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Population Assessment, 1997 

by 

Patrick J. Sullivan and Ana M. Parma 

INTRODUCTION 

A new assessment procedure was introduced in 1996 which accounts for changes in indi-
vidual growth that likely induce changes in fishing selectivity. In addition, IPHC setline survey 
data (CPUE, proportion at age, size at age) and area-specific legal-sized bycatch mortality data 
were added to the procedure. The new approach takes a model for growth, the additional informa-
tion from surveys and bycatch observations, and brings in commercial catch-at-age and CPUE data 
to determine the current and historical status of the Pacific halibut population (Figure 1). 

In 1997 the assessment procedure was reviewed by a panel of three external assessment 
scientists, as part of the ongoing process of evaluation. The panel recommended caution in imple-
menting quotas based on the new procedure and made several other suggestions, some of which 
have already been incorporated into the current assessment. One such recommendation was to 
more fully communicate assumptions reflecting uncertainty seen in this assessment. This year we 
examine two assumptions concerning how survey selectivity is believed to operate. 

ASSESSMENT UNCERTAINTY 

The assessments discussed in this report cover three regions where both commercial catch 
and long term survey observations are available, namely IPHC Areas 2A-2B, 2C, and 3A. An age-
size structured assessment for Area 3B (for which there are no longer-term setline survey statistics) 
is also provided. An alternative, survey-scaled assessment for Area 3B, and a survey-scaled assess-
ment for Area 4, are discussed in a separate report in this document (Trumble and Hoag, 
1998 [Unpub]). 

Uncertainty about how survey selectivity operates is particularly relevant to the 2A-2B, 2C, 
and 3A assessments. Surveys are designed to provide a consistent mechanism for taking observa-
tions over time so that changes in population density are reflected directly in the survey catches per 
skate, rather than changes due to gear configuration or targeting. However, fish behavior influences 
the likelihood of fish capture at different sizes and life stages. If the chances of a halibut getting 
caught were simply a function of size, where for example larger fish might be more likely to get 
hooked, then in a fishery where individual size at age is dropping one would expect the selectivity 
at size to remain constant while selectivity at age would drop. If, however, the chances of a halibut 
getting caught were more a function of age, where for example halibut gradually appeared on the 
grounds after reaching age eight, say, then with size at age dropping one would expect the selectiv-
ity at age to still remain constant despite the lower size of the fish. 

In a commercial fishery with a minimum size limit, a decrease in selectivity at age with a 
decrease in size is expected. In the survey (which captures and measures all fish) we expect that 
selectivity reflects primarily the different vulnerability of fish of different sizes, which presumably 
would stay constant over time. Yet we see consistent differences in estimated selectivity between 
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areas (in particular between Areas 2B and 3A, see Figure 2), despite the fact that the same gear is 
used throughout all survey areas. These differences indicate that other factors besides size affect 
selectivity, such as the availability of fish of different ages on the fishing grounds for example. 

Because this uncertainty cannot be resolved at present, two assessments were conducted for 
each of the three regulatory areas for which long term surveys were available: one assumes that 
survey selectivity at age stayed constant while size at age was decreasing, and the other assumes 
that survey selectivity at length stayed constant (Figure 3). The differences in the assessments are 
greatest for the most recent four to five years, and are most significant for the Area 3A assessment, 
where the decrease in individual size at age has been greatest. The constant-age-selectivity esti-
mates are lower than the constant-length-selectivity estimates. The abundance of smaller, newly-
recruited halibut is estimated to be much larger under the assumption of constant size-specific 
selectivity. 

It seems likely that survey selectivity actually operates somewhere in between these two 
extremes. Until this issue can be resolved, we believe halibut biomass estimates are best viewed as 
bounded by these two sets of estimates. 

STOCK ASSESSMENT 

Commercial catch per unit effort increased substantially in Areas 2A, 2B, 2C, and 3B in 
1997, increasing by 22%, 10%, 17%, and 13% in each area over 1996 levels. Some decline was 
seen in Areas 3A and 4 (-1% and -5% respectively). Coast wide this amounts to about a 10% 
increase, keeping steady a trend seen since 1994 (Figures 4-10). IPHC setline survey data in 1997 
showed a 10% decline for the combined Area 2A-2B, a 20% increase for Area 2C, and 32% in-
crease for Area 3A, the later rebounding from a significant drop observed in the previous year. 
Survey statistics tend to show more year-to-year variation as indicators, as they represent only a 
fraction of the annual removals. As indicated elsewhere in this report, commercial catch increased 
substantially this year in response to the new higher quotas set last January. 

Estimated exploitable biomass of Pacific halibut remains high in all areas. This is consistent 
with upward trends shown in both survey and commercial CPUE indicators, which are used as 
inputs to the assessments. The Area 3A estimate under the constant-survey-selectivity-at-age as-
sessment shows a sharp drop both in total biomass as well as in eight-year-old abundance. In con-
trast, under the constant-survey-selectivity-at-length assessment, both total biomass and eight-year-
old abundance appear to remain stable. It will be several years before we will be able to recognize 
which of the two estimates is closest to being correct. 

Inconsistencies can be noted between the relative abundance of Areas 3A and 3B as esti-
mated in independent size-age structured assessments and those estimated using relative abun-
dance from research surveys. The independent estimates, shown in this document, indicate that 
Area 3B exploitable biomass is roughly 30% of that estimated for Area 3A. IPHC setline survey 
and NMFS trawl survey averages conducted over the two areas, on the other hand, indicate that 
Area 3B exploitable biomass should be roughly 60% of that shown for Area 3A. No merging of 
these data has yet brought about an estimate that is consistent with all available information. How-
ever, estimates are now available (Trumble and Hoag, 1998) that use the survey relative abun-
dances, excluding Area 3B catch at age and size data. Differences between the independent and 
survey-scaled assessments will continue to be examined and caution should be exercised. 
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The 1987 year class, shown as eight-year-olds in 1995, continues to appear strong coast-
wide, while area-specific estimates indicate that the relative strength of this year class increases 
moving south into Area 2 (Figure 11). The reason for the difference in relative strength between 
areas is not known, but differential migration by a single year class to each area is one possibility. 
Differential survivorship of local recruits due to environmental conditions is another. 

Bering Sea NW'S trawl survey data show the 1987 year class of halibut, present as ten-
year-olds in the 1997 halibut fishery, to be the strongest year class in abundance in recent history. 
However, these halibut remain relatively small at age. Year classes subsequent to 1987 appear not 
to be as strong in number. 

Weight at age appears to be showing an increase, especially for Areas 2C, 3A, and 3B, as 
shown by area specific average weight at age 12 (Figure 12). It is still not clear what may be 
causing the increase, but as individuals gain in weight so is there a gain in population biomass. 

SETLINE CEY CALCULATION 

Two constant exploitation yield (CEY) tables are presented here for use in formulating 
management options (Tables 1 and 2). The two tables reflect the two alternative assumptions about 
survey selectivity (constant selectivity at age versus constant selectivity at length) discussed in the 
previous sections. The format for the two tables is the same. The 1997 directed commercial setline 
quota and catch are presented first, with IPHC setline survey removals included in the catch. Ex-
ploitable biomass estimates are provided next. These are estimated from biomass at age multiplied 
by coast-wide selectivity at age as used in the harvest rate evaluation conducted last year. A 20% 
harvest rate is applied to this biomass to derive the total allowable CEY shown. Sport catch, wast-
age, subsistence, and legal-sized bycatch removals are then accounted for and removed from the 
total CEY values to arrive at the Setline CEY values for the directed commercial fishery. 

