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ABSTRACT

The Washington Department of Fisheries (WDF) annuadiymates the number of salmon
harvested by the marine recreational fishery inePu@pund using the Salmon Punch Card
System (SPCS). Anglers fishing for salmon are requirdthve a state-issued catch record and
to record the date and location of any salmon thathbeyest during a calendar year. A random
sample of all punch cards issued is used to estimatwatm®on harvest. WDF and the twenty
Treaty Tribes of Western Washington conducted a jount-year study to assess the accuracy of
the estimates from the SPCS. This study used adbessel surveys to estimate salmon
harvest independently of the SPCS.

The creel surveys estimated the number of salmorestad by the sport fishery in a catch area
during a one-month period. Sixteen of these areainaglls were sampled during each year of
the study providing a total of 64 estimates of puncd &gas. Each of the nine catch areas in
Puget Sound was surveyed four to nine times duringttity. Bias estimates for the 64 area-
month cells surveyed ranged from 0.34 to 11.41, but wiothe extremes (the low and high
estimates of bias) occurred in cells with very siatlvests. Therefore, for the final estimates of
bias only area-month cells with estimated harves&00for more salmon were used. A major
assumption of the study was that the creel surveyiggdwnbiased estimates of the salmon
harvest by the sport fishery.

Estimates of bias for Area 05 were significantly differéom the estimates for Areas 06
through 13 combined, but no significant differences vieuad within Areas 06 through 13.
There were no significant differences in bias betweasmes, summer and winter, or among
years. Therefore, the data from all four years ef study were combined to estimate bias
adjustment factors for two geographic strata: (1) Arear@db(2) Areas 06-13 combined. The
biases estimated for these two strata were 0.99 andrésp@ctively.

This bias has two probable sources: (1) non-responseamid (2) recall error bias. We

recommend that the Salmon Punch Card System contirhesused to estimate the number of
salmon harvested by the marine recreational fisireriPuget Sound, but the return rate of
in-sample punch cards must be increased to a minimunfoetd@rovide acceptable estimates
which require no bias adjustment. WDF should investigatiads of increasing the response
rate through: improvements in data control; increasfedmation and education efforts; and, if
necessary, by instituting angler incentives. Waggat that with a 70% minimum response rate
and supplementary surveys, the Salmon Punch Cardidysiald supply harvest estimates with
10% or less bias. Once this goal has been reachedeafidd, neither bias adjustment to the
harvest estimates nor creel surveys for estimatirggviodalld be necessary.
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INTRODUCTION

The Sport Catch Estimation Study was a cooperativet dffothe Washington Department of
Fisheries (WDF) and the twenty Treaty Tribes of ies\Washington to assess the accuracy of
the estimates of the number of salmon harvested dogpbrt fishery in the marine waters of
Puget Sound. Since 1964, the Salmon Punch Card S{SRDE) has been used to estimate the
salmon harvest by the sport fishery in Puget Sound enaraters. The objective of this study
was to obtain independent harvest estimates using adeesseel surveys which could be
compared to the estimates of salmon harvest fronSBES to determine if there was bias
(systematic over- or under- estimation of the harwest)e estimates.

Preliminary field work was conducted in 1985 and 1986is was followed by a four-year study
from 1987 through 1990. Reports documenting the datactaleanalyses, and results for each
year of the study have been produced (WDF et al. 198®); 1992a; 1992b). The objective of
this report is to:

1. Document the methods used and the harvest estimatesef@atmon Punch Card
System and the creel surveys;

2. Document the methods used to estimate the relative ftlas barvest estimates from the
Salmon Punch Card System;

3. Provide recommendations for estimating the number aisalharvested by the sport
fishery in Puget Sound marine waters for future yeand;

4. Provide recommendations for establishing and documentingidterical data base for
the salmon harvest by the sport fishery.

History of the Salmon Punch Card System

WDF began the Salmon Punch Card System in 1964. asie tesign, data collection, and
analysis methods of the original system (Paulik 1963)#lleused with minor modifications.
By regulation, all anglers must record on a card edafosaharvested, as well as the date and
location of harvest. This record must be made atithe of harvest and, at the end of the
calendar year, the card is to be returned to WDFgir@dly this record was made by punching a
hole in a card for each salmon harvested; the hargestd is still commonly referred to as a
punch card although holes are no longer made in the card

Since 1964, an average of 490 thousand punch cards dameidsued annually to anglers in

Washington State. A random sample of the punch cadedsduring the calendar year is used
to estimate the total number of salmon harvested bgpbe fishery. Four percent of the punch

cards issued each year are selected for the randoplesaThese are referred to as in-sample
cards. During the last fifteen years, however, o890 to 66% of these in-sample harvest
records have been returned to WDF annually.



The SPCS was originally used to estimate the total asalimarvest throughout the state.

Currently, it is not used to estimate the salmondwroff Washington’s ocean coast (areas 01,
02, 03, and 04) and in some portions of the Columbi@rRi These estimates are made with
creel surveys. Puget Sound is divided into nine majoresamecording areas (catch areas),
statistical Areas 05 through 13 (Figure 1), and saln@wmdst estimates are made for each of
these areas by month.

In the early 1980s several analyses addressed pbtaatas in the harvest estimates from the
Salmon Punch Card System (de Libero 1982; Fraiderdmdd@@argmann 1982). Two possible

sources of bias common to sample surveys exist iBRIGES, non-response bias and recall error
bias (Jessen 1978). Non-response bias occurs wherw@nplete sample is returned. The

harvest estimate is made using harvest records thegtaraed to WDF. If the average harvest

per card is different between the returned sampdethose harvest records not returned, the
estimate of total harvest will be biased. De Libgr982) concluded that the harvest was being
over-estimated due to non-response, possibly becausersahgrvesting one or more salmon

were more likely to return their punch cards than angias had not harvested a salmon. The
second source of possible bias, recall error, occurs vdwamding harvest on reminder letters.

Reminder letters are sent to anglers who hold in-acgyds but who have not returned their

punch cards. Since a record of harvest returned emmder letter is made some time after

fishing (unlike the record on the punch card which, by iawg be completed upon harvesting a

salmon) the angler may not recall the details correamtly the observed average harvest per
reminder letter may be different from the actual ayeror the original punch cards. Eames
(1983) suggested that this type of error contributehtunder-estimate of the salmon harvest.

Beginning in 1981, the harvest estimates from the SRE&8 reduced by a factor of 1.20, i.e.,
the harvest estimates from the in-sample punch eeeds divided by 1.20 which reduced the
estimates of harvest by about 17%. The 1.20 adjustiaeior was an estimate of non-response
bias made by de Libero (1982). This bias adjustment waredpplthe harvest estimates for the
years 1981 through 1986. Beginning in 1987, the hanstghates from the SPCS were
adjusted by estimates of average bias made from tepaendent estimates of harvests described
in this report.

History of the Sport Catch Estimation Study

The goal of the Sport Catch Estimation Study was tdrobturate estimates of salmon harvest
which could be compared to the estimates from the SalPumch Card System and used to
qguantify bias. Specifically:

1. The study was designed to assess the accuracy dlthensharvest estimates from the
SPCS and determine whether there was bias prelsemhs not designed to estimate the
total salmon harvest by the marine sport fisherPuget Sound independently of the
SPCS.
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Figure 1. Map of the Puget Sound region showing the statistieas (catch areas) defined by
the Washington Department of Fisheries.



2. The study addressed bias in the estimates of salmeashdny the sport fishery in Puget
Sound marine waters, WDF catch areas 05 through 13. iotlidddress the estimates
of salmon harvest by sport fisheries in freshwateasr

3. The study addressed bias caused primarily by non-responsecaticerror. It was not
designed to address any bias caused by illegal harvestsai. angler not recording
harvest on a punch card).

Two years of preliminary field work were carried out to deiee the best method for
estimating the harvest by the sport fishery.

1985 Field Study:

The primary objective during 1985 was to evaluate four @iffemethods of estimating the
number of salmon harvested by the sport fishery in P&gend and to determine which
method or methods provided the most cost-efficient, premis®unbiased estimates. Sampling
was conducted in Area 11 during June and July and in Area OfgdAugust and September.
The four creel survey methods evaluated were:

1. mark/recapture of salmon harvested (M/R estimate);

2. mark/recapture of boats fishing using on-the-water ssrf@{ATER estimate);
3. mark/recapture of boats fishing using aerial flight sus\@IR estimate); and
4. exit surveys of anglers at selected access sites fshiery (SHORE estimate).

Each creel survey method is briefly described belowe grbcedures are those used to estimate
the total salmon harvest in a catch area for a sadgy). Detailed descriptions of the methods
and exact estimation procedures are provided in NevamariReidinger (1986).

M/R Estimate. Boat-based samplers surveyed the catch area by sysi@iy sampling boats
actively engaged in sport fishing and determined the numtsadmbn in possession at the time
of the interview (the mark sample). Boat identifioatinumbers and number of salmon
harvested were recorded for each boat sampled. Shesd-Bamplers, stationed at randomly
selected access sites, sampled anglers exiting theryfigind recorded boat identification
numbers and number of salmon in possession (the myceample). By matching boat identi-
fication numbers from the two samples (on-the-watel @ccess-site samples), the number of
recoveries (salmon observed in both on-the-water arebassite samples) could be determined.
These data were then used to estimate the number afrshbnvested from the catch area on
the sample day with Chapman’s modification of the Beteestimator (Seber 1982).

WATER Estimate. Boat-based samplers surveyed the catch area tgnstcally recording
the identification numbers of boats actively engagdinng (the mark sample). Shore-based
samplers, stationed at randomly selected access mt@yded identification numbers of all
boats landing at the site which had been sport fishirmgrétovery sample). By matching boat




identification numbers from the two samples (on-théewand access-site samples), the
number of recoveries (boats observed in both on-titerwand access-site samples) could be
determined. These data were then used to estimateimhigen of boat-trips of fishing effort
with Chapman’s modification of the Petersen estimatbhe estimated number of boat-trips
was then multiplied by a Horvitz-Thomson estimate (Eaeand Hanif 1983) of harvest-per-
boat (from the shore-based sample data) to estimateurmber of salmon harvested from the
catch area on the sample day.

AIR Estimate. One to four aerial survey flights were conducted tivercatch area each sample
day and the number of boats actively sport fishing wereted during each survey. The
number of unique counts (marks) was determined by summingtimscand then removing
the estimated number of boats counted during more thafliginte(determined from the shore-
based sample data). Shore-based samplers, staticaedi@mly selected access sites, counted
the number of sport fishing boats landing at the sit#, &nrough interviews, determined
whether the boat was fishing during any of the surveyt8igthe recoveries). The adjusted
number of marks, the recoveries, and the total numideoats sampled at the access sites were
used to estimate the number of boat-trips of effort @hlapman’s modification of the Petersen
estimator. The estimated number of boat-trips was thetiplied by a Horvitz-Thomson
estimate of harvest-per-boat (from the shore-based Isadapa) to estimate the number of
salmon harvested from the catch area on the safagle

SHORE Estimate.A sample frame of all possible access sites todteh@area was compiled.
Relative weights, from on-the-water estimates ofdh®unt of fishing effort from each site
relative to total effort in the area, were assigrmethé sites. Two to four sites were selected for
sampling with a variable probability selection procedomsed on the weights. Sampling at
each selected access site was conducted during all daydigis. Samplers recorded the total
number of salmon landed at the site that had beendtadvia the targeted catch area. The total
number of salmon harvested in the catch area onahgls day was estimated with the
Horvitz-Thomson estimator.

Five potential problems with data collection, data reogrdand site selection were identified
during these initial surveys (Newman and Reidinger 1986).

1. The accurate collection of boat identification numbeaffected two of the four
procedures (M/R and WATER). Some boats did not have fdation numbers or had
different numbers on each side of the boat. Errorsmwieording boat identification
numbers because of transcription errors or difficultyséeing the numbers were a
problem.

2. It was difficult to compile a complete list of thecass sites to a catch area. The number
of sites used to access the catch areas sampled gastlzan originally expected. For
example, Area 11 was originally thought to have 35 accesstaut found to have at
least 50 sites from the on-the-water sample data. ®uetinaccessibility of some sites
within a catch area, and sites located far outsidec#iteh area, it was not possible
logistically to sample all sites in the sample framehis affected only the SHORE
procedure.



3. There were discrepancies between the numbers of isadiserved on some boats
during on-the-water surveys and the number of salmeargéd later during access-site
surveys. Specifically, the number of salmon markedame boats during on-the-water
sampling exceeded the number of salmon sampled at tlessasite. Possible
explanations for these “missing” fish could be mis-rdowy of boat identification
numbers, mis-recording or mis-counting the number of salgathe survey samplers,
or anglers either throwing salmon back after the fish beeh “marked” or hiding
the fish from the samplers at the access sitess difected all four procedures to a
varying extent.

4. The variable probability selection procedure used forHbevitz-Thomson estimator
(Brewer’s procedure) resulted in sites with large mdatveights always being included
in the sample. This affected only the SHORE procadur

5. During extremely busy periods, shore-based samplersneé@le to sample all boats
landing at some access sites. This affected oal$pHHORE procedure.

The relative efficienciésof the four different creel survey procedures used in 198& w
compared. Ignoring bias considerations, it was concludadtbe SHORE estimator was
optimal for Area 11 and the AIR estimator optimal foeA05. The WATER estimator had the
lowest relative efficiency in both catch areas sathpiel 985.

1986 Field Study:

Based upon the results of the 1985 study, an expanded samppigram was designed and
conducted in 1986. Only three of the four survey methedd in 1985 were evaluated in 1986,
the M/R, AIR, and SHORE procedures. The WATER estiimwas not continued because of
its general poor performance in 1985 and it had a superskitioé @roblems found with the
other estimators while offering no distinct advantagesafidan 1987). The primary objective
of the 1986 studies was to further evaluate the remainneg tinethods. Modifications were
made to minimize the problems associated with eachosiébiat had been identified during the
1985 study. Eight area-month combinations were sampl@&€86. Sampling was conducted
in: Area 11 in August; Areas 05 and 10 in September; Area@330and, 09 in October; Area 13
in November; and Area 11 in December (Newman 1987).

The survey procedures used were essentially the sathesesdescribed for the 1985 study.
Because of the problems with correctly identifying amcbrding boat identification numbers,
both on-the-water and shore-based samplers were instractearefully identify and record
boat identification numbers. There were two other mitilerences in procedures.

! Relative efficiency was defined as the inverse of tiedyrt of the coefficient of variation of the harvestimate
and the cost of the survey method.



1. For the AIR procedure, only two aerial flights were adaected each sample day instead
of the four flights conducted in 1985; and

2. For the SHORE procedure, access sites to sample wieeesewith the natural
selection method (Brewer and Hanif 1983) instead of Brewsglection procedure.
This addressed the problem of “always-sampled” acdtessidentified in 1985. Also,
an unequal probability estimator developed by Murthy (Murt857) was used to
estimate the total salmon harvest instead of the tfefiomson estimator.

