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EXECUTIVE SUMMARY 

1. The 1994 lUll of Fraser River sockeye salmon approached the Fraser River mainly through Jolmstone 
Strait. TIlls produced large abundances offish in Canadian fislling Areas 11-16 where over 6 lrullion 
fish were harvested, or approximately one-half of the connnercial catch of all Fraser River sockeye in 
1994. Escapements of late-lUll sockeye to the Strait of Georgia were fished in both Canadian and United 
States waters under regulations promulgated by the management agencies in the two countries. Catches 
of late-nm sockeye salmon in the Strait of Georgia and lower Fraser River totalled 1,331,000 fish. 

2. In late September, 1994, Pacific Salmon Commission staff identified a large shortfall in the gross 
escapement oflate-nm Fraser River sockeye salmon. After fisheries in the Strait of Georgia and lower 
Fraser River had closed for the season, the PSC staff estimate of the munber of late-mn sockeye 
available for gross escapement was 3,340,000 fish. Estimates of in-river Native fishelY catches below 
Mission and Mission hydroacoustic estimates of escapement, however, resulted in an in-season gross 
escapement estimate of only 1,138,000. After completion of estimation programs in the Fraser 
watershed, Canada Department of Fisheries and Oceans post-season estimate was a total of 1,645,000 
late-lUll sockeye in Native fishery catches and spawning ground escapements. 

3. Canada and the United States approved the Pacific Salmon Commission plan for a bilateral review 
of run-size estimation procedures used in-season by PSC scientific staff. The review was led by PSC 
staff and included members of the Fraser River Panel Joint Technical Connruttee, experts from the two 
cowltries, members of the Fraser River Panel and members of the Fraser River Sockeye Public Review 
Board. 

4. While late-nm sockeye abundance was over-estimated in 1994, sockeye nms in 1993 were Wlder
estimated and SUllliller-nm sockeye abundance in 1994 was also under-estimated by a small amount. 
Factors that may have led to the over -estimation of late-11m sockeye in 1994 were identified at the first 
workshop on Febmmy, 2-3, 1995, and explored at the second workshop on April 26, 1995. 

5. The methodology used by PSC staff for in-season 11m-size assessment was examined during the 
review. The three models that were used in-season provided similar estimates of late-nm sockeye 
escapement to the Strait of Georgia and, thence, after subtraction of catch in the Strait of Georgia and 
the lower Fraser River, gave similar estimates of the nmnber available for gross escapement. Post
season catch and racial ffilalysis information used in the same models gave a greater range of estimates, 
but catch estimation errors and racial analysis imprecision did not fully explain the 11m-size estimation 
errors. 

6. Analysis of post-season data showed that the large abundance of sockeye and the large purse seine 
fleet that fished in J olmstone Strait produced high harvest rates and record catches of late-run sockeye. 
Pmse seine catch and CPUB models and the cmnulative-nonnal model used in the assessments generated 
larger over-estimates of abwldance using the post-season catch data than were obtained in-season. 
Extrapolation of the late-11m regression models by applying 1994 data, which was much larger than the 
range of previous observation, may have been partly responsible for the over-estimation using pmse 
seine models. A umdamental change in the J olmstone Strait pmse seine harvest rates was identified as 
a major factor in the failme ofthe cmnulative-normal model to correctly estimate the late-nm abwldance 
and munber of fish available for gross escapement. 
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7. Harvest rates obtained in-season for smnmer-lUil sockeye were found to be substantially below those 
calculated using post-season estimates of catch and racial composition. During the 1994 fishing season, 
the error in smruner-rIDl harvest rate estimates led to the false conclusion that the use of 1983 harvest 
rates were appropriate for late-nm sockeye. PSC staff did not adjust late-nm harvest rates in the 
cmnulative-nonnal model because of this fmding. Also, when the low smruner-rIDl harvest rates were 
applied to late-nm catch estimates, the exploitation rate model produced over-estimates of the nmnber 
of late-nm sockeye that entered the Strait of Georgia. Had correct catch and racial composition data been 
available in-season, higher harvest rates would have been used, thus lowering the in-season nm size and 
escapement estimates from the cmnulative-nonnal and exploitation rate models. 

8. As a result of this investigation, the PSC will modify some assessment methodologies. First, the 
PSC will make changes to the purse seine catch ffild CPUB models. Second, Johnstone Strait purse seine 
harvest rates for recent years (1992-94) will be incorporated into the cumulative-nonnalmodel. hl
season assessment of sunnner-rIDl sockeye delay in the Strait of Georgia will be undertaken to avoid 
errors in smruner-nm exploitation rate models used for estimation of late-nm escapement to the Strait 
of Georgia. 

9. We recommend the establishment of a purse seine test fishery at the southeast end of the J ollllstone 
Strait connnercial fishing area, primarily to verifY the arrival of expected munbers of fish at the 
COlrunercial fishery boundmy. Data on the rate of travel for sockeye salmon through the Jollllstone Strait 
fishery area would also be obtained. Direct measurement of late-mn sockeye escapement to the Strait 
of Georgia would be a future goal for this new test fishery. 

10. We recommend that the area over which the Jollllstone Strait fishery operates be reduced. This 
reconmlendation stems from the need to reduce harvest rates, stabilize the fishery in the future, improve 
manageability and provide high quality catch data for assessment of nm sizes and measurement of 
escapement to the Strait of Georgia. 

11. We recOlrunend that methods for in-season and post-season catch estimation in Juan de Fuca and 
Jolmstone Strait purse seine ffild gillnet fisheries be inlproved to provide more accurate and timely catch 
data for nm-size assessment. 

12. We recommend that emerging genetic (DNA) technologies be investigated, with the goal of 
improving the in-season racial identification of sockeye salmon stocks in the future. hnprovements of 
stock composition estimates in catches used for assessment of rIDl size is important to the scientific 
management of Fraser River sockeye salmon. 
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INTRODUCTION 

Responsibility for management of Fraser River sockeye and pink salmon stocks is shared between 
the Government of Canada and the Pacific Salmon Commission (PSC) in accordance with the terms and 
conditions established by the August 13, 1985, exchange of diplomatic notes between the two 
governments party to the Pacific Sahnon Treaty. The Fraser River Panel, a body of the PSC, is charged 
with the responsibility to meet annual objectives of escapement (set by Canada) and international catch 
sharing (set by agreement through the aegis of the PSC). The Panel meets its objectives through in
season regulation of United States and Canadian fisheries within an area defined as the "Fraser River 
Panel Area" (Figure 1). 

In order to meet the major objectives of the Treaty, PSC scientific staff conduct in-season 
assessments of returning nUl size by stock group, arrival timing and routes of migration. These 
assessments are perfonned by PSC staff, using data provided by the management agencies of the two 
countries and collected directly through staff-conducted field and laboratory programs. In 1994, 
notwithstanding the fact that international catch-sharing arrangements were not agreed between the two 
countries, PSC staff conducted its regular programs and provided in-season analyses to the management 
agencies of the two countries. 

AblUldance estimates provided by PSC staff during the 1994 season, and the lUlderlying technology 
mld methodology used to generate those estimates, first became subject to wide public scrutiny in mid
September when the Canada Department of Fisheries and Oceans (DFO) mmounced that a serious 
discrepancy existed between summer-run sockeye escapement estimates generated by the PSC's Mission 
hydroacoustic program and DFO's upstream accOlUlting. TIns situation resulted in establishment of the 
"Fraser River Sockeye Public Review Board" (FRSPRB), which published its report dealing primarily 
with this issue in early March, 1995. The Mission Hydroacoustic Facility Working Group concluded, 
mld the Public Review Board concurred, that " ... although the potential biases [in the methodology] raise 
some concerns, these are unlikely to lead to serious errors in escapement estimation" (FRSPRB 1995, 
p.85). 

The second area of concern regarding the PSC's abundmlce estimation procedures became evident 
by late September, 1994, when tlle abundance of late-nligrating sockeye stocks fell substantially ShOlt 
of in-season assessments. PSC staff made an in-season projection of 4,600,000 late-nUl sockeye that 
reached the Strait of Georgia. Catches removed by United States and Canadian fisheries in the lower 
portion of the Strait of Georgia totalled 1,260,000, leaving an estimated 3,340,000 sockeye for gross 
escapement. This figure was very close to Canada's adjusted gross escapement goal of 3 ,400,000 set 
September 2, 1994. 

Hydroacoustic estimates at Mission, however, indicated that the actual late-nUl sockeye gross 
escapement totalled only 1,055,000 fish. Post-season revision of stock identification estimates placed 
the total, wInch includes Native fishery catches below Mission, at 1,138,000 sockeye. Later, the 
estimated spawning escapement plus the Fraser River Native fishery catch of these stocks, based on 
DFO's post-season accOlUlting, totalled 1,645,000 sockeye. These totals were 1,695,000 to 2,202,000 
fish ShOlt of the munber projected to have remained in the Strait of Georgia, and therefore available for 
gross escapement, after all marine fisheries in both Canada and the United States had closed. 

TIns situation led the Pacific Salmon Commission to mmounce on September 30, 1994, that it would 
conduct a bilateral review of run-size estimation procedures used in-season by the PSC's scientific staff. 
This review, while it was to be led by PSC staff, included the Fraser River Panel's Joint Technical 
Committee, which comprises representatives from both the United States and Canada, augmented by 
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additional teclmical experts from the two countries, members of the Fraser River Panel, and members 
of the FRSPRB. A list of the participants in the two workshops conducted during this review is in 
Appendix A. 

Tllis report presents the analysis of data relevant to the 1994 shortfall of late-run sockeye 
escapements. We provide an assessment of the problem in tenns of the essential elements that led to the 
error in estimation. As well, we attach appendices wmch contain detailed analyses of the possible impact 
that various factors may have had on the estimation process. Implementation of recommendations of 
the repOlt, wllich include improvements to run-size estimation models, direct monitoring of escapement 
in lower Johnstone Strait and options for improved management, will reduce the likelihood of such large 
differences between estimates of late-run sockeye escapement in future years. 

BACKGROUND 

It is vital to wlderstand the biology of late-run sockeye stocks and the process of escapement 
estimation in order to follow the analysis. The sockeye stocks which the Fraser River Panel has 
identified as "late-filll stocks" for management purposes are: Birkenhead River, Adams River/Lower 
Shuswap River, Weaver Creek, Portage Creek, Cuitus Lake and Harrison River stocks, plus a few minor 
stocks that spawn in lower Fraser River tributaries. Each stock has a wlique production cycle with 
al1l1ual return ablmdances varying by up to three orders of magnitude (i.e., 1,000X). These stocks have 
their largest combined abundance on the 1994 cycle when the Adams/Lower Shuswap stock complex 
has its peak or "dominant" cycle line return. Returns in 1994 were primarily 4-year-old fish from the 
spawning in 1990. The pre-season forecast of total late-run ablmdance was 7,100,000 fish or about 37% 
of the expected total return of Fraser River sockeye in 1994 (Appendix B; Table 1). 

Behaviour of late-run sockeye differs from other Fraser River sockeye stocks in several respects. 
These sockeye return later in the season than most "sUDill1er-run" stocks, generally peaking in nlid to late 
August in Juan de Fuca and Jolmstone Straits. More importantly, after arrival in the Strait of Georgia, 
late-nm sockeye typically delay in deep water for variable periods before entering the lower Fraser River 
and proceeding upstream. Birkenhead sockeye delay 7-10 days but may hold for up to 3 weeks. 
AdamslLower Shuswap sockeye spend approximately 3-4 weeks between peak arrival into the Strait of 
Georgia and the peak at the Cottonwood test fishing site in the lower Fraser. Weaver, Portage, Cultus 
and Harrison sockeye appear to delay from 3 to 6 weeks with variable timing of upstream movement, 
wmch on some cycles does not peak until the first half of October. 

The delay behaviour oflate-nm sockeye stocks results in two main considerations in the management 
process. First, by the time these fish enter the lower Fraser River, the skin and flesh coloration has 
changed to the point that they are less desirable for fresh, frozen or call11ed use. Consequently, prices 
paid to fishermen for these fish are lower than prices paid for the same fish caught a few weeks earlier 
in migratory areas. Therefore, in the interest of optimizing the econonllc value of the fish, industIy 
greatly prefers to catch the bulk of the harvest in marine migratory areas where fish are "silver-bright". 
The quality oflate-nm sockeye is llighest in "outside" troll and Juan de Fuca and Johnstone Strait purse 
seine and gilhlet fisheries in Cmlada, and Puget SOlmd purse seine, gillnet and reef net fisheries in the 
UIlited States (Figure 1). "Inside" trollers fishing in the Strait of Georgia also catch lligh quality fish if 
openings are pennitted soon after the fish arrive in the Strait. Late-run sockeye are not llighly available 
to tlle Area 29 gilhlet fleet lilltil the fish begin to mature and press in toward the river mouth. At this 
time, catches can be large, but fish quality has begtm to decline. 
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Second, the several-week delay in the Strait of Georgia means that by the time enough late-run fish 
reach Mission to allow a direct assessment of the total number available for gross escapement, the run 
through the marine migratory areas is essentially completed. Estimates of escapement at Mission simply 
come too late to allow the number reaching the Strait of Georgia to be adjusted upwards or downwards 
by modifYing fishery regulations in marine areas. 

Following is a list of terms that are used in this report to describe the abundance oflate-run sockeye 
at various locations: 

Pre-season forecast: The DFO pre-season expectation of sockeye salmon retums for a particular stock, 
stock group or for Fraser sockeye as a whole. 

Run-size estimate: The in-season estimate of the abmldance of a particular stock, stock group or the 
total Fraser sockeye nUl, obtained by use of mathematical "models" that are designed to produce 
accurate, precise estimates using data available from commercial and test fishery catches and from 
the Mission hydroacoustic program. 

Total run: The total abmldance of adult sockeye for a pmticular stock, stock-group or for Fraser 
sockeye as a group, for the year of retmn. Estimates of all catches, spawning escapements and en
route mOltalities are included. 

Escapement to the Strait of Georgia: The abmldance of adult late-run sockeye that "escape" from 
fisheries in Johnstone Strait (Canadian Areas 11-16) and Juan de Fuca Strait (Canadian Area 20 and 
United States Areas 4B, 5, 6, 6C, 7 and 7 A) into the Strait of Georgia. This number includes all 
catches in the terminal areas that occur thereafter, specifically Area 29 commercial fisheries, Strait 
of Georgia and Fraser River Native fisheries, sport and test fisheries and escapements to spawning 
grotUlds in the Fraser River watershed. United States Area 7 A is a special case, where catches may 
include fish designated as "escapement to the Strait of Georgia" as well as catch of migrating fish. 

Number of sockeye available for gross escapement: The estimate of late-rIDl sockeye escapement 
to the Strait of Georgia (as above) minus all tenninal area (Strait of Georgia and lower Fraser River) 
catch, except for the in-river Native fishery. This munber is the in-season estimate of late-rIDl fish 
available for in-river Native catch and spawning escapement. 

Gross escapement based on Mission: The estimate of late-run sockeye escapement obtained at the 
Mission hydroacoustic site plus the Native fishery catch below Mission. This estimate is not 
available for in-season management because late-run sockeye delay in the Strait of Georgia. 

Gross escapement based on upstream accounting: The StUll of DFO late-run sockeye spawning 
ground escapement estimates, estimates of all catches by the in-river Native fishery and en-route 
mortality. This estimate is not available until mid-winter following the fishing season. 

ESTIMATION METHODS 

In-season assessments of retmning rIDl size and arrival tiIning by stock group and routes of 
migration (Figure 2) are conducted using data obtained by PSC staff through an integrated data 
collection program with four components (Woodey 1987): 1) catch estimation, 2) test fishiIlg, 3) stock 
identification, and 4) escapement estimation. We estimate catches made in commercial fisheries in the 
Fraser River Panel Area (Figure 1) and obtain catch estimates from the two countries for fisheries 
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outside the Panel Area. During periods prior to and after the commercial fishing season and between 
openings within the season, test fishing is conducted to obtain indices of abundance and to provide 
biological samples for racial mlalysis. Scales mId biological data obtained from samples of commercially 
caught sockeye and from test catches are analyzed in the PSC laboratOlY to estimate stock proportions 
(Gable and Cox-Rogers 1993). Daily escapements of sockeye sahnon are estimated at Mission by a 
hydroacoustic estimation procedure (Bamleheka et al. in press). These catch and escapement data by 
stock form the basis of the analyses used to estimate stock abwIdances, arrival timing and routes of 
migration as each stock appears on the coast and migrates through Juan de Fuca and Johnstone Straits 
toward the Fraser River. 

Estimates of total nll by stock group are based either on historical regression relationships that 
relate run size to catches or cmnulative catch mId escapement, or on estimates of catch in the CWTent year 
divided by harvest rates obtained from the current or past years' data. Escapement to the Strait of 
Georgia is estimated by subtracting the estimated catch from the weekly or total run size. For swnmer 
nllS, weekly gross escapement estimates can be cross-checked in-season based on estimates obtained 
from the Mission hydroacoustic program plus any catches that may occur within the Strait of Georgia 
or Fraser River. Such in-season feedback can also be used to modify the harvest rates that are used in 
run-size models. However, because of delay behaviour, estimates of gross escapement for late-filll 
sockeye from the Mission program come too late to provide a useful cross-check on the projections of 
the lllunber available for gross escapement. Furthermore, no in-season feedback is available on harvest 
rates for late-nll stocks. Therefore, three altemative methods of estimating escapement of late-run 
sockeye to the Strait of Georgia have been developed with the goal that a comparison of the estimates 
from the three models could provide a form of cross-check. 

Three run-size estimation models have been developed for estimating swnmer-filll sockeye 
abwIdmIce. In the first type of model, CmIadiml Juan de Fuca and Johnstone Strait purse seine catch and 
catch per unit of effort (CPUE) data are used to obtain a total abwIdance estimate for each stock. In the 
second type of model, catches mId escapements are adjusted to a common migration point to obtain daily 
ablmdmIces and cwnulative ablmdmIce-to-date. Cmnulative totals are then regressed on nul size for the 
years of record to obtain a prediction model for use in future seasons. In the third method, these 
cumulative daily abwIdances are regressed on a series of cwnulative-nonnal abundances obtained by 
varying the size mId spread (variance) of nonnal curves. Maximization of the fit between the observed 
data and the generated normal distributions provides an estimate of abundance and timing of the nul. 

For estimating the lUll size of late-lUll sockeye, the purse seine catch and CPUE models are applied 
as for summer-run stocks. The escapement of late nulS to the Strait of Georgia is then estimated by 
subtraction of migratory area catch from the filll-size estimate. Cmnulative passage models (second 
model above) camlOt be applied to late-filll stocks because the necessary escapement data are 
unavailable. However, the cmnulative-normal model has been modified for use with late nulS by the 
incorporation of historical harvest rates, which are applied to catch estimates in Juan de Fuca mId 
Johnstone Straits net fisheries to obtain daily abwIdance estimates. These daily abundances are then 
treated the same way as for smnmer-filll stocks, i.e., cwnulative daily totals are regressed on the 
cwnulative abtlldances from a suite of normal curves of varying nul size and spread. Escapement of 
late-filll sockeye to the Strait of Georgia is again obtained by subtraction of migratory area catch from 
the estimated run size. In addition to these two methods of projecting escapement of late fillIS, a third 
method has been developed which uses harvest rates estimated from catch and in-season escapement of 
co-migrating swmner-run sockeye. Daily mId weekly harvest rates in Juan de Fuca and Jolmstone Straits 
migratory area fisheries are calculated during the season for SUlllffier-nul stocks and applied to late-filll 
catch estimates from these fisheries to obtain daily and weekly abwIdance estimates of the latter. 
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Escapements to the Strait of Georgia are then estimated by subtraction of the daily or weekly catch. 
Each of these methods is briefly explained below. 

Commercial Purse Seine Models 

Historically, regression of run size on peak week catch and CPUB for purse seine fisheries in Juan 
de Fuca and Johnstone Straits (Appendix C) was the major source of run-size information. In Area 20 
and Areas 12 and 13, fish are confmed to relatively narrow migration routes and are highly vulnerable 
to purse seine fisheries. These fisheries harvest sockeye which are from four to eight days' migration 
distance from the Strait of Georgia. Catch infonnation from fisheries early in the week normally provide 
estimates for Friday Panel meetings and allow for the development of fishing plans in Panel Area and 
non-Area fisheries for the following week. These models require accurate estimates of total purse seine 
catch and gear COlUlt by area, and information on the duration of each fishery and area restrictions. 

Purse seine catch models are particularly important for assessing late-run sockeye abundance, 
because they provide lUll-size estimates early enough to adjust outside fisheries to meet escapement and 
catch allocation goals. Pmse seine catch mld CPUB models can only confidently be used for data within 
the range of past experience. The relationships between catch or CPUE and run size that the models 
represent Calmot be extended beyond previous limits without making additional assumptions. 
Consequently, when the catches, fleet sizes or fishery durations lie outside the range of previous 
experience, uncertainty in the resulting estimates increases. While the potential error on any estimate 
which is beyond the rmlge of past observations will be quite large, but there may be no option but to use 
these estimates. 

Pmsumlt to a reconmlendation from the 1993 PSC Workshop on lUll-size estimation, we developed 
methods to "adjust" the catches that were entered into the purse seine catch and CPUB models. The goal 
here was to compensate for unusually large catches taken in northern fisheries (Canadian Areas 1, 2W, 
8, 101 and 142) that defonn the arrival curve. To determine these "adjusted" catches, purse seine and 
troll catches taken in northern fisheries were incorporated into daily migration estimates to fonn a 
theoretical "unfished" an'ival pattern in Area 12. Johnstone Strait purse seine catches of these fish that 
would have been taken had they not been intercepted in seaward fisheries were added to the observed 
catches to form ml"adjusted catch" mld "adjusted CPUB". These adjusted figures were used in in-season 
models. 

Cumulative Passage Model 

Regression models have been developed comparing the run size of surmner-run stocks in past years 
to the reconstructed cmnulative ablUldances of those stocks referenced to a common migration location, 
i.e., the Fraser River at Mission (Appendix D). Daily catches in all Panel and non-Panel Area fisheries 
and daily Mission hydroacoustic estimates of escapement for individual stocks are adjusted to C01111110n 
dates of migration and slUlillled by day for the period of migration. The daily totals are then sunlilled 
to give cumulative totals for each date and year. Regression of annual run sizes on cumulative 
abmldances to a particular date then provides a means of assessing the current year run size at ally date 
by using cumulative catch and escapement data in tlle current year. Two sets of regressions are 
calculated for each stock, one which uses only the accOlUlted run to date, and a second which includes 
date of peak run timing for each year as an additional variable. 

Annual reconstructions are perfonned in a given year for all uniquely identified sUllilller-run stocks 
or stock groups. Models have not been developed for late-run stocks because the delay of these stocks 
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in the Strait of Georgia means that escapement data are unavailable for the in-season reconstruction of 
daily abundances. 

Cumulative-normal Models 

PSC staff have developed teclmiques for run-size estimation based on the asswnption that the 
migration of each retuming stock approximates a nonnal distribution. In-season catches mld 
escapements are adjusted to a common migration point and provide an estimate of the daily unfished 
abundance at that point. The cumulative daily estimates to each date are then regressed on expected 
values obtained from a set of nonnal curves with varying run size, timing and duration parameters 
(Appendix E). The abwldance mld timing paranleters of the nonnal distribution scenario giving the best 
fit (highest r value) to the observed data become the "best" estimates for the run. The model is updated 
periodically as additional days of catch and escapement data become available. The method relies upon 
high quality catch mld escapement data and on the asswnption that the speed of fish movement between 
areas is consistent between years. Pmticularly important is the determination of whether sununer-nm 
fish are delaying off the mouth of the Fraser River. Delay, if any, causes the escapement component to 
be inaeemately measured for pmticular blocks of the migration. The daily gross escapement estinlates 
at Mission then do not reflect the actual escapements of sockeye associated with catches several days 
earlier in marine areas. 

For swmner-run sockeye, the method does not rely on historical data except for historical run 
distribution data that are used to develop scenarios for the model (i.e., the model uses a range Ofrilll 
durations observed in previous years). However, in order to use swmner-rill1 sockeye catches for the 
cmTent week before the arrival of the escapement component at the Mission hydroacoustic site, historical 
daily harvest rates are used to project escapement fi'om the catch data. These projections are replaced 
a few days later with Mission estimates. 

The cumulative-normal model will provide an estimate of run size at any stage of the rilll, but the 
estimates stabilize only after the peak appears at Mission. Cumulative-nonnal models, in theory, provide 
a valid method to estimate rill1 sizes beyond the range of previous experience as long as the basic 
assmnptions of the model are met. However, simulation studies have shown that the model is sensitive 
to deviations from nonnality caused by skewness or bimodality. 

Inputs to the cmnulative-nonnal model for late-run sockeye cmmot be estimated in the same mam1er 
as for SUl1lli1er-rilll sockeye because late-run escapements cmmot be measured directly. However, an 
extension of the model has been developed wherein harvest rates for late-run stocks obtained from past 
years' data are applied to in-season catches in Juan de Fuca and Johnstone Straits fisheries to estimate 
the daily abtmdance (i.e., catch plus escapement). These estimated daily abtmdances are swnmed day 
by day during the season and the accumulated total is regressed on a range of cumulative-normal curves 
as for smnmer runs (Appendix E). The escapement oflate-nm sockeye to the Strait of Georgia can be 
estimated at any point in the season by subtraction of the catch from the estimate of abundance to date. 

Johnstone Strait harvest rates from 1983 were used in the 1994 cumulative-nonnal model estimates 
oflate-rill1 sockeye abtmdance. The 1983 data were used because 1983 was the only high diversion year 
for late-run sockeye since 1978. However, sununer-run harvest rates in 1993, which was a high 
diversion year but had few late-run sockeye, were higher than in 1983 and indicated that higher harvest 
rates may also oeem in 1994. Therefore, to assess whether late-rill1 harvest rates in 1994 were consistent 
with 1983 or with 1993 data, we assessed Stilllli1er-rilll harvest rates during the 1994 fishing season. 
Harvest rates for migratory area fisheries mld catches mld gross escapements in the Strait of Georgia and 
Fraser River were calculated weekly. The migratory pattern of sockeye entering Johnstone Strait in 1994 
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was also monitored to determine if it was similar to that observed for summer runs in 1993. These data 
were assessed so that modifications to the harvest rates based on 1983 data could be made in-season if 
warranted. 

In July, Cmlada provided a forecast of a high Johnstone Strait diversion rate for 1994. Since purse 
seine fishing times in Johnstone Strait had been reduced when high diversion rates occUlTed in 1992-93, 
we expected sinlllarly short (single day) purse seine fishery openings in 1994. Due to the length of the 
Johnstone Strait fishing area (210 km), single day fisheries in Areas 12 and 13 impact five days of 
migrating fish leaving two days of migration per week for which no purse seine catch and harvest rate 
data are available to be used to estimate daily abundances. Although extended weekly fishing periods 
were provided for gillnets, the large variability in gillnet harvest rates did not allow their use to estimate 
ablUldance on those days. To provide estimates of migration abundance for those days, data from the 
purse seine test fishery in Area 12 were substituted, using estimated harvest rates for this vessel 
calculated from the reconstmction of abundance in the first two weeks of the 1994 season. Thus, the 
daily data used to generate estimates of late-nUl sockeye abundance using the cUlnulative-nonnalmodel 
was obtained from a mix of cOlmnercial and test purse seine fisheries. 

In-season Summer-run Exploitation Rate Model 

Due to the delay behaviour of late-rWl sockeye, daily escapements of these stocks to the Strait of 
Georgia cannot be measured by direct monitoring. Therefore, in-season harvest rates for summer-nul 
stocks are applied to catches of Adams/Lower Shuswap sockeye in key migratory area fisheries to 
estimate the abundance of these latter stocks (Appendix F). Catches are then subtracted from the 
abundances to obtain the number of Adams/Lower Shuswap sockeye that escape into the Strait of 
Georgia. 

Summer-nul exploitation rates are estimated by reconstmcting the current-year catches of lUuque 
(in tenns of scale characteristics) SlUlllller-nill stocks (e.g., Chilko or Chilko/Quesnel) from all fisheries 
between Area 20 and the Fraser River and Area 12 and the Fraser. The daily Mission hydroacoustic 
escapement profile for summer-nul stocks is added to these catches to obtain a daily reconstruction of 
catch and escapement. From these data, both daily and weekly exploitation rates are estimated by 
dividing the catch by the catch plus escapement. 

The migratory area catch profile for the Adams/Lower Shuswap stock group is assembled for the 
same fisheries as the Chilko or Chilko/Quesnel stock group. The migratory catches of Adams/Lower 
Shuswap sockeye are divided by the harvest rates calculated for SlUmner-nul stocks to obtain estimates 
of ablUldance. Migratory area catches of Adams/Lower Shuswap sockeye are then subtracted from the 
abWldmlce estimate to obtain the number of fish that escape to the Strait of Georgia. Two estimates of 
AdmnslLower Shuswap escapement are derived, one using daily and the other using weekly exploitation 
rates. Finally, terminal area catches are subtracted to obtain the number of Adams/Lower Shuswap 
sockeye that remain in the Strait of Georgia for gross escapement. The number of all late-nul sockeye 
that remain for escapement is estimated by dividing the Adams/Lower Shuswap escapement by the 
proportion of Adams/Lower Shuswap sockeye in the total late-nul group. 

Past performance of models 

Three models, i.e., purse seine models, cumulative-normal model and slUumer-nUl exploitation rate 
models, have been used in previous years to estimate late-nul sockeye escapement to the Strait of 
Georgia. These estimates can be compared to the post-season accolUlting of commercial and Native 
catches in the Strait of Georgia mld the Fraser River, plus estinlates of spawning escapements. However, 
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the models vmy in the number of years that each has been used. This makes direct comparisons of model 
perfOlmance difficult; however, each can be compared to the accounted total in the years of use (Table 
1). The performance of the three basic models and their variants has been uneven. No one model has 
consistentIy outperfomled tile others. However, in four of five years of large late-run sockeye abundance 
for which estinlates are available, most in-season estimates of escapement to the Strait of Georgia were 
lower than the post-season accounted total. A factor in tile tendency of the models to produce low 
estimates of gross escapement is the in-season tendency for catch and CPUE in Juan de Fuca and 
Johnstone Strait purse seine fisheries to be lUlder-estimated. Purse seine models have been developed 
witIlpost-seasondataand,thus, when imprecise in-season data are applied, the models tend to produce 
low estimates. The cumulative-normal model and sUllliller-run exploitation models are sensitive to in
season catch estimation errors, as well. 

Table 1. Estimates of late-run sockeye escapement to the Strait of Georgia obtained in-season by 
various methods. 

Method Used in the Estimate 

Summer-
Year Weekly Daily run 

Purse Seine Harvest Harvest Exploitation 
Models Rate 1 Rate 2 Rate 

1982 2.20-2.49 3.50-4.18 
1986 4.31 (2.30) 4.26 3.41-3.91 
1987 1.53 1.39 1.17 
1990 4.50 4.93 3.74-5.59 
1991 1.93 1.51 1.96 1.32 

Average % Error 

1 

2 

Absolute 8% 30% 12% 

Mean -8% -11% +2% 
.. 

Reconstructed catches diVided by historical weekly harvest rates. 
Reconstructed catches divided by historical daily harvest rates. 

17% 

-15% 

Accounted 
Total 

4.36 
4.95 
1.10 
5.14 
1.99 

Every run-size estimation model used by the PSC has limitations and variability. The estimates of 
abundance will differ :fiom the true abundance to some degree. Even if the models are unbiased, 
imprecision will produce over-estimates in some years and under-estimates in others. By using multiple 
models, we can often detect problems with the data used in the models. For example, if the peak week 
purse seine catch and CPUE models m'e lower than other estimators, it may indicate that the actual peak 
of tile run was missed by tile fishery. A second consideration in the appreciation of model perfonnance 
is tIlat tile Im'ger the run size, the greater will be tile potential numerical error or variability in estimates. 
While tile rate of variation may be similar between years, a given percentage error will produce a larger 
numerical error on a larger lUll. Because the projection of the number of late-run sockeye available 
for gross escapement is calculated as a subtraction of catch from run size in all three models, the 
entire variability or error in the run-size estimate is transferred directly to the escapement 
estimate. 

In the following analysis the estimate of late-run sockeye remaining for gross escapement into tile 
Fraser River is compared to tile gross escapement estimates obtained from sources within the river, both 
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at the Mission hydroacoustic site and from the DFO accounting of in-river Native fishelY catches and 
spawning escapements. These comparisons show the real problem. The number of late-run sockeye 
estimated to have entered the Strait of Georgia totalled 4,600,000 fish. Subsequent terminal area catches 
in Canada and the United States harvested 1,260,000 ofthese, leaving 3,340,000 theoretically available 
for gross escapement. Accounting using Mission hydroacoustic estimates of upstream migration totalled 
1,138,000 fish, for a shortfall of 2,202,000. DFO's subsequent upstream accow1ting totalled 1,645,000, 
for a shortfall of 1,695,000. It is this range of discrepancy that is the subject of our analysis. 

CHRONOLOGY OF THE 1994 SOCKEYE SEASON 

Despite the lack of agreement between the cOlmtries on allocation of the total allowable catch (TAC) 
in 1994, PSC staff carried out all of their nonnal assessment functions and reported on the progress of 
the runs. Estimates of catches, escapements and racial composition and in-season projections of 
abundance, anival timing m1d rate of northem (Jolmstone Strait) diversion were provided to the national 
section managers for the United States and Canada at twice weekly meetings. All fishery regulations 
were promulgated by the management agencies within each counby. 

Prior to the 1994 fishing season, Canada provided the PSC with abundance forecasts for Fraser 
River sockeye by stock or stock group (Appendix B; Table 1). In addition, forecasts of lUll timing for 
major stocks and Johnstone Strait diversion rate (68%) were provided for PSC staff use in stock 
assessments. 

Chronology of Sockeye Salmon Migrations 

Early Stuart sockeye are the em'liest to arrive of all Fraser stocks, arriving in the lower Fraser River 
from late June to late July. Ablmdance estin1ates from Area 20 test fishing and escapement estimates 
from the Mission hydroacoustic program indicated a lower run size than forecast, (Appendix B; Table 
2) but with near nonnal arrival timing and diversion rate. 

Overlapping the second half of the Early Stuart nm are the early surmner-run stocks. Early swmner
run sockeye are a group of stocks which nonnally arrive in Jum1 de Fuca and Jolmstone Straits from early 
July to mid August and peak in late July. In 1994, these stocks arrived a few days later than nonnal and 
their estimated abundm1ce was lower than forecast. By the first week of August, the abw1dance estimates 
for these stocks had increased relative to earlier in-season estimates. The estimated migration via 
Johnstone Strait was approxinmtely 50-60% of the total, indicating somewhat above average diversion. 

Early surmner and sununer-nU1 sockeye that reached the mouth of the Fraser River in late July 
behaved in an lmusual fashion. Instead of migrating immediately up the river, some delayed for several 
days, possibly as a result of high river water temperatures. Although most of these sockeye then entered 
the Fraser in early August, an extended delay by some fish was apparent. Swmner-flli1 sockeye arriving 
in early to mid August apparently displayed similar unusual behaviour. The delay of sUl11lller-run 
sockeye was a critical aspect of the 1994 migration, in that it potentially added error to late-run estimates 
from models based on an orderly surmner-run migration. Portions of the daily escapements in early to 
mid August were attributed to earlier migration periods to compensate for the delay. 

Swnmer-nm sockeye were estimated to be a week late in arriving in migratory fisheries and peaked 
in the second week of August. The ablmdances of the individual stocks in this run differed substantially 
from the pre-season forecasts, and the total was approxin1ately 30% below forecast. Diversion rates 
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progressively climbed from 50-60% in the fIrst week of August to approximately 80% in the second 
week of August. 

Late-nrn sockeye predominated in the catches beginning in the third week of August and continued 
to form the bulk of the catch wltil the end of the season. The peak tinling of Adams/Lower Shuswap 
sockeye stocks was August 18 (relative to Area 20), which was four days earlier than normal for the 
dominant cycles of these stocks. The diversion rate oflate nms reached approximately 90% and 95% 
in the third and fourth weeks of August, respectively. 

Chronology of Run-size Estimates 

Summer-nrn sockeye nrn-size estimates were based on methods outlined in the Estimation Methods 
section. The Early Stuart sockeye filll was forecast at 400,000 fIsh in 1994 (Appendix B; Table 1). No 
non-Native cOlmnercial fishing took place while Early Stuart sockeye were present. Therefore, nrn-size 
estimates for this stock group were based on test fIshing catches in Area 20 and on Mission 
hydroacoustic estimates of escapement. On July 15, the lUll size was estimated at 200,000 fIsh (Table 
2). After all Early Stumt fIsh had passed Mission, the nm-size estimate was reduced to 190,000 fIsh, 
which was the in-season total nwnber of fIsh accowlted in escapement, and in test fIshing and Native 
catches below Mission. Using updated catch estimates and post-season racial analyses of catches and 
Mission escapements, the Early Stuart nrn size was estimated at 202,000 fIsh (Appendix B; Table 2). 

Table 2. Comparison between 1994 in-season sockeye nm-size estimates and post-season estimates 
based on Mission hydroacoustic estimates of escapement. 

In-season Post-season 

Run Date Estimate Estimate 

Early Stuart July 15 200,000 
July 29 190,000 202,000 

Early Summer August 5 800,000 
August 19 850,000 1,267,000 

Summer August 19 7,000,000 7,363,000 

Late August 26 9,000,000 
September 6 9,300,000 7,910,000 

Total Fraser September 6 17,500,000 16,742,000 

Early swnmer nms were forecast at 1,117,000 fIsh. The major contIibutor was expected to be the 
Seymour/Scotch stock group. These fIsh rear in Shuswap Lake and are indistinguishable from 
AdmnsILower Shuswap sockeye in the scale-based racial analysis. However, Seymour/Scotch sockeye 
are early timed fIsh which normally enter the Fraser River upon arrival in the Strait of Georgia. We used 
the ratio of this group to swnmer-filll stocks with wrique scale characteristics (Chilko/Quesnel) in in
river cOlmnercial and test fIshing samples to estimate their proportion in marine areas where they mix 
with AdmnsILower Shuswap sockeye. On August 5, the total abundance of early swnmer sockeye was 
estimated to be approximately 800,000 fIsh (Table 2), which was later revised to 850,000. The post-
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season ablmdance estimate increased greatly to 1,267,000 fish (Appendix B; Table 2), due to larger 
post-season estimates of catch and because revisions to the post-season stock composition ratios of 
Seymour/Scotch fish relative to the Chilko/Quesnel stock group in the river samples resulted in increased 
estimates of the proportion of the Seymour/Scotch group in marine area catches. 

Chilko and Quesnel sockeye stocks were forecast to provide the bulk of the summer-run sockeye 
return in 1994 with Stellako and Late Stuart stocks to return in smaller numbers. A total return of 
10,336,000 sockeye was expected for summer-lUll stocks (Appendix B; Table 1). The peak of 
ablmdance occurred in the second and third weeks of August in Johnstone Strait net fisheries. The nm 
size was estimated to be 7,000,000 fish on August 19 (Table 2). The final accOlmting of abundance 
using Mission hydroacoustic estimates of escapement is 7,363,000 or 5.2% higher than estimated in
season. 

Late-lUll abundances were forecast at 7,104,000 fish (Appendix B; Table 1). The Adams/Lower 
Shuswap component was expected to contribute 6,000,000 of this total. Estimates of late-run abundance 
were made weekly dwing the fishing period. The high diversion rate and characteristic delay of late-run 
sockeye resulted in the Jolmstone Strait fishelY providing the main information used for run-size 
estimation in 1994. Totallate-nm abundance was estimated at 9,000,000 fish on August 26 and updated 
on September 2 to 9,300,000 fish (Table 2). The post-season accounting of the catch and Mission 
escapement oflate-nm stocks was 7,910,000 fish or 14.9% less than estimated in-season (Appendix B; 
Table 2). However, the fmal run-size estimate was 800,000 fish larger tl1an the pre-season forecast. 

The total Fraser River sockeye run was estimated in-season at 17,500,000 fish compared to the pre
season forecast of 19,000,000. The post-season accounting using Mission hydroacoustic estimates of 
escapement is 16,742,000 sockeye. Larger post-season estimates of early SlUllUler and SW1illler-flU1 
stocks partially offset the lower abundance oflate-run sockeye, but the total nm size estimated in-season 
was 4.5% higher than the post-season estimate. 

Chronology of Fisheries 

Fisheries on Fraser River sockeye entering Juan de Fuca Strait began July 19 when United States 
Treaty Indian gillnet fisheries commenced in Areas 4B, 5 and 6C. United States Areas 7 and 7 A Treaty 
Indian and Non-Indian fisheries began on August 2. Canadian gillnet fishing in Area 20 opened July 31, 
outside troll fishing off the west coast of Vancouver Island commenced August 1 and purse seines in 
Area 20 began fishing on August 3. Catches in Juan de Fuca Strait and in Puget Sound (except at Point 
Roberts) were highest in the first ten days of August, after which the combined removals in troll and net 
fisheries seaward of each area and the progressively increasing diversion rate caused catches to decline. 

Canadian fisheries in Johnstone Strait commenced for gillnets on August 1 and for purse seines on 
August 8. Large catches in the Area 12 and 13 purse seine fishery and declining abundances in Juan de 
Fuca Strait led to a shift in purse seine effort into Areas 12 and 13 on the August 15 -16 fish elY and again 
for the August 22 opening. The peak catch in the Johnstone Strait purse seine fishery of approximately 
1,736,000 sockeye occurred on August 15-16. The August 22 catch was also very large, (1,049,000). 
The final Jolmstone Strait purse seine fishery was conducted on August 31. By this time the ablmdance 
had fallen greatly and a catch of only 177,000 sockeye was made. Johnstone Strait fIsheries in 1994 
were notable for the very high purse seine effOli, the shortness of the openings (three weekly fishing 
periods of 12 hours and one weekly period of24 hours) and very large catches. 

Sockeye fishing cOl1illlenced in the Fraser River in early July. In-river Native fisheries targeted 
summer-run stocks but also continued into September on late-flU1 sockeye. Non-Native commercial 
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fisheries opened August 1 in the Strait of Georgia for trollers and August 7 in the Fraser River. The last 
non-Native commercial fishery for sockeye was on August 3l. 

During August, PSC staff reviewed the summer-nm harvest rates for the first three Johnstone Strait 
fisheries to assess whether harvest rates were unusual. We examined the gross escapements and catches 
in Area 29 relative to catches in Juan de Fuca and Johnstone Straits. We concluded that harvest rate for 
the first Jolmstone Strait fishery on August 8 was 29% or only 65% as effective as the 1983 harvest level 
and substantially less than observed in 1993. This low harvest rate appeared to be due to a concentrated 
migration through the closed portion of Area 12 along the mainland shore of Queen Charlotte Sound 
(Areas 12-7 and 12-13). This theory was supported by the rapid rise in purse seine catches in the 
Robson Bight (Area 12) test fishery after the commercial fishery closure. The weekly harvest rate for 
the August 15 fishery was estimated to be 55%. The fmal assessment of late-run sockeye estimated to 
have reached the Strait of Georgia was made on August 29 for fish that arrived from August 12 to 27. 
Summer-nm harvest rates were estimated to be 40% for the period. As a result of these analyses, we 
concluded that the 1983 late-mn harvest rates were the most appropriate rates to use in 1994. 

Fisheries targeting late-run sockeye in the Strait of Georgia began in mid August and ended in early 
September. Canadiml troll vessels licensed for both inside mld outside waters harvested sockeye in Areas 
11-13 and 29. Canadian Native fishing conducted in Jolmstone Strait and Strait of Georgia harvested 
late-run sockeye, as well. United States gillnet and purse seines fishing near the International Boundmy 
at Point Roberts operated daily until September 4, harvesting delaying late-nm sockeye which had 
migrated to the Strait of Georgia primarily through Johnstone Strait. The total catch oflate-run sockeye 
in the Strait of Georgia by fishermen ofthe two countries and the non-Native commercial catch in the 
lower Fraser was 1,331,000 fish. 

Our mlalyses compare the projections of late-nm sockeye that remained for gross escapement after 
the completion of commercial and Native fisheries to the estimates of numbers that entered the Fraser 
River and were either caught in the Native fishery or escaped to the spawning grounds. Two different 
estimates of the latter total exist. The first is the swn of the Mission hydroacoustic estimate oflate-nm 
sockeye escapement plus the DFO estimate of Native fishery catch below Mission. The in-season 
estimate of tIllS total was 1,055,000 and, after revision of catch data and racial analyses, the post-season 
estimate increased to 1,138,000 late-run sockeye. The second estimate of river escapement was obtained 
using DFO estimates of spawning escapement and Native fishery catches in the Fraser River and 
tributaries. This total is 1,645,000 late-rIDl fish. 

ANALYTICAL APPROACH 

Analyses of the discrepancy between in-season projections of the number of late-nm sockeye 
available for gross escapement and the number that were estimated in the river catch and escapement 
proceeded along two major lines. The first line of investigation was to compare estimates of late-nm 
abundance and nwnbers available for gross escapement that resulted from in-season to post-season 
changes in catch and racial estimates. The purpose here was to assess whether the estimation error 
observed in-season was due to inaccurate estimates of the models' inputs (catch and racial composition) 
and, if so, which of these inputs was most influential in creating the error. 

Associated questions raised at the first workshop on the 1994 late-filll escapement shortfall were 
examined, as they pertained to the treatment of data and assumptions of the purse seine models. We 
examined various options in the treatment of data such as logarithnllc transformation and the use of 
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single and combined-stock models, and looked for time trends and biases in the back-calculated estimates 
and data used in the development of the models. 

Secondly, we conducted an extensive reconstruction of sockeye runs, by stock, for a number of recent 
years to obtain estimates of harvest rates in Johnstone Strait fisheries. Our purpose was to test whether 
harvest rates in the Johnstone Strait purse seine fishery had changed since 1983. As noted previously, 
harvest rates for 1983 were used in some in-season analyses because 1983 represented the only high 
diversion year for late-run stocks in recent years. Given the in-season catch, racial and escapement data, 
this assumption was supported. The question addressed here is whether the post-season data support 
the use of the 1983 harvest rates or the higher rates observed for summer-runs in recent years. 

Since initial post-season mlalyses indicated that, in fact, harvest rates were higher than expected, we 
subsequently examined a number of possible causes of the change in harvest rate in Jolmstone Strait 
purse seine fisheries. Factors associated with the operation of Johnstone Strait fisheries and behaviour 
of purse seine vessel operators are discussed along with fish travel speed and fUll distribution. 

In-Season Versus Post-Season Data 

Post-season estimates of commercial fishery catches for each sockeye stock/stock group differ fi'om 
in-season estimates for two reasons: 1) post-season catch estimates are based on fish sales slips whereas 
in-season estimates in Canada are based on catch hails supplemented by partial landings data (often 
measured only by weight), and 2) post-season racial analyses are conducted using current year (i.e., 
1994) spawning ground scale smnples for the standm'ds used in the discriminant function analysis (DFA) 
models as opposed to in-season analyses using standards developed from a combination of jack (age 32) 

spawning growld scale samples from the previous year and age 42 spawning ground samples from 
previous cycle years. 

Final post-season catch data are not available for a year or more after the end of the season. 
Therefore, for the present mlalysis, we used preliminmy DFO catch statistics from March 6, 1995, after 
an intensive review by PSC, DFO and lO. Thomas (contractor) staff. This review became necessary 
when significant errors were found in earlier computer nUlS of "post-season" catch statistics. Preliminary 
post-season racial composition estimates were calculated using stock and stock group standards from 
1994 spawning growld scale samples. 

To assess the relative impact that changes in catch and racial composition estimates had on the 
projection of the nwnber oflate-run sockeye available for entry into the Fraser River, we conducted four 
analyses for each model using the following datasets: 1) in-season catch and in-season racial, 2) post
season catch and in-season racial, 3) in-season catch and post-season racial, and 4) post-season catch 
and post-season racial. Parameters in all run-size estimation models were the same as were used in
season in 1994. 

We also exanlined the impacts of Mission versus upstream estimates of summer-run escapement on 
the calculation of late-fUll escapement. The summer-nUl exploitation rate model uses Mission 
hydroacoustic estimates of daily summer-run escapement to calculate daily and weekly harvest rates. 
These rates are then applied to the late-fUll catches; thus, in this analysis, we compared the projections 
of late-fUll sockeye available for gross escapement that were obtained using Mission estimates of 
summer-nUl escapement versus those obtained using upstream estimates of summer-run spawning 
escapements mId in-river Native fishery catches. Similarly, we analyzed the error in fUll-size estimates 
mId nwnbers of late-filll sockeye available for entry into the river based on river abundances measured 
at Mission and accounted in in-river catch and spawning escapement. 
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Examination of Purse Seine Catch and CPUE Models 

At the first workshop onnrn size and escapement estimation on Februmy 2-3, 1995, questions were 
raised about the structme of pmse seine catch and CPUE models and the impacts that violations of 
assumptions would have had on the estimates of late-urn escapement in 1994. As a result, potential 
somces of error were examined. These analyses are presented in the Appendices I, J, K, L, M, and Nand 
slUnmarized in the Results. 

