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ABSTRACT

English, K.K., W.J. Gazey, T.F. Shardlow and M.A. Labelle. 1987. Development
of troll. fishery management models for souchern British Columbia. Can.
TeChA Repu FiBh- A.quac. Sci- NO. ).526: 80 P.

The recent Canada/U.S. Paciff{c Salmon Treaty has gignificantly influenc-
ed the management of British Columbia's commercial amd sport fisheries. This
report present8 some of the Iinformation and analytical tools required to
manage south coast troll fisherieg under the creaty. Distribution and migra-
tion timing for chinook and coho stocks was obtained through extensive analy-
sis of coded wire rag recovery data. Other analyses 1indicated that troll
catch per effort data could be used ro provide in-season estimates of diver-
sion rates for sockeye and pink stocks vulnerable to Johnstone Sctrait and West
Coast Vancouver lsland fisheries. Available catch, effort and cacch at age
data were analysed and summarized for 1976 through 1985. The cesults of these
analysis were used to update the Georgia Strait chinook and coho model and to
develop a simulation model for the West Coast Vancouver Island troll fishery.
The latter model includes five species of Pacific salmon and can be used to
evaluate a wide variety of management options (e.g., time or area closures by
speices, effort restriccion, size limits, catch ceilings). Model documenta-
tion and data summaries are provided in appendices.

Key Words: Pacific salmon, commercial troll fishery, management model, regu-
lations.

RESUME

Le recent Traite entre le Gouvernement du Canada et le Gouvernement des
Etats-Unie d'Amerique concernant le saumon du Pacifique a impose” des
constralntea a la gestion des péchea commerclales et sportives en Columble-~
Britannique. Le present rapport expose une partle des donnees et des methodes
analytiques necessaires a la gestion de la peche a la ligne sur la cote Sud
dans le cadre de ces nouvelles congtralntes, Dan le cas des atocka de saumons
quinnat et coho, les donnees sur la repartition et le moment de la remonte ont
éte obrtenues de l'analyse detailée des etiquettes metalliques codées
recuperées. D'autres analyses ont révél€ que les donnees sur les prises par
unite d'effort de péche aux lignes trainantes peuvent servir aux estimations
saisonnieres des taux de deviation des stocks de saumons rouge et rose exposes
aux peches effectuées dans le Detroit de Johnstone et les eaux a l'ouest de
1'Ile de Vancouver, Les auteurs ont analyse les résumés et les donndes
dispontbles sur l'effort, les prises et les prises selon l'age de 1976 a
1985. Les résultats obtenus ont servi a mettre a jour le modéle pour la
geation de la péche des saumons quinnat et coho du Detroit de Georgle et a
elaborer un modéle de simulation de la péche aux lignes trainantes dans les
eaux a l'ouest de 1l'Ile de Vancouver. Ce dernier wmodele porte sur cing
especes de saumons du Pacifique et peut servir au calcul d'une grande variete
de cholx de gestion (par ex. périodes ou zones de fermeture de la pBche gelon
1'espdce, restrictions de 1'effort, limites de taille, limites de prises). La
documentation sur les modeles et des résumés de données sont pregentés en
annexes.

Mote-c;és: gaumon du Pacifi{que, peche commerciale aux lignes tralnantes,
modéle de gestion, reglement.

vii






INTRODUCTLON

The recent U.S.-Canada Pacific Selmon Treaty hag significantly influenced
the management of British Columbia’s croll figheries. The Tceaty included:
commitments to rvteduce the harvesr rate on chinook stocks by 1introducing
chinook catch ceilings on all troll flisheries; coho catch ceilings for the
West Coast Vancouver Island croll fishery; and harvest goals for all troll
fisheries that target on Fraser River sockeye amd pink stocks. This report
describes an analytical model developed ro assist in che management of the
West Coast Vancouver 1Island troll fishery under these new International
constraints.

The major goal of this sctudy was to integrate all recent and reliable
information on British Columbia's major troll fishery into an analytical tool
that could be used to evaluate management options. The study included:
extenglve analyses of coded wire tag recovery data for Lnformation on the
distribucion and wmigratioa timing of chinook and coho stocks; assessment of
whether troll catch per effort data could be used to provide inseason esti-
mates of diversion rates for sockeye and pink stocks vulnerable to Johnstone
Strait and West Coast Vancouver Island fisheries; amd the organization of
reliable catch, effort and fish age data for south coast sport and troll fish-
eries. The results of these analyses were used to update the Georgia Strait
Chinook and Coho Model and develop a simulation model for the West Coast
Vancouver Island troll fishery. The latter model includes all five species of
pacific salmon and can be used co evaluate a wide variety of maunagement
options. This report presents the results of data analyses, amd describes the
structure and function of rthe West Coast Vancouver Island Management Model.

WEST COAST VANCOUVER ISLAND TROLL FISHERY

The West Cocast Vancouver Island troll fishery (Statistical Areas 21-27)
is the largest troll fishery on the Pacific coast. The average annual catch
for the five years prilor to the imposition of catch ceilings (1979-1983) was:
460,000 chinook, 1!,796,000 coho, 525,000 sockeye, 2,303,000 pink in odd years;
119,000 pink in even years; and 27,000 chum. Chinook catches peaked first
during the mi1d-1950's and again in the 1970's (Table 1). A catch cef{ling of
360,000 chinook implemented {n 1985 has limited catches for the past two
years. Coho catch by trollers first exceeded one million pileces in 1961 and
since then has fallen below this level oaly three times, im 1970, 1972 and
1975. The total catch of coho exceeded two million pleces in the two years
prior to the implementation of a 1,750,000 catch ceiling in 1985. Since the
1960'g, catches of pink amd sockeye, principally Fraser River gtocks, have
been an Important feature of the late summer troll fishery om the west coast.
Sockeye catchea have been consistently largest in the Adams cycle year (e.g.,
1978, 1982, 1986), Allocations based on run size have limited troll catches
of sockeye and pink salmon since 1985. Troll catches of chum salmon have not
been limited like other species, and this may explain the large increase in
chum land{ngs observed in 1985 and 1986.

Figures 1 through 4 show cthe temporal distcribution of chinook, coho,
sockeye and pink catches and fishing effort for the Westc Coast Vancouver
Island troll fighery for rhe 1981 chrough 1984 fishing seasong. Chinook
salmon catches are distributed fairly evenly over the entire fishiog season,
with peak catch occurring in conjunction with peak fishing effort in July and

August. Age three chinook account for roughly one half of the catch.



Table ). Annual catch and effort statistics for the Wesr Coast Vancouver
Island ctroll fishery {(Sctatistical Areas 21, 23-27) for 1951-1986.
Statigtics obtained from the Salmon Catch Database using the methods
outlined in Wong (1983). The history of the west coast Vancouver
Island fishery has been described by Argue et al. (1987), and the
recent fishery discussed in detail by Shardlow et al. (1986).

Year Chinocok Coho Sockeye Pink Chum Effort

1951 270047 1054144 6280 60634 429 0

1952 330817 1076357 1053 2524 97 0

1953 344693 759878 3733 150645 183 0

1954 285393 624225 26375 1527 301 0

1955 290486 633339 5394 100253 211 0

1956 360634 639420 1318 2977 144 0

1957 336349 661702 ) 6903 79821 396 0]

1958 252035 823755 23563 7749 293 0

1959 232294 919430 24790 302031 477 0

1960 175795 369590 6110 4616 187 0

1961 151194 1095847 15077 142297 677 0

1962 157325 1069208 20947 99114 1276 0

1963 277342 1079249 8479 584782 1062 53520

1964 343545 1209606 8792 14986 863 59180

19653 404893 1699930 16081 113611 894 66680

1966 522998 1420426 34405 69891 413 69510

1967 395318 1002218 215995 1328705 570 71490

1968 419554 1838960 95019 119734 1805 72610

1969 459866 1040342 151562 479950 2282 69780

1970 353789 779433 277479 236842 9637 64740

1971 615847 2175719 585073 959174 5697 81610

1972 578404 988425 26216 39318 1282 65580

1973 610424 1406301 98253 802575 7415 68920

1974 628310 1644003 749607 115484 5071 66050

1975 547402 781248 54534 606231 8249 61460

1976 656161 1640259 64782 150442 4720 63070

1977 566571 1567879 65306 1701141 9967 74400

1978 555259 1360274 710788 105143 30554 74015

1979 480373 1912878 330956 3064409 18992 85400

1980 488155 1738470 23276 201903 21877 93870

19381 397518 1385323 44433 2753954 9373 80470

1982 543783 1777436 2190455 36680 73426 89010

1983 385367 2167438 36604 1091352 8978 78770

1984 460057 2172166 41797 65971 12930 69050

1985 354052 1389055 1051373 1817907 221852 63060

1986 342063 2156833 1780585 169669 264249 53307
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The 1981-83 coho harvests show simllar patterns of peak catches in
mid-July and a rapid decline through August and September. In 1984, both coho
catch and fishing effort remained high through early September. The
concentration of fishing effort 1in this period may have been due ¢to
fishermen's response to poor spring fishing and the fishery closure in
mlid-June.

In each of the years the peak sockeye harvests occurred in mid-August,
but the number of sockeye harvested in the Adams cycle year (1982) was more
than 50 times che sockeye harvested in other cycle years between 198l and
1984, However, the 1985 harvest of the Horsefly cycle year was the first time
that troll catches exceeded one million sockeye 1n a non-Adams cycle year,

The pink salmon catch statistics for the West Coast troll fishery are
dramatically different for odd and even year stocks. Even year pink harvests
are small and peak 1in late July or early August. Odd year pink catches are
large (exceeding 2 million pieces in recent years) and peak in late August or
early September. The majority of the pink harvest 13 taken during 2-3 weeks
with weekly catches as high as 750,000 pieces in some years.

United States stocks of chinook salmon from Puget Sound, the Columbia
River (fall chinook), and coastal Washington and Oregon are thought to be
major contributors to the West Coast troll fishery. Evidence from ocean tag-
ging, analysis of flesh colour of troll catches and escapements, and coded
wire tagging suggests that late fall runs of chinook from the Praser and other
B.C. south coast rivers are also lmportant contributors to thig fishery. Coho
are thought to be mostly from Washington, West Coast Vancouver Island and
Georgla Strait stocks. Available coded wire tagging results suggest cthat
hatchery stocks of both species wmay be a large portion of troll catches; how-
aver, this 1s based oan results from limited tagging enhanced stocks. The data
on wild stock contributions to West Coast troll catches are far from complete,

Canada has maintained che West Coast troll fishery virtually free from
regulations for conservation purposes since its inception in che 1920's. Man-
agement actions have been primarily aimed at increasing yield per recruilt
(e.g., area closures to minimize capture of small coho and chinook during the
April - May cbinook fishery, and changes to size limits and season).

Over the last decade, Canada has recognized the strategic role that the
west coast troll fishery plays in negotiations with the United States. Prior
to 1985, there was a reluctance on the part of Canada to curtall west coast
troll catches because a high proportion of the catch originated from U.S.
stocks.

Domestic and intermationmal concern over the status of chinook stocks was
responsible for thisg fishery belng placed under a 360,000 catch ceiling for
the first two years of rhe U.S.-Canada Salmon Treaty signed in 1985,

Under the current U,S.-Canada Salmon Treaty, the managers responsgible for
the West Coast Vancouver Island troll fishery have a number of restrictions to
contend with:

1. An annual chinook catch celling;
2., an annual coho catch ceiling;



3. an annual sockeye catch limitation based on run size; and
4, an annual pink catch limitation based on rum size.

The reasons behind each of these restrictions reveal some of the hidden com-
plexities assoclated with developing management plans to achieve international
objectives.

The chinook catch cellings were designed to rteduce harvest rates on
declining wild Canadian chinook stocks, and control che Canadian harvest of
U.S. chinook salmon. Since the catch ceilings were based on historical fish-
ing patterns, the effect of any reallocation of fishing effort muat be taken
into account. For example, area closurea or changes to the fishing season may
keep the catch under the ceiling yet increase the Canadian harvest of U.S.
stocks, with all the benefit going to Canadian chinook stocks. Therefore, the
manager must take into account all the avallable information on the timing,
distribution and relative abundance of Canadian wild stocks, Canadian hatchery
stocks and U.S. stocks when evaluating alternative hook and line management
options for the south coast chinook fisheries.

The reasons behind the West Coast coho catch celling are wmuch less
refined than rthose for chinook. The current objective 15 essentially to
control the large catch of coho in the West Coast troll fishery uaotil the
gtatus of U.S. and Canadian coho stocks has been determined. The information
required for effective management of coho harvests 18 similar to that for
chinook.

The rationale behind the sockeye and pink catch limitations 1is based on
the desire to allocate a set proportion of the total catch of Fraser sockeye
and pink stocks to the West Coast Vancouver Island troll fishery. In some
years, sockeye and plnk catches wmay help compensate troll fishermen for
reductions 1in their allowable catch of chinook and coho. In years when a
large portion of the Fraser stocks do not migrate through Johnstome Strait, a
large allocatlon to the west coast troll fishery may be necessary to achieve
the desired Canadian harvest rate for these stocks. Therefore, the west coast
troll fishery manager must take 1into account In—season changes 1in the
estimated rum size and diversion rates when opening the West Coast troll
fishery for harvests of sockeye and pink salmon.

DATA ANALYSIS

Coded Wire Tagging Data Analysis

Coded wire tag data were examined to extract information on a) the
distribution and timing of chinook and coho salmon through the West Coast
troll fishery; and b) immigration and emigration to and from Georgla Strait.
This information was used to develop a managemeat model for the West Coast
Vancouver Island troll fishery and to update models currently used to evaluate
management options for cthe Georgia Strait troll and sport fisheries.

Coded wire rtag (CWT) data represents the majority of the available
information on the contribution of specific chinook and coho stocks to each
salmon fighery. Coded wire tag data are essentially mark-recapture data; the
marks are applied where the origin of cthe fish is known and are recovered in
fisheries. The markling involves the removal of the adipose fin and the



implantation of a small piece of binary or colour coded wire in the nose of
the fish. Moat of the fish marked are of hatchery origin; however, some non-
hatchery stocks are tagged.

The Mark Recovery Program (MRP) involves che examination of 207%7 of
commercial catches of chipnook amd coho for missing adipose fins. The heads of
the marked fish are removed and sent to a laboratory where the coded wire tags
are removed and decoded. In Capada, sport fisheries are not systematically
survayed for CWT's. Therefore, tag recoveries Ffrom sport flsheries are from
CWT heads voluntarily returned by sport fishermen.

The CWT data used in this project were obtained from the Canadian MRP
database. 411 chinook and coho CWT recoveries for 1976-1982 brood years
(1978-1985 catch years) were extracted from the MRP database amd organized
into files which {ncluded the following information:

L. Tag code

2. Hatchery origin
3. Production area
4, Brood year

5. Recovery year

6. Week of recovery

Separate flles were created for recoveries for each Canadian commercial catch
reglon with catch-to—-sample ratios, and troll recoveries for West Coast
Vancouver Island statistical areas and sub—-areas without catch-to-sample
ratios. Georgia Strait sport fishery recoveries were organized into other
files. Table 2 shows the number of observed CWT recoveries for the ctotal
Canadian commercial catch for each calendar vyear. The small number of
observed recoveries in 1978 reflects the scarcity of age two chinook amd coho
in commercial harvests.

The analysis of CWT data involved cthe following sequence of tasks:

l. determine the appropriate spatial, temporal and stock resolution for
analysis;

2. examine stock movements between fisheries; and

3. examline temporal changes f{n stock composition in major fisheries.

Spatial, Temporal and Stock Resgolution

The appropriate gparial scale was determined by examining the number and
stock composition of observed recoveries for different levels of stratifica-
tion, ranging from sub-gratlstical areas to catch regions. Table 3 shows the
percent of total rtecoveries for chinocok and coho that have statistical area
and sub-area information. More than 75% of the CWT recoverles from the West
Coast Vancouver Island troll fishery between 198! and 1983 had statistical
area 1information; however, only 36% of these cecoveriss had sub—area informa-
tion. The sub-area and stactistical area recoveries show similar trends in
stock composition for the West Coast troll fishery. Figures 5 and 6 show that
the percent of CWT recoveries which were fish of B.C. origin increases from
south to north. These trends are probably a2 product of the B.C. stocks tagged

(primarily Georgia Straitr and Robertson Creek hatchery stocks) rather than the
true distributfon of all B.C. chinook amd coho stocks. Unfortunately,



Table 2. Observed CWT recoveries for the total Canadian commercial catch.

Observed Recoveries

Calendar Year Chiaook Coho
1978 34 4
1979 1758 4163
1980 2049 3727
1981 1127 2177
1982 1394 3087
1983 1138 3156
1984 2026 7774
1985 1069 5090
TOTAL 10,595 28,178

Table 3. Percent of total recoveries that have stati{stical area and sub—area

informacion.
# of Recoveries Z of Total Recoveries
Catch Stacistical Sub- Catch Statistical Sub-

Year Region Area Area Region Area Area
Chinook

1981 1127 730 446 100 65 40

1982 ‘ 1394 1115 536 100 80 38

1983 (138 913 320 100 80 28
TOTAL 3659 2758 1302 100 75 35
Coho

1981 2177 1488 911 100 68 42

1982 3087 2543 903 100 82 29

1983 3156 2763 931 100 88 30

TOTAL 8420 6794 2745 100 81 33
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statistical area and sub-area rvtecoverles cannot be adjusted for sampling
rates, so the bulk of CWT analyses presented 1in this report are based on
on recoveries by catch reglon (grouped statistical areas) adjusted for
sampling rates,

The maximum temporal resolution of one week was selected because weekly
tag recoverles could be adjusted for sampling rates, and weekly time series
may reveal movement patterns between fisheries and temporal changes in stock

composition within a fishery,.

Tag recoverles were amalgamated into seven chinook and six coho stocks on
the basis of the distribution of recoveries and the stock's national origin.
The stock groupings are defined in Table 4. Further sub-division of Georgia
Strait chinook stocks could be justified if these stocks were not such a minor
component of the west coast troll fishery. For stocks outside Georgla Strait
the variability between hatchery stocks within a production area was small.
The stock groupings defined in Table 4 include hatchery stocks with similar
distributions among the major fisherles, while each stock group has a
distinct distribution from the other sctock groups with the same national
origin. (For example: GSTR coho are discributed differently from all other
coho stocks while WCVI coho are distinctly different from other B.C. stocks
but very similar to LOCO coho).

Stock Movements Between Fisheries

The change in stock distribucion over time was used as an icdicator of
stock movements. Observed CUT recoveries for a specific stock were adjusted
for sampling rate and accumulated for major catch reglons each week. The
tables resulting from these analyses revealed the temporal changes in the
catch of a stock within each catch region and information on the timing of
movements between catch reglons, Figure 7 shows an example of the distribu-
tion and timing of CWT recoveries for Georgia Strait chinook stocks. These
figures do not show any clear indication of the timing of juvenile migrations
out of Georgia Stralt, possibly because the wmajority of out migrants are
unavallable to fisheries (i.e., out migration occurs during periods when the
fisheries are closed or most out migrant chinook are too small to be caught or
legally landed). These fisheries do provide some indication of the timing of
migration 1into Georgia Strait of spawnling age fish and the existence of a
regsident populatiom in Georgia Strait. The peaks in late summer recoveriles of
age three to five chinook in Johnstone Strait, probably represent mature fish
migrating through these fisheries on the way to theilr natal streams. The
consistent pregence of Georgla Strait stocks 1In the Georgia Strait troll
fishery supports the hypothesis that some portion of Georgla Strait chinook
stocks reside 1im Georgia Strait throughout the year. The large decrease in
chinook recoveries per effort from May to June, and coho recoveries per effort
from July to August suggests that the Georgia Strait fisheries may be
harvesting from a closed population (i.e., very 1little dimmigration or
emigration) over this pericd of time (Figure 8). Similar rationale aad data
were used to describe the resident and migratory components of the major
stocks caught in the Georgia Strait and West Coast Vancouver Island troll
fisheries (Table 5), All of the stocks presented in Table 5, except WCVI
chinook, appear to have a component that was resident Iin one or both of the
south coast troll fisheries, The West Coast Vancouver Island chinook (mainly
Robertson Creek hatchery fish) are primarily caught 1n northern B.C. and



Table 4. Definlcion of chinook and coho stock groups uslng the distribution of CWT recoveries among major
B.C. and Alaskan fisheries.
I Distribution af Recaveries
Origin Code Production Area Juan de Fuca Georgla Johnstone West Coast Northern B.C.
Name Strait Stralc Strait Vancaouver Is. and Alaska
{ner) {sport & troll) (net) (troll) (troll}
Chinook
B.C. GSTR GSML ,GSVI 1 53 12 2 32
B.C. LWFR LWFR 9 47 33 9
B.C. WCVL SWVI,NWVI 1 1 1 12 85
U.s. Wwal3 WAOQL ,WAD2 ,WAD] 5 48 3 36 8
u.s. WALE WAQ4 ,WAQS WADB 5 [2 1 75 7
U.S. urco *L0OCO,UPWA, LWWA ,UPOR
HEAD,BRGT ,WILL DESC vi ! 2 65 30
j.S. LOCG *LOCO,LWDR ,CALL, SACR 3 0 L 95 l
Coho
B.C. GSTR GSML ,GSV1 6 50 20 21 3
B.C. LWFR LWFR 2 62 4 30 2
B.C. WCVI SWVI, NWVI 1 | 0 96 2
U.5. wAaOl WAOQL 12 39 42 2
u.s. PGSD WAD2-06 14 3 I 82 0
u.S. LOCO LOCO,WILL,LWOR 1 | 96 2
UPOR , UPWA , LWWA
GSTR - Georgla Strait WAl3 - Washington Area |-3 PGSD - Puget Sound
IWNFR - Lower PFraser WA46 ~ Washlngton Area 4-6 UPCO —~ Upper Columbia

WCVI — West Coast Vancouver lsland

WAOl ~ Washington Area !

LOC

Lower Columbia

t1
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Figure 8. Seasonal changes in CWT recoveries per effort for age 3 Georgia
Strait chinook and coho stocks (GSTR) in the Georgia Strait troll
fishery, 1982.
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Table 5. Summary of residence and migratory Information derived from CWT data
for major stocks caught in cthe Georgla Strait and West Coast troll
figheries.

Adult Migratory Group

Stock Residence Prop. of Stock Timing

Georgila Strait Troll

Chinook GSTR Yes Mediuva early Aug. — mid Sep.
Chinook LWFR Yes Medium mid Aug. - late Sep.
Chinook WAL3 Yes Small early Aug. — late Sep.
Coho GSTR Yes Medium late Aug. — late Sep.
Coho LWFR Yes Medium mid Sep., - early Oct.
Coho WAOL Yes Medium mid Aug. - mid Sep.

West Coast Vancouver Island

Chinock LWFR Yes Medium late July - late Aug.
Chinook WCVI No Large late July - mid Sep.
Chinook WA46 Yes Small mid Aug. - wid Sep.
Chinook UPCO Yes Medium Unknown

Chinook LOCO Yes Small Unknown

Coho GSTR Yes Small mld Aug. - mid Sep.
Coho LWFR Yes Small late Aug. - late Sep.
Coho WCVI Yes Small mid Aug. - mid Sep.
Coho PGSO Yes None mid Aug. - late Sep.

Coho LOCO Yes Small Unknown




Alaskan fisheries. Moat of the catch of the West Coast Vancouver Island
chinook in the West Coast ctrol)l filshery occurs during a period that colncides
with the return migration of mature f{sh. These fish probably represent an
adult migratory group that is vulnerable to the West Coast troll fishery for
only 3 or 4 weeks in late summer. The CWT data provide some Information on
the relative proportion of each stock represented by the adult migratory
group, and the timing of the adult migration through each fishery. Migration
timing through Georgla Strait ¢troll fisheries was determined using CWT
recoveries for che Georgia Strait troll fighery and Johnstone Strait and
Fraser River net fisheries. For example, the September peak in Figure 8
indicates the adult migration tiwming for Lower Fraser and Georgila Strait coho
stocks. Migration timing through the West Coast troll fishery was determined
using similar CWT statistics for West Coast rtroll and Juan de Fuca net
fisheries. These CWT statistics did not rvteveal any clear timing trends for
Columbia River stocks.

Seasonal trends 1in chinook and coho catch per effort for the Georgia
Strait and West Coast Vancouver 1Island troll fisheries provide additional
support for the hypothesis that the bulk of the chinook and coho harvested
in these fisheries are from resident populations. Figure 9 and 10 show the
decreasing trends in chinook and coho catch per efforct that would be expectad
for a closed or "pool" fishery. The catch per effort data for the 1980
fishing season was selected because thls was the only year since 1976 that
catch per effort stacigtics would not have been affected by large sockeye or
pink runs, or management regulations. While seasounal trends im chinook catch
per effort are similar for wost years prior to the geason changes imposed in
1984, seasonal trend 1n coho catch per effort are affected by the relative
size and timing of the annual sockeye amd pink salmon migration through the
fisheries. The trends shown in Figure 9 for all chinook and coho stocks
combined are consistent with trends presented in Figure 8 for just Georgila
Stralt stocks.

The above analyses suggest that a pool fishery model with an adult
migratory component could adequately simulate the movement of chinook and coho
stocks harvested in the Georgia Strait and West Coast Vancouver Island troll
fisheries.

