7.Three values affm were
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used tersame as those used by the Fishery

Regulation Assessment Model (FRAM).
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Appendix 3.8. Port Gamble Sea Pens

Aimee Keller, Port Gamble
Cindy Gray, PNPTC

Amy Seiders, NWIFC
John Fieberg, NWIFC

Hatchery Brood Year Related Group ID | Unmarked Marked ARl
Port Gamble 1996 1419989004 49,500 50,017 0.9897
Sea Pens 1997 141999DI05 52,593 49,420 1.0642

The Port Gamble Sea Pens are operated by the Port Gaidld#am Tribe and are located
in Port Gamble Bay in northern Hood Canal.

General concerns

Since the DIT groups are released from sea pens, the@ ¢entralized location to collect
returning fish. Estimates of escapement are very pmbiaay escapement recoveries would
be strays into hatcheries or onto spawning grounds; trerefio exploitation rates can be
estimated for this tag group. In addition, Hood Canal fiskeare typically difficult to

sample. Concern exists that catch may also be uegerted. Marked recoveries occurred
in southeast Alaska fisheries which were not electrdgicampled. Therefore, unmarked
recoveries will not be observed. These recoverigg wstimated using the PR method with

sfm =1 and usingi®®.

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Port Gamble Sea Pen fish were made aska| but the majority were
recovered in Puget Sound fisheries (Appendix Table 3.8.1).

Appendix Table 3.8.1. Number of observed tags and estimabagrtalities of tagged fish in
fisheries and escapement for marked (M) and unmarked (kb co
salmon from Port Gamble Sea Pen DIT groups for broocs 206
and 1997. Numbers in italics are for fisheries with vissahpling
where estimates were made using the PR methodfar 1.

. 1996 1997
Age Fishery Type | Data M U M U
2 Escapement NSF | Observed 14 2
Estimated | 14.42 2.00
SE 0.71 0.00
WA Area 12, 12B, 12C, 12D Net | NSF | Observed 1
Estimated 1.36
SE 0.70
WA Area 5 Sport NSF | Observed 1
Estimated | 4.29
SE 3.76
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Appendix Table 3.8.1. Number of observed tags and estimabagrtalities of tagged fish in

fisheries and escapement for marked (M) and unmarked (kb co
salmon from Port Gamble Sea Pen DIT groups for broocs yE206
and 1997. Numbers in italics are for fisheries with vissahpling
where estimates were made using the PR methodfar 1.

. 1996 1997
Age Fishery Type | Data M U M U
WA Area 6 Sport NSF | Observed 1
Estimated 2.22
SE 1.65
WA Area 9 Sport NSF | Observed 1
Estimated 7.06
SE 6.54
3 Escapement NSF | Observed 5 1 1
Estimated 5.00 1.00 1.00
SE 0.00 0.00 0.00
Freshwater Net NSF | Observed 1 1
Estimated 1.00 1.23
SE 0.00 0.53
Southeast Alaska Troll NSF | Observed 2 1
Estimated 5.14 5.09 3.58 3.81
SE 2.84 7.90 3.04 10.46
WA Area 10 Sport NSF | Observed 2
Estimated 4.50
SE 2.37
WA Area 10E Net NSF | Observed 1 2 1
Estimated 1.00 3.40 1.56
SE 0.00 1.55 0.93
WA Area 11 Sport NSF | Observed 2
Estimated 14.58
SE 9.58
WA Area 12 Sport NSF | Observed 1
Estimated 12.29
SE 11.78
WA Area 12, 12B, 12C, 12D Net |NSF | Observed 6 7 1 2
Estimated | 10.38 10.16 8.10 11.32
SE 3.18 2.65 7.58 8.04
WA Area 2 SF Sport SF Observed 1
Estimated 2.29
SE 1.72
WA Area 3 Sport SF Observed 1
Estimated 1.77
SE 1.17
WA Area 3 Troll NSF | Observed 1
Estimated 1.17
SE 0.45
WA Area 4 Sport SF Observed 2 1
Estimated | 4.78 2.25
SE 2.73 1.68
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Appendix Table 3.8.1. Number of observed tags and estimabagrtalities of tagged fish in
fisheries and escapement for marked (M) and unmarked (kb co
salmon from Port Gamble Sea Pen DIT groups for broocs yE206
and 1997. Numbers in italics are for fisheries with vissahpling
where estimates were made using the PR methodfar 1.

. 1996 1997
Age Fishery Type | Data M U M U
WA Area 4, 4B Troll NSF | Observed 4 4
Estimated | 11.17 18.05
SE 5.54 10.98
WA Area 5 Sport SF Observed 4 2
Estimated | 15.42 10.66
SE 6.64 6.81
WA Area 6 Sport SF Observed 1
Estimated 3.10
SE 2.55
WA Area 8-2 Sport NSF | Observed 2
Estimated 9.56
SE 6.01
WA Area 8D Net NSF | Observed 1
Estimated 2.50
SE 1.94
WA Area 9 Sport NSF | Observed 1 2
Estimated | 10.67 14.90
SE 10.16 9.80
WA Area 9A Net NSF | Observed 155 131 48 62
Estimated | 342.46 298.38 | 72.93 89.47
SE 23.08 21.90 8.63 7.40
WA Areas 4B, 5, 6, 6A, 6C Net NSF | Observed 2 1 1
Estimated 2.90 3.29 3.29
SE 1.18 2.74 2.74
WA Areas 6B, 9 Net NSF | Observed 2
Estimated 2.00
SE 0.00
Total Observed 201 159 56 70
Total Estimated 436.47 376.49 | 114.66 121.98
Total SE 27.66 29.22 18.37 18.24

Neither the EMS nor the EER method can be used fer@hI' group as no estimates of
escapements are available.

Paired-Ratio (PR) Method

The only non-selective fishery of any significance fus tDIT group was the WA Area 9A
Net fishery. This fishery occurred late in the seasfier eseveral other mark-selective
fisheries had occurred. Therefore, one would expectl thetimated from this fishery to be
biased high. Sd"® was used to estimate the unmarked mortalities in marktseldisheries
(Appendix Table 3.8.2). Three values s were used for the estimates: a default value,
50% of the default value, and 200% of the default value. defeult value varied by fishery
and depended on whether the fishery was located in n@arinesh water. The default values
used were the same as those used by the Fishery Rag#lasessment Model (FRAM).
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Appendix 3.9. Quilcene NFH

Aimee Keller, Port Gamble
Cindy Gray, PNPTC

Amy Seiders, NWIFC
John Fieberg, NWIFC

Hatchery Brood Year | Related Group ID | Unmarked Marked ARl
. 1996 071998WC15 40,861 45,411 0.8998
Quilcene NFH
1997 071999WC35 46,235 48,413 0.9550

The Quilcene National Fish Hatchery (NFH) is operatedhsyU.S. Fish and Wildlife Service
(USFWS) and is located on the Quilcene River.

DIT rearing strategy

Marked and unmarked DIT groups are tagged on the same day ecutves days and are
reared together in the same pond (four separate repligabeips are used for DIT tagging).
The initial number of fish of each DIT group is estintatising an inventory method. Release
numbers are then determined by subtracting estimated Immestaoccurring between this
initial abundance estimate and the release date. Thesklities are estimated by hand
counts. All mortalities are scanned so that the rigetacan be accurately apportioned into
the appropriate tag|mark groups.

General comments

The location of the hatchery is 2.8 miles from the rhanftthe Quilcene River. The hatchery
is on the mainstem of the river. There is a conghletpanning|blocking electrified weir with
an associated fish ladder. The electricity is turnésoflanuary 1 in order for steelhead to
pass and not turned on again until late summer. Theraatributaries downstream of the
hatchery and mangers believe that few fish spawn dosarst from the hatchery (David
Zajack,USFWS personal communicatjonThe hatchery return is sampled at less than 100%
and some fish are passed above the hatchery. Howslerthat are passed above the
hatchery are counted so that expansion rates accoutiigse fish. Jacks are treated no
differently from other fish when sampling. Therenis sampling on spawning grounds for
tags. However, since all fish must pass over throughwviir, escapement estimates obtained
from the hatchery should be fairly accurate.

Generalconcerns

Marked recoveries of the 1997 DIT group occurred in soutl#daska fisheries which were
not electronically sampled. Therefore, unmarked reaesavill not be observed. There were
few marked recoveries, however, in these fisheri€d6(8xpanded recoveries). The number
of unmarked recoveries was estimated using the PR metttodfm =1 and usingi™®. One
unmarked tagged fish was sampled in the Area 2 mark-seldisinegy and 1 in the Area 5
mark-selective fishery. There is a sport fishery tire river that is not sampled
(Appendix Table 4).
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Estimation of unmarked mortalities in mark-selective fisheries

Quilcene NFH DIT coho salmon were recovered mainliPuget Sound fisheries (Appendix
Table 3.9.1). Two recoveries were made in Alaska.

Appendix Table 3.9.1. Number of observed tags and estimabagrtalities of tagged fish in

fisheries and escapement for marked (M) and unmarked (kf co
salmon from Quilcene NFH DIT groups for brood years 1996 and
1997. Numbers in italics are for fisheries with visual glarg where
estimates were made using the PR methodsame 1.

. 1996 1997
Age | Fishery Type Data M U M U
2 | Escapement NSF Observed 14 19 11 6
Estimated 28.01 38.83 25.63 14.02
SE 5.85 7.63 5.84 4.33
Freshwater Net NSF Observed 1
Estimated 3.85
SE 3.31
WA Area 5 Sport SF Observed 1
Estimated 3.78
SE 3.24
3 | Escapement NSF Observed 201 167 362 356
Estimated 441.78 371.95 | 1,234.42 1,213.96
SE 23.86 21.93 54.54 54.09
Freshwater Net NSF Observed 8 10
Estimated 96.00 112.20
SE 32.50 34.66
Newport Sport SF Observed 1
Estimated 1.87
SE 1.28
Southeast Alaska Troll NSF Observed 2
Estimated 4.20 4.47
SE 2.38 6.44
WA Area 1 Sport SF Observed 1 1
Estimated 1.38 2.22
SE 0.72 1.65
WA Area 1 Troll SF Observed 1
Estimated 1.83
SE 1.23
WA Area 10 Sport NSF Observed 1 1 2
Estimated 2.25 3.97 7.05
SE 1.68 3.43 4.27
WA Area 10E Net NSF Observed 1
Estimated 1.56
SE 0.93
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Appendix Table 3.9.1. Number of observed tags and estimabagrtalities of tagged fish in

fisheries and escapement for marked (M) and unmarked (kb co
salmon from Quilcene NFH DIT groups for brood years 1996 and
1997. Numbers in italics are for fisheries with visual glarg where
estimates were made using the PR methodsame 1.