With respect to the pmse seine catch and CPUE models, many analyses were performed. We 
exmnined whether, in addition to catch and CPUE, effort mld dmation should be transformed into natmal 
logarithms. Time trends in the dataset were examined by plotting the several variables (urn size, catch, 
CPUE, effOlt, duration) against year (1970-1993). Residuals ofthe regression models were also plotted 
over year to detennine whether nrn-size estimates were deviating in a systematic fashion in recent years. 
Third, the effect of bias in Jolmstone Strait diversion rate estimates on rlUl-size estimates was simulated. 
In addition, we examined a significant issue in 1994, that of estimating record Jolmstone Strait late-urn 
ablUldmlce using purse seine catch data that was substantially beyond the range of previous observation. 
For this, we compared estimates oflate-nrn sockeye ablUldance and escapement obtained from single
stock models constructed for AdamslLower Shuswap and other stocks with estimates from models 
constructed using data on catches and lUll sizes for all Fraser sockeye stocks in one large dataset 
(combined-stock models). 

Examination of Harvest Rates 

Estimates of late-urn harvest rates in Juan de Fuca and Jolmstone Straits fisheries are required for 
the clUnulative-nonnal model to estimate late-urn ablUldance. Since late-urn harvest rates cmmot be 
directly measured in-season, we used historical data to calculate stock-specific harvest rates from catch 
and escapement estimates. However, the escapement component can only be measmed in the Fraser 
River where fish from tlle southern and northern routes intermingle and, because the ablUldance arriving 
from each route is unknown, unique harvest rates for Juan de Fuca and Johnstone Straits fisheries cmmot 
be calculated. Therefore, we focus on years of very low or very high Johnstone Strait diversion for which 
harvest rates can be approximated for fisheries on the route having the major share of the migration. 
This is possible because of the relatively small error introduced into the calculations by lUlcertainty in 
tlle escapement estimates for tlle migration arriving via the minor route. Therefore, reliable harvest rate 
estimates for Jolmstone Strait fisheries can only be obtained using data from years of high diversion. 
Since 1978, late-flUl harvest rates in the Jolmstone Strait pmse seine fishery were only available for 
1983, which was a high diversion year when approxinmtely 80% of Fraser sockeye migrated through that 
route. Estimates of harvest rate based on 1983 data were used in 1994. 

Commercial fisheries in a geographical area harvest fish tllat arrive at any given point over one or 
more days. The rate of travel of sockeye through the area in question must be estimated to determine 
the number of days of migration which are vuhlerable to the fishery. In short (63 km) areas such as 
Canadian Area 20, each day of fishing affects two days of migrating fish: fish that are in the area at the 
opening and fish that arrive dming the day. The impact of net fisheries in Johnstone Strait on migrating 
sockeye is much more complex, due to the long geographical length (210 km) of the area. 
Approxinlations of travel speed have been made by comparing the peaks and valleys of migration dming 
high diversion years and by use of a limited amOlrnt of radio-tagging data (Quil1l1 and terHart 1987). 
These analyses indicate that one day of fishing in Johnstone Strait affects five days of the migration, 
although precise estimates of the rate of travel of sockeye through these areas are not available. Data 
from earlier tagging with disk tags (Verhoeven and Davidoff 1962) gave slightly slower rates of travel 

18 



but could not assess the behavioral effect of the tagging which initially slows the progress of fish due 
to the trauma of tagging. 

Since not all fish in a migration block are harvested in a fishery, algorithms are used in the 
reconstruction to apportion the catch in an area to the various daily migration blocks (Cave and Gazey 
1994). Harvest rates can then be calculated for the removal offish from those daily blocks. Weekly 
harvest rates can also be calculated from the daily harvest reconstructions. 

Improved methods of run-reconstruction for Fraser River sockeye are currently under development 
by the PSc. These methods have been used to calculate stock-specific harvest rates for the major stocks 
in Johnstone Strait fisheries for years of high diversion: 1980, 1981, 1983, 1992, 1993 and 1994. 
Important in these analyses was the fact that, prior to 1994, reliable late-run harvest rates for Jolmstone 
Strait fisheries were available only from 1983. Other than in 1983, major late runs in the 1980-1993 
period arrived in low diversion years mainly via Juan de Fuca Strait (1982, 1986, 1990) or in years of 
intermediate diversion (1987 and 1991). 

Examination of Factors That Affect Harvest Rate. 

Variables that may have influenced 1994 calculated harvest rates in Jolmstone Strait, include 
changes in fleet size, technology, fishing patterns, poaching, "lalUldering" of food fish catches, lUlUsually 
fast or slow fish speed, a non-norn1al distribution of the late-run migration, en-route mortality and 
reliance on SUl1ID1er-nUl harvest rates in late-run estimation models. These potential influences on the 
1994 harvest rates observed in Johnstone Strait were evaluated to the extent that they could be, given 
that data specific to tl1ese issues were not collected during the season. 

RESULTS 

In-Season Versus Post-Season Data 

Every year the quality of in-season estimates of catch by stock varies between fisheries. At times 
the post-season estimates result in substantially different nUl sizes than were estimated in-season. To 
examine the impact of such changes in 1994, estimates oflate-nUl sockeye ablUldance and escapement 
to the Strait of Georgia were calculated for each of the three models using in-season and post-season 
catch and racial composition data. We then compared the relative importance of catch updates versus 
racial composition updates in explaining the differences between in-season and post-season nm-size 
estimates. The results from the various models were contrasted to discern the importance of each of 
tl1ese factors to the in-season estimates. 

In-season estimates of purse seine and gillnet catches in the Johnstone Strait fishery were provided 
to the PSC by DFO, while catches in Juan de Fuca Strait fisheries were obtained in cooperative 
PSC/DFO programs. The in-season estimates were amended in the post-season period by the use of 
sales slip data in the DFO computer system (Table 3). In addition, estimates of Strait of Georgia and 
Fraser River commercial and Canadian Native fishery catches also changed (Appendix G). 

The estimated Canadian purse seine catch in Johnstone Strait was 3,400,000 sockeye salmon (all 
stocks) during the fishing season, but was 3,868,000, or 13.8% higher, in the post-season period 
(Appendix H). Gilh1et catches in the Areas 11-16 fishery also increased substantially, from 864,000 in
season to l,l72,000 post-season, a 35.6% increase. Catches in Area 20 increased by 165,000 (19.5%). 
Total outside troll catches were close to in-season estimates but the recorded Area 29 troll catch for the 
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Table 3. Comparison of in-season and post-season estimates of catches of Fraser River sockeye salmon 
in commercial and non-commercial fisheries in 1994. 

Fraser Catch 

Catch Area In-Season Post-Season 

Canada 
Areas 1-10 Purse Seine 519,000 428,000 
Areas 1-10 Gillnet 1,000 7,000 

Areas 1-10 Troll 821,000 710,000 

Areas 12-16 Purse Seine 3,401,000 3,868,000 

Areas 11-16 Gillnet 864,000 1,168,000 

Areas 12-16 Inside Troll 200,000 202,000 

Areas 11-13 Outside Troll 506,000 804,000 

Areas 121-127 Outside Troll 419,000 352,000 

Area 20 Purse Seine 420,000 462,000 

Area 20 Gillnet 261,000 384,000 

Areas 17-29 Inside Troll 158,000 186,000 

Areas 18-29 Outside Troll 255,000 166,000 

Area 29 Gillnet 1,290,000 1,298,000 

Areas 12-16 Native Fishery 

} 
97,000 

100,000 
Area 29 Native Fishery 85,000 

United States 
Areas 48,5,6C Treaty Indian 120,000 119,000 

Areas 6,7,78 Treaty Indian 181,000 181,000 

Areas 6,7,78 Non-Indian 136,000 136,000 

Area 7A Treaty Indian 655,000 651,000 

Area 7 A Non-Indian 737,000 741,000 

Alaska District 104 * 225,000 240,000 

* District 104 estimates are both based on in-season racial identification 

models 

August 29-30 fishery was approximately 90,000 less than the number estimated in-season. The 
cumulative post-season increase in Canadian commercial fishery catches was 920,000 Fraser River 
sockeye. United States fishery catches in Puget Sound were unchanged from the in-season estimate. 
Alaska District 104 catches increased by 15,000 to 240,000 Fraser River sockeye as a result of updated 
catch statistics. Appendix G contains an extensive discussion of catch estimation issues in 1994. 

Post-season racial analyses using 1994 spawning ground scale samples produced altered stock 
composition estimates in all fisheries, including test fisheries in the lower Fraser River (Appendix G). 
Post-season estimates showed lower proportions of Cbilko/Quesnel sockeye and Adams/Lower Shuswap 
and higher proportions of Scotch/Seymour and Stellako/Late Stuart than were estimated in-season. 
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The combined effects of changes in catch and racial composition estimates produced catches by 
stock in Juan de Fuca and Jolmstone Strait fisheries and escapements at Mission (Appendix G; Table 
5) that differed from those available for in-season management. Chilko/Quesnel catches increased by 
201,000 fish (16%) in Johnstone Strait net fisheries but declined by 251,000 fish in the escapement at 
Mission. Revised Adams/Lower Shuswap catches were 173,000 (7%) higher in the post-season 
estimates of Jolmstone Strait net catch, but catches in other areas declined slightly. Increases in the catch 
estimates for other late-run stocks resulted in an increase of the total late-run catch and accounted run 
size by 399,000 fish. 

Commercial Purse Seine Models 

Using in-season catch and racial data, plITse seine catch and CPUE models projected that 2,879,000 
(using northern catch-adjusted model) and 3,l8l ,000 (using unadjusted model) late-lUll sockeye were 
available for entry into the river after terminal area catches had been removed (Table 4; also see 
Appendix C). Post-season catch and racial data generated comparative estinlates of 3,l08,000 and 
3,060,000 late-nm sockeye. In the adjusted model, the estimated total late-run sockeye abundance 
increased by 547,000. However, the larger post-season catches in the migratory areas reduced the 
difference between in-season and post-season estimates of the munber available for escapement to 
229,000 fish (i.e., 2,879,000 versus 3,108,000). 

Examination of the relative importance of in-season catch estimation errors versus revisions to the 
racial analysis standards using spawning ground samples was conducted using the four combinations 
of in-season and post-season data (Appendix C). The analysis showed that post-season catch data 
caused the projected gross escapement of late-lUll sockeye and the magnitude of the discrepancy between 

Table 4. Estinlates of the 1994 late-run gross escapement (Mission hydroacoustic + Native catch below 
Mission) from the various run-size models used in-season, using in-season catch and racial data 
compared to when post-season data are used. 

Late-run Fish Available for Escapement 

In-season Post-season 
Model Data Data 

Purse Seine 

Adjusted 2,879,000 3,108,000 
Unadjusted 3,181,000 3,060,000 

Cumulative -Normal 3,408,000 3,478,000 

Summer-run EXl2loitation Rate 

Daily 3,830,000 2,572,000 
Weekly 2,970,000 2,146,000 

Range 

Minimum 2,879,000 2,146,000 
Maximum 3,830,000 3,478,000 
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this number and the river abundance estimate to increase slightly, while the post-season racial data 
caused the number available and the discrepancy between estimates to decrease by a similar amount. 
Therefore, negligible changes occurred with the post-season data (Table 4). Neither of these factors 
reduced the post-season projections of number available for entry into the river to the degree necessmy 
to approximate the estimated river abundance (1,138,000, based on Mission hydroacoustic estimates). 

Cwnulative-Normal Models 

Changes in estimates of late-lUll sockeye available for gross escapement using in-season and post
season catch and racial data in the cumulative-nonnal model, as configmed in-season, were similar to 
the purse seine catch models. Larger post-season catches in Juan de Fuca and Johnstone Straits 
produced larger estimates of total run sizes and, after subtraction of catch, slightly larger projections of 
gross escapement. The cwnulative-nonnal model generated a totallate-nm estimate of9,865,000 fish 
and 3,408,000 available for gross escapement in-season (Appendix E). Using post-season data the run
size estimate increased to 10,251,000 sockeye and the number available for river entry to 3,478,000 
(Table 4). 

In-season catch estimation errors tended to have greater importance in estimates of run size and 
projected number oflate-run sockeye available for river entry from tills model than did racial analysis 
revisions. The use of post-season catch estimates caused the numbers available for gross escapement 
to increase an average of 316,000 compared to the nwnber obtained using in-seas~m catch data. 
Conversely, post-season racial data gave a decrease of 246,000 compared to results using in-season data. 
As witil the pmse seine models, the use of accurate post-season catch and racial data did not reduce run
size estimates close to the gross escapement at Mission or accowlted upstream. The results from 
adjustments to the 1983 harvest rates used in this model, had post-season racial data been available in
season, will be discussed. 

In-Season SlIDllller-fml Exploitation Rate Models 

Daily and weekly harvest rates for the combined Cllllko and Quesnel stock complexes were used to 
obtain estimates oflate-run sockeye escapement to the Strait of Georgia. The catch and escapement data 
for tilese two SlIDllller-fWl stock groups were combined because overlapping scale characteristics made 
it difficult to identify them. In-season, the use of daily harvest rates resulted in a substantially larger 
estimate of late-nm sockeye available for gross escapement (3,830,000) than obtained using weekly 
harvest rates (2,970,000) (Appendix F). We decided to use the weekly harvest rate model estimates 
because of concems that suspiciously large estimates of late-nm escapement on a few days were 
produced by applying erroneously low harvest rates to large catches. The post-season estimates of late
run fish available for gross escapement using daily and weekly harvest rates were similarly divergent 
(2,572,000 versus 2,146,000) (Table 4). However, both were substantially smaller than those obtained 
lll-season. 

Analyses of tile projected nwnbers oflate-run fish available for gross escapement obtained from the 
two harvest rate models using in-season and post-season catch and racial data showed that in-season 
catch estimation errors played only a minor role in the error in escapement estimates. Estimates using 
post-season catch data decreased by an average of only 30,000 over tllose using in-season catch 
estimates. On tile other hand, revised racial composition estimates in the post-season mlalysis affected 
tile estimates dramatically. Late-run abundance estimates declined by an average of 887,000 fish with 
the post-season racial data. The large racial component in the difference between in-season and post
season estimates was traced to the effect of revised racial composition estimates on swmner -fWl sockeye 
harvest rates. ChilkolQuesnel sockeye catches in Johnstone Strait fisheries increased substantially as 
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a result of the larger post-season catch estimates and revised DFA models, whereas Mission escapement 
estimates declined. The combination of an increase in the Jolmstone Strait catch and a decrease in 
escapement caused the post-season estimates of daily and weekly summer-lUll harvest rates to increase. 
Because nrn size was estimated as catch divided by harvest rate, the larger harvest rates resulted in 
smaller run-size estimates and smaller projections oflate-run sockeye available for entry into the river. 

Examination of Purse Seine Catch and CPUE Models 

We examined the stmcture of the purse seine catch and CPUB models and the handling of data in 
order to determine ifPSC procedures were appropriate for the estimation of late-lUll sockeye abundance 
and escapement. These studies are reported in detail in the Appendices as indicated. 

Log TransfOlmation of Effort and Duration 

To estimate run size based on purse seine fishery data, the independent variables for the models that 
were used in 1994 were the natural log of catch and CPUB and the untransformed values of effort and 
duration. We compared the predictive performance of these models to ones in which effort and duration 
were also log transfonned (Appendix I). TIllS analysis shows that the latter is the more appropriate 
regression model. If such models had been used in 1994, the run-size estimates would have smaller to 
the extent that the discrepancy between in-season projections of the number of late-mn sockeye available 
for gross escapement and post-season accounting would have been about half as large. Models using 
catches adjusted for nOlthem area catches perfonned best. 

Comparison of Catch-based and CPUB-based Models 

A comparison was made between regression models using "catch" as the main independent variable 
and models using "CPUB" (Appendix J). When the regression models are fonnulated using log 
transfonned values for catch, effort and duration, there are no differences between catch-based and 
CPUB-based models, as they provide identical estimates, residuals and R2 values. 

Time Trends in Fishery Data 

Suggestions that changes have occurred in long-telm harvest capacity in the Canadian purse seine 
fishery were examined (Appendix K). Harvest rates appear to be increasing since 1970 in Jolmstone 
Strait but not in Juan de Fuca Strait. There are clear time trends for Johnstone Strait in tenns of nm size 
(increasing), diversion rate (increasing), catch (increasing), CPUB (increasing), effort (increasing) and 
weekly fishery duration (decreasing) (Figme 3). Quantification of the causes of the harvest rate trend 
in Johnstone Strait fisheries is masked because all the factors are varying simultaneously. 

Time Trends in Regression Residuals 

The question of whether regression models based on data from the 1970's and 1980's could be used 
in the 1990's was approached by examination of the differences between predicted and observed values 
in the regressions over time (Appendix L). We found no compelling evidence of time trends in the 
residuals of the regressions that are also consistent with the events of 1994. While late-nm abundance 
was over-estimated in 1994, summer-mn stocks were under-estimated. Therefore, the larger error in 
late-mn sockeye estimates seen in 1994 could be due to the random elTor that is expected from a 
regression model. Such an elTor could be large simply because of the large nrn-size estimate, but also 
because of estimating a nm size well beyond previous records. 
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Figure 3. Rlill size, average daily catch, average daily CPUB, average daily effort and fishelY duration 
versus year for pmse seine fisheries in Johnstone Strait between 1970-94. The data are from the 
regression dataset, and so represent only peak-week fisheries for smnmer- and late-run stocks. 
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Bias in Diversion Rate Estimates 

An analysis was conducted to assess the impact of potential biases in the historical diversion rate 
estimates (Appendix M). Our intent was simply to bound the magnitude ofthe impact of such a bias, 
assuming it was between a range of values. Diversion rate biases were simulated through a range of -
30% to +30%. The results of the simulation indicated that a negative bias in diversion rate estimates 
(i.e., use of a lower estimate of diversion rate than the true value in run-size models) would result in 
lUlder-estimates of Jolmstone Strait mld total run sizes, and a positive bias would result in over-estimates. 
Evidence of a systematic bias in diversion rate estimates would also be expected to show up as a bias 
in run-size estimates in past years. There is, however, no evidence of this occurring. 

Impact of Data Outside Historical Range 

The 1994 J olmstone Strait migration of late-run sockeye was the largest on record, exceeding the 
previous maximum nUl by about 30% and maximum daily catch by approximately 200%. We examined 
the potential error in the run-size estimation procedure associated with applying regressions to data 
outside the previous range (Appendix N). The use of a combined-stock model (Adams, Quesnel mld 
Late Stuart combined) to estimate the abundmlce of late-run sockeye in J olmstone Strait in 1994 resulted 
in a projected gross escapement that was much closer to the post-season gross escapement estimate than 
obtained using the single-stock models. Thus, if estimates of the combined-stock model had been used 
in-season instead of estimates from the single-stock models, then the late-run abundance estimates would 
have been much closer to the actual total than they were. Instead, during the in-season period, the 
estimates from the single-stock and combined-stock models were pooled (weighted according to each 
models mean square error), but the pooled estimate was closer to the single-stock estimate. 

The reason that the combined-stock model performed better than the one-stock model may be related 
to higher harvest rates in recent years. If harvest rates are higher than usual, then a regression model 
based on data from years with normal harvest rates would tend to overestimate run size, because it would 
project that the catch resulted from a larger nUl. However, if data from high harvest rate years are added 
to the regression dataset, and these additional data are very influential in determining the relationship, 
then the resulting model would tend to produce a more accurate estimate. To relate this hypothetical 
situation to the Adams/Lower Shuswap run in 1994, the most influential datum in the dataset for the 
AdmnslLower Shuswap model is the moderately sized nUl in 1990, which was 75% as large as the 1994 
nUl and produced a peak week average daily catch only 33% of the 1994 catch. If we consider that the 
1994 run exceeded the previous range of data and the harvest rate was also higher, it is not surprising 
that the nUl-size estimate was not close to the observed. However, the combined-stock model included 
the 1993 data for the Quesnel (lm'gest nUl by far in Johnstone Strait) and Late Stuart runs (third largest), 
and the 1989 datum for the Quesnel run (largest Johnstone Strait run until the 1993 run). These very 
influential data not only extended the range of the data to include the magnitudes of catch, effort and nm 
size ofthe 1994 AdmnslLower Shuswap nUl, but also occurred at the current high harvest rates, with the 
result that the estimates from this model were much closer to the observed. 

Another importmlt point here is that the 1994 late-run estimate is the largest positive deviation from 
the post-season accounted-for lllunber for mly stock in the 1970-94 period. The other very large stock 
group in 1994 (Chilko/Quesnel), which also reiunled in very large abundances through Johnstone Strait, 
was estimated with reasonable accuracy but was under-estimated, not over-estimated. 
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Examination of Harvest Rates 

Reconstruction of sockeye abtrndances by stock in the six years of high diversion between 1980 and 
1994 provided estimates of Jolmstone Strait harvest rates for the major stocks each year (Appendix 0). 
The data were grouped into an earlier dataset comprising 1980, 1981 and 1983 catches and escapements 
and a more recent set of years, 1992 to 1994, inclusive. We examined the data in the two sets of years 
to detemilne if the relationship between harvest rate and fleet size was consistent (Figure 4). The results 
indicated that both Area 12 and Area 13 harvest rates for the 1992-1994 period were significantly higher 
than harvest rates in the 1980-1983 period (Area 12: F=12.6; p<0.01; Area 13: F=10.6; p<0.01). In 
addition, effort level had a significant impact on harvest rate in Area 12 (F= 19.5; p<0.01) but did not 
significantly affect harvest rate in Area 13. While late-run sockeye harvest rates in the recent period 
(1994) were generally higher than for summer -nrn stocks, the harvest rate to fleet size relationships were 
not significantly different (p>0.05) between smmner-nm and late-nul stocks. 

We examined the impact of recent-year Johnstone Strait harvest rate relationships on projections of 
late-run sockeye available for gross escapement after subtraction of catch from the total abmldance 
estimate. Harvest rate data from 1992 and 1993 SlUmner-run sockeye catches were regressed on fleet 
size to obtain a predictive relationship for use on 1994 fisheries. Fleet size for each 1994 fishery in 
Areas 12 and 13 was used to obtain predictions of harvest rates by area and week. These were applied 
to in-season and post-season catch estimates to obtain the escapement component of daily migrations. 
Purse seine test fishery harvest rates based on 1993 catches were applied to 1994 test fishery catch per 
set data to estimate abundance on days when no commercial purse seine catch was available. After 
subtraction of catch from the total abundance, we obtained projections of late-run sockeye available for 
entry into the river of 1,537,000 fish using in-season data and 1,518,000 sockeye using post-season data. 
These compare with estimates of escapement of 1,138,000 using Mission hydro acoustic estimates and 
1,645,000 using DFO upstream estimates of Native catch and spawning escapement. 

Examination of Factors Affecting Harvest Rate 

Several factors may influence harvest rate estimates. These may be divided into biological factors 
and fishery factors. Below we discuss the effect of each identified factor assmning that they were in 
action in 1994. 

Fish Migration Speed 

The nrn reconstruction model aSStU11eS a particular rate of travel for sockeye salmon through the Juan 
de Fuca and Johnstone Straits migration routes. In the latter route, fish are asslUned to migrate in daily 
blocks at approximately 56 kIn/day (35 mi/day). At this travel rate, four daily blocks offish would be 
initially present in the Area 12/13 fishing area from the top of Area 12 (Hope Island) to the bottom of 
Area 13-7 (Deepwater Bay). Then, for each 24 hour fishery, one additional day of fish become 
vulnerable as they enter tlle top of Area 12. Travel rate estimates from radio tagged fish in Jolmstone 
Strait (Quitm and terHart 1987) support this assmnption. However, if fish speed varies within or 
between years, tlle nmnber of daily blocks of fish vulnerable to the fishery may change. A slower 
migration rate would place a greater nmnber of daily blocks of sockeye itl the fishiIlg area and potentially 
raise the weekly harvest rate although real elemental harvest rates may remain unchanged. Faster 
migrating fish would have the opposite effect. In a large area such as Jolmstone Strait, small changes 
«1 day) in migration tinle could have exaggerated impacts on weekly harvest rate (Appendix P). 
Because late-nul sockeye delay itl the Strait of Georgia, they do not appear in the escapement 
immediately after reaching the Fraser River, so their speed of travel call11ot be directly assessed. 

26 



w 

~ 
I-
0 w 
> a:: 
<C 
l: 
....I 

~ 
2: 
w 
::E 
w 
....I 
w 

-', 

" w 

~ 
I-
0 
W 

ii: 
<C 
l: 
....I 

~ 
2: 
w 
::E 
w 
....I 
W 

100% 

90% AREA 12 II 

80% + 'SO-S3 

l1li'92-94 
1992-94 

I 

~ 70% 

60% 
II 

50% 
II II 

++ 

\980-83 
40% 

+ 
+ + 

30% + + + II 

20% + 
+ 

10% 

0% 
0 100 200 300 

80% 

AREA 13 
70% 

+ '80-83 
60% II '92-94 

II 

1992-94 
50% 

~ 
II 

40% + 
+ + II 

30% + II + + + 
+ I II + 

$ 
+ 

~ * + + 
20% + 

-iF + 
+l1li + 

+ + 
+l1li + 

+ 
10% 1980-83 

0% 
0 20 40 60 80 100 120 140 160 180 

PURSE SEINES 

Figure 4. Relationship between harvest rate and fleet size for Area 12 and 13 purse seine fisheries. 
1994 estimates were calculated using hydroacoustic estimates of gross escapement at Mission. 
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However, summer-run sockeye usually do not delay, so they provide data that may be analyzed for 
evidence of travel speed variation. 

Summer-run sockeye migration patterns from the Johnstone Strait fishing area to the Fraser River 
in 1992-94 were analyzed for evidence of changes in travel rates between years. In 1994, a periodic lack 
offit oftelminal area abwldance to migratory area fishery removals suggest that delay of swnmer-rwl 
sockeye occwTed in late July and early August. However, the rate of travel of swruner-nUl fish from the 
Areas 12 and 13 fishery to the Fraser River appeared to be nonnal during the period that late-run fish 
were co-migrating. While these data do not provide direct evidence regarding the possible deviation 
from a normal rate of travel for late-rwl sockeye in 1994, they do not support the theory that harvest 
rates in 1994 may have been higher than nonna1 due to speed of travel variation. 

Migration Distribution 

Fish from each Fraser River sockeye salmon stock arrive at Juan de Fuca and Johnstone Straits over 
approximately a 30 day period. However, the distribution of daily abundances may vmy intermlliually. 
Broad, flat distributions or short, highly peaked nUlS have both been observed, as have skewed and bi
modal runs. Deviations in distribution fi'om the normal will affect all PSC methods of rwl-size 
estimation, especially models based on peak catch or CPUB data. Highly peaked rwlS would, on average, 
produce larger peak week catches than expected and would provide over-estimates of abwldance. To 
examine migration distribution on the 1994late-rwl sockeye estimation process, we plotted the first day 
purse seine catches of AdamslLower Shuswap sockeye for past dominant cycle years and calculated the 
standard deviations of the distributions. 

The data on the distribution of Adams/Lower Shuswap sockeye runs suggest that the 1994 run was 
slightly earlier thannonnal in its Johnstone Strait arrival. Standard deviations of the catch distribution 
with time did not indicate that the 1994 run duration or distribution depmted from the pattern of other 
recent years. 

Poaching 

Illegal catch and sale of sockeye in the Area 12/13 purse seine fishery has been suggested as a 
potential cause for the higher harvest rates observed in 1994. While some poaching is generally accepted 
to have occwTed, the anecdotal nature of the reports make it impossible for Pacific Salmon Commission 
staff to develop estimates of the nwnbers of fish involved. One fonn of illegal activity that has been 
suggested is one in which illegal catches from inmlediately prior to a legal fishery opening may have been 
delivered with catches from the legal fishery, resulting in inflated CPUEs. It is our conclusion, however, 
that such illegal activity was unlikely to have been sufficiently extensive by itself to inflate the purse 
seine CPUE enough to cause the magnitude of over-estimation of late-run sockeye abwldance that 
occurred. First, the purse seine harvest rates that were calculated in the post-season run reconstructions 
were reasonable given the 1992 and 1993 data. Second, the illegal removal offish inmlediately prior 
to a fishery may simply have shifted the area where most oftllOse fish would otherwise have been caught. 
Such removals, if from migration blocks subsequently fished in the commercial opening, would also 
depress the actual CPUB, thus providing a compensatory effect. Escapement estimates would not be 
materially affected wlder this scenario. Poaching would have had to be selective for fish that were 
destined to escape to the Strait of Georgia for the harvest rate to have been artificially inflated to a 
substantial degree. 
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Laundering of Food Fish Catches 

Examination of catch records for purse seines licensed by Native fishers versus those licensed by 
non-Native fishers indicated that 1994 catches were similar on a seasonal basis. This pattern was 
consistent with the comparison of catches in 1987-93. While some illegal activity may have occurred, 
it is wilikely that food fish catches being lmmdered into commercial fishery catches could have elevated 
CPUE data to the extent required to cause the over-estimate oflate-flUl abwldance. 

En-Route Mortality 

No data were available or could be developed to assess the possible selective mortality oflate-run 
sockeye between Jolmstone Strait and the Strait of Georgia. Natural and fishery induced mortalities 
lmdoubtedly occur each year but no wlUsual circumstances were reported that would lead to significantly 
increased mortalities in 1994. Increased troll fishing effort was suggested as a possible cause of 
mortality but no evidence was developed to support tllls theory. The marine dinoflaggelate Heterosigma 
has been implicated in net pen and confined inlet mOlialities in recent years, but data collected in 1994 
indicated that this species was not abundant in the Strait of Georgia during the residency of late-nm 
sockeye (Appendix Q). 

Use of Erroneous Data on SUlmner-nm Harvest Rates 

An hypothesis was put forward at the February 2-3 workshop that harvest rates used in the summer
nm exploitation rate model may have been erroneous because of over-estimation of summer-run 
escapement at Mission. This hypothesis was tested by reconstruction of the in-river Native fishery 
catches and arrivals of sockeye at the spawning grounds and at other locations downstream of the 
spawning grounds (Appendix R). Recorded weekly upstream abundances were added to the reported 
catches in commercial and Native fishery catches below Mission. Using the upstream accOlmting 
estimates of swnmer-nm sockeye ablmdance (no en-route mortalities) the total swnmer-flUl abundance 
would have been approximately 417,000 lower tllml obtained using the Mission hydroacoustic estimates 
in-season. However, discrepancies between Mission and upstream estimates of slUllliler-run sockeye 
escapements were lower for the August 4-September 10 period, wlllch was the period used to generate 
in-season estimates for co-migrating late-run stocks. Compm-ing the resulting estimates of late-run gross 
escapement using Mission data for sUlllliler-run harvest rates (2,970,000) versus upstream data 
(2,348,000), the difference was 622,000 fish. Tllls latter nwnber is still 1,210,000 higher than the in
season gross escapement estimate (1,138,000) and is 703,000 higher than the post-season accounted 
estimate (1,645,000). 

DISCUSSION 

In-Season Versus Post Season Data 

While the use of post-season catch and racial data in the three run-size models (using the same 
parameters as were used in-season) generated somewhat different projections of late-nm gross 
escapement than obtained using in-season data, we conclude that the differences between in-season and 
post-season estimates were not simply due to errors in the in-season catch and racial data. Use of these 
models with post-season data provided projections of late-nm sockeye available for entry into the river 
that were still 1,008,000 to 2,430,000 larger than the in-river gross escapement as measured by the 
Mission hydroacoustic program and 501,000 to 1,923,000 larger as measured by DFO's upstream 
accoUllting. 
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If the actual Johnstone Strait purse seine catches been known at the time, the total abundance and 
escapement estimates using all three models would have been higher, leading to a slightly different 
perception of the numbers available for harvest in the Strait of Georgia. Using the in-season models and 
post-season racial analyses, all estimates would have been lower. But only the estimates of escapement 
to the Strait of Georgia from the summer-run exploitation rate models would have been substantially 
lower than estimated in-season. 

However, had post-season racial data been available in-season, the higher summer-run 
harvest rates that would have been obtained in the in-season monitoring would have indicated 
that the use of 1983 late-run harvest rates was inappropriate. The subsequent substitution of 
higher harvest rates in the cumulative model would have generated lower estimates of late-run 
abundance and escapement to the Strait of Georgia. Thus, if post-season racial data had been 
available in-season, it would have provided a broader, but much lower range of estimates for 
Adam/Lower Shuswap and other late-run stock escapements into the Strait of Georgia. 

During the fishing season, the close agreement (2,970,000 to 3,481,000) between projections oflate
nm sockeye available for entry into the river from the three models provided false confidence that the 
nm size and escapement to the Strait of Georgia had been cOlTectly estimated. The range likely would 
have been substantially lower with correct catch and racial data because the evaluation of summer-run 
harvest rates would have led to the use of higher late-run harvest rates in the cumulative-nonnal model, 
thus lowering the estimate oflate-run abundance and the number available for gross escapement. During 
the fishing season, late-run abundance estimates from the cumulative-nonnal model were given greater 
weight because of the concurrent assessment of summer-11m harvest rates and because this model has 
had the best average perfonnance in past years. This model gave the highest estimates in-season, leading 
PSC staff to use a value at the upper end of the estimation rWlge. Had the estimates from this model 
been lower, we would have used lower estimates of late-run abundance and escapement to the Strait of 
Georgia. 

A major factor in run-size estimation for late-nm sockeye stocks is that the entire error in run-size 
estimate is transferred to the projection of the number available for gross escapement because tIlls 
number is computed by subtraction of catch from total abundance. For example, if the run size was 
estimated at 9,000,000 with a prediction interval of7,000,000 to 11,000,000 (i.e., ± 2,000,000) and the 
catch was 6,000,000, this catch would be simply subtracted leaving an escapement of3,OOO,OOO (i.e., 
9,000,000 minus 6,000,000) with a prediction interval of 1,000,000 to 5,000,000. Thus, even 
acceptable precision in the 11m-size estimate can lead to very imprecise estimates of escapement. 

The use ofDFO accounting of late-run sockeye escapement into the Fraser River would reduce the 
discrepancy between model results and accounted totals. The DFO data provided an estimate of in-river 
abtmdance of 1,645,000 late-nm sockeye compared to the Mission hydroacoustic plus Native fishery 
catch below Mission total of 1,138,000 fish. The difference of 507,000 fish in escapement does not 
compensate fully for the apparent error of estimation in our post-season analysis. 

Examination of the Structure of Run-size Estimation Models 

The results of analyses addressing concems regarding the structure and data used in purse seine 
catch and CPUB models indicated tIlat the most appropriate model was the option in which all 
independent variables were log transformed. Estimates of late-run abundance in 1994 would have been 
approximately 1,000,000 fish lower using tIlese models, halving the discrepancy between the projections 
of late-nul sockeye available for gross escapement (2,042,000) and the gross escapement estimate at 
Mission (1,138,000) (Appendix I). The estimate would have been only 397,000 higher than the late-nul 
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escapement using DFO estimates of in-river catch and spawning escapement. Further work on these 
models is required to assess their general applicability for use on all stocks, but clearly they would have 
provided superior estimates oflate-nm abundance and escapement in 1994. 

While time trends were evident in the Jolmstone Strait catch and effOlt data (Figure 3), there was no 
compelling evidence of time trends in the residuals from regression models that were consistent with the 
over-estimate of late-run abundance as occurred in 1994. In 1993, the most recent year of high 
diversion, the same models under-estimated the abundance of the major swnmer-run stocks. Also, since 
smnmer-nm abundances were under -estimated in 1994, it is unlikely that time trends in the residuals of 
the regressions were factors in the over-estimation of late-run abundance and escapement. 

PSC staff have debated the validity of model results where the data used as inputs to the model fall 
outside the range of previous experience. Late-filll sockeye catches in 1994 exceeded previous maxima 
and the fleet size at the peak of the run was near the upper limit experienced to date. Errors can occur 
in estimates based on extension of the regression line beyond the historical data, partly because the size 
of potential enors increase at larger lUll sizes, but also because the precise relationship at high abundance 
cannot be well defmed if only low abundance years are used to fonnulate the models. An alternative 
method is to use data fi·om other stocks that have experienced the higher catch and effort levels in 
conjunction with the data from the single-stock models. However, enors can also occur in tlus situation 
if regression relationships vmy mnong stocks. In ml attempt to nllillmize these potential elTors in-season, 
we combined estimates from a single-stock model for Adams/Lower Shuswap with estimates from 
combined-stock models by weighting the estimates by the mean square enor (MSE) of the regressions. 
When so combined, the combined-stock models had little influence because of the greater variance 
associated with these models, so the resulting combined estimates were still too high. When the 
combined-stock models with northern catch adjustments were used solely, they resulted in a small 
discrepancy between projections of late-run sockeye available for gross escapement and the gross 
escapement based on Mission hydroacoustic estimates. Our conclusion is that combined-stock models 
should be given more weight when catches for an individual stock are much larger than in previous 
experience. However, the criteria for deciding when to apply the combined-stock models and the 
methods for pooling estimates from the single-stock and combined-stock models require further 
consideration. 

Examination of Harvest Rates 

Reconstructions of catches and escapements by stock in the six high diversion years, 1980-1983 and 
1992-1994, were conducted to detennine the harvest rates which exist in the Johnstone Strait fishery. 
We mlalyzed the data from the two periods in order to detennine if the asswnption of consistent harvest 
rates over time was conect. The results showed that sockeye harvest rates have increased significantly 
in the ten years between the two periods of high diversion rates. That increase is related only partially 
to the larger purse seine fleet fishing in Jolmstone Strait Areas 12 and 13 in 1993 and 1994. A change 
to the elevation of the regression line relating elemental harvest rate to purse seine fleet size in tlle 1992-
1994 period compared to the 1980-1983 period must be associated with changes in gear efficiency, 
changes in fishing patterns, or effects associated with regulations. However, the effects of each factor 
cmmot be quantified since no data have been collected to analyze progressive changes in harvest rates. 

As noted earlier, in-season monitoring of swnmer-IUll harvest rates in 1994 failed to detect 
substantial deviation from 1983 levels wluch were used in the cwnulative-nonnal model. Had 
reconstruction of 1980-83 and 1992-93 catches and escapements been conducted prior to the 1994 
season, the assmnption of 1983 harvest rates may have been modified, Also, had post-season catch and 
racial data been available, the consistency between swnmer-filll harvest rates in 1994 and in 1992-93 
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would have been evident. This latter analysis failed due to in-season racial analysis imprecision and 
catch estimation errors. 

Examination of Factors Influencing Harvest Rate 

Gear efficiency in salmon fisheries has increased rapidly in recent years with the advent of new 
teclUlology and itUlovative fishing techniques. The probability that changes in technology have increased 
the effectiveness of individual purse seine vessels fishing in Johnstone Strait CaIUlot be ignored. 
However, it seems lmlikely that gear itnprovements could effect the magnitude of change identified in 
the harvest rates between 1980-83 and 1992-94. 

The shorter durations (e.g., 12 or 24 hours in 1994) of Johnstone Strait purse seine fisheries in recent 
years of high diversion rates may have affected the behaviour of fishermen leading to increased harvest 
rates itl the available open period. We understand, in fact, that fishernlen do fish more intensively (i.e., 
more sets per unit time) when time is litnited. The need to pace themselves is absent such as would be 
the case with multiple day fisheries, and the OppOltunity to change location does not exist. Also, with 
the larger fleet, the shorter duration fisheries do not allow purse seines to wait in line for preferred tie-off 
spots, but new teclUlology advances pennit more effective open setting offshore. This allows each vessel 
to make more sets in a given opening. Competition within the large purse seine fleet operating in 
Johnstone Strait during recent years of high diversion may now be causing fishing to shift more into the 
northwestern portion of Area 12, leading to increased harvest of the portion of the migration that had 
been less vuhlerable to the fleet ill earlier years. The fleet may, therefore, well be able to exert increased 
harvest rates even in short duration fisheries. 

Increasing skill level in the fleet may also be important to the change in harvest rates. Fishermen 
are becoming more organized in the sharing of ituonnation between vessels. There is an attempt to 
increase individual opportunity and efficiency by acting in a coordinated fashion. By finding and 
concentrating effort on the larger schools or abundances, individual catches increase and harvest rates 
itlcrease over titne. 

While we have discussed possible causes, little evidence was available to PSC staff which would 
help explain the apparent itlcrease in JolUlstone Strait harvest rates in the recent period (1992-1994) of 
high diversion of Fraser River sockeye. Events which may be advanced to explain the occurrence itl 
1994 must also accommodate the high reconstructed harvest rates itl 1992 and 1993. Fish migration 
speed and arrival spread or distribution analyses did not appear to provide insight into the harvest rate 
increases. Technological change and behaviour of vessel operators in response to shortened openings 
may be the most likely source of the increase in harvest rates observed itl recent years. Larger fleet size 
has had an impact, as well, in producing higher harvest rates near the peak periods of Fraser River 
sockeye when lUll sizes are large as in several recent years. 

CONCLUSIONS 

Elevated harvest rates itl the 1994 Johnstone Strait purse seine fishery for late-lUll sockeye appears 
to have affected abundance and escapement estimation in the models. High harvest rates during weekly 
12-hour or 24-hour purse seine fisheries in Areas 12 and 13 produced larger catches than expected from 
a run of the magnitude observed in 1994. These catches, ill tum, caused the purse seine catch and CPUB 
models to over-estimate late-lUll sockeye ablmdance and the number that were available for gross 
escapement after catches ill the Strait of Georgia were removed. At the same time, the in-season lmder
estimate of Johnstone Strait catch and inlprecision in the estimated proportions of key summer-run 
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stocks in the catch and escapement by the in-season racial identification models caused sununer-run 
harvest rates to be underestimated. The summer-run exploitation rate model consequently over
estimated the numbers oflate-run sockeye available for entry into the river. As well, the under-estimate 
of summer-run harvest rates convinced PSC staff that the use of 1983 late-run harvest rates was 
appropriate for the cumulative-normal model estimates of late-run sockeye abundance. 

That the purse seine catch and CPUE models over-estimated the late-run abtmdance and projected 
gross escapement may be due, in part, to the use of sub-optimal models. When log transfomlation of 
all independent variables was tested, the resulting models had improved fits to the data and provided 
closer projections of late-run gross escapement for 1994. Secondly, the use of the regression models to 
make estimates for data that were substantially beyond previous observations contributed to the 
inaccurate estimates. When we used combined-stock purse seine models exclusively, the estimates of 
abundance dropped to levels near the accounted totals. This was due to the presence of 1993 and 1989 
Quesnel and 1993 Late Stuart data in the dataset for the combined-stock models which provided the 
highest catches and CPUBs and largest Jolmstone Strait runs in the entire dataset. These data points, 
therefore, heavily influenced the combined-stock regressions, which then provided a reasonably accurate 
estimate of late-run abundance in 1994. The fact that the 1993 data for Quesnel and Late Stuart were 
the most influential data in the regressions and also represent high harvest rate years probably also 
contributed to the accuracy of these models when applied to late-run data. 

If reconstmctions of sockeye filllS in previous high diversion years had been lmdertaken after the 
1993 season, the likelihood of an error of the magnitude observed in 1994 would have been reduced. 
UnfOlttmately, even if tIlls analysis had been completed prior to the 1994 season, projections of tIle 
number of late-run sockeye available for gross escapement, based on models which use harvest rate, 
would have still been high relative to the gross escapement estimated at Mission. Also, we probably 
would have used lower rates because the in-season data suggested that harvest rates were lower in 1994 
than 1993. In addition, it is not likely that we would have exclusively used combined-stock purse seine 
catch and CPUB models since the MSE of these models was substantially greater than for single-stock 
models. Therefore, tIle following scenario would have been generated in-season: high escapement 
estimates from purse seine models; low estimates from cumulative-normal models; and intermediate 
estimates from the in-season summer-run exploitation model. The dilenuna of greatly differing late-run 
escapement estimates would have undoubtedly generated additional caution as to filll size and 
escapement, but all projections would have exceeded the in-river assessment of escapement. Thus, while 
there would have been a lower discrepancy between the in-season estimate and the post-season 
accounting, a sizable difference would have remained. 

Examination of the possible factors which may have affected harvest rates did not explain the high 
harvest rates in 1994. The similarity of tIle reconstmcted harvest rates in 1992, 1993, and 1994 suggest 
that there has been a fundamental change in the capability of the Johnstone Strait purse seine fleet to 
harvest the fish present in the area on the 12 or 24 hour openings willch have become typical in high 
diversion years. We consider these higher rates to now be the "normal" situation and recommend that 
future planning acknowledge tllls fact. 

The high reconstmcted harvest rates for late-run stocks in 1994 obtained using the Mission 
escapement estimate indicated that Mission estimates may have been low. Use of the higher DFO 
SpaWlllng escapement plus Fraser River Native fishery catch estimates in the analysis resulted in reduced 
harvest rates. 
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RECOMMENDATIONS 

Run-size Estimation Models 

We will incorporate 1992-94 Johnstone Strait purse seine harvest rates into the 
reconstructions used for the cumulative-normal model. The recent years' harvest rates are the best 
estimates available and most representative of the current fisheries in Johnstone Strait. Differences 
between recent harvest rates and data from 1980-1983 strongly suggest that real changes have occurred 
in the nmdamental relationships between harvest rate and fleet size. The use of 1992-1994 harvest rates 
will produce a risk averse escapement estimate if in-season catch estimates continue to be slightly below 
the fmal post-season statistics. Historical experience indicates that projections of the number of late-nm 
sockeye available for entry into the Fraser River have been underestimated by approximately 10%, when 
runs arrive primarily via the Juan de Fuca Strait route. In years of high diversion through Jolmstone 
Strait, the models have been more prone to over-estimate ablmdance. By increasing the Areas 12 and 
13 harvest rates in the reconstructions for the cUlllulative-normal model, we will reduce the potential for 
over-estimation. In addition, reconstruction of catches and escapements should be conducted each year 
in order to assess changes in Johnstone Strait harvest rates and to incorporate the most current estimates 
into the cumulative-nom1al model. 

The experience of 1994 suggests that purse seine catch and CPUE models should use natural 
log transformation of effort and duration variables, in addition to the log of catch and CPUE used 
in the past. It is our intention to adopt this approach in 1995. Additional modifications, such as 
developing criteria to detem1ine when single-stock and/or combined-stock models should be used, will 
be developed plior to the 1995 season. The inclusion of the 1994 data in the regression datasets should 
improve the performance of late-nm models, since it was a high diversion and high harvest rate year, 
and will defme the upper end of the late-nm regression relationships. 

PSC staff will also investigate Bayesian models and other run-size estimation techniques for 
their application to Fraser River sockeye sahnon run-size assessment. Bayesian models objectively 
incorporate the uncertainty inherent in the various estimation techniques. Thus, the use of these 
Bayesian models will provide an assessment of the lmcertainty surrounding estimates of nm-size. 

PSC staff will make the assessment of summel'-run hal'vest rates a primary focus of the 
summer-run exploitation rate models. Only the weekly harvest rate model will be used in years 
when summer-run delay is identified or suspected. Summer-nm sockeye harvest rate models were 
shown to be sensitive to racial analysis imprecision in the 1994 estimation of late-nm sockeye 
escapement to the Strait of Georgia. The summer-nm exploitation rate model was further compromised 
in 1994 by short-term a delay exhibited by summer-run stocks. 

Monitoring Activities 

We recommend that monitoring of the escapement of sockeye through the Johnstone Strait 
fishery be developed by establishing purse seine test fishing sites near the southeastern end of 
Area 13. We further recommend that this test fishery, beginning in 1995, be conducted each day 
that the commercial fishery is closed during the migration of summer-run and late-run sockeye. 
Application of this methodology, begilUllng in 1995, should provide valuable in-season data on the speed 
of travel of sockeye through Johnstone Strait and, hence, improve in-season estimates of harvest rate in 
the fisheries. In the nlture, tills test fishery could provide direct estimates of late-run sockeye escapement 
to the Strait of Georgia. 
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We also recommend that the purse seine test fishery in the Robson Bight sector of Area 12 
be expanded to a minimum of four days per week when the commercial fishery is of one-day 
duration. 