Relative Size of the Adult Migratory Component

The addicion of an adult wigratory component to 'pool" fishery models
requires some estimate of the coatribution of the migratory fish rto the
escapement from the pool fishery. The slze of the adult migratory component
relative to the 'resi{dent'" population will determine the degree tro which
management actions In the pool fishery effect escapement from the pool
fishery. Tables 6 and 7 present the numbers and methods used to esrtimate the
relative size of the adult migratlion component for chinook and coho, respect—
ively. The major assuaptions assoclated with the estimaction procedure are:

I. the majority of the chinook and coho caught in the Georgia Strait and
West Coast Vancouver Islamd fisheries are resident fish (i.e., fish
cthat stay within the fishery boundaries until they mature);

2. the distribution of CWT recoveries {8 a reasonable approximation for
the distribution of each stock ({.e., the harvest rates in the pool
fishery are similar to those in other fisheries); and
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Table 6. Numbers used to estimate the contribution of adult migrarory chinook to the escapement from each

pool fishery.

% Distribution of Stock* % o€ B that Migration Relative % Migratory Component
Pool Other returns through Component Stock of escapement from pool
Fishery Fisheriles the pool fishery BxC Size D/ (A+D)
Fishery/Stock (4) (B) (C) (D) (E)
Georgla Strait
GSTR 53 47 85 40 30 43
LWFR 47 53 80 42 40 47
WAl3 48 52 40 21 15 30
Wa4b 12 88 20 18 I5 39
Weighted Mean = 45
West Coast Vancouver Island
LWFR 33 67 10 7 20 17
WCVI 12 88 95 84 15 87
WAL3 36 64 1G 6 10 15
WaALE 75 25 25 6 15 8
UPCO 65 35 85 30 15 31
LOCO 95 5 20 1 25 1
Welghted Mean = 24

*the distribution of WT recoveries was used to approxlmate the distribution of each stock.

ritr



Table 7. Humbers used to estimace the contribution of adulc migratory coho to cthe escapement from each pool

fishery.
» Distribution of Scock* Z of B rhat Migration Relative L Migratory Component
Pool Other returns through Component Stack of escapement from pool
Fishery Fisheries the pool fishery BxC Size 0/(A+D)
Fishery/Stock (A) (B) () (D) (E)

Georgla Strait

GSTR 30 50 70 35 30 41
LWFR 62 38 80 30 40 33
WAQDI 39 6l 40 24 30 KT

Weighted Mean = 37

West Coast Vancouver Island

GSTR 21 79 3 2 15 10
LWFR 30 70 3 2 20 i
WCVE 96 4 ELY 4 10 4
WaOi 42 58 2 1 L5 3
PGSD 82 18 0 8] 25 0
LOCO 96 4 50 2 15 2

i

Welghted Mean =

*the distribution of CWT recoveries was used to approximate the discribution of each stock.

£e



3. only a portion of the fish outside the pool fishery migrate through
the pool fighery on thelr return zo their natal stream.

Analysis presented in che previous section provides some limited support for
the first assumption. While the second assumprion is most certainly viclared,
it has been used in che absence of reliable estimates of the harvest rates for
each fishery. If harvest rates for stocks caught in Georgia Strait sport and
troll fisheries and in the West Coast Vancouver Island troll fishery were
higher than the harvest rates for the same stocks caught in other fisheries
(as is probably the case), chen the calculation appearing in Tables 6 and 7
would underestimate the contribucion of the adulc amigratory component to the
escapement from these two figheries. The third assumption, and colummn C in
Tables 6 and 7, are nuecessary to account for the differnce between cthe
migration routes used by each satock. For example; the portion of the lower
Frager River srock (LWFR) that resides in Georgia Strait would probably not
migrate through the West Coast Vancouver Islamd troll fishery on their return
to the Fraser River. The numbers appearing ian column C are approximations
based on the locatlon of stock production areas relative to each pool fishery
and the discribution of CWT recoveries among the other fisheries. In summary,
this approach probably provides a minlbum estimate of the relative
contribution and importance of the adult migratory component to the escapement
from these two major fisheries.

Stock Composition within Fisheries

Une of the major purposes of che CWT Programs currently conducted {n the
U.S. and Canada, {8 to estimate rthe contribucioa of tagged stocks ro the
various West Coast salmon fisheries. Under ideal circumstances, contribution
estimates for all tagged sgtocks could be combined to estimate the stock
composition within each fishery. However, the following factors combine to
make the estimation of stock compositica using CWT tags a complex, if not
impossible task.

1. Not all stocks are represented by CWT tags.

2. Each CWT group may represent anywhere from 1,000 to 1,000,000 un-
marked fish.

3. Each agency and research group uses different procedures to select
fish for tagglng amd has different objectives for their CWT studies.

4. The procedures, objectives amd stocks marked change every year, yet
some atrocks remain In the fisheries for as many as six years.

An example of cthe amount of work and assumptions required to derive annual
contribution estimates for coastal salmon fisheries can be found in English
(1985). Given the amount of work and untested assumptions required to make
annual contribution estimares, we did not attempt to repeat the analysis
desecribed in English (1985), to estimate the weekly stock composition required
to assesa the effect of management actions on specific stocks. Instead, we
examined how rhe escimated CWT recoverles per stock varied with respect to the
total estimated CWT recoveries for each week of the fishing season (Figures 1l
and 12). Recoveries for the 198! chinook brood year were selected because
this was the first year lower Fraser (LWFR) chinook stocks were adequately
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tagged. In other years, the only CWT recoveries of Canadian stocks in the
West Coast troll fisherles were those from West Coast Vancouver Islamd (WCVI)
hatcheries. The 1985 coho CWT recoveries were selected because all stocks
were well represented in the West Coasrt troll fishery and the seasonal changes
in stock composition were slmilar to those for recent years. These figures
indicate whether the stock composition in the fishery changed during the fisgh-
ing season. The actual stock composition in any week 1s still unknown. The
weekly information in Figures 1l and 12 was combined with the annual contribu-
tion estimate from English (1985) to provide anm initial "best guess' of the
temporal changes in stock composition in the West Coast rtroll fishery (Table
8). These estimates reflect the observed changes in chinook scock composition
(U.S. vs. Canadian) and the apparent static nature of coho stock composition.
The West Coast troll model uses these estimates to simulate the catch of U.S.
and Canadian fish; however, we recommend that similar analysis be conducted
using the wost recent data, if management declslons are goling to be heavily
influenced by stock specific catch estimates.

Emigration Rates

Juvenile emigration rates should reflect both the timing amd proportion
of the stocks emigrating from the Georgia Stralt and West Coast ctroll
fisheries as immature fish. Indlcators of an emigration of {immature fish from
Georgia Stralc are the recoverles of Georgla Stralt stocks outside Georgila
Strait. The recovery of U.S. ard West Coast Vancouver Islamd stocks 1in the
northern B.C. and Alaskan troll fisheries indicates that some portion of these
stocks probably emigrated from the West Coast troll fishery (see Table 4).

Several attempts were made to estimate the timing of juvenile emigration,
however, none of the analyses indicated that juvenile emigration occurred
during the fishing :cason. These findings are consistent with the belief that
the bulk of juvenile emigration from thege fisheries ogccurs either in the fall
after the fishing season or the fish emigracing are too small to be caught or
landed.

Diversion Rate Analysis

Pink and sockeye salmon (primarf{ly Fraser River stocks) enter into South
Coast areas either through Johnstone Stralt (termed aorth entry) or through
the Strait of Juan de Fuca (termed south entry). The proportion of pink or
sockeye salmon using the north entry route is called the ‘diversion rate'.
The sockeye amd pink allocations to the West Coast troll fishery are largely
determined by the diversion racte; indeed, deployment of the entire South Coast
commerclal fleet 1g highly dependent upon the diversion rate.

Unfortunately, information gained from the {n-season operation of net
fisheries can contribute little to the in-season management of the West Coast
since the troll fisheries are positioned ahead ofF the nets in the fisheries
gauntlet and, historically, ¢troll openings have preceded net openings.
Further, statistics derived from troll fisher{es have not been examined for
any 1information which they could bestow upon diversion rates, basically
because there was no need for information (management of the West Coast troll
has been minimal until recent years) and researchers have long recognized many
fundamental reporting problems with the catch anmd effort data. Nevertheless,
all of the above dictates that any contribution to an in-season estlmate of
diversion rate, even the early deteccion of an extreme diversion rate year,
would be a significant contribution to salmon management.
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Table 8. Estimated stock composition for West Coast croll fishery. Boxed
numbers are the sum of 1977-79 contribution estimates from English
(1985), 1in thousands.
Chinook West Coast Troll Catch Stock Composition
Stock Egtimate Prop. Estimate Proportion
Canadian U.S. Canadian U.S.
Hatchery 914 .38 |2O 894 .02 .98
Wild 689 42 ? ? .8 il
TOTAL 1603 1.00 .35 .65
Coho West Coast Troll Catch Stock Composition
Stock Estimate Prop. Estimate Proportion
Canadian U.S. Canadian U.,S.
Hatchery 1384 <29 115 1269 .08 92
Wild 3457 .71 ? ? .6 .4
TOTAL 4841 1.00 +4S + 35
'BEST GUESS'

Proportion Canadian Fish in Fishery

Month Chinook Coho
Apr. o 15
May .25
Jun, .35
Jul., .40 .45
Aug., +40 .45

Sep. .35 .45
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Therefore, the objective of this task was a preliminary examination of
sockeye and piok catch and efforr data to evaluate techniques for in-season
estimation of diversion rate. The potential usefulness of a relatlonship
between troll data and diversion rate, coupled with the relatively small
expenditure la analycical effort to answer the question, gave this task a very
high prioricy.

General Approach and Methods

Emphasis was placed upon keeping the analysis simple because, i1f the
abundance of fish available to troll gear can be used to predict diversion
rates, then the relationship should be readily apparent through an examination
of historical catch and effort scatisties. Further, the requirement to obtain
in-season 1laformation on cthe diversion rate demanded that the historical
datashould be processed or viewed in the same order which they would have
become (or had the potential to become) available through the fishing season.

Analyses were conducted on three databases containing catch anmd effort
statistics: 1) sales slip data, 2) In—season catch monitoring program, and 3)
the log book program. Analyses were further restricted to the years 1980 to
1985 because of the following factors:

1. The data are recent, Long~term climatic and fishing pattern trends
combined with variable stock vulnerability to fishing may effect the
computed diversion rate (Groot et al, 1984, Mysak 1986); thus, any
relationship between troll catch per effort and diversion rate may
change through time.

2, Post season diversion rate estimates over these years may be more
reliable. Diversion rate estimates have receivad more scrutiny in
recent years because of the interest in che role of climatic events
(e.g., el Nino) upon the inter—-annual variability of fisheries in the
Northeast Pacific Ocean and because of the increased concern by
fishery managers as to the role that diversion rates play in the
allocation of catch between fisheries (J. Woody, IPSFC, pers. comm.).

3. Diversion rates over these years have good contrast, A wide range of
diversion rates have been observed (22-80%) over recent years.
Therefore, 1if a relationship cannot be established, the use of
alternative or additional years of data 1is unlikely to improve the
abllity to detect within season the occurrence of an extreme year.

Before presenting the analytical approach to the problem, some basic
assumptions and definitions must be articulated.

By definition, the diversion rate (P) is the fractiom of fish using the
north eatry (Johnstome Straic) migration route, i.e.,

P = (1)

where N; and N, are the abuundance of fish using the south and north entries,
respectively. Abundance 1is voutinely velated to catch and effort data by the
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following relationship:
N = C/qE (2)

where C represencs catch, E effort ard q the catchability coefficient.
Substitution of equation (2) and (1) ylelds:

1
P = (3)
1 +R

where,
4nCgEq
R = —
9gCqhEg

which is the ratio of north to south abundance. Since orly catch and effort
by troll gear data were used, qg and q should be approximately equal.
Certainly, this 18 a reasonable asgumption for an exploratory analysis.

The analysis proceeded by partitioning catch and effort statistics into
convenient geographic areas which north or south migrating fish were thought
to uniquely traverse, Next, the diversion rate was calculated (equation 3)
under the assumption that the catchability coefficlents were equivalent and
the resultant estimate was compared to diversion rate egtimates prepared
post-geason with all catch and escapement data by IPSFC. If reasonable
agreement was obtained between the two estimates then the cumulative diversion
rate estimate was calculated:

Ry = (CqylEpy)/(5CnqtEgy)

where Ry 1s the ratio of abundance up to the 1'th week, The advantages of
using this cumulative scheme (termed a cumulative sum confrol) are simplicity
and their ability to detect large changes quickly, The main disadvantage is
that they are slow In signalling small or moderate changes. Johnson and Leone
(1976) present a full discussion of the properties of this class of estimator.

While the methods described above are not exhaustive; many combinations
and permutations of catch and effort atatistics were processed, Certainly, a
more sophisticated amalysis may produce useful relationships which are masked
by the simplicity of our approach. In any case, for brevity, the results
pregsented in the gections to follow have been regtricted to the best candi-
date; namely, sockeye salmon sales slip data for Statistical Areas 1l and 27,
The exclusion of the alternative databases (in-season catch moaltoring and the
log book programs) does mot mean they were devoid of information; however, the
exploratory analyses did not indicate they were useful for the immediate task
because of elther sparge sample slze or overly gross temporal and geographical
resolutioan.

Catch and Effort Data

The area 11 1ngide troll fishery 1s thought to catch wmostly sockeye
salmon destined to migrate through Johnstone Straic, while the Area 27 fishery
(off the north—west coast of Vancouver Island) iIs thought to target upon sock-
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eye migrating towards Juan de Fuca Strailt (the southern route). In order to
use catch per unit of efforc data (CPUE) from the sales slip database as a
measure of abundance some caveats must first be acknowledged.

The most gerious Issue 1s that sales slip data are censused at the time
of sale and nmot during the fishery. Therefore, any computed weekly CPUE value
is confounded by catches which could have been taken rwo or more weeks prior
to sale. In order to minimize the problem freezer troll data were not
included in the analysis. Less serfous problems include unreported catch,
multiple fishing areas, and errors in the reported area of operation. On the
other hand, CPUE data derived from sales slip data offer some advantages in
the context of this analysis. Firsat, we can be confident that the reported
effort appllea to cthe quantity of fish taken, whereas catch and effort
obtained from independent sources may not match perfectly over time. Second,
Areas 1l and 27 are wusually the first Ffisheries to catch Fraser stocks,
therefore, catch and effort data are often available sooner within the season
than for south coast fisheriles. Finally, if data gathering and processing
delays are consistent, the historical time series of CPUE data are 1in exactly
the same order aas would have become avallable during the aperation of the
fishery.

Weekly catch per unit of effort data (1980-85) from 1980-85 sales slip
data are plotted in Figures 13-15. Since only the relative abundances between
areas and within a year are needed to calculate diversion rates, a common
scale for CPUE was not used. Note the similarity of the plots for 1980 and
1981 (Figure 13) while 1982 and 1983 (Figure 14) demonstrate completely

different behaviour.

Annual Diversion Rate Egstimates

Table 9 presents cthe diversion rate estimates for sockeye and odd year
pink salmon calculated from the troll data (equation 3), assuming equal catch-
ability coefficlents in Areas |l and 27. Whlle agreement with IPSFC estimates
for sockeye is good, the odd year pink estimate only capture the rank order
dynamics. We believe that the diversion estimates far pink salmon may be
confounded by the catch of early run stocks destined for Central Coast
streams. In any case, there 18 not sufficient difference in the pink esti-
mates to enable an in—-season predictor to be developed.

Figure 16 plots the estimates for sockeye listed in Table 9, The arrows
on the figure indicare that the 1981 IPSFC estimate is likely an overestimate
(J. Cave, IPSFC, pers. comm.) and the 1984 estimate may be revised upward.
The open circle poilnt for 1984 indicates the wvalue used by Mysak (1986).
Further, if the catchabilicy 1in Area 27 is greater than 1o Area ll then the
troll diversiloa rate estimates would consistently be less than rthe IPSFC
estimates (givenm cthat the commission estimates are unblased) and vice versa.
Therefore, there does not appear to be large differences between the catch-
ability coefficients.

In summary, indices of abundance available to troll gear in Statistical
Areas ll and 27 largely capture the inter—annual variati{on of routas taken by
migrating sockeye salmon. Therefore, there may be some utility in applying
the troll data as {n-season tools for the detection of axtreme diversion
events for sockeye salmon.
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Table 9. Eatimates of annual diversion rate from the saleg slip troll data
bage (troll) and those made by the International Pacific Salmon

Fisheries Commission (IPSFC).

Sockeye Pink
Year IPSFC Troll IPSPC Troll
1980 70 54
1981 67 58 33 55
1982 22 12
1983 80 82 63 66
1984 31» 46
1985 3l 27 38 63

* to be revised
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In-Season Cumulative Diversion Rate Estimates

Figure 17 plots the in-season cumulative sockeye diversion rate estimates
for the years 1980-1985 (equation 4). Two general trends are apparent from an
examination of the graph. First, diversion Increases as the sSeason progresses
and second, within season variability increases with annual mean diversion
rate. From an examinatfon of the raw data, cthe variability during high
diversion years 18 more attributable to changes 1n fishing effort than to
changes in catch.

In conclusion, the cumulative index can readily detect low diversion rate
years early in the fishing season. High diversion rate years cannot be
detected until approximately mid-season when the characteristic magnitude and
variabilirty of the index can be identified.

Effort Apalysis

All fisheries management actions affect the quantity or distribution of
fishing effort. Therefore, the ability to predict fishing effort is central
to the development of an analytical model that will assist managers in their
evaluation of regulatory options. In this study we considered effort at three
levels of resolution: 1) total annual fishing effort, 2) weekly total fishing
effort, and 3) weekly fishing efforc directed at each species.

The effort statistics used in this section were obtalned from the
Department of Fisheries and Oceans Catch Database, currently accessible
through the VAX-1l computer at the Pacific Biological Station. All statistics
were extracted from the '"Cateh Summary Data System”" by means of several
VAX-supported subroutines availlable for chis purpose (for documentation see
Wong, 1983). Acrtual effort values consisted of the number of days fished per
week by croll vessels (ice boats and freezer boats). For the West Coast
Vancouver Island (WCVI) fishing fleet, weekly effort levels were estimated by
combining the total number of 'boat days' in Statistical Areas 21, 23, 24, 25,
26, and 27. The number of licensed troll vessels in B.C. each year was
obtained from DFO Planning and Economic Branch. In the i{initial analyses,
effort values for the 1970-1985 period were used, but subsequent analyses
focused mostly on effort patterns observed during the 1975-1985 period.

Forecasting Total Effort

In this study, several factors which traditionally play a major role in
influencing fishing were examined. These consisted of the following:

l. WCVI troll catch by species

2. combinations of WCVI ctroll catches
3. total WCVI troll cateh (all species)
4. fuel prices

5. fish prices

6. fleet gizes by vessel type

A strong relationship was found to exist between the annual troll effort, and
a combination of salmon catches and fleet size. A mulciple regression
analysis produced the following relationship:
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TE = 4200 + 0,00786 C + 0.01405 P + 15.246 F (n=16; r=0.925)

where:
TE = total number of troll boat days per year
C = annual WCVI troll cacch of chinook + coho
P = mean WCVI troll pink catch (for two consecutive years)
F = vessels licensed to fish with commerical ¢troll gear Io British

Columbia

The above relationship accounts for 86% of the total varilation in fishing
effort observed between 1970 and 1985 (Figure 18). The data used fn the above
regression are presented 1in Table 10. The number of vessels licensed to fish
with troll gear (F) 1is the most important variable in the above regression.
Because of the relatively good fit of the estimated figures to the actual
data, this relationship could be used to predict annual troll effort in future
yvears. In order to use this relationshlp as a predictive model, actual catch
figures for chinook, coho and pink salmon should be replaced with the expected
catch or catch ceilings for the current fishing season.

Forecasting Weekly Effort

The prediction of weekly fishing effort was simplified by assuming that
the proportion of the annual fishing effort occurring in each week is similar
each year. Figures 19 and 20 show the weekly distribution of fishing effort
for even and odd years, respecrtively. These filgures show the silmilarity in
the pattern of effort distribution for each year along with the degree of
variability assoclated with each week. Clearly these effort patterns will be
affected by management actlons especlally those that eliminate the opportunity
to fish in certain weeks. The following equation was used Lo predict the
percent of the total effort to be allocated to each week (P;').

Py' =

where Py 18 the proportion of the base year fishing effort that occurred in
week 1 and 1 only includes those weeks thatr will be open for fishing in the
current fishing season. The above equation was used to predict the distcribu-
tion of the 1984 fishing effort using the average distribucion of fishing
effort for even years, 1976-82. Figure 21 shows the predicted versus the
actual fishing effort for the 1984 fishing season. The peaks 1n effort at the
end of each open season are probably the result of vessels belng forced to
land their catch. A large portion of this effort may be attributable to
freezer trollers which land less frequently than the other troll vessels. In
subsequent analyses we distributed the catch and effort for freezer trollers
according to the catch and effort distribution for rhoge troll vessels which
landed more frequently.

Forecasting Directed Effort

The ability of troll fishermen to direct thelr fishing effort at a

specific species of salmon 1s possibly the most iwmportant and least studied
aspect of the West Coast Vancouver Island troll fishery. The effect of
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Table 10, Sctatistics used to predict total annual fishing efforc.

Dependent Independent Variables Used Not Used
Year Effort Fleet Size Chinook - Coho Ave, Pink Sockeye Pink
(E) (F) (©) (P)
70 64740 3177 353789 779433 118421 277479 236842
71 81610 3033 615847 2175719 598008 585073 959174
72 65580 2779 578404 988425 499246 26216 39318
73 68920 2507 610424 1406301 420946 98253 802575
74 66050 2453 628310 1644003 459029 749607 115484
75 61460 2603 547402 781248 360857 54534 606231
76 63070 2737 656161 1640259 378336 64782 150442
77 74400 2818 566571 1567879 925791 65306 1701141
78 73960 2978 555259 1360274 903142 710788 105143
79 85400 2917 480373 1912878 1584776 330956 3064409
80 93870 297) 488)55 1738470 1633156 23276 201903
81 80470 2778 397518 1385323 1477928 44433 2753954
82 839010 2658 543783 1777436 1395317 2190455 36680
83 78760 2692 385355 2167149 563853 36601 1091027
84 69050 2584 460317 2172171 578499 41797 65971

85 62300 2345 347795 1340686 948186 1029980 1830402
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management actions which limit the catch of specific species without closing
the entire fishery cannot be assessed withour a method of predicting directed
effort. The prediction of directed effort was made possible by assuming that
the amount of effort directed at a specles (DEj) is related to the relative
value of the catch of each species (Vy).

Yy
DEi =

AV
i i

where Vy = P;j.Cy and Py 1s the relative price per fish for species { and C; is
the estimated catch of specles 1. The price per fish relative to coho are
presented in Table 1l. Appendix A includes estimates of the proportion of
total fishing effort directed at each species from 1976 to 1985. Unfortunate-
ly, there are no data that can be used to verify these estimates because
individual fishermen may direct effort at more than ome species at a time.
However, we did examine each troll fisherman's catch per trip in 1983 and
accumulated the fishing effort associated with different catch compositions.
Figure 22 shows the percent of the total effort in each week that appears to
have been directed at a single specles (over B80Z of the catch was one
species). Prior to July l, virtually all the effort was directed at chinook
because coho could not be legally landed amd other species were not abundant.
The first statistical week in July actually included 5 June days and only 2
July days, so coho fishing was only legal for 2 days in this week. Most of
the fishing effort appears to be directed at coho in the next three weeks
because coho are much more abundant than chinook, amd sockeye amd pink runs do
not enter the fishery until August. In the last two months of the fishery,
most of the fishermen caught all four commeccial species of salmon. The
dominant species were coho and pink because pink runs are large in odd years
and most of the sockeve returning to southern B.C. streams avoided the West
Coast Vancouver Island croll fishery by going through Johnstone Strait in 1983
(see Diversion Rate section). Since the same gear amd fishlng techniques will
not catch each specles equally well, PFilgure 22 iandicates that fishermen do
direct their effort at different gpecies at different timesa of cthe year.
Also, the proportion of the effort that results in a mixed catch is largest
during periods when different species are equally abundant (early August and
late September 1a 1983).

Other Analyses

Troll Log Book Data

The 1981-83 rtroll 1log book data were examined for information on
diversion rates, directed effort, shakers amd catch per effort for the West
Coast troll fishery. The aumber of fishermen participating in the log book
program was too small tfo provide any useful data on diversion rates or
directed effore. The number of each species hooked and released per boat day
(shaking rate) was estimated for chinook, coho, pink amd sockeye for each week
(Table 12). The seasonal pattern of shaking rates was fairly consistent with
the size limit, growth and fishing seasons for each species. However, the
maximum shaking rates of 20 fish per day for chinook and coho appear to be
fairly conservative. The coho shaking rates were arbitrarily increased
two fold for use in the coho cohort analysis component of the West Coast Troll
Model. Catch per efforr estimates generated from log book data were similar
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Table 11, Relative valua of salmon caught in the West Coast Vancouver Island

croll fishery 1975-85. Values are relative <to coho, and
incorporate differences 1in the average size of each species/age
category.