REFERENCES 

Tremble, R. J., and S. H. Hoag. 1998[Unpub]. A proposed method for setting Area 4 and Area 3B 
catch limits. IPHC Report of Assessment and Research Activities, 1997. 
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Figure 1. 	Overview of Pacific halibut stock assessment procedure. 
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Survey Selectivity at Length in 1997 

Length (cm) 

Figure 2. 	Comparison of survey selectivity at length between Areas 2AB and 3A from 
assessments assuming constant survey selectivity at length. 
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Figure 3. 	Total biomass (age 8 and older) and eight-year-old abundance for Area 2A+2B 
and Area 3A for alternate assumptions about survey selectivity. Upper points 
and lines are from assessment assuming constant selectivity at length in the 
survey, while lower points and lines are from assessment assuming constant 
selectivity at age in the survey. 
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Figure 4. 	Exploitable biomass, total biomass, commercial and survey CPUE, and abun- 
dance at age 8 of Pacific halibut for Area 2A and 2B combined from an age-size 
structured model assuming constant survey selectivity at age. Confidence bounds 
represent 95% intervals conditioned on model structure. Open CPUE diamonds 
are commercial and solid CPUE diamonds are survey. 
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Figure 5. 	Exploitable biomass, total biomass, commercial and survey CPUE, and abun- 
dance at age 8 of Pacific halibut for Area 2A and 2B combined from an age-size 
structured model assuming constant survey selectivity at length. Confidence 
bounds represent 95% intervals conditioned on model structure. Open CPUE 
diamonds are commercial and solid CPUE diamonds are survey. 
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Figure 6. 	Exploitable biomass, total biomass, commercial and survey CPUE, and abun- 
dance at age 8 of Pacific halibut for Area 2C from an age-size structured model 
assuming constant survey selectivity at age. Confidence bounds represent 95% 
intervals conditioned on model structure. Open CPUE diamonds are commer-
cial and solid CPUE diamonds are survey. 
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Figure 7. 	Exploitable biomass, total biomass, commercial and survey CPUE, and abun- 
dance at age 8 of Pacific halibut for Area 2C from an age-size structured model 
assuming constant survey selectivity at length. Confidence bounds represent 
95% intervals conditioned on model structure. Open CPUE diamonds are com-
mercial and solid CPUE diamonds are survey. 
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Figure 8. Exploitable biomass, total biomass, commercial and survey CPUE, and abun-
dance at age 8 of Pacific halibut for Area 3A from an age-size structured model 
assuming constant survey selectivity at age. Confidence bounds represent 95% 
intervals conditioned on model structure. Open CPUE diamonds are commer-
cial and solid CPUE diamonds are survey. 
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Figure 9. 	Exploitable biomass, total biomass, commercial and survey CPUE, and abun- 
dance at age 8 of Pacific halibut for Area 3A from an age-size structured model 
assuming constant survey selectivity at length. Confidence bounds represent 
95% intervals conditioned on model structure. Open CPUE diamonds are com-
mercial and solid CPUE diamonds are survey. 
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Figure 10. 	Exploitable biomass, total biomass, commercial and survey CPUE, and abun- 
dance at age 8 of Pacific halibut for Area 3B from an age-size structured modeL 
No setline survey series available. Confidence bounds represent 95% intervals 
conditioned on model structure. 
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Figure 11. 	Estimated abundance of eight-year-old Pacific halibut for each regulatory area 
for which there is long-term survey data. Estimates result from an assessment 
where survey selectivity at age is assumed constant and an assessment where 
survey selectivity at length is assumed constant. 
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Figure 12. 	Smoothed weight at age by year for twelve-year-old Pacific halibut by IPHC 
regulatory area. 
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Table 1. 	Setline 
Constant 

CEY under constant harvest rate policy, 20% exploitation rate 
survey selectivity at age 

2A 	2B 	2C 	3A 3B 
1997 Quota' 0.70 12.50 10.00 25.00 9.00 
1997 Catch 0.77 12.20 9.89 24.68 9.10 

Biomass 7.18 82.56 88.49 227.22 60.95 
Rate 0.20 0.20 0.20 0.20 0.20 
CEY 1.44 16.51 17.70 45.44 12.19 

Sport 0.00 0.66 1.83 5.42 0.02 
Waste 0.01 0.04 0.04 0.07 0.06 

Bycatch 0.38 0.14 0.26 1.15 0.59 
Subsistence 0.00 0.30 0.09 0.10 0.04 

Total Removals 0.39 1.13 2.22 6.74 0.70 

Setline CEY 1.05 15.38 15.48 38.71 11.49 

' Area 2A quota includes commercial, sport, and treaty quota (including C & S). 
2  Area 2C catch includes Metlakatla catch of 88,000 pounds. 

IPHC setline survey catch included in all areas. 
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Table 2. 	Setline CEY under constant harvest rate policy, 20% exploitation rate 
Constant survey selectivity at length 

2A 2B 2C 3A 
1997 Quota' 0.70 12.50 10.00 25.00 
1997 Catch2  0.77 12.20 9.89 24.68 

Biomass 8.44 97.08 92.58 348.25 
Rate 0.20 0.20 0.20 0.20 
CEY 1.69 19.42 18.52 69.65 

Sport 0.00 0.66 1.83 5.42 
Waste 0.01 0.04 0.04 0.07 

Bycatch 0.38 0.14 0.26 1.15 
Subsistence 0.00 0.30 0.09 0.10 

Total Removals 0.39 1.13 2.22 6.74 

Setline CEY 1.30 18.29 16.29 62.91 

' Area 2A quota includes commercial, sport, and treaty quotas (including C & S). 
'Area 2C catch includes Metlakatla catch of 88,000 pounds. 

IPHC setline survey catch included in all areas. 
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Population Assessment, 1997 
Technical Supplement 

by 

Patrick J. Sullivan and Ana M. Parma 

INTRODUCTION 

The discussion, figures, and tables presented here provide additional information on some 
technical aspects of the stock assessment. Tables 1-5 show data that are input to the assessments. 
Tables 6-13 show outputs from the assessments. The table number postscripts A and L correspond 
respectively to outputs from the constant-survey-selectivity-at-age and constant-survey-selectiv-
ity-at-length assumptions described in the Population Assessment document. Note, however, that 
for Area 3B, for which no time series of surveys are available, tables contain a standard size-age 
structured assessment while the 3B column in the L tables are left blank. 

Exploitable biomass estimates are now given as a function of year-specific estimated selec- • 
tivity, while the projections shown for 1998 and used in the CEY tables use an average of 2B and 
3A fixed selectivities as were used in the evaluation of alternative harvest rates. Selectivity values 
for ages 6 and 7 were set to zero in these computations because these age classes are scarcely 
represented in the catches and so their estimated abundances in the last year are extremely uncer-
tain. Total biomass represents all halibut ages 8 and older. Recruitment is now presented in terms of 
total abundance of eight-year-old halibut. 

SMOOTHED WEIGHT AT AGE 

Abundance of Pacific halibut is estimated from catch data in numbers, not weight. In order 
to compute biomass values (e.g. exploitable biomass, total biomass) the abundance at age estimated 
by the model is multiplied by weight at age. Data on weight at age are derived from annual market 
sample data on individual length at age, using the standard conversion to net weight (Clark, 1992). 

The market sample estimates of weight vary from one year to the next in part as a result of 
sampling error and variability in the fishing process. Such variation, if not accounted for, would 
result in greater year-to-year variation in biomass estimates and associated quota recommendations 
than should be expected from actual changes in weight at age and abundance in the population. In 
order to reduce this sampling variation a smoother is typically applied to the sample weight-at-age 
estimates. The smoother that is used is loess, a type of locally-weight regression that is imple-
mented in Splus and discussed by Chambers and Hastie (1992). This smoother has been used on 
halibut data since the 1994 assessment, replacing the Fortran Velleman smoother (Sullivan et al. 
1995[Unpub]). The loess smoother uses a symmetric kernel that is robust to outliers. A span of 
0.75, referring to the width of the kernel or the amount of information out of the total used for the 
local regression, was the default smoothing parameter. 