. 1996 1997
Age | Fishery Type Data M U M U
WA Area 12 Sport NSF Observed 1
Estimated 8.39
SE 7.87
\{\é’gﬂ;& 12,12B,12C,  INsE | Observed 3 9
Estimated 24.78 52.10
SE 14.76 19.88
WA Area 12A Net NSF Observed 2 32 55
Estimated 2.00 238.40 432.35
SE 0.00 41.53 57.54
WA Area 13A Net NSF Observed 1
Estimated 2.72
SE 2.16
WA Area 2 Sport SF Observed 6 1
Estimated 12.58 1.97
SE 3.75 1.38
WA Area 3 Sport SF Observed 2 2
Estimated 3.85 2.46
SE 1.91 0.78
WA Area 3 Troll NSF Observed 1
Estimated 1.17
SE 0.45
WA Area 4 Sport SF Observed 4 12
Estimated 10.15 31.75
SE 3.95 7.29
WA Area 4, 4B Troll NSF Observed 5 2 1 4
Estimated 13.82 3.09 7.48 29.92
SE 5.50 1.30 6.96 13.92
WA Area 5 Sport SF Observed 8 1 18 1
Estimated 30.54 3.78 92.22 5.64
SE 9.28 3.24 19.52 5.12
WA Area 6 Sport SF Observed 1 4
Estimated 3.10 12.48
SE 2.55 5.14
WA Area 8D Net NSF Observed 1
Estimated 5.14
SE 4.61
WA Area 9 Sport NSF Observed 2
Estimated 14.90
SE 9.80
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Appendix Table 3.9.1. Number of observed tags and estimabagrtalities of tagged fish in
fisheries and escapement for marked (M) and unmarked (kb co
salmon from Quilcene NFH DIT groups for brood years 1996 and
1997. Numbers in italics are for fisheries with visual glamg where
estimates were made using the PR methodsamet 1.

. 1996 1997
Age | Fishery Type Data M U M U
WA Area 9A Net NSF Observed 2 10 4
Estimated 5.98 12.34 5.14
SE 3.45 1.91 1.34
\é\(’:A,\lAer teas 48,5, 6,6A  INSE | Observed 2 2 1
Estimated 3.30 2.90 3.29
SE 1.46 1.18 2.74
WA Areas 6B, 9 Net NSF Observed 1
Estimated 1.00
SE 0.00
Total Observed 242 193 481 452
Total Estimated 543.91 423.97 | 1,837.71 1,885.90
Total SE 27.57 23.57 82.09 90.15

Equal Marine Survival (EMS) Method

Using A"®' = 0.900 for brood year 1996, the estimate for the total thedamortality summed
across all mark-selective fisheries is 65 and using 0.95brémd 1997 the estimate is —131
(Appendix Table 3.9.2).

Appendix Table 3.9.2. Estimated number of mortalities of wkethfish for Quilcene NFH
DIT coho salmon in all mark-selective fisheries using HMS

method.
Brood Year ARe Estimate 95% Confidence Interval
1996 0.8998 65 -2 133
1997 0.9550 -131 -365 104

Equal Exploitation Ree (EER) Method

There were very few recoveries in non-selectivediiges. In addition, these fisheries took
place after several mark-selective fisheries had @yré@gun. Therefore, the EER method
was not applied to this data set.

Paired-Ratio (PR) Method

Again, there were no fisheries that could serve as obuwmusselective pairs. Thd

estimated in the non-selective fisheries was highiatée and typically higher than that at
release, perhaps because these fisheries occurred eWterals mark-selective fisheries
(Appendix Table 3.9.3). Most of the mark-selective fistnccurred early in the season in
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marine waters. Unmarked mortalities in mark-selectisiefies were estimated using the
at release and escapement and for three valugmofThree values edfmwere used for the
estimates: a default value, 50% of the default value, and 26f0b#te default value. The
default value varied by fishery and depended on whetheistnery was located in marine or
fresh water. The default values used were the sarteosas used by the Fishery Regulation
Assessment Model (FRAM). The estimates ranged frdish2to 29 fish depending on the
values used (Appendix Table 3.9.4).

Appendix Table 3.9.3. Unmarked-to-marked ratp iG non-selective fisheries for Quilcene
NFH coho salmon from the 1997 brood year.

Fishery ANSF 95% Confidence Interval
WA Area 12A Net 1.81 1.03 2.59
WA Area 4,4B Troll 4.00 -4.16 12.16
WA Area 9A Net 0.42 0.17 0.66
WA Area 12, 12B, 12C, 12D Net 2.10 -0.35 4.55
Freshwater Net 1.13 0.10 2.15
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Appendix 3.10. George AdamsHatchery

Aimee Keller, Port Gamble
Cindy Gray, PNPTC

Amy Seiders, NWIFC
John Fieberg, NWIFC

Hatchery Brood Year | Related Group ID Unmarked Marked ARl
1995 419971601 45,243 45,068 1.004
419991020 21,728 20,817 1.044
George Adams 1997
419991021 22,312 22,280 1.001
1997 Combined 44,040 43,097 1.022

George Adams Hatchery is operated by the Washington Digpisltoand Wildlife (WDFW)
and is located on Purdy Creek, a tributary to the SkakoRiver.

DIT rearing strategy

Marked and unmarked DIT groups are tagged on the same day amarack together in the
same pond. Mortalities are counted daily and are alldcategag|mark group in relative
proportion to initial abundance estimates for each grdeglease numbers are determined by
subtracting these mortalities from the initial numbitiagged fish in each DIT group.

General comments

The hatchery is located on Purdy Creek, a small tributhtlge Skokomish River. Fish may
bypass the hatchery and go further up the Skokomish Rivsgraton naturally. The extent of
hatchery straying and natural spawning in the Skokomish Rivetkisown. WDFW samples
the river for tags (using wands), but high water levdten make it difficult to sample
reliably. Returns to the hatchery are sampled at 100€uding jacks) using tube detectors
and there is little opportunity for fish to pass above lihéchery to spawn (the creek is
blocked by the intake valves). There is a sport fish@rgdho salmon in the river that is not
sampled. The wild coho salmon population in the river is smatll ahought to return later in
time than the hatchery stock.

General concerns

In 1997 one half of the DIT releases were marked withdalitional mark in the form of a red
elastomer jaw tag as a separate experiment. Becétizis experiment, the brood was split
into four groups (two DIT groups). The release sizeacheDIT group was half of the normal
recommended level and, therefore, there were not en@aegheries to analyze the two DIT
groups separately (even after combining the two DIT groupe there only 34 marked and
20 unmarked fishery recoveries spread among 15 fisheries)., Wausere forced to assume
that the elastomer jaw tag had no effect on the (figh, that the two release groups have
identical exploitation patterns). A test of the diffieces in the exploitation pattern among the
two DIT groups was not significant (Fisher’'s Exact Trest 0.29), although the power of the
test is suspect due to the small sample size.
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Estimation of unmarked mortalities in mark-selective fisheries

Estimates of unmarked mortalities will be biased if ¢her any interaction between mark-

status and the elastomer jaw tag. It is preferable taus®tan experimental release as an
indicator stock. Therefore, in the future the numberraéases should be doubled if

experimental releases are conducted.

There were no recoveries of the George Adams DIT groupghi® 1995 brood year in
selective fisheries. Recoveries of the 1996 brood yegeliaoccurred in Washington ocean
fisheries and Puget Sound (Appendix Table 3.10.1). There wiyse?Pved (10.04 expanded)
recoveries of unmarked fish in the WA Area 5 Sport fighelThese fish were both recorded
as marked by the sampler.

Appendix Table 3.10.1. Number of observed tags and estimatesrtdlities of tagged fish in
fisheries and escapement for marked (M) and unmarked (W) coh
salmon from George Adams Hatchery DIT groups for broodsyea
1995 and 1997.

. 1995 1997
Age | Fishery Type |Data M U M U
2 NSF | Observed 37 37
Escapement Estimated 37.00 37.00
SE 0.00 0.00
NSF | Observed 1
WA Area 8-2 Sport Estimated 4.78
SE 4.25
3 NSF | Observed 197 184 706 795
Escapement Estimated| 199.16 185.83 706.00 795.00
SE 1.49 1.36 0.00 0.00
Georgia/Juan de Fuca/ SF Obgerved 1
Johnstone Straits Sport Estimated 2.10
SE 1.52
NSF | Observed 1 3
WA Area 10 Net Estimated 1.02 5.25
SE 0.14 1.43
NSF | Observed 1 1 2
WA Area 10 Sport Estimated 2.72 2.72 22.58
SE 2.16 2.16 10.78
NSF | Observed 1
WA Area 10A Net Estimated 3.51
SE 2.97
NSF | Observed 1
WA Area 11 Sport Estimated 4.15
SE 3.62
NSF | Observed 1
WA Area 12 Sport Estimated 9.18
SE 8.67
NSF | Observed 5 3 2 6
\{\é’gﬂ;& 12, 12B, 12C, Estimated| 12.20 7.08 21.56 35.34
SE 4.74 3.10 14.52 12.39
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Appendix Table 3.10.1. Number of observed tags and estimatesrtdlities of tagged fish in
fisheries and escapement for marked (M) and unmarked (W) coh
salmon from George Adams Hatchery DIT groups for broodsyea
1995 and 1997.

. 1995 1997
Age | Fishery Type |Data M U M U
NSF | Observed 2
WA Area 12A Net Estimated 6.62
SE 3.94
NSF | Observed 1
WA Area 13D Net Estimated 2.72
SE 2.16
NSF | Observed 1
WA Area 2 NSF Sport Estimated 3.17
SE 2.62
SF | Observed 1
WA Area 2 Sport Estimated 1.65
SE 1.04
SF | Observed 1
WA Area 3 Sport Estimated 1.38
SE 0.72
NSF | Observed 2 2
Estimated 3.91 3.92
SE 1.93 1.94
WA Area 4 Sport SE 1 Observed 9
Estimated 21.08
SE 2.98
NSF | Observed 1
WA Area 4, 4B Troll Estimated 7.48
SE 6.96
NSF | Observed 3 5
Estimated 12.87 21.45
SE 6.51 8.40
WA Area 5 Sport SE [Observed 5 >
Estimated 42.02 10.04
SE 9.39 6.35
NSF | Observed 4 2
Estimated 12.04 6.02
SE 5.17 3.65
WA Area 6 Sport SE | Observed 7
Estimated 11.26
SE 4.56
NSF | Observed 1
WA Area 7 Sport Estimated 13.82
SE 13.31
NSF | Observed 1 1
WA Area 8-2 Sport Estimated 3.95 5.13
SE 3.41 4.60
NSF | Observed 5 3 1 1
WA Area 9 Sport Estimated| 37.05 21.53 7.45 7.45
SE 15.41 11.54 6.93 6.93
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Appendix Table 3.10.1. Number of observed tags and estimatesrtdlities of tagged fish in
fisheries and escapement for marked (M) and unmarked (LW coh
salmon from George Adams Hatchery DIT groups for broodsyea
1995 and 1997.

. 1995 1997
Age | Fishery Type |Data M U M U
NSF | Observed 4 3
WA Area 9A Net Estimated 8.88 3.00
SE 2.63 0.00
NSF | Observed 1
\lilVeAt\ Areas 4B, 5, 6, 6A, 6C Estimated 3.99
SE 2.74
Total Observed 221 204 777 852
Total Estimated 303.56 268.55 872.39 928.86
Total SE 23.22 18.48 21.09 20.18

Equal Marine Survival (EMS) Method

For the 1997 brood year usin§® = 1.022 (from the two combined DIT groups), the estimate
for the total unmarked mortality summed across all matéesive fisheries is —37 and not
statistically different from zero (Appendix Table 3.10.2Yhe width of the confidence
interval is underestimated, however, as it ignoregmamty in the estimate aft®.