Year Chinook Coho Sockeye Pink Chum

Age 2 Age 3 Age 4 Age 5

1975 0.52 1.54 3.75 5.49 1.00 0.99 0.52 0.74
1976 0.68 1.82 4,43 6.50 1.00 0.82 0.44 0.64
1977 0.57 1.81 5.11 7.50 1.00 0.82 0.41 0.69
1978 0.62 1.82 4,69 6.88 1.00 1.24 0.37 0.80
1979 0.55 1.53 3.78 5.55 1.00 0.94 0. 31 0.62
1980 0.65 1.92 5.91 8.67 1.00 0.91 0.51 0.94
1981 0.65 1.91 5.53 8.12 1.00 1.08 0.41 0.99
1982 0.64 1.90 5.78 8.48 1.00 0.97 0.33 0.89
1983 0.66 2.06 5.79 8.50 1.00 1.08 0.34 1.17
1984 0.70 2.46 6.61 9.70 1.00 1.30 0. 34 1.20
1985 0.73 2.27 5.64 8.27 1.00 1,48 0.37 1.02




47

Mixed

Chinook 7/// Coho

PERCENT OF TOTAL EFFORT

Apr May Jun Jul Aug Sep

Figure 22. Proportion of fishing effort directed at a specific salmon species
for each week during the 1983 fishing season.
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Table 12. Mean number of fish hooked and released per boat day (shakers per
effort), for log book trollers fishing in Scatistical Areas 21-27
from 1981-83.

Shakers per Effort

Week Chinook Coho Pink Sockeye
4-3 12.9 9.1
4—4 11.9 tlat
4-5 12.6 13.7
51 8.0 13.5
5-2 11.4 1.2
5=3 17.7 12.4
5-4 14,1 11.0
6-1 7.4 6.1
6-2 6.2 10.4
g=3 6.7 12.2
6-4 6.8 20.8
7-1 3.4 3.5 4.7
7-2 4.3 0.8 10.6
7-3 5.8 0.4 6.5 0.2
7-4 3.0 0.3 7.1 0.4
7-5 4,3 0.5 3.6 0.2
8-1 4,9 0.2 0.5 .
8-2 3.5 0.5 0.8
8-3 3.1 0.2 0.9
8-4 4,4 1.1 0.4
9~1 12.4 8.5
9-2 16.0 8.3
9-3 14.7 4,7
9-4 20.1 11.5
10-1 5.2 4.8
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to those estimated from Sales Slip data. These consistencies suggest that the
troll effort data provided on sales slips may not be as 1inaccurate as

previousiy believed.

Troll Biosampling Data

Troll biosampling data were used to estimate the weekly age composition
for chinook caught in the West Coast trcll fishery. Table 13 lLists the sample
size and age composition for each week estimated by combining 1981 through
1983 biosampling data. Estimates generated for each year separately were
similar so the data were combined to increase the sample size in each week.
The results suggest that the age structure was fairly stable from April
through June, after which the proportion of age 3 fish in the catch increased
as the age 4 proportion decreased. Three anomalous high age 5 proportions
were adjusted so the estimates in Table 13 could be used in the chinook cohort
analysis component of the West Coast Troll Model.

WEST COAST VANCOUVER ISLAND TROLL MODEL

Spatial, Temporal and Stock Resolution

The first steps 1o the construction of the model was the definition of
the spatial, temporal and stock resolution. The spatial scale defines the
West Coast Vancouver Islamd troll fishery as a single fishery (Statistical
Areas 21, 23-27). The temporal scale includes 40 periods; 39 one-week periods
and one l3—week period identical to those used in the MRP and Salmon Catch
Statistics databases (see Table 14). The model includes all five species of
Pacific salmon sub-divided into 13 distinct stocks defined in Table 15.

The level of resolution selected for the model reflects the basic objec-
tive of the project to develop the simplest wmodel that would be useful in
evaluating a wide range of management options. The temporal resolution of one
week represents the maximum resoclution of most of the data collected for the
fishery.

The stock resolution includes the stocks, for which data are available,
that are of primary Ilnterest to south coast fisherles managers. The coarse
spatlial resolution was sgelected because!

l. reliable Iaoformation on cthe movement of chinook and coho stocks
within che Wegt Coast trell fishery was not avallable;

2. modeling stock wmovements on a fine spatial scale would add
subgtantial complexity to the model,; and

3. a mechanism wgs developed for evaluating small area closures within a
single fishery wmodel, thereby removing the need for finer spatial

resolution.

Model Structure

The model was designed so thar the user can reconstruct the weekly West
Coast Vancouver Island troll catch for any base year. The deci{sion ro use
this approach places the following constraints on the model:



Table 13, Mean weekly age composition for chinook caught in West Coast troll
fisheries, 1981-83.

Sample Catch Composition (%)
Week Size Age 2 Age 3 Age 4 Age 5
4-3 596 0.0 58.2 40,4 1.3
4-4 984 0.0 58.6 39.6 1.7
4-5 834 0.0 55.1 42.6 2.3
5-1 812 0.0 53.9 42,9 3.2
5-2 1546 0.0 58,7 39.6 1.7
5-3 1474 0.0 64.1 34.1 1.8
5-4 1080 0.0 59.2 38.5 2.3
6—-1 1065 0.0 63.2 34.6 2.3
6-2 887 0.0 57.9 39.1 2.9
6-3 999 0.0 64.8 33.2 2,0
6-4 427 0.0 55.3 40,5 4,2
7-1 564 0.0 53.6 43.6 2.8
7=2 534 0.0 59.7 37.8 2.4
7-3 490 0.0 51.6 45,1 3.3%
7-4 731 0.0 55.7 41.5 2.9
7-5 428 0.0 62.4 35.0 2.6
8-1 537 0.0 62.5 34,5 3.0*
8-2 437 0.0 68.6 29.5 1.8
8-3 239 0.4 69.9 27.2 2, 5%*
8-4 481 0.6 75.9 21,8 1.7
9-1 380 0.3 79.7 17.6 2.4
9-2 227 0.4 88.5 10.1 0.9
9-3 249 1.6 86,7 11.2 0.4

* Age S5 component reduced by 2%, Age 3 component Increased by 2X%.
*% Ape 5 component reduced by 5%, Age 3 component increased by 5Z.
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Table l4, Definition of time periods.

Week Statistical Week Statistical

Number Week Number Week
1 3-1 21 7-4
2 3-2 22 7-5
3 3-3 23 B-1
4 3-4 24 8-2
5 4~1 25 8-3
] 4=2 26 8-4
7 4-3 27 9-1
8 4-4 28 9-2
9 4-5 29 9-3
10 5-1 30 9-4
11 5-2 31 10-)
12 5-3 32 10-2
13 5-4 33 10-3
14 6-1 34 10-4
L5 6=-2 35 10-5
16 6-3 36 11-1
17 6—4 37 11-2
18 7-1 38 11-3
19 7=-2 39 11-4

20 7-3 40 12,1 through 2.4
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Table 15, Definition of stocks.
Species Stocks Description
Chinook Canadian Originating from Canadian streams or
hatcheries,
U.s. Originating from U.S. gtreams or
hatcheries.
Coha Canadian Originating from Canadian streams or
hatcheries.
U.S. Originating from U.S. gtreams or
hatcheries.
Sockeye E. Fraser Early run Fraser River stocks: Stuart,
Horsefly, Chilko, Stellako, Birkenhead,
Pitt, Nadina, Seymour, Raft, Bouron,
Gates,
L. Fraser Late run Fraser River stocks: Adams,
Lower Shuswap, Weaver, Portage,
Harrison, Cultus.
U.S. U.S. stocks: Lake Washington.

Pink (odd)

Pink (even)

Chums

Georgla Strait

Fraser

U.S.

Upper Van. Is.
and Mainland

Johnstone Strait
and Area

Mid. Van. Is.

Summer

Canadian

U.Ss.

Originating from streams on middle
eastern Vancouver Island, and streams
flowing 1into Phillips Arm, Toba Inlet,
Howe Souund, Jervls Inlet and Burrard
Inlet.

Originating from the Fraser River.

U.S. Stocks: Nooksack River, Skagit
River, Puget Sound.

Originating from streams on Upper
Vancouver Island and streams flowing
into inlets between Kingcome and Wakemen
Inlet.

Originating from streams ip the follow-
ing areas: Johnstonme Stralt, Bard to
Knight 1Inlet, Loughborough to Bute
Inlet, Phillips Arm and the Bear River.
Originating from streams on middle
eastern Vancouver Island.

Summer 1runs possibly originating from
B.C. central coast.

Fall runs originating from Canadian
streama: Lower and southerm Vancouver
Island, Howe Sound, Fraser River.

Fall rums originating from U.S. streams:
Nooksack, Skagit, Stillwater—Snochomish,
Puget Sound and Hood Canal.




l. extensive data requirements for sockeye, pinmnk and chum run recon-
struction;

2. the use of the South Coast Stock Planning Model for sockeye, pink and
chum run reconstruction;

1. extensive parameter requirements for chinook and <c¢oho cohort
analyses,

4. development of chinook and coho cohort analysis wmodels for the West
Coast troll fishery; and

S. rthe execution of the run reconstruction and cohort analysis models
prior co the execution of the West Coast Troll Maodel for any base
year.

Figure 23 shows the sequence of tasks required to prepare a base year for the
West Coast Troll Management Model. The tasks required to prepare a single
base year appear formidable at first glance; hawever, most of these tasks can
be completed very quickly. The organizationm of data for the South Coast Stock
Planning Model requires a considerable amount of work. Half weekly sockeye,
pink and chum escapement estimates have to be accumulated for the various
stocks running In each year and marked with dailly catch estimates for Fraser
and Juan de Fuca net fisheries. Fortunately this rask has been completed for
1979~85 sockeye, pink and chum runs. Further details on the various models
are included in the following sections.

Data Organization for West Coast Troll Fishery

The two major dara sources for the West Coast troll management model were
the saleg slip catch and 2ffort database and the run size entering the Strait
of Juan de Fuca derived from the South Coast management model (Gazey et al.
1986). Figure 24 displays the overall data flow used as input ro the West
Coast Model. The calculations used to construct the corrected catch and
effort summaries (Appendix A) are presented first because these summarles were
central to all other analyses. The analyses rthat access the corrected catch
and effort data (stock reconstruction and cohort analysis) are described in
subsequent sections.

The catech and directed efforr summaries were formed by first
approximating the week rthat fish were caught from the week of sale given by
the sales slip database. The resultant total effort in any week was then
particioned iaro the effort dirscted at each of the five salmon species based
on the relative value, catchability and abundance Eor each species (see
below). These two steps, the temporal adjustment of catch statistics and the
calculation of directed effort are described below.

Catch and effort stacistics in the sales slip summary database are given
by week for freezer trollers and non-freezer ctrollers (e.g., day boats).
Since freezer trollers can operate for extended pericds (i.e., 5-8 weeks)
without landing ctheir catch, ¢this 1inclusion can distort the ¢true catch
record. Therefore, the proportion of annual catch taken amd effort expended
in any given week was assumed to be the proportion of catch and effort
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Select Base Year

Organize Data for
South Coast Stock Planning Model

RUN
South Coast Stock Planning Model

Organlize Catch and Effort
Data for West Coast Troll Fishery

RUN
West Coast Troll Run Reconstruction Model

RUN
West Coast Troll Chinook Backward Cohort Analysis

RUN
West Coasgt Troll Coho Backward Cohort Analysis

Ready to Run
West Coast Troll Management Model

Figure 23. Sequence of rtasks required to prepare a bage year for the West
Coast Troll Management Model.
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(SOUTH COAST STOCK MODEL)
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SUMMER CHUM ESCAPEMENT

i

ESCAPEMENT FROM WEST
COAST (ESC.DAT)

CATCH AND EFFORT RECORD |
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RELATIVE PRICE RECORD

i

CORRECTED CATCH AND
DIRECTED EFFORT
(TROLL79.82.DAT)

S5TOCRK RECONSTRUCTION
(RECON.DAT)

Y

Y

WEST COAST TROLL MANAGEMENT MODEL

Figure 24. Data flow used in the West Coast troll management wmodel. Double
the major data summaries read directly by the

margins indicate
model.
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reported by non-freezer ctrollers over a two week period: half during the week
of sale and half during the previous week. All catch amd effort reported for
the first week of the season or the first week of fishing following a closure
was assumed to occur the same week. The catch and effort for any week was
then calculated as the simple product of the proporcion and the annual catch
or effort obrained from all sources {(i.e., freezer and non-freezer
statistics).

The proporttion of the effort directed at a particular species for any
given week was then calculated, assuming the fishery will operate such that,
on average, the value of the catch taken by a unitc of effort will be
equivalent for all species. Therefore, the measure of effort directed at a
parcticular species during any given week 1s in proportion to the value of the
catch, 1.e.,

P3Cyj

LPyCyy
3

where Ej; is the effort directed at species j during week i, E; the weekly
correcteg effort described above, Cij the weekly catch for species j, and Pj
the relatlve value index for species j (see Table 1L1).

Eij = Ey

West Coast Troll Run Reconstruction Model

Gazey et al. (1986) produced half-weekly run slze estimates of sockeye,
pink and chum stocks entering the Strait of Juan de Fuca and Johnstone Strait
by stock reconstruction methods, for the purpose of obtaining harvest rates to
be applied in the South Coast management model, The multiple stocks used by
Gazey et al. were amalgamated Iinto three stocks (1979-1982) for each species
(see Table 15) with a one—week time resolution {(two half-weeks were summed
together). These weekly run size estimates for Juan de Fuca Strait were then
taken to be escapement from the West Coast troll fishery,

Next, a very 9imple run reconstruction was conducted with a single
fishery (i.e., West Coast troll) using the '"escapement' estimates from the
South Coast model and the catch calculated from the catch amd effort summary
file described above. Travel time through the West Coast troll fishery was
assumed to be 1 week for sockeye, 2 weeks for pink and 2 weeks for chum
salmon. Weekly harvest rates were calculated and divided by the directed
effort {described above) to obtain the catchability coefficlent.

The rum reconstructions explained greater than 99% of the catch (see
Appendix B) for sockeye and pink salmon; however, only the late-season catch
could be explained for chum salmon. We bellieve summer chum stocks destined
for the central coast and the Queen Charlotte Islands, which were not repre-—
sented Iin the South Coast model, are available to the Weat Coast troll fish-
ery. Since the interception rate for these stocks 1in the West Coast fishery
is unknown and escapement estimates for these stocks are unavailable, the
summer chum run escaping cthe West Coast fishery was approximated by the
following method.
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First, a visual examination of the summer catch data revealed two peaks
for all yvears which indicated the presence of at least two summer chum stocks,
Next, the period over which the two "stocks™ were subject to exploitation was
determined by inspection under the assumption that the run size over time
could be explained by a simple binomial (symmetrical) distribution. Finally,
the total escapement for each of the two "stocks”™ was set such chat the
resultant harvest rate upon the stock was equivalent to the fall harvest rate
calculated using the South Coast model data. The resultant approximations are
presented in Table 16. ‘

The run reconstruction data and results can be found in Appendix C.

West Coast Troll Backwdard Cohort Analysis Model

A backward cohort analysis was used to reconstructc weekly chinook and
coho populations in the West Coast troll figshery, from estimated escapement,
actual catch data and a finite set of parameters. The weekly population esti-
mates were combined with weekly catch and effort data to estimate weekly
catchability coefficients. These catchability coefficients provide the basis
for predicting catch in a forward cohart analysis where population size and
fishing effort can be altered.

Both chinook and coho backward cohort analysis models have the same
structure, parameter requirements, interactive inputs, formulas and outputs
(see Figure 25). The only noteworthy differences are that the chinocok model
includes four age groups (age 2 through 5) while the coho model only includes
two age groups (age 2 and 3), and all paramecer values are different. The
parameter values used In the cohort analysis are listed in Table 17. Most of
the parameters are self explanatory or have the same definition as those used
in the Georgla Strait Model (Argue et al. [983). BHowever, unlike the initial
Georgla Strait Model the west coast troll cohort analyses include a migratory
component (che category "Adult Others” im Table 17). This migratory component
represents maturing fish that reared outside the West Coast ctroll fishery pool
but their migrarion back to their natal stream takes them through the West
Coast troll fishery. The current model 1includes a residence time of four
weeks for this migratory component, therefore, the West Coast troll fishery
has a very low harvest rate on this group of fish. The chinook stocks
repregseated by these fish are those with distributions similar to Robertson
Creek or the Upper Columbia River stocks. These stocks are primarily caught
in the Alaska troll, Northernm B.C. troll and West Coast troll fisheries (see
Table 4).

Backward cohort analyses were run for the 1979 through 1982 calendar
years to coincide with the sockeye, pink and chum run reconstructions. Catch
by age and directed effort were obtained from the data files organized for all
species. The values uged for roral escapement from the West Coast troll fish-
ery and the proportion of the total escapement that came from outside the pool
(migratory component) are listed in Table 18. Estimates for total escapement
from the West Coast croll fishery were not based on any escapement data,
rather the values selected 1nsure that resultant harvest rates are similar and
“reagsonable” for each year., The migratory component for chinook (25%) was
assumed to be a larger proportion of the total escapement than that for coho
(5%2). These proportions are based on analyses presented in an earlier section
and are consistent with the emigration parameters which suggest cthat the
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Table 16, Summer chum salmon escapement approximation from the West Coast
troll fishery.

Starting® Ending* Total

Year Stock Week Week Escapement
1979 1 15 22 600,000
2 21 27 1,040,000

1980 1 10 16 75,000
17 27 1,750,000

1981 1 16 22 90,000
2 21 27 700,000

1982 1 10 17 40,000
2 17 27 2,040,000

* week 1 = lgt week 1in March.
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Set Parameters for
Backward Model

Run Backward Cohort Analysis

Interactive Input

Which Year
(76-85)

Total Escapement

1)

Proportion of Total Escapement
Migratory Group
(0-1.0)

Age Loop

Heek:EEED

Reconstruct Cohort

Weekly Output

Save Parameters for
Forward Model

Figure 25. Structure of the West Coast Troll backward cohort analysis model.
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Table 17. Parameter values used in the cohort analysis.
Chinook Coho
Monthly Proportion Emigrating Monthly Proportion Emigrating
Juveniles Adulcs Juveniles Adults
Month  Weeks Pool Others Pool Others
Mar. 1-4
Apr. 5-9
May 10-13
June 14-17 o 15
July 18-22 .05 .05
Aug. 23-26 .20 .20 4
Sep. 27-30 .32 .36 -4 b o b
Oct. 31-35 .4 .20 «30 .2 A oh
Nov. 36—-39 .4 .08 .09 .2 il
Dec-Feb. 40 .2
Chinook Coho
Shaker 1Instantanecus Proportion Shaker Instantaneous Proportion
Total Mortal. Mortal. Rates Emigrating Mortal. Mortal. Rates Emigrating
Age Ratea  Weekly Annual Juv. Adult Rates Weekly Annual Juv. Adult
2 3 .007 =302 225 .20 .3 .018 617 | 0
3 .3 .0035  .165 .15 .35 .3 .009 .381 0 1.0
4 .3 .0035 .165 .10 <44
5 .3 .0035 165 0 .01
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Table 18. Values used for base year cohort analysis.

Calendar Total Escapement from Fishery Harvest
Year Catch Total Prop. Migratory Ratex
Chinook
1979 478,000 ' 400,000 .25 .614
1980 481,000 400,000 .25 .611
1981 391,000 320,000 .25 .616
1982 544,000 400,000 .25 .639
Coho
1979 1,912,000 1,500,000 .05 .594
1980 1,738,000 1,500,000 .05 .582
1981 1,382,000 1,100,000 .05 .599
1982 1,777,000 1,500,000 .05 374

* Total harvest rate (catch and shaker deaths/escapement) estimated uging the
backward cohort analysis.
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proportion of immature fish emigrating from the West Coast troll fishery is
larger for chinook than for coho (see parameter Table 17).

West Coast Troll Management Model

Now that the run recomstruction and backward cohort aralysis models have
been run for the necessary base years, fisheries managers can run the West
Coast Troll Management Model to reproduce catch patterns for any base year.

The Management Model was developed as a series of discrete sub—models. A
brief description of each sub-model name function and the execution sequence
is shown in Figure 26. The model dynamics are focused on the prediction of
directed effort (l.e., the fishing effort directed at catching a specific
gspecles of salmon). Most management actions affect the catch of a specific
species by 1Increasing or decreasing the fishing effort directed at that
specles. The following section describes the key components of each sub-model
and the algorithms used to predict directed effort.

Effort Sub—-model

The effort sub-model has two distinct functions: 1) reading the file
containing all management actlons and major parametetrs and 2) predicting total
and weekly fishing efforr for any fishing seasoa.

Management Actions and Parameters

Table 19 shows the structure of a typlcal 1input file containing all
management actions and major parameters for a specific simulation year. The
base year gelected should be as similar as possible to the simulation ysar.
Therefore, the base year to use to simulate (predict) the 1986 fishing season
would be 1982 because both 1982 and 1986 are the domlnant cycle years for
Adams River sockeye salmon. The price per fish relative to coho should
reflect the predicted prices for the simulation year or the fishermen's
relative preference for catching each specfes. The run size relative to the
base year 1is self explanatory (i.e., if the predicted run size for sockeye is
twice cthat of the bage year the factor under SOCK should be 2.0)

The next set of Ilnputs are used to predict total fishing effort. For the
1986 fighing season, the numbers under “LAST” and “NEXT" reflect the actual
1985 pink catch and the predicted 1986 pink catch, respectively; the number
under "CHINOOK” and "COHO" are cthe predicted 1986 catches for these species;
and the number under “#LIC. (TR. + GN/TR)™ is the predicted number of vessels
licensed to fish with troll gear. The equation chat uses these numbers to
predict toral fishing effort for the West Coast troll fishery was described in
rthe section on Effort Analysis.

The next sget of numbers in the input file 1indicates which of the weeks
during the vear w{ll be open for fishing. A zero indicates the whole fishery
is closed for all speciles that week. Specific area and specles closures can
be implemented using che next sequence of 1inputs. The ¢time component
indicates the starting and ending week of the partial closure, and the species
components 1identify what the manager believes will be the effect of the
closure on each species. The effect on each species 1s specified through two
parameters: a diffusion rate (DR) and the proportion of the fishing area
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Effort - Read Management Actions
and Estimate Total Effort

—— (Week Loop

Director — Impose Management Actions and
estimate Directed effort

Net ~ Sockeye, Pink, Chum
(Forward Run Recomsatruction)
2
@
@
3
% Coho — Coho (Porward Cohort Analysis)
o
L
b
>
o
g Chinook ~ Chinook (Forward Cohort Analysis)
[ |
Out put =~ Print Weekly Results
Next Week
End

Figure 26. Structure of the West Coast Troll Managemeat Model.
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Table 19. Structure of a typical inmput data file.

INITIALIZATION FOR WCVI TROLL MDDEL

BASE YEAR FOR SIMULATION (1979-1982)

1982
PRICE/PIECE REL. TO OOHO (=1.00)

CN.2 CN.1] CN.4& CN.5 CoHO S0CK PINK CHUM
0.73 2.27 4.50 5.62 1.00 L.42 0.37 1.0z

RUN S1ZE REL. TO BASE YEAR

oN.2 CN.3 oN .4 cN.5 CoHO SOCK PINK CHUM
0.9 0.9 0.9 0.9 1.0 0.8 1.2 1.5
CATCHES: PINK  LAST NEXT CHINOOK Ccofo JLIC.(TR.+GH/TR)
1830402 45000 360000 1750000 2300
CLOSURES: O=CLOSED  L=OPEN
i HAR I APR | HAY ] JUK JuL avc | sep ocT | Nov '
oooloooooooodeoriltrirtirrtitrritrrritleocooe

NUMBER OF AREA-SPECIES CLOSURES - 3

CLOSUREST TYPES 0=AREA CLOSURES 144 GURDIE 2=RED GBAR

TIME CHILROOK COHO SOCKETE PINX CHUM

IPE  START END DR PA DR PA DR PA DR PA DR PA
Q 1 i .0 .0 0.0 0 .0 0 .0 O .0
1] 15 22 .0 .0 0 .0 0 .0 0 1. 0 .0
0 3 35 0 .0 O 1. 0 1. 0 1. 0 1.
CATCd CEILINGS: CHIN COHO SOCK PIRK CHUM
360000 17 50000 1428800 1350000 200000

NUMBER OF EXTENSIONS - 6

EXTERD THE CHINOOK ,00HO AND CHUM SEASON

TIME EFFORT CATCHABILITY (X1000)

START ExD CHIN _COHO CHUM CH.2 CH.3 CH.4 CH.5 COHO CHUM
16 16 1500. 2000. 0. .000 .034 031 ,050 .024 .QOO
3l n B00. 250. 80, .009 .03l 022 .04 027 .100
32 32 700. 200. 70. 007 .028 .02l .046 .026 030
31 J3 600, 160. 60 . .003 .0l16 .014 .D45 .1B2 .030
)4 34 500. 150. S0. .00l .007 .007 .032 .009 .0OLD
35 35 500. (53¢, 0. .001 .008 .009 .0l46 .0l& .005

CHINOOR SIZE LIiMIT (MM) - 630
LICENCE CONTROL (MUST BE SAME # USED AS EFFORT PREDICTOR ABOVE)
HUMBER GEAR REGULATION IYPES - 2

READ PARAMETERS FOR TYPES OF GEAR REGULATIONS

TYPE CHIN COHO SOCK PINK CHUH
1 0.0 0.2 0.4 0.5 0.1
2 0.0 0.0 0.7 0.7 0.0

READ PARAMETERS FOR NOM-RETENTION BY SPECIES

NON~RETENTION BI-CATCH WEIGHMT HAX
SPECIES CN o SX PK CM X
2 3 L) bl

1 0 2 1 1 2 40

2 3 0 2 3 1 40

) L 1 o 1 1 40

& 1 k] 1 0 3 40

5 L 1 t 1 0 40

READ SHAKER MORTALITY RATES

Ccu.2 oN.3 cH.3 (= ] CoHD S0CK PINK CHUM
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
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closed (PA). Diffusion ractes are used to represent figh movement in and out
of the closed area. For example, {f all of the fish in the closed area can
move out of the area in a single week the diffusion rate is 1.0; conversely,
if none of the fish in the closed area move out of the area in a single week
the diffusion rate is zero. Therefore, the diffusion rate i{s probably related
to the size of the closure in the following manner:

1.0

L

o

@

c

P

5

\

0 ]
9] Proportion of the Area Closed 1.0

These Inputs allow managers to evaluate the effect of any size closure for any
specles given different assumptions about the rate of fish movement.