An examination of the effect of the smoother, and the choice of the smoothing parameter 
indicates that weight at age may in fact be changing faster than what can be tracked by the smoother 
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with a 0.75 span. Figure 1 shows three loess smoothed fits. Two use a span of 0.75 but are applied 
with and without the 1997 data point. Neither adequately catch the most recent upturn in weight at 
age because the smoother is averaging over too wide a window. Reducing the span to 0.5 provides 
a better fit to what appears to be the true signal on weight change. A span of 0.5 was applied to 
weights at age for all areas this year. For Area 3A this results in about a 7-10% increase in biomass 
estimates. In the future, a span that changes annually resulting in a constant number of years in the 
kernel might be considered. With 24 years (1974-1997) a span of 0.5 results in a symmetrically 
weighted smooth on 12 years worth of data. The smoother automatically adjusts for reduced data 
on endpoint estimates. 

TRENDS IN COMMERCIAL CATCHABILITY 

Background 

Trends in commercial catchability are included in the assessment model by letting the log-
catchability change as a random walk with constant variance equal to 0.032  (Parma and Sullivan, 
this volume). Thus relative changes in catchability from year to year are log-normally distributed 
with a coefficient of variation roughly equal to 0.03. While this level of variation may be sufficient 
to capture long-term, gradual trends in the fishery, one would expect a more abrupt change associ-.  
ated with the transition to individual quotas. To explore the effect of such a possibility on the 
biomass estimates, alternative assessment runs were done by breaking the time series of log-
catchability in the year when the fishery switched to individual quotas (1992 in British Columbia 
and in 1996 in Alaska). This is equivalent to assuming an infmite variance for the random walk at 
the year of the transition. This sensitivity analysis was only conducted for the age-based survey 
selectivity assumption. 

Results 

Allowing for a break in the catchability time series resulted in biomass estimates that are 
somewhat lower than the baseline estimates (for constant survey selectivity at age) except in Area 
3B. The change in exploitable biomass estimated for 1997 relative to the baseline value was -6% 
for Areas 2A-2B, -7% for Area 2C, -7% for Area 3A, and a 4% increase in Area 3B. Similar changes 
resulted in the estimates of total biomass. In Areas 2C and 3A a relative increase in catchability of 
18% and 36%, respectively, was estimated for the year of transition to individual quotas. The analysis 
suggests that the recent upturn in CPUE might in part be explained as a change in catchability, and 
that biomasses shown in the baseline assessments might be overestimated as a result. 

We plan to incorporate this break in catchability in future assessments and expect the esti-
mates of the relative change in catchability to improve as the data series expands, especially if 
surveys continue to be conducted annually. 

COMPARISON WITH NMFS TRAWL SURVEY DATA 

Several attempts have been made to include NMFS trawl survey data into the age-size 
structured assessments. But analysis of results from these attempts indicate inconsistencies that 
have as yet to be resolved. Figure 2 compares estimates of abundance of 80-90 cm halibut derived 
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for Area 3A from NMFS trawl survey data (Clark and Walters, 1997[Unpub]) with output from 
Area 3A size-age structured assessments (under both assumptions: constant setline survey selectiv-
ity at length and constant setline survey selectivity at age; see Sullivan and Parma, 1998[Unpub]). 
Note that while there is a general upward trend in both sets of abundance estimates, the increase is 
greater in the NMFS indexes. The area swept abundance estimates for the most recent years are 
substantially larger than those obtained from the size-age structured model (which do not include 
the trawl survey information) and are comparable for earlier years. If relative trends indicated by 
the trawl survey results are correct, then the size-age structured procedure may be greatly underes-
timating the strength of the incoming year classes. An upward correction of the size-age structured 
estimates in subsequent years might confirm this, but hypotheses as to why the two differ should 
still be explored. 

AREA 3B SIZE-AGE STRUCTURED ESTIMATION 

The Area 3B size-age structured assessment provides estimates of stock biomass which 
appear inconsistent with independently derived relative measures. IPHC setline surveys and NMFS 
trawl survey data indicate that Area 3B abundance should be roughly 60% of that estimated for 
Area 3A, while size-age structured analyses indicate that Area 3B is roughly 30% of that estimated 
for Area 3A in recent years. This inconsistency is not unique to the new assessment model, but was 
also present when biomass was estimated using CAGEAN. Basically the age compositions of the 
commercial catches in Areas 3A and 3B are similar with, if anything, a greater buildup of older fish 
in Area 3A (Figure 3). This, coupled with similar CPUE trends (Figure 4), would suggest that 
relative exploitation levels have been comparable, as indicated by the catch-at-age assessments. 
But this is inconsistent with surveys showing relatively more halibut in 3B. 

The inconsistency between these estimates has not yet been resolved. However, several 
possible explanations exist. A few will be explored here. The focus tends to be on the Area 3B size-
age structured estimates, since no long-term survey data exist for these, and so their uncertainty is 
much greater than that associated with the estimates for Area 3A. However, we cannot rule out the 
possibility that Area 3A might be overestimated. 

One scenario is that the trends in commercial CPUE for Area 3B, the only abundance index 
used in the size-age structured assessment, are not representative of the true trends in biomass. 
Some justification for suspecting the commercial CPUE data can be found in that a shift in effort 
and associated catch is occurring towards areas bordering the 3A-3B regulatory area boundary 
(Figure 5). Such shifts were expected, and seen, in Area 2B which underwent a change to indi-
vidual quotas in 1991 (Sullivan and Rebert, 1998). However, commercial CPUE indexes remain 
comparable between areas over years, with Area 3B currently showing moderately higher CPUE 
relative to Area 3A (Figure 4). 

A second scenario worth exploring involves the possibility of localized depletion. Because 
fishing effort tends to concentrate on some portions of the area occupied by the stock, not all fish 
may be available to fishing. Local depletion may result in age compositions and CPUE trends that 
are not representative of the whole stock but only of the fraction available. If local depletion can 
explain why the size-age structured assessment has consistently underestimated the stock in Area 
3B, then one would expect a buildup of older halibut on the grounds that are less frequented by the 
fleet. However, the age composition of the catch from the 1996 IPHC survey in Area 3B, which 
covered all the area occupied by halibut and so should reflect the age composition of the stock as a 
whole, is very similar to the age composition

13  
of the commercial catch in that year (Figure 3). In 
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particular, a greater abundance of older halibut does not show up in the survey data relative to the 
commercial. 

A final scenario to examine is that adult movement might take place between grounds 
whereby halibut continue to migrate from 3B to 3A as they get older. While this would not be a 
problem for the estimates in Area 3A, as the model allows for fish to become gradually selected 
(available) with age, the resulting estimates for 3B would be too low. To explore this scenario the 
size-age assessment model for Area 3B was modified to allow differential migration out of 3B (i.e. 
into Area 3A). This was done by allowing the value of the natural mortality parameter to vary with 
age, increasing it from the constant 0.2 assumption to a level consistent with the additional loss 
indicated by migration levels put forth in Table 4 of Quinn et al. (1985). The authors report a range 
in migration rates from 4% to 7%, with rates decreasing as age increases. This alternative assess-
ment resulted in only about a 15% increase in exploitable biomass (Figure 6 and Table 12). Much 
higher migration rates (and consequent increases in 3B biomass levels) would be needed to match 
the relative biomass levels shown by the survey comparisons. That halibut continue to move from 
3B to 3A as adults seems a likely scenario to explore further. However, the magnitude of the differ-
ences shown by the survey comparisons suggest that this may be only part of the problem. . 

Data for Area 3A and 3B were combined to get an assessment that could be compared with 
the independent 3A and 3B assessments. The combined assessment was conducted under the con-
stant-selectivity-at-age assumption and the output is shown in Figure 7 with estimated values given 
in Table 13. The combined assessment resulted in a 1997 total biomass level of 440 million pounds 
compared with 511 million pounds that results from summing estimates from the two independent 
assessments. A split of the combined assessment results, using survey proportions, would increase 
the biomass in 3B, but would also substantially decrease it in 3A over results from the independent 
assessments. Because the IPHC setline surveys that are available for the entire assessment period 
only cover (and not completely) Area 3A, we believe that the best assessment of Area 3A alone is 
the independent size-age assessment. 