Fishery Management 

We recommend a reduction of the Johnstone Strait purse seine and gillnet fisheries to a 
geographical area equivalent to the distance that sockeye salmon travel in two days migration 
(i.e., approximately 113 km). This would allow harvest of three days of migration on each day of 
fishing: two days of fish that are in the area on the opening and one day of fish that enter during the 
fishery. Evidence from the review of 1994 Jolmstone Strait purse seine harvest rates shows that the 
fishing power of the purse seine fleet has become so large that real risks to conservation are inherent in 
the continued management of the fishelY on the basis of weekly openings in the current area (from the 
northwest end of Area 12 to the southeast bOlUldary of Area 13-7, i.e., 210 km). Two options are 
available to the mmlagers of t1lis fishery to control harvest rate: 1) reduction in the frequency of fisheries, 
mld 2) reduction in tile length of the gauntlet open for harvest by purse seines. The latter option is more 
viable from a management perspective for two reasons. First, it would perrit weekly openings, which 
would provide the crucial catch data required for the in-season nUl-size models. Second, during high 
diversion years, short openings in a restricted geographical area would expose fewer daily blocks of fish 
to the fishery, t1lereby reducing weekly harvest rates. FishelY managers would consequently have greater 
flexibility to extend fisheries to longer openings, if required. In practice, the fishery would become more 
sinlliar to the Area 20 fishery wmch is mghly manageable in tlus regard. If the recommended Area 13 
test fishery provides the data expected on escapements, it could also be used to govern extension or re
opening of fisheries. In the shorter term, changes to the fishing area will disrupt the harvest rate 
relationship referred to earlier. This underscores the need for extensive purse seine test fislling to assist 
in mOlutoring escapement from the Johnstone Strait fishery. 

We recommend that purse seine and troll interceptions in migratory areas seaward of the 
Area 12 purse seine fishery be reduced. Data for definitive in-season run-size estimation can only be 
obtained from Juml de Fuca mld Johnstone Straits purse seine fisheries, supplemented by purse seine test 
fishing in those areas. The Canadian management reginle which is designed to harvest late-run stocks 
in outside fisheries results in a large fraction of the total allowable catch (TAC) being harvested before 
in-season run-size estimation can occur. The removal of fish from the migration seaward of tlle 
assessment points, in particular in the Queen Charlotte Island purse seine and troll fisheries, can affect 
the assessment of run size by changing the peak abundance and form of the migration curve ofthe run 
entering the purse seine fisheries. Also, as occurred in 1993, reaching purse seine allocation goals early 
in the season may prevent further fishing, leading to the consequent loss of the fishery information used 
to estimate escapements. 

Catch Estimation 

We recommend that DFO devise practical methods for obtaining more accurate temporal and 
spatial resolution of catches. Also, fish tickets should be modified to accommodate the splitting 
of catches between fishing areas, and the DFO catch database should be modified to accept and 
process such data. The apportionment of purse seine catch to the proper statistical areas was not 
correct when vessels fished in more than one area during a given week in 1994. 

Accurate in-season catch estimates are required from all cOllUllercial fisheries for assessment and 
allocation requirements. Tllis is especially true for the purse seine and gillnet fisheries operating in Juan 
de Fuca mld Johnstone Straits where catches fonn the basis of Fraser River sockeye nUl-size estimation. 
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The accuracy of in-season purse seine and gillnet catch estimates in Canadian Areas 11-16 and of gillnet 
catch estimates for fisheries in Area 20 have been problem areas and should receive attention. 

Post-season catch data gathering and reconciliation should also be upgraded. DFO has implemented 
revised estimation procedures for the troll fishery which has improved the accuracy and speed of catch 
verification. Application of these techniques to the Canadian net fishery is warranted. Implementation 
of a catch estimation system based on rapid collection and processing of fish sales slip infonnation such 
as the Washington Department of Fisheries "soft system" is desirable from a management point of view. 

Racial Analysis 

We recommend that PSC and DFO scientists review the genetically-based stock identification 
techniques, including DNA analysis, to determine the potential for applying newly emerging 
technology to the problem of obtaining accurate in-season analyses of stock composition. In
season racial analyses in 1994 provided imprecise estimates of stock composition in critical Johnstone 
Strait and Fraser River commercial and test fishing catches due to reliance on adult sockeye scale 
collections from previous years. This problem has arisen in recent years because the preferred source 
of scales, jack sockeye from the preceding year, have been returning in much reduced abundances. 
Consequently, scales from adult sockeye from previous cycle years must be used instead, even though 
they are not as effective as jack scales. In the short term, racial composition estimates should be assessed 
in-season by incorporation of scale data collected early in each nm from in-river locations that are 
upstream ofrnixed-stock catch areas, provided that scales collected early in the season by DFO can be 
quickly provided to PSC staff. 

Summary 

In smnmary, improving the quality of in-season catch and racial data, stabilizing the fisheries, and 
improving the run-size models will reduce the likelihood of such large estimation errors as were 
experienced in 1994. We urge the adoption of the view that fisheries serve two important purposes. One 
is to provide the economic gains derived from harvesting the fish. The second is to provide the data that 
is necessary to manage the fisheries with enough precision to meet both spawning escapement and catch 
goals without compromising the conservation of the stocks. 
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Appendix A: List of Participants At the Workshops 

Workshop on February 2-3,1995: 

D. Anderson 
A. Chapman 
R. Conrad 
C.c. Graham 
M. Graymn 
1. HopWo 
A. Macdonald 
M. Medenwaldt 
R. Routledge 
P. Ryall 
W. Saito 
M. Stocker 
T. Tynan 
C. Walters 

Workshop on April 26, 1995: 

A. Cass 
A. Chapman 
B. Conrad 
B. Gazey 
J. Giard 
M. Grayum 
1. HopWo 
A. Lill 
A. Macdonald 
K. McGivney 
S. McKil1l1ell 
M. Medenwaldt 
R. Routledge 
PRyall 
W. Saito 
M. Staley 
T. Tynan 
1. Wick 

Participation in the workshops does not imply that all attendees are in full agreement Witll the 
conclusions and recommendations in this report. 

Workshop on February 2-3,1995: 

PSC Staff: 

1. Todd 
J. Cave 
J. Gable 
1. Guthrie 
M. Lapointe 
J. Woodey 
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Appendix 8: Statistical Tables for Fraser River Sockeye Fisheries in 
1994. 

Table 1. Rehun forecasts and escapement targets for the 1994 filll of Fraser River sockeye. 

1994 Escapement 
Run Stock Forecast Return Target 

Early Stuart 408,000 200,000 

Early Summer 1,117,000 400,000 

Summer Horsefly 1,172,000 585,000 
Chilko 7,268,000 825,000 
Late StuartiSteliako 1 ,896,000 600,000 
Sub-total 10,336,000 2,010,000 

Late Birkenhead 682,000 290,000 
Adams/Lower Shuswap 5,976,000 2,350,000 
Misc. Late 446,000 140,000 
Sub-total 7,104,000 2,780,000 

Total Adults 18,965,000 5,390,000 
Total Jacks 35,000 19,000 

Total 19,000,000 5,409,000 

Table 2. Estimates of actual run size by stock/stock group in 1994 (estimates of gross escapement 
from Mission hydroacoustic program). 

Run and 
Stock I Stock Group Catch Escapement Total 

Early Stuart 4,000 198,000 202,000 

Early Summer 753,000 515,000 1,268,000 

Summer 
Quesnel 2,251,000 1,090,000 3,341,000 
Chilko 1,733,000 840,000 2,573,000 
Late StuartiSteliako 864,000 584,000 1,448,000 

Sub-total 4,848,000 2,514,000 7,362,000 

Late 
Birkenhead 464,000 105,000 569,000 
Adams/Lower Shuswap 5,788,000 927,000 6,715,000 
Misc. Late 521,000 105,000 626,000 

Sub-total 6,773,000 1,137,000 7,910,000 

Total 12,378,000 4,364,000 16,742,000 
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Table 3. In-season and post-season estimates of catches of Fraser River sockeye salmon in 1994. 

% 
Post- Difference Difference 

In-season season (post- (post-
Fraser Fraser season - season -

Area Catch Catch in-season) in-season) 

Canada 
Area 1 net 59,556 96,415 36,859 61.9% 

Area 2W net and troll 774,028 809,799 35,771 4.4% 
Area 8 222,210 163,960 -58,250 -35.5% 

Area 111 and 8 troll 792,461 878,929 86,468 9.8% 
Area 12 3,044,900 3,595,265 550,365 15.3% 
Area 13 1,097,800 1,293,459 195,659 15.1% 
Area 16 121,600 147,631 26,031 17.6% 
Area 20 681,253 846,486 165,233 19.5% 

Area 29A (outside troll) 255,000 165,555 -89,445 -54.0% 
Area 298 807,818 828,749 20,931 2.5% 
Area 29D 482,298 469,174 -13,124 -2.8% 

Upper Georgia Strait troll 199,396 201,940 2,544 1.3% 
Lower Georgia Strait troll 158,234 186,092 27,858 15.0% 

Areas 125-127 troll 161,601 118,964 -42,637 -35.8% 
Areas 123-124 troll 257,250 232,549 -24,701 -10.6% 

Total Canadian Commercial Catch 9,115,405 10,034,967 919,562 9.2% 

United States 
Treaty Ceremonial fisheries 0 0 0 0.0% 

Area 7A 1,392,461 1,392,452 -9 0.0% 
Area 7 316,502 316,489 -13 0.0% 

Areas 48, 5 and 6C 120,190 119,424 -766 -0.6% 
Alaska District 104 * 225,000 240,000 15,000 6.3% 

Total U.S. Commercial Catch 2,054,153 2,068,365 14,212 0.7% 

Total Catch ** 11,323,491 12,377,940 1,054,449 8.5% 

Notes: 
* Alaska District 104 catch of Fraser sockeye is based on in-season stock identification. 
** In addition to catches shown in table, total catch includes in-season non-commercial catch 

of 153,933 and post-season non-commercial catch 274,608. 
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Table 4. Comparison of catch and harvest rate in migratOlY and tenninal areas for summer-run and late
run stock groups. All estimates are from post-season analyses. 

Summer Runs Late Runs 

Chilko/ Stellako Adams/ Misc. 

Quesnel L.Stuart Shuswap Late Runs 

Total Run 5,913,298 1,447,800 6,714,948 1,196,291 
Outside Area Catches 564,836 132,508 1,515,901 292,456 

Total Run Entering Inside Waters 5,348,462 1,315,292 5,199,047 903,835 

Migratory Area Catches 
Canadian Waters 2,006,126 367,126 2,956,800 467,179 
U.S. Waters 378,035 88,288 183,152 27,010 

Total Migratory Area Catch 2,384,161 455,414 3,139,952 494,189 
Migratory Area Harvest Rate 44.6% 34.6% 60.4% 54.7% 

Total Run Entering Georgia Strait 2,964,301 859,878 2,059,095 409,646 

Terminal Area Catches 
Canadian Waters 858,095 247,299 387,858 111,804 

U.S. Waters (7A Delay} 177,231 28,368 744,099 86,946 

Total Terminal Area Catch 1,035,326 275,667 1,131,957 198,750 

Terminal Area Harvest Rate 34.9% 32.1% 55.0% 48.5% 

Gross Escapement (Into River) 1,928,975 584,211 927,138 210,896 

(Mission Esc. + IF Catch Below) 
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Appendix C: Compare Estimates From Commercial Purse Seine 
Models Using In-season and Post-season Catch and 
Racial Data 

Objective 

To assess whether the overestimate in late-run escapement to the Strait of Georgia could be 
attributed to discrepmlcies between in-season and post-season estimates of the model inputs, specifically, 
catch and racial composition. If yes, then which of these data contributed most to the overestimate. 
Also, to compare estimates that incorporate adjustments of Johnstone Strait catches to compensate for 
large northern removals, which was done in-season, to estimates made without such adjustments. 

Methods 

Description and Use of Models 

The commercial pmse seine models used multiple regression teclmiques and data from commercial 
purse seine openings in Juan de Fuca and Johnstone Straits to estimate the ablUldance of lUllS that 
migrated through these approaches. In the following paragraphs we describe the data and methods used 
to derive and apply the models. 

The regression data had two main components. First, the dependent variables, the amlUal Juan de 
Fuca mld Johnstone Straits runs by stock group, were calculated by subtracting the catches in northern 
areas (Alaska and Canadian Areas 1-10) from the total lUll to obtain the nUl to the northern end of 
Vmlcouver Islmld. Tllis number was multiplied by the estimate of diversion rate for each year to estimate 
the munber of fish that migrated through Johnstone Strait. The west coast Vancouver Island catch of 
the remaining fish (i.e., Cape Caution run minus Johnstone Strait nUl) was then subtracted to estimate 
the Juan de Fuca nm. Preliminaty data were used for years when fmal data were not yet available. 

The independent variables, average daily catch, average daily catch per Ullit effort (CPUB), daily 
effort (gear count) and dmation (nwnber of days fishelY was open),were primarily from two somces. 
Final catch data (based on sales slips) and gear counts were provided by DFO. Racial data for splitting 
the total catch into catch by stock data were from the PSC. Preliminaty data were used for years when 
final data were not yet available. Models for estimating Juan de Fuca nUlS were based on commercial 
pmse seine fishery data £i'om Area 20, whereas Johnstone Strait models were based on data from Areas 
12 and 13. 

Once the llistorical data were compiled, the peak average daily catch for each stock and for each year 
was detennined. This is called the "peak week catch". We then attempted to weed out years when the 
peak week catch did not occm on the peak ofthe fUll or when the fishety was unusual. For example, 
years when no fisheries OCCUlTed on the peak or when indus tty strikes occurred dming the major fUllS 
were removed. The remaining data were merged with the fUll size data to create the dataset used in the 
regressions. A natural log transfonnation was then applied to the fUll size, catch and CPUB values. 

These data are then used to calculate regression parameters by approach and by fUll. The resulting 
models had the fonns: 

Run Size 

Run Size 

Exp (a + b I (In Catch) + b2Ejfol't + b3Duration ) 

and 
Exp (a + b I (In CPE) + b2Ejfol't + b3DuI'ation ) 
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where either catch or CPUB were included in all models, but effort and duration were included only if 
the adjusted R2 and Mallows Cp statistic indicated the model was improved if they were included. 

In-season, these models were used to provide estimates of run size based on the available estimates 
of catch, effort, duration mld racial composition. Catch estinlates for a given fishery were initially based 
on DFO hails, and later replaced by estimates derived from infonnation collected by phone from fish 
packers mld processors. Generally, the PSC estimates catches in Area 20 while DFO estimates catches 
in Areas 12 and 13. EffOlt data were collected by overflights or by on-water estimates by DFO 
personnel. Information about fishery durations were available from the regulations. Finally, racial 
composition data were derived from racial analyses of scale samples collected by DFO and PSC from 
each fishery, using standards from jack returns in 1993 and age 42 returns in 1990. 

After each fishery, the data were analyzed to detemline which fishery represented the peak week 
catch for each stock group. The data from these fisheries were then entered into the nill size models to 
generate run size estimates. Estimates for each stock group were then pooled to provide a single estimate 
for each stock group, using the mean square error (MSE) of each model to weight the individual 
estimates. 

In addition to the models shown above, we used two other types of models in-season in 1994 and 
in previous years to generate run size estimates. These are considered to be secondary models and so 
are not included in the mlalyses presented in this doclUnent. However, they are described briefly for the 
sake of completeness. First, we developed models that used the peak week catch from the two fisheries 
with the highest average daily catch. These models were applied after the peak of the flUl had passed. 
Second, the regression data were combined to provide models based on combinations of stocks, 
specifically, SlUnmer-flUl, late-run and all-stocks combined models. The summer- or late-run models 
were used when no stock-specific model was available, such as for the Early Stuart run through Juan de 
Fuca Strait, and generally as a verification of the estimates from the one-stock models. The all-stocks 
combined model was used when the peak week catch for a stock exceeded the previous mama for all 
the stocks in the nill, such as for the Adams lUll through Jolmstone Strait in 1994. The estimates from 
these models were pooled with the estimates from the models shown above, using the MSE of each 
model to weight the individual estimates. However, generally the one-stock peak week models shown 
above had the lowest MSEs, so they were given more weight than estimates from the models presented 
in tlns paragraph. 

Analysis 

Using the same regression models that 
were used in-season to generate estimates of 
run size through Juan de Fuca (JdF) and 
Johnstone Straits (JS), ilie in-season and post
season catch and racial data were entered in 
four combinations (Table 1) to produce a 
series of parallel estimates. This was done 
using both the adjusted and lUladjusted 
catches. Fishery catches in inside areas were 
then removed from the estimates of total flUl 
size through the two straits to estimate the 
escapement to the Strait of Georgia and to 
Mission. Catches in Areas 1-11 were also 
removed when adjusted catches were used. 

Table 1. Combinations of data tllat were evaluated to 
assess the effect of in-season and post-season data on 
flUl size estinlates in 1994. 

Catch 
Adjustments Catch Racial 

Adjusted ill-season ill-season 
11 ill-season post-season 
11 post-season lll-season 
11 post-season post-season 

Unadjusted lll-season lll-season 
11 lll-season post-season 
11 post-season lll-season 
11 post-season post-season 
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The resulting estimates of escapement to Mission were then compared to the escapement estimate 
derived from smnming the Mission hydroacoustic estimate and estimated Native catch below Mission. 

Although the "Catch" and "Racial" 
blocks in Table 1 are self evident, the 
"Catch Adjustments" block requires 
some explanation. TIns block refers to 
additions to Johnstone Strait (Areas 12 
and 13) purse seine catches to 
compensate for unusually large catches 
in northern areas (Areas 2W, 8 and 11), 
which defonn the 11.m entering J olmstone 
Strait. Such defOlmation of the f1111 
would cause the catch models to 
underestimate f1111 SIze, so nm 
reconstruction teclmiques were used to 
estimate what catches in Areas 12 and 
13 would have been if the northern 
fisheries had not occmTed. The 
application of this method dming the 
1994 season was the outcome of a 
workshop held to investigate the 
mlderestimation of escapement in 1993. 

Table 2. Adjustments to Areas 12 and 13 purse seine 
catches that were applied in 1994 to compensate for 
lmusually large catches in northern areas in 1994. 

Fishery Adjustments 
Catch Racial Date Summer Late Total 

Aug 15 67,000 144,000 211,000 
In- In- Aug 22 74,000 328,000 402,000 

season season Aug 31 2000 31 000 33000 

........................................................... 1A~.,.g.9.g ....... ~.Q~.,.g.9.g ....... ~A~ ... g.9.g .. 
Aug 15 69,000 133,000 202,000 

In- Post- Aug 22 92,000 310,000 402,000 
season season Aug 31 6000 27000 33000 

........................................................... 1.?!. .. g.9.g ...... A?9.,.g.9.g ....... ~}7. ... g.9.g .. 
Aug 15 60,000 202,000 262,000 

Post- In- Aug 22 101,000 480,000 581,000 
season season Aug 31 4,000 55,000 59,000 

.......................................................... .1.?~.,g.9.g ...... .7.}!.,.g.9g ....... ~.9.?,.g.9.g .. 
Aug 15 68,000 185,000 253,000 

Post- Post- Aug 22 127,000 460,000 587,000 
season season Aug 31 13,000 47,000 60,000 

208,000 692,000 900,000 

The specific adjustments are surnmarized in Table 2. 

Results 

Table 3 shows a detailed accOlmting by nm of nm size estimates, catches in various areas, and 
calculated escapements to the Strait of Georgia and to Mission, for the combinations described above. 
Table 4 smnmarizes the differences between the various estimates of gross escapement and the 
hydroacoustic estimates (Mission hydroacoustic plus Native catch below Mission). 

For the scenarios using adjusted catches, the in-season catch and racial data (in:in) produced a larger 
difference for early Slll11ner and sunllner nms, and smaller difference for late nms and the total f1111 
compared to when post-season data (postpost) were used. Based on the relative size of the differences, 
the primary somce of the discrepancy between in:in and post post results were in-season to post-season 
chmlges in racial data for early smmner f1111S, and changes in catch data for summer f1111S, late f1111S and 
the total nm. Thus, the major source of differences between in-season and post-season nm size and 
escapement estimates are post-season updates to the in-season catch estimates. 

The results are similar in most respects for the unadjusted catch scenario. However, one difference 
is that for smmner runs the effects of post-season updates to catch and racial data essentially cancelled 
out. Another difference is that for late f1111S, the in:in discrepancy is larger than the post post discrepancy 
and the primary source of the change are updates to racial estimates. 

Comparing the adjusted and unadjusted catch scenarios, the estimates are only moderately different. 
For example, discrepancies between the in:in estimates are 12,000, 76,000, 302,000 and 390,000 for 
early summer, smnmer, late and total 11.111S, respectively. Equivalent discrepancies for the post-post 
estimates are 25,000, 149,000,48,000 mld 126,000. For early SUlllliler and Slll11ner nms, the unadjusted 
catch scenario produced more accmate estimates in 1994. For late f1111S, the adjusted in:in estimate and 
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tmadjusted post post estimates were closest, while for the total run the adjusted scenario produced the 
most accurate estimates. 

Conclusions 

When adjusted catches were used (as was done in-season), most of the discrepancies between in
season and post-season estimates in 1994 were due to post-season updates of catch data. The result was 
mixed when tmadjusted catches were used, with catch and racial updates having an equal effect for 
summer runs; racial updates having a larger effect for late rtmS and catch updates having a larger effect 
for the total lUll. 

The most accurate estimates for early StUnnler and stUmner ll.ms were based on post-season estimates 
of catch and escapement. However, the use of in-season catch and racial data resulted in the best 
estimates of late-lUll and total abwldance when adjusted catches were used (as they were in-season). 
When tmadjusted catches were used, post season data provided better estimates for late rtmS and poorer 
estimates for the total rtm. 

If in-season data are used, tmadjusted catches provided slightly better estimates of early stUnmer -and 
summer-rtm escapement, while adjusted catches resulted in better estimates of late-run and total 
escapement. If post-season data are used, the same pattern holds for early swruner, swmner and total 
runs, but tmadjusted catches resulted in only a marginal improvement in the estimate of late-rtm 
escapement. 

Based on the above analysis, the overestimation of late-rtm escapement to Mission could not have 
been avoided in-season, either by having pelfect infOlmation (i.e., post-season catch and racial data) or 
by using tmadjusted catch data instead of adjusted catch data. In fact, the discrepancy would have been 
larger if post-season data had been available. The best and the worst estimates, from all of the various 
scenarios and pennutations evaluated, deviated from the actual escapement by amowlts that were of the 
same order of magnitude (1,600,000 to 2,300,000). 

Adjusted catches perfonned better than tmadjusted catches for late fUllS and the totallUl1, but not 
for early stm1l11er mld surnmer rtmS. Therefore, this analysis does not indicate a clem' advantage to using 
adjusted versus tmadjusted catches. 
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Table 3. Comparison of estimates of run size and escapement using adjusted versus unadjusted catches, 
and ill-season versus post-season catch and racial estimates. 

Run Size Areas Strait of Terminal Available Actual 
Excluding 1-11 JdF + JS Inside Georgia Area Gross Gross 

Run WCVI Catch Catch Run Size Catch' Esc. Catch ** Esc. Esc. **. Difference 

Adjusted Catch Data 
In-season Catch and Racial Data 
E.Summ 709,000 12,000 697,000 241,000 456,000 146,000 310,000 516,000 (206,000) 
Summer 5,888,000 401,000 5,487,000 2,409,000 3,078,000 1,383,000 1,695,000 2,623,000 (928,000) 
Late 8,961,000 1,434,000 7,527,000 3,388,000 4,139,000 1,260,000 2,879,000 1,055,000 1,824,000 

Total 15 558 000 1 847 000 13 711 000 6 038 000 7 673 000 2 789 000 4 884 000 4 194 000 690000 

In-season Catch and Post-season Racial Data 
E.Summ 1,048,000 36,000 1,012,000 461,000 551,000 188,000 363,000 515,000 (152,000) 
Summer 6,056,000 625,000 5,431,000 2,457,000 2,974,000 1,304,000 1,670,000 2,513,000 (843,000) 
Late 8,327,000 1,202,000 7,125,000 3,126,000 3,999,000 1,288,000 2,711,000 1,138,000 1,573,000 

Total 15431 000 1 863000 13568000 6044000 7524000 2780000 4 744 000 4 166 000 578000 

Post-season Catch and In-season Racial Data 
E.Summ 755,000 12,000 743,000 272,000 471,000 144,000 327,000 516,000 (189,000) 
Summer 6,545,000 313,000 6,232,000 2,784,000 3,448,000 1,386,000 2,062,000 2,623,000 (561,000) 
Late 10,203,000 1,608,000 8,595,000 3,943,000 4,652,000 1,304,000 3,348,000 1,055,000 2,293,000 

Total 17 503 000 1 933 000 15 570 000 6 999 000 8 571 000 2 834000 5 737 000 4 194 000 1 543 000 

Post-season Catch and Post-season Racial Data 
E.Summ 1,135,000 25,000 1,110,000 533,000 577,000 185,000 392,000 515,000 (123,000) 
Summer 6,727,000 489,000 6,238,000 2,838,000 3,400,000 1,311,000 2,089,000 2,513,000 (424,000) 
Late 9,508,000 1,435,000 8,073,000 3,634,000 4,439,000 1,331,000 3,108,000 1,138,000 1,970,000 

Total 17370000 1949000 15421000 7005000 8416000 2827000 5 589 000 4 166 000 1423000 

Unadjusted Catch Data 

In-season Catch and Racial Data 
E.Summ 709,000 241,000 468,000 146,000 322,000 516,000 (194,000) 
Summer 5,563,000 2,409,000 3,154,000 1,383,000 1,771,000 2,623,000 (852,000) 
Late 7,829,000 3,388,000 4,441,000 1,260,000 3,181,000 1,055,000 2,126,000 

Total 14101000 6038000 8063000 2789000 5274000 4194000 1 080000 

In-season Catch and Post-season Racial Data 
E.Summ 1,048,000 461,000 587,000 188,000 399,000 515,000 (116,000) 
Summer 5,716,000 2,457,000 3,259,000 1,304,000 1,955,000 2,513,000 (558,000) 
Late 7,272,000 3,126,000 4,146,000 1,288,000 2,858,000 1,138,000 1,720,000 

Total 14 036 000 6 044 000 7 992 000 2780000 5212000 4166000 1046000 

Post-season Catch and In-season Racial Data 
E.Summ 755,000 272,000 483,000 144,000 339,000 516,000 (177,000) 
Summer 6,246,000 2,784,000 3,462,000 1,386,000 2,076,000 2,623,000 (547,000) 
Late 8,618,000 3,943,000 4,675,000 1,304,000 3,371,000 1,055,000 2,316,000 

Total 15 619 000 6 999 000 8 620 000 2 834 000 5 786 000 4 194 000 1 592 000 

Post-season Catch and Post-season Racial Data 
E.Summ 1,135,000 533,000 602,000 185,000 417,000 515,000 (98,000) 
Summer 6,387,000 2,838,000 3,549,000 1,311,000 2,238,000 2,513,000 (275,000) 
Late 8,025,000 3,634,000 4,391,000 1,331,000 3,060,000 1,138,000 1,922,000 

Total 15 547 000 7 005 000 8 542 000 2827000 5715000 4166000 1549000 

• Catches in Canadian Areas 12-16,18-20, and U.S. Areas 4B, 5, 6C, 6, and 7, and portion of the catch in Area 7A. 
*. Catches in Canadian Areas 17 and 29, but excluding IF catch below Mission . 
••• Mission hydroacoustic estimate of escapement plus IF catch below Mission. 

48 



Table 4. Differences between estimated and achwl gross escapements (Mission escapement + Native 
catch below Mission) by nm, for adjusted versus unadjusted catches, and in-season versus post-season 
catch and racial estimates. 

Adjusted Catches Unadjusted Catches 

Catch Catch 

Racial % In-seas Post-seas Racial % In-seas Post-seas 

Early I In-seas (206,000) (189,000) I In-seas (194,000) (177,000) 

Summer I Post-seas (152,000) (123,000) I Post-seas (116,000) (98,000) 

Catch Catch 

Racial % In-seas Post-seas Racial % In-seas Post-seas 

Summer I In-seas (928,000) (561,000) I In-seas (852,000) (547,000) 

I Post-seas (843000) (424000) I Post-seas (558000) (275 000) 

Catch Catch 

Racial % In-seas Post-seas Racial % In-seas Post-seas 

Late I In-seas 1,824,000 2,293,000 I In-seas 2,126,000 2,316,000 

I Post-seas 1 573 000 1 970 000 I Post-seas 1720 000 1 922 000 

Catch Catch 

Racial % In-seas Post-seas Racial % In-seas Post-seas 

Total I In-seas 690,000 1,543,000 I In-seas 1,080,000 1,592,000 

I Post-seas 578 000 1 423 000 I Post-seas 1 046 000 1 549 000 
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Appendix D: Cumulative Passage Models 

Model Description 

ClUnulative passage models are developed from stock specific historical reconstructions referenced 
to a common migratory location, the Fraser River at Mission. Reconstructions for individual stocks, 
using a daily time step, are developed from Missionescapement data and from catches in Panel and non
Panel area commercial fisheries. Regression based estimates of the total return for a stock of interest 
are derived by comparing the totalmunber of fish accolUlted for in catch and escapement at specific dates 
throughout the season, to the nlUnber offish observed historically at the same date, and the total run size 
for that year. Two sets of regressions are lUll for each stock, one which includes individual year flUl 
timing as a variable, and one which uses only nm accolUlted for to date. 

Annual reconstructions are performed in a given year, for all lUuquely identified stocks or stock 
groups, through the SlUIDner-nm time period. Historically, models have been developed for the following 
stocks or stock groups: Early Stuart, Early Smmner-nms, Chilko, Horsefly, Late Stuart and Stellako. 
Models have not been developed for late-nm stocks because of the delay behaviour they exhibit prior 
to migrating into the Fraser River. 

AsslUnptions 

A variety of assmnptions must be met for the cumulative passage models to provide lUlbiased 
estimates of flUl size. Violations of these assmnptions may result in directional bias and cause lUll size 
estimates to be systematically lugh or low. A list of the asslUIlptions include: 

the assumptions inherent to linear regression applications are not being violated, 
the lustorical reconstructions are accurate (ie. the speed of migration between areas is known, 
there is no sigtuficant racial identification bias, the post season catch and escapement data are 
accurate), 
the in-season catch and escapement data by stock are accurate and complete, 
the migt'ational distribution of the nm in the current year is similar to historical patterns, 
for regression models wluch incorporate lUll timing as a variable, that nm timing can be 
accurately assessed in-season. 

Data Sources 

The data sources required for the construction of the cumulative passage models include post-season 
catch and racial data'for the construction of the lustorical data sets, in-season catch and racial data for 
development of the in-season reconstructions, and in-season nm tinung data. 

In Canada, post-season catch data are tabulated by week-ending period by DFO from fish sales slips 
collected from all registered fish buyers in the province. In the United States, daily catch data are 
tabulated from fish tickets. Post-season discriminant function analysis models are derived from stock 
specific spawlung grolUld scale data collected each year. COlIDnercial catches are separated into stock 
specific components using discriminant function analysis. Stock specific Mission escapement data are 
combined with the catch data, adjusted to a Mission timing date, and post-season reconstructions are 
developed. 

In-season catch data are derived from gear counts, in conjlUlction with estimates of catch and CPUB 
data fi'om hails ffild fish buying companies. In-season racial analyses are conducted in a similar manner 
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to the post-season analyses. However, the baseline standards are developed from prior year scales, 
preferably with jack sockeye scales from the same cohort, but often using previous years adult sockeye 
scales from the same age class. These baseline standards are less accurate than the standards constructed 
for the post-season mm1yses, mld consequently, there is likely to be more bias associated with in-season 
stock identification assessments relative to the post-season analyses. 

In-season nUl timing estimates for individual stocks are initially obtained from pre-season forecasts 
developed by DFO. These forecasts are replaced using in-season data derived from the cumulative
normal model once the process of generating in-season nUl size estimates is initiated. Early in a nUl, 
timing estimates from the cmnulative-nonnal model are mrre1iable. They become more accurate as the 
nm builds towards a peak in the primary assessment fisheries in Area 20 and Johnstone Strait. 

Data Available for Individual Stocks 

As mentioned above, cmnulative passage models have been developed for the following stocks or 
stock groups: Early Shwrt, Early Smmner nUls, Chilko, Horsefly, Late Stuart and Stellako. However, 
depending on the spatial distribution of the mean discriminant scores in the in-season baseline standards, 
in some years it is not possible to uniquely separate all of the stocks outlined above. For example, in 
1994, Chilko mld Horsefly were grouped together and the Late Stuart stock was grouped with Stellako. 
The years for which historical reconstructed run size data are available include: 

Early Shwrt (1973 - 1977, 1979 - 1993), 
Early Smnmer lUllS (1974 - 1993), 
Chilko (1974 - 1993), 
Horsefly (1974,1975,1977,1978,1981,1982,1985,1986,1989 - 1991,1993), 
Stellako (1974 - 1976, 1978 - 1980, 1982 - 1984, 1986 - 1988, 1990 - 1992). 

Computational Methods 

The cumulative passage models were developed with two objectives in mind: to produce minimum 
run size updates of pre-season forecasts prior to the peak of the rlUl passing Mission, and to produce 
revised run size updates of pre-season forecasts closer to the peak of the rlUl. They are regression based 
models, which are easy to assess, and they can provide reasonably accurate estinlates of nUl strength 
prior to the peak of the nUl, providing rlUl tinung can be estimated. Total nUl for a stock in a particular 
year (In Y) is regressed against the reconstructed rlUl at Mission for a given date (In Xl) in a simple 
linear regression. A separate regression is available for each day that the reconstructed nUl is present 
at Mission. Multiple regression models are the primary method used. The multiple regressions 
incorporate rlUl timing (the date at which 50% of the cmnulative reconstructed nUl has past Mission) as 
the second variable (In X2). 

Examples of the two forms of regression equations used to generate estimates of rlUl size for 
individual stocks or stock groups are provided below: 

- Simple Regressions: Total Run(Stock 1) = a + (Run Accounted(Stock 1,Day n))(X1) + E 

- Multiple Regressions: Total Run(Stock 1) = a + (Run Accounted(Stock 1,Day n))(X1) + 
(Run Timing(Stock 1))(X2) + E 

To help in assessing the precision of the cumulative passage models, 80% confidence intervals and 
prediction intervals are provided for each assessment that is made during the in-season management 
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period, along with the point estimates. The R2 values for the multiple regressions, and the confidence 
and prediction intervals, are calculated asslllning that in-season run tinung is measured without error. 

Discussion of Historical Data 

As described above, for early timed and SU1l1l11er-rilll Fraser River sockeye stocks, daily regression 
equations exist which allow the total rilll to be estimated throughout the course of the each stocks 
migration. The variance around individual point estimates generated for the stock specific regressions 
is high early in the season, and is reduced on successive days as more of the rilll is accollllted for in catch 
llld escapement. The varimlce is particulm'ly high in the simple regressions, when rilll tinung is not used 
as an independent variable. 

The historical data sets allow for rilll timing to be accurately assessed. Run size predictions wmch 
incorporate run tuning as a second uldependent variable allow us to forecast the total return for a given 
stock with a reasonable degree of precision approximately one week prior to the clllnulative 50% POUlt 
of the run reachitlg Mission. To llllderstmld the change in the relative precision of the regression models 
through the course of a nm, adjusted R squared values from the cumulative passage models are provided 
for selected Mission dates for each of the stocks for which regression equations have been developed. 
For each stock, the adjusted R squared value at the historical 50% cun1Ulative passage date at Mission 
is reported Ul Table 1, along with the adjusted R squared values one week before and one week after the 
peak date. When consideritlg the adjusted R squared values from the multiple regressions listed in Table 
1, it is unportmlt to recognize that the values for the multiple regressions are generated using post-season 
nUl tuning estimates. These post-season rilll tuning estunates are accurate, assuming the rilll 
reconstructions are accurate. During the in-season management period, rilll timing estunates are less 
accuratelyestunated. Consequently, the rilll size predictions which are generated from post-season data 
sets, USUlg in-season data, will provide optimistic assessments of model perfonnance. From Table 1 
three points are evident: 

it is possible to estunate the run size for uldividual stocks or stock groups at least one week 
prior to the clUnulative 50% passage date at Mission, provided lUll tuning can be predicted, 
without assessing nUl timing it is unlikely that precise estimates of rilll strength will be 
generated prior to the 50% point of the rilll, but with run titning reasonably precise estitnates 
can be generated, 
nm tUlling is less unportant one week after cumulative 50% point of the rilll has been observed, 
but it still unproves the predictive capabilities of tlle model. 

In slUnmmy, tlle clUnulative passage models are important in that they provide in-season estimates 
of run strength by stock, independently of other methods used by the PSc. The models are easy to 
assess, and can provide reasonably accurate and precise estunates of nm strength prior to the peak of the 
run, providing run timing can be assessed. Also, because these methods are based on complete 
reconstructions, referenced to a Mission timing date, catches taken in northern migratory areas can be 
incorporated into the run size assessments. It is importmlt, however, to recognize some of the 
weaknesses inherent in USUlg the ul-season catch and racial data to assess run strengths. Changes to in
season catch and escapement data me made contumally throughout the in-season period. These changes, 
Ul cOl~lmction with ul-season racial identification bias, can have significant effects on nm size estunates. 
With tlllS in mind, the 1994 rilll size assessments for tlle key SU1l1l11er-lUll stocks are reviewed below. 
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Analysis of 1994 Estimation Results (In-season Versus Post-season Estimates) 

In 1994, in-season discriminant llmction analysis allowed for the estimation of two distinct summer
run stock groups, the Chilko/Horsefly stock group and the Late Stuart/Stellako stock group. The 
discussion of the relative in-season and post-season perfOlmance of the cumulative passage models will 
be confined to these two stock groups. Changes in total nm size estimates for each of the two stock 
groups, using in-season versus post-season data sets, are due to a combination of changes which 
occmTed in both the catch and the racial analysis in the post-season. 

In assessing the perfonnance of the cumulative passage models, actual in-season estimates as 
presented on specific dates are used. Dates on which run size estimates were made using the cumulative 
passage model include August 12, August 18 and August 23. The post-season estimate for the 
Chilko/Horsefly stock group is 5,907,000 fish, with a cmnulative 50% passage date at Mission of 
August 16. In hindsight, the August 12 in-season estimate was based of data available four days prior 
to the eventual 50% cmnulative passage date, while the August 18 and 23 estimates incorporated data 
from two and seven days after the peak, respectively (Table 2). 

On August 12, the in-season assessment of 11m tinllng was for a peak at Mission on August 18. TIllS 
number was used to provide the best estimate of the Chilko/Horsefly nm size, which was 5,296,000. 
This number was 611 ,000 or 10.3% below the Clment post-season estimate of 5,907,000 (Table 2). 
Using post-season catch and racial data, the projected total nm, aSSUl1llng an August 18 peak passage 
date, was 5,816,000. This projected nmnber is 91,000 or 1.5% below the current post-season estimate. 

By August 18, two days after the cmnulative 50% date, the in-season fill1 timing estimate was 
conectly identifying the peak cUl11Ulative passage date for the Cllllko/Horsefly stock group as August 
16. The cmnulative passage model, updated to include the new timing date, and incorporating all 
available catch and escapement data through to August 18, was predicting a total run of 6,000,000 fish. 
This was 93,000 or 1.6% above the CUlTent best estimate for the stock group. With post-season data 
replacing the in-season data, the cumulative passage model predicts a total run of 5,609,000, or 298,000 
(5.0%) below the total return for the stock group (Table 2). 

A final run size update from the cmnulative passage model was provided on August 23. At that 
time, the run timing estimate was August 15, and the total run estimate for the stock group was 
5,965,000, or 58,000 (1.0%) above the post-season return. If an August 16 peak passage date had been 
used, the 11m size estimate would have been 6,126,000, or 219,000 (3.7%) above the post-season return. 
Regardless of the til1llng date used, the model was very accurate in assessing the total return strength 
for the stock group. Sil1lllarly, using post-season data, and an August 16 peak passage date, the fill1 size 
prediction was 5,818,000, or 89,000 (1.5%) below the CUlTent estimate for the stock group (Table 2). 
In conclusion, whether using in-season or post-season data, the cmnulative passage model perfonned 
well in 1994 for the Chilko/Horsefly stock complex. 

With regard to the Late StuarUStellako stock complex, the same three dates were used to assess the 
perfonnance of the cmnulative passage model, namely August 12, 18 and 23. The post-season estimate 
for the Late StuarUStellako stock group complex is 1,451,000 fish, with a cmnulative 50% passage date 
at Mission of August 13. Therefore, 11m size predictions for the Late Stuart/Stellako stock group, using 
the cumulative passage model, were made one day before, and five and ten days after the peak. During 
the in-season period the fill1 timing assessment for this stock group was not estimated to be August 13, 
but was initially projected to be August 16, and subsequently August 14 (Table 3). Consequently, no 
fill1 size estimates are available from the in-season period with the August 13 timing date. 
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On August 12, a peak timing date of August 16 was used. With this date, the cumulative passage 
model predicted a total lUll of 1,025,000 for the Late StuartlStellako stock group. This was 426,00, or 
29.4% below the current post-season estimate. Using post-season catch and racial data, and an August 
16 peak timing estimate, the run size for the stock group was estimated to be 1,853,000. If the actual 
50% cwnulative passage date of August 13 is used, the nm size estimate is 1,333,000, or 8.1 % below 
the post-season estimate (Table 3). 

On August 18, the in-season nm timing estimate was August 14. tIus generated a nm size estimate 
of 1,172,000, wluch was 279,000 or 19.2% below the post-season estimate. With the post-season data 
incorporated into the cumulative passage model, and an August 14 peak cwnulative passage date, tIle 
nm size estimate was 1,527,000, or 76,000 (5.2%) above tIle post-season estimate. If a cumulative 50% 
date of August 13 is substituted into the model, the nm size estimate is 1,425,000, or 26,000 (1.8%) 
below the post-seasonnunlber (Table 3). 

Finally, the August 23 nm size estimate from the cumulative passage model, using the in-season 
catch and racial data, was 1,110,000. Tlus was 341,000, or 23.5% below the post-season accowlted for 
l1lIDlber. Using post-season data, the model projects either 1,429,000 fish for the stock group (50% date 
at Mission of August 14), or 1,371,000 fish (50% date of August 13). These two estimates are 22,000 
or l.5%, and 80,000 or 5.5%, below the post-season estimate of total nm for the Late Stumt/Stellako 
stock group (Table 3). 

In conclusion, the Late StuartlStellako cumulative passage model perfonned significantly better 
using post-season data than it did with the in-season data. The explanation for this is the in-season 
versus tIle post-season discrillunant flmction models. As described in Appendix G, due to a bias in the 
in-season discrinunant function mlalysis models, the Late Stuart/Stellako stock group was systematically 
lmderestimated. Therefore, not surprisingly, the in-season clIDlulative passage models underestimated 
tllis stock group. Once the post-season catch and racial data were used in the models, the estimates were 
reasonably precise, providing the correct rIDl timing estimate was used. 
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Table 1. Stock specific adjusted R2 values (Mission passage dates). 

Adj Adj Adj 
1 Week Prior R Sq Cumulative R Sq 1 Week After R Sq 

Stock I Stock Group Regression Type To 50% Date Value 50% Date Value 50% Date Value 
Early Stuart Simple Regression (In v In) (July 2) 65.3% (July 9) 87.3% (July 16) 98.6% 

Multiple Regression (In v In) (July 2) 81.4% (July 9) 97.7% (July 16) 99.7% 
Early Summers Simple Regression (In v In) (July 26) 54.5% (Aug 2) 76.0% (Aug 9) 91.6% 

Multiple Regression (In v In) (July 26) 70.0% (Aug 2) 93.4% (Aug 9) 96.2% 
Chilko Simple Regression (In v In) (Aug 6) 39.4% (Aug 13) 74.1% (Aug 20) 94.0% 

Multiple Regression (In v In) (Aug 6) 93.3% (Aug 13) 97.3% (Aug 20) 98.9% 
Horsefly Simple Regression (In v In) (Aug 5) 65.8% (Aug 12) 84.4% (Aug 19) 95.1 % 

Multiple Regression (In v In) (Aug 5) 96.7% (Aug 12) 98.4% (Aug 19) 99.4% 
Stellako Simple Regression (In v In) (Aug 5) 32.8% (Aug 12) 52.1 % (Aug 19) 78.5% 

Multiple Regression (In v In) (Aug 5) 74.5% (Aug 12) 88.3% (Aug 19) 96.9% 
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Table 2. In-season projections ofthe ChilkolHorsefly cumulative passage model on August 12, 18 and 23, 1994. 

Historical Passage Data Historical Passage Data 
In-season Data Post-season Data 
(Mission Tuning) (Mission Tuning) 

AB 
Peak 

Tuning Run Size % Run Size % 
ChilkolHorsetly Stock Group Estimate Estimate Error Estimate Error 
Run Accounted for to Aug 12 16-Aug (2) 4,414,000 -25.3% 4,848,000 -17.9% 
Run Accounted for to Aug 12 18-Aug (1) 5,296,000 -10.3% 5,816,000 -1.5% 

Run Accounted for to Aug 18 16-Aug (1) (2) 6,000,000 1.6% 5,609,000 -5.0% 

Run Accounted for to Aug 23 15-Aug (1) 5,965,000 1.0% 5,665,000 -4.1 % 
Run Accounted for to Aug 23 16-Aug (2) 6,126,000 3.7% 5,818,000 -1.5% 

(1) In-season Estimate of Peak Timing on Date of Analysis 

(2) Post-season Estimate of Peak Timing 
* Current Estimate of ChilkolHorsefly Total Run = 5,907,000 
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Table 3. In-season projections of the Late StuartJStellako cumulative passage model on August 12, 13 and 23, 1994. 

Historical Passage Data Historical Passage Data 
In-season Data Post-season Data 
(Mission Tuning) (Mission Tuning) 

AB 

Peak 
Tuning Run Size % Run Size % 

Late Stuart/Stellako Stock Group Estimate Estimate Error Estimate Error 
Run A::counted for to Aug 12 13-Aug (2) NA 1,333,000 -8.1% 
Run Accounted for to Aug 12 16-Aug (1) 1,025,000 -29.4% 1,853,000 27.7% 

Run Accounted for to Aug 18 13-Aug (2) NA 1,425,000 -1.8% 
Run Accounted for to Aug 18 14-Aug (1) 1,172,000 -19.2% 1,527,000 5.2% 

Run Accounted for to Aug 23 13-Aug (2) NA 1,371,000 -5.5% 
Run Accounted for to Aug 23 14-Aug (1) 1,110,000 -23.5% 1,429,000 -1.5% 

(1) In-season Estimate of Peak. Timing on Date of Analysis 
(2) Post-season Estimate of Peak. Timing 
* Current Estimate of Late StuartlStellako Total Run = 1,451,000 
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Appendix E: Estimation of Run-Size of Summer and Late Sockeye 
Stocks and Late-Run Escapement to the Strait of Georgia 
Using In-season Run Reconstructions and Cumulative
normal Models 

Introduction 

Estimates of abundance, timing and route of travel of the different returning stocks are vital to 
management of Fraser sockeye during the fishing season. While estimates of the total returning 
abundance of stocks are vital for determining the total allowable catch (TAC), the timing and route of 
travel (i.e. the proportion offish migrating via the southern and northern approaches) are important for 
scheduling fisheries on the stocks. A general procedure for estimating these parameters involves 
reconstlUcting the daily abtmdance of the migrating stocks, and comparing these reconstlUctions to 
nonnal distributions of varying peak timing and spread. Since the procedure involves comparing the 
clUnulative migration to date by day with clUllulative-nonnal distributions, the method has been called 
the "Cumulative-nonnal Model". 

RWl-feconstruction based methods require both catch and escapement data. For early Stuart, early 
summer-run and SlU11lner-nm populations, the escapement data are obtained from hydroacoustic 
estimates at Mission. Late-nm stocks (i.e. Birkenhead, Adams/lower Shuswap and Weaver Creek 
populations) pose a problem to management in that they do not migrate iI11lnediately upstream upon 
arrival but delay in the Strait of Georgia near the mouth of the Fraser River for 3-6 weeks prior to their 
upstremn migration. Since estimates of river escapement are entirely unavailable during the periods that 
the migratory area fisheries have access to these sockeye, information on expected escapement must be 
detelmined by various indirect methods. For in-season reconstruction oflate-nm sockeye abundance, 
estimates of harvest rate by daily migration block are applied to the catch from that block to estimate the 
abundance of fish. Escapement is then calculated by subtracting catch from daily abundance. Thus 
unlike earlier timed sockeye stocks where estimates of escapement are measured directIy, estimates of 
late-nm escapement are entirely dependent on estimates of harvest rate and catch. 

Harvest rates used ill computations for late-run sockeye were developed using data from prior years 
where fisheries have been assessed for the catch and escapement of these stocks. Data from 1983 were 
used in the Johnstone Strait portion of the run-reconstruction model because it was tile only year that 
late-nm stocks migrated via the nOlthern approach. 