Catch cellings allow managers to speclify a total allowable catch for any
species. Once the cumulative cateh has exceeded the catch celling, the
fishery is effectively closed for that specles (i.e., fishing may continue but
the closed species must not be landed).

The next sequence of inputs permits managers to evaluate the impact of
fishing during weeks when the figshery was not open in the base year. The only
species options are chinook, coho and chum because the West Coast troll fish-
ing was open throughout the sockeye aond pink seasons in every base year. To
extend the fishing season the manager must specify the perliod, approximate the
efforc directed at each specles, and allocate appropriate catchabilities for
each speciles.

The chinook size limit indicates the minimum size of legally landed chin-
ook salmon. The 1986 minimum size limit for the West Coast troll fishing was
66 cm total length, which translates to the effective size limit used in this
model of 63 cm. Any larger number would result in an unreasonable number of
age 2 shaker deaths. This problem may be the result of incorrect aging of
chinook catches, landing of sub-legal age 2 chinook or incorrect estimates of

size at age.
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The licence control 1line in the Input file ind{catesa that licence control
management actlions can be implemented by reducing the number of licensed
vessels used {n the equation to predict total effort. Therefore, licence
control can produce a direct reduction in toral effort.

The next set of inputs are parameters which define the effect of two
types of gear restrictions on each species. The two types of gear restric-
tions are: 1) a reduction in the maximum number of gurdies from six to four,
and 2) a ban om the use of red gear (gear used primarily to catech sockeye and
piok salmon). The values used reflect the estimated reduction in directed
effort (i.e., no red gear would reduce the directed effort on sockeye and pink
by 70%).

The parameters for non-retention by species indicated the relative by-
catch for a non-retention species for effort directed at other species on a
three point scale. Therefore, if the troll fishery was closed for chinook
({.e., non-reteation), each unic of effort directed at coho and chum would
have twice the by-catch rate of chinook than each unit of effort directed at
saockeye and pink salmon. The species maximum percent parameter indicates the
maximum percent of the new effort directed at another species (caused by
non-retention) that results in catch of the non-retention species. Therefore,
i{f a coho non-retention results fn a l00 boat—-day increase in chinook directed
effort then 20 boat days of the new effort directed at chinook will result in
coho by-catch, because chinook directed effort has the maximum by-catch rate
for coho (3). The equations that use these parameters to estimate by-catch
during non-retention are presented in the section which described the Director

sub— model.

The last parameters read frowm the input file are shaker mortality rates

(mortality rates for hooked and released fish). Many congider these
parameters controversial but the managers currently use 0.3 for all species
and for this model. The same values must be used in the backward and forward

cohort analyses.

Effort Prediction

Effort estimation includes three steps: }) prediction of total effort for
a gpecific year, 2) the distribution of total effort over the fishing season
by week and 3) the separation of weekly effort into directed weekly effort by
species. The first two steps are completed in the Effort sub—model, the third
step i8 completed in the Director sub-model. The equation used to predict
total effort (TE) was described {n an earlier section.

An adjustment co the predicted fishing effort was made if the number of
weeks open for fishing was less than 22 (to a minimum of 5 weeks):

N+18
TE' = TE

40

where N 13 the number of weeks the fishery was open.

The rationale for this adjustment was that the length of the fishing
season should affect our ability to predict total effort based on a time
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series of data from a fishing season of 22 weeks or longer. In facc, the
predictive equation overestimates the 1985 fishing effort by 17%. Since the
1985 fishing season was only open for 16 weeks, the above equation would
estimate an appropriate reduction 1in total effort to 85%Z of che predicced
value for 1985,

The distribution of the total effort (TE') over cthe fishing season was
determined by the weeks open for fishing and the discribution of effort for

the base year:

where Eqy is the effort In week i, BE; 1s the base year effort in week i and i
includes only those weeks when the fishery is open.

Director Sub-model

The Director sub—-model estimates the amount of flshing efforct to be
directed at each species on the basls of comparative value, population size,
catchability and management actions.

The first values that must he estimated are the directed efforts (DE'ij).
for each species prior to lmposing the management actions that apply to that
week !

.. P, . N.
DE',., = E, iy "4 Y13 ij

where E; 1s the predicted total effort for week 1, DEij are che 1initial
directed efforts, Py is the relative value of each species, Qi 1s the
catchability coefficient and Njjy is the population size for species in week
i. It should be noted that the above equation was used to estimate the
directed efforts (DEj4) for the backward cohort analyses and run
reconstruction models, which estimate the catchability coefficient (Qij).

Therefore, DE'yqy = DEyy

1f no management actions are Iimposed and relative prices and popularion size
are the same as in the base year. The following sequence of equatious was
used to simulate the effect of management actions on directed efforct.

FR.= (1-DR.) PA, GF
h] ( J) i 3

DE'' , = DE'.. (1-FR.)
1] 1] ]
where FR; 1s the fraction of the effort dicrected toward a specles that is

affected by the management action, DR; {s the diffusion race, PA; 1s the
proportion of the fishing area affected and GFj is a gear restriction factor.
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These three factors (DRj, PAj, and GFj) have been defined in more detail in
the previous section.

Management actions that result in non-retentiom of a species have three
effects on the fishing that must be simulated: 1) a reduction in total fish-
ing efforc, 2) a reallocation of fishing effort from the non-retention species
ro the species that can be retained, and 3) a by—-catch (the catch and release
of the non-retention species). The reduction in total fishing effort is that
portion of the direct effort affected by the equation (DEAJ) that was not
reallocated to other species. The following sequence of equations was used to
estimate the reallocated effortc (RAJ)

/4
DE%I = DE"ij e DEij

CDEA.
3 ]
RA,= DEA, (l1- )
j h| -
Ei
where all wvariables are as previously defined. The latter relationship

suggests that most of the directed effort affected by regulation (DEAJ) will
be reallocated to other speciles if DEA; 1is a small portion of the total week's
effort (Ej). Figure 27 shows the shape of two alternative relationships
between the portion of the affected effort reallocated (RA;/DEA;) and the
proportion of the total effort affected by the regulations (DEAjIEi). The
directed effort estimate for each specles not affected by the management
action can now be adjusted for effort reallocated from the affected species.

V. (1-FR,)
DE''' . =DE'' ., +RA J
ij i]

Z(V,(1-FR,))
J ]

where VJ = DEij PJ Qij Nij

and all other variables are as previously defined. Therefore, the effort is
reallocated according to the relarive value (Vj) of each species availilable to
the fishermen.

The laac component that the Director sub—model estimates is the amount of
effort that results in by-catch (catch and release) of the regulated species
(BEk).

IWT,, DE'"!'

3E. =RA,MAX i3

JjK
3.0 FDEFI?
1

ij

where RAy 1s the amount of effort reallocated from the regulated species (k)
to the unregulated species (j), MAX is the maximum portion of the reallocated
effort chat would result in by-catch of the regulated species (initially
defined as 40%Z, see previous section). WTy, is the relative by-catch weights
for the regulated species (k) for effort directed at other species (j) on a 3
point scale and DEiy'represents the effort directed at the unregulated species
in week 1.
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Figure 27. Alternative relationships for esrimatiag effort reallocation.
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Table 20 shows the changes 1n directed effort resulting from two
different management actions. The first example shows that a small area
closure for chinook resulcs in a swall reduction of chinook directed effort
(59 boar days), small increase in the effort directed at other specles (57
boat days), a total loss of only 2 boat days and an estimated }2 boat days of
chinook by~-catch effort. The second example shows the much more significant
effects of complete closures on two species.

Net Sub-Model

The sequence of calculations used for the Net sub-model 1s displayed in
Figure 28. During the initialization week (week 0) the historical run size,
stock proportions, directed effort and catchabillity coefficient columns are
read in from the file RECON.DAT (Appendix C) for the designated base year. If
the user chooses to extend the fishing season beyoand the historical record
then catchability coefficients and directed efforts specified by the user are
appended to the appropriate columns. Further, the desired total run size for
each specles 18 portioned into the three sub-stocks and weekly intervals in
the same proportions as the historical data.

For model weeks after the initialization week, each stock (mine in total
- three for each species) is moved through the fishery via a push-down stack.
The length of the stack 1s determined by the time that the stock takes to
traverse the fishery (i1.e., one week for sockeye, two weeks for pink and two
weeks for chum salmon). The number of fish leaving the stack each week is
accumulated 1nto escapement. The catch for each stock 1in the stack 1is
calculated next using the simple relationship:

C = qEN

where C 1s the catch, gq the historical catchabllity coefficient, E is the
directed effort calculated by the Effort sub-model and N the number of fish in
each stock. The number of fish in each stock i1s then reduced by the computed
catch. Finally, the stock proportions of the catch and escapement for each
species 1s cslculated.

During the final week of the simulation (week 40) a summary table of
catch, escapemeant and stock proportions 1s printed.

Coho Sub-model

The Coho sub-mwodel 1s essentlally equivalent to running the previously
described cohort analysis forward. This sub—model estimates catch, shaker
death and escapement, and keeps track of the size of cohort 1in the pool
fishery every week. The cohort size 15 passed to the Director sub-model where
it 1s used to estimacte directed effort and catch; shaker deaths and escapement
are passed to the Output sub-model for summary output. The Coho sub-model
also produces gummary output which 1ncludes catch, shaker deaths and
escapement estimates for two coho stocks (Canada and U.S.) and one age class
{age 3), The coho stock composirion used for initial ruos was assumed to be
identical for each week of the fishing season. The basis for these values can
be found 1in che section on CWT analyses.
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Table 20. Two examples of how the Director Model estimates the effect of
management actlons on one weeks directed effort.
Note: By=-catch effort (BE) was estimated using the parameters in

Table I9.

Example 1: E; = 3000, with a small area closure for chinook.
(DR = .6 and PA = .3)

v DE’ FR DE''  DEA RA DE'''  BE
Chinook 100 600 .12 528 72 70 541 12
Coho 200 1200 .0 1200 0 0 1229 0
Sockeye 40 240 .0 240 0 0 246 0
Pink 150 900 .0 900 0 0 921 0
Chum 10 60 .0 60 0 0 61 0

S00 3000 2928 72 70 2998 2

Example 2: E; = 3000, with a complete closure for chinook and pink.

v DE' FR DE"* DEA RA DE''' BE
Chinook 100 600 1.0 0 600 300 0 73 A
Coho 200 1200 0 1200 0 0 1800 0 '\
Sockeve 40 240 0 240 0 0 160 0 \
Pink 150 900 1.0 0 900 450 0 156 W
Chum 10 60 0 60 0 0 90 0 '
500 3000 1500 1500 750 2250 229 '

where E; = initial total effort for week 1
DR = diffusion rate
PA = proportion of the fishary closed
v = initial relative value—-abundance-catchabilicy

Y P = '.&.|¥“L:'-I3
DE = direcred effort Co = dor X ta

FR = DR times PA

DEA = directed effort affected by the regulation T Lo
RA = total effort reallocated among all species Sx =
" o0 o.M %\wpro
BE = effort resulting in by-catch of the regulated species 15
IA L
C i -
Tow = o L "
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NO INITIALIZATION

WEEK
?

READ IN RECONSTRUCTION DATA
(RECON.DAT)

l

REDISTRIBUTE RUN ACCORDING TO HISTORICAL DATA

y
EXTEND CATCHABILITY AND DIRECTED EFFORT
WHEN NO RECORD AVAILABLE

[
o

y
CALCULATE ESCAPEMENT

y

CALCULATE CATCH

y
CALCULATE STOCK PROPORTIONS

NO LAST WEEK OF

SEASON
?

PRINT OUT SUMMARY TABLES

Figure 28.

Y
END

Sequence of calculations for the net sub-model.
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Chinook Sub-model

The Chinook sub-model has the same structure and function as the Ccho
sub-model; however, there are two noteworthy differences. First, the Chinook
sub-model keeps track of four age classes (age 2-5) and second, the Chincok
sub-model includes a mechanism for assessing different minimum size limits.
The necessity to keep track of four age classes of chinook means chat the
Chinook sub—model must operate as four separate cohort analyses, one for each
age class. Therefore, model results show the effect wmanagement actions have
on a specific age class, not the cumulative affects on all age classes (the
cohort) as iIn the Georgia Strait Model.

Model outputs include catch, shaker deaths and escapement estimates for

two chinook stocks (Canada and U.S.) and four age classes. The chinock stocks
were separated using the proportions listed in Table 8.

Output Sub-model

The Output sub—model accumulates catch, escapement and shaker deaths,
prints weekly cummulative catch and annual totals and provides an estimate of
adult equivalent escapement for changes in the age 2 through 4 harvest rates.
The summary output from this sub-model (Table 21) 1s self-explanatory, except
there are two types of shaker deaths: 1) shaker deaths attributable to the
minimum size limit "SL SHAKER DEATHS", and 2) shaker deaths attributable to
non-retention regulations "NR SHAKER DEATHS". Therefore, if the minimum size
limit was increased, the number of "SL SHAKER DEATHS" would increase, while a
non-zero number for "NR SHARER DEATHS" indicates that at some point during the
vear that species could not be retained in some portion of the fishing area.

Total directed effort printed in the summary table indicates the relative
amount of effort directed at catching each species. However, these values may
not accurately reflect the actual fishing effort directed at each species
because of the inseparable relationship between directed effort and catch-
ability. Therefore, the models predictive power should be judged on the basis

of catch estimates not estimates of directed effort.

Estimates for chinook adult equivalent escapement are necessary Lo
identify the effect of management actions on the different age classes of
chinook. The effect of management actlona oo the abundance of each age class
is revealed by comparing the value used as the initial population size (START
POP) for an age class with cthe final population size (END POP)} for the
previous age class. If no management actlions were imposed these values would
be equal, The adult equivalent escapement (Adult EQ) reflects the maximum
additional escapement that would result from the management action if the
harvest of these age groops in subsequent years was zero.

DISCUSSION

The model described above was developed for the sole purpose of assisting
fisheries managers 1n their evaluation of regulatory options for the West
Coast Vancouver Island troll fishery. One of the current goals for wanagement
of this fishery is to obtalun the total allowable catch of each salmon species
without having to resort to single species fisheries during periods when
several salmon species are abundant. For example: single species fisheries
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Table 21. Example of summary output from West Coast Troll Management Model.

HONTH WEEZK CHINOOK COHO SOCKEYE PINK CHUM
3 1 0. 0. 0. 0. 0.
3 2 0. 0. 0. 0. 0.
k | 3 0. 0. 0. 0. 0.
3 4 Q. 0. 0. 0. 0.
4 5 Q. 0. 0. 0. a.
4 6 0. 0. 0. a. 0.
4 7 0. 0. 0. 0. a.
4 8 Q. 0. a. 0. 0.
4 9 a. 0. 0. 0. 0.
5 10 0. 0. 0. a. Q.
5 il g. Q. 0. a. 0.
3 12 a. 0. 0. a. a.
5 13 a. 0. 0. a. 0.
6 14 a. 0. 0. a. 0.
6 15 a. 0. 0. 0. 0.
6 16 &4164. 67918. 67. 0. a.
L] 17 60167, 103222. 505 . a. 767,
7 18 92566. 271623. 3517. 0. 3563.
7 19 130956, 536744, L1429, a, 8as2.
7 20 L57275. BOl342. 29604 . a. 31493,
1 21 185850, 1040425. 207480, a. 78867 .
T 22 207766, 1184238. 515226. 0. 112405.
8 23 225171, 1265987 . F24495. 1974. 123175.
B 24 242705. 1345124, 1404992. 4$200. 129892.
8 25 261841, 1421963. 1640262. 5564, 132%07.
8 26 291079. 1522070. 1640262 . 5974. 133559,
9 27 Ji3l08. 1596060. 1640262. 6136. 133853,
9 28 332333, 16646862 1640262, 6136. 134195.
9 9 348448, 1718924. 1640262. 6136, 138146.
9 Jo 3s0221. 1748517 . 1640262, 6136. 146994 .
10 i 360221, 1748517. 1640262. 6136, L46994.
10 32 360221. 1748517 . 1660262, 6136. 146994 .
10 13 360221. 1748517. 1640262, 6136, 146994,
10 34 360221. 1748517 . 1640262, 6136. 146994.
10 35 360221. 1748517 . 1640262. 61136. 146994,
1l 36 360221. 1748517 . 1640262, 6136. 146994,
11 37 360221 1748517. 1640262 6136. 146994
L1 38 360221, 1748517. 1640262, 6136. 146994,
il » 360221, 1748517, 1640262, 6116. 146994,
12 A0 360221. 1748517, 1640262, 6136. 146994,
TOTALS
CATCH 360221. 1748517. 1640262. 6136. 146994,
ESCAPEMENT 431839. 16494 34. 8989666. 362245, 4430838,
SL SHAKER DEATHS 84557, 69550. B84, 3355. 0,
NR SHAKER DEATHS 0. G. G. 0. 0.
DIRECTED EFFORT 16411. 25183, 18718, 18. 1149.

CHINOOK ADULT EQUIVALENT ESCAPEMENT

AGE END FOP START POP DIFFERENCE ADULT E
iE- 3967 50. 395635, 1115. 970.
4 409108. 326430, 82678. 81416.
5 20651. 14408. 5242. 6242.

TRUE CHINOOK ESCAPEMENT = 520468,
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are reagonable in April and May when the bulk of rthe legal size salmon are
chinook, but single specles fisheries 1n August "when several sgpecies of
salmon are abundant" should be avoided. Therefore, one of the major uses of
the West Coast Troll Model would be to assist 1in the development of fishing
plans such that trollers achieve their chinook and coho catch cellings after
their allocation of sockeye and pink salmon have been caught.

The utility of the wodel for evaluating fishing plans was assessed by
comparing simulated with actual catches for a fishing season, given a set of
management actions and estimates of relative run silze and landed value for
each speices. The 1985 fishing season was used as a test case. Given the
effect of Fraser sockeye and pink cycles on the West Coast troll fishery, 198l
was selected as the base year for the 1985 simulation. Table 22 shows the
relative value and rua size for each of the sgalmon speciles harvested by
trollers. The landed values are relative to coho and show only minor changes
from 1981 to 1385. The size of the chinook and coho populations off the west
coast of Vancouver Island in 1985 were left unchanged from those in 1981 while
the size of sockeye, pink and chum runs was adjusted to reflect the difference
between run reconstruction estimates for the 1981 and 1985 returns. All
management regulations 1mposed in 1985 were 1incorporated 1into the model.
These 1included a large reduction 1n the fishing season and several area and
time closures used to hold chinook and coho catches below their respective
catch ceilings and ensure that trollers did not exceed their sockeye and pink
allocations. Table 23 summarizes the management actlions and troll catch
statistics for the base year, the simulation of the 1985 fishing season and -
the actual 1985 fishery. While there were large differences between the 198l
and 1985 fishing season, there was close agreement between the official catch
statistics for each specles and those silmulated for 1985. One of the most
interesting aspects of these results was that model reproduced the 25 fold
increase in sockeye catch observed between 1981 and 1985, with only a 4.5 fold
Increase in sockeye run size and a 37% increase in rvrelative value. The
mechanism responsible for generating such a large increase in sockeye catch
was the algorithm use to combine information on the abundance relative value
and catchability of each species into estimates of the amount of fishing
effort directed at each species.

Figure 29 presents comparisons of the actual and simulated accumulation
of the 1985 troll catch for each speciea, The initial shape of each curve was
largely determined by the short three week opening in May and the five week
closure in June. The amodel tracks the actual cumulative catch fairly well for
all species except chum. Discrepancles between actual and simulated catches
of chinook and coho in early July are probably the result of overestimating
the amount of effort directed at coho during this period, while minor
discrepancies for sockeye and pink were largely the result of a one week
difference in run timing between the base year (1981) and simulation year
(1985). The large discrepancies for chum were clearly the result of a large
change in the seasonal distribution and size of rche chum catch between the
base and simulation year. In 1981, over 507 of the troll catch of chum salmon
was taken in the firgt three weeks of August and the total catch was less than
9,400 fish. 1In 1985, over 75% of the chum catch was taken 1in July and the
total catch was approximately 222,000 fish (23.6 cimes the 1981 catch). The
large increase in chum catches in recent years (1985 and 1986, see Table 1)
are probably the result of 1imposition of catch limications for the other
salmon speciles. More accurate simulations of future troll catches of chum
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Table 22. Relative value and run size for each of the salmon species
harvested by ctrollers.
Relative Value Run Size

Relative to Ba

se Year

Speciesa/Age 1981 1985
Chinook - Age 2 .65 .73
Chinook - Age 3 1.91 2,27
Chinook - Age 4 5.53 5.64
Chinook - Age 5 8.12 8.27
Coho 1.00 1.00
Sockeye 1.08 1.48
Pink .41 .37
Chum .99 1.02

OCWWULMO OO OO
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Table 23. Comparison of management regulations and troll catches for the base
year (198l) with the actual and simulated values for the 1985

fishing season.

Base Year

1985 Fishing Season

(1981) Actual Model
Management Regulations
Length of Season (weeks) 31 17 17
Chinook Catch Ceilling none 360,000 none
Coho Catch Ceiling none 1,750,000 none
Chinook Area Closures none 4 4
Coho Area Closures none 1 1
Sockeye Season Limits aone Yes Yes
Pink Season Limits none Yes Yes
Troll Catch
Chinook 397,518 354,052 353,700
Coho 1,385,323 1,389,055 1,468,400
Sockeye 44 433 1,051,373 1,106,500
Pink 2,753,954 1,817,907 1,797,500
Chum ) 9,373 221,852 221,900
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Figure 29. Comparison of cthe actual and simulated accumulation of the 1985
troll catch of each salmon species.
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galmon will not be possible without better chum run reconstruction and the use
of post 1984 catch statisctiecs to estimated base year catchability

coefficients.