AN ALTERNATIVE ASSESSMENT MODEL FOR AREA 3A 

Background 

In the new assessment model, trends in commercial selectivities at age result from the cou-
pling of the size distribution at age in the population with a time-varying size selectivity function. 
The decrease in size at age that took place over the last 15 years resulted in a reduction in the 
estimated selectivity of the younger age classes, which explained their poor representation in the 
commercial catch during the 1990s. Letting the selectivity be driven by changes in size at age thus 
resulted in a substantial increase in the estimated abundance of the younger age classes compared 
to those produced by the previous assessment model (CAGEAN) in which selectivity at age was 
assumed constant. 

During the review of the stock assessment methods, a question was raised by the panel as to 
whether there was any empirical evidence for such decreases in age-selectivity that would be inde-
pendent of the trends in growth. Recent changes in selectivity are difficult to estimate solely from 
the catch at age data because their effect on the catch age composition tends to be confounded with 
the effects of recent trends in recruitment. With time, the young cohorts eventually become fully 
selected, and then changes in abundance and selectivity can be better identified. Depending on 
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how noisy the data and the fishing process is, unaccounted recent changes in selectivity may still 
show as trends in residuals along the cohort diagonals. In this case, there may still be some informa-
tion to estimate recent trends in selectivity. 

An alternative assessment model was developed to evaluate whether or not the catch at age 
data provided evidence for a decrease in selectivity, such as was estimated by the new assessment 
model, when no auxiliary information on size at age was incorporated. The model was applied to 
Area 3A because this area experienced the largest decreases in growth rate and estimated selectiv-
ity. 

The Model 

Abundance at age for the period 1974-1997 was estimated using an age-structured model 
similar to CAGEAN, except that commercial selectivity and catchability were allowed to change 
over time. In addition to commercial catch at age (ages 6 to 20+) and effort data, survey catch per 
unit of effort (CPUE) and age composition of survey catches were used in the estimation, as is the 
case in the regular assessment model. 

The dynamics of abundance and the catch process were modeled using standard age-spe-
cific catch equations. Removals due to bycatch of legal halibut were ignored in this exercise. The 
coefficient of catchability q linking observed effort to predicted full-recruitment mortality was 
assumed to change according to 

log(qt+i )=log(qt  )+ g E t  

where qE , is normally distributed with zero mean and standard deviation equal to 0.03. Selectivi-
ties for ages 14 through 20+ were assumed to be constant and selectivity for the pooled age 
group 20+ was set to one. Changes in selectivity s(a) for ages 6 to 13 were allowed by letting 

log(s(a)t+i  )=log(s(a) t  )+  s-E a,t 

where SE Q, was assumed to be normal with zero mean and standard deviation decreasing gradually 
with age from 0.2 At age 6 to 0.05 at age 13. Survey selectivity was assumed to be constant at age 
except for a brake incorporated to account for the change in hook type from J to C that took place 
in 1984. The survey in that year was duplicated using the two hook types in order to evaluate their 
relative fishing power. The C-hook was estimated to be twice as efficient as the J-hook at catching 
large, fully selected fish (Clark, this volume). Thus the ratio of the catchabilities of the two hooks 
was given a value of two in the model. 

Parameters for initial abundances, full-recruitment fishing mortalities (F,), catchabilities 
for years 1974-1997, commercial and survey selectivities at age and year, and survey catchabilities 
were estimated using the same formulation as in the regular assessment model, excluding of course 
all the components corresponding to growth data. Emphasis given to the different likelihood com-
ponents, and the prior variance used to control the degree of variation in commercial catchability, 
were identical to those used for the regular assessment. An additional penalty on the curvature of 
the age-specific selectivity parameters for each year was included in order to smooth out changes in 
selectivity with age; a constant times the sum of the squared second-order differences of log(s(a)) 
was added to the objective function. 
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Exploitable biomass was computed as 

20+ 

Br =1rNa,t  s(a), w 
a=6 

where Nv  is abundance at age and year, and wa,t represents smoothed average weights at age and 

year estimated by sampling commercial landings. 

Results and Discussion 

Estimated age-specific selectivity parameters show decreasing trends over the last 10 years 
approximately (Figure 8). Although trends are not as marked as those driven by the changes in size 
at age in the regular assessment, they do support the assumption that selectivity at age decreased 
when size at age decreased. Estimates of total and exploitable biomass should be compared with 
those produced by the regular assessment model under the assumption that survey selectivity is 
constant at age (except for the change in 1984). Trends in estimates of recruitment and biomass are 
similar, but absolute levels are lower in the current model, as could be expected from the smaller 
changes in selectivity (Figure 9). Estimated total biomass in 1997 is close 312 million pounds while 
the regular assessment resulted in 394 million pounds. If exploitable biomass is calculated using 
the coast-wide fixed selectivity schedule used to compute CEYs, the current model estimates 171 
million pounds while the regular assessment model produced an estimate of 251 million pounds. 
Differences would be somewhat smaller if the alternative assessment model had incorporated the 
bycatch removals of legal-size halibut as is done in the regular assessment. Accounting for bycatch 
resulted in roughly a 15% increase in estimated exploitable biomass in the regular assessment. 

While these results are useful in providing evidence of selectivity trends, we believe that 
abundance estimates provided by the regular assessment model are more reliable. Commercial 
selectivity is the result of a complex series of factors involving the availability of fish of different 
age-size classes in the fishing grounds, the efficiency of the gear, behavioral factors and fleet tar-
geting practices. In general, it is then difficult to specify how a change in size at age might affect the 
catchability of different age classes. However, in the case of halibut, the existence of a legal size 
limit at 81 cm must undoubtedly have resulted in a substantial decrease in selectivity of the younger 
age groups. Selectivity and abundance parameters estimated by making use of the growth informa-
tion should then be better than those that ignore the coupling between selectivity and growth. 
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Figure 1. Raw weight at age for Pacific halibut of age 12 sampled from Area 3A commer-
cial landings compared with three smooth loess curves. The two curves drop-
ping below the raw weight data are smoothed using a 0.75 span over the years 
1974-1996 and 1974-1997 data respectively. The curve following the data more 
closely uses a 0.5 span and is applied for 1974-1997 data. 
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Figure 2. 	Comparison of estimates of abundance of 80-90 cm Pacific halibut from NMFS 
trawl survey data and from size-age structured assessments for Area 3A. Stock 
assessments shown are for the assumptions of constant setline survey selectiv-
ity at length (upper) and constant setline survey selectivity at age (lower). 
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Figure 3. 	Percent survey catch at age for Area 3B compared with commercial catch at 
age from Area 3B and Area 3A for 1997. Age 17 is a plus group, representing all 
halibut ages 17 and older. 
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Figure 4. 	Comparison of commercial catch-per-unit-effort for IPHC Areas 3A and 3B. 
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Figure 5. 	Total catch in millions of pounds given by year for each Area 3B IPHC statisti- 
cal area. Note the upturn in catch in recent years for stat-area 290, which is 
adjacent to the Area 3A-3B border near Kodiak. 
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Figure 6. 	Exploitable biomass, total biomass, commercial and survey CPUE, and abun- 
dance at age 8 of Pacific halibut for Area 3B from an age-size structured model 
with no survey information included, but assuming that out migration at age 
occurs based on migration rates listed in Table 4 of IPHC Scientific Report 72. 
Confidence bounds represent 95% intervals conditioned on model structure. 
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Figure 7. 	Output from run where data from Area 3A and 3B were combined. Survey 
estimates shown are for Area 3A only. 
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Trends in commercial selectivity at age 
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Figure 8. 	Alternative model in which trends in commercial selectivity were estimated in- 
dependently of growth changes for Area 3A. 
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Figure 9. 	Trends in Area 3A commercial selectivity estimated independently of growth 
changes. 
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Table 1. 	Commercial CPUE (pounds per skate, C hook equivalent) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 130.7 141.0 126.0 142.4 124.7 301.1 137.9 
1975 130.6 148.7 117.4 145.3 149.3 210.7 139.7 
1976 71.7 116.7 92.8 131.5 142.2 184.2 118.5 
1977 182.2 135.3 99.4 134.6 161.3 176.2 133.1 
1978 85.5 138.0 124.1 171.9 116.4 166.6 148.0 
1979 .110.0 105.8 176.6 189.0 80.8 146.1 154.6 
1980 82.0 148.3 183.7 278.3 315.1 177.7 210.9 
1981 67.7 154.3 313.7 327.7 387.2 249.9 254.6 
1982 47.3 149.1 321.4 373.1 461.7 219.9 274.2 
1983 NA NA NA NA NA NA NA 
1984 69.0 146.6 280.8 500.3 475.2 235.6 288.0 
1985 69.2 143.1 340.7 509.9 602.4 304.8 310.0 
1986 60.9 118.2 294.0 517.9 514.8 276.5 287.7 
1987 58.6 128.4 260.3 503.6 476.1 298.1 276.9 .  