In 1994, returning Fraser River sockeye migrated predominantly via the northern approach. During 
mid to late August, we evaluated the ill-season information available on the harvest rates on the late-run 
stocks. TIns was necessary because 1983 is the only recent year where late-nm sockeye predominantly 
migrated via the northern route. Therefore 1983 harvest rates were used and modifIed using feedback 
information on 1994 summer-nm harvest rates. 

Estimates oflate-nm sockeye abundance and escapement to the Strait of Georgia obtained via nm
reconstruction mld the clUllulative-nornlal model proved to be substantially larger than the post-season 
estimate. For obvious reasons, underestimates ofhm-vest rate have been implicated ill tins over-estimate. 
Below, the in-season assessments of StU11lner-run sockeye harvest rate are reviewed. In order to determine 
the relative effects of errors in stock identification and catch, four scenarios are examined usillg the in
season lUn reconstruction methodology: 1) in-season racial and catch data, 2) post-season racial and 
catch data, 3) post-season racial and in-season catch data and 3) in-season racial and post-season catch 
data. These scenarios are examined with the same harvest rates (hk; see below) used in-season. 
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Methodology 

Run Reconstmctions 

Run-reconstmction procedures can be used both in-season and post-season. In-season methods 
follow a "forward" approach, (i.e. conunencing at the begi1l1ling of the season at the first fIshing area) 
mld are "incomplete" until the fish from any given migration block pass the Mission hydroacoustic site. 
Post-season methods do not suffer from this "incompleteness" and involve using a backwards procedure. 

The purpose of in-season mn-reconstmction methods is to rebuild the migration referenced to a 
specific location (usually Area 20). Tlus involves tabling catches by stock, date and area. Escapements 
are similarly added to the daily "block". These data are lagged so that they can be referenced to a 
"common" date of travel. For exmnple, fish wluch may have entered Area 12 on August 1 if not caught 
would be expected to enter Area 13 on August 4, Area 16 on August 6 and Area 29 B (Below Pattullo 
Bridge) on August 8. Likewise, fish wluch entered Area 20 on August 3 would have entered Area 4 on 
August 4, Area 7 on August 5, Area 7 A on August 7 and Below Bridge on August 8. These fish area 
said to belong to a conunonnugration block ("box car" in some literature). The procedure becomes more 
complex with fishing areas that contain more thml several days of nugration. Catches in these areas must 
be allocated to the constituent nugration blocks. 

Harvest Rates 

Harvest rates m'e used in two situations. As mentioned above, in the case of late runs, they serve as 
the principal input for determining escapement to the Strait of Georgia: 

c k 
Ek=--C k 

hk 
(1) 

where Ek is the escapement on migration block k, Ck is catch and hk is harvest rate on block k. In the case 
of Summer runs, harvest rates are used to predict escapement to the Strait of Georgia but are 
subsequently replaced by more accurate estimates based on the catch in Area 29 plus estimates of 
escapement from the hydroacoustic program at Mission. 

There is no opportmuty to estimate late-run harvest rates during the season, except from what can 
be inferred from co-migrating sununer-run stocks. In tIus situation, estimates of terminal catch plus 
escapement for sununer-runs, can be used in the back-calculation of harvest rates of the principal 
migratory approach, given assumptions about harvest rate in the secondary migratory area. Thus, if the 
major part of the migration is from Johnstone Strait, then given historical estimates of harvest rates for 
the southern approach fisheries, we can subtract the estimated southern escapement to the river from the 
total abundance according to the following procedure: 

C ks 
Eks=--Cks 

hks 
(2) 

where Eks is escapement from the south for nugration block k, Cks is total southern catch, and hks is the 
estimated southern historical harvest rate; and: 

(3) 
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where E kn is escapement from the north on block k and Ekl is total terminal escapement. Then: 

(4) 

where hkn is harvest rate and Ckn is catch on block k from the north. Harvest rate can be evaluated for 
any fishery. Catchability q [catch-per-setl (Ckn + E kn)] in the Area 12 purse seine test fishery was 
similarly evaluated during the season. We emphasize that hkn and hks represent the cumulative harvest 
rate on a migration block, from the respective approaches. These should not be confused with u, or 
elemental harvest rate, of which h is a nmction. The subject of elemental harvest rates is reviewed in the 
document dealing with the reconstruction of marine area harvest rates. Further, exploitation rate is 
considered to be an mmual statistic and has little application in the situation described here. 

For the purpose of estimating late-nm escapement to the Strait of Georgia, Equation (1) can then 
be rewritten for the nOlthern approach: 

(5) 

As mentioned above, we were concerned about the accuracy of harvest rates (i.e. hkn's) that were to 
be applied to the in-season rIDl reconstructions. This was less critical for Sm1ID1er-nUl stocks, where 
timely escapement data afforded opporhmity to incorporate escapements measured at Mission to 
improve rIDl-size assessments. In the case of late-rIDl stocks, true harvest rates could not be accurately 
estimated until upstream escapements could be detennined. Therefore, there was no opportmrity for 
additional feedback of corrected harvest rates on1ate-run stocks during the season. 

The reconstructed harvest rates on SlU1ID1er-nm sockeye in 1993 were higher than for 1983. In order 
to insure that lUll-size estimation elTor did not occur in 1994, due to lrigher harvest rates, examination 
of summer-rIDl harvest rates was conducted periodically. During the season, harvest rates were examined 
in the mmmer described above on three separate occasions: August 16, August 24-25 and September 
l. Willie these analyses can be made only on surmner-nUl stocks, the assumption was made that these 
hm'Vest rates would be applicable to co-nrigrating late-rIDl stocks. WIrile sihmtions occur where late-rIDl 
harvest rates are different than for surmner-rIDl stocks, these situations are usually in gillnet fisheries 
where late-run hm'Vest rates are lower than for Sm1ID1er-nUl stocks. In situations where there was no 
opportunity to estimate harvest rates, the 1983 hm'Vest rates were used because there was no indication 
that the harvest rates differed from the 1983 situation. 

During the 1994 fishing season tables of in-season nUl-reconstructions were prepared and the 
cumulative migration by day was used as input to the cumulative-normal model. Because of the high 
diversion rate, the critical fishing areas of concern were Areas 11-16. In the case of late nUlS, estimates 
of catch by daily migration block were divided by harvest rate to calculate total abundance and 
escapement by migration block. 

Low harvest rate and a lrigh degree of variability in the hm'Vest rates is apparent in the gillnet-only 
fisheries in Area 11-12. We decided to substihlte data from the Area 12 (Robson Bight purse seine test 
fishery) for days of migration where no purse seine harvest was taken. The expansion line (1/ q) and 
catch-per-effOlt in Robson Bight test fishelY was used to estimate daily abmldance on those blocks. 

60 



These periods were critical, as they represent the main periods of escapement during each week. The 
cmnulative run by day was then calculated for use in the cmnulative-nonnal model. 

Cumulative-nonnal Model 

The cmnulative-nonnalmodel is used to estimate the total run, by regressing the cmnulative daily 
abmldance of the nm-to-date, against cmnulative-nonnal distributions truncated to the most recent day 
of infOlllation. The procedure used is analogous to a logistic regression method. The "observed" 
cmnulative-flUl-by-day data are regressed against the "expected" clUllulative-run-by-day and model of 
best fit is detennined by varying timing and spread of the clUllulative-nonnal models (Figure 1). The 
tinting and spread of the model of best fit is asslUlled to match the actual flUl. The run-size Rs is 
described by the equation for the simple regression: 

R =aR +h s m (6) 

where, Rm is the run-size of the cmnulative-nonnalmodel and a and b are the slope and intercept 
parameters of the model of best fit. This method is unique as it provides an objective assessment of 
timing. 

The cumulative-nonnal model is constrained by the quality and timing of the in-season 
reconstructions of daily abundance of the migrating sockeye stocks. In particular, it is sensitive to 
changes in catch data, particularly at the peak of the fUll. The method is not robust to severe deviations 
from normality (i.e. bimodal, or severely peaked or skewed lnigrations are estimated with bias). For 
example, outside area fishery removals may defOlll the nrn and there is uncertainty as to the 
reconstruction of the catch in these fisheries on the migration. Since the difficulties encOlrntered in 1994, 
and in particular the unceltainty surromlding the escapement of late-fUll stocks to the Strait of Georgia, 
indicate a problem with data inputs (i.e. harvest rates, catches and racial estimates) the focus in the 
Results and Discussion sections will be on data quality and harvest rate parameters, rather than the 
cumulative-nonnal model. 

Results 

In-season Assessment of the ReMll Abundance of Surllmer-nrn Stocks 

The pre-season expectation of peak timing of smnmer-nrn stocks was August 18 (Area 20 date). 
On August 4, because of stronger than expected abundance of sUll1ll1er-run stocks to date, the 
cmnulative-nonnal model predictions indicated that an August 18th timing was lmlikely. We speculated 
that the peak tinnng of the SUll1ll1er-fUll return would be August 12 in Area 20. The first estimate of the 
retmn abundance of sm1l1ner-run stocks was made on August 11: 5.0 million fish and peak timing of 
August 7. This was based in part on calculations of available fish from harvest rates applied to catches 
on daily migration blocks in the Area 12-13 fishery. By August 16, the estimate of abundance was 
revised to 7.0 lnillion, well less than the expected sUll1ll1er-run return of 10.3 lnillion, with return timing 
of August 10. The clUllulative-nonnal model was having some difficulty with what was apparently a 
non-nonnallnigration. On August 23rd the cmnulative-nonnal estimate of surllmer-run abtrndance had 
dropped to 6.5 n1illion and we speculated that the final estimate would fall in the 6.5-7.0 million range. 
The COlnments on August 25 analyses were that the clUllulative-nonnal model was trnderestimating the 
sm1l1ner-nUlIUll size (6.4 million) because the ntigration was flatter than expected at the peak for a 
nonnal distribution. Such a flat distribution could be caused by differences in peak dates for the multiple 
stocks in the summer-lUll complex. To adjust for this non-nonnality, a larger estimate of 6.5-6.9 million 
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was suggested as being more appropriate. The [mal in-season estimate of the summer -run retum was 
7.1 million fish. The post-season catch and racial data indicated a total retum of 7.4 million. 

hl-season Assessment of Harvest Rates in the Area 12-13 Commercial Fisheries and Robson Bight Purse 
Seine Test Fishery 

On August 16, the escapement situation for summer-run stocks dlUing the previous 5 day period was 
examined and the harvest rate for the August 8 fishelY in Area 12 and 13 was reviewed. The back 
calculated weekly harvest rate in this fishery was estimated to be approximately 29%, or about 65% of 
historical values (1983 situation) and substantially less than observed in 1993. TIns conclusion was 
made even after tenninal ablUldance was adjusted for an evident delay and subsequent Ingh lnigration 
for the lnigration blocks in question. The theory advanced at the time was that the low catches in the 
Gordon Island and Queen Charlotte Strait areas (Sub-areas 12-8 to 12-12) were due to a concentrated 
lnigration down the closed areas (Sub-areas 12-7 and 12-13) on the mainland side of Queen Charlotte 
Strait. TIns theory was supported by a faster than usual recovery in the purse seine test fishelY ill 
Robson Bight, 36 hours after the fishery closure. Sunilarly, the catch ability in tins test fishelY on August 
3-5 was estimated to be about 0.64%, or about 75% of the estimate for 1993 at 0.87%. Subsequent 
adjustments to the catchability in the purse seule test fishery could not be made Ul later weeks because 
of the uncertainty in the relative proportions of SlUnmer-nUl and late-lUll stocks due to possible sampling 
bias. A q of 0.64% in tile seine test fishery was used at tIlls tune. 

Prior to assessments of the Area 12-13 fishelY on August 15th, we increased the Area 12 harvest 
rate by 10% (over the 1983 values) because of the velY high gear COlUlt in the area. The summer-nUl 
harvest rates in this fishery were evaluated on August 24th and August 25th. The back-calculated 
weekly harvest rate for Areas 12-13 (including all gillnet harvest) was 54% as compared with the 
expected 55%. TIns analysis was made based on the asslUnption of no delay of summer lUns. This 
adjustment was not done for the August 22 fishery on the basis that tins fishery was only 12 hours as 
compared to the 24 hour fishery on August 15. 

On August 29, analyses were made to detennule the late-run escapement to the Strait of Georgia on 
the basis of the re-examination of the harvest rates on summer lUllS. The asslUnptions Ul the analysis 
were 1) equal harvest rates for SlUlliner and late nUlS and 2) that delay of SlUlliner nUlS, (violatioll of the 
order-of-movement asslUnption) wInch would put the catch out of sync from the lnigratory area catch, 
had been properly taken into account. A gross comparison of Area 11-16 catch with total tenninal 
ablUldance from August 12-27 (Below Bridge tinnng) would have indicated a SlUnmer-flUl harvest rate 
of 40%. This acknowledges that some of the tennlllal ablUldance would have come from the southern 
approach. However, due to the ultensities of the southern fisheries and Ingh diversion, this was perhaps 
a reasonable gross analysis. On August 30, a fonnal estunate of3.466 lnillionlate-flUl sockeye available 
for gross escapement was made using the harvest rate analysis. On September 1, we detennined that the 
terminal abundance of SlUlliner-flUl sockeye was higher than tile exploitation rates in the Area 12-13 
fishelY for the August 22 fishery would have indicated. The conclusion was made that wlnle some of 
the contribution of SlU111ner rlUlS may have migrated prior to the period of concem (i.e. affected by delay) 
their presence indicated a lower harvest rate for the 2-week period in Johnstone Strait. This would 
uldicate higher ternunal ablUldance oflate-flUl stocks. A decision was made to decrease the catchability 
in the Robson Bight test fishery to 0.625% from 0.64%. 

Estimation of Run-size and Escapement to the Strait of Georgia of Late-flUl Fraser Sockeye 

As uldicated above, the critical difference in the estimation of flUl-size and escapement of late-nUl 
sockeye from the procedure for summer-nUl sockeye concerns the lack of direct estimates of escapement 
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on late-run sockeye during the period of active management of the migratory area fisheries. To estimate 
the potential escapement of late-run sockeye, measures of harvest rate are used, and these assessments 
for 1994 are described above. The estimates of run-size and escapement then follow directly from 
equation 2. 

The first estimate of the total return oflate-run sockeye (9.0 million) was made August 18. This 
decreased to 8.5 million on August 23 because of concems about the degree of certainty in the harvest 
rate estimates. At this time we estimated that there would be 2.0 million fish in the Strait of Georgia, 
although tills would be reduced by future ternlinal catch. Such terminal catch was understood to include 
United States Area 7 A, as we had identified a contribution of "blow-back" fish in the catches in that area. 
On August 25, the abtmdance oflate runs remained stable at 8.4 million, and the anticipated escapement 
to the gulf was predicted to be 3.0 million by August 31. On August 26, the estimate of the total late 
nm increased to 9.2-9.4 nllllion. TIlls decreased to 8.5+ million on August 30, based on weakness in the 
Johnstone Strait test fishery. At this time, the available gross escapement was estimated at 3.25-3.5 
million, to arrive by September 5. Reworking all estimates on September 1, the total return of late runs 
was estimated at 9.4 million, with an expected escapement to the gulf by year-end of 3.65 million. 
Estimates stabilized dm-ing the assessments in September, with the last estimate of 3.5 million available 
for gross escapement prior to the major upstream escapement being made September 12. 

At the end of the Mission escapement period on October 13, considerably fewer late-run sockeye 
had migrated upstream than were expected based on the in-season assessments. The total late-nm 
ablUldance was estimated at 7.592 lrullion with 1.055 million fish passing Mission. Re-working the 
estimates with post-season catch and racial data, the total late-run abundance was estimated at 7.911 
lrullion witIl 1.138 lrullion fish passing Mission (using Mission hydroacoustic estimates). Using post
season catch and racial data and estimates of up-stream accoIDlting, the total return is 8.418 million with 
an upstream accounting estimate of 1.645 million. 

Re-evaluation onn-season MetIlOds, using Combinations onn-season and Post-season catch and Racial 
Analysis 

Clearly, considerably fewer late-run sockeye had migrated upstream in 1994 than were expected. 
In order to tease out the effects of harvest rate from errors in stock identification and catch, 4 scenarios 
are exmlllned using tile in-season run reconstruction methodology: 1) in-season racial and catch data, 2) 
post-season racial mld catch data, 3) post-season racial and in-season catch data and 3) in-season racial 
and post-season catch data. These scenarios are examined with the harvest rates (hk's) used in-season 
and are shown in Table 1. All 4 scenarios would indicate between 3.2-3.8 lrullionlate-run sockeye 
available for gross escapement, and total returns of between 9.2 and 11.0 million. These results indicate 
that in-season catch and racial data were not directly responsible for the overestimate of late-run gross 
escapement in 1994. However, the results suggest a shift in SID1l111er-run harvest rates between the in
season and post-season scenarios as a result of shifts in the catch and racial data. 

Post-season Review of Harvest Rates used to Estimate Escapement of Late-run Sockeye to the Strait of 
Georgia 

The late-run escapement to the Strait of Georgia in 1994 has 4 components: 1) a portion derived 
from commercial harvest rates, 2) a portion derived from the Robson Bight seine test fishery, 3) a 
portion including escapements estimated prior to c011l111ercial fisheries and 4) a portion of the escapement 
relating to "holes" thought due to IDlceltainty in harvest rates. The relative proportions of this 
escapement are shown in Table 2. While estimates of escapement were derived using catch-per-effort 
from the Robson Bight test fishery, we could have used the estimates of harvest rate in the Area 12 
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commercial gillnet fishery. If these estimates were used instead, the estimates of escapement to the gulf 
would have decreased by 348,000 using the in-season catch and racial data, and by 68,000 using the 
post-season catch mld racial data. Use of the gillnet harvest rates would have resulted in a lower estimate 
of escapement to the Strait of Georgia during the season, however, the catch estimation error in this 
fishery and timeliness still result in a problems with the use of this data during the season. 

The harvest rate estimated on August 29 for the period August 12 to August 27 (Below Bridge 
tinung) was 39.6% (Table 1). The calculations for this harvest rate have been re-examined and verified. 
It is very important to understand that this was the best infonnation that we had at that time. With this 
infonnation we made our estimates of escapement oflate runs to the Strait of Georgia using the methods 
described. An interesting shift emerges when the post-season catch and racial data are exanlined, as the 
harvest rate for tlns smne period increases to 44.8%. However, on tIns date the effects of the August 22 
Area 12 fishery on terminal area catch and escapement of summer-nUl sockeye could not be evaluated. 
The co-nligrants to this fishery would not have reached the Below Bridge area lUltil August 31 and the 
hydroacoustic estimates on tIns group of fish would not have been available lUltil September 2. Using 
in-season data, tlle harvest rate for tlle 2 peak weeks was estimated to be 49.1 %. This estimate increases 
to 55.1 % using in-season procedures and post-season data. The final re-evaluation of SUlmner-IU1l 
harvest rates on September 1 did not indicate a dilemma concerning swmner-run harvest rates. While 
chmlges in bOtll the catch and racial data combined to shift the peak 2 week harvest rates, evidently, the 
catch data resulted in the biggest shift in the harvest rate. 

The question is: what would the escapement of late-run sockeye have been if the post-season catch 
and racial data were available during late August? If a harvest rate of 55.1 % is substituted for the peak 
2 weeks of fislling on late-run stocks in Areas 11-12 for the post-season racial and catch data scenario, 
tlle expected escapement to the Strait of Georgia would be 3.95 million with an expected 2.34 million 
being available for gross escapement. This compares with post-season estimates of 2.70 million and 
1.09 million respectively, using Mission estimates of gross escapement, and 3.26 million and 1.65 
nlillion, respectively, using upstream accOlUlting estimates of gross escapement. 

Clearly, all aspects of gross escapement estimation become suspect in 1994, not just the harvest 
rates contained in the 2 peak weeks. For tlns reason, a last evaluation is made using the relationship 
between harvest rate and fleet size for the Area 12-13 seine fishery. These were determined from 
backward reconstruction of harvest rates for 1992 and 1993. Also used were the 1993 estimates of 
catchability in the Robson Bight test fishery, since in-season estimates of catchability could only be 
estimated during tlle em'ly part oftlle season. We investigated 2 scenarios: 1) in-season racial and catch 
data, 2) post-season racial and catch data. The results are summarized in Table 3. Both these scenarios 
are very similar, indicating approximately 1.52-1.54 million fish available for gross escapement. The 
harvest rate and test fIshery components of these estimates are shown in Table 4. 

General Discussion 

The approach to tlle assessment of harvest rates in-season was: "What are the surnmer- run harvest 
rates telling us about the possible harvest rates on late-rWl stocks?" Clearly tIns approach failed us 
during 1994. In examining the analyses made during the season, we followed the general approach of 
examining the "what if' scenarios that nlight have been asked during the season and solved with 
infonnation that would have been available during the season. Additionally, we examined scenarios 
wInch addressed the differences in the quality of the in-season and post-season estimates of catch and 
stock identification. It makes little sense to examine the scenario of "what if we knew what the harvest 
rates were during the season?" For tins reason, there is no point in examining a scenario using the post-
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season estimates of harvest rate using the backwards reconstruction. The results of these reconstructions 
are contained in a companion docwnent on this subject. 

Revisions to catch and racial data in the post-season resulted in higher harvest rates than were 
estimated during the season. However, we are not certain how the changes in harvest rate could have 
been anticipated during the season, particularly when the timing of updates to harvest rate would have 
been too late to affect fishing opportunities at the end of August. 

The in-season analyses were made with the asswnption that the gillnet and troll fisheries did not 
remove fish from the escapement profile. For example, during the major weekly escapement period in 
Area 12, the Robson Bight seine test fishery was used for escapement. We asswned that the gillnet catch 
was removed prior to that test fishery. Whether this asswnption was met in reality is wlknown and 
remains in the realm of conjecture. However, the continuous nature of both the gillnet and troll fisheries 
does raise a question on tIlls asswnption. 

In the final scenario, we examined tIle results of using the 92-93 relationships of harvest rate verses 
fleet size to predict the harvest rates for each fishery. These would have got us much closer to the 
escapement estimates that were realized at the end of the season. We could be criticised for not using 
this "lllstorical data". However, if we had used only historical data for 1993, the escapement to the gulf 
would have been grossly underestimated during that year. It was with this understanding that we tried 
to use in-season assessments of harvest rate for 1994. 
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Table 1. Scenarios examined using the in-:season run reconstruction methodology and the harvest rates 
used in-season: 1) in-season racial and catch data, 2) post-season racial and catch data, 3) post-season 
racial and in-season catch data and 4) in-season racial and post-season catch data. 

Gross Tenninal Available 
Peak 2 Week Peak 2 Week Georgia Strait for Total 
Summer-run Late-Rtill August 12-27 Late-Rtill Gross Late-RlUl 

Scenario Harvest Rate(l) Harvest Rate(2) Harvest Rate(3) Escapement(4) Escapement(5) Retum(6) 

1 

2 

3 

4 

49.1% 42.7% 39.6% 4,933,000 3,408,000 9,865,000 

55.1% 45.2% 44.8% 5,088,000 3,478,000 10,251,000 

5l.2% 42.9% 40.9% 4,733,000 3,191,000 9,183,000 

52.9% 44.8% 43.5% 5,340,000 3,753,000 10,983,000 

1) The peak two weeks include the August 15 and August 22 fisheries in Area 11-16. The value is 
calculated as Jolmstone Strait catch divided by (Johnstone Strait catch plus temlinal ablUldance). 
This calculation treats all tenninal area escapement as migrating from the north (>95% in post
season reconstructions). Scenarios 1 and 4 use the in-season terminal area escapement data. 

2) Harvest rate calculation is the same as for summer lUllS except the daily late-run gross escapements 
to Georgia Strait are used for estimates of terminal ablUldance. These change in each scenmio (i.e. 
a function of variation inlate-rlUl catch in the migratory areas). In-season harvest rates by daily 
migration blocks (h~) are maintained throughout all scenarios. 

3) Calculation that was made on August 29 that brackets the Below Bridge period of August 12 - 27. 

4) Estimated late-flUl escapement available for upstream escapement prior to removal of tenninal catch. 

5) Estimated late-run escapement available for upstream escapement after removal of all terminal 
catch, except for all in-river Native fishery catches 

6) Estimated late-lUll escapement available for upstream escapement plus late-flUl catch according to 
method indicated. 
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Table 2. Components of in-season escapement estimates of late-run sockeye to the Strait of Georgia. 
This includes all terminal area catches. 

Derived from Harvest Rates 
in Commercial Fisheries: 2,777,000 56.3% 

Derived from Robson Bight 
Seine Test Fishery: 1,771,000 35.9% 

Escapement prior to Major 
Commercial Fishing: 185,000 3.8% 

Escapement adjustment 
on Migration Holes: 200,000 4.1% 

4,933,000 100.0% 

Table 3. Scenarios examined using the in-season nUl reconstmction methodology, the harvest rates 
predicted from the 1992-93 harvest rate-fleet size regressions and the catchabilities from the 1993 
Robson Bight test fishelY: 1) in-season racial and catch data, 2) post-season racial and catch data. 

Gross Tenninal Available 
Peak 2 Week Georgia Strait for Total 

Late-Run Late-RtUl Gross Late-Run 
Scenario Harvest Rate(1) Escapement(2) Escapement(3) Return(4) 

1 53.5% 3,062,000 1,537,000 7,994,000 

2 56.4% 3,128,000 1,518,000 8,291,000 

1) The peak two weeks include the August 15 and August 22 fisheries in Area 11-16 and the value is 
calculated as Jolmstone Strait catch divided by (Jolmstone Strait catch plus terminal ablUldance). 
This calculation treats all telminal area escapement as migrating from the north (>95% in post
season reconstmctions). The daily late-run gross escapements to Georgia Strait are used for 
estimates of tenninal abwldance. These change in each scenario (i.e. a function of variation in late
run catch in the migratory areas). 

2) Estimated late-mn escapement available for upstream escapement prior to removal of terminal catch. 

3) Estimated late-mn escapement available for upstream escapement after removal of all terminal 
catch, except for all in-river Native fishery catches 

4) Estimated late-run escapement available for upstream escapement plus late-mn catch according to 
method indicated. 
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Table 4. Components of escapement to the Strait of Georgia for scenarios examined using the in-season 
run reconstruction methodology, the harvest rates predicted from the 1992-93 harvest rate-fleet size 
regressions and the catchabilities from the 1993 Robson Bight test fishery: 1) in-season racial and catch 
data, 2) post-season racial and catch data. This includes all terminal area catches. 

Scenal"io 1 Scenal"io 2 

Derived from Harvest Rates 
in Commercial Fisheries: 1,708,000 55.8% 1,774,000 56.7% 

Derived from Robson Bight 
Seine Test Fishery: 1,169,000 38.2% 1,169,000 37.4% 

Escapement prior to Major 
Commercial Fishing: 185,000 6.0% 185,000 5.9% 

Escapement adjustment 
on Migration Holes: 0 0.0% 0 0.0% 

3,062,000 100.0% 3,128,000 100.0% 

68 



200 

CUMULATIVE NORMAL MODEL 

+ 

+ 
+ 

+ 

+ 
+ 

/ 

+ 

/ 

/ 

" / 
" 

--------

O~~~~~~~~~~~~~~~~~~~~~~~~~ 
15-Jun 25-Jun 05-Jul 15-Jul 25-Jul 

BELOW BRIDGE DATE 

Figure 1. Schematic representation of the cwnulative-nonnal model. The "observed" cwnulative-rwl
by-day is regressed against the "expected" cwnulative-run-by-day and model of best fit is detennined 
by varying timing and spread of the cwnulative-nomlal models. 
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Appendix F: Escapement to the Strait of Georgia (Summer-run 
Exploitation Rate Methods) 

Model Description 

Indirect estimation of late-run sockeye escapements to the Strait of Georgia is made necessary by 
the delay behaviour of these stocks off the mouth of the Fraser River. Late-run stocks, typified by the 
behaviour of Adams/Lower Shuswap River sockeye, delay off the mouth of the Fraser River for 
approximately three to six weeks prior to entering the river, unlike earlier timed stocks which migrate 
into the river with little or no delay. In order to estimate the ablUldance of the Admns/Lower Shuswap 
stock group accwnulated in the Strait of Georgia prior to their movement into the Fraser River, methods 
using exploitation rates for co-migrating summer-run stocks have been developed. The summer-run 
exploitation rates, calculated from catch and escapement data, are then applied to the catch of 
Adams/Lower Shuswap sockeye in key migratory area fisheries to obtain total abwldmlce. 

SWlllller-nUl exploitation rates are estimated by reconstructing the current years migratory catch of 
a uniquely identified summer-run stock (eg. Chilko River) from all fisheries between Areas 20 and 12 
and the Fraser River. These catches are lagged to correspond to a Mission date. The daily Mission 
escapement profile for the summer-run stock group is added to the migratory catch to obtain a daily 
reconstruction of catch mld escapement. From tIris data set both daily and weekly exploitation rates are 
generated. 

The nrigratory area catch profile for the Adams/Lower Shuswap stock group is put together for the 
same areas as the Chilko River stock group. The catch profile is lagged to correspond to a Mission 
timing date. The exploitation rates calculated for the summer-run stocks are applied to the migratory 
catches of AdmnslLower Shuswap sockeye. Two estimates of AdamslLower Shuswap escapement into 
the Strait of Georgia are derived, one using daily and the other using weekly exploitation rates. Finally, 
mly catch of the AdmnslLower Shuswap stock group wlrich has been removed in terminal area fisheries 
is subtracted from the total escapement estimate, as is any upstream escapement of AdamslLower 
Shuswap sockeye, to produce the nUl11ber of Adams/Lower Shuswap sockeye remaining in the Strait of 
Georgia. 

Assumptions 

A nwnber of key assUl11ptions are made when using the SWlllner-nUl Exploitation Rate model. 
Violations of some or all of these asswnptions in a given year could result in directional bias and cause 
nUl size estimates to be systematically high or low. A list of the asswllptions is provided below. 

It is asswned that: 
the in-season racial analysis of summer-run and late-nm stocks is wlbiased, 
the in-season catch and escapement data are accurate, 
the speed ofnrigration between adjacent migratory areas is the same for both summer-nUl and 
late-run stocks, 
the availability and the vulnerability of summer-run and late-run stocks is the same in migratory 
fislring areas, 
the nrigrational distributions of the surnmer-nUl mld late-nm stocks are lrighly overlapped. 
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Data Sources and Available Data 

The only data sources required for the Srunmer-run Exploitation Rate model are in-season catch and 
racial data. The methodology for deriving in-season catch data and for conducting in-season racial 
analyses is outlined in Appendix G. 

In putting together the historical perfonnance of tIus technique in estimating late-run escapement 
to the Strait of Georgia, there were no in-season data records available for many of the earlier years. 
Consequently, post-season catch and escapement data were used to assess estimates of late-flUl 
escapements in the years 1974, 1978, 1982, 1983, and 1986. In-season data were available for the years 
1987, 1990, and 1991. In each of these years the Chilko River stock group has been used as the 
srumner-rllil stock in the Srumner-run Exploitation Rate models. 

The relative accuracy and precision of the point estimates of late-rllil escapement for the years of 
available data are measured using the mean percent elTor and the mean absolute percent elTor between 
the lllunber of AdamslLower Shuswap sockeye estimated during the in-season management period, and 
those accounted for in temunal area (Strait of Georgia, Fraser River) catches and spawning ground 
escapement estimates. Since the years prior to 1987 have been constructed using post-season data, they 
are likely to provide an optimistic assessment of the accuracy of the teclmique. 

Computational Methods 

The Summer-run Exploitation Rate model provides weekly estimates of the escapement of the 
Adams/Lower Shuswap stock group into the Strait of Georgia. Daily and weekly exploitation rates of 
the Chilko River stock are used as sUlTogates, to assess exploitation rates for the Adams/Lower Shuswap 
stock group. 

First, as described above, in-season estimates of the mean daily and weekly exploitation rate for a 
specific srumner-rlUl stock (Chilko River) are calculated for allllugratory area fisheries seaward of Area 
29. Second, the daily and weekly catches of Adams/Lower Shuswap sockeye in nligratOlY areas outside 
of Area 29, and the cOlTesponding exploitation rates calculated for a co-nligrating sunnner-rllil stock, 
are used to estimate the total number of AdamslLower Shuswap sockeye llugrating into both Area 12 
mld Area 20 prior to any fishery removals. These estimates are available on a daily and a weekly time 
step, and are calculated sequentially throughout the season. To estimate the number of the Adams/Lower 
Shuswap stock group escaping the nugratory area fisheries, and entering the Strait of Georgia, the 
nligratory area catch is subtracted from the total nrunber of Adams/Lower Shuswap sockeye entering the 
migratory areas. Third, all catches of the AdmnslLower Shuswap stock group in Area 29, as well as any 
recorded escapement of the Adams/Lower Shuswap stock, are subtracted from the total daily or weekly 
escapement numbers, leaving an estimate of the Adams/Lower Shuswap fish which have entered and 
remain in the Strait of Georgia (Area 29A). 

A slUmnary of the equations used to generate the estimate of Adams/Lower Shuswap escapement 
to the Strait of Georgia is provided below: 

- Equation 1. (C4) = (C1) / (C1 + C2 + C3) 
- Surnmer-flUl Exploitation Rate (C4) = (Chilko&Quesnel Migratory Area Catch (C 1)) / 

(Chilko&Quesnel MigratOly Area Catch (C1) + Clulko&Quesnel Temlinal Area Catch (C2) + 
Chilko Gross Escapement (C3)) 
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- Equation 2. (AS) = (AI) / (C4) 
- Adams/Lower Shuswap Run Entering Migratory Areas (AS) = 

(Adams/LShus Migratory Area Catch (AI)) / (Srumner-run Exploitation Rate (C4)) 

- Equation 3. (A2 + A3) = (AS - AI) 
- Adams/LShus Gulf Escapement, prior to tenninal catch & escapement (A2 + A3) = 

(Adams/LShus RlUl Entering Migr Areas (AS)) -(Adams/LShus Migr Area Catch (AI)) 

Discussion of Historical Data 

Estimates of the escapement of the Admns River stock group into the Strait of Georgia are available 
for eight years prior to 1994, including both dominant and sub-dominant Adams River return years 
(1974, 1978, 1982, 1983, 1986, 1987, 1990 and 1991). For each of these years, three estimates 
generated from the exploitation rate model are available for comparison with the actual nrunber of the 
Adams River stock group accOlUlted for in the post-season. The three annual estinlates are based on the 
"daily exploitation rate model", the "weekly exploitation rate model" and an average of the daily and 
weekly models (Table 1). 

The percent error of the daily mld weekly exploitation rate model results, for each of the eight years 
of data, are swnmarized in Figure 1. The daily exploitation rate model overestimated the Adams/Lower 
Shuswap stock group, relative to the post-season accOlUlted nunlber, in five of the eight years, while the 
weekly model overestimated the Adams/Lower Shuswap stock group in four of the years. 

In 1978 and 1983, the models overestinlated the Gulf escapement by an average of 28.S% and 
46.4% respectively (Table 1). These years were both high diversion rate years (S8% mld 80%). The 
models have tended to perfonn better in years of low Johnstone Strait diversion. However, with the 
relatively small data set it is difficult to say whether this is coincidental. 

It is of interest to assess which of the two models perfonns more accurately in predicting the 
AdamslLower Shuswap stock group escapement to the Strait of Georgia, or whether an average of the 
results from the two models produces more accwoate results. To assess tIns, tIle mean percent error and 
the absolute mean percent error, as well as the standard deviation of tIle mean percent errors, were 
calculated (Table 2). There is little difference in tIle average mean percent error from the three estimates, 
S.81%, 4.34% mld S.07% respectively. However, tIle stmldard deviation of the mean percent error shows 
that the daily exploitation rate model tends to produce more precise estimates than the weekly model 
(Table 2). SiInilady, the results from the absolute mean percent errors show that the daily model tends 
to be more accurate and precise than tIle weekly model. 

The estimate of tIle mean perfonnance of tIle weekly exploitation rate model is heavily weighted by 
its' poor perfonnance in one year, 1983. In most other years the daily and weekly models perform with 
about tIle same degree of accuracy (Figure 1). 

There moe logistical reasons to continue to use tIle weekly exploitation rate model, in conjwlction with 
the daily exploitation rate model, even though the liInited data set indicates that the daily model has 
perfoffiled better. A key reason is that tIle daily model is sensitive to any short tenn delay behaviour of 
the Chilko River stock between tIle nligratory catch areas and the Fraser River. Short tenn delay 
uncouples the lagged daily migratory catches of Chilko sockeye with subsequent Mission daily 
escapements. This could result in errors in the calculation of summer-run exploitation rates, and 
subsequently, errors in AdamslLower Shuswap escapement estimates to the Strait of Georgia. The 
weekly exploitation rate model is more robust to short tenn delay behaviour in swnmer-run stocks. 
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Analysis of 1994 Estimation Results 

In-season Smlliller-IUll Exploitation Rate Models 

In 1994, the Summer-fUll Exploitation Rate models overestimated the escapement of the 
Adams/Lower Shuswap stock group into the Strait of Georgia. The daily model predicted an escapement 
of 4,544,000 fish, while the weekly and combined estimates were 3,787,000 fish and 4,166,000 fish, 
respectively. . The post-season Gulf escapement estimate, generated from Mission echo sounding 
escapementsandtenninal area catches, was 2,059,000 fish. The discrepancies between the post-season 
accounting and the daily, weekly and combined exploitation rate estimates were 120.7%, 83.9% and 
102.3%,respectively (Table 3). 

The model predictions in 1994, relative to the post-season accOlmting of Adams/Lower Shuswap 
tenninal area catch and escapement, was the worst on record. In 1983, the year of the poorest model 
pelfonnmlce prior to 1994, the discrepmlcies between the model predictions and post-season escapement 
estimates to the Strait of Georgia were 24.4%,68.6%, and 46.4% (Table 1). 

During the 1994 mmmgement season, estimates from the weekly exploitation rate model were used 
in mmmgement decision making, rather than estimates from the daily or combined models. The decision 
to use estimates from the weekly model was taken because of some "suspiciously high" daily 
Adams/Lower Shuswap escapement estimates generated from the daily model. Specifically, 
Adams/Lower Shuswap escapement estimates of 743,000 on August 17 & 18 (Table 4). The higher 
thml expected escapement estimates on these days may have been caused by a delay induced lmcoupling 
of Chilko stock group escapements and migratOlY area catches (i.e., fish from the Chilko stock group 
that had been delaying from a Pllor period may have entered the Fraser River on August 17 & 18). This 
behaviour would cause the daily Slll1l11er-run exploitation rates, associated with prior Chilko migratory 
area catches, to be incorrectly calculated. Specifically, the calculated exploitation rates would be too 
high on days when the fish delgyed, and too low when the accmnulated pool migrated into the Fraser 
River to be cOlmted as escapement. Since the Adams/Lower Shuswap escapement to the Strait of 
Georgia is subsequently calculated using sm11lner-run exploitation rates, tile Adams/Lower Shuswap 
escapement estimates would be biased. As previously mentioned, tile weekly exploitation rate model 
is more robust to short tenn delay behaviour of tile Chilko stock group. Consequently, tile decision was 
made to use the estimates from the weekly exploitation rate model in-season. Even so, the weekly 
exploitation rate model estimated a total Adams/Lower Shuswap escapement to the Strait of Georgia of 
3,787,000 fish, which was 1,728,000 (83.9%) higher than the post-season accomlting (Table 3). 

During the in-season management period the Adams/Lower Shuswap run size estimate was 
expmlded to include all late flU1S. An expmlsion factor of 13.6% was used. This was based on in-season 
racial analysis of Area 29 troll samples. The daily, weekly, and average late-lUll escapement estimates 
were 5,161,000, 4,301,000, and 4,731,000, respectively. By comparison, the accounted late-fUll 
escapement into the Strait of Georgia, using Mission gross escapement data, was 2,469,000. (*Note: 
The tenninal area catch oflate-nm sockeye, not including Native catch below Mission, was 1,331,000. 
Therefore, by subtraction tile models generated projections of the nmnber oflate-fUll fish available for 
river entry of3,830,000, 2,970,000 and 3,400,000). 

Adams/Lower Shuswap Gulf Escapement Estimates Using Four Combinations of Catch and Racial Data 

Potential reasons for the large nmnerical discrepancy between the exploitation rate model results, 
and post-season accomlting estinmtes, include in-season racial identification bias, errors in the in-season 
catch reporting data, the violation of some of tile general model assmnptions listed earlier, and finally, 
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bias in the post-season accounting of tenninal area abundance of the Adams/Lower Shuswap stock 
group. It is impOltant to note that the perfonnance of the models for all past years of data was assessed 
using post-season terminal area abundance, estimated from spawning ground net escapements, in-river 
Native fishery catches, and post-season estimates oftemlinal area catch. At this time, we prefer to use 
the 1994 Mission estimate of Adams/Lower Shuswap escapement in part because it provides a "worst
case" scenario. Therefore, Mission escapement estimates were used in place of spawning grolmd net 
escapements and Native fishery catches upstreanl of Mission, in calculating the temlinal area escapement 
for the AdamslLower Shuswap stock group. The two estimates of upstream escapement (net escapement 
and Native catch versus Mission escapement), are substantially different. If Mission data are used the 
total terminal area Adams/Lower Shuswap stock group escapement is estimated to be 2,059,000 fish. 
If upstream catch and net escapement data are used, the tenninal area escapement is estimated to be 
2,634,000 fish. The performance of the models relative to the Mission based tenninal area accounting 
is discussed below. Their perfonnance, relative to DFO upstream accOlmting data, is discussed later in 
the appendix. 

To test the extent that in-season racial identification bias and errors in catch reporting contributed 
to the discrepancy in the Adams/Lower Shuswap escapement estimates to the Strait of Georgia, four 
different scenarios were investigated. The data sets include: in-season catch and racial data, post-season 
catch data and in-season racial data, in-season catch data and post-season racial data, and post-season 
catch and racial data. 

The results of the four comparisons are summarized in Table 3. Scenario One, for which in-season 
data were used, resulted in large differences between the post-season accounted numbers and the model 
based estimates, as previously discussed. Scenario Two, in which the in-season catch estimates were 
replaced with post-season data to test for the effect of catch reporting error, did not significantly change 
the AdamsILower Shuswap escapement estimates to the Strait of Georgia. The discrepancies between 
the daily, weekly and combined exploitation rate models and estimates of tenninal area abundance were 
119.6%,87.0% and 103.3% respectively. In Scenario Three the exploitation rate models were run with 
post-season racial data and in-season catch data. TIns resulted in significant reductions in the 
discrepancies between model results and the post-season accounting estimate of the Adams/Lower 
Shuswap escapement to the Strait of Georgia. However, the Adams/Lower Shuswap escapement was 
still significantly overestimated. The daily, weekly and combined exploitation rate model estimates 
exceeded the post-season temllnal area escapement estimates by 71.7%, 51.7% and 61.7%, respectively. 
Finally, in Scenario Four, post-season racial and catch data were used. Additional, but small 
improvements in the discrepancy between models results and accounted Adams/Lower Shuswap 
escapement numbers resulted. The mnnerical predictions for the Adams/Lower Shuswap stock group 
from the daily, weekly and average model results, using post-season data, were 3,436,000, 3,061,000, 
and 3,249,000, respectively. Hence, in percentage tenns the exploitation rate models exceeded the post
season estimate of terminal area abundance by 66.9%, 48.7% and 57.8%. Once post-season catch and 
racial data are incorporated, the 1994 model perfonnances are similar to the model results documented 
in 1983. However, the discrepancies between the 1994 model predictions and the post-season 
accounting of Adams/Lower Shuswap terminal area escapement are larger than for any other year on 
record (Table 1). As was done with the in-season data, these post-season results were expanded to 
include all late runs by incorporating a 13.6% expansion factor. The expansion factor reflects the 
relative percentage of miscellaneous late-nm stocks to the Adams/Lower Shuswap stock in the Area 29 
troll fishery. The numelical predictions of late-run escapement to the Strait of Georgia, incorporating 
post-season catch and racial data, and the 13.6 percent expansion factor for lniscellaneous late runs, were 
3,903,000, 3,477,000, and 3,690,000. (*Note: The terminal area catch of late-run sockeye, not 
including Native catch below Mission, was 1,331,000. Therefore, by subtraction the models generated 
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projections of the number of late-run fish available for river entry of 2,572,000, 2,146,000 and 
2,359,000). 

Based on the results of the above scenario's, it appears that the exploitation rate models performed 
poorly during the in-season management period pmtly due to imprecision in the in-season racial 
identification analyses, and pmtly due to other lU1assessed biases. A comparison of Scenario Three 
versus Scenario One shows that, on average, the discrepancy between the combined exploitation rate 
models and the post-season accOlU1ted for escapement of Adams/Lower Shuswap sockeye was reduced 
from 102.3% to 61.7% with the addition of post-season racial data (Table 3). A comparison of Scenario 
Four versus Scenario Three demonstrates that when the in-season catch data were replaced with post
season catch data, very little additional improvement resulted. The discrepancy between the combined 
exploitation rate model and the post-season accowlting of escapement to the Strait of Georgia was 
reduced from 6l.7% to 57.8% (Table 3). 

In 1994, the daily exploitation rate model results may have been compromised by short-term delay 
behaviour exhibited by the Chilko River stock group. The weekly exploitation rate model, being more 
robust to short term delay behaviour, consistently outperformed the daily model in all four scenario's 
tested (Table 3). The delay of the Chilko River stock, and the resulting affect this has on marine area 
exploitation rates, may be a partial explmlation for the remaining discrepancies between 1994 model 
predictions and the best estimate of post-season tenninal area abundmlce. 

Interpretation of AdamslLower Shuswap Gulf Escapement Estimates Using DFO Upstream Accounting 
Estimates 

In this section, the Adams/Lower Shuswap post-season terminal area escapement to the Strait of 
Georgia is calculated using DFO net escapement data and in-river Native catch data plus tenninal area 
commercial catches. Using these data, the Adams/Lower Shuswap post-season escapement estimate to 
the Strait of Georgia is 2,634,000 fish. 

The Chilko River exploitation rate model results, using four combinations of in-season and post
season catch and racial data, are the same as those presented in Section (ii). The performance of the 
model results, as measured by the percent deviation of the model estimates relative to the post-season 
accOlU1ting estimate of 2,634,000, are presented in Table 5. 

Under Scenario's One and Two (using in-season catch and racial data, and post-season catch and in
season racial data) the model estimates of the Adams/Lower Shuswap escapement to the Strait of 
Georgia are significantly higher than the post-season accounting of terminal area Adams/Lower Shuswap 
escapement. Specifically, the average of the daily and weekly model estimates wlder these scenarios 
overestimates the AdmnslLower Shuswap escapement estimate by 58.1 % and 58.9%, respectively (Table 
5). These deviations are larger tllan any previously observed in the historical data set (Table 1). 

With Scenarios Three mld Four (using in-season catch and post-season racial data, and post season 
catch and racial data) the average deviations, compared to the post-season accOlU1ting estimate, were 
reduced to 26.4% and 23.3%, respectively (Table 5). The model results using post-season catch and 
racial data were not significantly different from the results observed in the historical data set. When 
post-season data were used, the average deviation of the daily and weekly models (23.3%) was lower 
than the average deviation observed in tlrree of tlle eight years for which estimates are available, 
specifically for the years 1978, 1983 and 1986. The deviation observed in 1994 was higher than those 
observed in 1974, 1982, 1987, 1990 mld 1991 (Table 1). The weekly exploitation rate model with post-
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season data was just 16.2% above the accounted total using upstream catch and escapement estimates 
(Table 5). 

Late-RlUl Gulf Escapement Estimates Using a Pooled Stock Group Approach 

As discussed above, racial identification bias, specifically during the in-season management period, 
was a partial cause of the overestimate of Adams/Lower Shuswap escapement to the Strait of Georgia. 
It is possible that racial identification bias could be reduced by pooling stocks. For example, catch and 
escapement estimates for individual SUlmner-fUn stocks could be pooled, and exploitation rates 
calculated for the group. That way mis-allocation bias between the individual summer-nm stock groups 
would be cancelled out. Similarly, migratory catch estimates for individual late-nul stocks could be 
pooled. This approach does not eliminate mis-allocation bias between summer-nUl and late-nul stocks. 
In fact, mis-allocation bias between SlUlUller-nUl and late-nUl stocks could be increased using a pooled 
approach, depending on the classification accuracies between the different stock complexes involved. 