Major problems, in addition to those identified in 1985, evErund with the M/R and AIR
methods during the 1986 field study. For the M/R method, Viibleimg effort was low or few
salmon were being caught it was difficult to mark enousgih to ensure that a minimum of
seven salmon were “recaptured” at the sampled actess Sleven recaptures is the minimum
number recommended by Robson and Regier (1964) to miniméze dbi Petersen mark-
recapture estimates. Sufficient recaptures (sevaroog) were obtained for adequate estimates
of salmon harvest on only 18 of the 39 days sampled usedg/{R method. Also, despite
efforts to minimize data recording errors of boat ideratifan numbers, these errors remained a
problem with the M/R method in 1986.

The major problem with the AIR method in 1986 was tifliénce of weather conditions on
the ability to conduct the survey flights. Many flighwere canceled because of fog during
October, November, and December. A secondary prokiemar to the M/R method, was the
difficulty in obtaining a minimum of seven boat “recagsl’ during days of low fishing effort.
Sufficient recaptures were obtained for adequate astintd fishing effort on only 43 of the 70
days sampled using the AIR method.

No problems, other than those identified in 1985, were fewtidthe SHORE method in 1986.
There was evidence of the “missing” fish problem saeib85 but the potential bias from this
problem was relatively small (0% to -5%).

Based upon the 1986 field study, the SHORE method wasexkkesthe preferred creel survey
procedure for estimating the number of salmon harvesteétebgnarine sport fishery in Puget
Sound. As a result, a cooperative four-year creel sysx@yram involving the Washington
Department of Fisheries and the Treaty Tribes of ¥astWashington was begun in Puget
Sound in 1987.



CREEL SURVEY ESTIMATES OF SALMON HARVEST
M ethods

During each year of the study (1987 - 1990), 16 of the 1@&-month cells possible

(9 statistical areas by 12 statistical mofitituuring a calendar year were sampled. The area-
month cells sampled each year were subjectively teelesn that there was broad geographic
coverage of Puget Sound and samples in both the summett{downgh September) and winter
(October through May) seasons. The logistics of fialthding and travel also influenced the
selection process. For example, Area 07 was relatesgdgnsive and logistically difficult to
sample because many of the access sites to thisrarsraad throughout the San Juan Islands.
Therefore, in 1989 and 1990, the number of days sampled duengdhth was doubled in
Area 07 and essentially two surveys were conducted o@mtly. This provided two separate
estimates of salmon harvest for these area-morith cel

Creel Survey Design and Data Collection:

Each statistical month sampled was stratified intekalay and weekend/holiday days. Four or
five weekday days and four or five weekend days were ragdsatected without replacement
for sampling. A sample frame of the boat launchingitan@ites used by anglers to access an
area was constructed for each WDF catch area. dinels frame included access sites that
were located in the catch area and sites outside tbhh agea that were used by anglers to
access the targeted area.

Four access sites were usually sampled each sample &tgs were selected without
replacement with probability proportional to the sizeasure assigned to each site. The size
measure of sitewas an estimate of the proportion of the fishing effmm that site relative to
the total effort in the area being sampled. The déoweof site size measures is described
below. The natural selection method (Brewer andifHEO83) was used to select the sites to
sample. Some sites in some sample frames could nearbeled: private sites to which
samplers were not allowed access; sites far outsidedticd area; sites that were physically
very large, but where few if any sport fishing boats ldn@ad two sites that were considered
unsafe for the samplers. These are referred to as-s@wvpled sites for the remainder of the
report. If a never-sampled access site was seldtiedelection process for the next site was
repeated until an accessible site was selected.

On a sample day, each access site selected was sufmaye0700 till 2200 or dark (whichever
came first). Creel survey samplers attempted toviel® each sport fishing boat that landed at
a site during the sample period. The information recoddgthg each boat interview was:
access site, date, time sampled, catch area(s) vamglers fished, fishing method, target
species, number of anglers in the boat, time fishiegah, time fishing ended, number of

% WDF defines a statistical month by dividing the year ifanonths with the following number of statistical
weeks per month: 5, 4, 4,5, 4, 4,5, 4, 4, 5, 4,&hkveek begins on a Monday.



chinook salmon in possession, number of coho salmon isepsien, and number of other
salmon species in possession.

Access Site Size Measures:

The best site size measure for estimating an aral'®a harvest is the proportion of the total
harvest from an area landed by the sport fishery i a I all size measures for sampled sites
were equal to this proportion on each day sampled treenahance of the estimated harvest
would be zero (Jessen 1978). In practice, a secondemnsilg measured variable related to the
variable being estimated is often used to calculateunessf size.

For the Sport Catch Estimation Study, average effort enrof boats per day) was used to
estimate the measures of size. The size measuresdersgloped during the preliminary work

(1985 and 1986) and updated during the four-year study (Hino 1990%¥e sources of data

were used to calculate the initial measures of sizevique creel surveys; on-the-water boat
surveys; and a priori information provided by persons witkresive knowledge on the sport

fishery in Puget Sound. The last source was usually used an area was being sampled for
the first time, this was superseded by size measuladatad from data gathered during boat
surveys and creel surveys once they were available.

Site size measures were updated weekly or monthly durengréliminary years of the study
(1985 and 1986) and annually during the four-year study. Semsures were updated by
averaging the previous period’'s measures of size and ttentperiod’s calculated proportion
of total effort from each site derived from the boatreel surveys (Hino 1990).

Boat Surveys:

Boat surveys were conducted in one or more of the catets auring each year of the study.

The entire statistical area was surveyed and alsbolagerved fishing were contacted and the
launching/landing site determined. The proportion of bosidng in the area that used each

access site could then be calculated. To estimatedasures of size, all daily surveys within a

month were combined and the proportion by accessalgelated for each area.

Point and Variance Estimates:

An unequal probability estimator appropriate when sampiiigout replacement was used to
estimate total harvest on sample déylurthy 1957). The estimate of harvelst) (for sample
dayt is:

z p(s|i)h,

1
p(s) H

t

wherep(sli) = the conditional probability of choosing the sgtdf n access sites selected
for sampling given that siteis drawn first,

the unconditional probability of choosing the set mof access sites
selected, and

p(s)



hit = the number of salmon harvested from the targetech Gatea by anglers
exiting the fishery at siteon dayt.

The estimate of variance fcb:lt is (Cochran 1977, p. 265):

Z;

n n - h 2
2112[ p(s)p(sli, i) = p(sli)p(sl j)]ziz{(j:j_(ﬁﬂ

V(H,)= [2]
t p(s)’
wherep(sd,)) = the conditional probability of choosing the set tdsselected given that sites
i andj are selected (in either order) in the first two dreavsl
z,7 = the size measures for siteendj, respectively.

Examples of the calculations required for the pomd &ariance estimates cﬁlt, including

calculations of the conditional and unconditional prditeds, are given in Appendix A of the
1988 progress report (WDF et al. 1990).

The estimate of salmon harvest for catch @ehring monthm is the sum of the stratified
estimates of harvest for the weekday (WD) and weekert) (&Yys in that month:

H = DWDHWD + DWEHWE [3]

am

whereD is the number of days (WD or WE) during monthand H is the estimated mean
harvest of salmon per day in aduring monthm for a day-type (WD or WE). The variance

of I:|am was estimated with a two-stage variance formula;itsiedomponent of variance is the

variation among sample days and the second componesriahce is the variation within
sample days (Cochran 1977):

~ Do " Gus | 5o . [ Dup %05
V(F)=| D3, |~ | Se ) D ()
DWD dWD dWD =1

- & dwe ~ ~
+ Di,E DWE dWE SWE + DWE z V( H )
DWE dWE dWE =1 "

where the between-day variance is:

[4]

=t —— (5]
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and the subscrigt refers to a day-type (either WD or WE) agidis the number of days of a
type sampled during the month.

The coefficient of variation (CV) of each estimasereported as a measure of the relative
precision of the estimate. When expressed as anpageeof the estimate, the coefficient of
variation is defined as:

StandardDeviationof X
Estimateof X

CV(X)= 100%. [6]

Assumptions and Sources of Bias:
The major assumptions for the creel survey estimages a

1. The sample frame for each area is complete; abk sithere harvest is landed are
represented in the size measure site list.

2. All anglers exiting a sampled access site are inte@adeand all anglers accurately
report their salmon harvest and area of fishing.

3. The days sampled are representative of the unsampjledldang the month.

4. The size measure for each access site is proportmtiad number of salmon landed at
the site that were harvested in the targeted caszh a

5. Size measures for never-sampled sites (i.e., pricagsa sites, etc.) are accurate.

Three potential sources of bias for the access-&thad of estimating the salmon harvest were
identified during the 1985 and 1986 field studies: (1) incoraatnple frames; (2) “missing”
fish; and (3) errors in the measures of size assigndx taccess sites in a sample frame. These
potential biases were present during the study years (1B880), also.

Incomplete Sample Frame#. is assumed that the sample frame for each eagzhincludes all
boat launching/landing sites used by anglers to accesarda Incomplete sample frames are
the most probable source of bias for the creel suggéiynates. With few exceptions, the sites
in each area’s sample frame remained the same thraudieofour-year study. On-the-water
surveys, which provide the best source of data to eeali completeness of the sample
frames, were conducted during the study. An incompleteledmapne causes a negative bias
(an under-estimate) in the estimated number of salmorested from the sample area.

Missing Fish. The “missing” fish problem documented during the 1985 &&b Burveys was
present during the four-year study. However, it wasidened to be a relatively minor source
of bias and data were not collected to assess this praohigng the study.
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Errors in Size MeasuregAnother assumption of the creel survey is that séels size measure

is proportional to the salmon harvest in the samma &om that site when compared to other
access sites in the area’s sample frame. This assungpuld be examined by comparing, for
each sample day, the salmon harvest at sampled sitesmeasures, and an estimate of the
salmon harvest in the catch area. Both Newman (1&8d)WDF et al. (1990) present data
indicating that occasionally the relationship betwsige measure and salmon harvest was very
weak for some area-month cells sampled. The gredtest ef errors in the size measures
(assuming other assumptions are met) is on the precs$ite estimates. As the accuracy of
the size measures improves so does the precisiore dfattvest estimates (the variance of the
estimates decreases).

Effects of Size Measure Errors:

In the 1988 progress report for this study (WDF et al. 1390pmputer simulation model was

used to examine the sensitivity of the harvest estnftr an area-month cell to errors in the
access-site size measures. An extensive set ofasioms was conducted to examine a large
variety of different errors in the size measures. thsrreport, that model was used to conduct
six basic simulations that summarize the resultshef more extensive set of simulations
conducted previously.

The computer simulation model is described in detafippendix B of the 1988 report (WDF
et al. 1990). Briefly, the model stochastically genardibte number of salmon landed at each
access site for each day in a 30-day month. The nuomibsalmon landed at a site is
determined by the site’s size measure and a specifiedhtmadst from the catch area for a
month. The number of sites to sample on each samplendiaghe number of days to sample in
the month are specified by the user. The creel surampling procedure (except for the
weekday and weekend/holiday stratification) is simulatgidg the “correct” size measures to
randomly select access sites with probability propoaficto their size measure on each
randomly selected sample day. Murthy estimates ekltion each sample day are calculated
using the correct size measures. The mean harvasiefdays sampled is used to estimate the
total harvest for the month. The sampling procedurben tepeated using a specified set of
“in-error” size measures and new estimates are compiadh sampling procedure (one with
correct and one with “in-error” size measures) is regge&00 times and the monthly estimates
of harvest are compared to the known total harveshénionth.

A size measure sample frame for a hypothetical areacarastructed. There were 20 access
sites in the sample frame. All simulations wene with a harvest of about 10,000 salmon for
the month and a creel survey conducted on eight dayseofmtnth with four access sites

sampled per day. The mean percentage difference bethe@oint estimates and the known

harvest and the mean standard error of the estimatd®efé00 trials were used to compare the
estimates from the correct size measures to the ¢éstirfram the “in-error” size measures. A

frequency histogram was used to compare the distributiotiheofdifferences between the

harvest estimates and the actual harvest for botlofsetsimates.
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The first three simulations examined the effects ofega error in the size measures for the
access sites in an area’s sample frame. For giowla

#1. The size measures of ten of the twenty sites weee-estimated by 0.03 and the
size measures of the remaining ten sites under-estirnat@@3.

#2. Four sites with actual size measures of 0.15 wammated to be 0.20 (each was
over-estimated by 0.05). The size measures for theinegal6 sites were all
under-estimated by 0.0125.

#3. Four sites with actual size measures of 0.15 watmmated to be 0.10 (each was
under-estimated by 0.05). The size measures for themegdi6 sites were all
over-estimated by 0.0125.

Simulations #4 through #6 examined the effects of errdifseisize measures of sites that are in
an area’s sample frame but are never sampled (suttfe gwivate access sites). The model
described previously was modified slightly for these $atmns by excluding one access site
from the sampling process. Before beginning the sampdessiection process, the size

measures of the other sites in the sample frame agjusted to account for removal of the
never-sampled site from the frame. This is the sproeedure used by the actual sampling
process after one site has been selected for samidimgrs in the size measure of the never-
sampled access site of +0.05 (simulation #4), -0.X0ufation #5), and +0.15 (simulation #6)

were examined. The error in the size measure ofdherrsampled site was evenly distributed
to the remaining 19 sites in the sample frame.

Results

Creel survey estimates of the number of salmon haddsr the 64 area-month cells sampled
during the four years of the study range from 36 salmdwea 12 during May 1988 to 64,004
salmon in Area 05 during September 1989 (Table 1). Coeificief variation of the creel
survey estimates ranged from 5% to 67%. The estimateréas 05 and 11 had the smallest
mean CVs, 13% and 14%, respectively. The estimateArfeas 07 and 12 had the largest
mean CVs, 37% and 48%. Generally, area-month cellstivit largest harvest estimates had
smaller CVs and area-month cells with the smallestdst estimates had some of the larger
CVs (Figure 2). There is a significant relationship=(-0.40 and Spearmans= -0.59, both
significant atP < 0.01) between the size of the harvest estimatetapdecision.

Detailed summaries of the number of salmon reportechleiss at each access site sampled,
number of sport fishing boats contacted, and number oé@ngbunted are presented for each
sample day, by statistical area and statistical manthppendices to the 1987 - 1990 annual
reports (WDF et al. 1989; 1990; 1992a; 1992b).
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Table 1. Summary of creel survey estimates of the eunolb salmon harvested by the
marine sport fishery in Puget Sound for areas and moathpled in 1987, 1988,
1989, and 1990.