1988 171.4 131.6 281.3 502.8 654.2 296.4 309.4 
1989 112.4 133.2 258.0 456.0 590.0 306.4 300.2 
1990 168.4 173.9 269.1 352.9 483.6 336.2 302.0 
1991 164.3 156.4 233.2 318.6 466.4 366.3 284.9 
1992 113.9 186.6 230.5 397.1 440.2 312.4 304.4 
1993 155.0 211.9 255.1 390.8 504.6 336.9 312.1 
1994 92.4 212.5 187.5 330.2 355.9 247.1 255.5 
1995 88.9 205.5 231.5 389.7 476.6 271.9 283.4 
1996 154.9 221.0 221.0 442.3 461.6 339.9 311.3 
1997 189.6 243.4 259.5 436.3 521.7 321.7 339.5 
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Table 2. 	Commercial Catch (million pounds) 

2A 2B 2C 3A 3B 4 Total 
0.52 4.62 5.60 8.19 1.67 0.71 21.31 
0.46 7.13 6.24 10.60 2.56 0.63 27.62 
0.24 7.28 5.53 11.04 2.73 0.72 27.54 
0.21 5.43 3.19 8.64 3.19 1.22 21.88 
0.10 4.61 4.32 10.30 1.32 1.35 22.00 
0.05 4.86 4.53 11.34 0.39 1.37 22.54 
0.02 5.65 3.24 11.97 0.28 0.71 21.87 
0.20 5.65 4.01 14.22 0.45 1.19 25.72 
0.21 5.54 3.50 13.53 4.80 1.43 29.01 
0.26 5.44 6.40 14.11 7.75 4.42 38.38 
0.43 9.05 5.85 19.97 6.50 3.16 44.96 
0.49 10.39 9.21 20.85 10.89 4.28 56.11 
0.58 11.22 10.61 32.79 8.83 5.59 69.62 
0.59 12.25 10.68 31.32 7.76 6.88 69.48 
0.49 12.86 11.37 37.86 7.08 4.69 74.35 
0.47 10.43 9.53 33.73 7.84 4.93 66.93 
0.32 8.57 9.73 28.85 8.69 5.43 61.59 
0.36 7.17 8.69 22.86 11.93 5.99 57.00 
0.44 7.63 9.82 26.78 8.62 6.61 59.90 
0.52 10.63 11.29 22.74 7.86 6.25 59.28 
0.39 9.91 10.38 24.84 3.86 5.37 54.75 
0.31 9.62 7.76 18.34 3.12 4.74 43.89 
0.30 9.53 8.80 19.69 3.81 5.31 47.44 
0.40 12.20 9.89 24.68 9.10 8.79 65.05 

Year 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
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Table 3. 	Total Removals Excluding Bycatch (million pounds) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.22 5.45 3.26 8.84 3.19 1.22 22.18 
1978 0.11 4.62 4.40 10.58 1.32 1.35 22.38 
1979 0.06 4.88 4.70 11.70 0.39 1.37 23.11 
1980 0.04 5.66 3.57 12.46 0.28 0.71 22.72 
1981 0.22 5.67 4.33 14.97 0.45 1.20 26.84 
1982 0.26 5.61 3.99 14.25 4.80 1.44 30.34 
1983 0.32 5.54 6.95 15.06 7.75 4.42 40.05 
1984 0.55 9.17 6.47 21.00 6.50 3.17 46.86 
1985 0.68 11.02 10.11 22.99 11.09 4.44 60.33 
1986 0.92 11.80 11.77 36.56 9.23 5.91 76.18 
1987 1.04 12.95 11.83 34.89 8.10 7.17 75.97 
1988 0.74 13.41 12.65 42.63 7.20 4.80 81.43 
1989 0.80 11.11 11.28 38.19 8.03 5.08 74.50 
1990 0.52 9.41 11.30 33.38 8.91 5.69 69.21 
1991 0.52 7.88 11.41 29.23 12.41 6.52 67.96 
1992 0.70 8.36 12.10 31.81 8.83 6.89 68.69 
1993 0.77 11.68 13.40 28.67 7.98 6.56 69.07 
1994 0.57 10.94 12.72 30.51 3.96 5.64 64.34 
1995 0.55 10.62 9.57 23.06 3.19 4.90 51.89 
1996 0.53 10.52 10.38 24.79 3.89 5.55 55.65 
1997 0.76 13.19 11.76 30.26 9.21 9.05 74.23 
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Table 4. 

Year 

Legal-sized Bycatch Mortality (million pounds) 

2A 	2B 	2C 	3A 3B 4 Total 
1974 0.25 0.90 0.37 4.48 2.82 1.89 10.71 
1975 0.25 0.90 0.45 2.61 1.66 1.10 6.98 
1976 0.25 0.94 0.50 2.74 1.94 1.18 7.56 
1977 0.25 0.72 0.41 3.37 1.54 1.98 8.27 
1978 0.25 0.55 0.21 2.44 1.31 3.40 8.16 
1979 0.25 0.69 0.64 4.49 0.69 3.44 10.20 
1980 0.25 0.51 0.42 4.93 0.87 5.71 12.69 
1981 0.25 0.53 0.40 3.99 1.09 4.37 10.64 
1982 0.25 0.30 0.20 3.20 1.68 2.95 8.58 
1983 0.25 0.29 0.20 2.08 1.22 2.47 6.51 
1984 0.25 0.52 0.21 1.51 0.92 2.29 5.70 
1985 0.25 0.55 0.20 0.80 0.34 2.25 4.38 
1986 0.25 0.56 0.20 0.67 0.20 2.61 4.50 
1987 0.25 0.79 0.20 1.59 0.40 2.67 5.90 
1988 0.25 0.77 0.20 2.13 0.04 3.27 6.66 .  

1989 0.25 0.72 0.20 1.80 0.44 1.95 5.36 
1990 0.25 1.03 0.68 2.63 1.21 4.16 9.97 
1991 0.25 1.22 0.55 3.13 1.03 2.92 9.10 
1992 0.28 1.02 0.57 2.64 1.12 3.34 8.97 
1993 0.28 0.65 0.33 1.92 0.47 2.01 5.65 
1994 0.28 0.57 0.40 2.35 0.85 3.48 7.93 
1995 0.38 0.71 0.24 1.57 0.90 3.31 7.11 
1996 0.38 0.14 0.24 1.16 0.77 2.97 5.66 
1997 0.38 0.14 0.26 1.15 0.59 2.69 5.21 
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Table 5. IPHC setline survey CPUE in number of halibut per effective skate and associated 
coefficient of variation. 