Exploitation rate models were developed using pooled SUlmner-nul and late-nUl stock complexes 
to test the assrnnption that racial identification bias would be reduced in 1994 using a pooled stock 
approach. Migratory catch and tenninal area catch and escapement estimates were tabulated for the 
Chilko/Quesnel stock group and the Late StuartiStellako stock group. The data were pooled and 
exploitation rates, both daily and weekly, were tabulated for the combined stock complex. Similarly, 
individual migratory area catch estimates were tabulated and combined for the following late-nUl stock 
groups: Birkenhead, Adams/Lower Shuswap and Weaver/Portage. Four scenario's of late-nUl 
escapement estimates were generated using the same four data sets as described above for the Chilko and 
AdmnslLower Shuswap estimates; namely, using in-season catch and racial data, post-season catch and 
in-season racial data, in-season catch and post-season racial data, and using post-season catch and racial 
data (Table 6). 

The results slUnmm'ized in Table 6 show that when using in-season data the exploitation rate models 
perfonned better using pooled stock data (86.8% average deviation, Table 6) than with the Chilko and 
AdmnslLower Shuswap stock groups alone (102.3% average deviation, Table 3). However, when using 
post-season data, the pooled stock models generated estimates with slightly higher deviations (58.4% 
average deviation, Table 6) than the Chilko and Adams/Lower Shuswap models (57.7% average 
deviation, Table 3). These results indicate that in 1994, stock identification bias was not significantly 
improved using a pooled stock approach. For example, during the in-season management period, the 
single stock weekly exploitation rate model, when expanded by 13.6 percent to include miscellaneous 
late nulS, forecast a total late-nul escapement to the Strait of Georgia of 4,30 1 ,000 fish. Had a pooled 
stock model been used, the estimate would have been reduced by 115,000, to 4,186,000 fish. 
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Table 1. Estimates of Adams/Lower Shuswap escapement to the Strait of Georgia using Chilko exploitation rates. 

Method of Estimation Adamsllower ShuswaQ Strait of Georgia EscaQements Diversion Rate 
# ~ 

1974 Strait of Georgia Escp (Daily Expl Rate Calc) 2,174,570 20.4% Post-season Data 28% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 1,757,499 -2.7% 
Ave of the two Expl Rate Estimates 1,966,035 8.9% 
Post-season St of Georgia Escapement Estimate 1,806,000 

1978 Strait of Georgia Escp (Daily Expl Rate Calc) 2,969,147 26.7% Post-season Data 58% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 3,052,057 30.3% 
A ve of the two Expl Rate Estimates 3,010,602 28.5% 
Post-season St of Georgia Escapement Estimate 2,343,000 

1982 Strait of Georgia Escp (Daily Expl Rate Calc) 3,509,036 -1.5% Post-season Data 22% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 3,617,770 1.5% 
Ave of the two Expl Rate Estimates 3,563,403 0.0% 
Post-season St of Georgia Escapement Estimate 3,563,000 

1983 Strait of Georgia Escp (Daily Expl Rate Calc) 473,924 24.4% Post-season Data 80% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 641,958 68.5% 
Ave of the two Expl Rate Estimates 557,941 46.4% 
Post-season St of Georgia Escapement Estimate 381,000 

1986 Strait of Georgia Escp (Daily Expl Rate Calc) 3,179,460 -20.3% Post-season Data 22% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 2,776,144 -30.4% 
Ave of the two Expl Rate Estimates 2,977,802 -25.3% 
Post-season St of Georgia Escapement Estimate 3,989,000 

1987 Strait of Georgia Escp (Daily Expl Rate Calc) 743,264 4.8% In-season Data 37% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 788,073 11.2% 
Ave of the two Expl Rate Estimates 765,669 8.0% 
Post-season St of Georgia Escapement Estimate 709,000 

1990 Strait of Georgia Escp (Daily Expl Rate Calc) 5,325,988 10.5% In-season Data 25% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 3,658,214 -24.1 % 
A ve of the two Expl Rate Estimates 4,492,101 -6.8% 
Post-season St of Georgia Escapement Estimate 4,818,000 

1991 Strait of Georgia Escp (Daily Expl Rate Calc) 1,220,806 -18.6% In-season Data 40% 
Strait of Georgia Escp (Weekly Expl Rate Calc) 1,206,356 -19.6% 
A ve of the two Expl Rate Estimates 1,213,581 -19.1 % 
Post-season St of Georgia Escapement Estimate 1,500,068 
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Table 2. Percentage error in historical in-season estimates versus post-season accounted run size. 

Daily Weekly Average of Daily & 
Year Expl Rate Expl Rate Weekly Expl Rates 
1974 20.4% -2.7% 8.9% 
1978 26.7% 30.3% 28.5% 
1982 -1.5% 1.5% 0.0% 
1983 24.4% 68.5% 46.4% 
1986 -20.3% -30.4% -25.3% 
1987 4.8% 11.2% 8.0% 
1990 10.5% -24.1 % -6.8% 
1991 -18.6% -19.6% -19.1 % 

Mean 5.8% 4.3% 5.1% 
Standard Deviation 18.3% 32.7% 23.8% 

Absolute Absolute 
Daily Weekly Average of Daily & 

Year ExplRate ExplRate Weekly Expl Rates 
1974 20.4% 26.9% 8.9% 
1978 26.7% 30.3% 28.5% 
1982 1.5% 1.5% 0.0% 
1983 24.4% 68.5% 46.4% 
1986 20.3% 30.4% 25.4% 
1987 4.8% 11.2% 8.0% 
1990 10.5% 24.1% 6.8% 
1991 18.6% 19.6% 19.1% 

Mean 15.9% 26.6% 17.9% 
Standard Deviation 9.2% 19.7% 15.2% 
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Year 
1994 

1994 

1994 

Table 3. Summary of Adams/Lower Shuswap escapement into the Strait of Georgia, estimated using 
migratory area exploitation rates for the Chilko/Quesnel stock group and with Mission hydroacoustic 
estimates used as the source of escapement data for post-season numbers. 

Adams Grou~ 
Escapement Discre~ancl! 

Estimate Estimates # % 
Post-season Strait of Georgia Escp Estimate * 2,059,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 4,544,000 2,485,000 120.7% In-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,787,000 1,728,000 83.9% In-season Racial Data 
Ave of the two exploitation rate estimates 4,165,500 2,106,500 102.3% 

Post-season Strait of Georgia Escp Estimate * 2,059,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 4,522,000 2,463,000 119.6% Post-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,851,000 1,792,000 87.0% In-season Racial Data 
Ave of the two exploitation rate estimates 4,186,500 2,127,500 103.3% 

Post-season Strait of Georgia Escp Estimate * 2,059,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 3,536,000 1,477,000 71.7% In-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,123,000 1,064,000 51.7% Post-season Racial Data 
Ave of the two exploitation rate estimates 3,329,500 1,270,500 61.7% 

1994 Post-season Strait of Georgia Escp Estimate * 2,059,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 3,436,000 1,377,000 66.9% Post-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,061,000 1,002,000 48.7% Post-season Racial Data 
Ave of the two exploitation rate estimates 3,248,500 1,189,500 57.8% 

Post-season Strait of Georgia Escapement Estimate = PSC Mission Escapement, Native Catch Below Mission, 
Strait of Georgia Native Catch, Area 29 Catch, Lower Georgia Strait Troll Catch, Terminal Area Test Fishing Catch, 
and the Delay Component of the Area 7 A Catch. 
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Table 4. Single-stock analysis, using in-season catch and racial data. 

Adams G roul! 
Escapement Discrel!anc)l 

Year Estimate Estimates # % 
1994 Post-season Strait of Georgia Escp Estimate * 2,634,000 

Strait of Georgia Escp (Daily Expl Rate Calc) 4,544,000 1,910,000 72.5% In-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,787,000 1,153,000 43.8% In-season Racial Data 
Ave of the two exploitation rate estimates 4,165,500 1,531,500 58.1% 

1994 Post-season Strait of Georgia Escp Estimate * 2,634,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 4,522,000 1,888,000 71.7% Post-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,851,000 1,217,000 46.2% In-season Racial Data 
Ave of the two exploitation rate estimates 4,186,500 1,552,500 58.9% 

1994 Post-season Strait of Georgia Escp Estimate * 2,634,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 3,536,000 902,000 34.2% In-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,123,000 489,000 18.6% Post-season Racial Data 
Ave of the two exploitation rate estimates 3,329,500 695,500 26.4% 

1994 Post-season Strait of Georgia Escp Estimate * 2,634,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 3,436,000 802,000 30.4% Post-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,061,000 427,000 16.2% Post-season Racial Data 

Ave of the two exploitation rate estimates 3,248,500 614,500 23.3% 

Post-season Strait of Ge()rgia Escapement Estimate = DFO Net Escapement, Fraser River Native Catch, 
Strait of Georgia Native Catch, Area 29 Catch, Lower Georgia Strait Troll Catch, Terminal Area Test Fishing Catch, 
and the Delay Component of the Area 7 A Catch . 

..•. 
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Table 5. Summary of Adams/Lower Shuswap escapement into the Strait of Georgia, estimated using 
migratory area exploitation rates for the Chilko/Quesnel stock group and with DFO upstream accounting 
estimates used as the source of escapement data for post-season numbers. 

Chilko/Ouesnel 1 Method A Method B 
Area 29 1 Adams 1 Daily Cummul Cummul 

Total Catch Daily Weekly 1 Total 1 late Run late Run late Run 
Migr & Exploit Exploit 1 Migr 1 Escp into St St of Georgia St of Georgia 

BB Date Catch Rate Rate 
01-Aug 
02-Aug 
03-Aug 

04-Aug 30,684 176,051 14.8% 529 3,035 3,035 
05-Aug 41,779 148,469 22.0% 617 2,193 5,228 
06-Aug 47,257 105,800 30.9% 1741 3,898 9,126 
07-Aug 47,391 119,357 28.4% 23.3% 3588 9,037 18,164 21,300 
08-Aug 41,177 81,048 33.7% 9344 18,392 36,556 
09-Aug 97,781 25,263 79.5% 47563 12,289 48,844 
10-Aug 68,760 112,150 38.0% 31461 51,314 100,158 
11-Aug 55,656 137,717 28.8% 38199 94,521 194,679 
12-Aug 65,228 227,600 22.3% 41474 144,715 339,394 
13-Aug 162,627 164,469 49.7% 90042 91,062 430,456 
14-Aug 120,328 146,280 45.1% 40.6% 64005 77,809 508,266 492,420 
15-Aug 182179 158,873 667,139 

19-Aug 13,476 75,376 15.2% 16617 92,944 1,678,217 
20-Aug 76,763 90,365 45.9% 120468 141,815 1,820,032 
21-Aug 71,692 61,315 53.9% 40.4% 103478 88,500 1,908,532 1,538,209 
22-Aug 172,002 65,629 72.4% 463208 176,742 2,085,274 
23-Aug 172,128 40,795 80.8% 466787 110,629 2,195,903 
24-Aug 2,858 48,309 5.6% 13740 232,248 2,428,151 
25-Aug 5,323 35,727 13.0% 19990 134,177 2,562,328 
26-Aug 5,81.0 74,084 7.3% 22312 284,521 2,846,849 
27-Aug 44,368 31,984 58.1% 151951 109,538 2,956,387 
28-Aug 43,764 38,774 53.0% 57.1% 149429 132,391 3,088,778 2,505,538 
29-Aug 41,420 84,178 33.0% 134615 273,579 3,362,357 
30-Aug 41,420 24,647 62.7% 134615 80,103 3,442,460 
31-Aug 41,420 39,406 51.2% 1 134615 128,070 3,570,529 
01-Sep 2,895 69,684 4.0% 1 13236 318,597 3,889,126 
02-Sep 2,895 61,047 4.5% 1 13236 279,108 4,168,234 
03-Sep 1,312 24,534 5.1% 1 5576 104,270 4,272,503 
04-Sep 1,312 14,449 8.3% 29.4% 1 5576 61,408 4,333,912 3,563,491 
05-Sep 5,467 11,479 32.3% 1 30276 63,576 4,397,488 
06-Sep 5,467 9,100 37.5% 1 30276 50,400 4,447,888 
07-Sep 5,163 4,887 51.4% 1 38209 36,164 4,484,051 
08-Sep 5,163 4,268 54.7% 1 38209 31,583 4,515,635 
09-Sep 5,163 2,882 64.2% 1 38209 21,327 4,536,961 
10-Sep 1,000 1,056 48.6% 44.9%1 7000 7,392 

Escapement to the Strait 
of Georgia prior to terminal 
area catch amd 
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Year 
1994 

1994 

1994 

1994 

Table 6. SummaI)' of late-nUl escapement into the Strait of Georgia, estimated using migratoI)' area 
exploitation rates for summer-run stocks and with Mission hydroacoustic estimates used as the source 
of escapement data for post-season munbers. 

Late Run 

Escapement Discre~ancy: 

Estimate Estimates # % 

Post-season Strait of Georgia Escp Estimate * 2,469,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 5,038,000 2,569,000 104.1% In-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 4,186,000 1,717,000 69.5% In-season Racial Data 

Ave of the two exploitation rate estimates 4,612,000 2,143,000 86.8% 

Post-season Strait of Georgia Escp Estimate * 2,469,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 5,060,000 2,591,000 104.9% Post-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 4,254,000 1,785,000 72.3% In-season Racial Data 

Ave of the two exploitation rate estimates 4,657,000 2,188,000 88.6% 

Post-season Strait of Georgia Escp Estimate * 2,469,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 4,122,000 1,653,000 67.0% In-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,489,000 1,020,000 41.3% Post-season Racial Data 

Ave of the two exploitation rate estimates 3,805,500 1,336,500 54.1% 

Post-season Strait of Georgia Escp Estimate * 2,469,000 
Strait of Georgia Escp (Daily Expl Rate Calc) 4,142,000 1,673,000 67.8% Post-season Catch & 

Strait of Georgia Escp (Weekly Expl Rate Calc) 3,679,000 1,210,000 49.0% Post-season Racial Data 

Ave of the two exploitation rate estimates 3,910,500 1,441,500 58.4% 

Post-season Strait of Georgia Escapement Estimate = PSC Mission Escapement, Native Catch Below Mission, 

Strait of Georgia Native Catch, Area 29 Catch, Lower Georgia Strait Troll Catch, Terminal Area Test Fishing Catch, 
and the Delay Component of the Area 7 A Catch. 
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Figure 1. Percentage error in historical estimates of Adams escapement to the Strait of Georgia. 
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Appendix G: 1994 Catch and Racial Data Review 

Introduction 

In-seasonlUl1 size assessments are based on two sources of data: abundance to date, comprised of 
catch and escapement components, and racial analysis of the catch and escapement data. Stock -specific 
catch ffi1d escapement profiles are continually updated throughout the in-season management period as 
additional data become available. However, at the end of the management season the catch data and 
racial analyses remain pi-eliminary for two reasons. First, stock proportions must be re-estimated using 
post-season models (see 1994 Post-season Models, below). Second, final catch data are derived from 
sales slips which must be obtained from processors and entered into a computer database (see Catch 
Data Overview, below). Thus, in a typical year, final catch and racial data are not available m1til several 
months to a year or more after the end of the fishing season. 

1994 Racial Analysis Overview 

ThePSC is responsible for estimating proportions of Fraser River sockeye stocks or stock-groups 
in all catches, in order to facilitate the achievement of stock-specific catch and escapement objectives. 
The PSC uses discriminant umction analysis (DFA) to estimate the proportions of individual stocks or 
stock groups in mixed stock fishery samples. The stock identification methodology, including the 
development of in-season and post-season models, and general management applications of the 
methodology, are reviewed in detail by Gable and Cox-Rogers (1993). In-season stock identification 
models are developed and applied to samples obtained from conunercial and test fishing catches on an 
ongoing basis throughout the management season. Post-season stock identification models are 
developed, ffi1d the post-season racial analysis is conducted, once final catch data and spawning grOlmd 
scale samples become available after the close of the season. Application of both in-season and post
season DFA models follows the same four steps: (i) discriminant functions are estimated using the 
baseline standards, (ii) these models are then used to classify each fish in the baseline in a cross
validation procedure which generates a classification matrix containing the expected rates of 
misclassification for each stock, (iii) individual fish in the mixture smnples are classified using the 
discriminant functions, and initial estimates of stock proportions are generated, (iv) the classification 
matrix generated in step (ii) is used to correct the initial stock proportion estimates for the expected rates 
of misclassification resulting in nearly unbiased estimates of stock propOltions (i.e., Cook and Lord's 
(1978) bias correction procedure). 

1994 In-season Models 

The key element in the construction of in-season models is the selection of baseline standards for 
each stock that accurately represent the scale characters (e.g. freshwater circuli counts and distance 
measures) of the returning adults. Umepresentative baseline standards can result in bias in both the 
initial estimates and nearly 1mbiased estimates of stock propOltions, because they would result in errors 
in both the individual classifications and in the expected rates ofmisclassification. The 1994 in-season 
discriminant function ffi1alysis models were constructed using stock-specific baseline standards from two 
sources: i) prior year spawning grOlmd scales from fish with the same freshwater residency period (eg. 
32jack scales in 1993 used in 1994 age 42 models), ii) past years' spawning grOlmd scales from the same 
age class (eg. 42 adult scales from 1990 used in 1994 age 42 models; Table 1). 

For most of the period of active commercial fishing in 1994, one of two categories of in-season 
models was used: i) models with early-smnmer-nm and smnmer-l1.U1 stock complexes, ii) models with 
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summer-run and late-nm stock complexes. A list of the 42 stock groups, baseline standards, and expected 
classification matrices of the models used in 1994, are presented in Table 1. The classification matrices 
printed in Table 1 have two components. First, the diagonal elements are the expected rates of correct 
classification for each stock, or classification accuracies (assuming the baseline standards accurately 
reflected the scale characters of the returning 42 adults). Second, the off-diagonal elements represent the 
expected rates of misclassification due to overlap in scale characters among the baseline stocks. The 
matrices showed that misclassifications could be expected among the summer-lUll stocks. For example, 
the Late Stum·tJSteliako group was expected to be misclassified to the Birkenhead group at a rate of 16-
l8%. Misclassification rates of 27 -34% were expected among the Chilko and Quesnel stocks. Pooling 
the Gulko mId Quesnel stocks was considered, but differences in pre-season forecasts of abundance and 
escapement goals for these two co-migrating stocks, forced an attempt to obtain separate estimates. In 
order to assist in tills process, data on the presence or absence of the brain parasite, Myxob olus arti GUS, 

was collected from key fishery samples during the season. From past years' samples the Quesnel stock 
was known to be infected with Myxobolus, while the parasite is absent from Chilko and other co
migrating stocks. A revised Quesnel standard for the in-season models was constmcted using scales 
from fish in mixture samples that had the parasite (Table 1). Despite misclassifications among the 
smmller-nm stocks, there was little misciassiflCation between smmner and late-fUll stocks. The key 
stock group in the late lUll, Adams/Lower Shuswap, was expected to be accurately distinguished from 
other late-mn and smnmer-fUll stocks (except Scotch/Seymour, see below). 

In addition to the potential for misclassifications among stocks described above, the separation of 
the Scotch/Seymour stock group from the Adams/Shuswap stock group was of particular concern in 
1994. Both these stock groups rear in Shuswap Lake and therefore are indistinguishable by their 
freshwater scale characteristics. However, differences in behaviour exhibited by the two stocks provide 
a means by which they can be estimated in marine areas. The Scotch/Seymour group is an early 
smmller-run stock with an average peak timing of July 28 in Area 20, and of August 3 in Area 29. The 
Scotch/Seymour group does not typically delay off the mouth of the Fraser River prior to its' upstream 
migration. In contrast, the Adams/Shuswap group is a late-fUll stock with an average peak timing of 
August 18 in Area 20. Adams River fish delay for a period tiu'ee to four weeks off the mouth of the 
Fraser River prior to llllgrating upstream. Consequently, wlllle tlIe Scotch/Seymour and Adams/Shuswap 
stock groups are jointly intercepted in outside migratOlY area fisheries, their timing does not overlap in 
tile Fraser River. 

The differences in behaviour were used to generate separate estimates for the Scotch/Seymour and 
Admns/Shuswap stock proportions in tile following mmmer. For all Area 29 commercial and test fishery 
samples analyzed from mid-July through to the end of August, tile percentages of the Scotch/Seymour 
and tile Cllllko/Quesnel stock groups were identified. The Cllllko/Quesnel group was used in 1994 rather 
tiIat tile ClUlko group as in past years, because of tile expected overlap in tile scale patterns of the Clulko 
and Quesnel stock groups (Table 1). The ratio oftlIe Scotch/Seymour stock group to the Clulko/Quesnel 
stock group was then calculated. In marine area fisheries, the contribution of the Chilko/Quesnel stock 
group was estimated, as was the contribution of the Seymour/Adams stock group complex. Using 
appropriate lag times, the Area 29 Scotch/Seymour to Clulko/Quesnel ratio was used to estimate tile 
Scotch/Seymour stock component of tlIe Seymour/Adams stock group complex in marine area fisheries. 
The Adams/Shuswap stock group was assigned the remaining portion of the Seymour/Adams complex. 

1994 Post-season Models 

Post-season models were constmcted using revised baseline standards, with scales collected from 
individual spawning ground streams tiu'oughout the Fraser River watershed (Table 2). A list of the 42 
stock groups, baseline standards, and expected classification matrices of the post-season models used 
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in 1994 are presented in Table 2. Post-season models had generally higher classification accuracies 
(diagonals of matrices) than expected :£i'om in-season models (Tables 1 and 2). No attempt was made 
to separate the Chilko and Quesnel stocks in post-season models because of highly overlapped scale 
characters. The Late Stuart/Stellako group was misclassified to the Birkenhead group and the 
Chilko/Quesnel group. As was the case with the in-season models, the key late-nUl stock group, 
Adams/Shuswap, was well separated from other late-nUl and SWl11ner-nm stocks (except 
Scotch/Seymour, see below). 

The method used to separate the Scotch/Seymour stock group from the Seymour/Adams stock group 
complex, was the same in the post-season analysis as in the in-season analysis. In other words, the daily 
ratio of Scotch/Seymour to Chilko/Quesnel in Area 29 was used to estimate the Scotch/Seymour stock 
component of the Seymour/Adams stock complex in marine area fisheries. The daily ratio of 
Scotch/Seymour to Chilko/Quesnel in Area 29 was substantially higher in the post-season however, 
largely due to a reduction in the daily estimates of the Chilko/Quesnel stock group in Area 29. The 
reasons for the stock composition changes from in-season to post season analyses are discussed below. 

Comparison of "Realized" Classification Accuracies of the In-season and Post-season Models 

Simulations were perfonned whereby in-season and post-season models were applied to mixtures 
based on post-season spawning growld scales to compare how the models perfonned. Specifically, the 
models were tested on pure 1994 spawning ground mixtures comprised of one stock or stock group. The 
results from the series of simulations conducted using the in-season and post-season models are 
SWl11narized in four classification matrices as follows: (i) the early swnmer/sWl11ner-lUll model based on 
the in-season standards used during the 1994 management season, (ii) the swmner/late-lUll model based 
on the in-season standards used dwing the 1994 mmmgement season, (iii) the early-swl11nerlswl11ner-nm 
model based on the post-season standards used for the post-season analysis, (iv) the surnmer/late-nUl 
model based on the post-season standards used for the post-season analysis (Table 3). 

The elements of each matrix presented in Table 3 are the means of nearly unbiased estimates of 
stock proportions from 100 simulated mixtures created using 115 post-season, spawning ground scales 
:£i'om the stock or stock group listed at the top of each colUl1ll1. For example, the first colUl1ll1 of Matrix 
1, contains the mean proportions identified as the stocks in each row when the model was given a 
mixture of 100% Scotch/Seymour group scales. In this example, the model estimated stock proportions 
of 97.3% for the Scotch/Seymour group, and 2.7% for the Chilko group. The matrices presented in Table 
3 are tenned the "realized" classification matrices, and the diagonal elements are the "realized" 
classification accuracies. The off-diagonal elements of the matrices represent the bias remaining after 
initial estimates are conected for expected rates of misclassification based on the conesponding expected 
classification matrices presented in Tables 1 and 2. 

When the in-season model for sWl11ner/late nms (matrix 2) was given simulated mixtures of 100% 
Chilko/Quesnel group, only 0.2% were misclassified to the Late Stuart/Stellako group (Table 3). 
However, when simulated pure mixtures of 100% Late StuartiStellako group were nm, 21.5% were 
misclassified to the Quesnel group. This discrepancy is caused by the changes in the scale characters 
from in-season to post-season stmldards. Both the early-sUl1ll11erlslUlllller-nm and sWl11nerilate-nm post
season models, detailed in Matrices 3 and 4, peliormed well, as would be expected. Although even with 
bias correction, there is still some misclassification of the Chilko/Quesnel group to the Late 
Stuart/Stellako group, and of the Late Stuart/Stellako group to Birkenhead. Most misclassification 
problems were relatively minor, with the exception that a significant proportion of Late Stumt/Stellako 
group was misclassified to the Quesnel group when the in-season models were used, as describe above. 
The misclassification of the Late Stumt/Stellako group to the Quesnel group resulted in significant 
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changes in the allocation of catches to stock-groups (see In-season and Post-season Estimates of Catch 
and Exploitation Rate By Stock and Area, below). 

In summary, due to changes in scale characters of the in-season and post-season standards the 
following shifts in stock allocations in mixed stock fishelY samples are expected from the simulation 
results (gains and losses of fish are for the post-season relative to results of in-season models): 
(i) Scotch/Seymour and Adams/Shuswap stock groups - will gain small numbers of fish from the 
Chilko/Quesnel group; 
(ii) Chilko/Quesnel group - will lose significant nwnbers of fish to the Late Stumt/Stellako group and 
small nwnbers of fish to the Scotch/Seymour and Birkenhead groups; 
(iii) Late Shwrt/Stellako group - will gain a significant number of fish from the Chilko/Quesnel group 
and loose a small munber of fish to the Birkenhead group and; 
(iv) Birkenhead group - will gain small munbers of fish from the Chilko/Quesnel and Late 
Shwrt/Stellako groups. 

One fmal shift in stock allocations resulted indirectly from the changes docmnented above. Since 
the Scotch/Seymour stock group increased slightly from the in-season to the post-season results, and the 
Chilko/Quesnel group lost significant nmnbers offish, tlle Scotch/Seymour to Chilko/Quesnel ratio was 
significantly higher in the post-season. Since iliis ratio is used to estimate the Scotch/Seymour stock 
component of the Seymour/ Admns stock complex, the propOltion of Scotch/Seymour in the migratOlY 
area fisheries will increase in the post-season and the proportion of the Adams/Lower Shuswap stock 
group will decline. 

Catch Data Overview 

The PSC has the responsibility for estimating in-season catch by gear type in Panel area waters, 
while DFO provides in-season catch estimates for non-Panel area catches in Canada, with the exception 
of troll fisheries where DFO estimates the catch in both Panel and non-Panel area waters. Catch 
monitoring, tlrrough contacts witll major fish buyers and on-water hail data, provides the initial estimate 
of catch for individual fisheries while the fisheries are ongoing. Immediately following the close of a 
fishelY, more complete estimates of catch are derived from gear counts, in conjmlction with estimates 
of catch and catch per delivery from fish buying companies. These estimates are updated on a weekly 
basis once ilie compmlies have processed and smnmmized the catch for each flshely. In-season estimates 
of total catch are usually within ten to fifteen percent of the final sales slip catch numbers, but in-season 
and post-season estimates for individual fisheries can differ by larger amounts. 

In Cmlada, post-season catch data are tabulated by week-ending period by DFO from fish sales slips 
collected from all registered fish buyers in British Colwnbia. In addition, any private sales for which 
sales slips are made out and sent in to DFO are included in the con1fllercial catch smmnaries. In the 
United States, post-season catch data are smmnarized on a daily basis from fish tickets sent in to The 
Washington Department of Fish and Wildlife (WDFW). In fact, in Washington State, fIsh buying 
compmlies are required to send in their tickets to WDFW immediately after the close of each fishery, and 
tlle catch data base is updated continually t1rroughout the in-season management period. Consequently, 
in-season projections are replaced with computer rml fish ticket data approximately one week after the 
close of a fishery. TIns system results in little change occurring in catch numbers between the in-season 
mld t1le fmal, post-season catch estimates, wInch are available some months after the close of the season. 
A small catch of Fraser sockeye also occurs off souilieast Alaska where total sockeye catches are 
estimated by the Alaska Depmtment ofFish and Game using a similar system to that used by WDFW. 
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1994 In-season and Post-season Catch Data 

The final in-season catch estimates, along with the CLUTent "preliminary" post-season catch 
estimates, are presented in Table 4. The total 1994 in-season Canadian commercial catch for all areas 
was 9,115,000 fish. The Clm-ent post-season total is 10,035,000 fish, or a 920,000 fish (9.2%) increase 
above the in-season nLUnber. Virtually all (911,000, or 99%) of the increase in Canadian catch is 
accounted for by three statistical areas: Areas 12 (increase of550,000 or 15.3%),13 (196,000, 15.1%) 
and 20 (165,000, 19.5%; Table 4). It is important to note that catches in each these areas are key inputs 
in the PSC's in-season run size models. The changes in other Canadian catch areas were much smaller 
in nLUnerical terms, but not necessarily in terms of percentage change (Table 4). For reasons outlined 
previously, the United States post-season munber (2,068,000) is virtually unchanged from the in-season 
number (2,054,000). 

In-season and Post-season Estimates of Catch and Exploitation Rate By Stock and 
Area 

RLUl size models ultimately rely on a combination of catch and racial data for their input parameters. 
Therefore, it is important to look at the combination of changes in both the catch and racial estimates 
in assessing in-season lUll size model accmacies in 1994. In-season estimates of catch by stock and area 
were deIived using the actual DFA models used dming the 1994 in-season management period and catch 
data available at the end of October. The in-season gross escapement estimates were derived from in
season estimates of Mission daily escapements by stock group, plus Native fishery catches below 
Mission. Post-season estimates of catch by stock and area were derived using post-season DFA models 
and post-season catch data available from computer nms at the end of February. The post-season gross 
escapement estimates were derived from post-season estimates of Mission daily escapements by stock 
group, plus Native fishery catches below Mission. Almual exploitation rates were estimated by dividing 
the catches for each stock and area by the total flUl size. 

Post-season changes to catch and racial data, resulted in significant changes in the catch and 
exploitation rate estimates for the key stock group complexes(Table 5). For example, the Area 29 post
season net catch of 1,298,000 is not substantively different from the in-season net catch of 1,290,000 
(Table 5). However, there are some significant changes in the catch by stock group estimates. For 
example, catch and exploitation rates attributed to the early-smnmer, Late Stuart/Stellako and 
AdamslLower Shuswap stock groups increased, while the catch and exploitation rate of the 
Chilko/Quesnel stock group decreased significantly. Similar shifts in stock composition estimates are 
expected in all catch areas as identified by the results of simulation analyses presented above (in 
Comparison of "Realized" Classification Accmacies of the In-season and Post-season Models). 

Catches and exploitation rates of the early-slU11lner stock group (primarily tlle Scotch/Seymom 
component) increased significantly in the migratory area fisheries, due in part to a general increase in 
total catch, but largely because of increases in the Scotch/Seymom to Chilko/Quesnel ratios in Area 29 
samples. The revised ratios increased the proportion of the Scotch/Seymom component in 
SeymoLU-IAdams stock complex as discussed above. The total catch in all areas for the early-sLUnmer 
stock group increased from 419,000 (33% annual exploitation rate) dming the in-season to 753,000 
(59% mmual exploitation rate) in the post-season (Table 5). 

The total catch in all areas for the Chilko/Quesnel stock group in the post-season was 3,984,000 
(67% annual exploitation rate), up fi'om in-season estimate of 3,794,000 (64% annual exploitation rate; 
Table 5). The increases in catch and exploitation rate for this stock group were primarily due to increases 
in total catch. Post-season estimates of the proportion of the Chilko/Quesnel stock group in mixed stock 
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fishery samples were smaller than in-season estimates for reasons discussed above (in Comparison of 
"Realized" Classification Accuracies of the In-season and Post-season Models). The decrease in 
estimates of stock proportions of the Chilko/Quesnel stock group also caused a decrease in the estimated 
gross escapement from 2,180,000 during the in-season to 1,929,000 in the post-season period. 

The total catch of Late Stuart/Stellako stock group increased from 650,000 during the in-season to 
864,000 in the post-season. The gross escapement also increased from 443,000 to 584,000 (Table 5). 
These changes are due to both increases in overall catch, and to changes in the DF A post-season 
standards as previously discussed (in Comparison of "Realized" Classification Accuracies of the In
season and Post-season Models). The total al1l1ual exploitation rate was essentially unchanged from ill
season (59.4%) to post-season (59.6%). 

In contrast to the other stock groups, catch estimates for the Adams/Shuswap stock group decreased 
slightly from the in-season estimate of 5,791,000 to the post-season estimate of 5,788,000. (Table 5). 
The classification accuracies of the in-season and post-season models were high for the Seymour/Adams 
stock group complex. The drop in catch was due to an increase in the Scotch/Seymour stock group at the 
expense of the Adams/Shuswap stock group as described above. 

Using in-season data, the total run in 1994 was estimated to be 15,705,000 fish, including 191,000 
Early Stuart, 935,000 early-summers, 5,974,000 Chilko/Quesnel, 1,093,000 Late Stuart/Stellako, 
6,711,000 AdamslLower Shuswap, and 801,000 Birkenhead, Weaver and other miscellaneous late nms 
(Table 5). Using post-season data, the total run was estimated to be 16,742,000 fish, including 202,000 
Early Stuart, 1,268,000 early-slUnmers, 5,913,000 Cbilko/Quesnel, 1,448,000 Late Stuart/Stellako, 
6,715,000 AdamslLower Shuswap, and 1,196,000 Birkenhead, Weaver and miscellaneous late runs 
(Table 5). 

In-season and post-season estimates of catch and harvest rate in migratory and terminal areas for 
summer mld late-run stock groups are compared in Table 6. The shift in total catch by stock group from 
in-season to post-season in migratory areas is due mainly to post-season revisions to catch estimates; 
post-season catches are larger than in-season catches for each of the stock groups. In contrast the shift 
in total catch by stock group from in-season to post-season in the terminal areas is due mainly changes 
in estimates of stock propOltion resulting from tlle application of DFA models based on post-season 
spawning ground standards; catch of Late Stuart/Stellako increased at the expense of Chilko/Quesnel, 
catch of Adams/Shuswap decreased (while the Scotch/Seymour group increased [not shown]), and the 
catch of Birkenhead, Weaver and other miscellaneous late runs increased, primarily due to Birkenhead 
gaining small number offish from the Chilko/Quesnel and Late Stuart/Stellako stock groups. In-season 
and post-season harvest rates were very similar in both the migratory and telminal areas for each of tlle 
stock groups with one exception (Table 6). First, the Chilko/Quesnel harvest rate in the migratOly area 
increased in the post-season due to the combined effect of increased post-season catch and decreased 
post-season escapement. Late-nm harvest rates were consistently and significantly higher than SU111ll1er
flUl harvest rates in both migratory and terminal areas regardless of whether in-season or post-season 
data were used (Table 6). 

The changes in stock group catches and escapements mld exploitation rates from the in-season to 
the post-season documented above were due to a combination of : (i) increases in total catch and (ii) 
changes in the estimates of stock proportions resulting from the application of DFA models based on 
post-season spawning grolUld standards. The implications of these changes for in-season flUl size model 
predictions, and tlle relative importance of the change in catch versus the change in DFA models is 
explored in Appendices G, E and F. 
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Table 1. Summary of 1994 in-season stock groups and classification matrices of in-season models. 

no. of Total 

scales Scales 

Stock-Group In-season per for Expected Classification Matrices 

Stock-Group Run Abbreviation Baseline Standards stock Group based on In-season Standards 

Early Summer-run and Summer-run Model 

1. Scotch/Seymour Early ScSeAn 1987 Scotch Creek 4/2's 18 100 

/Anstey Summer 1986 Seymour River 4/2's 61 

1986 Anstey River 4/2's 21 FROM 

2. Chilko Summer Chilko 1993 Chilko River 3/2's 100 100 ScSeAn Chilko Quesnel LStSte Birken 

ScSeAn 88.0% 5.0% 11.9% 1.0% 2.0% 

3. Quesnel Summer Quesnel 1994 Returning 4/2's based *67 *67 Chilko 2.0% 63.0% 34.3% 2.0% 1.0% 

on myxobolus positive fish in TO Quesnel 8.0% 27.0% 53.7% 4.0% 2.0% 

early samples * LStSte 0.0% 1.0% 0.0% 75.0% 16.0% 

Birken 2.0% 4.0% 0.0% 18.0% 79.0% 

4. Late StuartlSteliako Summer LStSte 1993 Stellako River 3/2's 33 100 

1990 Middle & T achie River 4/2's 67 

5. Birkenhead Summer Birken 1993 Birkenhead River 3/2's 100 100 

Summer-run and Late-run Model 

Stock-Groups 2, 4 and 5 above and FROM 

6. Quesnel Summer Quesnel 1994 Returning 4/2's based *83 *83 Chilko Quesnel LStSte Adams Birken 

on myxobolus positive fish in Chilko 60.0% 33.7% 1.0% 1.0% 1.0% 

early samples * Quesnel 34.0% 63.9% 5.0% 4.0% 3.0% 

TO LStSte 0.0% 0.0% 70.0% 0.0% 13.0% 

7. Adams/Shuswap Late Adams 1993 Lower Adams River 3/2's 71 100 Adams 3.0% 2.4% 0.0% 95.0% 2.0% 

1993 Lower Shuswap River 3/2's 29 Birken 3.0% 0.0% 16.0% 0.0% 66.0% 

Weaver 0.0% 0.0% 8.0% 0.0% 15.0% 

8. Weaver Late Weaver 1993 Weaver Creek 3/2's 100 

NOTES * By August 12, 1994, the pre-seaon Quesnel standard based on 1990 4/2 scales was replaced with scales from fish with Myxobolus 

in 1994 mixture samples. The Early Summer/Summer Run model was based on a standard with 67 scales. 

An additional 16 scales were available for the Quesnel Standard used in the Summer/Late-run model. 
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Table 2. Summary of post-season stock groups and classification matrices of post-season models. 

no. of Total 

Post-season scales Scales 

Stock-Group Baseline Standards per for Expected Classification Matrices based on 

Stock-Group Run Abbreviation (all 1994 4/2's) stock Group Post-season Standards 

Early Summer-run and Summer-run Model 

1. Scotch/Seymour Early Summer ScoSey Scotch Creek 79 150 

Seymour River 71 

FROM 
2. Chilko/Quesnel Summer ChrQue Chilko River 82 201 

Lower Horsefly River 27 ScoSey ChrQue LStSte Birken 

Upper Horsefly River 70 ScoSey 96.0% 0.5% 0.0% 0.0% 

Upper McKinley Creek 0 ChrQue 4.0% 94.5% 11.5% 4.0% 
Mitchell River 22 TO LStSte 0.0% 5.0% 77.0% 10.0% 

Birken 0.0% 0.0% 11.5% 86.0% 

3. Late StuartlSteliako Summer LStSte Middle River 24 200 

Tachie River 39 

Stellako River 137 

4. Birkenhead Summer Birken Birkenhead River 150 150 

Summer-run and Late-run Model 

FROM 

Stock-Groups 2, 3, 4 
above and 

ChrQue LStSte Adams Birken Weaver 

ChrQue 95.0% 11.5% 1.0% 4.0% 0.0% 

5. Adams/Shuswap Late Adams Lower Adams River 140 200 LStSte 4.5% 73.5% 0.0% 10.7% 2.0% 

Lower Shuswap River 53 TO Adams 0.5% 0.0% 98.5% 0.0% 1.0% 

Middle Shuswap 7 Birken 0.0% 9.5% 0.5% 79.3% 12.0% 

Weaver 0.0% 5.5% 0.0% 6.0% 85.0% 

6. Weaver Late Weaver Weaver Creek 100 100 

92 



Table 3. Realized classification matrices for 1994 in-season and post-season models. 

In-season Models Applied to Post-season standards Post-season Models Applied to Post-season standards 

1. Early Summer/Summer-run Model 3. Early Summer/Summer-run Model 

FROM (Post-season standards) FROM (Post-season standards) 

ScoSey ChrQue LStSte Birken ScoSey ChrQue LStSte Birken 
ScSeAn 97.3% 0.0% 0.0% 0.0% ScoSey 99.4% 1.0% 0.0% 0.1% 

TO Chilko 2.7% 57.2% 0.3% 2.3% TO ChrQue 0.6% 95.8% 0.8% 0.1% 
(In-season Quesnel 0.0% 42.7% 23.2% 0.1% (Post-season LStSte 0.0% 3.2% 96.8% 0.2% 

standards) LStSte 0.0% 0.1% 76.6% 1.6% standards) Birken 0.0% 0.0% 2.3% 99.6% 

Birken 0.0% 0.0% 0.0% 96.0% 

2. Summer/Late-run Model 4. Summer/Late-run Model 

FROM (Post-season standards) FROM (Post-season standards) 

ChrQue LStSte Adams Birken Weaver ChrQue LStSte Adams Birken Weaver 

Chilko 62.9% 0.1% 0.4% 2.3% 0.0% ChrQue 95.7% 0.8% 0.8% 0.1% 0.0% 

TO QUesnel 36.9% 21.5% 0.1% 0.0% 0.0% TO LStSte 3.4% 96.8% 0.0% 0.2% 0.4% 

(In-season LStSte 0.2% 78.4% 0.0% 1.6% 0.0% (Post-season Adams 0.9% 0.0% 99.1% 0.1% 0.0% 

standards) Adams 0.0% 0.0% 99.5% 0.0% 0.0% standards) Birken 0.0% 1.3% 0.1% 98.3% 0.6% 

Birken 0.0% 0.0% 0.0% 95.8% 0.0% Weaver 0.0% 1.1% 0.0% 1.3% 99.0% 

Weaver 0.0% 0.0% 0.0% 0.2% 100.0% 
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Table 4. In-season and post-season estimates of catches of Fraser River sockeye salmon in 1994. 

% 
Post- Difference Difference 

In-season season (post- (post-
Fraser Fraser season - season -

Area Catch Catch in-season) in-season) 

Canada 
Area 1 net 59,556 96,415 36,859 61.9% 

Area 2W net and troll 774,028 809,799 35,771 4.4% 
Area 8 222,210 163,960 -58,250 -35.5% 

Area 111 and 8 troll 792,461 878,929 86,468 9.8% 
Area 12 3,044,900 3,595,265 550,365 15.3% 
Area 13 1,097,800 1,293,459 195,659 15.1% 
Area 16 121,600 147,631 26,031 17.6% 
Area 20 681,253 846,486 165,233 19.5% 

Area 29A (outside troll) 255,000 165,555 -89,445 -54.0% 
Area 29B 807,818 828,749 20,931 2.5% 
Area 29D 482,298 469,174 -13,124 -2.8% 

Upper Georgia Strait troll 199,396 201,940 2,544 1.3% 
Lower Georgia Strait troll 158,234 186,092 27,858 15.0% 

Areas 125-127 troll 161,601 118,964 -42,637 -35.8% 
Areas 123-124 troll 257,250 232,549 -24,701 -10.6% 

Total Canadian Commercial Catch 9,115,405 10,034,967 919,562 9.2% 

United states 
Treaty Ceremonial fisheries 0 0 0 0.0% 

Area 7A 1,392,461 1,392,452 -9 0.0% 
Area 7 316,502 316,489 -13 0.0% 

Areas 4B, 5 and 6C 120,190 119,424 -766 -0.6% 
Alaska District 104 * 225,000 240,000 15,000 6.3% 

Total u.s. Commercial Catch 2,054,153 2,068,365 14,212 0.7% 

Total Catch ** 11,323,491 12,377,940 1,054,449 8.5% 

Notes: 
* Alaska District 104 catch of Fraser sockeye is based on in-season stock identification. 
** In addition to catches shown in table, total catch includes in-season non-commercial catch 

of 153,933 and post-season non-commercial catch 274,608. 
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Table 5. In-season and post-season estimates of catch and annual exploitation rate by stock and area, and total catch, gross escapement and total run by stock for 
Fraser sockeye in 1994. 

Early Stuart Early Summers Chilko/Quesnel Steliako/L.Stuart Adams/Shuswap Misc. Late Runs Totals 

In Post In Post In Post In Post In Post In Post In Post 

Canadian Waters: 

Area 1-2W Net & Troll Catch 0 0 3,203 15,700 141,958 212,580 28,151 29,207 609,376 553,382 50,896 95,345 833,584 906,214 
Expl. rate 0.0% 0.0% 0.3% 1.2% 2.4% 3.6% 2.6% 2.0% 9.1% 8.2% 6.4% 8.0% 5.3% 5.4% 

Area 8-111 Net & Troll Catch 0 0 9,240 9,306 199,403 192,588 31,964 55,085 681,617 640,897 92,447 145,013 1,014,671 1,042,889 
Expl. rate 0.0% 0.0% 0.7% 0.7% 3.3% 3.3% 2.9% 3.8% 10.2% 9.5% 11.5% 12.1% 6.5% 6.2% 

Area 121-127 Troll Catch 0 0 20,018 9,909 132,497 93,668 40,475 33,216 198,717 191,622 27,144 23,098 418,851 351,513 
Expl. rate 0.0% 0.0% 1.6% 0.8% 2.2% 1.6% 3.7% 2.3% 3.0% 2.9% 3.4% 1.9% 2.7% 2.1% 

Area 11-16 Net Catch 0 0 106,264 305,752 1,274,313 1,475,704 189,864 239,488 2,431,352 2,604,115 262,507 411,296 4,264,300 5,036,355 
Expl. rate 0.0% 0.0% 8.4% 24.1% 21.3% 25.0% 17.4% 16.5% 36.2% 38.8% 32.8% 34.4% 27.2% 30.1% 

Area 11-16 Inside Troll Catch 0 0 5,820 8,379 47,642 39,669 10,845 13,328 123,903 116,557 11,186 24,007 199,396 201,940 
Expl. rate 0.0% 0.0% 0.5% 0.7% 0.8% 0.7% 1.0% 0.9% 1.8% 1.7% 1.4% 2.0% 1.3% 1.2% 

Area 17,18 & 29 Inside Troll Catch 0 0 11,948 19,629 59,445 43,070 27,560 48,918 53,771 67,011 5,510 7,464 158,234 186,092 
Expl. rate 0.0% 0.0% 0.9% 1.5% 1.0% 0.7% 2.5% 3.4% 0.8% 1.0% 0.7% 0.6% 1.0% 1.1% 

Area 29 Outside Troll Catch 0 0 0 0 20,400 15,959 2,550 681 193,800 123,464 38,250 25,451 255,000 165,555 
E)(QI. rate 0.0% 0.0% 0.0% 0.0% 0.3% 0.3% 0.2% 0.0% 2.9% 1.8% 4.8% 2.1% 1.6% 1.0% 

Area 20 Net Catch 0 0 48,788 106,698 332,431 431,800 50,516 99,600 227,776 185,155 21,742 23,233 681,253 846,486 
Expl. rate 0.0% 0.0% 3.8% 8.4% 5.6% 7.3% 4.6% 6.9% 3.4% 2.8% 2.7% 1.9% 4.3% 5.1% 

Area 29 Net Catch 0 0 113,062 144,204 916,395 782,886 139,320 195,654 92,066 111,897 29,273 63,282 1,290,116 1,297,923 
Expl. rate 0.0% 0.0% 8.9% 11.4% 15.3% 13.2% 12.7% 13.5% 1.4% 1.7% 3.7% 5.3% 8.2% 7.8% 

Total (Canada) Catch 0 0 318,343 619,577 3,124,484 3,287,924 521,245 715,177 4,612,378 4,594,100 538,955 818,189 9,115,405 10,034,967 
Expl. rate 0.0% 0.0% 25.1% 48.9% 52.3% 55.6% 47.7% 49.4% 68.7% 68.4% 67.3% 68.4% 58.0% 59.9% 

U.S. Waters: 

Areas 4B, 5, 6C Catch 441 441 20,452 23,174 62,519 63,759 15,799 17,446 20,109 12,017 870 2,587 120,190 119,424 
E)(QI. rate 0.2% 0.2% 1.6% 1.8% 1.0% 1.1% 1.4% 1.2% 0.3% 0.2% 0.1% 0.2% 0.8% 0.7% 

Area 7 & 7A Catch 0 0 71,057 91,621 498,036 491,507 86,911 99,210 965,477 915,234 87,482 111,369 1,708,963 1,708,941 
Expl. rate 0.0% 0.0% 5.6% 7.2% 8.3% 8.3% 7.9% 6.9% 14.4% 13.6% 10.9% 9.3% 10.9% 10.2% 

Alaska District 104 Catch 0 0 0 0 62,000 66,000 14,000 15,000 122,000 130,000 27,000 29,000 225,000 240,000 
Expl. rate 0.0% 0.0% 0.0% 0.0% 1.0% 1.1% 1.3% 1.0% 1.8% 1.9% 3.4% 2.4% 1.4% 1.4% 

Total (United States) Catch 441 441 91,509 114,795 622,555 621,266 116,710 131,656 1,107,586 1,057,251 115,352 142,956 2,054,153 2,068,365 

Expl. rate 0.2% 0.2% 7.2% 9.1% 10.4% 10.5% 10.7% 9.1% 16.5% 15.7% 14.4% 11.9% 13.1% 12.4% 

Total Non-Commercial Catch Catch 3,087 3,087 9,329 18,923 46,805 75,133 11,858 16,756 71,165 136,459 11,689 24,250 153,933 274,608 

Expl. rate 1.5% 1.5% 0.7% 1.5% 0.8% 1.3% 1.1% 1.2% 1.1% 2.0% 1.5% 2.0% 1.0% 1.6% 

Grand Total Catch Catch 3,528 3,528 419,181 753,295 3,793,844 3,984,323 649,813 863,589 5,791,129 5,787,810 665,996 985,395 11,323,491 12,377,940 
Expl. rate 1.7% 1.7% 33.1% 59.4% 63.5% 67.4% 59.4% 59.6% 86.3% 86.2% 83.2% 82.4% 72.1% 73.9% 

Gross Escapement (into river) 187,862 198,202 515,704 514,767 2,179,822 1,928,975 443,465 584,211 919,632 927,138 134,926 210,896 4,381,411 4,364,189 

!Mission Esc. + IF Catch below) 

Total Run 191 390 201730 934 885 1268062 5973 666 5913298 1 093278 1447800 6710761 6714948 800 922 1 196 291 15704902 16742129 
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Table 6. In-season and post-season estimates of catch and harvest rate in migratory and terminal areas for summer- and late-run stock groups, and gross escapement 
and total run by stock for Fraser sockeye in 1994. 