Appendix Table 3.10.2. Estimated number of mortalities of wkeda fish for George
Adams Hatchery DIT coho salmon in all mark-selectiighdries
using the EMS method.

Brood Year ARe Estimate 95% Confidence Interval
1997 1.022 -37 -95 21

Equal Exploitation Rate (EER) Method

There were no non-selective fisheries that occurréar gin time and area) to selective
fisheries, so this method may not be able to provide an setbiastimate of unmarked
mortalities. TheAd for all non-selective fisheries combined (WA Area 4, BBll, WA 10
sport, WA 9 Sport, WA Area 12, 12B, 12C, 12D Net, WA Area 10A N¢A Area 10 Net,
WA Area 9 Net, and WA Areas 4B, 5, 6, 6A, 6C Net) was 19824 confidence interval:
1.24 - 4.07). Given the uncertainty in the estimatel @nd the potential for bias in this
estimate, the EER method was not used to estimate tharkeunmortalities in mark-
selective fisheries.

Paired-Ratio (PR) Method

There were no non-selective fisheries to serve as f@irthe mark-selective fisheries since
the selective fisheries occurred prior to the non-sekecfisheries in time and space.
Furthermore, there were few tags recovered in thesetettive fisheries, so thts estimated
from the non-selective fisheries are highly imprecis&éherefore, thels at release and
escapement were used to estimate the number of medalitiunmarked fish in all selective
fisheries. Three values sfmwere used for the estimates: a default value, 50% aldfailt
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value, and 200% of the default value (Appendix Table 3.10.3). défault value varied by
fishery and depended on whether the fishery was lodatedarine or fresh water. The
default values used were the same as those used bghseyHRegulation Assessment Model
(FRAM).

Appendix Table 3.10.3. Estimated number of mortalities irrkrsalective fisheries for
unmarked DIT coho salmon from George Adams Hatchery for
brood year 1997 using the PR method and the unmarked-to-marked
ratio (1) at release and in the escapement.

Default | 50% Default 200%
sfm sfm SE sfm SE sfm

AReI
3 WA Area 2 Sport 0.14 0.12 0.07 0.23 0.15 0.46 0.29

WA Area 3 Sport 0.14 0.10 0.05 0.19 0.10 0.39 0.20
WA Area 4 Sport 0.14 1.48 0.42 2.96 0.84 5.92 1.68
WA Area 5 Sport 0.07 1.50 0.67 2.99 1.34 5.98 2.68
WA Area 6 Sport 0.07 0.39 0.16 0.79 0.32 1.58 0.64

3 Total 3.58 0.81 7.17 1.62 14.34 3.25
)Esc
3 WA Area 2 Sport 0.14 0.12 0.08 0.25 0.16 0.50 0.31
WA Area 3 Sport 0.14 0.10 0.05 0.21 0.11 0.42 0.22
WA Area 4 Sport 0.14 1.59 0.45 3.19 0.90 6.38 1.81
WA Area 5 Sport 0.07 1.64 0.74 3.28 1.47 6.55 2.95
WA Area 6 Sport 0.07 0.42 0.17 0.85 0.34 1.70 0.69

3 Total 3.88 0.89 7.77 1.77 15.54 3.54

Age | Fishery SE
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Appendix 3.11. Quilcene Bay Net Pens

Aimee Keller, Port Gamble
Cindy Gray, PNPTC

Amy Seiders, NWIFC
John Fieberg, NWIFC

Hatchery Brood Year | Related Group ID |Unmarked| Marked ARl
Quilcene Bay 1996 1419989006 44,859 42,377 1.0586
Net Pens 1997 141999DI102 45,788 48,875 0.9368

The Quilcene Bay Net Pens are operated by the Skokdmdsdn Tribe and are located in
Quilcene Bay on the western side of Hood Canal.

General concerns

Since the DIT groups are released from sea (net) peeie ts no centralized location to
collect returning fish. Therefore, estimates of esoegre are not possible, nor are estimates
of exploitation rates. Any escapement recoveriesfram hatchery and spawning ground
strays. In addition, Hood Canal fisheries are typycdifficult to sample and catch may be
underreported.

Estimation of unmarked mortalities in mark-selective fisheries

Approximately 500 marked and unmarked fish released from QuilBagyeNet Pens were
estimated to be harvested or to be strays into escapeifem the 1996 brood year and 2,000
marked and unmarked fish from the 1997 brood year (Appendix TadelR. There were
recoveries of marked fish from the 1997 brood year in sasth®laska fisheries which were
not electronically sampled. Therefore, unmarked recesenill not be observed. These
recoveries were estimated using the PR method sfith= 1 and usingi®®. For the 1997
brood year there were two observed (5.18 expanded) reeswdrunmarked fish in the WA
Area 4 sport fishery; both recoveries were recordedaaked by the sampler.

Appendix Table 3.11.1. Number of observed tags and estimatesrtdlities of tagged fish
in fisheries and escapement for marked (M) and unmarkeddf)
salmon from Quilcene Bay Net Pen DIT groups for broodsy2896
and 1997. Numbers in italics are for fisheries with visaahpling
where estimates were made using the PR methodfar 1.

1996 1997

Age | Fishery Type |Data M U] M U]
2 | Escapement NSF Observed 36 a7 39 28
Estimated 61.37 92.11 90.87 65.24

SE 7.97 10.80 10.99 9.31

WA Area 10 Sport NSF Observed 1
Estimated 5.46

SE 4.93
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Appendix Table 3.11.1. Number of observed tags and estimatesrtdlities of tagged fish

in fisheries and escapement for marked (M) and unmarkeddf)
salmon from Quilcene Bay Net Pen DIT groups for broodsy2896
and 1997. Numbers in italics are for fisheries with visaahpling
where estimates were made using the PR methodfare 1.

1996 1997
Age | Fishery Type |Data M U] M U
WA Area 12A Net NSF Observed 2
Estimated 6.62
SE 3.94
WA Area 5 Sport NSF Observed 1
Estimated 4.29
SE 3.76
WA Area 9 Sport NSF Observed 1
Estimated 7.41
SE 6.89
3 | Escapement NSF Observed 170 154 327 355
Estimated 382.04 342.27 1,115.07 1,210.55
SE 22.40 21.04 51.84 54.01
Freshwater Net NSF Observed 3 6
Estimated 36.00 72.00
SE 19.90 28.14
Newport Sport SF Observed 1
Estimated 1.96
SE 1.37
NSF Observed 1
Southeast Alaska Troll Estimated 137 1.8
SE 0.71 0.67
WA Area 1 Sport SF Observed 1 2
Estimated 1.28 5.50
SE 0.60 3.19
WA Area 10 Net NSF Observed 2
Estimated 2.12
SE 0.36
WA Area 10 Sport NSF Observed 3 1
Estimated 11.91 3.08
SE 5.95 2.53
WA Area 11 Sport NSF Observed 1
Estimated 7.29
SE 6.77
WA Area 12 Sport NSF Observed 5 1
Estimated 41.95 8.39
SE 17.61 7.87
WA Area 12, 12B, 12C, | NSF Observed 8 7
12D Net Estimated 56.00 65.22
SE 21.22 24.33
WA Area 12A Net NSF Observed 5 6 64 58
Estimated 5.00 6.00 500.66 457.10
SE 0.00 0.00 61.96 58.53
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Appendix Table 3.11.1. Number of observed tags and estimatesrtdlities of tagged fish
in fisheries and escapement for marked (M) and unmarkeddf)
salmon from Quilcene Bay Net Pen DIT groups for broodsy2896
and 1997. Numbers in italics are for fisheries with visaahpling
where estimates were made using the PR methodfare 1.

1996 1997
Age | Fishery Type |Data M U] M U
WA Area 13A Net NSF Observed 1
Estimated 2.72
SE 2.16
WA Area 2 SF Sport SF Observed 1
Estimated 3.27
SE 2.72
WA Area 2 Sport SF Observed 8
Estimated 19.64
SE 5.61
WA Area 2 Troll SF Observed 2
Estimated 4,98
SE 2.72
WA Area 3 Sport SF Observed 3 1
Estimated 5.96 1.27
SE 2.44 0.59
WA Area 3 Troll NSF Observed 2 1
Estimated 2.18 1.17
SE 0.46 0.45
WA Area 4 Sport SF Observed 1 16 2
Estimated 2.49 39.39 5.18
SE 1.93 7.82 2.87
WA Area 4, 4B Troll NSF Observed 3 4 4
Estimated 13.91 29.92 29.92
SE 7.46 13.92 13.92
WA Area 5 Sport SF Observed 3 1 14
Estimated 11.34 3.78 72.76
SE 5.61 3.24 17.51
WA Area 6 Sport SF Observed 3
Estimated 9.36
SE 4.45
WA Area 9 Sport NSF Observed 1 2
Estimated 7.45 14.90
SE 6.93 9.80
WA Area 9A Net NSF Observed 2 3
Estimated 4.07 3.00
SE 2.46 0.00
NSF Observed 2 1 2 4
\é\(’:A,\lAer teas 4B, 5,6, 6A, Estimated 3.30 1.65 6.58 10.56
SE 1.46 1.04 3.88 4.36
WA Areas 6B, 9 Net NSF Observed 2
Estimated 2.00
SE 0.00
Total Observed 224 220 505 476
Total Estimated 478.23 490.57 2,055.36 1,954.72
Total Standard Error 24.83 27.49 92.41 90.69
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As the EMS and EER methods depend on complete fishergsuapement recoveries, and
no escapement recoveries can be made with net pethise methods were not applied.

Paired-Ratio (PR) Method

The As estimated in the non-selective fisheries was higathable, and imprecise (Appendix
Table 3.11.2) and were not used. Hseat release and escapement were used to estimate the
number of mortalities of unmarked fish in all selectiighéries (Appendix Table 3.11.3).
Three values odfmwere used for the estimates: a default value, 50% afefailt value, and
200% of the default value. The default value varied byefig and depended on whether the
fishery was located in marine or fresh water. Theuefalues used were the same as those
used by the Fishery Regulation Assessment Model (FRAM).

Appendix Table 3.11.2. Unmarked-to-marked ratid) (in non-selective fisheries for
Quilcene Bay DIT coho salmon groups from the 1997 brood year.

Fishery ANSF 95% Confidence Interval
WA Area 4, 4B Troll 1.00 -0.28 2.29
WA Area 12A Net 0.91 0.59 1.23
WA Area 12, 12B, 12C, 12D Net 1.16 0.0 2.38
Freshwater Net 2.00 -0.65 4.65
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Appendix 3.12. Kendall Creek Hatchery

Rebecca Bernard, Skagit System Cooperative
Annette Hoffmann, WDFW
Don Noviello, WDFW

Brood Year Related Group ID Unmarked Marked ARl
1996 419981002 44,889 88,332 0.5082
1997 419991010 33,824 35,209 0.9607

Kendall Creek Hatchery is operated by the Washington é¢ftish and Wildlife (WDFW)
and is located on Kendall Creek, a tributary of the N&drk Nooksack River.