Area 2AB Area 2C 	Area 3A 
Year 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

CPUE CV CPUE CV CPUE CV 

	

2.30 	0.12 

	

1.56 	0.13 	 5.56 	0.06 

	

1.84 	0.12 	 3.66 	0.06 

	

5.25 	0.07 

	

2.99 	0.10 	 6.86 	0.06 

	

1.86 	0.11 	 10.21 	0.06 

	

2.31 	0.12 	11.28 	0.09 	11.53 	0.06 

	

3.11 	0.14 	10.89 	0.09 	9.29 	0.04 

	

4.74 	0.08 	13.21 	0.11 	13.33 	0.04 

	

4.30 	0.11 	11.53 	0.10 	15.74 	0.04 

	

2.70 	0.10 	9.44 	0.09 	9.58 	0.06 

	

6.63 	0.10 	 17.94 	0.06 

	

19.01 	0.05 

	

8.95 	0.08 	 23.10 	0.06 

	

9.20 	0.09 	16.89 	0.09 	18.54 	0.07 

	

9.07 	0.08 	21.77 	0.09 	26.46 	0.06 
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Table 6.A 	Exploitable Biomass (million pounds) 
Constant survey selectivity at age 

Year 2A+2B 2C 	3A 	3B 
1974 49.51 42.25 98.62 22.52 
1975 50.21 44.01 104.77 23.23 
1976 47.73 44.94 112.31 24.36 
1977 45.05 47.69 122.68 25.15 
1978 44.56 54.10 140.85 26.07 
1979 46.37 59.09 159.87 28.96 
1980 48.04 65.95 175.31 34.72 
1981 50.23 75.51 194.29 42.23 
1982 52.50 83.53 211.58 50.21 
1983 56.62 91.06 239.19 53.62 
1984 63.21 95.78 265.13 54.71 
1985 67.42 101.20 291.76 56.90 
1986 69.34 103.21 307.73 54.47 
1987 75.35 96.49 328.71 54.38 
1988 84.35 101.06 354.41 56.29 
1989 90.31 99.91 341.87 56.57 
1990 96.64 96.99 318.48 54.55 
1991 102.94 93.74 295.80 50.19 
1992 109.19 92.29 285.21 44.07 
1993 107.01 87.94 267.94 42.13 
1994 100.42 85.81 275.90 42.06 
1995 101.91 82.42 263.60 46.75 
1996 103.77 85.46 260.63 52.54 
1997 105.18 86.67 251.86 57.06 

1998 89.74 88.49 227.22 60.95 
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Table 6.L 

Year 

Exploitable Biomass (million pounds) 
Constant survey selectivity at length 

2A+2B 	2C 	3A 
1974 49.21 42.45 95.24 
1975 48.32 44.01 100.91 
1976 44.86 44.79 107.64 
1977 42.30 47.34 116.06 
1978 42.82 53.66 132.21 
1979 45.41 58.81 149.55 
1980 47.57 66.48 165.44 
1981 49.36 75.80 182.04 
1982 51.66 82.89 195.06 
1983 56.11 89.53 217.82 
1984 62.90 93.51 239.55 
1985 67.37 98.35 264.28 
1986 70.19 100.12 275.51 
1987 75.05 93.27 289.66 
1988 82.38 98.29 314.14 
1989 86.81 97.23 303.68 
1990 91.00 94.08 282.98 
1991 93.58 90.06 263.52 
1992 103.89 89.50 256.15 
1993 109.32 86.36 239.07 
1994 106.22 85.65 246.36 
1995 106.70 82.47 250.16 
1996 111.52 86.58 266.29 
1997 117.18 89.65 280.42 

1998 105.53 92.58 348.25 
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Table 7.A 	Total Biomass Age 8 and Older (million pounds) 
Constant survey selectivity at age 

Year 2A+2B 2C 3A 3B 
1974 62.13 66.57 170.44 33.95 
1975 62.49 69.07 184.03 34.44 
1976 59.61 71.71 202.55 35.34 
1977 57.39 75.77 222.11 35.98 
1978 59.38 84.54 251.47 37.77 
1979 63.83 93.92 276.07 41.19 
1980 69.17 107.32 304.70 50.27 
1981 75.73 122.97 345.32 67.16 
1982 81.90 135.94 376.91 80.67 
1983 92.83 147.38 410.62 88.18 
1984 109.08 156.92 449.13 92.89 
1985 127.17 171.87 496.96 104.73 
1986 135.94 170.87 524.37 106.55 
1987 149.41 168.78 553.30 113.43 
1988 160.38 168.44 601.86 123.59 
1989 162.27 164.26 604.14 125.41 
1990 162.39 160.00 593.87 120.01 
1991 170.14 159.94 598.01 117.87 
1992 178.85 160.97 575.73 111.97 
1993 177.36 156.30 529.94 109.37 
1994 169.28 148.62 481.48 110.37 
1995 188.05 159.31 455.11 121.94 
1996 198.67 172.65 430.91 122.75 
1997 199.68 174.45 394.76 116.06 
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Table 7.L 

Year 

Total Biomass Age 8 and Older (million pounds) 
Constant survey selectivity at length 

2A+2B 	2C 	3A 
1974 61.32 66.14 164.39 
1975 61.92 68.52 176.92 
1976 59.33 71.03 193.68 
1977 57.68 75.20 213.15 
1978 58.47 83.79 239.46 
1979 62.09 92.94 261.00 
1980 66.41 104.54 282.52 
1981 73.61 120.00 319.86 
1982 79.72 133.34 350.51 
1983 90.14 145.14 380.52 
1984 106.31 154.89 416.56 
1985 125.25 169.94 466.66 
1986 135.47 168.92 502.11 
1987 152.35 167.75 536.42 
1988 165.78 167.96 587.42 
1989 171.07 164.48 598.07 
1990 174.29 160.14 603.36 
1991 183.39 160.86 626.79 
1992 188.98 160.78 626.02 
1993 186.16 155.45 608.38 
1994 182.77 147.89 587.84 
1995 224.32 164.77 600.75 
1996 236.51 180.27 625.95 
1997 231.27 184.13 633.46 
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Table 8.A 	Historical Exploitation Rates (total removals/exploitable biomass) 
Constant survey selectivity at age 

Year 2A+2B 2C 3A 3B 
1974 0.13 0.14 0.13 0.20 
1975 0.17 0.15 0.13 0.18 
1976 0.18 0.13 0.12 0.19 
1977 0.15 0.08 0.10 0.19 
1978 0.12 0.09 0.09 0.10 
1979 0.13 0.09 0.10 0.04 
1980 0.13 0.06 0.10 0.03 
1981 0.13 0.06 0.10 0.04 
1982 0.12 0.05 0.08 0.13 
1983 0.11 0.08 0.07 0.17 
1984 0.17 0.07 0.08 0.14 
1985 0.19 0.10 0.08 0.20 
1986 0.19 0.12 0.12 0.17 
1987 0.20 0.12 0.11 0.16 
1988 0.18 0.13 0.13 0.13 
1989 0.14 0.11 0.12 0.15 
1990 0.12 0.12 0.11 0.19 
1991 0.10 0.13 0.11 0.27 
1992 0.09 0.14 0.12 0.23 
1993 0.13 0.16 0.11 0.20 
1994 0.12 0.15 0.12 0.11 
1995 0.12 0.12 0.09 0.09 
1996 0.11 0.12 0.10 0.09 
1997 0.14 0.14 0.12 0.17 
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Table 8.L 

Year 

Historical Exploitation Rates (total removals/exploitable biomass) 
Constant survey selectivity at length 

2A+2B 	2C 	3A 
1974 0.13 0.14 0.13 
1975 0.18 0.15 0.13 
1976 0.19 0.13 0.13 
1977 0.16 0.08 0.11 
1978 0.13 0.09 0.10 
1979 0.13 0.09 0.11 
1980 0.14 0.06 0.11 
1981 0.14 0.06 0.10 
1982 0.12 0.05 0.09 
1983 0.11 0.08 0.08 
1984 0.17 0.07 0.09 
1985 0.19 0.10 0.09 
1986 0.19 0.12 0.14 
1987 0.20 0.13 0.13 
1988 0.18 0.13 0.14 
1989 0.15 0.12 0.13 
1990 0.12 0.13 0.13 
1991 0.11 0.13 0.12 
1992 0.10 0.14 0.13 
1993 0.12 0.16 0.13 
1994 0.12 0.15 0.13 
1995 0.11 0.12 0.10 
1996 0.10 0.12 0.10 
1997 0.12 0.13 0.11 
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Table 9.A 	Annual Surplus Production (million pounds) 
Constant survey selectivity at age 