In summary, the simulation of the 1985 fishing season has provided some
evidence that the West Coast Troll Model has captured the major stock and
fishery dynamics assoclated with the troll fishery off the west coast of
Vancouver Island, but the true utility of the model will be revealed through
its contributions to pre-season and post-season analyses of future ctroll
fishery management plans.
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APPENDIX A

This appendix includes catch, effort and the proportion of the total
effort directed at each specles for the years 1976 through 1985, Week codes
are ideatical to the period code used 1In the MRP database and Salmon
Commercial Catch data system. The Week codes assoclated with each month are:

Week 1 - 4 = March
5 -9 = April
10-13 = May
14-17 =2 June
18=-22 = July
23-26 = August
27-30 = September

31-35 = October
36~39 = November
40 = December - February

Catch statistics are in pleces and effort statistics are 1in vessel days.
Percentages 1indicate the portion of the weekly effort directed at each
specles based on the relative value and catch statistica for that year. The
method used to produce the following summary statistics are described in the
section "Data Organization for West Coast Troll Fishery.®



YEAR = 1976

Week Ch{nook Oistriputlion of Effort ()
Coda Age 2 Age 3 Age 4 Age 5 Coho Sockeye Plnk Chum Effort Chlnook Coho Sockeye Pink Chum

1 0 654 454 15 0 0 0 0 o7 100,00 0.00 0.00 0.00 0.00
2 0 343 238 8 0 0 0 4] 59 100,00 0.00 0.00 0.00 0.00
3 0 298 207 7 0 0 0 0 59 100,00 0.00 0.00 0.00 0.00
4 0 225 156 5 0 0 0 0 62 100,00 0.00 0.00 0,00 0.00
5 0 4456 309 to 0 0 0 0 87 100.00 0.60 0.00 0,00 0.00
6 0 782 543 17 0 0 0 0 14t 100,00 0,00 0.00 0.00 0.00

7 0 4804 1334 107 0 0 0 0 564 100,00 0,00 0.00 0.00 0.00
8 0 12777 8634 3N 0 0 2 t 1476  100.00 0.00 0.00 0.00 0.00
9 0 t4970 11574 625 0 0 7 4 1790 99,99 0.00 0,00 0.00 0.00
i 0 12743 10142 7517 0 4 9 17 1723 99,98 0.00 0,00 0.01 0.0!
" 0 15452 10424 448 Q 18 30 33 2148 99,34 0.00 0.02 0.02 0.03
12 0 18996 10106 533 0 41 37 35 2259  99.9t 0.00 0.04 0.02 0.03
13 0 14796 9623 575 0 241 22 17 2069 99.70 0.00 0.27 0,01 0.0t
14 0 20232 11076 736 3 282 29 7 2761 99.72 0,00 0.25 0,01 0.00
1 0 18276 12342 915 50490 169 433 t4 2738 64,90 34,87 0,10 0.13 0.01
16 0 2318 10922 658 232243 948 4465 48 3256 28,04 FARS N 0.24 0.60 0.0!
17 0 24064 17624 1828 266683 2108 17896 95 4043 32.63 65.0! 0.42 t.93 0.0t
18 0 19228 15641 1004 158022 2861 28391 1t 3289 39.07 55.66 0.83 4.41 0.03
19 0 22691 14367 9t2 205708 6221 27797 148 3602  33.2! 61.56 1.52 3.67 0.03
20 0 21995 t9224 1407 191912 15 19462 156 3697 39.21 55.96 2,29 2.50 0.03
21 0 18973 14136 988 92086 thzt 12675 124 3062 49,24 43,74 4,32 2,66 0,04
22 0 24823 13811 1026 75426 12564 13908 226 3575  55.08 36.84 5.02 3.00 0.07
23 0 25381 taott 1218 75146 11628 14573 262 3779  56.03  36.20 4.58 3.10 0,08
24 0 17802 7655 467 53976 5754 8607 136 2958 52,60 40.89 3.57 Z2.88 0.07
25 72 12562 4888 449 40662 852 1760 67 2438 52,99  45.32 0.78 0.87 0.05
26 9t 11481 3298 257 38985 281 296 86 2198 48,62 50.84 0.30 0.17 0.07
27 39 10422 230t 314 44869 15 37 92 1990 41,02 58,86 0.02 0.02 0,08
28 44 5700 1107 99 40913 7 16 136 1802  36.19  63.65 0.01 0.01 0.14
29 130 7068 913 33 2572 5 4 225 1352  40.50 59.15 0.0t 0,00 0.34
30 123 6664 861 3 22957 1 4 232 1225 41.29 58,33 0.00 0.00 0.38
31 99 538t 695 25 16475 19 2 907 979  43.45 54,56 0.05 0.00 1.93
32 52 2840 357 13 4474 19 0 839 494 57.93 37.42 0.13 0.00 4,52
33 67 3832 469 17 2611 0 0 370 490 75.66 22,30 0,00 0.00 2,03
34 A8 2618 338 12 1206 0 0 337 386 81,76 15.45 0.00 0.00 2,78
55 R 615 79 3 232 0 0 9 128 86,32 13,35 0.00 0.00 0,33
36 2 130 17 ! 13 0 0 1 28 95.94 3,84 0.00 0.00 0,22
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YEAR = 1977

Woek Chinocok Distribution of Effort (%)

Code Age 2 Age 3 Age 4 Age 5 Coho Sockeye Plnk Chum Effort Chlnook Coho Sockeye Plnk Chum
1 0 738 513 16 0 0 0 0 105 100.00 0.00 0,00 0,00 0,00
2 0 776 539 17 0 a 0 0 78 100.00 0,00 0.00 0,00 0,00
3 0 697 484 16 0 0 0 0 74 100,00 0,00 0,00 0.00 0.00
4 0 346 240 8 ] 0 (4] 0 62 {00.00 0,00 0.00 0.00 0.00
5 0 385 267 9 0 0 0 0 83 100.00 0,00 0.00 0.00 0,00
) 0 254 177 Q 0 0 0 76 100,00 0.00 0,00 0.00 0.00
7 0 3344 2321 75 0 0 0 H 417 100.00 0.00 0.00 0.00 0.00
3 0 14337 9689 416 0 0 t 6 1520 99.99 0.00 0.00 .00 0.0t
9 0 16523 12775 590 0 0 2 19 2048 99.99 0,00 0.00 0.00 0,01
1 0 13927 11084 827 0 0 4 48 2034 99.96 0.00 0,00 0,01 0,04
i 0 15769 10638 457 0 2 106 (R 2198 99.86 0.00 0.00 0.05 0.09
12 0 13529 7197 330 0 6 512 129 2017 99,53 0.00 0.0! 0,33 D, 14
13 0 11156 7255 433 190 116 672 73 2022 99.00 0.3¢ 0.16 0.45 0.08
14 0 12861 704 1 468 810 245 454 26 2198 98.10 1,26 0.31 0,29 0,03
15 0 11898 8035 596 47846 516 2842 24 2346 57.59 41,04 0.36 1.00 0,01
16 0 20445 10475 831 152779 1178 {6015 {96 3663 37.28 59.72 0.38 2,56 0.05
17 0 17867 13085 1357 162680 2219 32640 395 4089 38,07 56,56 0.63 4,65 .09
18 0 13806 11230 721 138378 5190 87288 689 3848 32.95 51.88 1.59 13,41 0,18
12 0 16292 10315 655 142540 7452 149400 1720 4300 29.24 471.719 2,04 20,52 0,40

20 0 13499 11799 853 {37590 8631 139384 1614 4709 51.04 46.77 2,40 19 .41 0.38
21 [b] 16265 12119 847 144958 11189 103099 839 5008 33.20 49,20 3.1 14,34 0,15
22 0 15128 8485 630 119127 11273 134824 845 4441 29,09 45.87 3,55 21.27 0,22
23 0 13009 7181 6524 99659 9234 25921 927 4514 23,29 35, 1 2.71 38,06 0.23
24 0 ta411 7917 483 96798 5628 327560 724 4733 24. M1 30.87 1,47 42.79 0,16
25 116 20288 7895 726 88292 1726 261100 435 4260 29.56 31,57 0.51 38,25 0,11
26 130 16493 4737 369 82305 388 136550 96 3647 29,13 42,08 0.16 28,60 0.03
27 34 9017 1991 272 65586 144 40146 41 26768 25.81 59.2! 0.1 14,85 0,03
28 34 7500 856 76 42398 92 7383 26 2022 28,98 686,16 0.12 4,72 0.03
29 115 6208 802 29 24742 53 1288 138 1453 38.10 60,28 0.1 29 0423
30 98 5288 683 24 10144 20 584 132 968 55.95 42,60 0.07 1.00 0,38
3t 124 5740 87t 3 6830 0 9 75 989 71.t5 28.62 0,00 0.02 0.22
52 9t 4951 840 23 3438 t [ 218 714 77.64 21,40 0.01 0.01 0.93
33 38 2069 267 10 531 | H 355 341 87.03 8.86 0.02 0.0! 4,09
- 138 7473 965 34 129 4 0 239 153 98,45 0.67 0.02 0.00 0,86
35 130 7035 909 32 59 4 0 37 11t 99,51 0.33 0.02 0.00 0.14
36 5 272 35 ! té (4] 0 3 87 97.45 2. 20 0.00 0.00 D.34




YEAR = 1978

Week Ch lnook Dilstrilbutlon of Effort (%)

Code Age 2 Age 3 Age 4 Age 5 Coho Sockeye Pink Chum Effort Chinook Coho Sockeye Plnk Chum
1 0 1759 1221 39 0 0 0 0 277 100,00 0.00 0.00 0.00 0.00
2 0 1165 809 26 0 0 0 0 191 100,00 0.00 0.00 0.00 0,00
&1 0 769 534 17 0 0 0 0 t59 100.00 0.00 0.00 0.00 0.00
4 0 540 375 12 D 0 0 0 133 100.00 0.00 0.00 0,00 0.00
5 0 450 340 I 0 0 0 1 117 99,96 0.00 0.00 0.00 0,04
6 0 3742 2597 84 0 0 1 t 462 99.99 0.00 0.00 0.00 0.0t
7 Q {0671 7408 238 0 0 4 4 1198 99.99 0.00 0.00 0,00 0.01
8 0 10949 7399 318 0 0 4 é {299 99,99 0.00 0.00 0,00 0,01
9 0 10227 7907 427 0 0 1 13 1421 99,98 0.00 0.00 0.00 0.02
10 0 11774 9371 699 0 1 8 19 1888  99.97 0.00 0,00 0.00 0.02
Il 0 12537 84538 363 0 1 9 32 2026  99.95 0.00 0.00 0,01 0.04

i2 0 14582 811 412 17 3 5 45 2235 99.91 0.03 0.00 0.00 0.05
t3 0 17738 11536 689 68 36 6 88 2802 99.80 0.07 0.05 0,00 0,08
14 0 17047 9333 620 30248 86 43 140 2756 72.16 27,62 0.10 0.0t 0,10
15 0 13757 9290 689 149313 596 974 485 3563 32,71 66.62 0.33 0.16 017
6 0 22083 11314 682 227094 814 2188 772 4776 29.90 69.36 0,31 0.25 0.19
17 0 20033 14671 152t 200527 880 3232 578 4717 36.27 62,87 0.34 0.37 0.15
18 0 22469 18277 1174 168996 1426 7147 576 50!3 43,63 54.77 0.57 0.85 0,18
19 0 18837 11927 757 93836 1569 9624 783 3573 48.83 48,04 1,00 1,82 0.32
20 0 15012 13121 960 47465 9907 19303 1507 3155 58.36 29.03 7.52 4,35 0.74
t 0 19828 14773 1032 54270 61990 26085 3336 4401 43,93 21,20 30,07 3.75 1,04
22 0 15282 8572 537 38205 223458 20745 8244 4845 17.88 9,44 69,16 1.89 1.63
23 0 {0683 5897 513 21660 246214 12283 8348 4325 13.00 5.57 78.55 1,16 .72
24 0 9423 4052 247 13687 97708 2951 2668 2978 21,49 7,78 68,91 0.62 121
25 53 9292 3616 332 36958 42284 300 674 3002 28.64 29,27 41,57 0.09 0,43
26 79 10055 2888 225 99922 19670 131 422 3334 21,13 63.19 15.44 0.03 0.2t
27 30 7940 1753 239 94209 1632 43 186 2599 20.14 78,04 1.68 0.01 0.12
28 24 5301 605 54 44018 317 37 188 1867  22.38 76,64 0.69  0.02 0.26
29 87 4729 611t 22 23841 130 21 426 1352 32,38 66,20 0.45 0,02 0.95
30 82 4427 572 20 8461 1 t 472 921 55.22 42,80 0,07 0.00 191
31 59 3720 481 17 4439 8 1 244 735 66,39 32,12 0.07 0,00 1.42
32 73 3959 5t 18 1845 0 14 88 533 83,56 15,79 0.00 0.04 0.61
33 53 3402 440 16 898 0 14 58 377 89.83 9.62 0.00 0.05 0,50
34 39 210t 271 10 185 0 0 35 242 96.05 3.42 0.00 0.00 0.52
35 26 1430 185 ? 124 0 0 25 168 96.08 3.39 0.00 0.00 0.54
36 ! 77 10 0 0 0 0 0 23 100.00 0.00 0,00 0.00 0.00




YEAR = 1979

Week Chincok Distribution of Effort (%)

Code Age 2 Age 3 Aged Age 5 Coho Sockeye Blnk Chum Effort Chinook Coho Sockaye Plnk Chum
! 0 747 519 17 0 a 0 J 165 100,00 0.00 0.00 0.00 0.00
2 o 580 403 13 0 0 0 0 131 100.00 0.00 0.00 0.00 0.00
3 ) 676 469 {5 0 0 0 0 ts0 100,00 0.00 0.00 0.00 0.00
4 ) 523 363 12 0 0 0 0 135 100.00 0.00 0.00 0.00 0.00
5 0 392 272 9 0 g 0 (o] 97 100.00 0.00 0.00 0.00 0.00
6 b} 3023 2098 68 0 0 0 0 410 100.00 0.00 0.00 0,00 0.00
7 0 11581 8025 258 0 0 0 ! 1380 100,00 0.00 0,00 0.00 0.00
8 0 13275 8971 385 0 0 0 2 1672 100,00 0,00 0.00 0.00 0.00
9 0 8795 65800 367 10 4 0 4 1433 99,96 0.02 0.0t 0,00 0.01
10 0 1191t 9480 707 ) 5 0 8 1893 99,97 0.02 0,01 0,00 0.01
(i 0 15676 10575 454 0 2 0 14 221 99.98 0.00 0.00 0,00 0.01
i2 0 14920 7937 419 3 ! 19 13 2155  99.97 0.00 0.00 0,01 0.0t

13 0 14953 9731 581 432 5 1154 42 2342 98,72 0.68 0.0 0,56 0.04
14 0 15772 B635 574 6705 37 1190 a7 2468 89,33 92.99 0.05 0.55 0.08
15 0 13176 3998 660 65024 197 5529 14 3210 46,17 52,28 0.15 1.57 0.06
15 0 15674 2030 484 155051 464 59038 863 4588 24.85 617,07 0,19 7.86 0.23
17 0 9652 7076 734 132332 777 104744 2776 4249  21.44 62.24 0.34 15,16 0.81
Ia 0 5562 4524 291 102369 2041 60807 2307 3206 17.9% 67.50 1,27 12.54 0.95
1 o 1734 4897 31t 201403 6931 44581 695 4140 12.6! 79.24 2.57 5.40 0.17
20 0 9023 79886 577 203389 12474 56629 454 4795 15,74 12.72 4,21 6.22 0,10
21 0 9651 7198 503 149194 111113 246208 1525 5517 11,92 39.7% 27,92 20,17 0.25
22 0 10082 5655 470 144109 35344 604524 3014 5280 7.84 28,89 25,60 37.29 0.38
23 0 14583 8050 700 174145 42389 745632 2980 6440 11,27 34,69 7.97 45.70 0.37
24 Q 18578 7129 435 187877 14034 617097 2121 6158 12.24 42.03 2.96 42,48 0.30
25 79 13805 5372 494 151659 3842 363955 1017 5287 14,15 48,59 it,16 35.88 0.20
26 84 10605 3046 238 93233 950 126649 X7 3508 17.91 57.41 0.55 24,00 0.13
27 26 6927 1530 209 42966 169 18071 68 2387 26.46 64,04 0.24 8.39 0.06
28 63 14039 1602 143 48714 82 4843 a2 3116 36,01 51.93 J.10 .89 0.07
29 261 14146 1827 65 34598 25 1259 104 2406 45,27 53.98 0.04 0.60 0.10
30 133 7197 930 33 11745 20 783 45 999 55.09 43,83 0.07 0.90 0.11
3t 119 6467 835 30 3641 26 998 t 25 16,92 21,12 0,14 1.78 0,04
32 121 6559 847 30 3093 31 618 t4 818 80,20 18,44 0.17 1.13 0.05
33 37 1981 256 9 1005 5 62 118 438 78,66 19.45 0.09 0,37 1,43
34 4 230 30 ! 127 0 0 110 t3? 70.76 18,96 0,00 0.00 i0.28
35 2 133 17 | 15 0 0 0 50 94,76 5.24 C¢.00 0.00 0.00
16 1 73 9 0 3 0 0 0 19 98,35 1.65 ¢.00 0,00 0,00




YEAR = [980

Weak Chlnook Distribution of Effort (%)

Code Age 2 Age 3 Age 4 Age 5 Coho Sockeye Plnk Chum Effort Chlnook Coho Sockeye Plnk Chum
1 0 1600 (RN 16 0 (4] 0 0 323 100,00 0.00 0.00 0,00 0.00
2 o} 681 472 ! 0 0 0 0 179 100,00 0.00 J.00 0.00 0.00
3 g 471 327 il 0 0 0 0 166 100.00 0.00 3.00 0.00 0.00
4 0 672 466 15 0 0 0 Q 192 100.00 0.00 2.00 0.00 0.00
5 0 490 340 1 9 0 0 (4] 119 100,00 0.00 0.00 0,00 ¢.00
& 0 993 589 22 0 0 0 0 208 100.00 0.00 0.00 .00 0,00
7 0 7249 5032 162 0 4 5 2 1277 99,98 0.00 0.0!? 0.01 0.00
8 0 12126 8195 352 0 4 b] 12 2077 99,98 0,00 0.0t 0.00 0.02
9 0 11272 8715 471 0 2 | 32 2234  99.96 0.00 3.00 0.00 0.04

10 0 12795 1084 780 t9 9 4 61 2711 99,91 0.02 0.0l 0,00 0,06
| 0 13249 8938 384 81 13 2 120 2571 99.75 0.10 0.0t 0.00 0.14
12 0 14454 7689 406 149 7 0 173 2604 99.59 0.19 0.01 0.00 0,21
15 0 12827 8342 498 90 2 1 125 2575 99,73 0.11 0.00 0.00 0.15
14 0 14709 8052 535 4 13 15 61 2928 99.79 0.00 0.13 0.01 0.07
15 0 13661 9225 684 44143 450 6153 422 459 65,70 33,45 D.31 0.24 0.30
16 0 17954 9199 554 177934 842 5728 745 3801 33,94 64,47 0.28 1.05 0.25
i7 0 16633 12182 1263 255896 1779 12059 330 5763 30.31 67,51 0.43 f.62 0. 13
18 0 115 9041 581 237157 2478 17490 990 5213 24,26 72,07 0.69 2,70 0.28
19 0 114568 7261 461 237494 2301 33911 2059 5654 21,04 72,47 0.64 5.46 0.59
20 J 10041 8776 642 198100 2486 31477 2066 5617 25.74 66,46 D.76 6,39 0.65
21 0 10043 7482 523 125544 2768 319861 2620 4926 31,08 57.39 1.16 9.25 lal2Z
22 0 19 7022 522 980%0 3617 3707 3184 5132 36.25 50,74 1.7 9.75 1.55
25 0 2794 7614 662 78304 3550 15541 1573 5583 46,21 46,85 1.94 4.12 0,88
24 0 13869 5564 364 59355 1704 2544 258 5069 51,02 46,55 1.22 1.01 0.19
23 75 13084 5084 467 55452 496 418 90 4382 51.32 48,03 9.39 0.18 0.07
25 98 12425 3569 278 311268 188 99 47 3648 53.40 46,30 0.19 0,06 0.05
217 36 9591 2118 289 33725 87 49 29 3182 49.71 50.09 D.12 0.04 0.04
28 34 1602 868 77 40968 137 57 44 3137  33.t7  66.53 0.20 0.03 0,07
29 th 6026 718 28 33207 140 9 2 2482 33,05 66.55 0.26 0.01 0,14
30 74 4027 220 19 14027 34 478 370 1595 42,954 54,64 0.12 0.95 1.35
31 51 2749 355 3 4000 31 4756 450 981 61.58 32.74 0,23 1,58 3.46
52 59 3187 412 15 t692 3 0 2849 721 66.62 12,93 0.02 0.00 20.43
33 59 3188 412 15 926 1 HY) 2811 707 70,90 7.52 0.08 0,04 21.45
34 50 2687 347 12 491 21 10 79 564 92,58 6.18 D.24 0.06 0.95
35 35 1888 244 9 157 10 0 4 281 96.81 2.54 0.17 0.00 0.08
36 8 408 33 2 14 0 ) 1 73 98.68 1.23 2.00 0.00 0.09




YEAR = 1981

Week Chinocok Distribution of Effort (%)

Code Agae 2 Age 3 Age 4 Age 5 Coho Sochevye Pink Chum Effort Chinook Coho Sockeye Pink Chum
! 0 1652 1147 57 0 0 0 0 33 100.00 0.00 0.00 0,00 0.00
2 0 1331 924 30 0 0 0 0 258 100.00 0.00 0.00 0,00 0,00
3 0 1124 780 25 0 0 0 0 213 100,00 0,00 0.00 0,00 0,00
4 0 599 416 13 0 0 0 0 {40 100.00 0,00 0,00 0.00 0.00
5 0 208 145 5 0 0 0 0 75 100,00 0.00 0.00 0,00 0.00
6 [¢] 1405 975 31 0 0 0 0 253 100.00 0.00 0.00 0.00 0.00
7 a 5778 4011 129 0 0 2 0 {139 100,00 0.00 0.00 0.00 0,00
8 0 7508 5073 218 0 0 2 0 1667 100,00 0.00 0,00 0,00 0.00
9 0 6694 5176 279 0 0 ! ! 1856 100.00 0.00 0.00 0,00 0.00
10 0 7141 5684 424 0 0 { 1 2142 100.00 0.00 0.00 0.00 0.00
i 0] 1757 5233 225 0 0 1 0 1936 100.00 0.00 0,00 0,00 0,00
H 0 13032 6933 366 0 5 9 5 2398 99.98 0.00 0,0! 0.01 0.0t
{3 0 13240 8610 514 1401 >4 1291 7 2822 97.498 1.77 0,07 0,67 0.01
14 0 10261 5618 373 1417 65 2078 4 2655 95.82 2,53 0,13 1.53 0,01
15 0 8392 5667 420 179 22 4259 14 2506 96.27 0.4 0.04 3,32 0,03
16 0 10762 5514 332 165 357 13867 18 2533  B89.54 0.27 0.64 9,51 0.03
17 0] 8183 5993 621 49798 695 17138 23 2546 48,3t 44,66 0.68 6,33 0.02
18 0 10691 8696 558 190604 1104 327111 673 3965 26.20 68,30 0.43 4.84 0.24

19 0 13561 8840 561 225411 1565 49087 770 3993 24,43 68,67 0.52 6.16 0,23
20 0 10127 8851 648 176617 1633 51935 386 4848 25.89 64,51 0.65 7.81 0.14
21 0 10104 7528 526 132823 1799 63941 427 4469 28,77 58,57 0.86 11,61 0. 19
22 0 10721 6013 447 B4680 7485 226240 1560 4476 23,44 34,57 3,31 38.05 0.63
23 0 11493 6344 552 81350 10204 347098 2204 4871 20,58 27,19 3,70 47,80 0.73
24 o] 14753 6344 387 98582 9019 552701 1! 5202 t16.47 24,42 2,42 56,40 0,29
25 80 14022 5456 502 85773 7187 663659 647 5017 14,26 20,01 1.82 63,77 0.15
25 104 13102 3763 293 74348 2355 445729 495 3448 15,63 24,03 0,83 59,36 0.16
27 53 14039 3100 423 87344 590 223426 365 4379  20.84 38.33 0.28 40,39 0.186
28 44 96867 1103 98 53051 t65 50005 166 3158 25,57 53.36 0.18 20,72 0.16
29 85 4630 598 21 23173 102 8484 83 2029  32.27 60.33 0.29 6.95 0.16
30 53 2857 369 13 13191 34 1385 203 1564 15,20 60,7 0.17 3.01 0.92
31 24 1279 165 [ 5405 2 559 174 736 37,08 58,54 0,03 2,49 1,86
32 0 t 0 0 0 0 4 0 10 64.24 0.00 0.00 35.76 0.00
33 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0,00
34 0] 0 0 0 0 0 0 0 0 0,00 0,00 0.00 0.00 0.0C
35 0 0 0 0 0 o} 0 0 0 0.00 0.00 0,00 0,00 0,00
35 0 0 0 0 0 0 0 0 0 0.00 0,00 0.00 0.00 0.00




A=-8

YEAR = 1982

Week Chinook Distributlon of Effort (§!