Hatchery practices relevant to this analysis

Except for a small amount of spawning that occurs jugide the hatchery, all adult hatchery
returns enter the hatchery. Unfortunately, thereewdwoding events in 1999 and an
estimated 1,015 unsampled fish escaped the hatchery (presunpsitdgam) during these

floods. Also, approximately 520 fish were passed aboveldhe but were not electronically

sampled. There was no electronic sampling of the upstspawning ground in 1999 or in

2000. Approximately, 500 adult fish were transported abovédtehery in 2000; these fish

were electronically sampled prior to transport.

General concerns

There is an in-river sport fishery (Nooksack River) thatot sampled (Appendix Table 4).

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Kendall Creek Hatchery DIT groups largelyurred in Washington ocean and
Puget Sound fisheries (Appendix Table 3.12.1). Three marked aggkd fish were
recovered in southeast Alaska fisheries which weteetextronically sampled. Therefore,
unmarked recoveries will not be observed. These relesverere estimated using the PR
method withsfm =1 and using)lRe'. One unmarked fish was recovered in the Area 4 mark-
selective fishery.

Appendix Table 3.12.1. Number of observed tags and estimatesrt#lities of tagged fish in
fisheries and escapement for marked (M) and unmarked (k) co
salmon from Kendall Creek Hatchery DIT groups for broeadry
1996 and 1997.

1996 1997
Age | Fishery Type |Data M U M U

2 Escapement NSF Observed 6.00 2.00 5.00 7.00
Estimated 6.00 2.00 5.13 7.00
SE 0.00 0.00 0.38 0.00

3 Escapement NSF Observed 332.00 183.00 260.00  245.00
Estimated 375.32 206.79 270.37  254.80
SE 7.00 5.18 3.28 3.19
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Appendix Table 3.12.1. Number of observed tags and estimatesrtlities of tagged fish in
fisheries and escapement for marked (M) and unmarked (kb co
salmon from Kendall Creek Hatchery DIT groups for broeadry
1996 and 1997.

1996 1997
Age | Fishery Type |Data M U M U
Freshwater Net NSF Observed 14.00 5.00 16.00 11.00
Estimated 62.48 6.22 75.72 45.76
SE 18.05 1.23 17.28 12.13
Southeast Alaska Troll NSF Observed 3.00
Estimated 6.34 3.22
SE 2.73 1.39
WA Area 1 Sport SF Observed 2.00
Estimated 6.63
SE 3.93
WA Area 2 SF Sport SF Observed 1.00
Estimated 3.40
SE 2.86
WA Area 3 Sport SF Observed 3.00
Estimated 4,95
SE 1.81
WA Area 3 Troll NSF Observed 2.00
Estimated 2.34
SE 0.63
WA Area 4 Sport SF Observed 16.00 3.00 1.00
Estimated 43.33 4.74 2.78
SE 8.80 1.71 2.22
WA Area 4, 4B Troll NSF Observed 11.00 7.00 2.00
Estimated 34.18 20.69 14.96
SE 12.02 6.43 9.85
WA Area 5 Sport SF Observed 8.00 5.00
Estimated 30.69 26.96
SE 9.33 10.90
WA Area 6 Sport SF Observed 1.00 1.00
Estimated 3.10 2.51
SE 2.55 1.95
WA Area 7 Sport NSF Observed 3.00 1.00
Estimated 12.13 4,72
SE 6.11 4.19
WA Area 7B, 7C, 7E Net | NSF Observed 274.00 158.00 75.00 94.00
Estimated 595.16 349.10 162.80 190.16
SE 29.77 23.20 15.71 16.10
WA Area 8 Sport NSF Observed 1.00
Estimated 5.13
SE 4.60
WA Areas 4B, 5, 6, 6A, NSF Observed 1.00 1.00
6C Net Estimated 1.65 3.29
SE 1.04 2.74
Total Observed 677.00 356.00 366.00 361.00
Total Estimated 1187.70 589.93 551.52 520.18
Total Standard Error 40.62 25.08 26.26 23.15
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Equal Marine Swival (EMS) Method

Using A7 the EMS estimates for the total unmarked mortalitnrsed across all mark-
selective fisheries are given in Appendix Table 3.12.2.

Appendix Table 3.12.2. Estimated number of mortalities of ukedbfish for Kendall Creek
Hatchery DIT coho salmon in all mark-selective fisée using the

EMS method.
. 95% Confid Interval
Brood Year ARel Estimate o Conftigence Interv
Lower Upper
1996 0.5082 5 .58 68
1997 0.9607 10 57 77

Equal Exploitation Rate (EER) Method

For the EER method, all non-selective fisheries warmbined to yield an unmarked-to-
marked ratio. Using all non-selective fisheries, tleREestimates for the total unmarked
mortality summed across all mark-selective fishearesgiven in Appendix Table 3.12.3.

Appendix Table 3.12.3. Estimated number of mortalities of ukedbfish for Kendall Creek
Hatchery DIT coho salmon in all mark-selective fisée using the

EER method.
. 95% Confidence Interval
Brood Year ANSF SE(A™F) Estimate 0 :
Lower Upper
1996 0.53 0.04 43 -2 89
1997 1.05 0.14 64 -24 152

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate riiiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table 3)12Three values a$fmwere
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).

Terminal (TERM) Method

The terminal fisheries for this hatchery are notcele, nor are they well sampled. Given
the required assumptions, this method was not appropriate.
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Appendix 3.13. Marblemount Hatchery

Rebecca Bernard, Skagit System Cooperative

Angelika Hagen-Breaux, WDFW

Annette Hoffmann, WDFW

Don Noviello, WDFW
Colleen MacDonald, WDFW

Hatchery Brood Year | Related Group ID Unmarked Marked ARl
Marbl 1995 419970301 42,567 42,489 1.0018
arblemount
Hatchery 1996 419981003 45,090 43,347 1.0402
1997 419991007 41,907 42,298 0.9908

Marblemount Hatchery is operated by the Washington Degdtish and Wildlife (WDFW)
and is located at the confluence of the Cascade BnaiClark Creek. The Cascade River is
a tributary of the Skagit River.

Hatchery practices that are relevant to these analyses

At the hatchery, 100% of the returning coho salmon, imctudacks, were sampled.
However, there are anecdotal reports of hatchery dighying to natural spawning areas.
There is no electronic sampling for coded-wire tags e nhtural spawning areas, so this
straying is unsampled. The hatchery practice is to eeleasnarked and untagged fish
upstream. All unmarked fish are electronically samplat wihand-held wand. If no tag is
detected with the wand, the fish is released upstreém.tag is detected the fish is sampled
with an R-detector. All marked fish are electronicahmpled with an R-detector. Because
the marked and unmarked fish are handled differently tkeagotential for spurious results.
If the hand-held wand has a greater false negative wdier¢ an instrument does not detect
an embedded tag) than the R-detector, then proportiomalhe unmarked and tagged fish
will have been missed than marked and tagged fish. Tduddwause a negative bias in the
proportion of unmarked-to-marked DIT fish reported to haverned to the hatchery, a result
that could mask a mark-selective fishing impact.

General comments for all brood years 1995-1997

For all three brood years, a mark-selective sport fisbecurred in the Cascade River. This
fishery was sampled to obtain a catch estimate, lgtwot sampled for tags. Therefore, tag
recoveries for marked fish were estimated by multiplyhmg éstimated catch (expected to be
exclusively of marked fish) by the tag rate of the mathathery stock and the variance was
calculated using the estimated variance of the totahqaee below). There was also sport
harvest in the Skagit River that was not sampled.

Tags from the marked DIT fish were recovered in south&laska fisheries which were not
electronically sampled. Therefore, unmarked recoverids net be observed. These

recoveries were estimated using the PR methodsfrith=1 and usingi™®.
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Let C = estimate of total catch (from catch recandis),

V(C) = variance estimate of C,

M = estimated number of marked DIT recoveries, and

p = proportion of marked fish that were CWT tagged absele
Then M = Cp

V(M) = pV(Q)

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Marblemount Hatchery DIT groups largeluoed in Washington ocean and
Puget Sound fisheries (Appendix Table 3.13.1).

Appendix Table 3.13.1. Number of observed tags and estiroatesrtalities of tagged
fish in fisheries and escapement for marked (M) and ukedar
(U) coho salmon fromMarblemount Hatchery DIT groups for
brood years 1995, 1996, and 1997. Numbers in italics are for
fisheries with visual sampling where estimates were miade
the PR method arsfm= 1.

1995 1996 1997
Age | Fishery Type |Data M U M U M U
2 NSF | Observed 3.00 2.00 3.00 3.00
Escapement Estimated 3.20 2.40 3.00 3.00
SE 0.49 0.69 0.00 0.00
3 Buoy 10 SF Obgerved 1.00
Sport Estimated | 2.36
SE 1.79

Escapement | NSF | Observed | 1,206.0 1,125.0 | 332.00 427.00 | 1,868.0 1,800.0
Estimated | 1,206.2 1,125.2 | 332.06 427.00 | 1,905.3 1,836.0
SE 0.49 0.49 0.25 0.00 6.17 6.06
NSF | Observed | 54.00 68.00 50.00 53.00 68.00 85.00

Elreets“""ater Estimated | 102.58 135.29 | 68.18 73.15 | 156.75 192.81
SE 1034 1281 | 512 544 | 29097 33.39
Southeast NSF Observed 1.00
Alauska Troll Estimated 1.37 1.36
SE 071  0.70
SF Observed 2.00
\éVA(;;?rea 1 Estimated 4.79
P SE 2.87
SF Observed 1.00
¥Y,S|Area 1 Estimated 2.45
SE 1.88
NSF Observed 4.00 1.00
\KlVeAt Area 10 Estimated 408  1.02
SE 029  0.14
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Appendix Table 3.13.1. Number of observed tags and estiroatesrtalities of tagged
fish in fisheries and escapement for marked (M) and ukedar
(U) coho salmon fromMarblemount Hatchery DIT groups for
brood years 1995, 1996, and 1997. Numbers in italics are for

APPENDI

X3

fisheries with visual sampling where estimates were made
the PR method argfm= 1.