Area Creel Estimated Coefficient
Month-Year Survey Standard of
Sampled Estimate Error Variation
AREA 05
July-1988 21,395 1,987 9.3%
July-1990 30,104 4,424 14.7%
August-1989 44,782 4,929 11.0%
September-1987 52,342 8,221 15.7%
September-1988 31,489 7,210 22.9%
September-1989 64,004 3,303 5.2%
AREA 06
April-1989 1,530 905 59.2%
July-1987 13,180 1,827 13.9%
July-1988 11,536 2,127 18.4%
July-1990 12,799 1,259 9.8%
August-1989 12,138 1,675 13.8%
September-1987 22,080 5,091 23.1%
September-1988 13,981 4,471 32.0%
September-1989 21,889 3,245 14.8%
October-1987 9,483 2,501 26.4%
December-1989 807 353 43.8%
AREA 07
June-1987 1,111 638 57.4%
June-1989 1,789 476 26.6%
June-1989 1,091 226 20.7%
August-1990 1,941 356 18.3%
August-1990 1,986 687 34.6%
October-1987 1,997 577 28.9%
October-1988 3,847 1,890 49.1%
October-1990 1,736 714 41.1%
November-1988 1,180 686 58.1%
AREA 08
May-1989 972 233 24.0%
June-1987 1,829 358 19.6%
June-1988 1,267 254 20.1%
July-1990 2,747 612 22.3%
August-1988 3,862 501 13.0%
August-1989 11,706 2,881 24.6%
October-1987 2,781 809 29.1%
October-1990 688 146 21.2%
- continued -
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Table 1. Summary of creel survey estimates of the eunolb salmon harvested by the
marine sport fishery in Puget Sound for areas and moathpled in 1987, 1988,
1989, and 1990 (continued).

Area Creel Estimated Coefficient
Month-Year Survey Standard of
Sampled Estimate Error Variation
AREA 09
January-1990 1,101 342 31.1%
May-1988 1,213 304 25.1%
May-1989 3,668 1,117 30.5%
July-1990 12,429 1,731 13.9%
August-1989 11,298 1,068 9.5%
September-1987 21,614 6,143 28.4%
October-1988 7,347 2,027 27.6%
AREA 10
April-1989 749 162 21.6%
June-1988 1,805 305 16.9%
July-1988 2,279 299 13.1%
August-1990 7,198 1,100 15.3%
September-1987 5,726 1,164 20.3%
September-1990 12,935 2,703 20.9%
November-1987 631 203 32.2%
AREA 11
January-1990 1,054 138 13.1%
February-1990 1,496 415 27.7%
July-1988 4,040 517 12.8%
July-1989 3,470 278 8.0%
August-1987 3,724 487 13.1%
August-1988 2,445 148 6.0%
August-1990 5,243 870 16.6%
AREA 12
May-1988 36 19 52.1%
August-1987 387 134 34.7%
September-1990 99 32 32.3%
October-1987 115 51 44.4%
November-1988 186 113 60.7%
December-1989 56 37 66.9%
AREA 13
February-1990 561 158 28.1%
July-1987 3,519 757 21.5%
July-1989 646 175 27.1%
November-1987 156 57 36.3%
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Effects of Size Measure Errors:

Simulations #1, #2, and #3 show that the greatest effetn-error” size measures is on the

standard error of the harvest estimates. The meadastherrors of the estimates from “in-

error” size measures were 18% to 83% greater than dhdastd errors from the correct size
measures (Table 2). There is no bias apparent irativest estimates from either the correct or
“in-error” size measures (the mean of the differenegs/den the actual total harvest for the
month and the estimated total harvest for the montleas mero). The distributions of the

differences between the estimates and the actuakstamre all symmetrical near zero

(Figure 3). The larger standard error of the “in-erroftinestes is reflected by a broader

distribution for the differences between the estimftten “in-error” size measures compared to
the differences between the estimates from corigeinseasures.

The results of the simulations which examined thecesfef errors in the size measure of an
access site that is never sampled (simulations #4nb#6) are summarized in Table 2. The
mean errors of the estimates from the correct sizsunes range from +1.3% to +5.8% and the
percent of estimates less than the actual harvege from 30% to 47%. These results are
similar to the previous simulations although there rnaya small positive bias introduced by

having one site in the sample frame that is never leah(d all other size measures in the

sample frame are approximately correct).

If there is an error in the size measure of thetkdeis never sampled, however, the results are
very different. For these simulations, mean errdrghe estimates from the “in-error” size
measures range from -7.4% to +20.3% and the percestiofates less than the actual harvest
ranges from 4% to 79% (Table 2). When the size measuhe mever-sampled site is over-
estimated there is a positive bias to the estimdtesh@rvest is over-estimated). When the size
measure of the never-sampled site is under-estimategl itha negative bias to the estimates
(the harvest is under-estimated). While the distrbudif the differences between the estimates
and the actual harvest is symmetrical near zero whimg ulse correct size measures, the
distribution of the differences for the “in-error” simeeasures is shifted to the left or right of
zero depending upon whether the size measure of the sewpled site is under- or over-
estimated (Figure 4).

Evaluation of Size Measures:

The size measures used during the study were evaluatesnpaking them to the boat survey
results (Appendix Tables 1-9). The proportion of boatsriegtéhe fishery from each site was
calculated for an area and month and these propogi@raged over all months within an area.
When sites are ranked by size measure, sites witlattpest size measures usually have the
largest representation in the boat surveys. Thera dew exceptions, for example in Area 06
site 1255 (Thunderbird Boathouse and west ramp) on averpgseated 20% of the boats
surveyed whereas the size measure assigned to site 125%Ap@éndix Table 2). This high
representation (20%), however, is due to two surveydumed when the Port Angeles Public
Ramp (site 1186, which usually accounts for 30% of the &if@t) was closed. If one site is
closed or not in use, effort will shift to other siteshisTwas accounted for in the size measure
files, whenever possible, before a creel survey vaatest In most cases, the site size measures
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used closely reflected the proportion of boats obsewedme from the sites. For example, in
Area 08, about 10% of the boats entered the fishery &ite 1195 (Port of Everett waterfront)
in 1989 and 1990. The site size measure assigned to ¢higasit1 0% (Appendix Table 4).

All of these sites were sampled sites. As demomstrhy the simulations described above,
errors in the site size measures for sampled siteshatetto increased variance and therefore
less precision. Errors in size measures would only regsaltbiased estimate if the site is not
available for sampling. Sites that could not be samplede(rsampled sites) existed in all
areas except Area 05 (Table 3). The sum of the sizsures for these never-sampled sites
ranged from 0% in Area 05, 3% in Area 09, to 32% in A¥égTable 3). An error in the size
measures for these never-sampled sites would result @3 antthe harvest estimate. However,
a comparison of the sum of the average proportion otlmzgerved to enter these areas from
never-sampled sites to their assigned size measures #hmavbey are similar. The largest
discrepancies are in Area 07 where on average 21.3b dioats were observed to come from
never-sampled sites, while these are assigned size mgasunming to 32% (Table 3), and in
Area 12 where boats entered the fishery from neveplsal sites an average of 3% of the time
while the size measures for this category of sitesteutd%.

Harvest landed in sites outside of the sample framealgitl contribute to bias, but few boats

were observed to come from sites that were not askignsize measure or could not be
assigned to a general area site code (Table 3). dtast@l source of bias is considered small.
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Table 3. Comparison of size measures for never-sampleds® sites to the average
proportion of boats observed using those sites during owdber surveys and a
summary of all out-of-frame access sites observed.

Never-Sampled Sites Percentage from
Size Percentage of Out-of-Frame

Area Measure Boat Survey Sites

05 0% 0% 0.8%

06 19% 18% 1.8%

07 32% 21% 0.7%

08 18% 16% 3.6%

09 3% 9% 7.7%

10 (WD/WE) 23%/27% 25% 0.7%
11 (WD/WE) 29%/21% 22% 3.0%
12 14% 3% 0.0%

13 17% 15% 0.0%
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PUNCH CARD ESTIMATES OF SALMON HARVEST

M ethods

Salmon punch cards consist of several physical recordgerdgubs, angler instructions, and
the harvest record itself. Punch cards are distributquetsonal-use dealers in books of 25
cards each and the dealers issue the punch cards tesanglee angler fills out name and
address information on the dealer stub and the punchtbardngler takes the punch card while
the dealer retains the stub.

By regulation anglers must return all punch cards theg baen issued and dealers must return
used stubs, all void stubs and cards, and all partially uskdraused punch cards books at the
end of the calendar year. On receipt of the dealdassthe stub information for in-sample
cards is entered into a name-and-address file and tthenganber of the last card used in every
book is entered into a last-stub file.

Anglers return punch cards voluntarily to dealers, deplesm in collection boxes located at
coastal ports and at 91 locations throughout Puget Sound, ibthem to WDF. After
31 January, two reminder letters are sent to anglersnigoidisample cards which have not
been received by WDF. In response to these lettensy mnglers return their punch cards or
enter harvest information on the reminder lettersrahdn the letters in lieu of the cards. Some
anglers do not respond and are in-sample non-respond@mntseceipt of the punch cards or
letters the information from all in-sample recordemgered into a harvest record file. In most
years two reminder letters are sent, although in 19667,18nd in 1982 three letters were
mailed, and in 1976 and 1979 only one letter was mailed. inFeample cards and letters
received are used to estimate the harvest.

Selection of In-Sample Cards:

Each year a stratified random sample of 4% of alx#@sued is selected and used to estimate
the total salmon harvest by the sport fishery in Puget So@aalds are selected as in-sample
cards by choosing four out of 100 numbers ranging from 00-9@. 100 numbers represent a
set of four books of 25 cards each. A procedure is iesseshdomly select the four numbers
such that there is one number selected per book andondie four numbers are in the same
quarter of the book. This is done by (WDF 1987):

1. Randomly deleting one number from 1-25 from each boakjrig each book with 24
cards or four quarters of six cards each.

2. Randomly drawing a number from 0-99, which will be fir& in-sample card number.
If the number has been previously deleted then anotimber is drawn.

3. Randomly drawing a number from 0-99 three more timesa dtleleted number is

chosen, or one from a book quarter for which a numbkeraady selected in a previous
draw, then another number is drawn.
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Estimation of Number of Cards Issued and Number of mgiaReturns:

The total number of punch cards issud)(and the total number of cards selected for the
sample to estimate harvebtd) are calculated as follows. The total number ofdvelisample
cards issued for which a dealer stub has been retuMyeds(adjusted to account for cards
issued but for which no dealer stubs were returned by:

N

N =2 [7
o
where
CEALTY 8]
nvt
ny = the number of cards in a sub-sample of voluntarilyrnetd cards, and
N = the number of cards in the sub-sample which havelerdsab.

There is one in-sample card per punch card book so thentotdder of cardd\;s, represents
the total number of books issued. Each book of punch cardsins25 cards, however all
cards are not always issued. The average number ofissuesl per book is used to estimate
the total number of cards issued:

A

N; =N, ¢ [9]
wherec is the average number of cards issued per book.

Estimation of Total Harvest by Area and Month:

The total number of salmon harvested by catch areamamdh {H.y) is estimated as the

product of the total number of cards issued and the avésagest per card for areaand
monthm:

H.=h_N. [10]
where
- fis hamj
hy =5—, [11]
n.

hawj = the number of salmon harvested in a@eduring monthm recorded on card or
letterj, and
the number of in-sample records (cards or lettkas)are returned.

Nis
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Variance Estimates:

Three methods of estimating the variance of the Bamgtimates from the punch cards were
evaluated:

1. the variance due to the average per card, or per cardsbf variance;

2. arandom group estimate of variance; and

3. a bootstrap estimate of variance.

The per card variance assumes a simple random sammieci cards has been selected and is
estimated by (Goodman 1960):

V(H,,)=V(h,,)N? + V(N )h2 - V(h,,)V(N;) [12]
where variance due to the average harvest per castinmted as:
i( hamj - ﬁam )2

V( ham): _nis (nis _1) [13]

and the variance due to the estimate of total cards issued

A A A A

V(N;)=2?V(N,). (14

The estimate of the total number of in-sample caMls, is similar to a mark-recapture
experiment whereNy represents the marked samptg, the recapture sample, amgy the
recaptures. The variancelgt is then estimated by (Seber 1982):

o728 _ (Nd +1)(nvt +1)(Nd - nvd)(Nd - nvt)
VN = (ny +1F (0 +2) '

[15]

The second method, that of random groups or interpengtissmples (Wolter 1985), involves

dividing the sample into four sub-samples. The sulp&swere defined by the four random
numbers used to select the in-sample punch cards (tde aasociated with each number
representing one sub-sample). These four sub-sammes wsed to make four separate
estimates of harvest which were then used to estitmateariance of the total harvest by:

A A 2 zéll(i-lamr_ﬁamr)2
V(H,,)=(4E)| = Aa-1)

[16]

wherehy,y = the number of salmon harvested in aaehuring monthm recorded on cards
or letters from random group

3 All cards in a book are usually issued. The numberradasued per book averaged 24.4 during the years of the
study. Any variance from this source would be relagigehall and is treated as a constant in Equation 14.
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>
1

the mean number of salmon harvested in ardaring monthm calculated
for the four random groups, and

N,

.

IS

amr

This variance estimator assumes that each random ggosglected using the exact same
sample design (Wolter 1985), an assumption that isfisdtias the random groups are sub-
samples of the original sample. As the random groupshar selected independently, but
selected without replacement from the original santpis, estimator will have a bias that for
large populations and small sampling fractions will tente positive and small (Wolter 1985),
I.e., the variance will tend to be over-estimated.

The bootstrap estimate of variance is a resampling metihede B samples of sizé;s are
selected with replacement from the original samplaofEfl982). Total harvest is then
estimated for each of the bootstrap samples and usstinaie the bootstrap variance by:

VB(l:Iam): = [17]

whereH > = the estimate of harvest from th® bootstrap sample, and the mean over all the
bootstrap samples is:

*b
am

I
1
A
T

[18]

am

w

andB = 5,000 bootstrap samples.

Assumptions and Sources of Bias:

If all in-sample punch cards are returned, then thepkeawf Nis cards represents a random
sample of all punch cards issued to anglers in Washingbtha estimates of mean harvest by
area and month per card are unbiased. The meansyactlailllated for the harvest estimates,
however, are calculated froms returns of cards and letters, whergis less than the total
number of in-sample card¥s.

The major assumptions for the punch card estimates are:

1. All salmon harvested by the sport fishery in the nanvaters of Puget Sound are
recorded on a punch card and the area and date oftheneescurately recorded.

26



2. There is no error in the harvest recorded on the remietiers or in the date and area of
harvest.

3. The mean harvest per carld,, estimated from the cards and letters combined in the
returned sample is not significantly different from thean harvest per card for all in-
sample cards, returned or not returned.

4. There are no differences in the distribution of respotsdand non-respondents among
areas or months.

The extent of any bias in the punch card estimateslmbsaharvest depends largely on the
proportion of in-sample cards not returned and the propodioreminder letters returned
instead of punch cards. The size of any bias is diregitlyed to the proportion of the in-sample
cards not returned as well as the difference in thennheavest per card for returned and
unreturned in-sample cards. The second assumption idaat there is no error in harvest
recorded on reminder letters returned in lieu of punch c&8dsthe harvest, date, and area on a
punch card are recorded at the time of harvest while ifitom recorded on the reminder
letters is recorded anywhere from one to twelve moattes the harvest. Therefore, there is
the possibility for recall error in the harvest recardm the reminder letters. If the fourth
assumption is violated then any bias in the harvest asmwill not be equal among areas and
months.