Code Age 2 Age 3 Age 4 Age 5 Coho Sockeys Pink Chum Etffort Chlinoock Coho Sockeye Plink Chum
! 0 0 0 0 0 (¢ Q 0 0 0.00 0.00 0,00 0,00 3,00
2 0 0 0 0 0 0 0 0 0 0.00 0,00 0.00 0.00 0,00
3 0 0 0 0 0 (¢ 0 0 0 0.00 0.00 0.00 0.00 0.00
4 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00
5 0 0 0 0 0 0 0 0 o 0.00 0.00 0.00 0,00 000
6 0 ) 0 0 0 o] 0 0 0 0,00 0.00 0.00 0,00 0.00
7 0 8681 8028 194 302 1864 1 62 1061 96,06 0,55 3,29 0.00 0.10
8 0 13993 9456 406 (o) 0 17 0 1862 99,99 0,00 0.00 0.01 0.00
9 0 11994 9273 50t 9 4 t7 t3 1992  99.86 0. 11 0.00 0.0t 0,01

to 0 10841 8629 644 94 4 1 36 2221 99.83 0.12 0,00 0,00 0.04
i 0 15545 10487 450 13 0 17 9 2588 99,92 0.01 0.00 0.0t J.06
2 0 18043 9598 507 t3 3 17 136 2515  99.85 0.0! 0.00 0,01 013
13 0 {6248 10587 631 38 10 3 301 2832 99.88 0,04 0.0! 0,00 0.27
14 0 18632 10200 678 38 196 3 622 3353  99.23 0.04 0.19 0,00 3,55
15 0 15959 10777 799 8 309 3 743 3556  99.03 0.01 0.30 0.00 0.66
16 0 13805 7073 426 21 339 5 442 3089 98,96 0,03 0.46 0,00 D.55
17 0 8428 6173 640 37480 5t0 316 328 2635 59,81 39.26 0.52 0.1t 0.30
18 0 16570 13479 866 177892 3571 1361 1231 4239  38.95 59.38 1,16 0.15 0,36
19 0 21659 13713 871 280895 9444 2847 2050 5154 30,37 66.78 2,18 0.23 0.44
20 0 13154 11497 B4t 278826 21994 £688 {0014 5069 24,04 68,03 5.22 0.54 241

21 0 15903 11849 828 259291 228706 12467 21793 6716 17,30 42,44 36,42 ~0.68 5,186
22 0 13751 1713 573 156779 402870 8273 16090 6077 11,78 24,45 61,12 0.43 2422
23 0 11062 6106 531 88871 536163 1440 5221 5488 8,99 13,14 77.12 0,07 0.68
24 0 11986 5154 314 85131 635627 1680 3236 6545 7,24 1,17 81,14 0.07 0.38
25 14 12937 5034 463 80239 315280 1087 1452 5170 12,91 17.98 68,74 0.08 0.29
26 141 17878 5135 400 88453 27760 236 272 3875 36.68 48,37 14,77 0.04 0.153
27 59 15715 3470 473 73725 3536 122 115 3316 41,09 56.18 2,62 0.03 0,08
28 68 15000 1712 153 70115 1642 3 180 5126  35.57 62.85 1,43 0,0! 0.14
29 235 12723 1644 59 55852 139 3 1908 3008 37.27 60.74 0.15 0.00 1.34
30 177 9587 1238 44 31203 116 25 4428 2445 42,29 51,09 0,18 0.0t 6.43
31 73 3936 509 18 12058 1y 22 2663 to85 42,34 48,14 0.07 0.03 9.43
32 0 0 0 Q 0 o 0 0 0 0.00 0.00 0,00 0.00 0.00
33 0 0 0 o 0 0 0 0 0 0.00 0.00 0.00 0,00 0.00
34 0 0 0 o 0 0 0 0 0 0.00 0,00 0.00 0.00 0,00
35 0 Q 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00
36 0 0 0 0 0 0 0 0 0 0,00 0.00 0.00 0.00 0.00




YEAR = 1983

Weak Ch Inook Distributlon of Effort (%)

Code Age 2 Age 3 Age 4 Age 5 Coho Sockeye Pink Chum Eftort Chlnook Coho Sockeye Plnk Chum
i 0 0 (o] 0 0 0 0 0 0 0.00 0.00 0.00 0,00 0.00
2 0 0 0 0 0 0 ] 0 0 0.00 0.00 0.00 0.00 0,00
3 0 0 0 0 0 0 0 0 0 0,00 0.00 0,00 0,00 0,00
a 0 o] 0 0 0 0 0 0 0 0,00 0.00 0.00 0.00 0,00
5 0 0 0 0 ] 0 0 0 (] 0.00 0.00 0.00 0,00 0.00
6 0 0 0 (] 0 0 ] 0 0 0.00 0.00 0,00 0.00 0,00
7 0 7580 5262 169 0 ] 0 0 1147 100.00 0.00 0.00 0,00 0.00
8 0 13186 891! 383 0 0 24 0 2219  99.99 0.00 0.00 0.01 0.00
9 0 13481 10423 563 0 ] 24 2 2613 99,99 0,00 0.00 0,01 0.00
1 0 9463 7531 562 0 0 3 3 2250 99.99 0.00 0.00 0.00 0.0t
t 0 9797 6609 264 0 0 3 3 2242 99.99 0.00 0.00 0.00 0.0t
12 0 11925 5344 335 0 ] 2 8 2297  99.98 0.00 0.00 0,00 0.0t
13 0 8661 5632 336 9 0 2 16 2041 99.95 0.02 0.00 0,00 Q.03
14 a 8169 4473 297 343 30 44 27 2166  99.08 0,75 0,07 0.03 0,07
15 0 7362 4972 369 a04 70 243 51 2328 98,70 0,85 0.16 0.18 0.13
16 0 8213 4208 253 128 77 270 102 2498 99,03 0.29 0.19 0.21 0.27

17 0 6615 4844 502 12897 276 219 196 2347 77.30 2(.68 0,50 0,13 0.39
a8 0 8570 6971 448 322642 607 628 1067 4056 16,00 B83.45 0.17 0.06 0.32
19 0 10024 6347 403 516422 476 1004 1352 5212 10,50 89.08 0,09 0.06 0,27
20 0 11280 9859 721 372366 187 828 741 2633 18,80 80.91 0.04 0.06 0.19
2! 0 12196 9087 635 219679 1523 24832 658 5325 26.51 69,99 0.52 2.73 0.25
22 0 11224 6295 468 162835 7890 83842 1126 4946 23,98 61.41 3.21 10,90 0.50
23 0 12802 7067 615 169028 7751 92625 1067 5t70 25,63 59,70 2.56 11,27 0,44
24 0 10956 4712 287 97805 5291 76756 469 3963 28.62 53.48 3.12 14,47 0.30
25 58 10157 3952 363 65544 6872 179458 428 3703 25,77 35.95 4,07  33.93 0.28
26 92 11617 3337 260 51318 3945 29891t 476 317 22,26 25,07 2.08 50.32 0.27
27 39 10302 2275 310 46173 1237 222482 47 3302 22.92 28.53 0.83 47.38 0.34
28 44 9735 IRA R 99 50444 226 794319 297 3084 25.88 47.68 0.23 25,88 0.33
2% 175 9465 1222 4a 42263 80 23172 186 2945 34,89 54,43 0.11 10,29 0,28
30 134 7283 941 34 25698 52 41N 177 2434 43,02 53,04 0,11 3,39 0.43
31 57 3087 399 14 11158 20 1456 85 {141 42,9 54,18 0.10 2.44 0.37
32 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00
33 0 (o] 0 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0,00
34 0 0 0 0 0 0 0 0 o 0.00 0,00 0,00 0,00 0.00
35 0 0 1] 0 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00
36 0 (0] 0 0 0 0 0 0 o 0.00 0.00 0,00 0,00 0.00




YEAR = 1984

wWeek Chlncok Distributlion of Effort (%)
Cods Age 2 Age 3 Age 4 Age 5 Coho Sockaye PiInk Chum Effort Chlncok Coho Sockeye P nk Chum

. S o o .

- — - ) R

! 0 0 0 0 0 0 0 0 0 0,00 0,00 0,060 0,00 0,00
2 0 0 0 0 0 0 0 0 0 0,00 000 0,00 000 0,00
3 0 0 0 0 0 0 0 0 0 0.00 0,00 0,00 0,00 0,00
4 ) 0 0 0 o 0 0 0 0 0,00 0,00 000 0.00 0.00
5 0 0 0 0 0 0 0 0 0 0.00 0,00 0,00 0.00 0.00
5 0 0 0 0 0 0 0 0 0 0.0 0,00 0,00 0.00 0.00
7 0 5172 4285 138 0 0 0 1 1t11 100,00 0,00 0,00 0.00 0.00
8 0 7238 4891 210 0 0 (i} 10 1372 99.98 0,00 0.00 0.00 0,02
9 0 7643 5909 319 ! 0 0 15 1780  99.97 0.00 0.00  0.00 0,03
10 0 998! 7944 593 i 0 o 22 2389 99,97 0,00 0,00 0,00 0.03
1 0 10990 7414 318 0 0 21 21 2336 99,96 0,00 0,00 0,01 0.03
12 0 12697 6755 357 22 [ 2! 2 2670 99,91 0.03 0.00 0.01 0.05
1 0 10814 7033 420 514 %0 12 85 2746 98,935 0,79 0,15  0.01 0.3
14 0 11698 6405 426 603 1218 23 500 3079 96.41  0.77 2,03 0,01 0,77
15 0 7099 4794 356 12 1129 14 441 2038 96,30 0,02 2,70 0,01 0,97
: 0 0 0 0 a 0 0 0 0 0.00 0.00 0,00 0.00 0,00
17 0 0 0 0 0 0 0 0 0 0.00 0,00 0,00 0.00 0.00
18 0 23105 18794 1207 360142 20854 18941 4035 5428 33,95 63.40  0.66 1.14  0.86
19 0 18927 11984 761 282444 2225 13257 3741 4878  31.15 66.05  0.68 1.06 1,05
20 0 15045 13150 962 204075 978 9986 628 4420 38.89 59,53  0.37 1.00 0,22
21 0 18717 13945 975 203480 2229 9006 B56 4455 41,24 56.80 0.81 0.86 0.29
22 0 19549 10965 815 198530 7733 7328 1037 4365 37.70 58.24 2.96 0.73  0.37
23 0 19156 10574 919 180951 11644 4052 692 4237 38.85 55.79  4.68 0,43 0,26
24 0 24031 10334 631 174991 7911 1659 317 4827 41,77 54,71 3,25 0.18 0.12
25 126 21958 8545 785 150492 2967 919 202 4552 43,29 55,09 1.42  0.!1 0,09
26 130 15450 4725 368 132429 702 438 142 3960 36,07 63,34  0.44 0,07 0,08
27 44 11605 2563 349 123389 74 279 56 3556 28.36 71,49  0.06 0,06 0,04
28 40 8833 1008 %0 103759 30 16 42 3288 22,01 77,92 0,05 0.00 0.04
29 82 4421 571 20 55930 19 5 43 1733 21,03 78,86 0.03 0,00 0,07
30 2 91 12 0 304 1 0 19 41 48,23 47.85 0,23 0,00  3.69
31 0 0 0 0 0 0 Q 0 0 0.00 0.00 0.00 0.00 0.00
32 0 0 0 0 0 0 0 0 0 0,00 0,00 0,00 0.00 0.00
33 0 0 0 0 0 0 0 0 0 0.00 0,00 0,00 0.00 0,00
34 0 0 0 0 0 0 0 a 0 0.00 0,00 0,00 0,00 0.00
35 0 o 0 0 0 0 0 0 0 0,00 0,00 0,00 0,00 0.00
35 ¥] 0 a 0 0 0 0 0 Q 0.00 0.00 0.00 0.00 0.00




YEAR = 1985
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Distribution of Effort (%)
Effort Chlnook

Coho Sockeye Plink Chum Coho Sockeye
0 Q o] (¢} 0 0,00 0.00 0.00

0 0 0 0 0 0.00 0.00 0,00

0 0 0 0 0 0,00 0,00 0.00

0 0 0 o] 0] 0,00 a.00 8.00

0 0 0 0 0 0.00 0,00 0.00

0 0] 0 Q 0 0.00 0.00 0,00

0 0 0 0 0 0.00 0.00 0,00

0 0 0 0} (o] 0.00 0.00 0.00

0 0 0 0 0 0.00 0.00 0.00

419 555 171 38t 2312 96.88 0,63 1,24
83 347 1152 516 3913 98,40 0,09 0,53

798 664 86 809 3065 96.22 1.14 1.41

6] (6] 0 (] (4} 0.00 0,00 0.00

(¢] (6] (0] 0 0 0,00 0.00 0.00

0 0 0 0 0 0,00 0.00 0.00

0 0 0 0 0 0,00 0.00 0,00

0 0 0 0 0 0.00 0,00 0.00
157023 11535 9177 20246 4234 44,71 43.81 4.77
168093 21408 40101 37162 5278 39,37 40,33 7.62
119237 33913 115292 48171 4538 34,11 30,03 12.67
151727 118230 174665 38955 5154 22.39 27,26 31,51
135357 313549 172970 19927 5395 8.69 18,03 61.97
115451 332685 167352 15266 5305 7.53 t5,54 66,43
112809 148976 285735 10073 4785 12,54 21.89 42,89
105020 39825 330602 7842 4453 17,73 27.18 15,29
83467 5790 301837 5159 3944 20,40 31.64 3,26
69601 994 138116 2803 3324 25,62 41,25 0.87
46448 116 28997 1210 2457 29,51 55,80 0.21
34689 51 2707 200 1901 35,04 62,63 0.14
17760 124 5t 658 1206 41,54 55.72 0.38
4638 122 15 617 355 41,46 49,80 1,94
3 0 0 () 7 87,97 12,03 0.00

0 0 0 0 0 0.00 0.00 0.00

0 0 0 0 0] 0.00 0.00 0.00

0 0 (0] 0 (4] 0.00 0.00 0.00

0 0 0 0 0 0,00 0.00 0.00

Plnk




|

T B L T —— e e T S R [ o R Y el W W

_.m..:.?.:..r.:.:mw ibiiic.... .|
: H_aliri.liFJl.nm.-FuJiI“un&‘ﬂw"ﬂﬂnrﬂu I-:_.:-r.. —

m“ ﬂlh+4li!m““ .lll.l...!ﬂ”u”.“.“‘l‘“ﬂ" _ﬁaﬂ..ltl..rt_.

oo - —f & Ym = 2y

I P o o

- d

4 nku_hl..lrln - PR BN e llr..'Tl.l._i_.l.IunH b | PPN

: ERT RN 0 X aany

[ A
i
fii

ile
[

" ™ T o e .—-....r.l

- llt:n:hn-‘““hti-rrw wﬁw mﬂﬂﬁnpnp.¢
iz

e ;;lli.ir-!ﬂﬂ..ilhiﬁﬂm— .“ﬂ"ﬁ.!rtl_l#

(IS TP | (11111 P
_ .4..,1....ﬁ,....;.nmﬂ.ﬁkmh_.ﬁ.-.....:

mUan..~»iM#M~mmnum.s_ ﬂy fiiEAN|

a.uuuyuu_nu .um;ﬁm.“ﬁwamt._u,Juwmmm“_

-.___ T I T —— . I'.-II I?hul._l I.l_l_..l_ . aa

151 = {
i4 e P ENEYT LR A .t_l._ri_..-_.ll.jq.-.l..l_ﬂ.l.d".rll_I...l.n._r.|
_ uffu_.-_.-_.-_.l,-_-...-.._*!*..n:_._t-_ < A ¢ e Bl flvae

I

4

s .ﬁuphrﬂ _m ukur_wl._lﬂm._mmhm.mwnlwh.uv.,-_- - N

m




B-1

APPENDIX B

This appendix presents the run reconstruction and stock composition for
sockeye, pink and chum returns from 1979 through 1985. The week codes are the
same as those defined in Appendix A. The following table provides a brief

definition of the stocks for each species:

Species Stock 1 Stock 2 Stock 3
Sockeye Early Fraser Late Fraser U.S.
Pink (odd) Georgla Str. Fraser U.S.

Pink (even) Upper Van Is. Johnstone Str. Mid Van. Is.
and Mainland and Area
Chum Summer Canadian U.S.

More detailed definitions are provided in Table 15 of the report. Escapement
represents the number of fish leaving the west coast troll fishery each week,
catch 1s the troll landings and pleces derived from the summary tables
presented in Appendix A, and run 1is the number of fish of a specific species
in the fishery at the end of each week. Therefore, harvest rates reflect the
percent of the fish present that were harvested each week. Effort represents -
the amount of fishing effort directed at a specific species each week and
represents the catchability coefficient for each week derived from the catch,
population size and directed effort estimates. The code -99 was used for
harvest rates and catchabilicy coefficients for weeks when catch and
escapement data were 1nconsistent (l.e., catch but no escapement). The
percent of the total catch and effort included in the run reconstruction 1is
presented at the bottom of each table.
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SOCKEYE YEAR = 1979

WEEK ESCAPE  STOCK STOCK STOCK CATCH RUN HARVEST  EFFORT Q
CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 4. 0. -99.00 0. =~99.000
10 0. 0.00 0.00 0.00 5. 0. -99.00 0. =99.000
1l 0. 0.00 0.00 0.00 24 0. =-99.00 0. =99.000
12 0. 0.00 0.00 0.00 1. 7957. -99.00 0. -99.000
13 0. 0.00 0.00 0.00 54 27950. 0.06 0. 3.799
14 7952. 100.00 0.00 0.00 37. 30858. 0.13 L. 1,031
L5 27913. 100.00 0.00 0.00 197. 42879. 0.64 5. 1.334
16 30661. 98.63 0,00 1.37 464. 124671. 1.08 9. 1.246
17 42415, 72,55 0.00 27.45 777. 170410. 0.62 15, 0.425
18 123894, 48.91 0.00 51.09 2041. 348844, 1.20 41, 0.294
19 1683689, 40.96 0.00 59,04 6931. 607339. 1.99 107, 0.186
20 341913. 85.96 0.00 14,04 12474, 1678909, 2.05 202. 0.102
21 594865, 98.96 0.00 1.04 111113, 985362. 6.62 1541, 0.043
22 1567796, 94,96 5.03 0.01 135344, 502840, 13.74 1608. 0.085
23 850018, 88,45 11.55 0,00  42389. 256101. 8.43 513, 0.164
24 460451, 60.36 39.64 0.00 14034, 95780. 5.48 184, 0.298
25 242067, 35.75 64,25 0.00 3842, 50232, 4.01 6l. 0.653
26 91938. 4,97 95.03 0.00 950. 13057. 1.89 19. 0.977
27 49282, 0.00 100,00 0.00 169. 0. 1.29 6. 2.250
28 12888. 0.00 100.00 0.00 82. 0. =99.00 3, -99.000
29 0. 0.00 0.00 0.00 25. C. =-99.00 l. =99.000
30 0. 0.00 0.00 0.00 20. 0. =-99.00 l. -99.000
31 0. 0.00 0.00 0.00 26, 0. -99.00 1. =99.000
32 0. 0.00 0.00 0.00 3l. 0. -99.00 1. -99.000
33 0. 0.00 0.00 0.00 3. 0. =99.00 0. =99.000
34 0. 0.00 0.00 0.00 0. Je 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
TOTAL 4612421. 330968. 4943188. 4318.

Catch Explained = 330767, Percent = 99.94
Mean Harvest Rate = 6.69

Effort Explained = 4310. Percent = 99,82
Total Qxle3 = 0.016



SOCKEYE YEAR = 1980

WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q

CODE -MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 . 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 4, 0. -99.00 0. -99.000
8 0. 0.00 0.00 0.00 4, 0. -99.00 0. =99.000
9 0. 0.00 0.00 0.00 2. 0. -99,00 0. =99.000
10 0. 0.00 0.00 0.00 9. 0. -99.00 0. =99.000
11 0. 0.00 0.00 0.00 13. 0. -99.00 0. =-99.000
12 0. 0.00 0.00 0.00 7. SO. -99.00 0. =99.000
13 0. 0.00 0.00 0.00 2. 2342, 4,03 0. 601.854
14 48, 0.00 0.00 100.00 113. 32967. 4,82 4. 12.881
15 2229, 0.00 0.00 100.00 450. 141382, 1.36 11. 1.266
16 32517. 1.48 0.00 98.52 842. 207884. 0.60 13. 0.445
17 140540. 2.90 0.00 97.10 1779. 115165, 0.86 25, 0.346
18 206105. 1.78 0.00 98.22 2478. 55484. 2.15 36. 0.600
19 112687, 4,15 0.00 95.85 2301. 72161, 4,15 36. 1.144
20 53183. 64,99 0.00 35.01 2486, 161173. 3,45 43. 0.805
21 69675. 99.01 0.00 0.99 2768. 301922, 1.72 57. 0.302
22 158405, 99.63 0.37 0.00 3617. 242198. 1.20 88. 0,137
23 29830S. 98.29 1.71 0.00 3550. 51660. 1.47 108. 0.135
24 238648, 94,28 5.72 0.00 1704. 16443, 3.30 62. 0.533
25 49956, 90.58 9,42 0.00 496, 9986. 3.02 17. 1.753
26 15947. 59.20 40,80 0.00 188. 1466). 1.88 7. 2.673
27 9798. 26,32 73.68 0.00 87. 10659. 0.59 4, 1.577
28 14574. 2,08 97.92 0.00 137. 3547. 1,29 6. 2.010
29 10522, 0.23 99.77 0.00 140, 4147, 3.95 6. 6.220
30 3407. 0.00 100,00 0.00 34, 0. 0.82 2. 4,310
31 4113, 0.00 100,00 0.00 3l. 0. -99.00 2. =99.000
32 0. 0.00 0.00 0.00 3. 0. -99.00 0. =99.000
33 0. 0.00 0.00 0.00 11. 0. -99.00 1. =99.000
34 0. 0.00 0.00 0.00 21, 0. -99.00 1. =99.000
35 0. 0.00 0.00 0.00 10. 0. -99,00 0. =99.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000

TOTAL 1420660, 23287, 1443832. 531.

Catch Explained = 23172. Percent = 99.51

Mean Harvest Rate = 1.60

Effort Explained = 525, Percent = 98.86

Total Qxle3 =

0.031



SOCKEYE  YEAR = 1981
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WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE —MENT 1 2 3 RATE 3 (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
b 0, 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
10 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
11 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
12 0. 0.00 0.00 0,00 5. 77. =-99.00 0. -99.000
13 0. 0.00 0.00 0.00 54. 1172. 69.71 2. 334,524
14 23, 0.00 0.00 100.00 65. 15874, 5¢55 3. 16.703
15 1107, 54,90 0.00 45,10 22. 75166. 0.14 1. 1.250
16 15852, 53.60 0.00 46.40 357. 225609. 0.47 16. 0.291
17 74809, 57.53 0.00 42.47 695. 153675. 0.3l 17, 0,179
18 224914, 78.72 0.00 21.28 1104, 122777. 0.72 17. 0.423
19 152571, 83,02 0.00 16.98 1565, 365620. 1.27 26. 0.494
20 121212, 96.47 0.00 3.53 1633. 356763. 0.45 31. 0.143
21 363987, 99.95 0.00 0,05 1799. 583872. 0.50 38. 0.131
22 354964, 99,34 0.66 0.00 7485. 404661, 1.28 148, 0.086
23 576387, 98.86 1,14 0.00 10204, 171354, 2.52 180. 0.140
24 394457, 98.01 1.99 0.00 9019, 110512, 5.26 126. 0.418
25 162335, 88.90 11.10 0.00 7187. 28882. 6.50 91. 0.714
26 103325, 63.89 36.11 0.00 2355, 10120, 8.15 T 2,222
27 26527, 25.20 74.80 0.00 590. 1372, 5.83 12. 4,747
28 9530. 0.00 100.00 0.00 165. 0. 12,03 6. 21.129
29 1207, 0,00 100.00 0.00 102, 0. -99.00 6. =99.000
30 0. 0.00 0.00 0.00 34. 0. -99,00 3. =99.000
31 0. 0.00 0.00 0.00 2. 0. -99.00 0. -99.000
32 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
33 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
TOTAL 2583207. 44442, 2627506. 761.
Catch Explained = 44299, Percent = 99.68

Mean Harvest Rate = 1
Effort Explained =
Total Qxle3 =

0.022

.69
753,

Percent = 98.84



SOCKEYE YEAR = 1982

WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 1864, 0. =99.00 35. -99.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 4, 0. =99.00 0. =99,000
10 0. 0.00 0.00 0.00 4, 0. =99.00 0. =99.000
11 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
12 0. 0.00 0.00 0.00 3% 256. -99.00 0. =99.000
13 0. 0.00 0.00 0.00 10, 5331. 3.91 0. 133.358
14 246, 44,80 0.00 55.20 196. 24603, 3.68 6. 5.791
15 5135, 13.51 0.00 86.49 309. 75619. 1.26 il. 1.179
16 24294, 10.92 0.00 89.08 339, 133314. 0.45 14, 0.314
17 75280. 17.42 0.00 82,58 510. 133347. 0.38 14, 0.279
18 132804, 15.67 0.00 84.33 3571. 114619. 2.68 49, 0.545
19 129776. 23.33 0.00 76.67 9444, 374144, 8.24 113, 0.732
20 105175. 34.47 0.00 65.53 21994. 1090648. 5.88 265. 0.222
21 352150. 92.19 0.00 7.81 228706. 1510080, 20.97 2446. 0.086
22 861942, 100.00 0.00 0.00 402870. 2628870. 26.68 3714, 0.072
23 1107210, 78.92 21.08 0.00 536163, 3250962, 20.40 4232, 0.048
24 2092707, 38.52 61.48 0.00 635627. 2895947, 19,55 5310. 0.037
25 2615335, 14,00 86.00 0,00 315280, 902751, 10.89 3554. 0.031
26 2580667. 3.56 96.44 0.00 27760. 243633, 3.08 572. 0.054
27 874991, 0.84 99.16 0.00 3536. 15727. 1.45 87. 0.167
28 240097, 0.02 99.98 0.00 1642, 0. 10.44 45. 2.334
29 14085. 0.00 100.00 0.00 139. 0. -99.00 4, -=99.000
30 0. 0.00 0.00 0.00 116, 0. =99.00 5. =99.000
31 0. 0.00 0.00 0.00 17. 0. =99.00 1. =-99,000
32 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
33 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
TOTAL 11211896. 2190104, 13399852. 20477.
Catch Explained = 2187957. Percent = 99.90
Mean Harvest Rate = 16.33
Effort Explained = 20433. Percent = 99.78
Total Qxle3 = 0.008



SOCKEYE YEAR = 1983

WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE -MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0,00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
10 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
11 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
12 0. 0.00 0.00 0.00 0. 1883. 0.00 0. 0.000
13 0. 0.00 0.00 0.00 0. 17325. 0.00 0. 0.000
14 1883. 33.46 0.00 66.54 30. 61355, 0.17 2. l.114
15 17295, 21.81 0.00 78,19 70. 99384, 0.11 4, 0.311
16 61285. 11.06 0.00 88.94 77. 106861. 0.08 S 0.163
17 99307. 30.11 0.00 69.89 276, 109878. 0.26 12. 0.219
18 106585. 22.19 0.00 77.81 607. 89803. 0.55 Fa 0.803
19 109271. 33.37 0.00 66,63 476, 157993. 0.53 5 1.146
20 89327. 29.60 0.00 70.40 188. 172892. 0.12 2. 0.478
21 157805. 79.22 0.00 20,78 1526. 133274, 0.88 28. 0.316
22 171366. 71.61 26.78 1.61 7890. 87215. 5.92 159. 0.372
23 125384, 73.81 26.19 0.00 7750. 93449, 8.89 153. 0.581
24 79465, 66.57 33.43 0.00 5291. 48569, 5.66 124, 0.457
25 88158, 9.87 90.13 0.00 6872. 12982, 14,15 151. 0.938
26 41697, 4,31 95.69 0.00 3945, 5377. 30.39 77 3.928
27 9037. 12.51 87.49 0.00 1237. 5694, 23.00 27. 8.44]
28 4140, 0.00 100.00 0.00 226. 0. 3.97 i 5.578
29 5468. 0.00 100.00 0.00 80. 0. -99.00 3. -99.000
30 0. 0.00 0.00 0.00 52. 0. =99.00 3. =-99.000
31 0. 0.00 0.00 0.00 20. 0. -99,00 1. =99.000
32 0. 0.00 0.00 0,00 0. 0. 0.00 0, 0.000
33 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 Q. 0.00 0.00 0.00 0. 0. 0.00 Q. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
TOTAL 1167474, 36613. 1203935. 769,
Catch Explained = 3646l. Percent = 99.58
Mean Harvest Rate = 3.03
Effort Explained = 762, Percent = 99,05
Total Qxle3 = 0.040



SOCKEYE YEAR = 1984

WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q

CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
10 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
11 0. 0.00 0.00 0.00 0. 2069, 0.00 0. 0.000
12 0. 0.00 0.00 0.00 1. 26265. 0.05 0. 10.071
13 2068. 0.00 0.00 100.00 90. 61099. 0.34 4, 0,831
14 26175, 0.00 0.00 100.00 1218. 101333. 1.99 63. 0.318
15 59881. 1.07 0.00 98.93 1129, 148513, 1.11 55. 0.203
16 100204, 8.80 0.00 91.20 0. 117638. 0.00 0. 0.000
17 148513, 16.10 0,00 83.90 0. 162619. 0.00 0. 0.000
18 117638. 31.48 0.00 68.52 2854. 309599. 1.76 36. 0.494
19 159765, 73.50 0.00 26.50 2225, 556989, 0.72 33. 0.217
20 307374, 94.70 0.00 5.30 978. 960868. 0.18 16. 0.107
21 556011, 99.13 0.00 0.87 2229, 1095620. 0.23 36. 0.064
22 958639. 100.00 0.00 0,00 7733. 360298, 0.71 129, 0.055
23 1087887. 100.00 0.00 0.00 11644. 299090, 3.23 198. 0.163
24 348654, 98.54 1.46 0.00 7911. 32901. 2.65 149, 0.177
25 291179. 93.79 6.21 0.00 2967. 13663. 9.02 64, 1.398
26 29934, 82.16 17.84 0.00 702, 5335. 5.14 17. 2,963
27 12961, 37.92 62.08 0.00 74, 569, 1.39 2 6.931
28 5261, 8.66 91.34 0.00 30. 0, 5.27 1. 55.358
29 539. 0.00 100.00 0.00 19. 0. -99.00 1. -99.000
30 0. 0.00 0.00 0.00 B 0. -99.00 0. -99.000
31 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
32 0. 0.00 0.00 0,00 0. 0. 0,00 0. 0.000
33 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000

TOTAL 4212683. 41805, 4254468, 805.