Summer Runs Late Runs 
Chilko/Quesnel Steliako/L.Stuart Adams/Shuswap Misc. Late Runs 

In-season Post-season In-season Post-season In-season Post-season In-season Post-season 
Total Run 5,973,666 5,913,298 1,093,278 1,447,800 6,710,761 6,714,948 800,922 1,196,291 

Outside Area Catches 
Area 1-2W Net & Troll 141,958 212,580 28,151 29,207 609,376 553,382 50,896 95,345 
Area 8-111 Net & Troll 199,403 192,588 31,964 55,085 681,617 640,897 92,447 145,013 

Area 121-127 Troll 132,497 93,668 40,475 33,216 198,717 191,622 27,144 23,098 
Alaska District 104: 62,000 66,000 14,000 15,000 122,000 130,000 27,000 29,000 

Total Run Entering Inside Waters 5437,808 5348462 978,688 1,315292 5,099051 5,199047 603435 903835 

Migratory Areas Catches: Canadian Waters 
Area 11-16 Net 1,274,313 1,475,704 189,864 239,488 2,431,352 2,604,115 262,507 411,296 

Area 11-16 Inside Troll 47,642 39,669 10,845 13,328 123,903 116,557 11,186 24,007 
Area 20 Net 332,431 431,800 50,516 99,600 227,776 185,155 21,742 23,233 

Non-commercial Catch 38,860 58,953 10,163 14,710 62,244 50,973 10,415 8,643 

U.S. Waters 
Areas 4B, 5, 6C 62,519 63,759 15,799 17,446 20,109 12,017 870 2,587 

Areas 6,7, 7B 148,544 151,999 25,063 33,165 106,391 82,058 11,102 12,988 
7A (migratoryl 170,631 162,277 33,219 37,677 87,193 89,077 11,383 11,435 

Total Migratory Area Catch 2,074,940 2,384,161 335,469 455,414 3,058,968 3,139,952 329,205 494,189 
Migratory Area Harvest Rate 38.2% 44.6% 34.3% 34.6% 60.0% 60.4% 54.6% 54.7% 

Total Run Enterinq Georqia Strait 3,362,868 2,964,301 643,219 859,878 2,040,083 2,059,095 274,230 409,646 

Terminal Area Catches: Canadian Waters 
Area 17,18 & 29 Inside Troll 59,445 43,070 27,560 48,918 53,771 67,011 5,510 7,464 

Area 29 Outside Troll 20,400 15,959 2,550 681 193,800 123,464 38,250 25,451 
Area 29 Net 916,395 782,886 139,320 195,654 92,066 111,897 29,273 63,282 

sport, Area 29 IF and Testfishing 7,945 16,180 1,695 2,046 8,921 85,486 1,274 15,607 
U.S. Waters 

7A (delay) 178,861 177,231 28,629 28,368 771,893 744,099 64,997 86,946 

Total Terminal Area Catch 1,183,046 1,035,326 199,754 275,667 1,120,451 1,131,957 139,304 198,750 
Terminal Area Harvest Rate 35.2% 34.9% 31.1% 32.1% 54.9% 55.0% 50.8% 48.5% 

Gross Escapement (Mission Esc. + IF Catch below) 2 179 822 1928975 443465 584211 919632 927138 134926 210896 
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Appendix H: Johnstone Strait Catch Estimation 

Paul RyalF 

The primary source of post-season salmon catch infonnation within Canada is obtained from the 
DFO's sales slip database. However, the existing sales slip program was not designed to deal with the 
problem of obtaining catch infonnation in the short time frame required for in-season fishelY 
management. Consequently, an altel11ative catch data collection system is employed in-season. The 
program in 1994 was designed to survey landing infonnation of the mqior fish buying companies in 
Johnstone Strait. Both purse seine and gillnet catches were estimated during the in-season management 
period. The description of the purse seine estimation progrmn is outlined below. 

Purse seine Imlding infonnation was received from the fish buying companies via Fax machine two 
to three days following the close of each commercial fisheJY. Sales slips (DFO Catch Statistics Database) 
from the years 1987 through 1993 were used to identifY the companies which have been the "mqior" 
buyers in past years. The companies identified as "major" buyers were contacted on a weekly basis in 
1994. From each company contacted, infonnation was obtained on the total landings for tlle week, in 
POIDlds, mld the number purse seine vessels which delivered to the company. From these Imlding data, 
mld the nIDnber of vessels which delivered fish to the company, the catch per purse seine vessel (CPUE) 
was calculated. Separate CPUE averages were estimated for statistical areas 12 and 13. A post-season 
evaluation was conducted, using the post-season sales slip landings, and it was detennined that the in
season purse seine catch data obtained from the surveyed companies comprised approxinlately 70 to 90 
percent of the total purse seine catch for a particular week. 

To estinlate the total purse seine catch for the fishelY, the average CPUE was multiplied by the total 
effort cOlmt for the fisheJY. A weekly estimate of total effort was obtained from a DFO overflight of tlle 
purse seine and gillnet fishing area conducted on the moming that the purse seine fishery opened. The 
effort counts were tabulated separately for statistical m'eas 12 and 13, as were the CPUE data as outlined 
above, thereby allowing area specific catch estimates to be generated. 

The estimation of the gillnet catch for Johnstone Strait was conducted in a sinlliar fashion. Fish 
buying companies are surveyed to provide infonnation on totallmldings and CPUE. As the gillnet fisheJY 
in 1994 extended over four to five days each week, Witll the exception of a one day fisheJY in the first 
week of fishing, additional fishing effort data were obtained from on-water gear cOlmts. These on-water 
gear cOlmts were provided by DFO patrol vessels and charter patrol vessels. 

Accurate in-season catch estimates are a necessity to meet bOtll stock assessment and allocation 
requirements. A comparison of the mmual1994 in-season catch estimates versus the 1994 post-season 
sales slip data is provided in Table 1. It is clear from the data that during the in-season management 
period, catches in Johnstone Strait were underestimated. The purse seine catch was tmderestimated by 
12.1 percent, while the gillnet catch was tmderestimated by 26.0 percent. 

There are two possible causes of the IDlderestimation of weekly catch in 1994; either the number of 
vessels actively fishing during tlle opening was IDlderestimated, or tlle average CPUE calculated from 
the company landing data was too low. Data are not available to allow for an assessment of which of 

Cmmda Department of Fisheries and Oceans, 3225 Stephenson Point Road, Nanaimo, 
B.e., V9T 1K3 
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these factors caused the gillnet catch to be lUlderestimated. However, for the purse seine fleet, weekly 
effort and CPUE data are available. 

The cumulative effect of these two sources of error are reflected in the discrepancies observed in the 
weekly comparisons of in-season versus post-season catch estimates (Table 2). In each week during the 
in-season management period, the purse seine catch was underestimated. The percentage difference 
between the in-season and post-season catch estimates range from 10.1 to 13.8 percent, with the largest 
catch week (W/E August 20) having the largest numerical and percentage discrepancy. 

Consistent weekly trends are appw'ent in the effort and catch data (Table 2). DFO overflight data 
consistently lmderestimated purse seine effort, when in-season effort counts were compared to unique 
purse seine vessel landing data obtained from the sales slip database. The largest discrepancy occurred 
in the peak catch week of August 20, when the effort was tmderestimated by 9.4 percent, or 42 vessels. 
The lowest discrepancy was observed in the week-ending period September 3, when the in-season effort 
was underestimated by 4.2 percent, or 19 vessels. The company based average CPUE data were also 
chronic tmderestimates compared to the CPUE's calculated from the post-season database. The CPUE 
was tmderestimated by 4.3 to 6.2 percent during the course of the season, with the largest discrepancy 
occurring during the week-ending period August 27. 

Analysis of the in-season data suggest that improvements could be made to the in-season catch 
estimation progrwn. First, the munber of pieces landed is estimated by dividing the total weight landed 
by an estimate of average sockeye weight. Consequently, the values used for average weight are velY 
important. To obtain average estimates of sockeye weight that are witlnn 0.1 pounds at a 95 percent 
confidence limit requires sampling about 400 sockeye for purse seine gear, and 300 for the gilhlet gear. 
In some 1994 fisheries it appears that sample sizes for estimating average weights were too small. 
Second, comparisons between in-season overflight gear COlUlts and post-season sales slip effort tallies 
show that in-season effort COlUlts were underestimated. With respect to improving gear cOlmts for future 
years, DFO is planning additional weekly overflights with two observers on-board the aircraft. Also, 
under consideration is the trial use of remote sensing equipment during night flights in order to improve 
gillnet gear cOlmts. 

Resew'ch is also needed to detennine if factors other than incorrect average weights were involved 
in the in-season CPUE estinmtes being underestimated in 1994. For example, are individual companies 
tmderestimating tlleir in-season landing poundage each week, relative to the poundage reported in the 
post-season sales slip database? What are the average CPUE 's for boats delivering to companies not 
being phoned in-season, relative to the CPUE's for the boats delivering to companies wInch are being 
phoned as part of the in-season catch estimation program? It is also recommended that research be 
conducted to detennine if in-season CPUE's have been consistently underestimated in past years. If so, 
the reasons for the underestimates should be assessed. 

Finally, additional steps which could be taken to improve the in-season catch estimation program 
include: an on-going verification of weekly catch estimates throughout the season, sinnlar to the 
verification system cun'ently in place in the Canadian troll fishery. 
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Table 1. Comparison of in-season and post-season estimates of catches of Fraser River sockeye salmon 
in commercial and non-commercial fisheries in 1994. 

Catch Area 

Canada 
Areas 1-10 Purse Seine 
Areas 1-10 Gillnet 
Areas 1-10 Troll 
Areas 12-16 Purse Seine 
Areas 11-16 Gillnet 
Areas 12-16 Inside Troll 
Areas 11-13 Outside Troll 
Areas 121-127 Outside Troll 
Area 20 Purse Seine 
Area 20 Gillnet 
Areas 17-29 Inside Troll 
Areas 18-29 Outside Troll 
Area 29 Gillnet 

Areas 12-16 Native Fishery 

Area 29 Native Fishery 

United States 
Areas 48,5,6C Treaty Indian 
Areas 6,7,78 Treaty Indian 
Areas 6,7,78 Non-Indian 
Area 7 A Treaty Indian 
Area 7 A Non-Indian 
Alaska District 104 * 

} 

Fraser Catch 

In-season 

519,000 
1,000 

821,000 
3,401,000 

864,000 
200,000 
506,000 
419,000 
420,000 
261,000 
158,000 
255,000 

1,290,000 

100,000 

120,000 
181,000 
136,000 
655,000 
737,000 
225,000 

Post-season 

428,000 
7,000 

710,000 
3,868,000 
1,168,000 

202,000 
804,000 
352,000 
462,000 
384,000 
186,000 
166,000 

1,298,000 
97,000 

85,000 

119,000 
181,000 
136,000 
651,000 
741,000 
240,000 

* District 104 estimates are both based on in-season racial 
identification models. 
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Table 2. In-season and post-season estimates of catch and CPUE in purse seine and gillnet fisheries in 
Canadian Areas 11-13. 

Area 12 & 13 Purse Seine Catch Estimates Area 11 - 13 Gill Net Catch Estimates 

In-Season Post-Season In-Season Post-Season 

W/E Date Catch Est's Catch Est's % Difference W/E Date Catch Est's Catch Est's % Difference 

06-Aug 0 0 0 06-Aug 83,000 83,000 0.0% 
13-Aug 785,000 880,000 10.8% 13-Aug 285,000 304,000 6.3% 
20-Aug 1,496,000 1,736,000 13.8% 20-Aug 200,000 357,000 44.0% 
27-Aug 932,000 1,049,000 11.2% 27-Aug 123,000 205,000 40.0% 
03-Sep 160,000 178,000 10.1 % 03-Sep 79,000 92,000 14.1 % 

Area 12 & 13 Purse Seine Effort Estimates 

In-Season Post-Season 

W/E Date Effort Est's Effort Est's % Difference 

06-Aug 0 0 0 
13-Aug 300 322 6.8% 

20-Aug 405 447 9.4% 
27-Aug 451 476 5.3% 

03-Sep 429 448 4.2% 

Area 12 & 13 Purse Seine CPE Estimates 

In-Season Post-Season 

W/E Date CPE Est's CPE Est's % Difference 

06-Aug 0 0 0 
13-Aug 2,617 2,733 4.3% 

20-Aug 3,694 3,884 4.9% 

27-Aug 2,067 2,204 6.2% 

03-Sep 373 397 6.1% 
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Appendix I: 

Objective 

Log Transformation of Effort and Duration in Commercial 
Purse Seine Models 

To determine whether the independent variables representing fishing effort (daily gear cOlmt and 
fishelY duration) should be transformed to their naturallogaritluns when generating the regression 
models and estimating nm sizes. 

Introduction 

The practice of using catch and effOlt data to estimate lUll size is based on the first equation below, 
which can be algebraically transformed into the subsequent equations: 

where Ct 

q 

It 
Nt 
Et 

Dt 

total catch during time interval t (i.e., total catch during the peak fishery), 
catchability (i.e., fraction of the population taken by 1 wlit of fishing effort), 
total fishing effort during time interval t (i.e., total boat days for a fishery), 
population abundance (i.e., nm size), 
average daily effort (i.e., average nwnber of boats fishing per day), and 
duration of fishery (i.e., nwnber of days fishery was open). 

The regression model that conesponds to tlle above is: 

N = exp [a + b l (In C) + b 2 (In E) + b3 (In D)] 

Thus, from a theoretical point of view the independent variables used in the regression models 
should be the natural log transformed values for catch, effort and duration. However, to date, the 
practice has been to transfonn catch, but not effort and duration. The impact of tIlls potential oversight 
on tlle estimates is investigated below. 

Methods 

To compare tlle models tllat would result from inclusion of the transfOlmed versus the untransformed 
effort and duration, a jackknife procedure was performed. For each area and stock, each year was 
sequentially removed from the dataset and the parameters for the full regression model were estimated, 
willch were then used to estimate tlle nm size for the year that was removed. The result was a vector of 
run size estimates with an entry for each area, stock and year. This process was performed for both 
models being evaluated: 
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Modell 

versus 

Model 2 

The perfonnance of these altemative models was assessed using four indicators: 1) tmtransformed 
residuals, 2) absolute untrmlsfonned residuals, 3) percentage of years that estimates that were larger than 
actual nm sizes, and 4) coefficient of deten11ination R2. Because R2 values from 111:ln regressions may 
be misleading, I calculated the R2 of the untransformed actual and predicted fill sizes, as follows: 

R 2 = SS regression 

SS total 

SS total - SS residual 

SS total 

{\ 

LY/ - L(Y
i 

- Y
i 

)2 

Ly2 
I 

observed run size in year i, and 

predicted fill size in year i. 

In addition, in-season and post-season catch data were used with Model 1 and 2 to generate 
escapement estimates for 1994 that were compared against each other and post-season estinlates. 

Results 

The results of comparing the perfonnmlce of the two models using jackknife techniques are 
Slill1lllarized in Figure 1. Figure 1a shows that theR2 values of Models 1 and 2 are similar in most cases. 
However, the R2 values for Model 2 are notably higher for Late Stuart sockeye in Juan de Fuca Strait 
(JdF) and Quesnel sockeye in Jolmstone Straits (JS). Figure 1b shows that both models tend to 
overestimate nm size through JdF mld underestimate run size through JS, although the magnitude of the 
biases are small compared to the meanlUl1 sizes shown in Figure 1c. Figure 1c shows that the absolute 
mean residual is propOltional to the mean fill size, and that differences between the two models are 
generally small. The largest difference is for the Quesnel fill through JS, where Model 2 achieved an 
absolute mean residual about 200,000 less than Modell. Both models tended to lmderestimate fill size 
more often thml they overestimate (Figure 1d), however, the majority of models were within 10% of the 
50% point (i.e., l1lunber of overestimates = nlill1ber of underestimates). The largest differences between 
the two models were for Adams and Late Stumt sockeye in JS. 

For comparison, the relative perfonnance of the two models when the full dataset was used are 
shown in Figure 2. Generally, use of the full dataset resulted in higher R2 values, smaller mean residuals 
and mean absolute residuals, and no change to the percentage of years when run sizes were 
overestimated. 

Table 1 shows the estimates for 1994 using Modell and 2, adjusted and unadjusted catches and in
season and post-season data. Table 2 shows the differences between the various estimates of gross 
escapement mld the hydroacoustic estimates (Mission hydroacoustic plus Native catch below Mission). 
Model·l is the smne as the model evaluated in the last section, so Model 1 results for in:in and post post 
scenarios appear on Tables 3 and 4 in Appendix C and in Tables 1 and 2 in this Appendix. 
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Compared to the estimates from Modell, the estimates from Model 2 are much closer to the 
hydroacoustic estimates for all scenarios of summer and late nms, but deviates more for post-season 
estimates of early slUruner runs. The effect on the total deviation is to reduce the difference substantially. 
The catch adjustments to compensate for northern removals had a small effect on the early slUruner and 
summer-run estimates, but reduced the difference for late runs by about 480,000 using the in-season 
data, and 230,000 using the post-season data. The affect of in-season versus post-season data was to 
substmltially reduce the differences for smruner fUllS, but to have only a relatively small affect on late-lUll 
estimates. 

Conclusions 

Although differences between the performmlce of models that used lUltransfonned (Model 1) versus 
transfonned (Model 2) effort mId duration were generally small (Figme 1), the notable exceptions (Late 
Stuart in JdF and Quesnel in JS) suggest that the latter models are more robust. Table 2 shows that 
Model 2 provided more accurate estimates in 1994, although this support must be tempered by the 
recognition that pattems observed in 1994 cannot be assmned to recur in other years. 

In spite of the smaller differences that would have occurred had Model 2 been used in 1994, late-nm 
escapement would still have been overestimated in 1994. However, the size of the discrepancy would 
be ahnost half (990,000) of the observed (1,820,000) difference if adjusted catches were used, as they 
were in-season. In-season use of adjusted catches and Model 2 would have resulted in differences that 
would have been slightly greater for early smruner lUllS, and about 50% smaller for summer runs and the 
total run. 

Based on the above results, I tentatively recommend using Model 2 (i.e., In catch, In effort and In 
duration) in tlle future. This recOlrunendation should be reviewed when tlle 1994 data point is included 
in the regression dataset, because of the very important role that 1994 has in substantially extending the 
range of the dataset. 
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Table 1. Comparison of estimates of run size and escapement using Models 1 and 2, adjusted versus 
unadjusted catches, and in-season versus post-season catch and racial estimates. 

Run Size Areas Strait of Terminal Available Actual 
Excluding 1-11 JdF + JS Inside Georgia Area Gross Gross 

Run WCVI Catch Catch Run Size Catch * Esc. Catch ** Esc. Esc. *** Difference 

Model 1 and Adjusted Catch Data 
In-season Catch and Racial Data 

E.Summ 709,000 12,000 697,000 241,000 456,000 146,000 310,000 516,000 (206,000) 
Summer 5,888,000 401,000 5,487,000 2,409,000 3,078,000 1,383,000 1,695,000 2,623,000 (928,000) 
Late 8,961,000 1,434,000 7,527,000 3,388,000 4,139,000 1,260,000 2,879,000 1,055,000 1,824,000 

Total 15,558000 1847,000 13,711,000 6038,000 7,673,000 2789,000 4 884000 4,194 000 690000 

Post-season Catch and Post-season Racial Data 

E.Summ 1,135,000 25,000 1,110,000 533,000 577,000 185,000 392,000 515,000 (123,000) 
Summer 6,727,000 489,000 6,238,000 2,838,000 3,400,000 1,311,000 2,089,000 2,513,000 (424,000) 
Late 9,508,000 1,435,000 8,073,000 3,634,000 4,439,000 1,331,000 3,108,000 1,138,000 1,970,000 

Total 17370000 1 949000 15421 000 7005000 8416000 2827000 5589000 4166000 1423000 

Model 1 and Unadjusted Catch Data 
In-season Catch and Racial Data 

E.Summ 709,000 241,000 468,000 146,000 322,000 516,000 (194,000) 
Summer 5,563,000 2,409,000 3,154,000 1,383,000 1,771,000 2,623,000 (852,000) 
Late 7,829,000 3,388,000 4,441,000 1,260,000 3,181,000 1,055,000 2,126,000 

Total 14 101 000 6 038 000 8 063 000 2 789 000 5274000 4194000 1 080000 

Post-season Catch and Post-season Racial Data 

E.Summ 1,135,000 533,000 602,000 185,000 417,000 515,000 (98,000) 
Summer 6,387,000 2,838,000 3,549,000 1,311,000 2,238,000 2,513,000 (275,000) 
Late 8,025,000 3,634,000 4,391,000 1,331,000 3,060,000 1,138,000 1,922,000 

Total 15547000 7,005,000 8542000 2827000 5,715,000 4166,000 1549000 

Model 2 and Adjusted Catch Data 

In-season Catch and Racial Data 
E.Summ 715,000 12,000 703,000 241,000 462,000 146,000 316,000 516,000 (200,000) 
Summer 6,412,000 401,000 6,011,000 2,409,000 3,602,000 1,383,000 2,219,000 2,623,000 (404,000) 
Late 8,124,000 1,434,000 6,690,000 3,388,000 3,302,000 1,260,000 2,042,000 1,055,000 987,000 

Total 15,251,000 1,847,000 13404,000 6,038,000 7,366,000 2,789000 4,577,000 4194,000 383,000 

Post-season Catch and Post-season Racial Data 

E.Summ 956,000 25,000 931,000 533,000 398,000 185,000 213,000 515,000 (302,000) 
Summer 7,213,000 489,000 6,724,000 2,838,000 3,886,000 1,311,000 2,575,000 2,513,000 62,000 
Late 8,459,000 1,435,000 7,024,000 3,634,000 3,390,000 1,331,000 2,059,000 1,138,000 921,000 

Total 16 628 000 1 949 000 14 679 000 7 005 000 7 674 000 2827000 4 847 000 4 166 000 681 000 

Model 2 and Unadjusted Catch Data 
In-season Catch and Racial Data 

E.Summ 715,000 241,000 474,000 146,000 328,000 516,000 (188,000) 
Summer 6,019,000 2,409,000 3,610,000 1,383,000 2,227,000 2,623,000 (396,000) 
Late 7,174,000 3,388,000 3,786,000 1,260,000 2,526,000 1,055,000 1,471,000 

Total 13 908 000 6 038 000 7 870 000 2 789 000 5 081 000 4194000 887000 

Post-season Catch and Post-season Racial Data 

E.Summ 956,000 533,000 423,000 185,000 238,000 515,000 (277,000) 
Summer 6,823,000 2,838,000 3,985,000 1,311,000 2,674,000 2,513,000 161,000 
Late 7,257,000 3,634,000 3,623,000 1,331,000 2,292,000 1,138,000 1,154,000 

Total 15,036,000 7,005000 8,031,000 2,827,000 5 204000 4,166,000 1,038,000 

* Catches in Canadian Areas 12-16,18-20, and U.S. Areas 48, 5, 6C, 6, and 7, and portion of the catch in Area 7A. 
** Catches in Canadian Areas 17 and 29, but excluding IF catch below Mission. 
*** Mission hydroacoustic estimate of escapement plus IF catch below Mission. 
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Table 2. Differences between estimated and actual gross escapements (Mission escapement + Native 
catch below Mission) by run, for Model I versus Model 2, adjusted versus unadjusted catches, and in
season versus post-season catch and racial estimates. 

Model 1 Model 2 

Catch Ad"ustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Early I In-seas (206,000) (194,000) I In-seas (200,000) (188,000) 

Summer I Post-seas (123,000) (98,000) I Post-seas (302,000) (277,000) 

Catch Adjustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Summer I In-seas (928,000) (852,000) I In-seas (404,000) (396,000) 

l Post-seas (424000) (275000) I Post-seas 62000 161 000 

Catch Ad"ustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Late I In-seas 1,824,000 2,126,000 I In-seas 987,000 1,471,000 

l Post-seas 1 970000 1 922000 I Post-seas 921 000 1 154000 

Catch Adjustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Total I In-seas 690,000 1,080,000 I In-seas 383,000 887,000 

I Post-seas 1 423000 1 549000 I Post-seas 681 000 1 038000 
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d) Jackknife: Percentage Overestimated (Act<Pred) 
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Figure 1. Results of jackknife analyses showing performance comparisons of Model 1 versus Model 
2: a) R2, b) mean residuals (actual- predicted run size), c) absolute mean residuals (actual- predicted 
run size), mld d) percentage of years when the prediction was an overestimate (i.e., actual> predicted). 
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d) 1970-93 Data: Percentage Overestimated (Act<Pred) 
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Figure 2. Results of analyses using complete 1970-93 dataset, showing performance comparisons of 
Model 1 versus Model 2: a) R2, b) mean residuals (actual - predicted run size), c) absolute mean 
residuals (actual - predicted filll size), and d) percentage of years when the prediction was an 
overestimate (i.e., actual> predicted). 
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Appendix J: Compare Catch-based and CPUE-based Commercial 
Purse Seine Models 

Objective 

In the context of the suggestion by Dr. Walters that CPUB (Catch Per Unit Effort) models should 
not be used for estimating filll size, compare catch- and CPUB-based regression models. 

Introduction 

In Appendix I, we showed how effort and duration should be transformed into their natural 
logarithms. Thus, the catch- and CPUB-based regression models should be: 

Modell 

and 

Model 2 

where N run SIze, 
C average daily catch for the peak fishery, 
Ce average daily CPUB for the peak fishery (i.e., CIF), 
E average daily effort (i.e., average nwnber of boats fishing per day), and 
D duration of fishery (i.e., number of days fishelY was open). 

The performance of these models are compared below. 

Methods 

Similar to Appendix I, regressions were performed using a jackknife technique and using the 
complete 1970-93 dataset. In addition, post-season catch data were used to generate estimates for 1994 
that were compared against each other and post-season accounted run sizes. 

Results 

The estimates, residuals and R2 values from Model 1 and 2 are identical. 

The estimates for 1994 are the same as Model 2 results in Appendix I C'Log Transformation of 
Effort and Duration"). 

Conclusions 

Models 1 and 2 are essentially different faces of the same model and provide the same estimates 
from the same data. Therefore, it is necessary to use only one of them in the future. 
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Appendix K: Time Trends in Fishery Data for Commercial Purse Seine 
Models 

Objective 

A potential weakness of nUl size models based on catch and CPUE data is that year-to-year increases 
in the ability if fishing vessels to catch fish (catchability) may be tmrecognized and tUlaCcOlUlted for in 
the models. This is less of a problem for species such as salmon, because the ability to compare 
estimates from run size models with reasonably accurate catch and escapement estimates provide annual 
feedback on how well the models are performing. However, in the case of purse seine models used to 
estimate the fill1 size of retuming Fraser River stocks, on-going changes in the characteristics of both 
fisheries and fish behaviour have raised the concem that time trends in the easily measured data (catch, 
effort, duration) may be obscuring changes in less easily measmed data such as catchability. Such 
undetected changes can compromise the ability of the models to accurately estimate fill1 size. The 
objective of this section is to perfom1 exploratory analyses of trends in fishery data, diversion rate and 
nUl size to evaluate the likelihood of such w1accow1ted-for changes to the predictive relationships. 

Methods 

The analysis consists of the following data plots: 
1. RW1 size, average daily catch, average daily CPUE, average daily effort, and fishery duration plotted 

against year, for JdF and JS separately (Figure 1 and 2). For these plots, the regression dataset 
containing peak-week catch data was condensed by fishely. Therefore, for nUl size, catch and 
CPUE, each data point represents the total for all the stocks whose peak-weak catch occwTed during 
the fishery. To be consistent with the correct formulation ofthe model discussed in Appendix I, a 
natural log transfonnation was applied to each plotted variable. 

2. Combined JdF and JS fW1 size (all stocks combined) and JS diversion rate plotted against year, 
showing trend line (Figure 3). 

Results 

Figure 1 shows that purse seine fisheries in JS between 1970-94 experienced significant evolution 
in the nwnber of fish available to catch (increasing fW1 size), the average daily catch (increasing), the 
average daily CPUE (increasing), the nwnber of vessels fishing (increasing effort) and the duration of 
fisheries (decreasing). The situation was substantially different in JdF (Figme 2), with no significant 
discemable trends in any of the plotted variables except a possible slight decreasing trend for CPUE and 
slight increasing trend for effort. 

Figme 3 presents the relationship between total fW1 size, diversion rate and time, showing strong 
positive trends in total nUl size (combined JS + JdF) and JS diversion rate for surmner- and late-fW1 
stocks since 1970. Thus, an increasing nwnber of Fraser River sockeye were retuming and an increasing 
proportion of these were migrating through JS. 

Conclusions 

Increasing nUl strengths combined with increasing diversion rates (Figure 3) explain the observation 
that JS runs were increasing while JdF nUlS experienced no such trend (Figures 1 and 2). The increasing 
effort can reflect the response of fishennen to the larger availability of fish in JS, but may also be a 
consequence of increases in the coastwide nwnber of purse seines fishing for sockeye or of changes in 
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fishing regulations, such as how openings in various fisheries are staggered. The increasing catch and 
CPUB likely reflect ffil interaction between the larger number of fish available and the larger number of 
vessels attempting to catch the fish. The decreasing trend in fishery duration is due entirely to changes 
in regulations. 

The trends noted above may provide evidence of increasing harvest rates in JS. Simply put, the 
higher slope of the average daily catch line compared to the run size line in Figure 1 suggests that each 
day of fishing in JS harvests an increasing proportion of the JS run over time. Alternatively, part or all 
'of this difference may be-due to the combined effect of shorter fishery openings and the tendency for 
shorter fisheries to have higher average daily catches because more fish are available in the first day 
compared to succeeding days. However, it is also likely that the increasing harvest rate is partially due 
to the increasing effOlt. Another possible cause of the apparent increase in harvest rate includes trends 
in variables that are not easily assessed, such as changes in gear efficiency, which presLUnably must be 
increasing due to technological advances, improvements in fishing strategies and other factors. Such 
effects would be included in the increasing trend displayed by average daily CPUB, but would not be 
discemable from the effects of increasing availability of fish, increasing number of vessels fishing and 
decreasing duration. There is no evidence of increasing harvest rates in JdF in the above data. Although 
a direct linlc between harvest rate ffild catch ability cannot be shown here, one interpretation of the above 
data is that catchability may have increased in JS, but not in JdF. 
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Figure 1. Run size, average daily catch, average daily CPUE, average 
daily effort and fishery duration versus year for purse seine fisheries in 
Johnstone Strait between 1970-94. The data are from the regression 
dataset, and so represent only peak-week fisheries for summer- and late
run stocks. 
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Figure 2. Run size, average daily catch, average daily CPUE, average 
daily effort and fishery duration versus year for purse seine fisheries in 
Juan de Fuca Strait between 1970-94. The data are from the regression 
dataset, and so represent only peak-week fisheries for summer- and late
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Appendix L: 

Objective 

Time Trends in Residuals of Commercial Purse Seine 
Regressions 

Another method of assessing whether time trends in fisheries or fish behaviour have affected model 
pelfonnance is to plot residuals from the regressions against year. If such trends have occurred, then the 
residuals will not show a nonnal scatter around the zero residual line. 

Methods 

Regressions were perfonned for each area and stock group using the model: 

N = exp [a + b i (In C) + b2 (ln E) + b 3 (ln D)] 

Residuals (observed - predicted rilll size) were calculated two ways: 1) using the log transformed 
residuals as output from the regression package, and 2) using the IDltransfonned observed and predicted 
nUl sizes to calculate the residuals. The residuals were then plotted against year. 

Results 

Figm"es 1 and 2 show the residual plots for JS and JdF, respectively. The left-hand plots show the 
residuals taken directly from the regression package, and so are measured in terms of the difference 
between the log-transformed actual rmI size minus the predicted run size. The right-hand plots, show 
residuals in tenns of lUltransfonned values. These plots show that for most stocks there is no compelling 
evidence of time trends in the residuals for JS (Figure 1) and JdF (Figure 2). However, there are two 
aspects of these plots that require further discussion. 

First, the 1993 data points for stocks (Late Stumt, Quesnel, Stellako, Birkenhead, Weaver) in JS 
(Figure 1) are consistent in being well above the zero residual line, showing that actual JS rmI sizes in 
1993 were considerable higher than historical relationships between purse seine catch and nUl size would 
suggest. This result could stem from natural variability in the relationship, but could also be due to 
unusual circIDnstances in 1993 tllat resulted in a lower-thml-usual harvest rate. 

Second, the residuals for Late Stuart and Adams rilllS through JS may show evidence of a different 
relationship since about 1977. In these plots the post-l 977 residuals appear to have an upward time 
trend. However, the other stocks do not show tins trend and the trend is much less evident in the plots 
of the lUltransfonned residuals (right-hand plots) thml in the plots of the transformed residuals (left-hand 
plots). 

The above pattems are not evident in the JdF plots. 

Conclusions 

The observation that the rmIS of some stocks through JS in 1993 would have been underestimated 
by an lUlUsually large amoIDlt could be interpreted as evidence that the relationship between catch and 
run size may have changed suddenly. However, the fact that rmI sizes in 1994 were estimated fairly 
accurately for SID1l1ner-rmIS and overestinlated by a large amoIDlt for late-rmIs conflict with tins 
conclusion. A more likely explanation may be that we are simply seeing larger-than-usual random error 
in 1993 mId 1994. TIns could simply be an outcome of the larger nmnerical error that is associated with 
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estimates of large runs and of estimating nm sizes that were well in excess of previous record runs 
though JS. These fUllS are pushing the relationships into new ranges, which is an essential part of 
improving the model for futme years, but means the benefits of these large lUllS must be paid for by 
temporarily larger errors in nm size estimation. 

The possible time trends in the Late Stuart and Adams residuals for JS are difficult to interpret. For 
the Late Stumt nm, this is because there are too few data points to draw fmn conclusions. For the 
Adams run, most of the apparent time trend disappears when the untransfOlmed residual plot is 
considered. Inclusion of the 1994 data in the analysis would discount the apparent time trends, since the 
events in 1994 directly contradict what would be expected if the trends were real. Namely, instead of 
wlderestimating run sizes in 1994, the SW11l11er-runs were fairly accmately estimated and the Adams nm 
was considerably overestimated. 

There is no evidence of time trends in the JdF relationships. 
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Figure 1. Residuals (actual- predicted) from run size regressions for JdF. The left-hand plots show residuals 
calculated using log-transformed actual and predicted run sizes, compared to residuals calculated using 
lUltransformed values. 
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Figure 2. Residuals (actual - predicted) from nm size regressions for JS. The left-hand plots show residuals 
calculated using log-transfonned actual and predicted run sizes, compared to residuals calculated using 
lmtransfonned values. 
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Appendix M: Effect of Potential Bias in Diversion Rate Estimates on 
Run Size Estimates from Commercial Purse Seine Models 

Objective 

Dr. Walters suggested that historical JS diversion rates may be systematically overestimated. If this 
were tme, then the tme JS runs would be lower than estimated. Such a bias would cause the run size 
models to overestimate JS ll.U1S and underestimate JdF ll.U1S. The effect ofthis potential biases on the 
estimates from the JS and JdF ll.U1 size models are assessed further in this section. 

Methods 

A sensitivity analysis was perfoffiled in which diversion rate biases were varied from -30% to +30% 
in 10% increments. In the analysis, the "true" diversion rate was calculated: 

where D t "tme" JS diversion rate, 
De estimated JS diversion rate, and 
B bias. 

The cOlTesponding calculation of numerical bias was RJsE, and the "true" JS and JdF rID1S were 
calculated: 

where RJst 

RJSe 
RJFt 

RJFe 

R JSt = RJSe - (RJSeB ) 

and 

RJFt = R JFe - (RJSe B ) 

"tme" JS ll.U1 size, 
estimated JS ll.U1 size, 
"tme" JdF 1l.U1 size, and 
estimated JdF IUl1 size. 

For example, if the estimated JS diversion rate was 70% and the bias was + 10%, then the tme diversion 
rate would be 63%. Further, if the JS and JdF lUllS were 700,000 and 300,000, respectively, then the 
numerical bias would be 70,000, the "tme" JS ll.U1 would be 630,000 and the JdF ll.U1 370,000. 

For each iteration, the ambient bias value was used to recalculate JS and JdF ll.U1 sizes for all years 
in the regression dataset, which was then used to re-generate regression parameters using the model: 

N = exp [a + b l (In C) + b2 (In E) + b3 (In D)] 

These parameters were then applied to the 1994 post-season estimates of purse seine catch, effort and 
duration for the peak-week fishery of each stock group through each approach to estimate the ll.U1 
through JS and JdF and the total lUll. These data were grouped by rIDl and the results plotted. 

Results 

Figure 1 shows the results of the analysis for the largest stock groups (Adams, Chilko, Late Stuart 
and Quesnel). For all stocks, as the bias in historical diversion rates increased from -30% to +30%, 
estimates of the true ll.U1 size through JS decreased and for JdF increased, as expected. However, the 
offsetting changes were not of equal size: the decrease in JS ll.U1S was much larger than the increase in 
JdF ll.U1S, so the totalll.U1 size decreased. TIlls effect was most pronounced for the Adams stock. 
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Conclusions 

Ifhistorical diversion rates are subject to systematic error, then the estimates of nUl size through IS 
and IdF from the pmse seine models would also be biased, as would the estimate of total run size. A 
negative bias in diversion rate estimates would result in lUlderestimates of IS and total run size. A 
positive bias would result in IS and total nUlS being overestimated. 

In 1994, although it is possible that the overestimation oflate-run escapement could be partly due 
to positively biased diversion rates in the historical record, there has been no evidence presented that 
such a bias is in fact happening. Furthermore, such a bias would have created similar discrepancies 
between in-season and post-season estimates in past years, and this has not been shown to exist. 

In summary, although Dr. Walters hypothesis is certainly possible, we have not established that a 
bias in historical diversion rate estimates is anything more than conjectme. Therefore, these results are 
not supporting evidence for the hypothesis, they only an attempt to bOlUld the effect of such biases. 

118 



-30% -20% -10% 0% 10% 20% 30% -30% 
Bias 

-20% -10% 0% 

Bias 
10% 20% 30% 

Figure 1. Results of sensitivity analysis on the effect of bias in historical diversion rate estimates on 11m 

size estimates in 1994. 
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Appendix N: Data Outside Previous Range for Commercial Purse 
Seine Models 

Objective 

When regression models are used to make estimates for data ranges that substantially exceed the 
rm1ge of the data used to construct the models, there is a risk that large elTors can occur in the estimates. 
This was the situation in 1994 with respect to the estimation of the Adams lUn through Johnstone Strait. 
The peak average daily catch was 950,000 compared to the previous high of 350,000 (a 171% 
difference) in 1978, and the lUll size was 4,900,000 (preliminary) compared to the previous record of 
3,700,000 (a 32% difference, Figure 1). Figure 2 shows that the fishery duration of 1 day has occulTed 
several times in the dataset, although primarily in recent years. Figure 3 shows that the gear COlUlt during 
the peak Adams and Chilko/Quesnel fisheries in 1994 (405 boats) was equal to the second highest 
observed and moderately less than the highest COlUlt (471 boats), which occUlTed in 1993. 

One way to reduce the risk of large elTors is to expand the dataset, so data for nUlS that have had 
catches m1d run sizes of the required magnitude are pooled with the original data. Implicit to this method 
is the assumption that the underlying relationships between run size m1d catch, effort, and duration m'e 
similar for the pooled stocks. 

In Johnstone Strait since 1970, only the 1993 Quesnel nUl has been larger than the 1994 Adams nUl, 
while both the 1989 Quesnel and 1993 Late Stuart runs were of approximately the same size. Thus, 
these stocks are candidates for creating a pooled dataset for estimating the 1994 Adams nUl through 
Johnstone Strait. A potential problem with pooling these stocks relates to the asslUnptionnoted above. 
Both the Quesnel and Late Stuart are surnmer-nUl stocks while the Adams is a late-flU1 stock, and so 
could be subject to differences in fisheries and fish behaviour and to differences in their relationships. 
In fact, we nonnally aSSlUne that sufficient differences exist among the stocks to justify having lUlique 
models for each major stock group. However, there are a limited number of data points at high run size 
levels on which to base [m11 conclusions. Also, with the exception of the Adams flU1 in 1994, which is 
the subject of this review, there are no substantive differences visible in plots of run size versus catch 
(Figure 1) or observed versus predicted nUl sizes (Figure 4) for Adams, Quesnel and Late Stuart stock 
groups in Jolmstone Strait. 

Under the assmnption that the Adams, Quesnel and Late Stuart relationships between flU1 size and 
catch, effort and duration are sufficiently similar to counterbalance the potential elTor from using a one
stock model outside of its previous range, the pooled model is evaluated below. Specifically, would such 
a model have produced a more accurate estimate for the Johnstone Strait lUn of Adams sockeye in 1994. 

As an aside, such models were used in-season but not at the exclusion of the Adams one-stock 
models. The estimates from the various one-stock and combined-stock models were combined in the 
usual fashion (using the mean square elTor (MSE) of each model to weight the individual estimates) to 
produce a pooled estimate. This pooled estimate was closer to the estimates from the one-stock models 
than to the estimates from tl1e combined-stock models, because the MSE was considerably higher for 
the fanner models. 

Methods 

The regression data sets for the Admns, Quesnel and Late Stuart nUlS through Jolmstone Strait were 
combined and regression parameters were generated for the model: 
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Modell 

The resulting regression equation was used to estimate the Adams run through Johnstone Strait using 
the 1994 peak-week catch, dmation and effort for tIlls stock. Four catch scenarios were evaluated: in
season adjusted catch, in-season unadjusted catch, post-season adjusted catch and post-season 
unadjusted catch. These scenarios are consistent WitII those evaluated in Appendix 1. Thus, the 
estimates from tIle combined-stock model were compared to the estimates from the one-stock model that 
were provided previously in the named section. 

Results 

Table 1 shows a detailed accounting by lUll of nll size estimates, catches in various areas, and 
calculated escapements to the Strait of Georgia and to Mission. The differences between the estimates 
of gross escapement and the hydroacoustic estimates (Mission hydroacoustic plus Native catch below 
Mission) are summarized in Table 2. The results shown for the one-stock models are the same as for 
Model 2 in Tables 1 and 2 in Appendix 1. 

Because the difference exanllned here is the effect of using a one-stock versus a combined-stock 
model for the Johnstone Strait run of only Adams sockeye, the right and left sides of the early SWllmer 
and summer-nll sections of Table 2 are identical. Regarding tIle effect on late-nll estimates, the 
combined-stock model obtained substantially smaller differences than the one-stock model, especially 
when adjusted catches were used. The use of post-season data resulted in smaller differences than when 
in-season data were used. The lowest difference (101,000) was for post-season adjusted catches. 

In terms of total differences for all stocks, the use of the combined-stock model had a variable 
impact compared to the use of one-stock models. For one-stock models, the differences were always 
positive, indicating a tendency to overestimate nm size in 1994. In contrast, the result of using 
combined-stock models for the Adams estimate were differences that were both positive and negative, 
and considerably smaller in magnitude. The lowest difference (-139,000) was observed when post
season adjusted catches were used. 

Conclusions 

In considering the above results, it is important to consider that the enor for the 1994 late nm is the 
largest for any stock in the 1970-94 period (Figure 4). However, the other very large stock in 1994 
(Cbilko/Quesnel), which also returned in very large abundances through Johnstone Strait, was estimated 
with reasonable accmacy but was wlderestimated instead of overestimated. 

The use of a combined-stock model clearly resulted in a more accurate estimate of the Adams filll 
tIlrough Johnstone Strait in 1994 than tIle one-stock model, and the use of adjusted catches provided the 
most accmate estimate of all the scenarios. The conclusion from these results is that when the filll of a 
stock is expected to exceed its previous range by a significant amOlllt, a combined-stock model should 
be used in place of the one-stock model. 

Although it is tempting to extend this conclusion to other situations, the analysis is not extensive 
enough and the conclusion not strong enough to do tIlls. For example, some of the questions that remain 
are: 
1. When tIle nm is expected to be near or slightly exceed the previous maximwn, should the estimate 

from the one-stock model be used, or a pooled estimate from the one-stock and combined-stock 
models. 
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2. When the lUn is expected to be well within the previous range, but the sample size (and degrees of 
freedom) for a regression is small, should a one-stock model be used, or a pooled estimate from the 
one-stock and combined-stock models. 

These questions relate more to the criteria used to select which models to apply, than to problems or 
shortcomings with the modelling methodology or data. 

Regarding the use of adjusted versus unadjusted catches, the adjusted catches provided the best 
estimate for late-nm stocks but made little difference for summer-run stocks. Thus, no fInn conclusion 
can be drawn about whether adjusted or unadjusted catches should be used. 

Similarly, the use of post-season catch estimates resulted in the most accurate estimates for summer
rwl and late-rwl stocks. However, the differences are relatively small. 
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Table 1. Comparison of estimates of run size and escapement, for one-stock versus combined-stock 
Adams models, using adjusted versus lU1adjusted catches, and in-season versus post-season catch and 
racial estimates. 