Results

Sample Statistics:

The Salmon Punch Card System has been used since 196dnapld statistics are available
through 1990 (Haw and Buckley 1965; Nye and Ward 1966, 1967, 1968, Bo@D, 1071,
1972, 1973, 1974; Nye et al. 1975, 1976, 1977; Hoines et al. 1978, 1980, 1981, 1982,
1983, 1984, 1985; Hoines and Ward 1986, 1987, 1988; Zinicola antedH@b89, 1992a,
1992b). The number of cards issued annually has ranged&8rto 660 thousand, while the
number of in-sample cards has ranged from 13 to 26 thduddre percent return of in-sample
cards has ranged from 46% to 81% and has averaged 61% 4J.allletween 1964 and 1974,
the percent return was above the average in alt yal was above 70% in four of those years.
In the years since 1974, the return has been abowevénage of 61% in only three out of 16
years and was less than 50% in four of these years.

The proportion of the responding anglers that returhen original in-sample punch card has
ranged from 47% to 72% and has averaged 60% (Table 5). ©bisrpon was above 60% in
all but two years from 1964 through 1983 but has not excesi¥édsince 1983 (Table 5).

During the four years of the study, the average pereémtn of in-sample harvest records was

54%; the percentage returned was higher in the firsyeaos of the study compared to the last
two years (Table 5). Letters represented 45% to 53%tuined records during the study years.
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Table 4. Summary of sample statistics for the SalRamch Card System, 1964 - 1990.

In-sample Cards Voluntary Cards Average
Cards Total Cards % Matching Total % Bzi:(a

Year Issued Cards Returned Return Stub  Sample Match.
1964 318,550 12,742 10,373 81.4% NR® NR NR 25.0
1965 387,875 15,515 10,705 69.0% NR NR NR 25.0
1966 392,350 15,694 11,300 72.0% NR NR NR 25.0
1967 472,225 18,889 13,877 73.5% 1,041 1,121 92.9% 25.0
1968 456,675 18,267 12,865 70.4% 1,004 1,136 88.4% 25.0
1969 470,100 18,804 12,250 65.1% 978 1,079 90.6% 25.0
1970 519,025 20,761 14,138 68.1% 757 1,121 67.5% 25.0
1971 541,600 21,664 14,822 68.4% 1,621 1,777 91.2% 25.0
1972 536,750 21,470 13,867 64.6% 1,527 1,722 88.7% 25.0
1973 568,825 22,753 14,056 61.8% 1,610 1,822 88.4% 25.0
1974 562,375 22,495 14,339 63.7% 1,671 1,892 88.3% 25.0
1975 576,075 23,043 13,198 57.3% 1,745 2,000 87.3% 25.0
1976 660,150 26,406 12,631 47.8% 1,629 1,899 85.8% 25.0
1977 641,050 25,642 14,555 56.8% 1,289 1,543 83.5% 25.0
1978 580,375 23,215 13,514 58.2% 1,738 1,841 94.4% 25.0
1979 487,875 19,515 8,925 45.7% 1,808 2,000 90.4% 25.0
1980 435,300 17,412 9,718 55.8% 1,660 2,001 83.0% 25.0
1981 463,561 19,726 9,160 46.4% 2,765 3,350 82.5% 235
1982 481,915 20,507 12,643 61.7% 1,082 1,399 77.3% 235
1983 481,025 19,698 11,466 58.2% 1,566 1,813 86.4% 24.4
1984 364,286 14,942 9,384 62.8% 2,696 2,985 90.3% 24.4
1985 486,555 19,900 10,779 54.2% 3,592 3,843 93.5% 24.5
1986 402,533 16,504 10,815 65.5% 3,206 3,744 85.6% 24.4
1987 475,459 19,494 11,533 59.2% 3,322 3,814 87.1% 24.4
1988 486,356 19,900 11,599 58.3% 3,151 3,580 88.0% 24.4
1989 509,534 20,934 10,047 48.0% 2,158 2,669 80.9% 24.3
1990 497,215 20,336 10,343 50.9% 2,085 2,513 83.0% 24.5
Ave. 490,949 60.9%

Average number of cards per book was not calculated b&®&@ The total number of
cards issued was estimated assuming all cards (25) weré.issue

NR = Not reported.
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Table 5. Percent cards and letters in the in-samplenréd the Salmon Punch Card System
and the average number of salmon harvested per in-sarsptanse, 1964 - 1990.

Cards Letters Average Salmon Harvest
Year Returned % Returned % Cards Letters Total
1964 NR? NR NR NR 1.49
1965 NR NR NR NR 2.42
1966 NR NR 2.26 1.06 1.93
1967 8,360 60.2% 5,517 39.8% 2.81 1.34 2.25
1968 7,887 61.3% 4,978 38.7% 2.37 1.21 1.92
1969 7,682  62.9% 4,538 37.1% 2.31 1.12 1.86
1970 9,238 65.3% 4,900 34.7% 2.31 1.07 1.88
1971 NR NR NR NR 2.48
1972 NR NR NR NR 2.25
1973 8,902 63.3% 5,154 36.7% 1.66 0.71 1.27
1974 9,311 64.9% 5,028 35.1% 2.87 1.39 2.35
1975 8,381 63.5% 4,817 36.5% 3.27 0.96 243
1976 7,773  61.5% 4,858 38.5% 3.70 0.97 2.65
1977 7,291  50.1% 7,264  49.9% 2.84 0.87 1.86
1978 7,567  56.0% 5,947 44.0% 2.83 0.74 1.91
1979 6,164 69.1% 2,761  30.9% 2.98 0.79 2.30
1980 6,482 66.7% 3,236  33.3% 2.68 0.54 1.97
1981 5736 62.6% 3,424 37.4% 2.58 0.66 1.86
1982 7,902 62.5% 4,741  37.5% 2.34 1.12 1.89
1983 8,248 71.9% 3,218 28.1% 2.59 1.24 2.21
1984 5,011 53.4% 4,373 46.6% 2.69 0.88 1.85
1985 6,138 56.9% 4,641 43.1% 2.78 1.13 2.07
1986 6,413 59.3% 4,402 40.7% 3.05 1.30 2.34
1987 6,345 55.0% 5,188 45.0% 2.80 0.95 1.97
1988 6,429 55.4% 5170 44.6% 2.52 0.90 1.80
1989 4,777 47.5% 5270 52.5% 2.89 1.04 1.92
1990 4,856 46.9% 5,487 53.1% 2.88 1.05 1.91
Average 59.6% 40.4%

#NR = Not reported.
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These statistics emphasize that factors which couldilbot# bias to the punch card estimates
of harvest are present. In fact, they indicatéahg bias due to non-response would be more
probable in the last 10 years of the Salmon Punch &gstém compared to the first 10 years.

Harvest Estimates:

Punch card estimates of the number of salmon harvéstede 64 area-month cells sampled
during the four years of the study range from 96 salmofrea 12 during September 1990 to
50,847 salmon in Area 05 during August 1989 (Table 6). Coeffc@ntariation of the punch
card estimates (using the random group estimate of eajiaanged from 5% to 71%. The
estimates for Areas 05, 06 and 09 had the smallest mean ©%, 13%, and 13%. The
estimates for Areas 07, 12, and 13 had the largest méan22%, 45%, and 25%. Generally,
area-month cells with the largest harvest estimaaessmaller CVs and area-month cells with
the smallest harvest estimates had some of the i@ihge (Figure 5).

Precision:

Three estimates of standard error were made for almaoeghs cells sampled during the four
years of the study (Table 6). The per card and bootsstapates of precision are very similar
for any area-month cell sampled, while the estimaiage using the random group method are
higher in most cells, sometimes two or three times highkhe similarities and differences
among these three estimates of variance are possiplgined by the sample sizes involved.
Both the per card and bootstrap variance estimators depetine sample size of the in-sample
return (10,000 to 12,000 on average), whereas the ramggloup method depends on the
number of random groups selected. Each of the fousauoiples or groups used in the random
group method has one-fourth of the original sample size antbé difference among the sub-
samples in the total harvest observed can result ge ldifferences in estimated total harvest
and a larger variance estimate.

Jessen (1978) states that the method of random groupsmisacy used for complex surveys
when exact methods of variance estimation cannoydaesitierived or calculated. It appears to
be the most conservative estimator (i.e., it provilesargest estimates of variance). The per
card method of variance estimation provides a simplet esticnator of variance. However, it
assumes a simple random sample which is not actualcake for the punch card sample
selection, as books are divided into sections and onlgangeper section can be selected.

The precision of the estimates depends largely onizheo§ the harvest estimates; generally,
larger estimates are more precise (Table 6). Theegtedepartures of the random group
estimates from the other two methods occurred in amdintells with large harvest estimates.
As in the case of the creel survey estimates, thaseansignificant relationship € -0.54 and
Spearman’sp = -0.90, both significant aP < 0.01) between the harvest estimate and the
coefficient of variation calculated using the randowugrvariance estimate (Figure 5).
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Table 6. Summary of punch card estimates of the numltsalmibn harvested by the marine
sport fishery in Puget Sound, and a comparison of thiféereht standard error
estimates, for areas and months sampled in 1987, 1988, 1989 %nhd

Area .
Mon-Year Estimated Randorr; Co_ef: of Bootstrap SE  Per Card SE
Sampled Harvest Group SE Variation
AREA 05
Jul-1988 19,614 2,283 11.6% 1,182 1,123
Jul-1990 38,592 1,912 5.0% 1,597 1,691
Aug-1989 50,847 2,961 5.8% 1,901 2,009
Sep-1987 49,159 2,625 5.3% 1,907 1,902
Sep-1988 35,742 2,484 6.9% 1,616 1,605
Sep-1989 47,736 3,975 8.3% 1,934 1,974
AREA 06
Apr-1989 1,683 444 26.4% 395 389
Jul-1987 23,944 1,583 6.6% 1,227 1,230
Jul-1988 18,900 2,456 13.0% 1,112 1,155
Jul-1990 14,400 2,606 18.1% 1,028 1,028
Aug-1989 21,573 1,907 8.8% 1,241 1,262
Sep-1987 26,691 1,941 7.3% 1,369 1,386
Sep-1988 16,632 1,360 8.2% 1,111 1,096
Sep-1989 29,121 3,430 11.8% 1,518 1,545
Oct-1987 11,767 998 8.5% 966 980
Dec-1989 1,632 353 21.7% 366 365
AREA 07
Jun-1987 2,091 182 8.7% 347 347
Jun-1989 1,683 663 39.4% 351 354
Aug-1990 2,496 407 16.3% 427 425
Oct-1987 2,993 545 18.2% 446 468
Oct-1988 6,132 1,844 30.1% 687 689
Oct-1990 1,152 342 29.7% 317 305
Nov-1988 1,176 137 11.7% 279 278
AREA 08
May-1989 1,071 193 18.0% 286 291
Jun-1987 1,107 279 25.2% 261 270
Jun-1988 1,512 299 19.8% 266 265
Jul-1990 3,840 422 11.0% 474 496
Aug-1988 5,544 602 10.9% 566 566
Aug-1989 9,843 1,626 16.5% 836 921
Oct-1987 3,813 608 15.9% 510 506
Oct-1990 1,872 297 15.9% 353 394

- continued -
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Table 6. Summary of punch card estimates of the numltsalmibn harvested by the marine
sport fishery in Puget Sound, and a comparison of thiféereht standard error
estimates, for areas and months sampled in 1987, 1988, 1989, and 1990
(continued).

Area .
Mon-Year Estimated Randorr; Co_ef: of Bootstrap SE  Per Card SE
Harvest Group SE Variation
Sampled
AREA 09
Jan-1990 1,680 528 31.4% 351 344
May-1988 2,646 408 15.4% 443 445
May-1989 2,805 174 6.2% 456 455
Jul-1990 14,400 2,063 14.3% 964 996
Aug-1989 19,788 1,187 6.0% 1,213 1,166
Sep-1987 35,752 3,462 9.7% 1,499 1,541
Oct-1988 14,364 932 6.5% 965 967
AREA 10
Apr-1989 969 305 31.4% 268 250
Jun-1988 1,932 458 23.7% 333 335
Jul-1988 7,686 730 9.5% 752 775
Aug-1990 13,632 1,526 11.2% 929 995
Sep-1987 10,701 681 6.4% 889 880
Sep-1990 19,584 883 4.5% 1,264 1,325
Nov-1987 1,886 593 31.5% 309 308
AREA 11
Jan-1990 1,296 410 31.6% 331 330
Feb-1990 1,200 446 37.2% 284 272
Jul-1988 5,292 497 9.4% 535 538
Jul-1989 4,794 1,081 22.6% 559 563
Aug-1987 7,626 1,170 15.3% 660 656
Aug-1988 4,746 575 12.1% 493 506
Aug-1990 7,488 496 6.6% 694 690
AREA 12
May-1988 168 119 70.7% 84 84
Aug-1987 1,107 375 33.9% 311 327
Sep-1990 96 55 57.7% 68 68
Oct-1987 1,312 548 41.8% 393 395
Nov-1988 924 325 35.2% 257 265
Dec-1989 459 153 33.3% 184 183
AREA 13
Feb-1990 192 78 40.8% 97 96
Jul-1987 7,175 2,053 28.6% 767 742
Jul-1989 1,326 257 19.4% 312 320
Nov-1987 615 79 12.8% 170 170

& SE = standard error.
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Figure 5. Coefficient of variation of punch card estisatof the number of salmon

harvested versus the harvest estimates in samplegnarga cells, 1987 - 1990,

labeled by WDF Statistical Area.A. All data. B. Harvest estimates less than
5,000 fish only.
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ESTIMATION OF RELATIVE BIAS

M ethods

The relative bias defined for this study is the rafithe punch card estimate of harvest and the
creel survey harvest estimate. If the punch card a®l survey estimates are the same then
this ratio is one and there is no bias. When the puaoth estimate is greater than the creel
survey estimate the ratio is greater than one whidicates that the harvest was over-estimated
by the Salmon Punch Card System. Two methods weretaisethlyze relative bias: (1) the
ratio of the harvests, or the ratio of means, and (&geession approach called the errors-in-
variables method.

Ratio-of-Means:

The ratio Ram) of punch card harvest estimate to creel survey baegtimate was calculated:

A

R, :AHa—mPC. [19]

H amCREEL

The variance oRay, was approximated by the delta method (Seber 1982):

Af A~ ~ 2
) e v | =

2
H amCREEL) amCREEL

Assuming that the creel survey estimates are unbiasedatss of harvest, the bias of the
punch card estimate relative to the creel survey esimas defined by:

%Bias,pc = (R, ~1.0)100% [21]

Errors-in-Variables:

A model for bias estimation suggested by Schnute etl@90], referred to as the errors-in-
variables (EVB) model, is as follows:

Y. =a+ £ X, [22]
whereY; andX; represent two estimates of the same variable an@ldi®n between the two is
analogous to a regression equation. The EVB model asstirae theY; and X; are both

measured with error whereas in a regression only'tlaee measured with error. The actual
observations are representedybgndx;, where:

Y =Y, + 7 [23]
and
X =X, +00.. [24]
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The o and 72 are the measurement error variancesfandy;. The sum of the measurement
error variances;?, represents the precision of the estimateg ahdY..