Catch Explained = 41785. Percent = 99.95

Mean Harvest Rate = 0.98

Effort Explained = 805. Percent = 99.51

Total Qxle3 = 0.012



SOCKEYE  YEAR = 1985

WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 - 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
10 0. 0.00 0.0C 0.00 566. 0. -99.00 30. -=99.000
11 0. 0.00 0.00 0.00 354. 192. -99,00 22. -99.000
12 0. 0.00 0.00 0.00 0. 4356, 0.00 0. 0.000
13 192, 0.00 0.00 100.00 0. 25362, 0.00 0. 0.000
14 4356. 0.00 0.00 100.00 0. 105950. 0.00 0. 0.000
15 25362, 25.89 0.00 74.11 0. 128413, 0.00 0. 0.000
16 105950. 56.63 0.00 43,37 0. 136491. 0.00 0. 0.000
17 128413, 56.37 0.00 43.63 0. 162674. 0.00 0. 0.000
18 136491, 66,67 0.00 33.33 12847, 234689. 7.90 229, 0.346
19 149827. 65.40 0.00 34.60 22578, 882728. 9.62 418. 0.230
20 212111, 72,85 0.00 27.15 35605. 2344297, 4,03 602, 0.067
21 847123, 95.45 0.00 4,55 121378. 3218603. 5.18 1654, 0.031
22 2222919, 98.80 0.00 1.20 322362, 2119209. 10.02 3367. 0.030
23 2896241, 99.93 0.00 0.07 338933. 847560, 15.99 3551. 0.045
24 1780276, 99.66 0.34 0.00 149403. 216470, 17.63 2064. 0.085
25 698157, 97.87 2.13 0.00 40798. 60869. 18.85 696. 0.271
26 175672, 89.80 10.20 0.00 5429. 13874, 8.92 120. 0.745
27 55440. 54,17 45,83 0.00 695. 2018. 5.01 20. 2.483
28 13179, 43,27 56.73 0.00 129. 155. 6.39 6. 11.432
29 1889, 8.61 91.39 0.00 50. 0. 32.23 2. 128.910
30 105. 100.00 0.00 0.00 127. 0. ~-99,00 7. =99.000
31 0. 0.00 0.00 0.00 124, 0. -99.00 7. -99.000
32 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
3 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
TOTAL 9453702, 1051378.10503909. 12793,
Catch Explained = 1050207, Percent = 99,89
Mean Harvest Rate = 10.00
Effort Explained = 12728. Percent = 99.49
Total Qxle3 = 0.008



PINK YEAR = 1979

WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q

CODE -MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0,00 0.00 0.00 0. 0. 0.00 0. 0,000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0, 0.00 0. 0,000
10 0. 0.00 0.00 0.00 0. 0. 0,00 0. 0.000
11 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
12 0. 0.00 0.00 0.00 150 0. -99,00 0. =99.000
13 0. 0.00 0.00 0.00 1154. 0. -99,00 13. =99.000
14 0. 0.00 0.00 0.00 1190. 0. -99.00 13. =99.000
15 0. 0.00 0.00 0.00 5529. 0. -99,00 44, =99.000
16 0. 0.00 0.00 0.00 59038. 0. -99.00 361. =99.000
17 0. 0.00 0.00 0.00 104744, 94523. -99,00 644. =99.000
18 0. 0.00 0.00 0.00 60807. 106971. 64.33 396. 1.626
19 0. 0.00 0.00 0.00 44581, 251531. 31.69 223. 1.418
20 23032. 0.00 53.54 46.46 56629. 806217. 17.45 299, 0.584
21 60326. 0.12 17.61 82.27 246208. 2645045. 24,28 1113, 0.218
22 157225. 0.88 16.95 82.17 604524, 5495397. 18.57 2342, 0.079
23 497081. 1.68 68.13 30.18 745632, 2485205. 9.75 2943, 0.033
24 1943921. 0.93 83.37 15.70 617097. 558143. 8.29 2633, 0.031
25 4548617, 0.34 85.41 14.26 363955. 247844, 12,83 1897. 0.068
26 1986850. 0.31 83.30 16.38 126649, 24772. 17.25 842, 0.205
27 402641. 0.06 80.72 19.22 18071, 2973. 7.86 200. 0.392
28 188979, 0.10 83.64 16.26 4843, 0. 18.77 59. 3,181
29 18540. 0.04 76.86 23,10 1259, 0. 52.13 15. 35.851
30 1156. 0.00 17.28 82,72 783. 0. -99.,00 9. =99.000
31 Q0. 0.00 0.00 0.00 998, 0. -99.00 13. -99.000
32 0. 0.00 0.00 0.00 618. 0. -99.00 9. =-99.000
33 0. 0.00 0.00 0.00 62, 0. -99.00 2. =99.000
34 0. 0.00 .00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000

TOTAL 9828367, 3064390.12718621. 14069.

Catch Explained = 2890255. Percent = 94,32

Mean Harvest Rate = 22,72

Effort Explained = 12961. Percent = 92,12

Total

Qxleld =

0.018



PINK YEAR = 1980
WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE —ENT 1 2 3 RATE (X1000)
S 0. 0.00 0,00 0.00 0. 0. 0.00 0. 0,000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 5. 0. -99.00 0. =99.000
8 0. 0.00 0.00 0.00 5. 0. =-959.00 0. -99.000
9 0. 0.00 0.00 0.00 l. 0. =99,00 0. =99.000
10 0. 0.00 0.00 0.00 4, 0. ~99.00 0. =99.000
11 D. 0.00 0.00 0.00 2% 0. -99.00 0., =99.000
12 0. 0.00 0.00 0.00 0. 20. 0.00 0. 0.000
13 0. 0.00 0.00 0.00 l. 1971. 4,95 0. 2422.576
14 0. 0.00 0.00 0.00 15. 41129, 0.75 0. 27.750
L5 19. 100,00 0.00 0.00 613, 211566, 1.42 8. 1.743
16 1928. 55.02 44,98 0.00 5728, 537382, 2.27 51, 0.449
17 39623. 23,72 76.28 0.00 12059. 699832, 1.62 93, 0.174
18 203408. 20.15 79.41 0.45 17490, 526674, 1.42 141, 0.101
19 521147, 16.28 82.97 0.75 33911, 412070, 2.79 297. 0.054
20 670639. 13.68 85.12 1.20 37477. 216158, 4,06 359. 0.113
21 491228. 8,43 86.44 5.13 39861. 100106, 6.52 £56. 0.143
22 369587, 2.39 84.49 13.12 37071. 74400, 12.27 500. 0.245
23 177278. 0.42 6l.15 38.43 13541. 46994, 8.35 230. 0.363
24 80494, 0.00 87.75 12.24 2544, 18353. 2,21 51, 0.430
25 66684, 0.00 99.39 0.61 418. 5387. 0.65 8. 0.806
26 45657, 0.00 99.98 0.02 99. 938. 0.42 2. 2.022
27 18158, 0.00 100.00 0.00 49. 300. 0.78 le 6.599
28 5323. 0.00 100.00 0.00 37. 0. 3.01 | 4 31.586
29 902. 0.00 100.00 0.00 9, 0. 3.10 0. 142.678
30 282. 0.00 100.00 0.00 478. 0. -99.00 15, -99.000
31 0. 0.00 0.00 0.00 476, 0. -99.00 19. -99,000
32 0 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
33 0. 0.00 0.00 0.00 10. 0. -99.00 0. =99.000
34 0. 0.00 0.00 0.00 10. 0. -99.00 0. =-99.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
TOTAL 2692356. 201914, 2893279. 2235.
Catch Explained = 200923, Percent = 99.51
Mean Harvest Rate = 6.94
Effort Explained = 2199, Percent = 98.42
Total Qxled = 0.032



PINK YEAR = 1981
JEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 Z4 0. =99.00 0. =99.000
8 0. 0.00 0.00 0.00 2. 0. =99.00 0. =99.000
9 0. 0.00 0.00 0.00 1. 0. =99.00 0. =99.000
10 0. 0.00 0.00 0.00 1. 0. =99.00 0. -99.000
11 0. 0.00 0.00 0.00 1. 0. =99.00 0. -99.000
12 0. 0.00 0.00 0.00 9. 0. =-99.00 0. -99.000
13 0. 0.00 0.00 0.00 1291. 0. =99.00 19. -99.000
14 0. 0.00 0.00 0.00 2078. 0. =-99.00 41. -99.000
15 0. 0.00 0.00 0.00 4259, 0. -99.00 83. -99.000
16 0. 0.00 0.00 0.00 13867. 122906. -99.00 241, -99.000
17 0. 0.00 0.00 0.00 17138. 100838. 13.94 161. 0.865
18 0. 0.00 0.00 0.00 32771. 149968, 15.86 192. 0.827
19 88992, 61.62 38.38 0.00 49067, 365128, 20.90 307. 0.680
20 67114, 21.07 78.93 0.00 51935. 1096475, 10.74 379. 0.283
21 105894, 14,70 85.26 0.04 63941, 2404011, 4,50 519. 0.087
22 311277, 4,81 94.86 0.33 226240, 3844778. 6.56 1703. 0.038
23 978538. 2.28 96.32 1.40 347098, 4472919, 5.70 2328. 0.024
24 2118409, 1.17 95.34 3.48 552701. 2547613, 6.82 2934, 0.023
25 3378249. 0.48 94,28 5.24 663659. 1498822, 9.88 3199. 0.031
26 3755776. 0.28 91.42 8.30 445729, 145021, 11.75 2640. 0.044
27 2026163, 0.1l 89.23 10.66 223426. 21410. 15.22 1769. 0.086
28 1121416. 0.02 92.87 7.11 50005. 5543, 34.64 654. 0.529
29 80357. 0.00 95.76 4.24 6484, 0. 33.19 141, 2.353
30 9349, 0.00 92.87 7.13 1585. 0. 42,80 47. 9,108
31 2118, 0.00 0.00 100.00 559. 0. =-99.00 18. =99.000
32 0. 0.00 0.00 0.00 4, 0. =99.00 4, =99.000
33 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
TOTAL 14043652, 2753853, 16775431, 17380.
Catch Explained = 2731779. Percent = 99.20
Mean Harvest Rate = 15.28
Effort Explained = 16974. Percent = 97.67
Total Qxled = 0.010



PINK YEAR = 1982
WEEK ESCAPE  STOCK STOCK STOCK CATCH RUN HARVEST  EFFORT Q

CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000

6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000

7 0. 0.00 0.00 0.00 1. 0. -99.00 0. -99.000

8 0. 0.00 0.00 0.00 17. 0. -99.00 0. =99.000

9 0. 0.00 0.00 0.00 17. 0. -99.00 0. =99.000
10 0. 0.00 0.00 0.00 1. 0. =-99.00 0. =99.000
11 0. 0.00 0,00 0.00 17. 0. -99.00 0. =99.000
12 0. 0.00 0.00 0.00 17. 0. =99.00 0. =99.000
13 0. 0.00 0.00 0.00 3. 0. -99.00 0. =99.000
14 C. 0.00 0.00 0.00 3. 362, =99.00 0. -99.000
15 0. 0,00 0.00 0.00 3. 2214, 0.83 0. 265.359
16 0. 0.00 0.00 0.00 5. 12660, 0.19 0. 25.510
17 359. 100.00 0.00 0.00 316. 69875. 2.13 3. 7.318
18 2163. 82.88 17.12 0.00 1361. 172078, 1.65 6. 2,579
19 12186. 69.42 30.58 0.00 2847. 204460, 1.18 12, 1,017
20  67906. 38.88 61.12 0.00 6688. 144815. 1.79 28. 0.648
21 167007, 35.30 64.70 0.00 12467, 51374. 3.6l 46, 0.790
22 193566. 17.84 80.75 1.42 8273, 40286. 4,33 26. 1.658
23 133544, 9.0l 88,28 2.72 1440, 47755, 1.61 4, 4,136
24 48357, 3.37 92.92 3.71 1680. 29344, 192 5. 3.998
25  38876. 0.09 98,73 1.18 1087. 6854, 1,43 4, 3.399
26 46168, 0.00 99,94 0.06 236. 1881, 0.66 Zi 3.950
27 28735. 0.00 100,00 0.00 122, 411, 1.40 1. 13.718
28 6713, 0.00 100.00 0.00 37. 0. 1.63 0. 47.294
29 1825. 0.00 100.00 0.00 3. 0. 0.74 0. 257.805
30 401, 0.00 100.00 0.00 25. 0. -99.00 0. -99.000
31 0. 0.00 0.00 0.00 22, 0. -99.00 0. -99.000
32 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
33 0. 0.00 6.00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000

TOTAL 747805, 36688. 784370, 138,

Catch Explained = 36565. Percent = 99.66
Mean Harvest Rate = 4,66

Effort Explained = 136. Percent = 99.05
Total Qxle3 = 0,342



PINK YEAR = 1983

JEEK ESCAPE  STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q

CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 ~ 0,00 0. 0. 0.00 0. 0,000
6 ' 0.00 0.00 0.00 5 0. 0.00 D, 0,000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 24. 0. =99,00 0., =99.000
9 0. 0.00 0.00 0.00 25, 0. -99,00 0. =-99.000
10 0. 0.00 0.00 0.00 3. 0. -99,00 0. =99.000
11 0. 0.00 0.00 0.00 3. 0. ~99,00 0. =99.000
12 0. 0.00 0.00 0.00 ' 0. -99.,00 0. -99.000
13 0. 0.00 0.00 0,00 2. 0. -99.00 0. =-99.000
L4 0. 0.00 0.00 0.00 44, 0. -99,00 l. =99.000
15 0. 0.00 0.00 0,00 243, 0. -99.00 4. =99.000
16 0. 0.00 0.00 0.00 270. 0. ~-99.00 5. =99.000
17 0. 0.00 0.00 0.00 219. 2630. -99.00 3. =99.000
18 0. 0.00 0.00 0.00 627, 14437, 23.84 2. 105.095
19 0. 0.00 0.00 0.00 1058, 87450. 6.44 3. 19.640
20 1874. 100.00 0.00 0.00 1101. 278555. 1.09 5. 2.347
21 13361. 46,08 9,12 44.80 25046, 530537, 6.86 146. 0.469
22 80562. 13.40 43.84 42.76 83825, 1177440, 10.61 539. 0. 197
23 231913. 5.01 60.06 34.93  92606. 1894350, 5.61 583. 0.096
24 447652, 2.04 69.56 28.40 76741, 1240854, 2.55 573, 0.045
25 1083048. 0.44 84,07 15.49 179422, 1819884, 5.81 1256. 0.046
26 1738697, 0.09 88.04 11.87 298850. 498427. 10.00 1870. 0.053
27 1051861. 0.03 79.15 20.82 222437. 64934, 10.41 1564, 0.067
28 1467362, 0.01 91.29 8.70  79423. 24006. 15.53 798. 0.195
29 377191. 0.00 80.58 19.42  23167. 0. 29.38 303, 0.970
30  38737. 0.00 0.00 100.00 4770. 0. 28.14 83, 3.408
31 12183. 0.00 0.00 100.00 1456. 0. =99.00 28. =99,000
32 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
33 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 s 0. 0.00 0. 0.000
35 0. 0.00 0.00 0,00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000

TOTAL 6544441, 1091363. 7633515. 7767.

Catch Explained = 1089073. Percent = 99.79
Mean Harvest Rate = 14,27

Effort Explained = 7726. Percent = 99,47
Total Qxle3d = 0.018



PINK YEAR = 1984
WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE —MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0,00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
10 0. 0.00 0,00 0.00 0. 5969, 0.00 0. 0.000
11 0. 0.00 0.00 0.00 21, 17277, 0.35 0. 16.444
12 0. 0.00 0,00 0.00 21, 36896. 0.09 0. 3.733
13 59413, 3.31 96.69 0,00 12, 58836. 0.02 0. 1.572
14 17258, 4.45 95.55 0.00 23. 71328, 0.02 0. 0.760
15 36879. 4,87 95.13 0.00 14, 72926, 0.01 0. 0.600
16 58815, 5.52 94,48 0.00 0. 82646, 0.00 0. 0.000
17 71321, 7.68 92.32 0.00 0. 96199. 0.00 0. 0.000
18 72926, 12.73 87.27 0.00 18941, 94335. 10.59 62. 1,712
19 73893, 22,09 75.01 2.90 13257. 81038. 7.35 52. 1.422
20 79688. 27.74 56.12 16.14 9986, 74041, 5.93 44, 1.347
21 822189, 33.69 33.89 32.43 9006. 32998. 5.99 38. 1.565
22 71665. 25.19 10.08 64.74 7328, 9983, 7.14 32, 2,227
23 64633. 12.12 21,36 66,53 4052. 5998. 9.97 18. 5.514
24 27585, 9.53 39.89 50.58 1659, 5113, 11,07 8. 13.500
25 7992. 0.00 68,01 31.99 919. 1963. 8.80 5 16.815
26 4865. 0.00 85,77 14,23 438. 641. 6.61 3% 23,301
27 4355, 0.00 94,87 5.13 279. 71. 11,28 2. 57.434
28 1626, 0.00 100,00 0.00 16, 0. 2,50 0. 180,823
29 554, 0.00 100,00 0.00 5. 0. 7.22 0. 1845.619
30 64, 0.00 100,00 0.00 0. 0. 0.00 0. 0.000
3l 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
32 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
33 0. 0.00 0.00 0,00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0 0. 0.00 0. 0.000
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 Q. 0.000
TOTAL 682281. 65977. 748258, 265,
Catch Explained = 65977, Percent = 100.00
Mean Harvest Rate = 8,82
Effort Explained = 265, Percent = 100,00
Total Qxle3d = 0.332



PINK YEAR = 1985
WEEK ESCAPE  STOCK STOCK STOCK CATCH RUN HARVEST  EFFORT Q
CODE —MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
10 0. 0.00 0.00 0.00 1207. 0. =99.00 16. -99.000
11 0. 0.00 0.00 0.00 1189, 0. =99.00 18. -99.000
12 0. 0.00 0.00 0.00 6. 0. =99.00 0. =99.000
13 0. 0,00 0.00 0.00 0. 0. 0.00 0. 0.000
14 0. 0.00 0,00 0.00 0. 0. 0.00 0. 0,000
15 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
16 0. 0.00 0,00 0,00 0. 0. 0.00 0. 0.000
17 0. 0.00 0.00 0.00 0. 74253, 0.00 0. 0.000
18 0. 0.00 0.00 0.00 9892, 201373. 13,32 44, 3.009
19 0. 0.00 0.00 0.00 41365, 439516, 15.57 193. 0.807
20 54342, 100.00 0.00 0.00 117724. 508154, 19,31 501, 0.386
21 137188, 36.14 1.44 62.42 171960. 1246250, 19.93 590, 0.338
22 283949, 2.66 42.43 54.91 164995. 1932759. 9.98 434, 0.230
23 366265. 1.91 36.88 61.21 154356. 3852652. 5.05 407. 0.124
24 1065174, 0.48 73.28 26.24 281345, 3027494, 4.95 978. 0.051
25 1744320, 0.16 79.28 20.56 395126, 1527219, 5.91 1695. 0.035
26 3445776, 0.04 84,93 15,03 304158, 466944, 6.95 1689. 0.041
27 2650668. 0.0l 84,72 15.26 142615, 52867, 7.55 1041, 0,073
28 1313723, 0.01 76.85 23.14 30109. 12141, 6.21 328. 0,190
29 404849, 0.00 72,73 27.27 1801. 0. 2.92 22, 1.299
30 48135, 0.00 2,64 97.36 52. 0. 0.44 ) 6.001
31 11734, 0.00 0.00 100,00 15. 6. =99.00 0. =99.000
32 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
33 0. 6.00 0,00 0.00 0. 0. 0.00 0. 0.000
34 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.060
35 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
36 0. 0.00 0.00 0.00 0. 0. 0.00 Q. 0,000
TOTAL 11526124. 1817915. 13341621. 7957.

Catch Explained = 1815498. Percent = 99.87
Mean Harvest Rate = 13.61

Effort Explained = 7922, Percent = 99,57
Total Qxle3 = 0.017



CHUM YEAR = 1979
WEEK ESCAPE  STOCK STOCK STOCK CATCH RUN HARVEST  EFFORT Q
CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
7 0. 0.00 0.00 0.00 1. 0. -99.00 0. -99.000
8 0. 0.00 0.00 0.00 24 0. =99.00 0. -99.000
9 0. 0.00 0.00 0.00 4, 0. ~99.,00 0. =99,000
10 0. 0.00 0.00 0.00 8. 0. -99.00 0. =99.000
11 0. 0.00 0.00 0.00 L4, 0. ~59.,00 0. ~99.000
12 0. 0.00 0.00 0.00 13. 4740, -99.00 0. -99.000
13 0. 0.00 0.00 0.00 42, 32917. 0.89 1. 9.234
14 0. 0.00 0.00 0.00 87. 98845, 0.23 2 1.154
15 4688. 100.00 0.00 0,00 114, 165586, 0.09 2. 0.474
16 32813. 100.00 0.00 0.00 863. 166896, 0.33 I1. 0.305
17 98438, 100.00 0.00 0.00 2776. 99769. 0.84 35. 0,241
18 164063, 100.00 0.00 0.00 2307, 49441, 0.87 30. 0.286
19 164063, 100.00 0.00 0.00 695. 102943, 0.47 7. 0.664
20 98438, 100.00 0.00 0.00 454. 246109. 0.30 e 0.614
21 49063. 100.00 0.00 0.00 1525. 330806. 0.44 14. 0.313
22 102188. 100.00 0.00 0.00 3014. 250159, 0.52 24, 0.221
23 243750. 100.00 0.00 0.00 2980. 102733. 0.51 24, 0.216
24 327381. 99.27 0.73 0.00 2121, 22655, 0.60 18, 0.329
25 247371. 98.54 1.46 0.00 1017, 8444, 0.82 11. 0.758
26 101281. 96.27 2.90 0.83 347. 9790. 1.12 5. 2.403
27 22218. 73.14 18.85 8.0l 68. 14012. 0.37 2, 2.448
28 8318, 0.00 68.38 31.62 82. 10963. 0.35 2. 1.693
29 9720, 0.00 61.50 38.50 104, 17446, 0.42 2. 1.714
30 13906. 0.00 32.34 67.66 45, 11724, 0.16 Ly 1.503
31 10899, 0.00 41,30 58.70 11. 21102, 0.04 0. 1.339
32 17411, 0.00 19,12 80.88 14, 21461, 0.04 0. 0.978
33 11715, 0.00 31.91 68.09 118, 14765, 0.28 6. 0.443
34 21034, 0.00 24,57 75.43 110. 5668. 0.30 13. 0.226
35 21336. 0,00 13.19 86.81 0. 3843, 0.00 0. 0.000
36 14720, 0.00 20.41 79.59 0. 0. 0.00 0, 0.000
TOTAL 1784811, 18936. 1813215, 216.