Run Size Areas Strait of Terminal Available Actual 
Excluding 1-11 JdF + JS Inside Georgia Area Gross Gross 

Run WCVI Catch Catch Run Size Catch' Esc. Catch •• Esc. Esc .••• Difference 

One-stock Models and Adjusted Catch Data 
In-season Catch and Racial Data 
E.Summ 715,000 12,000 703,000 241,000 462,000 146,000 316,000 516,000 (200,000) 
Summer 6,412,000 401,000 6,011,000 2,409,000 3,602,000 1,383,000 2,219,000 2,623,000 (404,000) 
Late 8,124,000 1,434,000 6,690,000 3,388,000 3,302,000 1,260,000 2,042,000 1,055,000 987,000 

Total 15 251 000 1 847 000 13404000 6,038000 7,366000 2,789000 4 577 000 4 194,000 383000 

Post-season Catch and Post-season Racial Data 
E.Summ 956,000 25,000 931,000 533,000 398,000 185,000 213,000 515,000 (302,000) 
Summer 7,213,000 489,000 6,724,000 2,838,000 3,886,000 1,311,000 2,575,000 2,513,000 62,000 
Late 8,459,000 1,435,000 7,024,000 3,634,000 3,390,000 1,331,000 2,059,000 1,138,000 921,000 

Total 16 628 000 1 949 000 14 679 000 7 005 000 7 674 000 2 827 000 4 847 000 4 166 000 681000 

One-stock Models and Unadjusted Catch Data 
In-season Catch and Racial Data 
E.Summ 715,000 241,000 474,000 146,000 328,000 516,000 (188,000) 
Summer 6,019,000 2,409,000 3,610,000 1,383,000 2,227,000 2,623,000 (396,000) 
Late 7,174,000 3,388,000 3,786,000 1,260,000 2,526,000 1,055,000 1,471,000 

Total 13,908,000 6 038,000 7,870 000 2,789 000 5,081000 4194000 887,000 

Post-season Catch and Post-season Racial Data 
E.Summ 956,000 533,000 423,000 185,000 238,000 515,000 (277,000) 
Summer 6,823,000 2,838,000 3,985,000 1,311,000 2,674,000 2,513,000 161,000 
Late 7,257,000 3,634,000 3,623,000 1,331,000 2,292,000 1,138,000 1,154,000 

Total 15036000 7005000 8031 000 2827000 5 204 000 4 166 000 1038000 

Combined-stock Model for Adams Run and Adjusted Catch Data 
In-season Catch and Racial Data 
E.Summ 715,000 12,000 703,000 241,000 462,000 146,000 316,000 516,000 (200,000) 
Summer 6,412,000 401,000 6,011,000 2,409,000 3,602,000 1,383,000 2,219,000 2,623,000 (404,000) 
Late 7,366,000 1,434,000 5,932,000 3,388,000 2,544,000 1,260,000 1,284,000 1,055,000 229,000 

Total 14493,000 1 847,000 12,646000 6,038000 6608000 2,789,000 3819,000 4 194,000 {375,000 

Post-season Catch and Post-season Racial Data 
E.Summ 956,000 25,000 931,000 533,000 398,000 185,000 213,000 515,000 (302,000) 
Summer 7,213,000 489,000 6,724,000 2,838,000 3,886,000 1,311,000 2,575,000 2,513,000 62,000 
Late 7,639,000 1,435,000 6,204,000 3,634,000 2,570,000 1,331,000 1,239,000 1,138,000 101,000 

Total 15 808 000 1 949 000 13 859 000 7 005 000 6 854 000 2 827 000 4 027 000 4 166 000 (139000 

Combined-stock Model for Adams Run and Unadjusted Catch Data 
In-season Catch and Racial Data 
E.Summ 715,000 241,000 474,000 146,000 328,000 516,000 (188,000) 
Summer 6,019,000 2,409,000 3,610,000 1,383,000 2,227,000 2,623,000 (396,000) 
Late 6,595,000 3,388,000 3,207,000 1,260,000 1,947,000 1,055,000 892,000 

Total 13,329,000 6038,000 7,291,000 2789,000 4,502000 4,194000 308000 

Post-season Catch and Post-season Racial Data 
E.Summ 956,000 533,000 423,000 185,000 238,000 515,000 (277,000) 
Summer 6,823,000 2,838,000 3,985,000 1,311,000 2,674,000 2,513,000 161,000 
Late 6,662,000 3,634,000 3,028,000 1,331,000 1,697,000 1,138,000 559,000 

Total 14441 000 7005000 7436000 2827000 4 609 000 4 166 000 443000 
* Catches In Canadian Areas 12-16, 18-20, and U.S. Areas 4B, 5, 6C, 6, and 7, and portion of the catch In Area 7A. 
** Catches in Canadian Areas 17 and 29, but excluding IF catch below Mission. 
*** Mission hydroacoustic estimate of escapement plus IF catch below Mission. 
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Table 2. Differences between estimated and actual gross escapements (Mission escapement + Native 
catch below Mission) by nll, for one-stock versus combined-stock Adams models, adjusted versus 
unadjusted catches, and in-season versus post-season catch and racial estimates. 

One-stock Adams Model Combined-stock Adams Model 

Catch Adjustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Early I In-seas (200,000) (188,000) I In-seas (200,000) (188,000) 

Summer I Post-seas (302,000) (277,000) I Post-seas (302,000) (277,000) 

Catch Adjustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Summer I In-seas (404,000) (396,000) I In-seas (404,000) (396,000) 

I Post-seas 62000 161 000 I Post-seas 62000 161 000 

Catch Adjustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Late I In-seas 987,000 1,471,000 I In-seas 229,000 892,000 

I Post-seas 921 000 1 154000 I Post-seas 101 000 559000 

Catch Adjustments Catch Adjustments 

Data Adjusted Unadjusted Data Adjusted Unadjusted 

Total I In-seas 383,000 887,000 I In-seas (375,000) 308,000 

I Post-seas 681 000 1 038000 I Post-seas (139 000) 443000 
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Figure 1. Observed run size versus average daily catch during peak-week purse 
seine fisheries in Jolmstone Strait. The largest historical runs in the regression 
dataset are identified by stock and year, as are the range of catch estimates (in
season versus post-season, adjusted versus unadjusted) for Adams and 
ChilkolQuesnel groups in 1994. 
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Figure 2. Observed nm size versus fishery duration for peak-week purse seine 
fisheries in Jolmstone Strait. The largest historical nms in the regression dataset 
are identified by stock and year, as are the fishery durations for Adams and 
ChilkolQuesnel groups in 1994. 
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Figure 3. Observed nUl size versus average daily effort dming peak-week pmse 
seine fisheries in Johnstone Strait. The largest historical nms in the regression 
dataset are identified by stock and year, as are the effort estimates for Adams and 
Chilko/Quesnel groups in 1994. 
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Figure 4. Observed versus predicted nUl size for Johnstone Strait. The largest 
historical nms in the regression dataset are identified by stock and year, as are the 
estimates for Adams and Chilko/Quesnel groups in 1994. 
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Appendix 0: Reconstruction of Marine Area Harvest Rates and Timing
Abundance Curves 

Introduction 

In 1994, retmning Fraser River sockeye migrated predominantly via the northem approach. During 
late August, considerable attention was directed to application of appropriate harvest rates on the late
run stocks and tlns is reviewed in Appendix D ("Estimation of nm-size of summer and late sockeye 
stocks and late-nm escapement to the Strait of Georgia using in-season lUll reconstructions and 
cwnulative-normal models"). The 1983 harvest rates were used and modified using feedback 
information on the 1994 summer-nm harvest rates. The main issue concennng the 1994 late-nm 
migration concems the overestimation of the nm-size of late-run sockeye and in particular the component 
represented by the escapement to the Strait of Georgia. Use of incorrect harvest rates has been preswned 
responsible for tIns overestimate. 

The examination oflnstoric infonnation from fisheries on migrating salmon typically involves rIDl
reconstruction methods. "Backwards run reconstlUction" is a procedure by wInch a salmon rIDl is 
reconstructed backwards in tinle and space using catch-by-area-stock-and-date and escapement-by-stock
and-date information, to estimate the abundance-by-area-and-date that was present prior to any fishing. 
The purpose of the teclunque is to estimate timing-ablmdance curves by stock and to estimate area and 
stock specific harvest rates. Area specific harvest rates are vital inputs to the forward fishery model used 
for pre-season plamnng and for in-season nm-reconstructions which serve as inputs to the cwnulative
nonnal model that is used to make in-season estimates of timing and nm-size. Although this procedure 
has been in use for many years, recent advances in the availability of computers has prompted some 
refmements and fonnalization in the methodology. 

Starr and Hilbom (1988) described a nm-reconstruction methodology for migratory salmon. 
Following the procedure described, Starr and Hilbom reconstructed estimates of harvest rate and catch 
by stock for Fraser River sockeye. However, Starr and Hilbom's notation does not provide for migration 
of fish into and out of fishing areas during the course of the fishery, nor does it provide for the 
distribution of the fleet in fishing areas. This onlission is not insignificant, because it results in a bias 
in the estimation of harvest rates: Catch for a three day fishery includes fish wInch were resident in the 
area during tlle opening of the fishery, but also includes fish which entered during the second and third 
day. However, the escapement on which the catch is reconstructed, is confmed to a "half-weekly" block, 
wInch is the fmest resolution of time-step by wInch Starr and Hilbom defme a fishery. This does not 
allow for daily increments of escapement to be considered in the calculation of harvest rate. The result 
is that harvest rates may be overestimated, although, as discussed below, there may be some 
compensatOlY bias that occurs as well. 

Cave and Gazey (1994) described methodology to allow for nligration of fish into and out of fishing 
areas during the course of the fishery. Further, they attempted to take into accOlmt the distribution of 
the fleet in the fishing areas. Although the principal emphasis of Cave and Gazey was to docwnent a 
fOlward model used for pre-season planning, a refinement is described which provides for the unbiased 
backward reconstruction of harvest rates. In tlns method, catch for any period (e.g. daily, weekly) can 
be apportioned to daily nligration block, even though escapement is maintained at a daily resolution. 
However, by incorporating tlns flexibility, the assumption is that harvest rate is constant for the period 
of catch. 
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The pre-season planning model described by Cave and Gazey (1994) requires detailed input 
information such as timing and spread of a migrating stock, as well as fishery specific harvest rate 
parameters. To tIns end, a backward run-reconstmction model was developed to evaluate historical 
information on fisheries. This model was built to estimate inputs for the fishery planning model 
cmTentIy in use. Therefore, when output from the planning model is used as input to the reconstruction 
model, output is produced identical to the input for the plamnng model. Extensive de-bugging was used 
to check for tIns requirement. A working version of tIlls model was available by January, 1994, however, 
detailed rlUl-reconstructions were not made mltil after the 1994 fishing season. These reconstmctions 

. were completed in order to more fully mlderstand events which led up to the overestimation of late-lUll 
sockeye to the Strait of Georgia. The model uses the PSC estimates of catch-by-stock, rather than 
calculate estimates of stock composition based on the reconstmction. This allows us to relax the 
asslUllption (implicit in the Stan-Hilbom model) of equal vulnerability in harvest rates across stocks for 
a fishery-time stratum. 

The focus of the reconstmctions in this paper are tIle high diversion years and in pmticular, the 
harvest rates in the Johnstone Strait fisheries. These include 1980, 81, 83, and 92-94. Below, we 
describe the reconstruction model, and the assumptions and input data required for analysis. Second, 
we flag a problem in the analysis: violation of the "order of movement asslUllption", one of the critical 
assmnptions in the model and provide evidence for its violation and an approach to address this effect. 
Finally, we provide estimates of the reconstmcted harvest rates and timing abundance curves. 

Methods 

The concept of Harvest Rate 

There are several ways of considering harvest rate in a fishery. First, annual harvest rates (typically 
called exp loitation rates) can be calculated but these are considered less useful in the management of a 
fishely. Second, the weekly harvest rates can be examined. These are useful :in detennining the overall 
harvest of a weekly fishery, but do not provide infOlmation on the pattern of harvest within a fishery 
opening. Third, the elemental harvest rate, "u" can be examined. The elemental harvest rates describe 
the harvest rate on a migration block as it enters the fishing area. The total harvest rate on a migration 
block for a given fishery is a function of "u" and can be described by polynomial equation. Since the 
elemental harvest rate is assmned to be independent of the duration of a fishery, relationships between 
u and effOlt can be examined directly. 

Algorithm 

The progrmn calculates, by stock, tIle elementary daily harvest rate and entering run size given catch, 
escapement mld movement infonnation. Stocks are assmned to approach from either the north (through 
Johnstone Strait) or the south (through the Strait of Juan de Fuca) and join together in the Strait of 
Georgia just before entering area 29. Therefore, conceptually, there are 3 distinct sets of fisheries: (1) 
Fraser River (29A, 29B, 29D), (2) the south (UVI, LVI, 20, U4B, U7, U7 A) and (3) the north (11, 12, 
13, 14 16). For each fishery, daily or weekly catch statistics are required. The computational algorithm 
for one oftIlese sets for anyone stock is given below in "pseudo-code", asslUlling that catch has a daily 
resolution: 

1. Let Nt = E t for all t 

2. Let j = J 
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3. Let w = 1 

4. Let f = OJ 

5. Let t = T 

Yj hftk 
6. Solve eft = ~ --N for Ufit L. 1 h t+w+k 

k=O - ftk 

7 L Nt+w+k £ 7 0 1 2 . et N t+w+k = or I( = J J J" • J rj 
1 - hftk 

8. Let t = t-I 

9. If t > 0 then go to step (6). 

10. Let w = w + 1"[ 

11. Let j = j - 1 

12. ifj = 0 then fmished; otherwise, go to step 4 

where, 

hftk= Pftkuft + Pft,k-l uft(l-Pftkuft) 

= Pftkuft 

and the notation is as follows: 
Indices 

f - fishery 
j - fishery referenced in sequence 
k - migration block of fish available to a fishery 

if O<k<,'t 
otherwise 

m - time period consisting of more than one day (e.g., week) 
t - time (day) 

Variables 
eft - catch in fishery f during the t'th day 
Et - escapement during the t'th day 
hjtk - harvest rate of fishery f on the k'th migration block during the t'th day 
J - last fishery through which fish migrate common to all stocks 
Nt - available population representing the run which would have escaped during the t'th day 

(i.e., the escapement if there were no fishing allowed) 
OJ - fishery identifier as any stock migrates through the /th area 
Pitk - weight given to fishing intensity in fishelY f on the k'th migration block during the t'th day 
Pitk - standardized weight given to fishing intensity in fishery f on the k'th migration block 

during the t'th day 
rj - residence (days) in fishery f 
T - number of days in the season 
Ujt - elementary harvest rate of fish entering or leaving fishery f during the t'th day 
w - travel tinle (days) from leaving a fishery to escapement 
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Step (1) of the algorithm copies the escapement into a vector which will be expanded in subsequent 
steps to represent the entering run size. Step (2) sets the fishery reference to the last fishery through 
which fish pass prior to escapement and the travel time from that fishelY to escapement is set in step (3). 
The iterative p art of the algorithm starts in step (4) with the identification of the current fishery. Step 
(5) initiates the time (day) cowlter to the last day in the season. Step (6) solves the catch equation for 
the elemental harvest rate using a bisection algorithm and the l'Wl size is expanded by the survival rate 
in step (7). The time counter is decreased in step (8) and tested in step (9) for the finish of the season. 
Step (10) increments the travel time to escapement by the length (travel time) of the fishery for which 
calculations have just been completed. Finally, step (11) decreases the fishery reference and step (12) 
tests if all the fisheries have been processed. 

For fisheries which accunmlate catch by a week, we simply replace step (6) with the following: 

rif h 
solve C jiI! = L eft = L L ftk N t+w+k for Ilfm 

tc:m tc:m k=O II (1-hftk) 
tc:m 

and the nUl size is updated for all days (t) fished in week m in step (7). 

Data and Other Inputs 

The reconstruction model requires a substantial amount of data and other information. The 
schematic in Figure 1 shows the type of information required to nUl the model. These fall into the 
following categories: catch-by-stock data for each stock identified in the program (Files: 
YRSTCK.DAT), escapement data for each stock (File: MESC-YR.DAT and/or GESC-YR.DAT), 
program control (File: HEADERS.PRN), timing and routing information (File: TIMING.PRN), 
standardized fishing intensity weights for each of the migration block within a fishery (Fora description, 
see Gazey and Cave 1994) (File: POINTERS.PRN), fishery regulations (File: REGULATLPRN). All 
of the previously described .PRN files are produced and exported by an overall front-end file (File: 
FRONTYR.WK3) 

Catch data can originate from either the PSC database or from the in-season working files (lotus 
files: .wkl) produced by the PSC staff. Likewise, the Mission escapement data by stock can originate 
from either the database or in-season lotus files. As indicated below, the Mission escapement data is not 
required for reconstructions. GESC-YR.DAT is a special case file and is however, required for the 
reconstruction. It is produced following several steps described below. 

Procedure 

The CWTent version of the lun-reconstruction model has the option of starting the run-reconstruction 
either fi'om Mission or from the Strait of Georgia, where the migrations from the northem and southem 
approaches meet. Reconstructions from Mission require the escapement data by day and by stock at 
Mission and Area 29 catch by stock and fishelY type (e.g. troll, gillnet). Reconstructions starting fi'om 
the Strait of Georgia require annual tenninal catch and escapement by stock. 

TinIing-ablUldance curves of fish escaping to the Strait of Georgia from each of the two approaches 
have to be created. For example, the Mission escapement data for any day include fish from both routes. 
There is no independent measurement of this proportion of fish from the two approaches. Therefore, 
asswnptions have to be made on the harvest rates on one of the two approaches: historical harvest rates 
are used on the approach which has the smaller migration in order to estimate the proportion entering 
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the Strait of Georgia from that approach. The balance of the migration is considered to be from the other 
approach and reconstructed harvest rates should be representative of fisheries for that approach. Since 
these terminal abundances have been affected by fisheries, we have taken the approach that the forward 
model should be used, together with the fishery regulations, and posteriori estimates of nUl-size, timing 
and diversion, to determine the relative proportions of each daily block of fish that migrated from 
each approach. In the case of reconstmctions starting at Mission, only the proportions, north and south, 
are used to detennine the route of fish. In the case of reconstructions starting at the Strait of Georgia, 
the timing abwldance curves entering the Strait of Georgia are weighted using the a11l1ual terminal catch 
and escapement data and are nonnal distributions with catch by migration block removed. Calculations 
in both instances are done by major stock. The circularity of tlns kind of approach should be 
acknowledged: harvest rates have been used to generate these profiles for both approaches. 

Bias: Violation of the "Order of Movement" Assumption 

There is possible bias in reconstructed harvest rates due to wlcertainty in escapement profiles 
entering the Strait of Georgia. One of the central assumptions in nUl reconstruction procedmes is that 
fish maintain a rigid order of movement: i.e. tlmt fish contained within a days nngration into an area (so
called, daily migration block) remain with their co-migrants witlnn that block, as tlley migrate from one 
area to the next. This is called the "order-of-movement" assumption. Of comse, we believe that this is 
rarely true in observation: fish do jwnble themselves up dming their nngration, and move from one 
migration block to tlle next. The most obvious place that this occms is at the mouth of the Fraser River, 
where fish may delay from anywhere from 1 to 28 days. In the case of Adams and Weaver stocks, this 
compromises the Mission daily escapement data to the point that it cmmot be used for these stocks. 
However, even for summer-filll stocks, this may be a problem, as was the case in 1994. Even if delay 
is very limited, a slow down of 1 day, for even 25% of tlle population, is a concern and this may not be 
detectable witll tlle mOlntoring systems we currently have in place. The analogy we could give is digging 
a ditch in dry smld at tlle beach: tlle sand from the high spots fill in the trench. TIns is like a fishery bite 
into several days of a nngration: the fish on either side of the impacted migration move into the days of 
removal. In the case of delay this may almost completely cover up a hole, but in the case of no delay, 
it may still be a factor. When we consider the situation where we may want to estimate tlle harvest rate 
for a particulm' fishelY or date, this introduces a potentially serious negative bias: catch is reconstructed 
onto a "hole" that has been pmtially filled. 

The potential bias that violation of this assumption might contribute, prompted us to design the 
model so that it could be lUll eitller from the Strait of Georgia or from Mission. The difference between 
the two methods is that the Mission method uses actual escapement data wlnle the "Strait of Georgia" 
option uses a escapement-to-the-Strait profile which is created using the forward model, generated by 
the forward model. The Mission escapement profiles may be affected to a greater or lesser extent by 
violation oftlle order-of-movement asswnption, depending on the year and stock. The result is that the 
harvest rates are underestimated. When the model is started from the Strait of Georgia, using the 
escapement profiles generated by the forward model, we reconstruct tlle catch on top of the "holes" in 
the migration caused by the fishely. In other words, we have used "best guess" harvest rates to create 
the holes on wInch we add the catch onto the entering nUl and by which we estimate the harvest rate. 
TIns is circular but may be preferable to the clear (negative) bias caused by filling. The main problem 
with starting tlle model in the Strait of Georgia is in situations where tlle fWl deviates from the normal 
distribution, for example 1993 was a clearly bimodal nUl. In this situation, reconstruction error of tlle 
harvest rates would be increased and potentially biased. 

Examples of bias in estimates of harvest rate due to violation of the order-of-movement assunlption 
cml be easily simulated, but the argtW'lent becomes more compelling when it can be demonstrated with 
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actual data. 1993 was a "high Johnstone Strait Diversion" year where sockeye apparently did not delay 
at any time during their return migration to the Fraser River. A peak in the Area 11 troll test fishery 
August 21 was confilmed by the Area 12 (Robson Bight) purse seine test fishery on August 25 and in 
the Area 29B (Cottonwood) test fishery on August 29. The reconstruction uses a daily time-step and 
the half-daily elemental harvest rates are calculated accordingly, however we can also look at the daily 
reconstructed migration, and accumulate the catch and abtmdance data for a week period to calculate the 
weekly harvest rate. A weekly harvest rate calculated in this manner should be robust to violation of the 
order of movement assumption, since the escapement data is accmnulated over a week. These can be 
compared to the predicted weekly Area 12-13 seine harvest rates as derived from the elemental harvest 
rates, which may be susceptible to violation of this assmnption. TIns comparison is shown in Figure 2 
with the 1: 1 line. All points are shown below the line, indicating an average negative bias of 7.6%. 

In order to address tins bias, and for the purpose of estimating harvest rates, the model was nm using 
the Strait of Georgia option. The procedure involves examining the reconstructed nms for severe 
deviations of normality and comparing the back-calculated weekly Area 12-13 seine harvest rate as 
derived from the elemental harvest rates with the estimated weekly harvest rates from the timing
abtmdance curves. If these differ by more than 5% from one another, the forward model is re-nm with 
adjusted harvest rates, the Strait of Georgia-profile is regenerated and the reconstructions re-nm until 
the differences between the estimates of weekly harvest rates generated by the two methods are 
minimized. We examined the reconstructed elemental harvest rates for possible bias by the previously 
described method of predicting the weekly harvest rates from the elemental rates and comparing these 
with the estimated weekly harvest rates derived from the accmnulated catch and abundance data for a 
week period. This relationship with the accompanying 1: 1 line is shown in Figure 3. The even 
distribution of the points about the line indicates that bias in the reconstructed elemental harvest rates 
is not evident. 

Results 

Two scenarios were reconstructed for 1994: 1) annual gross escapement of sockeye past Mission, 
as determined by tI1e hydroacoustic program at Mission and 2) annual gross escapement of sockeye past 
Mission, as concluded by the Fraser River Sockeye Public Review Board fmdings (i.e. the total of DFO 
net escapement estimates plus Native fishery catches and en-route mortality). 

1994 Tinnng Abtmdance Curves 

The tinnng abtmdance curves estimated from the IUl1 reconstructions for 1994 are shown in Figures 
4-6. Examination of this output is useful as the rm1 reconstructions are carried out as they may indicate 
problems with either the tirning and shape of the Strait of Georgia escapement profiles, or with the catch 
by stock data. For example the non-normal distributions shown for both the Scotch Creek-Seymour 
River and the Late Stuart-Stellako stock group are suspicious (Figure 4). The timing of the Strait of 
Georgia escapement profiles were adjusted in attempts to create a more normally distributed entering 
nill, without success. In these situations, the stock composition estimates for this complex of stocks is 
suspect and tIns will be reviewed when the final racial estimates are prepared. However, tlns does not 
necessarily indicate problems with the other stocks as these groups are small relative to tI1e size of the 
major stock groupings (Chilko-Horsefly and Adams-late nm). 

Figure 5 shows the comparison between the timing curves for tI1e surnmer-rm1 and late-nm stock 
gTOUps (reconstructions calculated using annual gross escapement of sockeye past Mission, as 
determined by the hydroacoustic program at Mission). Visually, the harvest of surnl11er-rm1 stocks in 
the first Area 12-13 fishery (August 8) is shown to be considerably less than the following fisheries. 
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Very intense fisheries are shown for the 2 peak fisheries (August 15 and August 22) on the late-run 
stocks. The comparison indicates the bias.thatwould result if al1l1ual harvest rates of summer-run fish 
were applied to the management of late-run stocks. Application of al1l1ual harvest rates of summer-run 
stocks to catches of late-run stocks would cause a severe over-estimate of escapement. The skewed 
distributions of the profiles shown indicate the effects of the Area 11 and 2W troll and net fisheries on 
the latter part of these migrations. These effects may cause bias in the seine catch and CPUE based 
models. Figure 6 shows the reconstmcted timing curve for late runs using the mmual gross escapement 
of sockeye past Mission, as concluded by the Fraser River Sockeye Public Review Board findings. 
Comparison of the reconstructions of the late-nUl migration indicate different harvest rates in the 
Johnstone Strait fisheries, particularly for the peak (August 15) fishery. The elemental and weekly 
harvest rates for this fishery were more easily reconciled for the "up-stream accounting" based 
reconstruction than for the hydroacoustic based reconstruction. The implications of tIus are discussed 
below. 

Area 12-13 Purse Seine Harvest Rates 

The most intense fishery directed on the migration of sockeye through tIle northern approaches is 
the Area 12-13 purse seine fishery. The magnitude of the harvest rates in this fishery was re-evaluated 
several times during the 1994 season. 

The elemental harvest rates for tIle seine fisheries are shown in Table 1. The only situations shown 
are those for stocks of significant proportion in the fishery. In addition, only "All-Area 12" fisheries are 
shoWll, altllOugh all of tIle "Lewis Point" type fisheries were reconstructed. Figures 7 -8 show the scatter
plots of elemental harvest rate versus fleet size. The arrows indicate the base harvest rates (48% for 
Area 12 and 28% for Area 13) which are cun'entIy used in the forward planning model and wmch served 
as a guide to estimating the abundance oflate-run stocks entering the Strait of Georgia from the northern 
approach in 1994. 

Analysis of covariance (ANCOVA, General Linear Model) was used to deteffiline if there was any 
justification to treat the data in subsets of stock and period: Are the relationsmps between harvest rate 
and fleet size different in 1992-1994 from the situation in 1980-83 and do smruner-run and late-run 
stocks follow different relationslups? A significant main effect of period was shoWll for both Areas 12 
and 13 (Table 2, p<0.05). The main effect of stock was not found to be significant for either area. The 
response of harvest rate on effort was sigIuficmlt for Area 12 but was not significant for Area 13. These 
results are consistent, regardless of the origin of the escapement statistics for 1994. The main effect of 
period was not found to be sigIlificant when only single day fisheries are examined. 

The harvest rates shown in Table 1 and examined in tIle ANCOVA analyses sunnnarized in Table 
2 were based on our lUlderstanding that the gross escapements at Mission for years 1980-83 were best 
assessed using tIle upstremn accounting estimates. Concerns were raised that the different methodologies 
of escapement estimation could have been responsible for tIle significant effect of period on the 
relationsmp between harvest rate and fleet size. Therefore, the ANCOVA analyses were reexamined 
witIl tIle reconstructed harvest rates based on hydroacoustic estimates of gross escapement at Mission 
for all years (Table 3). The conclusions did not change from those indicated in Table 2: 1) A sigIuficant 
main effect of period was shown for both Areas 12 and 13: 2) tIle main effect of stock was not found to 
be significmlt for either area; 3) tIle response of harvest rate on effort was sigIlificant for Area 12 but was 
not sigIllficant for Area 13; 4) tIle main effect of period was not fOlUld to be significant when only single 
day fisheries are examined. 

133 



The simple linear regressions of harvest rate versus fleet size are shown in Figures 9-10. The 
reconstructed harvest rates are higher for a given fleet size for the years 92-94, when compared to 80-83. 
Figure 11 shows the relationship between elemental harvest rate and fleet size for 92-93, together with 
the observations of reconstructed harvest rates for 1994 derived using the Mission hydroacoustic based 
estimates. Stock speciflc differences are evident, with the harvest rate at a given fleet size for late-run 
stocks for the peak week being substantially greater than for summer-run stocks (Figure 11). 
Considerable effort was made to reconcile these differences by adjusting timing of the stocks in question, 
however results were unsuccessful. The same relationship is shown in Figure 12, except the estimates 
of harvest rate are reconstructed using the annual gross escapement of sockeye past Mission as 
concluded by the Fraser River Sockeye Public Review Board findings. In this situation, stock specific 
differences in relationship are less apparent, and the 1994 data show less deviation from the 1992-93 
regression line. 

The weekly harvest rates for the entire Area 12-13 fishery (all-gear) for 1994 are shown in Table 
4. The harvest rates first fishery on August 8 were lower than expected. This is believed due to a 
concentrated migration down the closed areas (Sub-areas 12-7 and 12-13) on the mainland side of Queen 
Charlotte Strait. However, because this is the beginning of the late-run migration, there is additional 
uncertainty in the reconstruction of harvest rates, either weekly or elemental. TIns uncertainty also 
pertains to fisheries at the end of the migration. Consequently, such fisheries may cloud the judgement 
of the overall fishelY if overemphasised. The two fisheries of greatest importance are the fisheries of 
August 15 and August 22. The smnmer-run harvest rates for the 2 week period are considerably lower 
than for Adams. This is hue for both situations that were reconstructed for 1994, although the 
differences between the summer-run and late-run harvest rates are less for the reconstructions using the 
up-stream aCCOtUlting estimates of gross escapement. The differences in the summer-run and late-run 
harvest rates may be real, or may indicate a problem with the data, with either the surnmer-nm estimate 
of escapement being too high or the late-run estimate of escapement being too low. The reconstmctions 
do not provide conclusive evidence as to wInch of these possible causes is correct. 

Area 11-12 Gillnet Harvest Rates 

Prior to these analyses, gillnet harvest rates had been developed for the combined Area 11-12 
fishery, and were only applicable to the gilhlet fisheries scheduled following the combined seine-gilhlet 
fishely. Harvest rates were considered to be sigtllficantIy less than the combined-gear flshery, and highly 
variable. For tins reason, we were reluctant to use catches in these fisheries as indicators of stock status. 

Gillnet harvest rates are smmnarized in Table 5. Considerable variability is evident in the 
relationslnp between gillnet harvest rate and fleet size (Figure 13). Part of this variance is undoubtably 
due to error in reconstruction, and low harvest rates are particularly subject to this source of 
measurement error. Also, while some interannual variability is evident, there is no clear time-trend: 
relatively lngh harvest rates are shown in 1993, but these moderate somewhat in 1994 for both smmner 
and late-run stocks. Although tile annual gillnet catch in these areas may approach 1.5 million fish, there 
is little opportmnty to assess run strength from analysis of tins catch data, as a result of this high level 
of uncertainty. This is particularly disconcerting, as these fisheries have the greatest impact on the major 
escapement periods in the weekly migration as gilhlets continue to fish following the seine fishery. Also, 
as a result of the uncertainty in reconstructed harvest rates, the expected catch in these fisheries from a 
pre-season planning perspective will be highly inaccurate. 
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Area 11-12 Harvest Rates Outside Trollers 

Area 11 troll harvest rates for 1994 are shown in Table 6. Comparisons between harvest rate and 
fleet size are invalid as the extent of the fishing area was increased several times during the season to 
increase the availability of sockeye to the fleet. This is shown in the harvest rates, which increase 
throughout the season. The harvest rates do not give infonnation on how the fish were affected during 
the fishery, as the temporal resolution of the catches used for this fishery is weekly. Presently there is 
no provision in the model to use both weekly and daily catch data for the fishery, although both statistics 
are available. Without tlus finer resolution, we call11ot detemline if this troll fishelY adversely affected 
tlle escapement profile ffild removed fish from projected escapement. The non traditional aspects of this 
fishery make this scenario a real possibility. 

General Discussion 

The reconstmctions for 1994 clearly indicate high harvest rates for late-run stocks in the Area 12 
ffild l3 purse seine fisheries, relative to what was measured for summer-run stocks and applied to late
mn stocks during the management season. The attempt to use the in-season estimates of harvest rates 
for stUnmer-run stocks and to apply these to late-rml stocks was not valid, in hindsight. This was not 
because the "true" or "accmate" summer run harvest rates were different from late mns, but because the 
in-season data were providing incorrect estimates of harvest rates due to a combination of catch 
tUlderestimation ffild in-season racial analysis bias. This is particularly troubling, as we strongly felt that 
tlus procedme would improve the accuracy of estimates of escapement to the Strait of Georgia. While 
the high harvest rates on Horsefly and Late Stuart sockeye in 1993 are clearly evident during the 
management of those stocks, the same feedback mechanisms were misleading in 1994. 

Should a regression of harvest rate versus fleet size (for Area 12 and l3 seine) be used to estimate 
input harvest rates for pre-season planning and in-season assessments of run-size? The altemative is 
to use an average of harvest rates across all years. A regression would seem to be more appropriate, 
given the relationslups presented in Figmes 10-11. Statistical justification is provided for Area 12 as 
regression slopes are significffilt. In Area l3 the slopes are not significant, so an argmnent could be made 
to use the mean. However, given tllat fleet sizes are increasing and harvest rates are increasing with fleet 
size, it would be more pmdent to use the regression line for Area l3 as well. If a mean is used, then we 
need to decide wluch data (periods) should be used to constmct the mean. 

The results of the ANCOVAs (Tables 2-3) are interesting for a nmnber of reasons. A statistically 
significant period effect is indicated when all levels of fishing were considered but tllls becomes not 
significant when the analysis is restricted to single-day fisheries. This may be due to combinations of 
any of the following reasons. First, fewer data points result in a weaker power test for the analysis of 
the one-day fisheries (there were only 3 one day fisheries in the earlier period). Second, there may be 
a bias in the reconstruction of harvest rate for multiple day fisheries, resulting in tmderestimates of 
harvest rate for the multiple day fisheries in the earlier period and apparent significant differences 
between periods. If there is bias in the reconstmcted harvest rates for multiple day fisheries (possible 
tUlderestimate of elemental harvest rates), then reconstmctions of fisheries for the early 1980's would 
provide biased infonnation, because of the predonllnance of multi-day fisheries during that time. Third, 
tllere may be differences in fleet or fish behaviour (in relation to the fleet) between multiple day versus 
single day fisheries. Fourth, there may be real differences in vessel power between tlle two periods. 
Certainly, there have been several improvements in fishing teclmology since that time (e.g. sotUlder 
teclmology, improved use ofnilllung lines, stem rmnps). 

l35 



Regardless of which of the above processes are responsible, there are several important facts. First, 
putting the statistical significance question aside, harvest rates have been higher in recent years than in 
the period from 1980-83, and they appear to increase in relation to fleet size. Second, the duration of 
fisheries has been shortened in recent years. Only 3 one day fisheries were scheduled in the early years, 
and only two fisheries longer than one day was scheduled in the recent years. These clearly indicate 
different approaches to management of these fisheries. Third, there are time trends in other factors in 
the Jolmstone Strait fisheries (see Appendix L, Figure 1). Given these facts, we would conclude that 
harvest rates are higher in recent years and that they appear to increase in relation with effort. Further, 
these relationships between harvest rate and effort are different (higher) for the 1992-94 period than they 
are for the 1980-83 period. Therefore the 1992-94 harvest rate versus effOlt relationships should be 
used for pre-season plmming and in-season assessment of run-size. If a mean harvest rate is used for 
Area 13 instead of a harvest rate versus effort relationship, the average for the 1992-94 period should 
be used. 

The second interesting result from the ANCOVAs is that stock specific differences in the 
relationship are not evident. We believe this may be due to the error in the reconstructions being greatest 
at the beginning and end of a migration which would result in lack of resolution of any stock specific 
differences of harvest rate. Also, stock specific differences may be real for a specific fishelY but show 
no consistency in pattern between fisheries. However, as indicated above, we believe there is evidence 
of small stock specific differences in harvest rate in 1994 (Table 1). 

Two scenarios were reconstructed for 1994: 1) annual gross escapement of sockeye past Mission, 
as detennined by the hydroacoustic progrmn at Mission and 2) annual gross escapement of sockeye past 
Mission, as concluded by the Fraser River Sockeye Public Review Board findings (i.e. the total ofDFO 
net escapement estimates plus Native fishery catches and en-route mortality). The above analyses of the 
reconstructions indicate that the second scenario may be more valid for late-run stocks. First, the 
reconstructed timing-abundance curves appear to be more "nonnal" and the elemental and weekly 
harvest rates are more easily reconciled. Second, the observations of reconstructed harvest rates for 1994 
show less deviation from the 1992-93 relationship between elemental harvest rate and fleet size (Figure 
12) stock specific differences in the relationship are less apparent for tIlls scenario. Finally, the 
differences between "2-peak-week" swnmer and late-run harvest rates are less for this scenario. 
However, tIlere is no evidence from tIle 1994 reconstructions for a systematic bias in historical estimates 
of gross escapement of surmner-run stocks as determined by the hydroacoustic program at Mission. 
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Table 1. Swnmmy of elemental harvest rates of pmse seine fisheries from run reconstructions of years 
of high Johnstone Strait diversion. 

AREA GEAR 

12 
12 
12 
12 
12 
12 
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12 
12 
12 
12 
12 
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12 
12 
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12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
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12 
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12 

PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 

ACTUAL PROJECT 
AREA 12 DAYS AREA 13 WEEKLY WEEKLY 

DATE STOCK H.R. EFFORT FISH H.R. EFFORT H.R. H.R. 

28-Jul-80 CHLR 
28-Jul-80 STEL 
05-Aug-80 BIRK 
05-Aug-80 CHLR 
05-Aug-80 STEL 
11-Aug-80 BIRK 
11-Aug-80 CHLR 
19-Aug-80 BIRK 
19-Aug-80 CHLR 
27-Jul-81 HORS 
03-Aug-81 BIRK 
03-Aug-81 HORS 
03-Aug-81 LSTU 
10-Aug-81 BIRK 
10-Aug-81 HORS 
10-Aug-81 LSTU 
10-Aug-81 WEAV 
17-Aug-81 BIRK 
24-Aug-81 BIRK 
24-Aug-81 WEAV 
01-Aug-83 ADAM 
01-Aug-83 BIRK 
01-Aug-83 CHLR 
01-Aug-83 STEL 
08-Aug-83 ADAM 
08-Aug-83 BIRK 
08-Aug-83 CHLR 
08-Aug-83 STEL 
08-Aug-83 WEAV 
15-Aug-83 ADAM 
15-Aug-83 BIRK 
15-Aug-83 CHLR 
15-Aug-83 STEL 
15-Aug-83 WEAV 
21-Aug-83 ADAM 
21-Aug-83 BIRK 
21-Aug-83 WEAV 
29-Aug-83 ADAM 
03-Aug-92 CHIR 
03-Aug-92 STLK 
10-Aug-92 CHIR 
10-Aug-92 STLK 
17-Aug-92 CHIR 
17-Aug-92 STLK 
10-Aug-93 HORS 
10-Aug-93 LSTU 
16-Aug-93 HORS 
16-Aug-93 LSTU 
01-Sep-93 HORS 
01-Sep-93 LSTU 

26.75% 
16.92% 
42.54% 
36.70% 
43.73% 
45.90% 
45.57% 
25.69% 
34.83% 
40.36% 
47.96% 
41.93% 
56.63% 
41. 53% 
51.02% 
38.30% 
53.13% 
36.69% 
41.13% 
40.32% 
40.32% 
39.26% 
29.00% 
33.38% 
33.26% 
24.33% 
33.42% 
19.75% 
41.18% 
54.59% 
41.78% 
54.02% 
34.77% 
64.31% 
42.69% 
48.93% 
41. 84% 
47.41% 
40.51% 
42.86% 
43.65% 
35.28% 
48.22% 
56.84% 
53.68% 
52.02% 
74.91% 
73.45% 
44.13% 
52.51% 

134 
134 
159 
159 
159 
327 
327 
191 
191 
180 
210 
210 
210 
218 
218 
218 
218 
288 
252 
252 
201 
201 
201 
201 
237 
237 
237 
237 
237 
276 
276 
276 
276 
276 
206 
206 
206 
333 
119 
119 
166 
166 
210 
210 
288 
288 
390 
390 
131 
131 

137 

1 
1 
1 
1 
1 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
3 
3 
3 
2 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
2 
2 

31.54% 
17.10% 
28.95% 
22.16% 
25.41% 
22.40% 
27.30% 
26.71% 
20.05% 
21.06% 
36.00% 
25.37% 
27.76% 
22.63% 
18.92% 
15.87% 
19.57% 
17.57% 
28.78% 
18.24% 
21. 78% 
29.49% 
22.44% 
14.04% 
39.33% 
15.12% 
17.65% 
15.03% 
28.61% 
36.06% 
18.97% 
32.33% 
26.27% 
36.19% 
25.22% 
24.31% 
23.96% 
35.35% 
14.31% 
18.09% 
49.30% 
34.46% 
26.85% 
31.04% 
34.55% 
27.89% 
34.40% 
36.32% 
26.21% 
26.99% 

19 
19 
53 
53 
53 
75 
75 

156 
156 

46 
55 
55 
55 

104 
104 
104 
104 

60 
103 
103 

22 
22 
22 
22 
36 
36 
36 
36 
36 
93 
93 
93 
93 
93 
69 
69 
69 
67 
41 
41 
80 
80 

108 
108 

79 
79 
81 
81 

101 
101 

28.60% 
26.80% 
42.56% 
34.40% 
38.50% 
74.80% 
81. 10% 
52.20% 
56.90% 

0.00% 
50.30% 
61.60% 
62.10% 
48.30% 
53.10% 
48.20% 
49.70% 

0.00% 
61.80% 
51. 80% 
60.20% 
47.20% 
51.60% 
47.20% 
67.70% 
70.50% 
66.40% 
65.00% 
81. 40% 
58.20% 
58.80% 
52.60% 
46.10% 
73.20% 
71. 70% 
67.40% 
69.60% 
85.10% 
34.30% 
38.10% 
56.30% 
42.00% 
40.20% 
47.80% 
71.20% 
74.30% 
60.10% 
60.66% 
60.20% 
67.30% 

32.97% 
20.42% 
40.10% 
34.13% 
39.15% 
75.00% 
77.61% 
49.81% 
51.94% 
55.87% 
67.19% 
59.18% 
66.85% 
57.42% 
59.94% 
51.38% 
61.23% 
51.52% 
60.59% 
54.11% 
56.27% 
59.96% 
49.55% 
46.95% 
77.27% 
54.88% 
64.46% 
50.15% 
76.20% 
48.54% 
35.29% 
46.82% 
34.96% 
52.56% 
75.07% 
77.46% 
73.90% 
66.67% 
32.47% (a) 
35.44% (a) 

48.72% (a) 

38.79% (a) 

41.92% (a) 

47.52% (a) 

68.83% (a) 

65.14% (a) 

55.77% (a) 

55.96% (a) 

60.75% (a) 

64.90% (a) 



ACTUAL PROJECT 
AREA 12 DAYS AREA 13 WEEKLY WEEKLY 

AREA GEAR DATE STOCK H.R. EFFORT FISH H.R. EFFORT H.R. H.R. 
------------------------------------------------------------------------

12 PS 08-Aug-94 ADAM 41.58% 237 1 24.71% 63 40.74% 39.38% (a) 

12 PS 08-Aug-94 CHHY 24.43% 237 1 22.88% 63 29.03% 28.28% (a) 

12 PS 15-Aug-94 ADAM 90.66% 313 1 56.38% 92 69.45% 67.80% (a) 

12 PS 15-Aug-94 CHHY 52.04% 313 1 32.89% 92 47.15% 46.42% (a) 

12 PS 22-Aug-94 ADAM 65.63% 325 1 35.99% 128 51.85% 53.56% (a) 

12 PS 22-Aug-94 CHHY 61.60% 325 1 30.43% 128 48.49% 49.76% (a) 

12 PS 31-Aug-94 ADAM 42.42% 241 1 34.52% 188 38.52% 43.20% (a) 

12 PS 31-Aug-94 CHHY 47.44% 241 1 42.16% 188 45.61% 48.63% (a) 

12 PS 08-Aug-94 ADAM 33.32% 237 1 23.75% 63 37.36% 34.34% (b) 

12 PS 08-Aug-94 CHHY 24.06% 237 1 22.54% 63 28.80% 27.90% (b) 

12 PS 15-Aug-94 ADAM 74.01% 313 1 40.61% 92 61.88% 57.98% (b) 

12 PS 15-Aug-94 CHHY 58.50% 313 1 36.65% 92 50.59% 50.69% (b) 

12 PS 22-Aug-94 ADAM 61.24% 325 1 35.79% 128 50.04% 51.77% (b) 

12 PS 22-Aug-94 CHHY 65.59% 325 1 36.05% 128 51.93% 53.56% (b) 

12 PS 31-Aug-94 ADAM 28.67% 241 1 24.56% 188 27.76% 31.44% (b) 

12 PS 31-Aug-94 CHHY 46.47% 241 1 40.90% 188 45.07% 47.70% (b) 

(a) Reconstructions using annual gross escapement of sockeye past Mission, as determined by the 
hydroacoustic program at Mission. 

(b) Reconstructions using annual gross escapement of sockeye past Mission, as detennined by the 
findings of the Fraser River Sockeye Public Review Board. 
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Table 2. Summary of analyses of covariance (general linear model) on the response of harvest rate with 
effort (covariate). Main effects of period (years) and stock are examined. 

Covariate: ............. Main Effects ............ Interaction 
Analysis Effort Stock Period Stk*Period 

F P F P F P F P 
1 19.5 <0.01 1.3 0.27 12.6 <0.01 0.2 0.66 
2 1.0 0,31 4.2 0.05 10.6 <0.01 0.3 0.57 
3 22.7 <0.01 0.2 0.65 5.2 0.03 1.3 0.26 
4 1.0 0,32 0.5 0.49 5.2 0.03 0.8 0,38 
5 18.2 <0.01 1.5 0.24 1.6 0.22 0.1 0.78 
6 2.9 0.10 0.6 0.45 0.7 0.41 0.1 0.74 

Analyses: 

1) Area 12 Harvest rates reconstructed using hydroacoustic estimates of gross escapement at Mission. 
All fisheries. 

2) Area 13 Harvest rates reconstructed using hydroacoustic estimates of gross escapement at Mission. 
All fisheries. 

3) Area 12 Harvest rates reconstructed using Fraser River Sockeye Public Review Board estimates of 
gross escapement at Mission. All fisheries. 

4) Area 13 Harvest rates reconstructed using Fraser River Sockeye Public Review Board estimates of 
gross escapement at Mission. All fisheries. 

5) Area 12 Harvest rates reconsbucted using hydroacoustic estimates of gross escapement at Mission. 
One day only fisheries. 

6) Area 13 Harvest rates reconstructed using hydroacoustic estimates of gross escapement at Mission. 
One day only fisheries. 
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Table 3. Summrny of analyses of covariance (general linear model) on the response of harvest rate with 
effort (covariate). Harvest rates reconstructed using in-season estimates of gross escapement at Mission. 
Main effects of period (years) and stock are examined. 

Covariate: 
Analysis Effort 

F P 
1 24.9 <0.01 
2 3.4 0.07 
3 20.7 <0.01 
4 3.7 0.07 

Analyses: 

1) Area 12: All fisheries. 

2) Area 13: All fisheries. 

3) Area 12: One day fisheries only. 

4) Area 13: One day fisheries only. 

............. Main Effects ............ 
Stock Period 

F P F P 
0.7 0.42 17.7 <0.01 
2.4 0.13 15.6 <0.01 
0.6 0.44 3.2 0.10 
0.4 0.84 1.7 0.20 
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Interaction 
Stk*Period 
F P 
0.7 0.43 
1.1 0.31 
0.0 0.90 
0.8 0.39 



Table 4. Summary of weekly harvest rates (Areas 12-13, all catches) for summer- and late-run sockeye. 
The harvest rates for the 2 peak weeks combined are also shown. 

Scenario: Harvest rates reconstmcted using hydroacoustic estimates of gross escapement at 
Mission. 

Fishery Late Run 

August 8 46.4% 

August 15 7l.9% 

August 22 57.1% 

August 31 42.5% 

August 15-22 64.5% 
(Combined) 

Scenario: Harvest rates reconstmcted using Fraser River Sockeye Public Review Board estimates 
of gross escapement at Mission. 

Fishery Summer Run ChilkolHorsefly Late Run 

August 8 36.8% 33.5% 43.0% 

August 15 52.6% 54.5% 64.7% 

August 22 57.1% 58.1% 55.1% 

August 31 46.1% 50.0% 3l.2% 

August 15-22 53.8% 55.5% 60.1% 
(Combined) 
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Table 5. Smnmmy of elemental harvest rates of gillnet fisheries from flUl reconstructions of years of 
high Jolmstone Strait diversion. 