The difference betweey) andX; represents the biaBjj:
B =Y -X. [25]

A log transformation is used to stabilize the variancex; andy; (Schnute et al. 1990). In
this analysis th&; andY; are the logs of the creel survey harvest estimatesree punch card
estimates, respectively. The relative bias is ddfas

M - e['n(Hampc)_ln(HamCREEL)] e eYi_Xi = e& [26]

H amCREEL

where Hanpe and Hamcreer represent the harvest estimates from the punch catdcreel
surveys for area-month celin.

The slope parameteg,in Equation 22, describes the relationship betweehaheest estimates.
If B is 1, then the biaB3() will be independent of the harvest values and be staninequal to
a. If B is not equal to 1 the relationship is nonlinear andtae ratio varies over the range of
harvests, i.e., one constant cannot be applied tovalslef harvest to adjust for bias.

The ratio-of-means assumes the relationship betweetwo harvest estimates is independent
of size of harvest and relative bias is the samd &vals of harvest. The errors-in-variables
method allows this assumption to be tested by testinguthéypothesis thas = 1.

The estimation of the model parameters depends on tle aathe measurement error
variancesA, where

A= [27]

The estimate of bias does not dependiphut the estimate of the variance of the bias &d i
confidence interval does. This rafiois unknown in the EVB analysis as we do not know the
measurement errors present in the estimates of hasgeshe parameter estimates must be
calculated for a range af If there is no measurement error in ¥¢the punch card estimates
are without error) thed = 0; if there is no measurement error in ¥e(the creel survey
estimates are without error) thans infinity («); if both are measured with error, themanges
between 0 andc. Schnute et al. (1990) concluded that the EVB arsalysis valid for all
values ofa (other than 0 o) as long a®2< 0.3 where:

V is a measure of the rangeXfandY;; it will be large when the estimated harvests cover a
wide range of valuesv? represents measurement erroryiand x;, or the precision of the
estimates of harvest. &fis large this indicates that the precision of the harvest estimates is
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insufficient for estimating the relationship betwedw two over the range ofi andY;
observed. These parametefsV, andQ allow the adequacy of the estimates of harvest used to
estimate the bias ratio to be evaluated. If themates are imprecise then the estimate of bias
will also be imprecise, in fact, it will not be an gdate estimate of the relative bias in the
punch card estimate of harvest.

Stratification:

Geographic-seasonal strata for the estimates ofveelptinch card bias were established in
1987. The strata were defined with the expectationaimatias in the harvest estimates from
the punch cards would be reasonably homogeneous withinsgatiim but possibly different
among strata. Five strata were used throughout the gtl)dfrea 05 summer (June through
September); (2) Areas 06, 07, 08, and 12 summer; (3sAD9, 10, 11, and 13 summer,
(4) Areas 05, 06, 07, 08, and 12 winter (October through;Nay (5) Areas 09, 10, 11, and 13
winter. Area 05 summer was treated as a unique stratuamgdeeof the relatively high harvest
rates (compared to other Puget Sound marine areas) by digliang in this area and because
of the large amount of fishing effort this area receivéie EVB model was used to evaluate
these predefined strata and to determine whethea stoatld be further collapsed or further
expanded by testing for significant differences in the listimates among strata and within
strata and testing whether there was a linear resdtiprwithin a stratum and within combined
strata.

The ratioRam was estimated for each stratpnby first summing the estimates of harvest from
punch cards and the estimates of harvest from thestready individually for area-month cells
sampled in the stratum. The ratio of the sums wasdhlenlated:

— z HamPC

p - ~ .
z H amCREEL

The variance of the sum of the individual estimates @gignated using a two-stage formula
that incorporates the between-cell variance for axeath cells sampled in a stratum and the
within-cell variance of the individual cell estimat€xo¢hran 1977). For example, for the sum
of punch card estimates:

R [29]

~ —_ 2 ~ ~
7 X N-n Z(H pc — H PC) ZV(H PC)
V H - am am + am 30
(Z amPC) N { n (n—l) nN [ ]
where n = the number of area-month cells sampled (by thal stevey) in straturp,
N = the total number of area-month cells in strapjand
H,..c = the mean of the harvest estimates from punch dardsells sampled in

stratump.
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The variance of the sum of creel survey estimatesestisiated similarly by substituting the
corresponding creel survey estimates into Equation 30. vat@nce ofR, was estimated by
substituting the two-stage variance estimates fostims of the punch card and creel survey
estimates into Equation 20.

Results

Estimates of Relative Bias:

The ratio-of-means estimates of relative punch carsl foin 1987, 1988, 1989, and 1990 are
summarized in Table 7 by area and season. Within a a&ahthere is considerable variation
among bias estimates from different months in the s@ason (summer or winter) and among
the same months surveyed in different years. Tiser® trend of one season (summer or
winter) having bias estimates that are consistently tean or greater than the other season.
Seven of the nine catch areas have mean punch carddtimates greater than 1.30. The two
areas with mean bias estimates less than 1.30 age0Arf).99) and Area 08 (1.11). Areas 06,
07, 09, and 11 have mean bias estimates that are weigrsil.39, 1.31, 1.56, and 1.51,
respectively. The largest mean bias, 4.63 for Areasl@ore than twice as large as the next
largest mean bias (1.91 for Area 13). The estimatedaiive punch card bias for Areas 05, 06,
07, 08 (with one exception), 09, and 11 are generallyyighistered while those for Areas 10,
12, and 13 are not (Figure 6).

Precision of Harvest Estimates:

As was found previously for the creel survey and punch bardest estimates, there is a
significant relationshipr(=-0.50 and Spearmanis = -0.77, both significant aP < 0.01)
between the size of the harvest estimate and thesipreof the estimate of relative punch card
bias associated with it (Figure 7). Five of the ses@a-month cells with estimates of salmon
harvest less than 500 fish have coefficients of tianaxceeding 60%. All five estimates were
for Area 12.

Under the assumption that the creel survey estimatenlisased, the bias of the harvest
estimates from the Salmon Punch Card System is e¢sting the ratio of the two estimates of

harvest. If either or both of these two estimatesiraprecise, the estimate of bias will also be
imprecise and not very useful. The precision of bottheftarvest estimates largely depends
on the number of salmon actually observed in the puadh @r creel survey samples; small

estimates of harvest derived from few sampled fishb&ilimprecise.

Therefore, it is not surprising that the most vaoiatin the estimates of harvest and the bias
ratios is for the samples with small estimated hasvEsable 1 and 6). A harvest estimate of
500 salmon was chosen as a cut-off point below whicleshienate would be too imprecise to
be useful for estimating the bias ratio. A punch cad/édst estimate of 500 fish, on the
average, is derived from less than 10 salmon recordetl cetueined in-sample punch cards.
Similarly, a small number of fish are observed in fib&l at this level of harvest during the
creel surveys. The lowest and highest bias ratios foe samples with harvests under 500 fish.
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Table 7. Summary of punch card bias estimates (relaia® = punch card estimate/creel
survey estimate) by statistical area and season for 1988, 1989, and 1990.

Area Creel Punch Relative Punch Card Bias (PC/CS)

Month-Year Surve Card . a b
Sampled Estimatg Estimate Summer  Winter Al SE cv

AREA 05
Jul-1988 21,395 19,614 0.92 0.92 0.137 14.9%
Jul-1990 30,104 38,592 1.28 1.28 0.199 15.5%
Aug-1989 44,782 50,847 1.14 1.14 0.141 12.5%
Sep-1987 52,342 49,159 0.94 0.94 0.156 16.6%
Sep-1988 31,489 35,742 1.14 1.14 0.272 23.9%
Sep-1989 64,004 47,736 0.75 0.75 0.073 9.8%
WEIGHTED MEAN 0.99 0.99 0.186 18.8%

AREA 06
Apr-1989 1,530 1,683 1.10 1.10 0.712 64.8%
Jul-1987 13,180 23,944 1.82 1.82 0.279 15.4%
Jul-1988 11,536 18,900 1.64 1.64 0.370 22.6%
Jul-1990 12,799 14,400 1.13 1.13 0.232 20.6%
Aug-1989 12,138 21,573 1.78 1.78 0.291 16.4%
Sep-1987 22,080 26,691 1.21 1.21 0.292 24.2%
Sep-1988 13,981 16,632 1.19 1.19 0.393 33.0%
Sep-1989 21,889 29,121 1.33 1.33 0.252 18.9%
Oct-1987 9,483 11,767 1.24 1.24 0.344 27.7%
Dec-1989 807 1,632 2.02 2.02 0.987 48.8%
WEIGHTED MEAN 1.41 1.28 1.39 0.326 23.4%

AREA 07
Jun-1987 1,111 2,091 1.88 1.88 1.093 58.1%
Jun-1989 1,789 1,683 0.94 0.94 0.447 47.5%
Jun-1989 1,091 1,683 1.54 1.54 0.687 44.5%
Aug-1990 1,941 2,496 1.29 1.29 0.316 24.5%
Aug-1990 1,986 2,496 1.26 1.26 0.481 38.3%
Oct-1987 1,997 2,933 1.50 1.50 0.512 34.2%
Oct-1988 3,847 6,132 1.59 1.59 0.918 57.6%
Oct-1990 1,736 1,152 0.66 0.66 0.336 50.7%
Nov-1988 1,180 1,176 1.00 1.00 0.591 59.3%
WEIGHTED MEAN 1.32 1.31 1.31 0.321 24.5%

AREA 08
May-1989 972 1,071 1.10 1.10 0.331 30.0%
Jun-1987 1,829 1,107 0.61 0.61 0.193 31.9%
Jun-1988 1,267 1,512 1.19 1.19 0.336 28.2%
Jul-1990 2,747 3,840 1.40 1.40 0.347 24.9%
Aug-1988 3,862 5,544 1.44 1.44 0.243 16.9%
Aug-1989 11,706 9,843 0.84 0.84 0.249 29.6%
Oct-1987 2,781 3,813 1.37 1.37 0.455 33.2%
Oct-1990 688 1,872 2.72 2.72 0.720 26.5%
WEIGHTED MEAN 1.02 1.52 1.11 0.501 45.2%

- continued -
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Table 7. Summary of punch card bias estimates (relaia® = punch card estimate/creel
survey estimate) by statistical area and season for, 1988, 1989, and 1990
(continued).

Area Creel Punch Relative Punch Card Bias (PC/CS)

Month-Year Surve Card . a b
Sampled Estimatg Estimate Summer - Winter Al SE cv

AREA 09
Jan-1990 1,101 1,680 1.53 1.53 0.674 44.2%
May-1988 1,213 2,646 2.18 2.18 0.642 29.4%
May-1989 3,668 2,805 0.76 0.76 0.238 31.1%
Jul-1990 12,429 14,400 1.16 1.16 0.231 20.0%
Aug-1989 11,298 19,788 1.75 1.75 0.196 11.2%
Sep-1987 21,614 35,752 1.65 1.65 0.497 30.0%
Oct-1988 7,347 14,364 1.96 1.96 0.554 28.3%
WEIGHTED MEAN 1.54 1.61 1.56 0.706 45.3%

AREA 10
Apr-1989 749 969 1.29 1.29 0.493 38.1%
Jun-1988 1,805 1,932 1.07 1.07 0.312 29.1%
Jul-1988 2,279 7,686 3.37 3.37 0.547 16.2%
Aug-1990 7,198 13,632 1.89 1.89 0.359 18.9%
Sep-1987 5,726 10,701 1.89 1.87 0.398 21.3%
Sep-1990 12,935 19,584 1.51 1.51 0.324 21.4%
Nov-1987 631 1,886 2.99 2.99 1.345 45.0%
WEIGHTED MEAN 1.79 2.07 1.80 0.840 46.7%

AREA 11
Jan-1990 1,054 1,296 1.23 1.23 0.421 34.3%
Feb-1990 1,496 1,200 0.80 0.80 0.372 46.4%
Jul-1988 4,040 5,292 1.31 1.31 0.208 15.9%
Jul-1989 3,470 4,794 1.38 1.38 0.331 23.9%
Aug-1987 3,724 7,626 2.05 2.05 0.413 20.2%
Aug-1988 2,445 4,746 1.94 1.94 0.263 13.5%
Aug-1990 5,243 7,488 1.43 1.43 0.255 17.9%
WEIGHTED MEAN 1.58 0.98 1.51 0.394 26.0%

AREA 12
May-1988 36 168 4.67 4.67 4.099 87.8%
Aug-1987 387 1,107 2.86 2.86 1.387 48.5%
Sep-1990 99 96 0.97 0.97 0.641 66.2%
Oct-1987 115 1,312 11.41 11.41 6.957 61.0%
Nov-1988 186 924 4.97 4.97 3.488 70.2%
Dec-1989 56 459 8.20 8.20 6.129 74.8%
WEIGHTED MEAN 2.48 7.28 4.63 2.096 45.3%

AREA 13
Feb-1990 561 192 0.34 0.34 0.170 49.6%
Jul-1987 3,519 7,175 2.04 2.04 0.730 35.8%
Jul-1989 646 1,316 2.05 2.05 0.684 33.3%
Nov-1987 156 615 3.94 3.94 1.518 38.5%
WEIGHTED MEAN 2.04 1.13 1.91 1.733 90.9%

2 SE = Standard error.” CV = Coefficient of variation.
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None of the harvest estimates under 500 fish had a deeffiof variation less than 30%
(Tables 1 and 6). The results of the errors-in-varisdntedyses described below emphasize the
effect of the imprecision of the estimates with lékan 500 salmon on the overall bias
estimates.

Stratification:

The estimates of relative punch card bias for the §jgegraphic-seasonal strata have less
annual variation than the area-month specific estéisiatThere is a 40% or less difference
(absolute) between the smallest and largest annuiadag@es of punch card bias for four of the
five geographic-seasonal strata (Table 8). The AB£3%1/13 winter stratum had highly
variable annual estimates ranging from 0.85 in 1989 to 3.188i (Figure 8). There were no
significant differencesR > 0.10) in the bias estimates among the four yeatseddtudy for any

of the strata (Figure 8).

Area 05 was different from the other catch areas intPamend in several ways. This area had
the largest annual harvest of salmon in Puget Sound dimngeiars of the study. In 1990,
approximately 50% of all salmon harvested by the mapuet fishery in Puget Sound were in
Area 05. The estimates of harvest were more prémisérea 05 than for any other area. The
bias ratios estimated for Area 05 were consistently h€8 (Figure 6) and the bias estimate for
all Area 05 samples combined was 0.99. Therefore, BBeavas treated as a single and
separate stratum from the other areas.