1995 1996 1997
Age | Fishery Type |Data M U M U M U
NSF | Observed | 5.00  3.00 | 3.00 200 | 25.00 32.00
\éviﬁ)ﬁ‘rea 10 Estimated | 28.27 11.16 | 6.75  7.71 | 130.71 157.81
SE 1348 603 | 290 521 | 2008 31.37
NSF Observed 1.00
%ﬁ?\lreeta Estimated 3.51
SE 2.97
NSF Observed 1.00
\1/\82 ?\lreeta Estimated 1.38
SE 0.72
NSF | Observed 1.00 700 7.00
\éVAO ;\rea 1 Estimated 6.46 38.89  39.80
P SE 5.94 13.34  13.66
SF Observed 1.00 3.00
\év’x‘rea 13 Estimated 3.44  10.32
P SE 200  5.02
WA Area 2 |NSF Observed 4.00 4.00
NSF Sport Estimated 7.91 8.51
SE 286  3.32
WA Area 2 |SF Observed 2.00
SF Sport Estimated 5.67
SE 3.24
SF Observed 23.00
\é\’ﬁ r‘t\rea 2 Estimated 48.96
P SE 7.75
SF Observed 6.00
¥Y§”Area 2 Estimated 14.34
SE 4.48
NSF Observed 1.00
\éVA(;;?rea 3 Estimated 1.06
P SE 0.25
SF Observed 2.00 2.00
Estimated 3.36 2.71
SE 1.51 0.98
NSF Observed 1.00 2.00
\#(?”Area 3 Estimated 1.17 218
SE 045  0.46
NSF Observed 8.00 8.00
\év’x‘rea 4 Estimated | 17.07  17.45
P SE 463 461
SF | Observed 15.00 31.00  1.00
Estimated 38.71 7183  2.02
SE 8.02 1022  1.44
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Appendix Table 3.13.1. Number of observed tags and estiroatesrtalities of tagged
fish in fisheries and escapement for marked (M) and ukedar
(U) coho salmon fromMarblemount Hatchery DIT groups for
brood years 1995, 1996, and 1997. Numbers in italics are for

APPENDIX 3

fisheries with visual sampling where estimates were made
the PR method argfm= 1.

1995 1996 1997
Age | Fishery Type |Data M U M U M U
NSF_|Observed | 500 500 | 9.00 13.00 | 400 _ 2.00
X\EATﬁ‘gﬁa 4 Estimated | 7.56  6.18 | 43.22 28.00 | 29.92  14.96
SE 202 121 | 1662 694 | 1392 985
NSF |Observed | 18.00  12.00
\évao ;\rea 5 Estimated | 80.58  51.48
SE 16.80  13.01
SF | Observed 5.00 2300  1.00
Estimated 19.50 11558  5.02
SE 7.52 2162  4.49
NSF | Observed 5.00 6.00
\évao ;\rea 6 Estimated | 11.10  14.90
SE 368  4.92
SF Observed 1.00 5.00
Estimated 3.10 15.60
SE 2.55 5.75
NSF | Observed 1.00
\éviﬁ);?rea 7 Estimated 9.06
SE 8.55
WA Area  |NSF | Observed 1.00 | 2.00 1.00  1.00
7B, 7C, 7E Estimated 204 | 558 211  2.19
Net SE 146 | 3.16 153  1.61
NSF | Observed 1.00 200 | 500 800
\KlVeAt Area 8 Estimated 280 560 | 11.90 19.04
SE 224 317 | 405 513
WA Areag |NSF |Observed | 100 300 | 400 300 | 200 100
Sport Estimated | 8.79  14.32 | 21.96 16.83 | 10.80  5.40
SE 827 739 | 994 881 | 689 487
WA Areag. |NSF|Observed | 1800 600 | 100 100 | 2800 17.00
> Sport Estimated | 75.42 22.10 | 478 478 | 138.79 82.36
SE 1584 7.84 | 425 425 | 2352 17.89
NSF |Observed | 3.00  2.00 2.00  3.00
\KlVeAt Area 8A Estimated | 4.83  29.05 10.87  19.62
SE 1.72  26.95 6.96  10.43
WA Area gb | NSF | Observed | 7.00 600 | 9.00 1200 | 1500 2100
Not Estimated | 26.10 22.17 | 31.35 3561 | 75.85 111.09
SE 9.42 919 | 1270 1280 | 1815 2291
NSF |Observed | 7.00  9.00 6.00  7.00
\é\’[ﬁ)ﬁ‘rea 9 Estimated | 54.70  64.24 4470  53.99
SE 19.67 19.86 16.98  19.11
NSF | Observed 1.00
\l{lvept\ Area 9A Estimated 1.57
SE 0.95
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Appendix Table 3.13.1. Number of observed tags and estiroatesrtalities of tagged
fish in fisheries and escapement for marked (M) and ukedar
(U) coho salmon fromMarblemount Hatchery DIT groups for
brood years 1995, 1996, and 1997. Numbers in italics are for
fisheries with visual sampling where estimates were made
the PR method arsfm= 1.

1995 1996 1997
Age | Fishery Type |Data M U M U M U
WA Areas |NSF | Observed 3.00 1.00 2.00
4B, 5, 6, 6A, Estimated 3.03 1.65 6.58
6C Net SE 0.17 1.04 3.88
NSF | Observed 1.00
\7/\’IAANAértea £ Estimated 4.33
SE 3.80
4 NSF | Observed 1.00
Escapement Estimated 1.00
SE 0.00
Freshwater NSF Obgerved 1.00
Net Estimated 1.58
SE 0.96
Total Observed 1,344 1,264 441 518 2,135 1,996
Total Estimated 1,636 1,534 598 605 2,851 2,571
Total Standard Error 112.71 123.32 | 86.92 48.81 | 233.89 199.83

The sport catch from the Cascade River was not samf@ettamically. The number of tags
was estimated as the estimated marked catch multipliédebgroportion of marked fish that
were tagged.

Equal Marine Survival (EMS) Method

Using A7 the EMS estimates for the total unmarked mortalitnrsed across all mark-
selective fisheries are given in Appendix Table 3.13.2.

Appendix Table 3.13.2 Estimated number of mortalities of unmarked fish for Mam@unt
Hatchery DIT coho salmon in all mark-selective fisée using the

EMS method.
Brood Year R Estimate 95% Confidence Interval
Lower Upper
1995 1.0018 105 -6 216
1996 1.0152 2 -65 69
1997 1.0088 323 147 500

Equal Exploitation Rate (EER) Method

For the EER method, all non-selective fisheries warmbined to yield an unmarked-to-
marked ratio. Using all non-selective fisheries, theREestimates for the total unmarked
mortality summed across all mark-selective fishearesgiven in Appendix Table 3.13.3.
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Appendix Table 3.13.4.Estimated number of mortalities of unmarked fish for Mam@unt
Hatchery DIT coho salmon in all mark-selective fisée using the

EER method.
Brood Year s SE(N) Estimate 95% Confidence Interval
Lower Upper
1995 0.95 0.129 22 -284 327
1996 0.92 0.157 -57 -184 70
1997 1.08 0.133 517 -57 1092

Paired-Raio (PR) Method

The As at release and escapement were used to estimate riiiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table 3)13Three values asfmwere
used for the estimates: a default value, 50% of the defalle, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).

Terminal TERM) Method

The terminal fisheries in the Cascade River were maldcsve. However, the fishery was
not sampled for CWTSs.
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Appendix 3.14. Wallace River Hatchery

Marla Maxwell, Tulalip
Marianna Alexandersdottir, NWIFC

Hatchery Brood Year | Related Group ID Unmarked Marked ARl
Wallace River 1996 419981004 45,718 46,253 0.9884
1997 419991002 45,091 45,005 1.0019

Hatchery practices that are relevant to these analyses

The Wallace River hatchery is operated by the Washingtept.Dof Fish and Wildlife
(WDFW) and is located on the Wallace River, a tributiarythe Skykomish River. Coho
salmon smolts sufficient to sustain the brood stockha hatchery are released into the
Wallace River. These fish are also used as the taditag group. The adult fish voluntarily
return to a hatchery trap and all fish entering the &r@ sampled electronically.

General concerns for all brood years

Marked recoveries of the DIT groups from Wallace RivercHaty occurred in southeast
Alaska fisheries which were not electronically samplétierefore, unmarked recoveries will
not be observed. There is a sport fishery in the thedris not sampled.

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Wallace River DIT groups largely occurredViashington ocean and Puget
Sound fisheries (Appendix Table 3.14.1).

Appendix Table 3.14.1. Number of observed tags and estimatesrtalities of tagged
fish in fisheries and escapement for marked (M) and unmarke
(U) coho salmon from Wallace River Hatchery DIT grodigps
brood years 1996 and 1997. Numbers in italics are for fisherie
with visual sampling where estimates were made using®the
method angfm= 1.

1996 1997
Age | Fishery Type | Data Marked  Unmarked | Marked Unmarked
2 | Escapement Observed 19 13 31 13
Estimated 19.00 13.00 31.00 13.00
SE 0.00 0.00 0.00 0.00
WA Area 13 Sport NSF | Observed 1
Estimated 4.75
SE 4.22
3 | Escapement Observed 900 997 3,133 3,326
Estimated 900.00 997.00 3,164.32  3,359.25
SE 0.00 0.00 5.62 5.80
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Appendix Table 3.14.1. Number of observed tags and estimatesrtalities of tagged
fish in fisheries and escapement for marked (M) and unmarke
(U) coho salmon from Wallace River Hatchery DIT grodigs
brood years 1996 and 1997. Numbers in italics are for fisherie
with visual sampling where estimates were made using®the

APPENDIX 3

method andfm= 1.

1996 1997
Age | Fishery Type | Data Marked  Unmarked | Marked  Unmarked
Southeast Alaska Troll | NSF | Observed 1
Estimated 1.37 1.37
SE 0.71 0.71
WA Area 1 Sport SF Observed 2 1
Estimated 5.41 1.31
SE 3.04 0.64
WA Area 1 Troll SF Observed 2
Estimated 2.33
SE 0.62
WA Area 10 Net NSF | Observed 1
Estimated 1.06
SE 0.25
WA Area 10 Sport NSF | Observed 1 5 3
Estimated 2.25 18.07 19.23
SE 1.68 6.94 11.82
WA Area 2 SF Sport | SF Observed 3
Estimated 8.59
SE 4.07
WA Area 2 Sport SF Observed 7
Estimated 16.97
SE 5.14
WA Area 2 Troll SF Observed 2
Estimated 4.68
SE 2.51
WA Area 3 Sport SF Observed 6 2
Estimated 11.19 2.35
SE 3.14 0.66
WA Area 3 Troll NSF | Observed 1 1
Estimated 1.17 1.17
SE 0.45 0.45
WA Area 4 Sport SF Observed 13 10
Estimated 32.12 24.38
SE 7.08 6.15
WA Area 4, 4B Troll NSF | Observed 6 13 4 6
Estimated 22.03 51.61 29.92 44.88
SE 11.03 16.80 13.92 17.05
WA Area 5 Sport SF Observed 4 14
Estimated 15.72 70.90
SE 6.79 16.99
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Appendix Table 3.14.1. Number of observed tags and estimatesrtalities of tagged
fish in fisheries and escapement for marked (M) and unmarke
(U) coho salmon from Wallace River Hatchery DIT grodigs
brood years 1996 and 1997. Numbers in italics are for fisherie
with visual sampling where estimates were made using®the

APPENDIX 3

method andfm= 1.