HARVEST HARVEST 
AREA DATE STOCK RATE GEAR AREA DATE STOCK RATE GEAR 
==================================================================== 
11 11-Aug-SO BIRK 0.56% 27 12 2S-Jul-SO CHLR 2.94% 134 
11 ll-Aug-SO CHLR 0.21% 27 12 2S-Jul-SO STEL S.SO% 134 
11 11-Aug-SO STEL 0.17% 27 12 05-Aug-SO BIRK 1.Sl% 239 
11 19-Aug-SO BIRK 2.9S% 36 12 05-Aug-SO CHLR 2.22% 239 
11 19-Aug-SO CHLR 0.32% 36 12 05-Aug-SO STEL 5.10% 239 
11 03-Aug-S1 BIRK 0.50% S 12 11-Aug-SO BIRK 1.40% 307 
11 03-Aug-S1 HORS 0.33% S 12 11-Aug-SO CHLR 0.4S% 307 
11 03-Aug-S1 LSTU 0.07% S 12 11-Aug-SO STEL 0.43% 307 
11 10-Aug-S1 BIRK 0.41% 14 12 19-Aug-SO BIRK 5.46% 136 
11 10-Aug-S1 HORS 1.02% 14 12 19-Aug-SO CHLR 0.44% 136 
11 10-Aug-S1 LSTU 0.9S% 14 12 03-Aug-S1 BIRK 4.17% 201 
11 10-Aug-S1 WEAV 0.3S% 14 12 03-Aug-S1 HORS 3.92% 201 
11 17-Aug-S1 BIRK 0.73% 5 12 03-Aug-S1 LSTU 0.76% 201 
11 24-Aug-S1 BIRK 0.26% 12 12 10-Aug-S1 BIRK 2.94% 142 
11 24-Aug-S1 WEAV 0.23% 12 12 10-Aug-S1 HORS 7.1S% 142 
11 01-Aug-S3 ADAM 5.S9% 140 12 10-Aug-S1 LSTU 7.0S% 142 
11 01-Aug-S3 BIRK 2.46% 140 12 10-Aug-S1 WEAV 2.90% 142 
11 01-Aug-S3 CHLR 2.40% 140 12 17-Aug-S1 BIRK 6.71% lS4 
11 01-Aug-S3 STEL 1.S3% 140 12 24-Aug-S1 BIRK 2.40% 95 
11 OS-Aug-S3 ADAM O.lS% 45 12 24-Aug-S1 WEAV 2.2S% 95 
11 OS-Aug-S3 BIRK 0.16% 45 12 01-Aug-S3 ADAM 4.60% 221 
11 OS-Aug-S3 CHLR 0.26% 45 12 01-Aug-S3 BIRK 1. S6% 221 
11 OS-Aug-S3 STEL 0.15% 45 12 01-Aug-S3 CHLR 2.75% 221 
11 15-Aug-S3 ADAM 0.11% 6 12 01-Aug-S3 STEL 1.S3% 221 
11 15-Aug-S3 BIRK 0.11% 6 12 OS-Aug-S3 ADAM 1.62% 20S 
11 15-Aug-S3 CHLR 0.05% 6 12 OS-Aug-S3 BIRK 1.37% 20S 
11 15-Aug-S3 STEL 0.13% 6 12 OS-Aug-S3 CHLR 3.45% 20S 
11 21-Aug-S3 ADAM 0.07% S 12 OS-Aug-S3 STEL 2.40% 20S 
11 21-Aug-S3 BIRK 0.11% S 12 15-Aug-S3 ADAM 3.01% 299 
11 29-Aug-S3 ADAM 0.03% 3 12 15-Aug-S3 BIRK 3.12% 299 
11 03-Aug-92 CHIR 4.29% 270 12 15-Aug-S3 CHLR 2.05% 299 
11 03-Aug-92 STLK 5.62% 270 12 15-Aug-S3 STEL 7.S2% 299 
11 10-Aug-92 CHIR 14.47% 700 12 21-Aug-S3 ADAM 2.01% 136 
11 10-Aug-92 STLK 11.06% 700 12 21-Aug-S3 BIRK 2.31% 136 
11 17-Aug-92 CHIR S .13% 107 12 29-Aug-S3 ADAM 0.69% 105 
11 17-Aug-92 STLK 12.S5% 107 12 03-Aug-92 CHIR 5.36% 149 
11 10-Aug-93 HORS 5.60% 203 12 03-Aug-92 STLK 6.03% 149 
11 10-Aug-93 LSTU 5.94% 203 12 10-Aug-92 CHIR 10.S4% S66 
11 16-Aug-93 HORS 6.06% 233 12 10-Aug-92 STLK 7.99% S66 
11 16-Aug-93 LSTU 7.34% 233 12 17-Aug-92 CHIR lS.45% 499 
11 2S-Aug-93 HORS 0.20% 1 12 17-Aug-92 STLK 25.67% 499 
11 2S-Aug-93 LSTU O.lS% 1 12 10-Aug-93 HORS 3.33% 315 
11 29-Aug-93 HORS 0.12% 1 12 10-Aug-93 LSTU 3.27% 315 
11 29-Aug-93 LSTU 0.15% 1 12 16-Aug-93 HORS 7.27% 396 
11 02-Aug-94 ADAM 5.40% 203 12 16-Aug-93 LSTU 7.S6% 396 
11 02-Aug-94 CHHY 5.43% 203 12 2S-Aug-93 HORS 7.39% 469 
11 OS-Aug-94 ADAM 2.12% 214 12 2S-Aug-93 LSTU 5.26% 46S 
11 OS-Aug-94 CHHY 2. S6% 217 12 29-Aug-93 HORS S.3S% 2S4 
11 16-Aug-94 ADAM 2.91% 101 12 29-Aug-93 LSTU 9.26% 2S4 
11 16-Aug-94 CHHY 4.94% 101 12 02-Aug-94 ADAM 3.7S% 570 
11 22-Aug-94 ADAM 1.54% 31 12 02-Aug-94 CHHY 2.49% 570 
11 22-Aug-94 CHHY 2.70% 31 12 OS-Aug-94 ADAM 1.42% 342 

12 OS-Aug-94 CHHY 1. 73% 342 
12 16-Aug-94 ADAM 2.17% 2S2 
12 16-Aug-94 CHHY 2.S1% 2S2 
12 22-Aug-94 ADAM 3.06% 303 
12 22-Aug-94 CHHY 3.76% 303 

1993-1994 Reconstructions calculated using mmual gross escapement of sockeye past Mission, as 
determined by the hydroacoustic program at Mission. 

142 



Table 6. Smnmary of elemental harvest rates by weekly period for Area II troll fisheries. 

Scenario: Harvest rates reconstructed using hydroacoustic estimates of gross escapement at 
Mission. 

Period Chilko/Horsefly Adams/Late run 

August 11-13 0.1% 0.3% 

August 14-20 4.9% 7.3% 

August 21-27 13.5% 11.1% 

August 28- 37.5% 33.8% 
September 1 

Scenario: Harvest rates reconstructed using Fraser River Sockeye Public Review Board estimates 
of gross escapement at Mission. 

Period Chilko/Horsefly Adams/Late run 

August II-13 0.2% 0.3% 

August 14-20 5.3% 7.1% 

August 21-27 13.6% 9.2% 

August 28- 37.3% 25.4% 
September 1 
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Figure 1. Schematic showing files and program control of backward reconstruction program. 
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Figure 2. Relationship between the back-calculated weekly Area 12-13 seine harvest rate for 1993 as 
derived from the elemental harvest rates, and the estimated weekly harvest rates from the timing
abwldance curves. Reconstructions are based on daily estimates of escapements at Mission. The 1: 1 
line is also shown. Points below the line indicate a negative bias. 

145 



til w 

~ 
I-
til 
w 
ii: « 
:t: 
>-.... 
~ w w ::: 
Q 
w 
ti 
is 
w 
a: 
D.. 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 
II1II 

20% 

10% 

0% 
0% 20% 40% 60% 80% 100% 

ESTIMATED WEEKLY HARVEST RATES 
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Figure 7. Scatter plot of reconstructed harvest rates for Area 12-13 seine fisheries. 1994 estimates were 
calculated using hydroacoustic estimates of gross escapement at Mission. 
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Figure 8. Scatter plot of reconstructed harvest rates for Area 12-13 seine fisheries. 1994 estimates were 
calculated using Fraser River Sockeye Public Review Board estimates of gross escapement at Mission. 
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Figure 10. Relationship between harvest rate and fleet size for Area 12 and 13 purse seine fisheries. 
1994 estimates were calculated using Fraser River Sockeye Public Review Board estimates of gross 
escapement at Mission. 
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Figure 11. Relationship between harvest rate and fleet size for Area 12 and 13 purse seine fisheries for 
1992-93 and comparison with the reconstructed harvest rates-fleet size estimates for 1994. The 1994 
estimates were calculated using hydroacoustic estimates of gross escapement at Mission. 
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Figure 12. Relationship between harvest rate and fleet size for Area 12 and 13 purse seine fisheries for 
1992-93 and comparison with the reconstructed harvest rates-fleet size estimates for 1994. The 1994 
estimates were calculated using Fraser River Sockeye Public Review Board estimates of gross 
escapement at Mission. 
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Figure 13. Scatter plots of harvest rates versus gillnet fleet size for Areas 11-12. The 1994 estimates 
were calculated using hydroacoustic estimates of gross escapement at Mission. 
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Appendix P: Migration Speed 

PSC harvest rate based models of late-nUl ablUldance and escapement to the Strait of Georgia 
depend upon assmnptions about migration speed between areas for different stocks. To investigate the 
potential impacts of assumptions about migration speed on our results we perfonned two types of 
analysis. First, we assessed migration speed between outside catch areas and the Fraser River by 
comparing catch .and escapement profiles in the Fraser River (tenninal area daily abundance) with 
identified catch removals in outside area fisheries. If the clu'onological order of daily migration blocks 
is maintained across areas, then fishery removals in outside area fisheries should be identifiable as 
"migration holes" in the tenninal area abundance profile. In contrast, periods oflower migratOlY area 
catch should correspond to peaks in the tenninal area abundance. A dismption in the chronological 
order of daily migration blocks, or significant delay off the mouth of the Fraser River, would cause a 
breakdown in the matching of peaks and valleys between the terminal area and outside migratOlY areas. 
Second, we simulated the effect of different migration rates through Jolmstone Strait on estimated 

weekly harvest rates. 

Historical Assessment of Migration Rates 

Speed of migration for sockeye migrating via Jolmstone Strait can only be assessed for years with 
high diversion rates. Therefore, data for recent high Jolmstone Strait diversion years, 1992, 1993 and 
1994 were assessed using run reconstmctions as a means of comparing the migration profile of outside 
fishelY removals to the migration profile of terminal area ablUldance. These reconstmctions were 
pelformed using a daily time step. All catch and escapement data are lagged to a COlmnon below bridge 
timing date using historically developed speed of migration data (Gable and Cox-Rogers 1993). Thus, 
if peaks of catch correspond to valleys in escapement and vice versa, we can conclude that migrations 
speeds in the given year are consistent with assumed estimates based on historical data. The raw catch 
mld escapement data are smoothed, using a 1-2-1 smoothing Dmction, to compensate for artificial peaks 
and valleys introduced through inconsistencies in splitting weekly catch data into daily time steps. Speed 
of migration could only be exmnined in tIus mmmer for smmner-run stocks because late-mn stocks delay 
in the Strait of Georgia, prior to migrating up the Fraser River. Tlus behaviour dismpts the 
chronological order of migration blocks and confoUllds the interpretation of nugration rates. 

1992 Summer -Rml Migration 

The Fraser River sockeye mn in 1992 was comprised of, for the most part, smmner-mn sockeye 
stocks. hl 1992, through most of the reconstmcted sml1mer-mnmigration, the migratory area catches 
were large relative to tile temunal m'ea abundmlce. Tlus fact makes it difficult to match outside removals 
witIl daily tenninal area escapement profiles, and few matching trends were evident (Figure 1). A small 
terminal area abundance peak OCCUlTed on August 7 (Below Bridge date), during a period of low 
migratOlY catch. Subsequently, migratOlY catch peaks on August 8 and 9 coincided with a drop in 
terminal area abundance. Following this early August period, migratOlY area catches were lugh 
tIrroughout the season, while temunal area abundances tended to be relatively flat and stable (Figure 1). 

In conclusion, due to the harvest pattems in 1992, the reconstructed·smmner-mn l1ugration curves 
do not provide evidence iliat tile arrival pattems of escapement into the Fraser River were consistent with 
removal pattems in outside fisheries. The comparisons are made difficult by the fact that the migratOlY 
area catches during the peak two weeks of the SUlmner-mn migration, August 12 to August 24, were 
relatively constant. Therefore, tile resultant migratOlY catch and tenninal area escapement profiles were 
not highly variable. 
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1993 Summer-Rtm Migration 

The 1993 summer-lUll was characterized by a strongly bi-modal migration profile. The fIrst 
abtmdance peak occUlTed between August 16 and August 22 (Below Bridge dates), and the second peak 
between August 30 and September 2. The fIrst sel1es of peak abtmdances were heavily fIshed in outside 
migratory areas, resulting in a VeIY flat ternlinal area abtmdance profile from early August through 
August 25. Subsequently, the migratOlY area fIsheries were curtailed, and the tenninal area abUlldance 

. rapidiyincreased, coincidental with the second mode of SUlllmer-run abtmdance from August 27 to 31 
(Figure 2). These patterns of migratOlY area harvests and tenninal area escapements make it difficult 
to draw any conclusions about migration speeds. 

However, some speed of migration data are available from the Area 12 purse seine test fIshelY, and 
subsequent anival patterns in Area 29. Data presented in Figure 3 show consistent trends in the purse 
seine test fIshelY conducted at Robson Bight, and subsequent tenninal area abtUldance. Therefore, for 
the second lnigration mode of SUll11ner -nUl fIsh in 1993, the speed of migration appeared to be consistent 
with our expectations based on historical data. 

1994 Swmner-RtUl Migration 

During 1994, the reconstructed SUlllmer-nUl migration spanning from early August through August 
25 provides evidence that high outside area catch resulted in drops in subsequent tenninal area 
abundance, and that periods of reduced migratOlY area catch conesponded to increased tenninal area 
abwldance. For exmnple, as outlined in Figure 4, lnigratOlY area catch peaks occUlTed on August 6, 12 
to 15, and 19 to 21 (Below Bridge date). Generally, on these dates the tenninal area abtmdance was 
low, relative to adjacent days. In contrast, the tenninal area abtmdance was high, relative to adjacent 
periods, on August 4,7,10 to 11, 15 to 16, and 24 (Figure 4). These dates tended to coincide with 
periods of non-peak migratOlY area catches. These data provide evidence that the chronological order 
of SUlnmer-nm migration was largely maintained between outside catch areas and the Fraser River, and 
that the speed of travel for the SUll11ner-nm stocks was generally consistent with historical observations. 

Independent evidence exists which indicates that a portion of summer-nUl fIsh delayed off the mouth 
of the Fraser River during the period from late July through early to mid-August (Appendix D). 
Consequently, the reconstructed telminal area abtmdance during this time period may be compromised. 

Effect of Migration Rates on Weekly Harvest Rates and Run size Estimates in 
Johnstone Strait 

We perfonned a simple simulation to determine the effects of differences in migration rates on 
weekly harvest rates and nm size estimates in J olmstone Strait. We calculated weekly harvest rates for 
migration speeds through Areas 12 and 13 ranging from 3-7 days (our CUlTent asswnption is 5 days) 
given a fIxed "elemental" harvest rate of 50%. The elemental harvest rate, u, is defIned as the harvest 
rate on a pmtially vulnerable migration block of fIsh (think of it as the harvest rate for a group of fIsh, 
just entering or leaving a fIshing area at the start of a 24 hour fIsheIY). The harvest rate, h, for the group 
offIsh resident at the stmt ofllie fIshelY can be shown to equal2u-u2 (Cave and Gazey 1994). Next we 
used these harvest rates to estimate the resulting nrn size estimates given a weekly catch of 1 lnillion fIsh. 

We illustrate how the elemental harvest rate is used to calculate weekly harvest rates for a migration 
time of 5 days, a single 24 hour fIshelY, and u=0.5 in Table 1. The value of 0.5 for u is not 
unreasonable; the estimate of u for Area 12 during the most recent year of high diversion with an 
abwldant late run (1983, Adams sub dominant year) is 0.48. Given a migration rate of 5 days, 4 daily 
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migration blocks would be resident in areas 12 and 13, 1 migration block would be entering area 12 and 
1 migration block would be leaving. With u=0.5, a 24 hour fishery would remove 50% of the migration 
blocks that are enteting and leaving, and 75% (i.e. 2*.5 - (.5?) of each of the 4 blocks that are resident. 
Thus, a total of 4 migration blocks would be removed. The weekly harvest rate is simply the munber 
of daily migration blocks removed divided by the munber of migration of daily migration blocks in a 
week, or 4/7=57.1%. 

We repeated these calculations for other migration times (Table 2). For our example, increases in 
the travel time (decreases in the migration rate) of a single day results in an additional 0.75 migration 
blocks being removed by the fishery or an incremental increase of 10.7% (0.75/7) in the weekly harvest 
rate (Table 2). To illustrate how these differences in weekly harvest rates can affect run size estinlates 
and resulting estimates of escapement to the Strait of Georgia, consider a weekly catch of 1 million fish. 
Rilll size is essentially estimated as Catch/Harvest Rate. If we asswne 5 days travel time through Areas 
12 and 13, the weekly harvest rate is 0.571 (Table 1) and the resulting rIDl size would be 
1,000,000/0.571, or about l. 7 51 million. A 4 day travel time would decrease the harvest rate and 
increase the lUll size by about 23% to 2.155 million. In contrast a 6 day travel time would increase the 
harvest rate and decrease the rIDl size by about 16% to l.472 million. These may seem like relatively 
small changes to the rIDl size estimates. However, all of the changes to run size estimates are transfelTed 
directly into estimates of escapement to tlle Strait of Georgia because escapement is simply the nm size -
catch. Thus, for a 5 day travel time the estimate of escapement is 751,000. For a 4 day travel time the 
estimate would increase by 54% to l.155 million and for a 6 day travel time the estimate would decrease 
by 37% to 472,000. 

Note that for oID' simple example we have asswned that the abtmdance of fish in each migration 
block is the same and that u does not change with travel time. While relaxing these asswnptions would 
affect the quantities in the tables, the main point is to illustrate that relatively small differences in travel 
times can have significant impacts on weekly harvest rates and resulting estimates of escapement to the 
Strait of Georgia. Such differences could exist between years for the same stock or between stocks 
within a year. 
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Table 1. Example of use of elemental harvest rates to calculate weekly harvest rates for a hypothetical 
1 day fishery in areas 12 and 13, assuming a migration time of 5 days and u=0.5. 

Migration Block 
Entering 
Resident 
Resident 
Resident 
Resident 

Proportion removed by fishery 
0.5 

Calculation 
u 

2u-u2 0.75 
0.75 
0.75 
0.75 

Leaving 0.5 
Total number of blocks removed 4.0 
Number of daily migration blocks per week = 7.0 
Weekly Harvest rate = 4.0/7.0 = 57.1 % 

" 
" 
" 
u 

Table 2. Effect of migration rate on weekly harvest rate asswning u=0.5. 

Days to migrate 
through areas 12 & 13 

3 
4 
5 
6 
7 

Total no. 
of Migration 

blocks removed 
2.5 

3.25 
4.0 

4.75 
5.5 
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Weekly 
Harvest Rate (%) 

35.7 
46.4 
57.1 
67.9 
78.6 
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Appendix Q: En-route Mortality: Potential Effects of Heterosigma 
carterae on Migrating and Delaying Late-Run Fraser 
Sockeye in Georgia Strait 

Tim 1. Tynan 2 

In the Febmmy 2-3, 1995 Pacific Salmon Commission "Workshop on Fraser Sockeye Rtm Size and 
Late-RtUl Escapement Estimation", participants identified potential causes of estimation error that may 
have led to the significant shortfall in escapement from anticipated levels of late-rilll sockeye to the 
Fraser River in 1994. Among other possible causes of the apparent shortfall, en-route mOltality in 
marine waters was identified as requiring further investigation. Due to the magnitude of the escapement 
shortfall from expected levels, the timing of the late-run migration through inside waters, and the lmown 
OCClUTence of algal blooms hannfl.ll to fish in some years coincident with the timing of late-run sockeye 
migration, tIns exmnination of En-route mOltality will focus on sockeye losses that may have occurred 
due to hannful algal blooms. 

Introduction 

Algal blooms hamlful to fish and shellfish have become of growing concem worldwide. TIns 
increased concem has stemmed from the growth of fish and shellfish mariculture in areas where blooms 
have proven detrimental and increased public health concems regarding the safety of seafood. 
Researchers in Washington and British CollUnbia have identified and studied several algal species that 
have been involved in mortality of aquaculture fish and, likely, wild fish in Puget SOlUld and Georgia 
Strait over tIle last decade (Gaines and Taylor 1986; Rensel et a11988; Rensel et al1989; Homer et al 
1990; Black et a11991; Taylor and Haigh 1993; Rensel1995). The most severe fish kills in these areas 
have been attributed to Heterosigma carterae, a raplndophyte flagellate known worldwide as a fish killer 
(Rensel 1995). 

Blooms of Heterosigma caused catastroplnc mortality of net-pen fish in northem Puget Sound, near 
Cypress Island in 1989 and 1990, with fish losses estimated in the htmdreds of thousands ofpowlds. 
There were reports of wild fish kills and wild fish acting in a distressed manner in several Puget Sound 
areas, mainly embayments, during the 1989 and 1990 blooms (Rensel 1995). In the fall of 1994, 
chinook, coho and swruner chlUn as well as several marine fish species were killed by a Heterosigma 
bloom in northem Case Inlet in south Puget Sound (Rensel 1995). It is a shallow area where adult 
salmon nonnally hold prior to entering home streams feeding into the telminus of the inlet. Although 
dead adult chinook salmon were observed by boaters in Bellingham Channel during tIle 1989 bloom 
(Rensel 1995), nearly all of the fish mOltality observed thus far associated with Heterosigma has 
occurred lUlder conditions where fish are confined in shallow areas or in the upper 10 meters of the water 
column (e.g. in salmon net-pens) (RJ.T Taylor, pers. comm. 1995). 

Heterosigma blooms have also been identified as the cause of net-pen salmon losses in British 
Columbia (Rensel et a11989; Black et al 1991; Taylor and Haigh 1993). Taylor and Haigh (1993) 
report that Heterosigma blooms occur on an annual basis in B.C. waters, particularly within Georgia 
Strait and in Barkley SOlUld. Heavy losses of net-pen sahnon in B.C. were apparently experienced during 
partiCUlarly severe Heterosigma blooms in 1986 and 1989. In October, 1994, a He terosigma bloom 

2 Washington Department ofFish and Wildlife. P.O. Box 43149, Olympia, WA 98501 
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on the mainland side of Queen Charlotte Strait caused a fish kill at a commercial net-pen operation (E. 
Black, pers. comm. 1995). 

The physiological cause of fish mortality from Heterosigma is unknown, although severe gill 
epithelimn damage resulting from contact with high concentrations of the cells, or an m1known 
icthyotoxin contained within the algae, have been implicated (Rensel et a11989; Rensel1995). Black 
et al (1991) reported no pathological abnonnality to gills or other internal organs of fish exposed to 
Heterosigma, detennining that a labile ichthyotoxic agent was the likely cause of death. Taylor and 
Haigh (1993) report that deaths of caged salmon in B.C. have resulted from exposure to blooms of 
Heterosigma when cell concentrations exceed several million per liter. The lethal cell concentration for 
fish is still unknown, however. The cells can be present in high concentrations in a non-toxic state and 
the mechanism by which Heterosigma becomes toxic is also m1known (J. Rensel, pers. comm. 1995). 

The onset of mortality cml be quite rapid when fish are exposed to high concentrations of the algae, 
when the algae are toxic. The 1989 bloom at Cypress Island in Puget Somld killed nearly all of the 
rearing salmon at two lm'ge net-pen sites injust a few hours, over a single ebb tide. In bloom mitigation 
studies with juvenile chinook in net-pens, Black et al (1991) reported 100 % mortality of fish exposed 
to Heterosigma blooms within 45 minutes at one site and within 200 minutes at ml0ther site. Dead and 
moribund adult fish were observed to sink directly to the bottom of the 10 meter deep holding pens 
during the 1989 Cypress Island event. Similarly, Black et al (1991) reported that juvenile chinook 
succmllbing to contact with Heterosigma in their study also sank. 

Bloom Development, Timing and Duration 

Despite the large amOlmt of oceanographic research done in Puget Somld waters, little is known 
about the temporal mld spatial distributions, abundances and ecology of noxious phytoplankton species 
present there (Rensel et aI1989). The paucity of consistent, area-wide harmful algal bloom monitoring 
prevents prediction of bloom development and limits the ability to detennine when, where and under 
what conditions deleterious blooms occur on a reliable basis. However, researchers and mariculturists 
in B.C. and Washington have expmlded the extent of knowledge in recent years regarding hannfu1 bloom 
development, including identification of conditions that lead to H eterosigma bloom proliferation (Rensel 
1989; Homer et a11990; Taylor and Haigh 1993). 

As mentioned above, Heterosigma blooms have been docmllented to occur on an am1Ual basis in 
Georgia Strait, appearing tllere with great regularity in the late spring since 1967 (Taylor and Haigh 
1993). Blooms of this algae have been shown to be seeded from shallow areas in the vicinity of tlle 
Fraser River plmlle (e.g. English Bay area) with spread of the bloom accomplished by Fraser-influenced 
currents in Georgia Strait (Taylor and Haigh 1993). Blooms are generally advected northward by Fraser 
currents up the mainland side of Georgia Strait and the entire Strait can eventually become affected 
(Taylor and Haigh 1993). Heterosigma concentrations during some years have been observed to exceed 
500 million cells per liter (Taylor and Haigh 1993). 

The detrimental Heterosigma bloom in Puget SOlmd in 1989 was apparently associated with the 
Fraser River plmlle in northem Puget Sound (Rensel 1995). Although their paper focuses on bloom 
development in Georgia Strait, 1991 data presented in Taylor and Haigh (1993) indicate that 
Heterosigma blooms originating in the Fraser River vicinity m'e also advected southward, leading to high 
cell con~entrations in tlle northem San Juan Islands in some years. 

The appearmlce mld development of Heterosigma blooms in Georgia Strait coincides with a rise in 
water temperature above 15 0 C and a decline in surface salinity to less than 15 ppt (Taylor and Haigh 
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1993; RJ.T. Taylor, pers. comm. 1995). Run off from the Fraser River contributes to proliferation of 
the bloom, by stratifying the water (increasing swiace residence time for the algae) and possibly by 
contributing iron and other required micronutrients (Taylor and Haigh 1993). Blooms intensify as they 
are advected northwm'd (R.J.T. Taylor, pers. cornm. 1995). Heterosigma blooms that occurred in Puget 
Sound in 1989 and 1990 apparently required quiescent water conditions prior to bloom proliferation, 
with strong vertical stratification of the water colw1Ul due to freshwater lUll-off and perhaps solar heating 
seeming to be prerequisites (Rensel1995). 

Heterosigma blooms are believed to be generally confmed to surface waters, to a maximwn depth 
of 5 to 10 meters (Rensel1995; RJ.T. Taylor, pel's. COl1Un. 1995; J. Rensel, pers. comm. 1995), and 
observed fish mOitalities have been associated with fish holding or entrained in those areas. This 
species, however exhibits strong diel vertical migration, and is capable of moving up to 1 meter/hour to 
obtain nutrients from subsurface depths (Taylor and Haigh 1993; Rensel1995). Blooms can also be 
mixed into deeper waters in highly turbulent channels (RJ. T. Taylor, pel's. COl1Un. 1995) and by winds 
(J. Rensel, pers. coml11. 1995) and high cell concentrations have on occasion been fowld at depths greater 
than 10 meters. 

The duration of Heterosigma blooms each season is dependent on the persistence of stratification 
in the Strait of Georgia (Taylor and Haigh 1993). Blooms usually develop in Mayor early June near the 
mouth of the Fraser River, in the vicinity of English Bay, coinciding with progressive warming of waters 
from 100C to 150C and the time of maximum nm-off and greatest development of the Fraser plume 
(Taylor and Haigh 1993; RJ.T. Taylor, pers. cornm. 1995). Blooms have been reported to last as long 
as four months, with the bloom in 1989 continuing from Jlme through October and into November in 
some locations (Taylor and Haigh 1993). 

Heterosigma Bloom Occurrence in Georgia Strait in 1994 

Dr. F.J.R. Taylor from the Depmtment of Oceanography, University of British Colunlbia was 
consulted regarding Heterosigma bloom fonnation in Georgia Strait in 1994. Dr. Taylor reported that 
his smnpling work in lower Georgia Strait did not detect a major Heterosigma bloom in that area during 
the spring or swmner last season. Run-off from the Fraser River in 1994 during the normal peak in May 
was lower than in previous years, and surface salinities remained high as a result. Although water 
temperatures were high, high swiace salinities present did not create a stable, stratified water colwml 
in the lower Strait. The surface water residence conditions necessmy for a large bloom to develop in the 
vicinity of the Fraser River were therefore lacking in 1994. Dr. Taylor noted that because Heterosigma 
bloom monitoring last year was confined to the lower Georgia Strait area, blooms forming in inlets 
tributary to the Strait, and in northern portions of the Strait, may have gone wldetected. 

According to Dr. Taylor, tills was the second consecutive year that conditions in lower Georgia Strait 
were not conducive to development of a large bloom. Until 1993, large, JWle blooms of Heterosigma 
had been considered the norm, as they had occurred on an ammal basis for prior years (since 1967). It 
is thought that warm-water episode or "El Niilo" years do not present the conditions necessary for 
significant Heterosigma blooms to develop in lower Georgia Strait. Dr. Taylor is interested in what will 
occur in 1995, as it appears that warm-water conditions in Georgia Strait may again predominate, but, 
in contrast to tile last two years, salllllties may drop this spring to optimal levels for Heterosigma bloom 
development due to a healthy snow-pack in the Fraser drainage. 
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Migration Timing and Holding Area of the Late Adams Sockeye in Georgia Strait During 
1994 

The timing of sockeye migration and holding in the Strait of Georgia and the depths where the fish 
hold prior to the onset of migration into the river are important factors in the assessment of their 
susceptibility to a deleterious Heterosigma bloom. 

The nonnal timing of the peak of the late Adams sockeye run in the Strait of Juan de Fuca (Area 20) 
is August 22. Pacific Salmon Commission staff indicated that the 1994 late-run migration through Area 
20 peaked on August 18, which is four days earlier than nonnal. Post-season run reconstruction data 
for the 1994 late Adams nUl prepared by PSC staff suggest that the run peaked in Georgia Strait on or 
about August 20 (Cave, unpublished data 1995). The estimated peak upstream movement of late Adams 
fish in 1994 was September 24 at Mission and September 29 at Hell's Gate. From these timing 
estimates, it appears that late Adams sockeye migrated into Georgia Strait and held at the mouth of the 
Fraser River for about four weeks in 1994. 

The area of Georgia Strait where sockeye concentrate prior to entering the Fraser covers 
approximately 1000 km2

• Average depths in this area are greater than 100 m (Levy et aI1991). Levy 
et al (1991) report that the intra- and inter-mmual variability in the location of sockeye concentrations 
in the Strait is largely unknown, and hydroacoustic data showed a wide and patchy distribution of 
delaying fish in the Gulf. Gilhousen (1960) indicated that delaying sockeye slowly wander southern 
Georgia Strait within the area where Fraser River discharge is present in the fonn of a distinct brackish 
layer at the smiace. The sockeye do not approach the Fraser mouth when they first arrive in the Fraser 
Delta, but keep to deeper, clearer waters beyond the edge of the tidal flats, moving onto the flats close 
to the time of river entry (Gilhousen, 1960). 

In most years, a constant body of delaying sockeye can be fOlUld off the mouth of the Fraser River 
from the Lightship north to the flats (1. Todd, pers. COl11ln., 1995). This observation is consistent with 
sockeye concentration behavior reported in Levy et al (1991), which showed a marked tendency for fish 
to concentrate along the Fraser Delta side of the Strait of Georgia. Fish concentrations found in this area 
were thought to reflect a progressive concentration and delay pattern of sockeye off the mouth of the 
Fraser River (Levy et aI1991). In 1994, sockeye were observed holding to the south of the river mouth 
mld not in the previously mentioned area. This may not have been an artifact of fish behavior changes 
however, but may instead have been a reflection of the low abundance of late-nUl sockeye actually 
present in the Gulf last season. 

The vertical distribution oflate-run sockeye delaying in the Gulf of Georgia is variable, and appears 
to be related to degree of maturity of delaying fish, river and estuarine tidal and water quality conditions 
mld perhaps time of day. Night-time hydroacoustic studies conducted in the Gulf in 1986 to assess late
nUl abundance found maximlUll sockeye densities at 15-25 meters (Levy et aI1991). Levy et al (1991) 
theorized that the high sockeye densities at these depths may be a result of holding behavior prior to 
freshwater migration. Gear used for the 1986 study prevented sampling in inter-tidal and shallow sub
tidal areas, however, and vertical profile data showing highest densities in the 15-25 meter range may 
be biased (Levy et al 1991). Day-time tracking of ultrasonically tagged sockeye in another study 
reported within Levy et al (1991) indicates that the fish are in a depth zone below 5 meters 
approximately 80% of the time. Trollers fishing in the Gulf of Georgia (Area 29) typically have greatest 
success capturing sockeye at a depth range of 10-30 fathoms, centered at 20 fatholllS (1. Todd, pers. 
comm. 1995). 
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Discussion 

Available data regarding the apparent lack of development of a Heterosigma bloom in lower 
Georgia Strait in 1994 would indicate that significant mortality of delaying sockeye from this algae in 
the Gulf was not likely last season. The depths in the Gulf at which the majority of sockeye have been 
repOlted to hold, and their assumed ability to move to greater depths to avoid high cell concentrations, 
would also decrease the likelihood of massive mortalities from normally surface water-oriented 
Heterosigma blooms. 

The large number of unknowns associated with the geographic and vertical distributions of tillS 
algae, combined with the lack of consistent mmualmonitoring of bloom development across all sockeye 
migration and holding areas and time periods in Georgia and Johnstone Straits, lends caution to tile 
above assessment. As it now stands, significant late-nm sockeye mortalities from a harmful 
Heterosigma bloom would likely go llildetected, due to lack of area-wide bloom monitoring and the 
observation that sahnon succumb very rapidly to toxic concentrations of the algae and sink upon dying. 

Increased monitoring of bloom distribution and abwldance, and of sockeye behavior in migration 
corridors or holding m'eas, is needed to draw a definitive conclusion that Heterosigma, or other hannful 
algal blooms, do not adversely affect Fraser River sockeye in a given year. The proven, intense toxicity 
of Heterosigma to sahnon in shallow marine waters, and the documented occurrence of large blooms in 
Fraser sockeye nligration and holding areas, should focus the attention of managers on tile susceptibility 
of late-nm fish staging in the Gulf, and the potential for catastrophic losses in future years. 
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Appendix R: Effect of Summer-run Escapement Estimation on Late
run Escapement 

Errors in hydroacoustic estimates of summer-nm sockeye escapement at Mission have been 
suggested as a potential source of error in the estimation of late-nm sockeye escapement to the Strait 
of Georgia. The hypothesis is as follows: If Mission escapements were over -estimated, the calculation 
of smnmer-run sockeye harvest rates in migratOlY area fisheries would have been under-estimated, i.e., 
large escapement relative to catch. The subsequent application of low harvest rates to large catches of 
late-11m fish in migratory areas would generate over-estimates ofthe total nmnber oflate-nm sockeye 
and, hence, over-estimates of escapement to the Strait of Georgia using methods which depend on 
smnmer -run harvest rates. Willie the subject of Mission escapement estimates has been reviewed by the 
Fraser River Sockeye Public Review Board and the probability of significant over-estimation is 
considered to be minimal, there remains unceltainty as to the actual escapement of swmner-lUll sockeye 
at Mission in 1994. In order to examine the issue ofthe impacts of errors in the Mission estimates, we 
divided the problem into several questions: Were the sUllllller-rwl escapement estimates generated from 
the Mission hydroacoustic program important in the assessment of harvest rate? Wl1at was the impact 
of terminal area catch on the calculation of migratory area harvest rates? How was the tuning of the 
various lUllS unportant to this hypothesis? These issues are treated separately below. 

Estimates of daily and weekly harvest rates on Fraser River sockeye salmon in migratory area 
fisheries have been used sUlce the early 1980's as one method to estimate the escapement of late-rwl 
stocks to the Strait of Georgia. In this procedure (see Appendix F), catches of swmner-run stocks in 
migratory area fisheries and escapements to tenninal areas are used to estunate harvest rates in the 
lnigratOlY route fisheries. Estimates of daily llild weekly harvest rate are then applied to catches of late
run sockeye to generate total daily and weekly abwldance of these latter stocks from which catch is 
subtracted, resultulg Ul estimates of late-lUll sockeye escapement to the Strait of Georgia. 

SUllllller-rwl sockeye which escape lnigratOlY area fisheries provide for catch in the Strait of Georgia 
and Fraser River fisheries and for gross escapement which is estimated at Mission. Therefore, the 
impacts of any over-estunates of escapement at Mission are mediated by the fact that only part of the 
terminal abundance is estunated as upstream escapement. Also, if any error is present in Mission 
hydroacoustic estunation of escapement, the error would be partly compensated for by wlder-reportulg 
of catch in the terminal area fisheries. Cash sales and take-home of fish caught in Fraser River gillnet 
fisheries has been recognized for mllily years. However, estimation of these catches ceased in 1990 when 
COll1lnission staff recommended that tills flmction be transferred from the PSC to Canada. DFO did not 
take over the sampling and estimation of these catches nor did DFO maintain the database of Area 29 
gilrnet fishery catches tI1at go unreported. In the average year, tIlls lack of data would result in an wlder
estunation of tenninal abwldance and over -estimation of harvest rate in migratory fisheries and would 
result in an lmder-estimation of late-11m sockeye escapement to tIle Strait of Georgia. 

In 1994, the swmner-nm exploitation rate models tracked late-run escapement into the Strait of 
Georgia begimling on August 4 (Below Bridge date). Prior to tills period no discemable catch of late-rwl 
sockeye was identified ullnigratOlY area fisheries. The llilalysis of late-nm escapement was discontinued 
on September 10 (Below Bridge date), wmch was the last day of identifiable late-rwl catch in lnigratory 
area fisheries. 

The total catch of smnmer-run sockeye in tenninal area fisheries, and the escapement past Mission 
of SUllllller-nm sockeye, from the period spamling August 4 to September 10 were 1,321,000 and 
1,866,000, respectively (Table 1). If the Mission swnmer-run escapement data are replaced with (i) 
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upstream accOlUlted estimates of summer-run net escapement, corresponding to the Below Bridge dates 
from August 4 to September 10, inclusively, and (ii) with catches reported by DFO in the Native fishery 
for the same dates, then the gross escapement estimate is reduced from 1,866,000 to 1,449,000 (Table 
1). The difference between the two estimates is 417,000 fish. 

The discrepancy of 417,000, in the estimation of the terminal area abundance of summer-run 
sockeye, amOlUlts to 13.1 % of the terminal area summer-nrn abundance estimated by the PSC at the end 
of the season. The question arises, what would be the impact of these changes in the summer-nrn 
tenninal area abwldance on the estimate of late-run escapement to the Strait of Georgia derived using 
the Summer-Run Exploitation Rate Model? 

Tables 2 and 3 swnmmize the weekly estimates of summer-rIDl exploitation rates, and the resulting 
late-run weekly and seasonal Strait of Georgia escapement estimates, derived from the Summer-Run 
Exploitation Rate Model. Table 2 incorporates Mission sunllner-filll gross escapement data, while Table 
3 uses DFO upstream accowlting data, plus Native SW11lner-rIDl catches above Mission, in place of the 
PSC's estimate of gross escapement past Mission. When the upstream accounting data are used in place 
of the Mission gross escapement data, the apparent migratory exploitation rates of summer-filll stocks 
increase in evelY week but one. Correspondingly, the estimates of late-run escapements to the Strait of 
Georgia decrease. The net result for the entire season of the estimated late-run escapement to the Strait 
of Georgia, is a reduction from 3,679,000 fish to 2,971,000 fish (Tables 2 and 3). TIns is a drop of 
708,000 late-lUll sockeye which the model projected to have escaped the nligratory area fisheries and 
entered the Strait of Georgia. 

Further exmnination of summer-run sockeye tenninal area catches and escapements in 1994 led to 
two additional analyses which shed light on the question of possible escapement estimation errors. First, 
there appears to be a reasonably consistent relationship between Cottonwood gillnet test fislling CPUE 
and Mission escapement during the main SW11lner-lUll sockeye time period from July 25 to September 
5 (Figure 1). Regression of the data from July 25 to August 14 and from August 17 to September 5 
indicate that the relationslnp between Cottonwood test fishing and Mission escapement (all stocks) 
showed higher efficiency of test fislling in the earlier time period (i.e., higher ratio of CPUE to 
escapement, Figure 2). If Mission escapement estimates were biased high in either period, these data 
would suggest that the error would be greatest in the later time period (i.e., more fish lnigrating per 
CPUE). However, the actual escapements in the latter time period were substantially smaller (661,000 
versus 1,695,000) wInch makes it m11ikely that large numerical errors occurred in this time period. 
Catches in three fisheries after August 16 totalled 414,000 SWlll1ler-nrn sockeye while two fisheries 
before August 14 netted 452,000 fish of these stocks. 

A so-called "hole filling" calculation (Walters MS) compares the size of the depression in the 
migration at Mission with the reported catch in Fraser River c0l11lnercial fisheries. This method can be 
used to evaluate bias in the escapement estimates. If the "holes" left after the fisheries are larger than 
the indicated catch, either the escapement estimates are high, thus producing a larger "hole" than could 
be filled by the catch, or the catch is under-estimated, giving the appearance of "too large a hole". In 
1994, the "hole filling" method was not used in the first fishing week, August 7-13, because of unusual 
nngratory behaviour mld tinnng of fisheries in the river. Holes in the migration at Mission corresponded 
well to the size of commercial catches after August 14, suggesting that the Mission echo sowlding was 
not overestimating escapement (Table 4). In hml, any errors in the estinlation of tenninal abundance of 
SW11lner-filll sockeye would be insignificant and, therefore, the harvest rate-based procedures used for 
estimating escapement to the Strait of Georgia would not be biased. 
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Table 1. Comparisons of projections of summer-fim escapement into the Strait of Georgia, with the 
gross escapement component derived from Mission hydroacoustic and lower river Native catch data 
versus spawning escapement and in-river Native catch data. 

Projection of Escapement Projection of Escapement 
into the Strait of Georgia into the Strait of Georgia 
(Mission Data) (Upstream Accounting) 

Native Catch 
W/E Mission Terminal & Spawning Terminal 
DATE Gross Escp Catch Total Arrival Catch Total 
8/7 453,003 164,482 617,485 263,425 164,482 427,907 
14 655,105 291,751 946,856 658,342 291,751 950,093 
21 331,929 442,836 774,765 305,330 442,836 748,166 
28 236,548 246,728 483,276 166,101 246,728 412,829 

9/4 159,834 169,627 329,461 42,540 169,627 212,167 
10 29,919 5,472 35,391 12,921 5,472 18,393 

1,866,338 1,320,896 3,187,234 1,448,659 1,320,896 2,769,555 
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Table 2. Summer-run exploitation rate model with gross escapement determined from Mission 
hydroacoustic and lower river Native catch data. 

Summer Runs I 
Area 29 I 
Catch I Late Runs Cummulativ( 

Total &DFO Weekly I Total Late Run 
Migr Upstream Exploit I Migr St of Georgi 

BB Date Catch Accounting Rate I Catch Delay 
04-Aug 36,205 I 9,871 
05-Aug 44,901 I 9,103 
06-Aug 48,131 I 8,898 
07-Aug 63,120 427,907 31.0% I 9,759 83,714 
08-Aug 59,192 I 13,417 
09-Aug 144,382 I 35,066 
10-Aug 92,495 I 29,190 
II-Aug 63,483 I 21,397 
12-Aug 76,620 I 35,420 
13-Aug 219,785 I 97,184 
14-Aug 175,809 950,093 46.7% I 80,916 440,771 
15-Aug 226,697 I 196,646 
16-Aug 252,224 I 208,418 
17-Aug 34,475 28,177 
18-Aug 20,865 27,130 
19-Aug 17,012 27,782 
20-Aug 128,795 166,972 
21-Aug 120,226 748,166 51.7% 150,592 1,194,009 
22-Aug 232,823 525,347 
23-Aug 233,798 526,481 
24-Aug 10,455 12,250 
25-Aug 7,864 14,851 
26-Aug 7,129 16,346 
27-Aug 37,055 132,460 
28-Aug 36,483 412,829 57.8% 131,851 2,186,357 
29-Aug 77,025 235,478 
30-Aug 77,025 235,478 
31-Aug 77,025 I 235,478 
01-Sep 3,752 I 21,119 
02-Sep 3,608 I 21,820 
03-Sep 544 I 3,457 
04-Sep 544 212,167 53.0% I 3,457 2,856,263 
05-Sep 8,836 I 53,150 
06-Sep 8,836 I 53,150 
07-Sep 7,514 I 47,735 
08-Sep 7,514 I 47,735 
09-Sep 6,970 I 44,278 
lO-Sep 1,000 18,393 68.9% I 7,000 2,970,705 
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Table 3. Smnmer-run exploitation rate model with gross escapement determined from spawning 
escapement and in-river Native catch data. 

Summer Runs 

Area 29 

Catch 1 Late Runs Cummulative 

Total &PSC Weekly 1 Total Late Run 

Migr Mission Exploit 1 Migr St of Georgia 

BB Date Catch Escapement Rate 1 Catch Delay 

04-Aug 36,205 1 9,871 

05-Aug 44,901 1 9,103 

06-Aug 48,131 1 8,898 

07-Aug 63,120 617,485 23.8%1 9,759 120,485 

08-Aug 59,192 1 13,417 

09-Aug 144,382 35,066 

10-Aug 92,495 29,190 

11-Aug 63,483 21,397 

12-Aug 76,620 35,420 

13-Aug 219,785 97,184 

14-Aug 175,809 946,856 46.8% 80,916 475,821 
15-Aug 226,697 196,646 

16-Aug 252,224 208,418 
'::--Aug 34,475 28,177 

18-Aug 20,865 27,130 

19-Aug 17,012 27,782 
20-Aug 128,795 166,972 
21-Aug 120,226 774,765 50.8% 150,592 1,256,160 
22-Aug 232,823 525,347 

23-Aug 233,798 526,481 

24-Aug 10,455 12,250 

25-Aug 7,864 14,851 

26-Aug 7,129 16,346 

27-Aug 37,055 132,460 
28-Aug 36,483 483,276 53.9% 131,851 2,418,995 

.29-Aug 77,025 235,478 
30-Aug 77,025 235,478 
31-Aug 77,025 235,478 
01-Sep 3,752 21,119 

02-Sap 3,608 21,820 
03-Sep 544 3,457 
04-Sep 544 329,461 42.1% 3,457 3,459,112 
05-Sep 8,836 53,150 
06-Sep 8,836 53,150 
07-Sep 7,514 47,735 
q8-Sep 7,514 47,735 

09-Sep 6,970 44,278 

10-Sep 1,000 35,391 53.5% 7,000 3,679,051 
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Table 4. An assessment of Mission hydroa co us tic estimates of summer-fim escapement, by comparison 
of the size of"holes" in the daily escapements (caused by downstream commerical catches) with actual 
commercial catches. 

Walters' Revised Area 29 Avg Daily Abund Avg Daily Catch & 

Original Revised Escp Commercial Before & After Mis'n Esc During 

AB Date Catch Escp + Native Cth Catch A29 Com Fishery A29 Com Fishery Difference 
07-Aug 60,820 124,850 
08-Aug 148,553 (3,751) 
09-Aug 11,760 13,323 
10-Aug 35,009 1,349 
11-Aug 153,597 21,041 
12-Aug 385 35,387 35,387 0 
13-Aug 838 327,485 327,485 0 
14-Aug 24,780 135,974 160,083 0 
15-Aug 38,815 130,434 168,726 0 126,318 
16-Aug 107,644 81,581 96,101 92,726 152,345 (26,028) 

17-Aug 115,926 (44) (44) 115,908 152,345 (26,028) 

18-Aug 284 83,909 83,909 0 126,318 
19-Aug 223 121,387 121,387 0 68,651 
20-Aug 51,593 15,250 15,250 51,359 67,594 1,057 

21-Aug 63,744 4,859 11,195 57,384 67,594 1,057 

22-Aug 9,590 6,428 15,914 0 68,651 
22-Aug 15,914 62,918 
23-Aug 10,433 81,297 84,409 7,030 95,633 (32,714) 

24-Aug 78,532 11,993 11,993 78,407 95,633 (32,714) 

25-Aug 95,640 9,442 9,442 95,617 95,633 (32,714) 

26-Aug 28 (5,795) (5,795) 0 
27-Aug 175 109,923 109,923 0 62,918 
28-Aug 137 13,655 13,655 0 
29-Aug 140 15,554 15,554 0 
30-Aug 209 93,619 93,619 0 62,453 
31-Aug 46,537 8,911 8,911 47,460 42,022 20,431 
01-Sep 32,520 (4,837) (4,837) 32,509 42,022 20,431 
02-Sep 118 31,287 31,287 0 62,453 0 
03-Sep 94 10,470 10,470 0 
04-Sep 0 25,165 25,165 0 
05-Sep 0 8,489 8,489 0 
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Figure 1. Regressions ofh13-day average Mission abundance versus hl Cottonwood gilrnet test fishing 
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Figure 2. Regressions ofln 3-day average Mission abundance versus In Cottonwood gilhlet test fishing 
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