There is a large difference in the EVB estimate o$ latween summer and winter for the
Areas 06-08/12 stratum that is due to very high estimatbsasffor Area 12 winter samples
(Table 9). This difference is substantially reducedmddésample cells with harvest estimates
(either creel survey or punch card) under 500 salmon raitted, as most of the area-month
cells with small harvests were in Area 12. Ther @ght area-month cells with estimated
harvests less than 500 fish (Table 7): Area 12-August 19&4 22-October 1987, Area 12-
May 1988, Area 12-November 1988, Area 12-December 1989, XeBeptember 1990,
Area 13-November 1987, and Area 13-February 1990. Thasenat a significant difference
(P > 0.10) between the summer and winter strata forredttgas 06-08/12 and 09-11/13 when
the small harvest samples were excluded from the Tatdg( 9).

The assumption of linearityy = 1) was rejected by the EVB analysis for the wietgimate in
Areas 06-08/12 when small harvest samples (< 500 fistg imeluded, but not rejected when
these estimates were removed (Table 10). The measdithe winter estimates for both the
areas 06-08/12 and 09-11/13 strata were not adequate foatasyi bias a® was greater than
0.30 for both sets of data (Table 10). However, estinfatdbe seasons combined were both
stable £2 < 0.30) and lineay(= 1) for both the 06-08/12 and 09-11/13 strata.
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Table 8. Summary of punch card bias estimates (relatias ki punch card
estimate/creel survey estimate) for the geographic easosal strata defined
for the study, 1987 - 1990.

Geographic Area Season® Year R_elatlve Punch Card Bias’ S
Ratio St. Error % CV

Area 05 Summer 1987 0.94 0.156 16.6%

1988 1.05 0.282 26.9%

1989 0.91 0.125 13.7%

1990 1.28 0.199 15.5%

Summer 1987 1.42 0.918 64.5%

North Puget Sound 1988 1.39 0.685 49.3%
Areas 06, 07, 08, 12 1989 1.32 0.641 48.8%
1990 1.19 0.786 65.9%

Winter 1987 1.38 0.969 70.1%

1988 1.60 1.435 89.7%

1989 1.44 0.608 42.2%

1990 1.25 0.607 48.7%

Combined 1987 1.41 0.769 54.5%

1988 1.42 0.778 54.8%

1989 1.32 0.778 58.8%

1990 1.20 0.802 66.9%

Summer 1987 1.77 1.047 59.1%

South Puget Sound 1988 1.86 0.494 26.6%
Areas 09, 10, 11, 13 1989 1.68 1.369 81.5%
1990 1.46 0.350 24.0%

Winter 1987 3.18 2.443 76.8%

1988 1.99 1.917 96.4%

1989 0.85 0.681 79.7%

1990 1.04 0.343 33.1%

Combined 1987 1.80 1.256 69.7%

1988 1.92 0.753 39.3%

1989 1.50 1.092 73.0%

1990 1.42 0.646 45.6%

& Summer = June through September; Winter = October thriglagh

® The ratio for a stratum is the ratio of the sumghefindividual punch card and creel
survey estimates from the area-month cells samplékistratum.

¢ CV = coefficient of variation.
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Table 9. Errors-in-variables (EVB) and ratio-of-means KRCestimates of relative
punch card bias, with 95% confidence intervals, for thendéfgeographic-
seasonal strata.

95% 95%
Area: Seasonal Strata E.VB Confidence R.O M Confidence
Estimate Estimate
Interval Interval

All years combined and all data included.

Areas 06-08/12: Summer 1.31 1.11-1.54 1.34 0.58-2.11
Areas 06-08/12: Winter 2.13 1.50 - 3.33 1.42 0.16 - 2.69
Areas 09-11/13: Summer 1.70 1.44 - 2.00 1.65 0.74 - 2.56
Areas 09-11/13: Winter 1.38 0.84-2.31 1.54 -0.22 - 6.30
Areas 06-08/12: Combined 1.61 1.31-1.98 1.36 0.59 - 2.12
Areas 09-11/13: Combined 1.56 1.27-1.92 1.63 0.70 - 2.56
Areas 06-13 1.59 1.36 - 1.85 1.47 0.88 - 2.06

All years combined with harvest estimates under 500 fish omitted.

Areas 06-8/12: Summer 1.27 1.10 - 1.47 1.34 0.60 - 2.08
Areas 06-8/12: Winter 1.33 1.01-1.77 1.33 0.17 - 2.49
Areas 09-11/13: Summer 1.70 1.44 -2.00 1.65 0.74 - 2.55
Areas 09-11/13: Winter 1.45 0.97-2.15 1.56 -0.22 - 3.34
Areas 06-08/12: Combined 1.30 1.14-1.48 1.34 0.62-2.05
Areas 09-11/13: Combined 1.60 1.38 - 1.87 1.63 0.71-2.56
Areas 06-13 1.43 1.29 - 1.58 1.46 0.89-2.03
Area 05 1.01 0.82-1.23 0.99 0.62-1.35
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A similar pattern was found when annual estimates of Wese made for Areas 06-13
combined. The EVB analysis has a decreasing trendsmiiian all sample cells are included,
but this trend disappears when cells with harveststhess 500 fish are removed (Table 11).
The EVB estimates by year are not significantly diffier@ > 0.10). All of the annual EVB
estimates of bias are stabfe € 0.30) for both data sets. However, only half @f &stimates
are linear g = 1) using the entire data set while all estimatesliaear when samples with
harvests less than 500 fish are removed (Table 12).
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Table 11. Errors-in-variables (EVB) and ratio-of-means NR@stimates of relative punch
card bias with 95% confidence intervals, by year, for AG&43 combined.

0, 1 0, 1
Year EVB Estimate 95% Confidence ROM Estimate 95% Confidence
Interval Interval

All areas combined and all data included.

1987 1.99 1.47-2.72 1.57 0.30-2.84
1988 1.83 1.41-2.37 1.59 0.47-2.72
1989 1.50 1.11-2.02 1.37 0.14 - 2.60
1990 1.17 0.91-1.50 1.34 0.35-2.33

All areas combined with harvest estimates under 500 fish omitted.

1987 1.52 1.19-1.94 1.54 0.35-2.75
1988 1.47 1.19-1381 1.58 0.52-2.63
1989 1.23 1.04-1.51 1.36 0.15-2.58
1990 1.31 1.07 - 1.59 1.35 0.39-231
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STUDY CONCLUS ONSAND RECOMMENDATIONS

Punch Card Bias Adjustment Factors

The Sport Catch Estimation Study estimated the biakeoptinch card estimates of salmon
harvest by the marine sport fishery in Puget Soundivel&b creel survey estimates. The
conclusions of the study are based on the assumptibththareel survey provided unbiased
estimates of the number of salmon harvested by tbe fphery. We feel this is a valid
assumption because: (1) the creel survey estimatesaale using data collected at the time of
harvest; (2) there is no evidence indicating that theeemajor violations of the assumptions
necessary for the creel survey; and (3) there is memse indicating that any of the three
potential sources of bias identified for the creel syrare major sources of error. Therefore,
the creel survey estimates can be used to estimataathef the harvest estimates from the
Salmon Punch Card System. The following items wersidered when recommending final
punch card bias correction factors:

1. Should all area-month cells sampled during the four yehtbeostudy be used to
estimate punch card bias?

2. Which method of bias estimation, ratio-of-means arerin-variables, should be used?

3. How many separate bias adjustment factors should be t=iima Are yearly,
geographic, or seasonal strata necessary?

Sample Data Used for the Estimatdiere was a significant negative correlation betwhaen
size of the harvest estimates and the coefficiehtar@tion for the creel survey and punch card
harvest estimates and the estimates of bias. @lBnearea-month cells with small harvest
estimates had relatively large variances while areatimeells with large harvest estimates had
relatively small variancesTherefore, we decided that area-month cells where ether the cred
survey or punch card estimate of salmon harvest was less than 500 fish did not provide
estimates of punch card bias of adequate precision to be useful and excluded these cellsfrom

the data. The errors-in-variables analyses supported this daciscause more of the EVB
bias estimates become linear and stable when thé lsaneést cells are excluded compared to
the estimates which include these cells (Tables 1a2nhd

Method of Bias Estimation.The basic difference between the ROM and EVB metiadan
estimating bias is that the ROM method weights eadermwhtion (each area-month cell
sampled) by its harvest while the EVB method weightsh ezbservation by the log of its
harvest. Therefore, in the EVB method sample celth wmall harvests, and usually larger
coefficients of variation, contribute more to the @lebias estimate than in the ROM method.
Therefore, we recommend the ratio-of-means method for estimating punch card bias. Also,
when sample cells with estimates of 500 salmon ordessxcluded from the data used to
estimate overall bias, the difference between thentetthods is very small (Table 9).
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Stratification. A cumulative estimate of punch card bias using data &thriour years of the
study is preferable to separate annual estimates dbéxiasise:

a. annual estimates of bias are heavily influenced by treeraonth cells sampled during
the year;

b. each year, only 1-2 month cells in Area 05 and 12-18-m@nth cells in Areas 06-13
were sampled so there was not good geographic-seasweahge in any single year,
and

c. there is no evidence from the EVB analyses that theresignificant differences in the
estimates of punch card bias among the four year& aittialy (Table 11).

There is also no evidence from the EVB analyses tithaér than Area 05, there is a significant
difference in punch card bias among the different geo@graglasonal strata examined for areas
06-13 combined (Table 9)Therefore, we recommend that all four years of data be used to
estimate punch card bias and that bias be estimated separately for Area 05 and Areas 06-13
combined. When these data are used in an EVB analysis, tlhasebias estimates are
significantly (° < 0.05) different (Table 9 and Figure 9).

Conclusion. Two estimates of punch card bias are needed, orfrdar05 and one for Areas
06, 07, 08, 09, 10, 11, 12, and 13 combined. No further stasitih is necessary. All four
years of data should be combined for these estimateseadnanth cells where either the creel
survey or punch card estimate of salmon harvestssthes 500 fish should be excludethe
final estimates of punch card bias are 0.99 (95% confidenceinterval: 0.62 - 1.35) for Area 05
and 1.46 (95% confidenceinterval: 0.89 - 2.03) for Areas 06-13 combined.

Recommendations for Future Creel Surveys

If a creel survey similar to the one conducted for shigly is used in the future to estimate
salmon harvest, the following improvements to thel@eeey study design are suggested:

a. Remove access sites that cannot be sampled fromaesals sample frame and make
adjustments for the harvest at never-sampled sites gocibel survey estimates.
Currently, sites that cannot be sampled are includedeisample frame of an area. If
selected, these sites are ignored and a new sitedsex®l This violates one assumption
of the unequal probability estimator, i.e., each sitthé sample frame has a probability
of being sampled proportional to its size measure. Tbeegdure for selecting sites
from the sample frame of an area with sites thahatbe sampled could be modified so
that site selection is conducted after the sitesddiatot be sampled are removed from
the sample frame and the size measures of the remaib@sgyadjusted accordingly.
Harvest for the area-month cell would then be eséthais is currently done using the
adjusted sample frame but this harvest estimate woul@daeatunt for the harvest at
sites that cannot be sampled. The harvest estin@tethe new sample frame could
then be increased by the percentage of harvest assantethe from the sites in the
sample frame that cannot be sampled. This would allewetfects of possible over-
estimates or under-estimates of the size measuresdsitisat cannot be sampled to be
more easily understood and directly translated into nesrifdish.
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b. Conduct a routine on-the-water survey program in emthh area so that sample
frames are kept current. Examine the possibility &emint sample frames for the
summer and winter seasons.

c. Do not conduct creel surveys in area-month cells wigfeeted harvest levels of less
than 500 fish. The estimates from these cellscaréniprecise to be useful.

d. Area 05 should be considered a separate stratum in fates® surveys. When
sampling effort is allocated for monitoring bias, Areadbould receive more weight
than any other individual area.
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ESTIMATING THE SALMON HARVEST BY THE
SPORT FISHERY IN PUGET SOUND

The primary goal of this study was to obtain independstithates of harvest and use them to
estimate the bias in the harvest estimates fronSttmon Punch Card System. The estimates
of bias from the study are applicable to the estimdtsalmon harvest from the SPCS for the
study years, 1987 - 1990. However, the question of hasvibithe estimates of salmon harvest
from the SPCS for years prior to 1987 as well as imréuyaars needs to be addressed.

Biasin the Historical Data Base

The Salmon Punch Card System has been used to anrsiaiigte the salmon harvest by the
sport fishery in Puget Sound from 1964 to the present; fqpehed 1981 - 1986 the estimates
were divided by 1.2 to adjust for bias while from 1987 through 1996ttidy results were used
to adjust the estimates for bias. The historical date bas two important uses: (1) the
documentation of the annual sport harvest of salmorhyhin conjunction with other data
bases, is used to estimate the abundance of variousnssilauis returning to Puget Sound, to
establish stock characteristics, to estimate escapajoals, and to forecast future returns; and
(2) the documentation of the total harvest of salmprihe sport fishery for the purposes of
allocation. Whether or not past harvest estimatesadjtested for bias and how far back these
bias adjustments are made should depend on: the statistiahllity of the estimates; how
closely important factors affecting the estimates ftbexSPCS resemble those during the study
years; and how closely the characteristics of 8teefly resemble those during the study years.

A factor of 1.2 was applied to the punch card estimatesalofion harvest for the years

1981 - 1986 based on an analysis by de Libero (1982) whikdjustment was made to the

estimates for years prior to 1981. Should the current &st#be retained or should the study
results be applied to some or all of the prior years?

The punch card data base can be used to investigate thi®ouwsstg methods similar to de
Libero (1982). Returns of punch card harvest recordsbeadivided into several groups
sequentially arranged in time. The first group considts/oluntary returns dropped in
collection boxes, left at dealers, or mailed to WDHRilevthe remaining groups are returns from
each of one to three reminder letters. There isrsistent trend in the average harvest per
record returned for these groups. The average harvestheshifpr the voluntary returns,
which are the earliest received and represent from tb086% of all in-sample cards, and the
average harvest decreases with each additional groupgunhgerom the reminder letters
(Figure 10).
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There is one final group of in-sample punch card holdées,non-respondents. The true
average harvest per punch card for all in-sample pcauds is:

_ n. — n _
h=—eh, + 2R, [31
Nis Nis
where nis = number of in-sample returns,
h, = average harvest per card for all returns,
NNk = nhumber of non-respondents, and
hy, = average harvest per card for non-respondents.

A power model can be fit which relates the averagedsamper card to the cumulative response
rate:

h=aG/’ [32]
where ﬁ, = average harvest per record for all response groupsamutmcluding group
and
Gi = cumulative response rate for groups up to and includomgpg

This model can be used to predict the average harvesagkif the cards from the last group,
the non-respondents, were available and the paramestimates the expected average harvest

per record b)) for a response rate of 100%; (= 1). The paramete¥ is a bias parameter and

the relative bias at any respomdess than 100%%), is estimated byz° .