Year 2A+2B 2C 3A 3B 
1974 6.99 7.73 18.82 5.20 
1975 6.26 7.62 20.76 5.35 
1976 6.03 8.79 24.15 5.46 
1977 6.15 10.08 30.37 5.66 
1978 7.34 9.60 32.05 5.51 
1979 7.56 12.21 31.63 6.84 
1980 8.65 13.55 36.37 8.66 
1981 8.94 12.75 36.25 9.52 
1982 10.54 11.72 45.06 9.89 
1983 12.99 11.86 43.07 10.06 
1984 14.71 12.10 49.13 9.61 
1985 14.42 12.32 39.77 9.00 
1986 19.53 5.25 58.20 9.35 
1987 24.02 16.59 62.17 10.40 
1988 21.14 11.71 32.22 7.53 
1989 19.21 8.55 16.60 6.45 
1990 17.52 8.74 13.33 5.76 
1991 16.11 10.51 21.77 7.32 
1992 8.18 8.33 17.18 8.01 
1993 6.79 11.59 38.55 8.38 
1994 13.85 9.73 20.56 9.49 
1995 14.12 12.86 21.66 9.89 
1996 12.98 11.83 17.18 9.18 
1997 13.16 11.99 16.60 9.97 
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Table 9.L 

Year 

Annual Surplus Production (million pounds) 
Constant survey selectivity at length 

2A+2B 	2C 	3A 
1974 5.39 7.53 18.34 
1975 5.28 7.47 19.94 
1976 6.16 8.58 22.20 
1977 7.15 9.98 28.36 
1978 8.12 9.77 30.37 
1979 8.04 13.02 32.09 
1980 8.26 13.31 33.98 
1981 8.97 11.82 31.98 
1982 10.86 10.83 40.20 
1983 13.20 11.13 38.87 
1984 14.97 11.52 47.23 
1985 15.32 12.08 35.02 
1986 18.39 5.12 51.38 
1987 22.36 17.05 60.95 
1988 19.60 11.79 34.31 
1989 17.07 8.33 19.29 
1990 13.79 7.97 16.56 
1991 20.17 11.40 24.99 
1992 15.79 9.53 17.37 
1993 10.29 13.02 37.88 
1994 12.83 9.94 36.65 
1995 17.09 13.92 40.76 
1996 17.23 13.69 40.07 
1997 18.10 14.18 42.20 
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Table 10.A 

Year 

Fishing Mortality 
Constant survey selectivity at age 

2A+2B 	2C 	3A 	3B 
1974 0.11 0.15 0.10 0.10 
1975 0.17 0.17 0.12 0.13 
1976 0.18 0.15 0.11 0.14 
1977 0.15 0.08 0.09 0.15 
1978 0.10 0.10 0.09 0.07 
1979 0.12 0.09 0.09 0.03 
1980 0.13 0.06 0.09 0.01 
1981 0.13 0.06 0.09 0.01 
1982 0.13 0.05 0.07 0.12 
1983 0.11 0.08 0.07 0.17 
1984 0.20 0.08 0.10 0.14 
1985 0.22 0.13 0.10 0.25 
1986 0.22 0.15 0.15 0.21 
1987 0.20 0.14 0.13 0.18 
1988 0.21 0.16 0.15 0.16 
1989 0.16 0.15 0.14 0.17 
1990 0.12 0.14 0.13 0.20 
1991 0.08 0.14 0.13 0.33 
1992 0.09 0.16 0.13 0.26 
1993 0.14 0.18 0.13 0.24 
1994 0.14 0.20 0.14 0.10 
1995 0.12 0.12 0.10 0.08 
1996 0.13 0.15 0.12 0.09 
1997 0.16 0.17 0.14 0.21 
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Table 10.L 

Year 

Fishing Mortality 
Constant survey selectivity at length 

2A+2B 	2C 	3A 
1974 0.11 0.15 0.10 
1975 0.18 0.17 0.13 
1976 0.19 0.15 0.12 
1977 0.15 0.08 0.10 
1978 0.11 0.10 0.10 
1979 0.12 0.09 0.10 
1980 0.13 0.06 0.09 
1981 0.14 0.06 0.10 
1982 0.13 0.05 0.08 
1983 0.11 0.09 0.08 
1984 0.20 0.08 0.11 
1985 0.22 0.13 0.11 
1986 0.21 0.15 0.17 
1987 0.20 0.15 0.15 
1988 0.22 0.16 0.17 
1989 0.17 0.15 0.15 
1990 0.13 0.14 0.15 
1991 0.09 0.14 0.14 
1992 0.09 0.16 0.15 
1993 0.14 0.18 0.15 
1994 0.13 0.20 0.16 
1995 0.12 0.12 0.11 
1996 0.12 0.15 0.11 
1997 0.14 0.16 0.13 
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Table 11.A Total Abundance of Eight-year-old Halibut (millions) 
Constant survey selectivity at age 

Year 2A+2B 2C 3A 3B 
1974 0.63 0.56 1.33 0.26 
1975 0.63 0.61 1.56 0.30 
1976 0.59 0.68 1.88 0.30 
1977 0.61 0.71 1.99 0.31 
1978 0.77 0.84 2.45 0.36 
1979 0.81 0.97 2.23 0.36 
1980 0.94 1.23 2.66 0.52 
1981 1.09 1.31 3.35 0.88 
1982 1.16 1.29 3.11 0.75 
1983 1.46 1.30 3.30 0.83 
1984 1.87 1.50 3.83 0.93 
1985 2.43 2.00 5.11 1.36 
1986 2.15 1.48 4.52 1.21 
1987 2.50 1.56 5.78 1.37 
1988 2.44 1.46 7.41 1.60 
1989 1.96 1.24 5.80 1.29 
1990 1.73 1.13 5.09 1.07 
1991 2.05 1.33 6.57 1.42 
1992 2.07 1.34 5.15 1.27 
1993 1.58 1.07 3.67 1.10 
1994 1.50 0.96 2.68 1.14 
1995 2.96 2.03 3.76 1.54 
1996 2.75 1.92 2.74 0.92 
1997 2.32 1.45 1.54 0.49 
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Table 11.L 

Year 

Total Abundance of Eight-year-old Halibut (millions) 
Constant survey selectivity at length 

2A+2B 	2C 	3A 
1974 0.63 0.55 1.29 
1975 0.64 0.60 1.49 
1976 0.62 0.67 1.77 
1977 0.64 0.72 1.98 
1978 0.69 0.83 2.26 
1979 0.75 0.95 2.05 
1980 0.87 1.12 2.25 
1981 1.13 1.30 3.19 
1982 1.15 1.31 3.05 
1983 1.41 1.32 3.08 
1984 1.85 1.51 3.66 
1985 2.46 1.99 5.10 
1986 2.22 1.46 4.83 
1987 2.71 1.59 5.93 
1988 2.62 1.48 7.37 
1989 2.19 1.27 6.09 
1990 1.95 1.12 5.92 
1991 2.17 1.38 7.68 
1992 1.95 1.27 6.53 
1993 1.56 1.03 5.65 
1994 1.84 0.97 4.83 
1995 4.33 2.37 6.74 
1996 3.21 2.08 6.48 
1997 2.33 1.59 4.85 
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Table 12. 	Summary of Outputs from Area 3B Out-Migration Run 