1996 1997
Age | Fishery Type | Data Marked  Unmarked | Marked  Unmarked
WA Area 6 Sport SF Observed 5
Estimated 15.60
SE 5.75
WA Area 7 Sport NSF | Observed 1
Estimated 4.72
SE 4.19
WA Area 8 Net NSF | Observed 1
Estimated 2.80
SE 2.24
WA Area 8-2 Sport NSF | Observed 7 7 16 4
Estimated 29.10 31.28 79.17 20.52
SE 9.93 10.61 17.74 9.21
WA Area 8A Net NSF | Observed 5 2
Estimated 31.89 11.68
SE 13.12 7.58
WA Area 8D Net NSF | Observed 15 13 18 28
Estimated 52.03 106.56 74.10 132.28
SE 17.39 32.84 16.66 23.39
WA Area 9 Sport NSF | Observed 2 3 9 2
Estimated 21.34 32.01 67.05 14.90
SE 14.37 17.59 20.80 9.80
WA Areas 4B, 5, 6, NSF | Observed 1 2 1
6A, 6C Net Estimated 1.65 3.30 3.29
SE 1.04 1.46 2.74
Total Observed 981 1,051 3,266 3,385
Total Estimated 1,126.90 1,239.49 | 3,638.45  3,620.46
Total SE 29.75 42.29 43.26 35.60

One unmarked recovery from the 1996 brood year was obsanvide iArea 1 selective
fishery in 1999. This was a single tag recovery which weasrded as unmarked by the
sampler. There were recoveries of age 2 fish irm#tehery escapement and a single tagged
age 2 fish was recovered in the Area 13 sport fishery in 1998 recovery from the 1997
brood year was made of a marked and tagged fish in theesstitAlaska troll fishery which
was not electronically sampled. Therefore, unmarkedvez@s will not be observed. These

Rel

recoveries were estimated using the PR methodsfirith=1 and usingl™.
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Equal Marine Survival (EMS) Method

The estimates made using the EMS method were impr@gigeendix Table 3.14.2). For the
1996 brood year the estimate was negative and for the 1997 lraothg estimate was not
significantly different from zero (95% confidence in&rincluded zero).

Appendix Table 3.14.2. Estimated number of mortalities of ukedafish for Wallace River
Hatchery DIT coho salmon in all mark-selective fisée using the

EMS method.
. 95% Confid Interval
Brood Year AR Estimate o onidence In
Lower Upper
1996 0.9884 -135 -235 -34
1997 1.0019 25 -85 135

Equal Exploitation Rate (EER) Method

There were no non-selective fisheries that occurreat fin time and area) to mark-selective
fisheries. Therefore, it may not be possible to iobéa unbiased estimate affrom any of
the non-selective fisheries. Thiecombined in all significant marine non-selective figger
(WA Area 4, 4B Troll, WA Area 3 Troll) was 2.28 for the 198&od year in 1998 and 1.5
for the 1997 brood year in fishery year 2000 (Appendix Table 3.14The estimate of the
total number of unmarked mortalities in mark-selectivheiiges using the EER method with
the abovel is 1,324 for the 1996 brood year and 1,837 for the 1997 brood yebotHh years
the estimate ofl is based on fewer than 10 tags in the fisheries andysimgrecise. The
EER method is unreliable when the estimatd f so imprecise.

Appendix Table 3.14.3. Estimated number of mortalities of ukedafish for Wallace River
Hatchery DIT coho salmon in all mark-selective fisée using the

EER method.
. . 0 i Int |
Brood Year Fishery SE Estimate 95% Confidence Interva
Lower Upper
1996 2.28 1.35 1,324 -1,596 4,245
1997 1.50 0.90 1,837 -4,538 8,213

Paired-Ratio (PR) Method

The As at release and escapement were used to estimate ritiernof mortalities of
unmarked fish in all selective fisheries (Appendix Table 3)14Three values o$fmwere
used for the estimates: a default value, 50% of the defalde, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used thersame as those used by the Fishery
Regulation Assessment Model (FRAM).
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Appendix 3.15. Voights Creek Hatchery

Jay Zischke, Suquamish Tribe
Marianna Alexandersdottir, NWIFC

Hatchery Brood Year |Related Group ID| Unmarked Marked ARl
1996 419981007 20,761 19,927 1.0418
Voights Creek 1996 419981008 20,077 20,106 0.9986
Combined 40,838 40,033 1.0201

The Voights Creek Hatchery is operated by the Washingtept.Dof Fish and Wildlife
(WDFW) and is located on the Puyallup River (Voights &ree 22 river miles from
saltwater, on a tributary to the Carbon River).

DIT rearing strategy

For brood years 1995 through 1998, all coho salmon juveniles mared with the same
culture techniques. Delayed mortality|tag retention tBnased three weeks after tagging.
All cultured fish are released together.

General comments

The facility manager is knowledgeable about the objestbdf the DIT program. All adults
returning to the rack were sampled for marks. Floodlitioms compromise the capture of
adults. In 1996 the weir was damaged by flood waters. Xibgng weir status will let fish
swim around the structure and pass upstream at mediurghtaibher discharges. While the
facility managers observe the majority of the coalmnsn return to the hatchery, an unknown
percentage of fish pass upstream. Some upstream sampliagcasses is done by WDFW
and Puyallup Tribal fisheries staff in South PrairiegBre

Terminal fishery considerations

A Treaty net fishery occurs primarily in the lower PliyalRiver. This fishery is sampled at
a target 20% of the total catch each week. A freshwateiver) recreational fishery opens
in October and is concentrated at the confluence ofhfsigreek and the Carbon River. This
fishery is not sampled. According to the prelimingogrs catch reports, 1,078 coho salmon
and 454 jack coho were harvested in the Carbon River andldguyRiver during 1999
(Terrie Manning, WDFW memo 11/22/20R00 In 1998, 3,388 coho salmon were reported
harvested in these two locations with 2,480 jack coho takanrfing and Smith 2001)

Issues of concerns

* Flood damage in 1996 has left the weir across VoightskCrempromised. This
condition lets and unknown number of adults migratghbd the facility. This issue
needs to be addressed.

* Unsampled harvest by the recreational fishery may lefisant.

"Manning, T. and S. Smith. 2001. Washington State Spach@sport 1998. WDFW February 2001.
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» Limited sampling of carcasses on the spawning grounds igentiiat some level of
straying to other areas of the system is occurring. eRtlgs the level of sampling is
not adequate to expand throughout the system.

In 1999, a total of 2,851 coho were harvested in the Puyallgr Reshwater commercial
fishery. In addition, 9,005 coho salmon entered theheayc(plus 40 jacks) and were
sampled. Of these, 6,888 were retained in the hatchdr?,aa7 released from the rack (Jeff
Haymes, WDFW personal communicatiprand 4,165 “wild” coho salmon adults were
estimated to spawn naturally. These numbers plus thefegery estimates (1,078 non-jack
coho salmon) result in a total age 3 run size of 17,099 in 1999.

Estimation of sport and natural escapement recoveries

The hatchery is located on Voights Creek, a tributamthe Carbon River. The freshwater net
fishery is in the lower river and, under the assumptiat the proportion of each tagged
group in the net fishery is representative of the tatalentering the river, the total number of
tagged coho salmon in the run can be estimated as smowe iAppendix Table 3.15.1.
Under the assumption that the proportion tagged in rigghivater net harvest can also be
applied to the freshwater sport fishery, the tagged spamtest can also be estimated.
However, given that the fishery largely takes placthenCarbon River this assumption may
not be valid if tagged hatchery fish are more likelp&opresent in the Carbon River in-route
to the hatchery than in the total run. Given these tssumptions, then the tagged fish
straying to natural spawning areas can be estimated by cidiréAppendix Table 3.15.1).
This method results in imprecise estimates of natyalveers and there is the potential for
bias in both the sport and spawner estimate if the gegum are invalid.

Appendix Table 3.15.1. Estimated catch, hatchery return, rextdral spawners, al
estimated tagged contribution to these components ofotiat
run, for the 1996 brood year of DIT coho salmon fromg¥its
Creek Hatchery.

Location Total # Marked Unmarked
fish 419981008 419981007 Total | 419981008 419981007  Total
e chwater] 2851 | Tagged|  33.2 251 58.2 64.6 24.1 88.7
g Var 92.1 715 163.7 191.7 64.7 256.5
cv 29% 34% 22% 21% 33% 18%
e rosumter| 1078 [Tagged) 125 95 22.0 24.4 9.1 335
reshwater Var 13.2 10.2 23.4 27.4 9.3 36.7
sport catch
cv 29% 34% 22% 21% 33% 18%
9,005 [Tagged|  92.0 76.0 168.0 119.0 68.0 187.0
Hatchery
Var - - - - - -
return
cv 0% 0% 0% 0% 0% 0%
Natural | 4165 [Tagged| 611 39.9 101.0 1795 43.2 222.7
s;?a\L/lvrr?ers Var 3,419.8 26541 60740 | 7,116.2 24020  9518.2
cv 26% 129% 77% 47% 113% 44%
17,099|Tagged| 198.8 150.5 3493 387.6 144.4 531.9
Total Run Var 33145 25724 58869 | 6897.0 23281 92251
cv 29% 34% 22% 21% 33% 18%
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Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Voights Creek DIT groups largely occurretiVashington ocean and Puget
Sound fisheries (Appendix Table 3.15.2). There were twodpdlips in the release database,
but no obvious difference between these groups is idshtifiThe hatchery manager has
stated that all coho are reared with the same cuteckniques. The rate of return to
escapement is not significantly different betweengtaups. In the following estimation of

unmarked mortalities due to release in selective fishdyagh groups are combined and
treated as a single release.

Appendix Table 3.15.2.Number of observed tags and estimates of mortalitigagged fish i
fisheries and escapement for marked (M) amoharked (U) coho salmc
from Voights Creek Hatchery DIT coho salmon for brgedr 1996.

Marked Unmarked
Age| Fishery Type|Data 419981007|419981008| Total }419981007/419981008| Total
2 | Escapement NSF [Observed 1.00 1.00
Estimated 8.69 8.69
SE 8.17 8.17
3 | Escapement NSF |Observed 76.00 92.00 168.00 68.00 119.00 187.00
Estimated 76.00 92.00 168.00 68.00 119.00 187.00
SE - - - - - -
Freshwater Net NSF |Observed 7.00 9.00 16.00 7.00 17.00 24.00
Estimated 25.09 33.15 58.24 24.07 64.62 88.69
SE 8.46 9.60 18.06 8.04 13.85 21.89
WA Area 10 Net NSF |Observed 1.00 1.00
Estimated 2.64 2.64
SE 2.08 2.08
WA Area 10 Sport |NSF [Observed 1.00 1.00 1.00 2.00 3.00
Estimated 2.25 2.25 2.25 4.50 6.75
SE 1.68 1.68 1.68 2.37 4.05
WA Area 11 Sport |NSF [Observed 1.00 1.00
Estimated 7.29 7.29
SE 6.77 6.77
WA Area 3 Sport  |SF  |Observed 1.00 1.00
Estimated 1.77 1.77
SE 1.17 1.17
WA Area 3 Troll NSF |Observed 1.00 1.00
Estimated 1.17 1.17
SE 0.45 0.45
WA Area 4 Sport  |SF  |Observed 3.00 3.00
Estimated 8.06 8.06
SE 3.73 3.73
WA Area 4, 4B Troll NSF |Observed 3.00 3.00 1.00 1.00
Estimated 4.71 4.71 1.57 1.57
SE 1.64 1.64 0.95 0.95
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Appendix Table 3.15.2.Number of observed tags and estimates of mortalitigagged fish i
fisheries and escapement for marked (M) amoharked (U) coho salmc
from Voights Creek Hatchery DIT coho salmon for brgedr 1996.