Catch Explained = 18894, Percent = 99.78
Mean Harvest Rate = 1.04

Effort Explained = 215. Percent = 99.57
Total Qxlel3 = 0.048



CHIM YEAR = 1980

WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST  EFFORT Q

CODE -MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0,00 0.00 0. 0. 0.00 0. 0,000
7 0. 0.00 0.00 0.00 2. 1188, -99.00 0. -99.000
8 0. 0.00 0.00 0.00 12. 7076, 1.01 0. 31.707
9 0. 0.00 0.00 0.00 32. 17673, 0.39 1. 4.434
10 L1172, 100.00 0.00 0.00 6l. 23605, 0.25 2. 1.451
11 7031. 100.00 0.00 0.00 120. 17742. 0.29 4, 0.822
12 17578. 100.00 0.00 0.00 173. 7118. 0.42 5. 0.762
13 23438. 100.00 0.00 0.00 125, 1349. 0.50 4, 1.304
14 17578. 100.00 0.00 0.00 6l. 2031. 0.72 2. 3.472
15 7031. 100.00 0.00 0.00 422, 17864. 12.52 10. 12.056
16 1172, 100.00 0.00 0.00 745, 77608. 3.79 12. 3.115
i7 1709. 100.00 0.00 0.00 530. 206546. 0,56 8. 0.739
18 17090. 100.00 0.00 0.00 990. 361136. 0.35 15. 0.237
19 76904. 100.00 0.00 0.00 2059. 433218. 0.36 33, 0.109
20 205078. 100.00 0.00 0.00 2066. 362099. 0.26 37. 0.071
21 358887. 100.00 0.00 0.00 2620, 208715. 0.33 55. 0.060
22 430664, 100.00 0.00 0.00 3184. 79161. 0.56 79. 0.070
23 358887, 100,00 0.00 0.00 1573, 26524, 0.55 49, O.111
24 206409, 99.36 0.64 0.00 258, 24887. 0.25 10, 0.255
25 78534, 97.92 2.08 0.00 90. 22591. 0.18 3. 0.547
26 26413, 64.70 8.23 27.06 47. 31317, 0.10 2, 0.551
27 24819, 65.89 21.10 72.02 29, 62416, 0.05 I. 0.420
28 22557. 0.00 28,96 71.04 44, 77309. 0.05 2. 0.221
29 31238s. 0.00 39.63 60.37 72. 187014, 0.05 3. 0.153
30 62354, 0.00 29.35 70.65 370. 105804. 0.14 22. 0.065
31 77161, 0.00 26.74 73.26 450, 134338. 0.15 34, 0.045
32 186465, 0.00 12,14 87.86 2849. 112991. 1.19 147. 0.081
33 104387, 0.00 21.88 78,12 2811, 53211, 1.14 152. 0.075
34 131225, 0.00 12.67 87.33 79. 25229. 0.05 5. 0.091
35 111645. 0.00 8.03 91.97 4, 14126, 0.0l 0. 0,232
36 53183, 0.00 3.76 96.24 1. 0. 0.00 0. 0.378

TOTAL 2640655. 21879, 2701884, 598.

Catch Explained = 21877, Percent = 99,99
Mean Harvest Rate = 0.81

Effort Explained = 698, Percent = 99,99
Total Qxle3d = 0.012



CHUM YEAR = 1981

WEEK ESCAPE  STOCK STOCK STOCK CATCH RUN HARVEST  EFFORT Q

CODE —ENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0,000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 1. 0. ~-99.00 0. -99.000
10 0. 0.00 0.00 0.00 1. 0. =-99.00 0. =99.000
11 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
12 0. 0.00 0.00 0.00 5. 0. =-99.00 0. -99.000
13 0. 0.00 0.00 0.00 74 1412, -99.00 0. -99.000
14 0. 0.00 0.00 0.00 4, 8455. 0.28 0. 14.877
15 0. 0.00 0.00 0.00 14, 21116, 0.14 1. 2.233
16 1406, 100,00 0.00 0.00 18. 28520. 0.06 1. 0,829
17 8438. 100.00 0.00 0.00 23, 21786. 0.05 1. 0.891
18 21094, 100.00 0.00 0.00 673, 19831. 1.34 9. 1.420
19 28125, 100,00 0.00 0.00 770. 67454, 1.86 12, 1.615
20 21094, 100.00 0.00 0.00 386. 165029, 0.44 e 0.659
21 19375. 100.00 0.00 0.00 427, 222834, 0.18 8. 0,222
22 67031. 100,00 0.00 0.00 1560. 168981. 0.40 28. 0.143
23 164063, 100.00 0.00 0.00 2204. 74059, 0.56 35. 0.159
24 220685. 99,12 0.88 0.00 1181, 27601, 0.49 15. 0.325
25 167209, 98.12 1.88 0.00 647. 21164. 0.64 7. 0.856
26 73227, 89.62 4,63 5.76 495, 27920. 1.02 7. 1.452
27 27145, 40,29 22,07 37.64 365. 49695, 0.75 7. 1.082
28 20792, 0.00 41.10 58,90 166. 37657, 0.21 5. 0.413
29  27652. 0.00 43.19 56.81 63. 81710. 0.07 3. 0.222
30 49552, 0.00 34.54 65.46 203, 42454, 0.17 14. 0.118
31 37566, 0.00 25,09 74.91 174, 60608, 0.14 14, 0,103
32 81457, 0.00 10.46 89,54 0. 63305. 0.00 0. 0.000
33 42394, 0.00 21,07 78.93 0, 38733. 0.00 0. 0.000
34 60608. 0.00 10,91 89.09 0, 17088, 0.00 0. 0.000
35 63305, 0.00 5.42 94,58 0. 12132, 0.00 0. 0,000
36  38733. 0.00 5.65 94,35 0. 0. 0.00 0. 0.000

TOTAL 1240951. 9387. 1279544, 175.

Catch Explained = 9373, Percent = 99.85
Mean Harvest Rate = 0,73

Effort Explalned = 174, Percent = 99.69
Total Qxle3 = 0,042



CHUM YEAR = 1982
WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE -MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 62. 314. -99.00 l. =99.000
8 0. 0.00 0.00 0.00 0. 2208. 0.00 Q. 0.000
9 0. 0.00 0.00 0.00 13. 6612. 0.52 0. 18.270
10 313. 100,00 0.00 0.00 36. 11042, 0.41 1 4,343
11 2188. 100.00 0.00 0.00 59. 11189, 0.33 l. 2,340
12 6563. 100.00 0.00 0.00 136. 7128. 0.61 3. 1.903
13 10938, 100,00 0.00 0.00 301. 2720. 1.65 8. 2,128
14 10938. 100.00 0.00 0.00 622. 2735. 6.39 18. 3.482
15 6563. 100.00 0.00 0.00 743, 20378. 14.07 23. 6.027
16 2188. 100.00 0.00 0.00 442, 90252, 1.94 17. 1.148
17 2305. 100.00 0.00 0.00 328. 240713. 0.30 8. 0.370
18 19922, 100.00 0.00 0.00 1231. 424189, 0.37 15. 0.24]
19 89648, 100,00 0.00 0.00 2090. 519309, 0.31 23. 0.139
20 239063. 100,00 0.00 0.00 10014. 438519. 1.06 110. 0.097
21 418359, 100.00 0.00 0.00 21793. 252507. 2.29 212, 0.108
22 502031. 100.00 0.00 0.00 16090. 98547, 2.36 135. 0.L175
23 418359, 100.00 0.00 0.00 5221, 31098, 1.51 38. 0,403
24 242811, 98.46 1.54 0.00 3236. 21520. 2.53 25. 1.025
25 94605, 94,76 5.24 0.00 1452, 21801. 2,80 15. 1.878
26 29463, 67.62 8.19 24,19 272. 35243, 0.64 5. 1.246
27 20784, 9.59 13,58 76.84 115. 69776. 0.20 3. 0.785
28 21618. 0.00 23.47 76.53 180. 74374, 0.17 4, 0.383
29 35112, 0.00 28.39 71.61 1908. 170367. 1.32 55. 0.239
30 68733, 0.00 15.71 84.29 4428, 94852, 1.82 157. 0.116
31 72056. 0.00 13.25 86,75 2663. 174815, 1.02 102. 0,099
32 165573, 0,00 6.83 93,17 0., 153507, 0.00 0. 0.000
33 93888. 0.00 11,86 88,14 0. 99755, 0.00 0. 0,000
34 174815, 0.00 7.87 92.13 0. 42487. 0.00 0. 0.000
35 153507. 0.00 3.49 96.51 0. 26291. 0.00 0. 0.000
36 99755, 0.00 7.46 92.54 0. 0. 0.00 0. 0.000
TOTAL 3002096. 73435, 3144247, 981.
Catch Explalned = 73373. Percent = 99,92
Mean Harvest Rate = 2,33
Effort Explained = Percent = 99.89

Total Qxleld =

0.024



CHUM YEAR = 1983
WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE -MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0,00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 2% 0. -99.00 0. =99.000
10 0. 0.00 0.00 0.00 3. 0. -99.00 0. =-99.000
11 0. 0.00 0.00 0.00 3. 0. =-99.00 0. =99,000
12 0. 0.00 0.00 0.00 8. 254, -99.00 0. -99.000
13 0. 0.00 0.00 0.00 16. 1677. 6.31 1. 88.362
14 0. 0.00 0.00 0.00 27. 4998, l.41 2. 9.369
L5 234, 100.00 0.00 0.00 51. 8361. 0.77 3. 2,633
16 1641, 100.00 0.00 0.00 102. 8949, 0.77 7. 1.126
17 4922, 100.00 0.00 0.00 196. 5804, 1.14 9. 1.254
18 8203. 100.00 0.00 0.00 1067. 10471, 7.28 i3. 54540
19 8203, 100.00 0.00 0.00 1353. 47917. 8.54 14. 5.974
20 4922, 100.00 0.00 0.00 743. 118136, 1.29 I1. 1.211
21 9453, 100.00 0.00 0.00 660. 159885. 0.40 13. 0.303
22 47109. 100.00 0.00 0.00 1126. 121600. 0.41 25. 0. 164
23 117188. 100.00 0.00 0.00 1067. 51130. 0.38 23. 0.166
24 158631. 98.50 1.50 0.00 469. 14167. 0.27 12, 0.228
25 120808. 97.00 3.00 0.00 428. 8715. 0.66 10. 0.644
26 50656. 92.54 5.80 1.67 475. 10097. 2.08 10. 2.056
27 13781, 56.69 30.40 12.91 471, 14185, 2.53 l1. 2,241
28 8318. 0.00 68.38 31.62 297. 11950. 1.24 10. 1.214
29 9720. 0.00 61.50 38.50 186. 17559, 0.74 8. 0.896
30 13906. 0.00 32.34 67.66 177. 11741, 0.62 10. 0.596
31 10899. 0.00 41,30 58.70 65. 21034, 0.22 &4, 0.525
32 17411. 0.00 19,12 80.88 0. 21336. 0.00 0. 0.000
33 11715. 0.00 31.91 68.09 0. 14720, 0,00 0. 0.000
34 21034, 0.00 24,57 75.43 0. 5668. 0.00 0. 0.000
35 21336. 0.00 13.19 86.81 0. 3B43. 0.00 0. 0.000
36 14720. 0.00 20.41 79.59 0. 0. 0.00 O. 0.000
TOTAL 674811. 8992. 693297. 197.
Catch Explained = 8976. Percent = 99.82
Mean Harvest Rate = 1.29
Effort Explainad = Percent = 99.67

Total Qxle3 =

0.066
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CHUM YEAR = 1984
WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE -MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 } 402. -99.00 0. =99,000
8 0. 0.00 0.00 0.00 10. 2753. 2.48 0. 80.554
9 0. 0.00 0.00 0.00 1 9% 8227. 0.48 l. 8.877
10 391. 100.00 0.00 0.00 22. 13701, 0.20 L. 2.582
11 2734, 100.00 0.00 0.00 21. 13740. 0.10 l. 1.286
12 8203. 100.00 0.00 0.00 32, 8603. 0.12 1. 0.902
13 13672, 100.00 0.00 0.00 85. 3105, 0.38 4. 1.060
14 13672, 100.00 0.00 0,00 500. 2547, 4,28 24, 1.801
15 8203. 100.00 0.00 0.00 441, 19531. 7.99 20. 4,040
16 2734, 100,00 0.00 0.00 0. 88986. 0.00 0. 0.000
17 2344, 100.00 0.00 0.00 0. 238674, 0.00 0. 0.000
18 19531. 100.00 0.00 0.00 4035. 412823, 1.23 46. 0.265
19 87891. 100.00 0.00 0.00 3741, 492997. 0.58 51. 0.112
20 234375, 100.00 0.00 .00 628, 411201, 0.07 10. 0.071
21 410156, 100,00 0.00 0.00 B56. 239002. 0.09 13. 0.074
22 492]188. 100,00 0.00 0.00 1037. 93283. 0.16 16. 0. 100
23 4]10156. 100,00 0.00 0.00 692, 29266, 0.2l 11. 0.191
24 238123, 98.43 1.57 0.00 317. 20898. 0.26 6. 0,469
25 92847, 94.66 5.34 0.00 202, 21712, 0.40 4, 0.997
26 29073. 67.18 8.30 24.52 142, 3i5161. 0.33 3. 1.033
27 20745. 9.42 13.60 76.98 56. 68782, 0.10 l. 0.715
28 21618. 0.00 23.47 76.53 42, 72083, 0.04 L. 0.326
29 35112. 0.00 28.39 71.61 43. 165586, 0.03 1. 0.241
30 68733, 0.00 15,71 84.29 19, 93888, 0.01 2. 0.053
31 72056. 0.00 13.25 86.75 0. 174815, 0,00 0. 0.000
32 165573, 0.00 6.83 93.17 0. 153507. 0.00 0. 0.000
33 938838, 0.00 11.86 88.14 0. 99755, 0.00 0. 0.000
34 174815. 0.00 7.87 92.13 0. 42487. 0.00 0. 0.000
35 153507, 0.00 3.49 96.51 0. 26291. 0.00 0. 0.000
36 99755, 0.00 7.46 92.54 0. 0. 0.00 0. 0.000
TOTAL 2972096. 12937, 3053810, 216.
Catch Explained = 12936. Percent = 99.99
Mean Harvest Rate = 0.42
Effort Explained = Percent = 99,98

Total Qxle3 =

0.020
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CHUM YEAR = 1985
WEEK ESCAPE STOCK STOCK STOCK CATCH RUN HARVEST EFFORT Q
CODE ~MENT 1 2 3 RATE (X1000)
5 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
6 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
7 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
8 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
9 0. 0.00 0.00 0.00 0. 0. 0.00 0. 0.000
10 0. 0.00 0.00 0.00 380. 0. -99,00 l4. =99.000
11 0. 0.00 0.00 0.00 673. 0. =-99.00 28. -99.000
12 0. 0.00 0.00 0.00 626. 4688, -99,00 30. -99.000
13 0. 0.00 0.00 0.00 0. 32813. 0.00 0. 0.000
14 0. 0.00 0.00 0.00 0. 98438, 0.00 0. 0.000
15 4688, 100.00 0.00 0.00 0. 164063. 0.00 0. 0.000
16 32813. 100,00 0.00 0.00 0. 177081, 0.00 0. 0.000
17 98438, 100.00 0.00 0.00 0. 130117. 0.00 0. 0,000
18 164063, 100.00 0.00 0.00 22584, 77458. 7.35 276. 0.267
19 164063, 100.00 0.00 0.00 36322, 143603, 18.34 462, 0,397
20 98438. (00.00 0.00 0.00 48441, 270983, 23,42 562. 0.417
21 48438, 100.00 0.00 0.00 39962, 334108, 10,49 374, 0.281
22 98438, 100.00 0.00 0.00 19452, 251066, 3.37 139, 0.242
23 234375. 100.00 0.00 0.00 14937, 110044, 2.60 107. 0.242
24 314435, 99,38 0.62 0.00 10165. 36689. 2.87 96. 0.297
25 237521, 98.68 1.32 0.00 7438. 24048, 5.18 87. 0.595
26 101352, 92.50 3.34 4,16 4999, 29718. 8.50 76 1.123
27 31832. 49,09 18.82 32.09 2849, 50439, 5.51 57. 0.971
28 20792, 0.00 41.10 58.90 1198. 37878. 1.53 36. 0.429
29 27652, 0.00 43.19 56.81 207, 82377. 0.24 7. 0.335
30 49552, 0.00 34,54 65.46 707. 42621. 0.59 27. 0.217
31 37566. 0.00 25,09 74.91 662. 63053. 0.53 25. 0.214
32 81457. 0.00 10.46 89.54 0. 69167. 0.00 0. 0.000
33 42394, 0.00 21.07 78.93 5126. 40679, 3.88 l. 38.844
34 60608. 0.00 10.91 89.09 5126. 17088. 4.78 1. 47.926
35 63305. 0.00 5.42 94.58 0. 12132, 0.00 0. 0,000
36 38733. 0.00 5.65 94,35 0. 0. 0.00 0. 0.000
TOTAL 2050951. 221854, 2300346, 2404,
Catch Explained = 220175. Percent = 99.24
Mean Harvest Rate = 9.57
Effort Explained = 2332, Percent = 97.02

Total Qxle3 =

0.041



APPENDIX C

This appendix describes the function, input and output files for each of
the FORTRAN programs and subroutines required to run the West Coast Vancouver

Island Troll Model. Documentation 1s provided for two sets of programs: 1)
the components of the troll model (TROLL PROGRAMS); and 2) those used to

produce the input files required to run the troll model (SETUP PROGRAMS). The
setup programs are described in the order in which chey are run.



Program:

Function:

Subroutines:

Input Files:

Output Flles:

C-2

SRTUP PROGRAM

TROLL7685.FOR

Compile the troll catch and effort statistics that form the

basis for the west coast Vancouver Island troll model.

NONE

CATCH7685.DAT - weekly catch and effort data for freezer and
non—-freezer troll vessel fishing 1in Stat-
istical Areas 21-27 for 1976 through 1985;
derived from the Salmon Commercial Catch Data

System.

TWCAGE .FIX - adjusted weekly chinook catch at age composi-
tion information; derived from biological
samples of chinook caught 1n Statistical
Areas 21-27 in the 1981 through 1983 fishing

seasonse.

PRICE7685.DAT - contains prices relative to coho for salmon
landed in Statistical Area 24 for each year
from 1976 through 1985.

TROLL7685.DAT - a formatted file containing information
presented 1in Appendix A.

TROLL7685,.STT - an unformatted file contalning information
presented in Appendix A.



Program: RECON.FOR

Cc-3

SETUP PROGRAM

Function: Reconstruct sockeye, pink and chum salmon runs through the

west coast Vancouver Island troll fishery for the years 1979

through 1985.

Subroutines: BIN(N,BON)

Input Files: TROLL7685.8TT
CMFUD,DAT
§555Xx.STT

Output Files: RECON.DAT

returne an array (BON) containing che bio-
nomial distribution for the escapement given

the length of the rum in weeks (N).

unformatted file containing the troll catch

and effort data presented in Appendix A.

parameters used to simulate the run timing

for summer chum stocks.

unformatted files containing the weekly
escapement from the west coast troll fishery
and estimates for the stock composition for
species ssss in year xx. The current version
of RECON.FOR requires 21 of these files,
representing run reconstruction for three
species (SOCK, PINK, CHUM) and seven years
(79-85), These files were generated by the
run reconstruction component of the South

Coast Stock Planning Model.

weekly output containing information present-
ed in Appendix B.



Program:

Function:

Subroutines:

Input Files:

Quput Files:

SETUP PROGRAM

BACKCH.FOR

Chinook backward cohort amalysis that combines troll catch and
effort data with mortality, emigration and immigration rates
to produce the weekly catchability coefficlents needed for the

west coast troll model.

Program prompts user to specify the following:

1) the base year (1976-85);
2) cotal annual escapement from the fishery; and

3) the proportion migratory (se= Table 18),

LEGAL(PLEGAL ,CV,SIZELIMIT) - returns an array (PLEGAL)
containing the portion of the stock that is above the minimum
size limit (SIZELIMIT) given a coefficient of variation (CV)

for the mean size 1in each week,

TROLL7685.STT - unformatted file containing the troll catch

and effort data presented in Appendix A.

BACKCHxx,OUT - weekly output from cohort analysis where XX

is the base year.

BACKCHxx.STT - unformatted file of parameters and catch-
abllity coefficients for the forward cohort
analysis component of the west coast troll

model.



C-5

SETUP PROGRAM

Program: BACKCO.FOR

Function: Coho backward cohort analysis that combines troll catch and
effort data with mortality, emigration and immigration rates

to produce the weekly catchability coefficients needed for the

west coast troll model.
Program prompts user to specify the following:

1) the base year (1976-85);
2) ctotal annual escapement from the fishery; and

3) the proportion migratory (see Table 18).

Subroutines: NONE

Input Files: TROLL7685.STT - unformatted file containing the troll catch

and effort data presented in Appendix A.

Output Files: BACKCOxx.0UT - weekly output from cohort analysis where xx

is the basge year.

BACKCOxx.STT ~ unformatted file of parameters and catch-
abllity coefficients for the forward cohort
analysis component of the west coast ¢troll

model,



TROLL (Main)
Program: TROLL.FOR
Function: Main routine for West Coast Vancouver Island Troll
Management (HCVITM) Model. Calls each subroutine in

sequence for each period.

Subroutine: EFFORT.FOR - reads management actions and estimates total

effort.

DIRECTOR.FOR = impose management actions and calculate
directed effort.

NET.FOR - Forward Run Reconstruction for sockeye, pink
and chum.

COHO.FOR -~ Forward Cohort Analysis for coho.

CHINOOK.FOR ~- Forward Cohort Analysis for chinook

OUTPUT.FOR - Print weekly results and summary table.

Link Statement: LINK TROLL,EFFORT,DIRECTOR,NET,COHO,CHINOOK,LEGAL, OUTPUT

Input Filles: NONE

Qutput Files: NONE

Common Block: COMMON . FOR



Program:

Function:

Input Files:

Output Filles:

Common Block:

TROLL (Sub)

EFFORT.FOR

Read management actions and estimate total annual and weekly

efforec. Prompts for interactive answer to the following

question:

'USE BASE OR PREDICTIVE EFFORT (B/P)'

if the answer is 'B' the model uses the base years weekly
effort as compiled in the file TROLL7685.DAT.

if the answer 1is 'P' the model uses an equation to estimate
total effort and discributes the effort over the fishing
season proportional to the base year.

the erfort allocated to each week 1s displayed on the users

terminal.

TROLL7685.DAT - weekly troll catch statistics for chinook by
age (2-5), coho, sockeye, pink and chum;
total effort; percent of total effort
directed at each species.

INPUT.DAT - management options and parameters.

NONE

COMMON , FOR



Program:

Function:

Input File:

Output File:

Common Block:

TROLL (Sub)

DIRECTOR.FOR

Impose
shaker

effort

NONE

DIRECT.

COMMON.

management actions and calculate directed effort and
effort for each species. Shaker effort is the fishing

that results in fish being hooked and released,

ouT - displays the 1nltial directed effort, new

directed effort after management actions have
been imposed and the estimated amount of

shaker effort; for each specles each week.

FOR



Program:

Function:

Subroutines:

Input Files:

Output Files:

Common Block:

TROLL (Sub)

CHINOOK.FOR

Forward cohort analysis for chinook. Chinook directed effort
from the DIRECTOR subroutine as combined with initial stock
size, catchabllity coefficlents and other parameters from the
backward cohort analysis, to predict weekly catch by age

class.

LEGAL (PLEGAL,CV,SIZELIMIT) - returns an array (PLEGAL)
containing the portion of the stock that is above the minimum
size limit (SIZELIMIT) given a coefficlent of variation (CV)

for the mean size in each week.

BACKCH82.STT - unformatted file containing all parameter
values from the backward cohort analysis for ~

the 1982 chinook base year.

CHIN82.0UT ~ formatted output containing weekly estimates
of cohort size, catch, shakers, emigration,

{mmigration and escapement for age 3 chinook.

= also includes a summary of catch, shakers and

escapement for each age class; along with

total effort and harvest rate.

COMMON , FOR



Program:

Function:

Subroutlines:

Input Files:

Output Files:

Troll (Sub)

LEGAL.FOR

returns an array (PLEGAL) containing the portion of the
chinook gtock that 1s above the minimum size 1limit
(SIZELIMIT) given a coefficient of varlation (CV) for the mean

size in each week. Note: the size limit must be in milli-

metres.

XSIZE(A) - interpolates the mean size for each chinocok
age class each week from monthly mean size at
age data.

NONE

NONE



Program:

Function:

Subroutines:

Input Files:

Output Files:

Common Block:

TROLL (Sub)

COHO. FOR

Forward cohort analysis for coho. Coho directed effort from
the DIRECTOR subroutine is combined wich initial stock size,
catchability coefficients and other parameters from the

backward cohort analysis, to predict weekly catch for age 3

coho.

NONE

BACKC082,STT - unformatted file containing all parameter
values from the backward cohort analysis for
the 1982 coho base year.

COHO82.0UT ~ formatted output containing weekly estimates
>f cohort size, catch, shakers, emigration,
immigration and escapement for age 3 coho.

- also includes a summary of catch, shakers and
escapement, along with total effort and
harvest rate.

COMMON . FOR



Program:

Function:

Input Files:

Outpuc Files:

TROLL (Sub)

NET.FOR

Forward run reconstruction for sockeye, pink and chum stocks.
Directed effort from DIRECTOR subroutine is combined with
initial run size, stock proportions and catchability
coefficients from the backward run reconstruction to predict

weekly catch for sockeye, pink and chum (all ages).
RECON. DAT — formatted file containing all results from
the backward run reconstruction for each

species, for the years 1976-85.

NET82.0UT



Program:

Function:

Input Files:

Output Files:

Common Block:

TROLL (Sub)

OUTPUT.FOR

Print weekly catch predictions for each species and seasonal
total for catch, escapement, shaker deaths (due to size limit
or other non-retention regulations) and total directed

effort. Adult equivalent escapement 13 calculated and printed

for chinook.

The program prompts for a response to the following question:

'WRITE OUTPUT FILE FOR SHORT TERM MODEL (Y/N)'

If the answer 1s 'Y' (yes) the program prompts for a file name

(WCCAT82.DAT) to store the weekly catch estimates for sockeye,
pink and chum.

NONE

OUTPUT82.0UT - summary output,

WCCAT82L,DAT - the user specifies the file name, however,
the short term model will attempt to open a
file with this name for the 1982 cycle - low
diversion rate year.

COMMON . FOR