This model was fit to data from all years with at feasee data points available, i.e., there were
three or more response groups. The appropriate datanaeevailable for the years 1964 -
1966, 1971, 1972, 1976, and 1979. In 1967 and 1982 three reneittdes Were sent; in 1976
and 1979 only one reminder letter was sent; in all otbars two letters were sent. Analysis of
covariance (ANACOVA) was used to test the null hypothdssisthe bias paramete;, did not
differ significantly among years, i.e., bias depended omlytlte response rate and was
independent of the year.

These analyses demonstrated that the punch card datadade divided into at least two
periods: (1) 1973 and earlier years; and (2) 1974 and lates y&able 13). There are
differences in the relationship between response eatdshe average harvest per record for
these two time periods (Figure 10). Prior to 1974, resp@tese ranged from 62% to 81% and
averaged 69% and, although average harvest per record ddcvatts each response group,
this decrease was not as great as in the yearsl8ff&r when the response rate ranged from
46% to 66% and averaged 56% (Table 14). After 1973, thephiasneter is significantly
larger ¢ = -0.41) than the bias parameter estimated forehegprior to 19744 = -0.31).
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Table 14. Estimates of bfafor the estimates of salmon harvest from the SalRwmch Card
System based on the theoretical non-response models; 19640.

vear Percent Harvest/ Model Study
Response Card Bias Bias

1964 81.4% 1.49 1.07

1965 69.0% 2.42 1.12

1966 72.0% 1.93 1.11

1967 73.5% 2.25 1.10

1968 70.4% 1.92 1.11

1969 65.1% 1.86 1.14

1970 68.1% 1.88 1.13

1971 68.4% 1.12

1972 64.6% 1.15

1973 61.8% 1.27 1.16

1974 63.7% 2.35 1.20

1975 57.3% 2.43 1.26

1976 49.6% 2.71 1.33

1977 56.8% 1.74 1.26

1978 58.2% 1.91 1.25

1979 45.7% 2.30 1.38

1980 55.8% 1.97 1.26

1981 46.4% 1.86 1.36

1982 61.7% 1.89 1.21

1983 58.2% 2.21 1.24

1984 62.8% 1.85 1.20

1985 54.2% 2.07 1.28

1986 65.5% 2.34 1.18

1987 59.2% 1.97 1.23 1.39
1988 58.3% 1.80 1.24 1.38
1989 48.0% 1.92 1.34 1.27
1990 50.9% 1.91 1.31 1.23

NOTE: Three reminder letters were sent in 1966, 1967, and 19&2 reminder letter was
sent in 1976 and 1979. Two reminder letters were sent ithall gears.

2Mode bias= G’ whereG represents the proportion of in-sample cards returned.

Studybias = Total una@ustedsportharvest
Total adjustedsportharvest
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Expected bias for any response rate can be estimategithese models. For a 56% response
rate (the average response rate for the years 1974 }, 188@xpected bias is 1.20 from the
model using 1967 - 1973 data and 1.27 from the models using 1974 - 1890Fda a 69%
response rate (the average response rate for the 1864 - 1973), the expected bias is 1.12
from the model using 1967 - 1973 data and 1.16 from the modaty 1874 - 1990 data
(Table 13).

The estimates of bias from the study years (1987 - 199 similar to estimates from the
theoretical bias models (Table 14). The response ratihdostudy years averaged 54% and
theoretical bias estimates ranged from 1.23 to 1.34. Biasethe estimated total salmon
harvest by the sport fishery in the marine waterBudet Sound during the four years of the
study ranged from 1.23 to 1.39.

The bias adjustment of 1.2 applied to estimates of hareestthe Salmon Punch Card System
for the years 1981 through 1986 was based on a similar tlcabteéis analysis using data from
1967 - 1980 (de Libero 1982); the estimated average biasduwwranalysis for these years is
1.19 (Table 14). However, the results of the ANACOVA slhbat expected bias for the years
prior to 1974 is significantly less than that for the p#di@74 - 1990.

Although a simple comparison of the results of the panadel and the results from the Sport

Catch Estimation Study may suggest that harvests estimaibr to 1987 could be adjusted for

bias using the study results combined with response it#ke® are factors to consider in

addition to response rates. It is not possible to astirthe effect of recall error on harvest

estimates from the power model. Any bias from recatbredepends on the size of the

difference in average harvest between letters reduane the original punch cards and on the
proportion of letter returns with respect to the totasample return. The observed average
number of salmon harvested per record returned is:

his: <R hCR + - hLR [33]
nis is
wherencg = number of in-sample card returns,
Nk = number of in-sample letter returns,
h.e = average harvest per card returned, and
h, = average harvest per letter returned.

If the average harvest for all letter returns is netdame as the average harvest for the original
punch cards those letters represent, then the aveuagieen of salmon harvested per record
returned will have an additional bias.
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Recall error bias cannot be estimated using the poweelmodrom any available data. Data

from duplicate returns of cards and letterem 1968, 1969, and 1970 (WDF, unpublished
data) had a difference of +9% to +22% between averagedtarecorded on punch cards and
reminder letters. The difference between the avaragwer of salmon per record for duplicate

returns from punch cards and letters in 1991 was +11%. Wowauplicate returns are not a

random sample of all punch card holders and these diffeseare not necessarily representative
of the degree of recall error. For the study yearspba@s/due to recall error will be accounted

for in the estimates of bias from the study.

The theoretical bias model and the punch card data bas# dtorv differences in bias among
catch areas and months because response ratestbaregt@re not available. During the years
of the study, bias for Area 05 was different from theslestimated for the other Puget Sound
catch areas. Therefore, Area 05 was separated from B&h3 when estimating bias. The
years 1987 through 1990 were consistent with previous yearsdoa8K4 in that response rates
were low (48%-59%, Table 4) and the percent letter rethigh (45%-53%, Table 5), however,
the contribution of Area 05 to the total salmon harimsthe marine sport fishery in Puget
Sound was not consistent during this period. The iboion of Area 05 to the total salmon
harvest changed during the period 1974 - 1990 with a dramatiease from 1984 to 1985
(Table 15). In 1984, the unadjusted punch card harvest tsfinngArea 05 was 47,131 salmon
or 12% of the total, but in 1985 it increased to 122,304 salmobmegpresented 28% of the total
salmon harvest by the marine sport fishery in Puget Sdlatig 15). Harvests in Area 05 and
its relative contribution to the total harvest hagmained high since 1985. Therefore, if the
absence of bias in Area 05 is even partially due to ttetmarvests in this area, the study results
will not be applicable to years prior to 1985.

This suggests that the two bias factors estimated frensttidy, one for Area 05 and one for
Areas 6-13 combined, can be applied to harvest estintatdsefyears 1985 and 1986 based on
three similarities to the study years: (1) low rewsmo rates by in-sample anglers; (2) high
proportion of letter returns in the in-sample data; €é)chigh contribution of Area 05 to the
total salmon harvest by the sport fishery in Puget Soufdr years prior to 1985, the
distribution of harvests is different because harviestsrea 05 are not as large relative to the
other Puget Sound catch areas (Table 15) and we cannot aggintee same differences
among areas in bias seen during the study years weenpres

Years prior to 1985 were separated into two time periodsdasideration based upon the
results of the ANACOVA for theoretical punch card biaBhe estimates of theoretical bias
from the power model for the years 1964 - 1973 ranged @ to 1.16 (Table 14) and

averaged 1.12 (or, on average, harvest was over-estirbgtabout 12%). During the second
period, 1974 - 1984, the estimates of theoretical bias sudrgtantially greater. Bias estimates
from the power model for this period ranged from 1.20 to 1188 averaged 1.27 (or, on

average, harvest was over-estimated by about 2B&jause of the small estimated bias due to

* Reminder letters are received by people who have rettliaegunch cards shortly after the initial remindetelet
has been mailed. Some of these people fill out andréte reminder letter (even though they have returned their
punch card) thus providing two separate records of theiests.
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Table 15. Distribution of the estimated salmon hafvegtthe marine sport fishery in Puget
Sound, 1964 - 1990.

Year Area 05 Areas 06-13 Percent in
Harvest Harvest Area 05
1964 46,309 129,780 26.3%
1965 53,620 196,112 21.5%
1966 33,887 183,530 15.6%
1967 55,401 203,976 21.4%
1968 67,734 155,632 30.3%
1969 75,902 227,591 25.0%
1970 30,579 155,685 16.4%
1971 71,947 210,435 25.5%
1972 45,446 218,015 17.2%
1973 33,347 231,123 12.6%
1974 50,319 371,726 11.9%
1975 48,975 492,022 9.0%
1976 63,966 469,869 12.0%
1977 73,106 326,514 18.3%
1978 59,400 395,012 13.1%
1979 134,354 480,953 21.8%
1980 38,587 337,554 10.3%
1981 67,080 375,935 15.1%
1982 81,133 692,959 10.4%
1983 74,983 509,012 12.8%
1984 47,131 332,146 12.4%
1985 122,304 312,230 28.2%
1986 166,741 352,738 32.1%
1987 128,613 186,892 40.8%
1988 107,935 290,047 27.1%
1989 164,580 355,836 31.6%
1990 223,012 323,216 40.8%

& Unadjusted punch card estimate.
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non-response for the earlier period, 1964 - 1973, we doesoimmend any changes to the
currently published estimates of salmon harvest forpiod.

There are three options for addressing bias in theebiaestimates during the period 1974
through 1984. The first is to use annual estimates oflsiamated from the power model and
apply a theoretical bias adjustment that is dependenteoreiponse rate. The second is to
extend the bias adjustment of 1.2 used from 1981 through 1986b&6k4. The third is to
make no changes to the currently published estimateslmbrseharvest. If there are no
changes, estimates for the years 1981 - 1984 would renjastextiby 1.2 and there would be
no bias adjustment to the estimates for the years 19ddgh 1980. None of these three
options allows for differences in bias factors among tkasain Puget Sound or accounts for
recall error and all three of these options in somg degend directly or indirectly on the power
model analysis of the punch card data base.

Although the punch card estimates of salmon harvest appdag reasonably precise, the
estimated variances (Table 6) are themselves biasimches of mean squared error. The

appropriate measure of accuracy and precision of anagstini , is the mean squared error
(MSE) defined as (Cochran 1977):

MSE(I:I ) :Variance(ﬁ ) + Bias(l:| )2 [34]

The reported estimates of variance represent only ompanent of the mean squared error
and, if bias is large, the component of the MSE due as hiill overwhelm the variance
component. For example, in Area 06 in July of 1990 a ¢dthd,400 salmon were estimated to
have been harvested from the punch cards with a perestirdate of standard deviation of
1,028 and a CV of 7%. The estimated harvest, after laelpgted by 1.46 is 9,863 salmon,
giving an absolute bias of 4,537 salmon. The estimd®# is therefore:

MSE =1056,784 + (4537)° = 21641153

The square root of the MSE is 4,652 which gives a CV of #f%he estimate as the correct
measure of the precision of the harvest estimate.

Bias not only affects the accuracy of the estimateshbstantially decreases the reliability of

the estimate as represented by MSE. On the basiscafacy and precision, that is statistical
reliability, no one of the three choices described iptsly presents any great advantage over
the other. Therefore, we recommend that the hargéistates for the period 1974 - 1984 are

left as currently published because this is the simplaetsin.

In summary, we recommend that the two bias factors estimated during the study years, one
for Area 05 and one for Areas 06-13 combined, be applied to harvest estimates for the years
1985 through 1990. We also recommended no bias adjustment to the estimates for the years
1964 through 1980. The estimates of salmon harvest for the years 1981 through 1984 should
remain adjusted by 1.2 as currently published.
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Recommendations for Esimating the Salmon Harvest in Future Years

Does the Salmon Punch Card System have a continueid eslgmating the salmon harvest by

the marine sport fishery in Puget Sound? The purpose &RBES is to provide a post-season
estimate of the annual harvest of salmon by the §pbery. This estimate consists of the total

harvest of salmon, by species, area, and month. &stnof total harvest of salmon are used in
various post-season analyses including run reconstructinrforecasting, models used in pre-

season analysis of management options, and allocatioounting. The Salmon Punch Card

System does not provide in-season estimates of haorestanagement purposes, for this a
creel survey of the fishery is necessary. Creeleysivhowever, are generally expensive and to
use creel surveys to completely replace the SPCS wouldeesuuiveys in 9 statistical areas

during 12 months of the year for a total of 108 area-hmstirveyed annually. In comparison,

during the Sport Catch Estimation Study a total of 16-amenth cells were surveyed annually.

Therefore, we recommend that the harvest of salmon by the sport fishery in the marine
waters of Puget Sound continue to be estimated using the Salmon Punch Card System, given
that certain improvements (discussed below) are made that will increase the reliability of the
estimates.

The size of the bias in the punch card estimate ectijrrelated to the proportion of records

never returned and the proportion of records returneettass. Reported estimates of precision
only provide an estimate of the first component ofrti@an squared error, but the contribution
of the bias will be large and dominate the mean sglairror as long as the bias is large relative
to the size of the harvest estimates.

Independent estimates of bias such as those availalptetifre study, or as estimated from a
model such as the power model, can only be regarded adates’ to cover the real problem
with the Salmon Punch Card System, non-response.cHdrgges in response rate, proportion
of letter returns, and distribution of harvest overaarduring the period 1964 - 1990 have been
considerable (Tables 4, 5, and 15), and it is evidentaimatbias estimated for 1987 - 1990
cannot be applied to years much earlier than 1985. Simgler behavior, fishery dynamics,
and stock strengths are not constant, it is questiotiadtldias estimates made for 1987 - 1990
can be applied indefinitely into the future. In the rfature, assuming that patterns in response
rates and distribution of harvests among areas remaisame, the study results may be used.
But a bias adjustment factor of 1.46 for Areas 06-13 inteslthe problem of the reliability of
the estimate (MSE) and this problem will remain aglas the bias remains high relative to the
estimate.

If non-response remains high, creel survey estimdtésae will be necessary on a periodic
basis to detect any changes in bias factors from thesg used. Creel survey estimates
depend on several assumptions and sampling error alomeaxdurce highly variable estimates
of bias. Although creel survey estimates can proggtenates of bias, the mean squared error
will still increase by a factor related to the biasewlapplied to area-month cells not actually
sampled. No method of bias adjustment will be satsfgavhen there are high levels of bias.
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If 100% of the in-sample punch cards were returned, ngésponses were original punch
cards, then unbiased, as well as precise, estimaté® @nhual salmon harvest by the sport
fishery would be obtained from the Salmon Punch Cardie8ys(assuming all other
assumptions necessary for the estimates from the 8RQ8et). Reliable estimates of harvest
would still be achieved even with low levels of nonprasse. At response rates similar to the
first 10 years of the SPCS, practical measures wouldnegossible to reliably estimate the
characteristics of the remaining non-respondents.n i no additional efforts, at that level
of response the bias would be decreased considerably ipahat currently being realized.