Marked Unmarked

Age| Fishery Type|Data 419981007{419981008| Total [419981007|419981008| Total
WA Area 5 Sport  |[SF  |Observed 3.00 5.00 8.00
Estimated 11.34 19.20 30.54
SE 5.61 7.39 13.00

WA Area 9 Sport  |NSF |Observed 1.00 1.00

Estimated 10.67 10.67

SE 10.16 10.16
4 | Escapement NSF |Observed 1.00 1.00
Estimated 1.18 1.18
SE 0.46 0.46

Total Observed 91.00 113.00 | 204.00 76.00 141.00 | 217.00

Total Estimated 130.36 163.01 | 293.37 94.32 201.53 | 295.85

Total Standard Error 13.56 14.27 25.16 8.22 17.37 24.49

Estimated (from Appendix Table 3.15.1)

Freshwater Sport  |[NSF |Estimated] 9.50 12.50 22.00 9.10 24.40 33.50

SE 3.19 3.63 4.84 3.05 5.23 6.06

Natural EscapementNSF |Estimated] 39.90 61.10 101.00 43.20 179.50 | 222.70

SE 51.52 58.48 77.94 49.01 84.36 97.56

Total Estimated| 179.76 236.61 | 416.37 | 146.62 405.43 | 552.05

SE 53.37 60.31 82.04 49.79 86.29 100.77

Equal Marine Survival (EMS) Method.

The estimate of unmarked mortalities is 3.41 fish when eslymates derived from tags

sampled in fisheries or hatchery escapement are udedever, this estimate was not based
on an unbiased cohort size, as no samples were takidve ifieshwater sport and natural

escapement. If the recoveries that are estimatedh&se components are included, the
estimate is —127.32 (Appendix Table 3.15.3).

Appendix Table 3.15.3. Estimated number of mortalities of ukedbafish for Voights Creek
Hatchery DIT coho salmon in all mark-selective fisée using the

EMS method.
5 ;
Estimate R Estimate 95% Confidence Interval
Lower Upper
Without freshwater sport and escapement | 1.020 3.41 -131.77 138.59
With freshwater sport and escapement 1.020 -127.32 -09.01 154.38
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Equal Exploitation Rate (EER) Method

The numbers of recoveries available in any non-sele&isbery were not sufficient for this
method.

Paired-Ratio (PR) Method

As with the EER method, there is no “good” non-selecfishery for estimating & for the
paired ratio method and th&® and A¥° were used. Three values sffnwere used for the
estimates: a default value, 50% of the default value, and 28f0fte default value. The
default value varied by fishery and depended on whetheistnery was located in marine or
fresh water. The default values used were the sarteosas used by the Fishery Regulation
Assessment Model (FRAM). (Appendix Table 3.15.4).

Appendix Table 3.15.4. Estimated number of mortalities irrkrsalective fisheries for
unmarked DIT coho salmon from Voights Creek Hatcheryfood
year 1996 using the PR method and the unmarked-to-marked ratio
(1) at release and in the escapement.

Age Fishery D;‘:ﬁq“'t ‘Z?;f’ SE D;‘:ﬁq“'t SE  |200%sfm  SE
AReI
3 | WAArea3Sport| 0.14 0.12 0.08 0.25 0.16 049 033
WA Area 4 Sport | 0.14 0.59 0.27 1.18 0.54 235  1.09
WA Area 5 Sport | 0.07 108 046 217 0.93 434 185
3 Total 180 082 3.59 1.63 718 327
AEsc
3 | WAArea3Sport| 0.14 016 011 0.32 0.21 0.64 042
WA Area 4 Sport | 0.14 050  0.23 1.01 0.47 202 093
WA Area 5 Sport | 0.07 1.22 0.51 2.45 1.02 490  2.04
3 Total 1.89 0.85 3.78 1.70 756 3.40
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Appendix 3.16. Soos Creek Hatchery

Jay Zischke, Suquamish Tribe
Mike Mahovlich, Muckleshoot Tribe
Marianna Alexandersdottir, NWIFC.

Hatchery Brood Year | Related Group ID Unmarked Marked ARl
Soos Creek 1996 419981005 41,127 44,781 0.9184
1997 419991004 41,879 42,430 0.9870

Soos Creek Hatchery is operated by the Washington DepisloaRd Wildlife (WDFW) and
is located on the Green River.

DIT rearing strategy

The DIT groups for brood years 1996 and 1997 were reared intgpmef ponds with the
same culture techniques as non-DITs. Delayed mortatityjetention of DIT fish was
estimated three weeks after tagging. The DIT groups vedégased together with other coho
groups.

General comments

The facility manager is knowledgeable about the objectvebe DIT program and attempts
to keep rearing similar for all coho releases. Rgcdiaff attempt to mark sample 100% of
the returning adults at the rack. Flooding problems exishglihe return of the adult coho
salmon. The rack overtopped during 1996 and again in 2001. Thsraonmovertop during
1998-2000, although a beaver chewed a hole in the rack durid@®ereturn, resulting in
an estimated upstream escapement of 4,000 fish (fac#itfyrstugh estimate). In 2001 the
rough estimate of upstream flood escapees was 18,000 fish.

Terminal fishery considerations

Commercial:There are treaty net fisheries in Elliott Bay and Bhevamish|Green River that
are directed at coho salmon throughout the coho aduitnrte These fisheries were mark
sampled at a high rate (50-75%). Fisheries occurred netalin years for DIT group adults
(1998-2001). The commercial freshwater harvest was 12,787 salh@wmn in 1999 and

48,708 coho salmon in 2000 (PSMFC Catch Sample Database).

Recreational:Recreational fisheries occurred in all years of bdiurns. Fisheries occurred
in both Elliott Bay (recreational area 10) and wittie Green River system. Marine catch is
mark sampled at a target of 10%, although typically thea dvas been sampled at a higher
rate. The freshwater fishery is not sampled and reagflsignificant magnitude. There is a
directed fishery for coho salmon limited to youngerlarggin Soos Creek (just downstream
of the facility) which occurs for approximately one riorannually — this fishery is not
sampled. The sport harvest is estimated using catondreards (CRCs). In 1999 the adult
(non-jack) harvest was 753 coho and 364 jack coho were edp@teliminary estimates:
Terrie Manning, WDFW memo 11/22/2000). In 2000 the harvest estifmam the CRC
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system was 2,155 adults and 378 jacks (preliminary estimaggse ™anning, WDFW
memo 11/27/2001).

Issues of concern

* Rack flooding — this can happen in any return year — a backaipcpt should be
developed to sample fish and an abundance estimate @beveack should be
developed for when flooding occurs.

* Commercial fishery — while well sampled, there is com¢bat due to very low value
in recent years (1999-2001) some catch is not being reported1988-2000 tribal
managers estimated the unreported catch at 10%.

* Recreational fishery — the lack of freshwater sampliy fve significant. Regional
managers may be able to provide an estimate of catossathe geography of the
river to estimate potential composition differences tuecation in the river.

In 1999 a total of 8,200 (plus 17 jacks) coho entered the hgtahdrwere sampled at a rate
of 57.3%. Of these 3,144 were retained in the hatcherp &3® released from the rack (Jeff
Haymes,WDFW personal communicatipand 1,244 coho salmon were estimated to spawn
naturally. These numbers plus the sport fishery esés (1,078 non-jack coho salmon) result
in a total age 3 run size of 22,984 in 1999.

Estimation of sport and natural escapement recoveries

The hatchery is on Soos Creek. The freshwaterstedriy is in the lower river and under the
assumption that the proportion of each tagged group in thigshery is representative of the
total run entering the river, then the total numberagiged in the run can be estimated, as
shown in (Appendix Table 3.16.1). Under the assumptionthieafreshwater net proportion
tagged can also be applied to the freshwater fisheeytatged sport harvest can also be
estimated.

Given the two above assumptions, then the taggedtfayirsg to natural spawning areas can
be estimated by subtraction (Appendix Table 3.16.1). Thithaderesults in imprecise
estimates for the estimate of natural spawners, amd theéhe potential for bias in both the
sport and spawner estimate if the assumptions madeai@i The major assumption here
is the freshwater net fishery provides an unbiased estiofahe % tagged in the sport fishery
and the run. This requires either that the fisheryneikteroughout the run and operates as a
proportional sampler of the total run, or that the proportagged is constant throughout the
run so a sample taken by the fishery at any time willid@ased. It also requires that the fish
pass through the sport fishery before the hatchery &si keft the run for the hatchery thus
changing the proportion tagged. In fact for Soos Creekuhabers of spawners are negative
both for brood years 1996 and 1997, and so should not be used.
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Appendix Table 3.16.1.Estimation of age 3 tagged fish in sport harvest and “vefchwner
using method of subtraction for Soos Creek coho salmondbyear
1996 and 1997.

1996 1997
Location Data | rotalin Tagged catch or Totalin - \+50ged catch or spawners
catch or Spawners catch or
spawners Marked Unmarked| spawners Marked Unmarked
Freshwater net | Tagged | 12,787 136.53 120.65 48,708 581.73 780.21
Var. 41.49 36.41 1,274.86 1,636.8
Ccv 5% 5% 6% 5%
% tagged 1.07% 0.94% 1.19% 1.60%
SE 0.05% 0.05% 0.07% 0.08%
Ccv 5% 5% 6% 5%
Freshwater sport| Tagged 902 9.631 8.51 2,155 25.74 34.52
Var. 0.2 0.2 2.50 3.20
Ccv 5% 5% 6% 5%
Hatchery total Tagged | 8,200 272.25 202.25 43,721 888 1146
Var. 203.43 150.93 0 0
Ccv 5% 6% 0% 0%
“Wild Spawners”| Tagged | 1,244 -171.4 -113.1 2,745 -1,219.2 -1,590.2
Var. 380.9 306.7 1,564.9 2,009.3
Ccv 11% 15% 3% 3%
Total Tagged | 23,133 247.0 218.3 97,329 276.3 370.5
Var 135.8 119.2 287.6 369.2
Ccv 5% 5% 6% 5%

Estimation of unmarked mortalities in mark-selective fisheries

Recoveries of Soos Creek DIT groups largely occurred ishiigton ocean and Puget Sound

fisheries (Appendix Table 3.16.2).

Appendix Table 3.16.2. Number of observed tags anchasts of mortalities of tagged f
in fisheries and escapement for marked (M) and unmarkedofd
salmon from Soos Creek Hatchery DIT groups for broodsy288¢

and 1997.
Age | Fishery Type | Data 1996 1997
Marked Unmarked Marked Unmarked

2 |Escapement Observed 4 8 5
Estimated 4.00 8.75 5.75
SE 0.00 1.15 1.15
Freshwater Net NSF |Observed 1 4 2
Estimated 1.09 4.95 2.46
SE 0.31 1.09 0.75
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Appendix Table 3.16.2. Number of observed tags anchasts of mortalities of tagged f
in fisheries and escapement for marked (M) and unmarkedofd
salmon from Soos Creek Hatchery DIT groups for broodsy&88¢

and 1997.
Age | Fishery Type | Data 1996 1997
Marked Unmarked Marked Unmarked
WA Area 10 Sport NSF |Observed 1
Estimated 2.72
SE 2.16
3 |Escapement Observed 156 116 888 1,147
Estimated 272.25 202.25 888.00 1,147.00
SE 14.26 12.29 0.00 0.00
Freshwater Net NSF |Observed 105 93 205 283
Estimated 136.53 120.65 582.65 781.61
SE 6.44 6.03 35.75 40.52
WA Area 1 Sport SF |Observed 1
Estimated 1.47
SE 0.83
WA Area 10 Net NSF |Observed 2 2 4 5
Estimated 5.62 2.06 5.90 6.90
SE 3.19 0.25 1.91 1.91
WA Area 10 Sport NSF |Observed 3 1 6
Estimated 6.75 3.97 22.04
SE 2.90 3.43 7.74
WA Area 10A Net NSF |Observed 7 8
Estimated 22.80 23.06
SE 7.36 7.27
WA Area 11 Sport NSF |Observed 1
Estimated 6.27
SE 5.75
WA Area 13D Net NSF |Observed 1
Estimated 1.98
SE 1.39
WA Area 2 SF Sport  |SF  |Observed 1
Estimated 2.29
SE 1.72
WA Area 2 Sport SF |Observed 5
Estimated 11.16
SE 3.77
WA Area 3 Sport SF |Observed 2 1
Estimated 3.54 1.23
SE 1.65 0.53
WA Area 3 Troll NSF |Observed 1
Estimated 1.17
SE 0.45
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Appendix Table 3.16.2. Number of observed tags anchasts of mortalities of tagged f
in fisheries and escapement for marked (M) and unmarkedofd
salmon from Soos Creek Hatchery DIT groups for broodsy&88¢

and 1997.
Age | Fishery Type | Data 1996 1997
Marked Unmarked Marked Unmarked
WA Area 4 Sport SF |Observed 3 15
Estimated 7.92 37.83
SE 3.64 7.85
WA Area 4, 4B Troll NSF |Observed 6 2 3 1
Estimated 31.77 7.12 22.44 7.48
SE 15.14 5.11 12.06 6.96
WA Area 5 Sport SF |Observed 2 10
Estimated 7.71 50.82
SE 4.69 14.42
WA Area 6 Sport SF |Observed 3 1
Estimated 9.36 3.12
SE 4.45 2.57
WA Area 8-2 Sport NSF |Observed 2 2
Estimated 10.26 10.26
SE 6.51 6.51
WA Area 9 Sport NSF |Observed 3 2 2
Estimated 29.23 18.58 14.90
SE 16.15 12.41 9.80
West Coast Vancouver|NSF |Observed 1
Estimated 1.00
SE 0.00
Total Observed 280 224 1,161 1,462
Total Estimated 474.38 371.29 1,688.42 2,024.58
Total Standard Error 23.10 21.89 45.07 44.20

Equal Marine Survival (EMS) Method.

The estimate of unmarked mortalities is 63.1 for the 1996 byeadand a negative 209 coho
salmon for the 1997 brood year (Appendix Table 3.16.3).

Appendix Table 3.16.3. Estimated number of mortalities of uketafish for Soos Creek
Hatchery DIT coho salmon in all mark-selective fisée using the

EMS method.
5 ;
Brood Year R Estimate 95% Confidence Interval
Lower Upper
1996 0.9184 63.08 3.42 122.74
1997 0.9870 -209.03 -337.59 -80.47
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Equal Exploitation Rate (EER) Method

The numbers of recoveries available in any non-setedishery were not sufficient to use
this method.

Paired-Ratio (PR) Method

As with the EER method there is no “good” non-selectiskery for estimating a for the
paired-ratio method, therefore, tA8* and A" were used. Three valuessfmwere used for
the estimates: a default value, 50% of the default yedme 200% of the default value
(Appendix Table 3.16.4). The default value varied by fishedydepended on whether the
fishery was located in marine or fresh water. Theuefalues used were the same as those
used by the Fishery Regulation Assessment Model (FRAM).
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Appendix 3.17. Lower Elwha Hatchery

Aimee Keller, Port Gamble
Cindy Gray, PNPTC

Amy Seiders, NWIFC
John Fieberg, NWIFC

Hatchery Brood Year |Related Group ID| Unmarked Marked ARl
1995 1419979001 72,909 78,150 0.9329
Lower Elwha 1996 1419989002 75,203 78,862 0.9536
1997 141999DI103 77,378 74,940 1.0325

The Lower Elwha Hatchery is operated by the Elwha Brédoad is located on a side tributary
of the Elwha River.

DIT rearing strategy

Marked and unmarked DIT groups are tagged on the same day awm@rack together in the
same pond. Total release numbers are determined using rsotinatiecount fish as they are
released. Before release, a sample of 600 fish is watmmeheck for CWTs. The total
number of tagged fish at release is calculated by myiligplthe total release size (from the
counters) by the proportion of tagged fish in the sampléhe number of marked and
unmarked fish in each DIT group is determined by allocatiegdtal number of tagged fish
to marked and unmarked groups in proportion to their initialitgggtes.

General comments

The hatchery is on a small tributary (~0.25 miles lowb)ch enters the Elwha River ~0.5
miles from its mouth. Fish may bypass the hatchewy @éhoose to spawn naturally in the
river. The extent of hatchery straying is unknowrhe Turbidity of the river makes it nearly
impossible to sample for carcasses during the time whlen salmon are spawning. Returns
to the hatchery are sampled at 100% (including jacks).

General concerns for all brood years

Marked recoveries from the 1996 brood year occurred in sasttidaska fisheries which
were not electronically sampled. Therefore, unmarkedwveries will not be observed.
These recoveries were estimated using the PR methbafwit=1 and usingi®®.

Estimation of unmarked selective fishery mortalities

Brood year 1995 year was not significantly impacted by meldéetve fisheries, therefore no
analyses were conducted for this group. There was onlyobserved recovery (3.16
expanded recoveries) in mark-selective fisheries. Tisemwed recovery corresponded to a
marked fish (Appendix Table 3.17.1).

153



APPENDIX 3

Appendix Table 3.17.1.Number of observed tags and estimates of mortalitieaggfed fisl
in fisheries and escapement for marked (M) and unmarkeddhg
salmon fromLower Elwha Hatchery DIT groups for brood ye
Numbers in italics are for fisheries
visual sampling where estimates were made using the PRod

1995, 1996, and 1997.

andsfm= 1.
Age | Fishery Type | Data 1995 1996 1997
M ] M U M U
NSF |Observed 44 46 90 115
2 |Escapement Estimated 4576 47.80 | 90.00 115.00
SE 1.35 1.37 0.00 0.00
3 NSF |Observed 114 117 282 251 183 204
Escapement Estimated | 114.01 117.00 | 282.00 251.00 | 183.00 204.00
SE 0.10 0.00 0.00 0.00 0.00 0.00
NSF |Observed 18 27 21 20 29 26
Freshwater Net Estimated | 112.48 138.50 | 143.49 159.52 | 138.14 111.28
SE 28.42 2751 | 33.87 37.73 | 23.80 20.33
NSF |Observed 2 2
Southeast Alaska Estimated | 1411 13.16 | 7.82  7.46
SE 9.62 80.55 5.03 22.97
NSF |Observed 5 2
Southeast Alaska Estimated | 1456 13.58 | 4.43  4.22
SE 5.51 26.45 2.37 5.12
SF Observed 1
WA Area 1 Sport Estimated 3.16
SE 2.61
SF Observed 1
WA Area 1 Troll Estimated 1.15
SE 0.42
NSF |Observed 1
WA Area 10 Net Estimated 1.00
SE 0.00
NSF |Observed 1
WA Area 10 Sport Estimated 2.25
SE 1.68
SF Observed 4
WA Area 2 SF Sport Estimated 10.22
SE 4.10
SF Observed 1
WA Area 2 Sport Estimated 1.97
SE 1.38
Observed 1
WA Area 2 Troll SF Estimated 2.19
SE 1.61
SF Observed 2
WA Area 3 Sport Estimated 3.88
SE 1.92
NSF |Observed 1
WA Area 3 Troll Estimated 1.17
SE 0.45
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Appendix Table 3.17.1.Number of observed tags and estimates of mortalitieaggfed fisl
in fisheries and escapement for marked (M) and unmarkeddhg
salmon fromLower Elwha Hatchery DIT groups for brood ye
1995, 1996, and 1997. Numbers in italics are for fisheries
visual sampling where estimates were made using the PRod

andsfm= 1.
Age | Fishery Type | Data 1995 1996 1997
M ] M U M U
NSF |Observed 1
Estimated 2.55
WA Area 4 Sport SE 1.99
SF Observed 2 1
Estimated 4,11 2.25
SE 2.17 1.68
NSF |Observed 1 1 2 2 2
WA Area 4, 4B Troll Estimated 1.14 1.70 3.09 3.14 14.96
SE 0.40 1.09 1.30 1.34 9.85
NSF |Observed 1
Estimated 4.29
SE 3.76
WA Area 5 Sport SE Observed 3 5
Estimated 11.79 9.46
SE 5.88 5.95
SF Observed 1
WA Area 6 Sport Estimated 3.12
SE 2.57
NSF |Observed 1 2 4 1
WA Area 6D Net Estimated 1.49 3.52 7.40 2.36
SE 0.85 1.64 2.53 1.79
NSF |Observed 1
\,ilvept‘ Area 78, 7C, TE Estimated 2.19
SE 1.61
NSF |Observed 2 1 3
\é\L\A géesztm' 56 Estimated 359 | 1.05 471
' SE 1.78 0.23 1.69
Total Observed 143 151 370 323 311 347
Total Estimated 263.50 269.60 | 526.21 468.42 | 435.83 445.24
Total Standard Error 30.69 27.90 | 35.33 37.86 | 24.94 22.58

Equal Marine Survival (EMS) Method

Using AR = 0.9536 for brood year 1996, the estimate for the total unchamertality
summed across all mark-selective fisheries is 33 fishusmngA=® = 1.033 for brood year
1997, the estimate for the total unmarked mortality summexssell mark-selective fisheries
is 5 fish (Appendix Table 3.17.2).
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Appendix Table 3.17.2. Estimated number of mortalities ofarked fish for Lower Elwha
Hatchery DIT coho salmon in all mark-selective fisée using the

EMS method.
Brood Year ARe Estimate 95% Confidence Interval
1996 0.9536 33 -76 143
1997 1.0325 5 -62 72

Equal Exploitation Rate (EER) Method

The only significant non-selective fishery for broocnrge1996 and 1997 was the freshwater
net fishery. Thed in this fishery is likely to be higher than thein the mark-selective
fisheries since it occured much later in time. Thersfthe EER method was not applied.

Paired-Ratio (PR) Method

There were no non-selective fisheries that couldesasvadequate pairs for the mark-selective
fisheries. Thels at release and escapement were used to estimatentbernof mortalities

of unmarked fish in all selective fisheries used (Appenadikl@ 3.17.3). Three values fn
were used for the estimates: a default value, 50% of fheltdgalue, and 200% of the default
value. The default value varied by fishery and depended otherhghe fishery was located
in marine or fresh water. The default values used tersame as those used by the Fishery
Regulation Assessment Model (FRAM).
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