The Salmon Punch Card System is basically a voluctasl survey and it is totally dependent
on public cooperation. Anglers are required by law tongketheir salmon harvest and to return
their harvest records. The source of the problenmgifebel with the estimates from the SPCS is
directly due to non-compliance on the part of anglers.loAg as non-response remains high
the estimates of harvest from the SPCS will be questi. To decrease bias, improve the
reliability of the estimates, and gain a credible sparvést data basepmpliance must be
improved;, non-response and letter returns must be decreased. Angler behavior must be
influenced and changed so that anglers return their $tane@rds as required by law.

The Sport Catch Estimation Study was only one pad tifree-part study proposed in 1985
(Reidinger 1985). The objective of the study was to peindependent estimates of salmon
harvest for two purposes, first to verify that theses a bias in the estimates of salmon harvest
by the SPCS and, secondly, to estimate this bias.sd@twnd part of the study proposal was to
investigate the error structure of the punch card sampjistgm, using both standard per card
variance estimation and jackknife or bootstrap methodsh &dhese segments are completed
and documented in this report.

The third part of the study proposal was to conduct angteeysi in order to: (1) assess the
reasons for non-response and (2) to evaluate attitodesds several solutions proposed for
increasing response rates to the SPCS. Althouglogngler survey was carried out, where
147 non-responding anglers were selected to be surveyedatth of the study was never

completed. The non-response problem has not besstigiaddressed at all during the last nine
years, and non-response has increased during thisl perio

Non-response must be addressed if the Salmon Punch Card System is to continue to be used

to estimate the number of salmon harvested by the sport fishery in Puget Sound. Since the
current method of dealing with non-response and bias assume that there is no difference
among areas, months, or species in the distributioomi@spondents, any differences that do
exist only compound the basic problem of bias due to rgperse. We cannot measure
differences among species, and differences among areamtns can only be measured using
a creel survey, and these differences can only betddtaten they are gross and persistent. If
response rates were higher these problems would bdo@tesant. The closer the response
rate is to 100%, the closer the in-sample cards ¢orbeing a true random sample of all punch
cards issued.
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Therefore, we recommend that for 1991 and 1992 the study results be applied assuming there
have been no large changesin thefishery. Secondly, the problem of non-response and letter
returns must be addressed with the objective of achieving a minimum 70% response rate.
Without this improvement, future estimates of salmon harvest from punch cards will
continue to be seriously compromised.

We selected 70% as a target minimum response ratadeessponse rates averaged 69% prior
to 1975 and exceeded 70% in several of the early yeahe @RCS so we feel that 70% is a
realistic and achievable goal. We project that wittvG8 minimum response rate and
supplementary surveys, the Salmon Punch Card System wouly $izppést estimates with
10% or less bias. Once this goal has been reacheckafddy neither bias adjustment to the
harvest estimates nor creel surveys for estimatirgviaiauld be necessary. To achieve this goal
the following improvements and changes to the SalmonPQaad System are recommended:

1. Increase public information and education efforts toeiase public awareness and
understanding of the SPCS.

2. Investigate the feasibility of an incentive programirtgprove angler compliance in
returning original punch cards.

3. Institute changes in the data control system nege$saincreasing card returns over
letter returns and increasing response rates.

4. When response rates are improved to near 70% or hattestigate the feasibility of
using telephone surveys to estimate average harvesagkefor non-respondents and to
estimate recall error for letter returns.

The goal of these recommendationsisto improve the punch card estimates of salmon harvest
such that bias correction is no longer required. Until this is achieved, periodic surveys to
estimate harvest independently of the Salmon Punch Card System will be required in the
short term to monitor bias and, in the long term, to evaluate the success of the improved
system.
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SUMMARY OF CONCLUSIONSAND RECOMMENDATIONS

. Area-month cells where either the credl survey or punch card estimate of salmon
harvest was less than 500 fish did not provide estimates of punch card bias of
adequate precison to be useful and these cells should be excluded from the data used
to estimate relative punch card bias.

. The ratio-of-means method should be used to estimate punch card bias because it
gives less weight to sampled area-month cdls with smaller harvests which are
generally the sample cells with the largest relative variances.

. All four years of data (1987 - 1990) should be used to estimate punch card bias and
bias should be estimated separately for Area 05 and Areas 06-13 combined.

. Thefinal estimates of punch card bias are 0.99 (95% confidence interval: 0.62 - 1.35)
for Area05 and 1.46 (95% confidence interval: 0.89 - 2.03) for Areas 06-13
combined.

. The two bias factors from the sudy should be applied to the punch card estimates for
the years 1985 through 1990. There should be no bias adjustment to the punch card
estimates for the years 1964 through 1980. The estimates for the years 1981 through
1984 should remain adjusted by 1.2 as currently published. For 1991 and 1992, the
study results can be applied assuming that the contribution of the Area 05 harvest to
thefishery remainshigh.

. The marine harvest of salmon by the sport fishery in Puget Sound should continue to
be estimated using the Salmon Punch Card System, given that certain improvements
aremadethat will increase thereliability of the punch card estimates.

. The problems of non-response and letter returns (recall bias) inherent in the Salmon
Punch Card System must be addressed with the objective of achieving a minimum
70% response rate.  Without this improvement, future estimates of salmon harvest
from punch cardswill continueto be seriousy compromised.

. Periodic surveys to estimate harvest independently of the Salmon Punch Card System
will be required in the short term to monitor biasand, in the long term, to evaluate the
success of the improved Salmon Punch Card System.

. There should be an annual technical report documenting the estimates from the
Salmon Punch Card System that includes. sample statistics, data used to estimate age
and species composition, harvest estimates, by species, and their variances for all
reporting strata.
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Appendix Table 3. Area 07 boat survey results and measures of size, 1987-1990.

Boat
Site 1987 1989 1990 Survey Size
Number Site Name October June August Average Measure

9999  General Area 07 Sites 0.00% 4.41% 20.73% 8.38% 23.82% N
1013  Glenn Street 6.02% 7.00% 4.34% 7.91%
1268  Washington Park Ramp 7.32% 5.62% 4.20% 5.71% 7.06%
1041 Coronet Ramp 24.39% 18.07% 7.28% 16.58% 5.59%
1231 Skyline Marina/Sling 12.20% 12.45% 7.28% 10.64% 5.35%
1024  Bryant's Marina 0.40% 0.13% 2.99%
1015 Bellingham Moorage 5.62% 1.96% 2.53% 2.89% N
1016  Bellingham 6th Street Ramp 2.41% 0.84% 1.08% 2.55%
1233  Brandt's Landing (Orcas Island) 1.61% 0.54% 2.43%
1018  Blaine Ramp 1.61% 3.36% 1.66% 2.39%
1180  Point Roberts 1.96% 0.65% 2.16%
1273  West Beach Resort/Ramp 0.80% 0.84% 0.55% 2.11%
1065  Fisherman’'s Cove Marina/Sling 0.40% 0.56% 0.32% 2.01%
1073  Friday Harbor Marina 4.88% 0.80% 3.36% 3.01% 1.93%
1212 San Juan County Park 0.40% 0.28% 0.23% 1.67%
1800  Anacortes Marina 0.80% 1.12% 0.64% 1.64% N
1214  Sandy Point 2.41% 1.68% 1.36% 1.35%
1207  Roche Harbor Moorage 1.35%
1234  Snug Harbor Moorage/Ramp 0.80% 1.40% 0.73% 1.20%
1245  Swinomish Ramp 9.76% 0.80% 3.08% 4.55% 1.19%
1030  Cap Sante Moorage/Sling 9.76% 7.23% 7.56% 8.18% 1.16%
1113  LaConner Sling 7.32% 0.28% 2.53% 0.87%
1079  General Area 08 Sites 2.44% 0.40% 1.12% 1.32% 0.87%
1208  Rosario Resort 0.28% 0.09% 0.85%
1105  Islandale County Ramp 2.44% 0.28% 0.91% 0.74%
1104  Island Marina/Sling 0.56% 0.19% 0.67%
1274  West Sound Marina/Sling 0.58%
1266  Village Point Launch/Sling 0.58%
1251 Taylor Street Dock (Bellingham) 0.58%
1222  Shaw Marina 0.28% 0.09% 0.58%
1211 Samish Ramp 0.28% 0.09% 0.58%
1801 Roche Harbor Ramp 1.68% 0.56% 0.58%
1205  Richardson Ramp (Orcas Island) 0.58%
1178  Point Roberts Marina 5.62% 11.20% 5.61% 0.58% N
1165  Orcas Moorage 0.28% 0.09% 0.58% N
1164  Orcas Landing 0.58%
1156  Odlin Park Ramp 0.58%
1155  Obstruction Pass Ramp 2.44% 0.40% 0.95% 0.58%
1134  March Point 0.58%
1128  MacKay Harbor Marina 1.68% 0.56% 0.58% N
1114  LaConner Moorage 0.40% 0.84% 0.41% 0.58% N
1295  Hilton 0.00% 0.58% N
1077  General Area 06 Sites 1.20% 2.24% 1.15% 0.58% N
1282  Fisherman's Bay 0.58%
1802  Fidalgo Boatyard 0.58%
1049  Deer Harbor Moorage 0.80% 0.28% 0.36% 0.58%
1801  Capt. Cook Inn Ramp 0.58%
1020  Bowman Bay 4.88% 2.01% 1.40% 2.76% 0.58%
1017  Blaine Marina 0.40% 0.13% 0.58% N
1418  Bayhead 0.58%
1033  Cayou Quay Moorage/Ramp 0.40% 0.13% 0.47%
1213 San Juan County Park 2.44% 0.28% 0.91% 0.30%
1115  LaConner Ramp 3.61% 0.56% 1.39% 0.29%
1282  Wildcat Cove 2.44% 1.40% 1.28% 0.15% N
1011 Bayview Ramp 0.15% N

General Area 09 Sites 0.40% 0.13%

General Area 11 Sites 0.00% 0.80% 0.00% 0.27%

General Area 10 Sites 0.00% 0.00% 0.56% 0.19%

Unknown 0.40% 0.13%

Total of sites not in size measure file 0.72%

Total of size measures for never-sampled sites 32.13%

Number of boats 41 249 357

N Sites that are never sampled.
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Appendix Table 8. Area 12 boat survey results and measures of size, 1987-1990.

Boat
Site 1987 1988 Survey Size
Number Site Name August October May Average Measure
1217  Seabeck 9.71% 31.58% 12.90% 18.06% 17.05%
1246  Tacoma City 3.88% 13.16% 6.45% 7.83% 13.26%
9999  General Area 12 Sites 0.00%  2.63% 6.45% 3.03% 12.90%
1143  Misery 13.59%  7.89% 6.45% 9.31%  8.49%
1210  Salsbury 2.91% 6.45% 3.12%  6.80%
1277  Yelwick's 583%  5.26% 3.70%  6.57%
1507  Triton 4.27%
1504  Sunrise 0.97% 0.32% 4.27%
1198  Quilecene 1.94%  2.63% 3.23% 260%  4.23%
1258  Twanoh 291%  7.89% 9.68% 6.83% 2.78%
1252  Termination 3.23% 1.08%  2.47%
1500  Union Marina 2.40%
1281  Union Ramp 1.78%
1170  Pleasant 18.45% 10.53% 3.23% 10.74%  1.51%
1181  Point Whitney 1.94% 0.65% 1.50%
1188  Port Ludlow 3.23% 1.08%  1.42%
1097  Hoodsport 3.23% 1.08%  1.42%
1080  General Area 09 Sites 1.42%
1506  Bettners 29.03% 9.68%  1.42%
1503  Alderbrook 0.97% 0.32%  1.42%
1502  Allyn 1.94%  2.63% 152%  1.08%
1216  Sandy's 0.97% 0.32%  0.80%
1505  Restawhile 1.94% 0.65% 0.71%
Total of size measures for never-sampled sites 14.32%
Number of boats 103 38 31

N Sites that are never sampled.
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Appendix Table 9. Area 13 boat survey results and measures of size, 1987-1990.

Boat
Site 1987 1989 Survey Size
Number Site Name November July Average Measure
1149  Narrows Marina (Boathouse, Ramp) 15.94% 9.94% 12.94% 14.87%
1279  Zittel's Marina 18.84% 19.88% 19.36% 12.80%
9999  General Private Sites 14.50% 9.33% 11.92% 9.46% N
1235  Solo Point 11.59% 4.09% 7.84% 8.13%
1126 Luhr Beach Ramp 2.90% 3.51% 3.21% 7.93%
1070  Fox Island Ramp 5.80% 4.09% 4.95% 4.82%
1094  Henry's Ramp 1.75% 0.88% 4.04% N
1197  Puget Marina/Ramp 4.68% 2.34% 3.583%
1239  Steilacoom Marina 2.90% 5.85% 4.38% 2.86%
1083  Grapeview Ramp 2.76%
1047  Day Island Marina 2.92% 1.46% 2.71%
1160  Olympia Isle Marina/Ramp 6.43% 3.22% 217%
1005  Arcadia Ramp 1.88%
1240  Steilacoom Ramp 7.25% 0.58% 3.92% 1.79%
1087  Glen Cove Marina 1.77%
1118  Lake Bay Marina 0.58% 0.29% 1.77%
1271  West Bay Marina 1.77% N
1124  Longbranch Marina 1.77%
1276  Wollochet Bay Ramp 1.17% 0.59% 1.65%
1093  Hartstene Island Ramp 1.75% 0.88% 1.16%
1265  Vaughn Public Ramp 0.90%
1019  Boston Harbor Ramp/Marina 5.80% 2.34% 4.07% 0.89%
1199 RFK Recreational Park Ramp 0.79%
1302 Home Ramp 0.69%
1173  Point Defiance Boathouse 0.30%
1063  Fiddlehead Marina 0.30%
1228  Shorecrest Mason County Park 0.30%
1162  Olympia Yacht Club 0.30% N
1163  One Tree Marina 0.30%
1196  Port of Shelton Ramp 0.30%
1161  Olympia Marina 0.30%
1373  Hartstene Point Ramp 1.17% 0.59% 0.30%
1136  Martin Marina 0.30%
1238  Steamboat Island Private Ramp 0.30% N
1125  Longbranch Ramp 0.58% 0.29% 0.30%
1550  Teamsters Beach Private Ramp ' 0.30%
1321 Penrose State Park 0.30%
1106  Jarrell Cove Marina 2.34% 1.17% 0.30%
1002  Allyn Ramp 0.58% 0.29% 0.30%
1062  Fairharbor (Nynes) Marina 2.34% 1.17% 0.30%
1098 Horsehead Bay Ramp 1.45% 2.34% 1.90% 0.30%
1248  Tacoma Outboard Association 1.45% 2.92% 2.19% 0.30% N
1278  Youngs Cove Ramp 0.30%
1270  Wauna Ramp 0.30%
1300  Chambers Bay Boat Owners Association 0.30% N
1303  Shelton Yacht Ciub 0.30%
1174  Point Defiance Ramp 4.35% 1.75% 3.05% 0.30%
1301 Day Island Yacht Club 0.30% N
Total of size measures for never-sampled sites 16.77%
Number of boats 69 171

N Sites that are never sampled.
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