Year Exploitable 
Biomass 

Estimated 
Selectivit 

1974 	24.44 
1975 	25.42 
1976 	26.86 
1977 	28.06 
1978 	29.38 
1979 	32.59 
1980 	38.69 
1981 	46.44 
1982 	54.50 
1983 	58.01 
1984 	59.15 
1985 	61.23 
1986 	58.64 
1987 	58.40 
1988 	60.17 
1989 	60.10 
1990 	57.68 
1991 	53.00 
1992 	46.85 
1993 	45.15 
1994 	45.44 
1995 	50.65 
1996 	57.10 
1997 	62.01 

	

Total 
	

Historical Abundance of 
Biomass Exploitation Eight-year-old 

	

(millions of 
	

Rate 
	

Halibut 

	

ounds) 
	

(millions) 
40.23 0.18 0.35 
41.04 0.17 0.41 
42.18 0.17 0.40 
43.18 0.17 0.41 
45.70 0.09 0.49 
49.54 0.03 0.48 
60.00 0.03 0.68 
80.25 0.03 1.17 
95.32 0.12 1.00 

104.20 0.15 1.10 
110.14 0.13 1.23 
125.51 0.19 1.83 
128.85 0.16 1.66 
138.22 0.15 1.90 
151.00 0.12 2.20 
152.69 0.14 1.81 
145.56 0.18 1.51 
144.86 0.25 2.04 
139.24 0.21 1.80 
136.26 0.19 1.56 
137.33 0.11 1.59 
150.46 0.08 2.10 
148.43 0.08 1.24 
137.08 0.16 0.65 

1998 69.86 
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Table 13. 	Summary of Outputs from Combined Area 3AB Run 
Constant survey selectivity at age assumption 

Year Exploitable 
Biomass 

Estimated 
Selectivity 

Total 
Biomass 

Historical 
Exploitation 

Rate 

Abundance of 
Eight-year-old 

Halibut 

1974 117.35 196.66 0.15 1.50 
1975 121.44 209.37 0.14 1.80 
1976 127.98 226.63 0.14 2.08 
1977 137.10 245.04 0.12 2.20 
1978 152.73 273.89 0.10 2.73 
1979 172.09 301.06 0.10 2.54 
1980 191.74 338.14 0.10 3.16 
1981 217.23 394.01 0.09 4.17 
1982 247.04 443.93 0.10 3.76 
1983 279.27 487.42 0.09 4.10 
1984 303.12 527.13 0.10 4.74 
1985 328.85 587.33 0.11 6.44 
1986 339.72 615.36 0.14 5.69 
1987 359.31 650.13 0.13 7.01 
1988 398.20 708.14 0.13 8.79 
1989 388.31 707.34 0.12 6.67 
1990 361.01 682.43 0.13 5.65 
1991 335.29 670.73 0.14 7.18 
1992 322.23 640.33 0.14 5.73 
1993 301.05 587.87 0.13 4.10 
1994 304.06 534.94 0.12 3.05 
1995 293.06 513.51 0.10 4.61 
1996 290.61 484.24 0.11 3.04 
1997 282.21 440.20 0.15 1.63 

1998 245.65 
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Stock Assessment Methodology: Model Documentation 

by 

Ana M. Parma and Patrick J. Sullivan 

ABSTRACT 

A size and age-structured model was developed recently to assess halibut stocks. The main 
difference between this model and CAGEAN, the model used in the annual assessments until 1994, 
is that the selectivity of the different age-classes is no longer assumed to be constant. Rather, age-
specific selectivity is modeled as a function of the size distribution at age and a size-specific selec-
tivity function, both of which may change over time. This document describes the model formula-
tion and the data used in the estimation. 

BACKGROUND 

Pacific halibut have undergone a rapid reduction in body growth in recent years, with aver-
age weight-at-age now half of what it was 20 years ago. This has a number of consequences for 
halibut stock assessment and management. Stock assessments conducted in the late 1980s and 
early 1990s used a catch-age model (CAGEAN Deriso, Quinn, and Neal 1985) which assumes 
that fishing mortality can be partitioned into a constant age-specific selectivity component, and a 
time-dependent full-selection fishing mortality component. This assumption can work well even 
though fishing gear may be size-selective when fish maintain roughly a constant size-at-age, and 
when other factors such as type of gear used and targeting practices remain stable. Given the recent 
changes observed in halibut growth, however, the assumption was considered to be problematic 
and to severely bias the assessments (Parma and Sullivan 1996[Unpub]). Due to the constant-
selectivity assumption, a low representation of the younger age classes in the landings resulted in 
drastically declining recruitment estimates in the early 1990s. Initial estimates were later adjusted 
upwards in successive assessments as fish grew and became vulnerable to the setline gear. As a 
result, stock assessments showed a strong retrospective pattern, in which estimates of exploitable 
biomass for past years were consistently adjusted upwards in every successive assessment and, 
while stock levels appeared to be declining rather steeply, quotas remained stable. To address these 
problems, we developed an alternative assessment model which accounts for possible changes in 
selectivity with age that result from changes in size-at-age. 

Here we describe the model and specify the data used for parameter estimation. An outline 
of the model relative to the dynamics of the age classes represented in the exploited stock is pre-
sented first. This component is similar structurally to previous age-structured models used on hali-
but and so its development should be familiar. This is followed by a reformulation of the selectivity 
at age as a dynamic function of the size distribution of each age class in the population coupled with 
a size-based selectivity function. The effect of the minimum size limit on the catch age composition 
is modeled explicitly; other parameters controlling the size-based selectivity are allowed to change 
gradually over time. Finally, a model of how the size-distribution at age changes with time and 
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through the effect of size-selective mortality is developed. Size-selective mortality couples growth 
and fishing mortality into a size-age dynamic model for each cohort. 

MODEL DEVELOPMENT 

Abundance Dynamics 

The population abundance N of a cohort at age a+1 in year t+1 is related to the cohort's 
abundance at the previous age a and year t by: 

N  a+1,t+1 = Nast 	(1—  blia,tX1—  cSa,t(1—  e-Ft )) 
	

for a= 6, • • • ,18 
	

(1) 

where Mis the instantaneous rate of natural mortality, fiat  is selectivity for fish of age a at time t, F, 
is the instantaneous commercial fishing mortality at time t for fully-selected fish, and blia„ is the 
finite rate of bycatch mortality at age a and time t, which results from fisheries targeting on other 
species. Age classes from age 6 to 20 are considered, where age 20 is actually a "plus" age-group 
which accumulates all fish of age 20 and older. The notation used in this and subsequent equations 
is summarized in Appendix 1. 

The survivorship component representing the commercial fishery differs from the more, 
familiar Baranoff equation in that fishing is assumed to take place in a short period in the middle of 
the year, and selectivity at age is modeled as the fraction of each age class that is recruited to the 
exploitable stock and suffers and instantaneous fishing mortality equal to F,. In other words, we 
equate selectivity with availability (Ricker 1975) and assume that all available fish are fully vulner-
able. In the more familiar formulation selectivity is equated with vulnerability, which affects the 
instantaneous rate of fishing mortality of different sizes of ages, and differences in availability of 
different stock components are ignored. Either formulation should be adequate in practice to ex-
plain differences in age composition between the population and the catches. The formulation above 
is computationally straightforward for use in determining effects on survivorship and size-at-age as 
we shall see later, and it is consistent with the definition of exploitable biomass used to compute 
recommended catch levels. Note that the selectivity component cSa,, is a function of both age and 
time, unlike standard separable age-structured models which assume that selectivity is a function 
of age alone and is constant over time. 

Assuming in addition that bycatch mortality takes place prior to the fishing season, the 
catch associated with the directed commercial fishery cC follows: 

—M 

c Ca4  = Nat e 2  (1— bHaj cSa  —e-9 

(2) 
Age composition of the survey catches is given by 

s S  a ,t  N  a ,t  
s Pa

9 
 t = 	c  

za  
••• 	••• 

where sSa„ is survey selectivity at age and time, parameterized as described below. Predicted p is 
and Par's are fitted to the observed catches for parameter estimation. Observations on halibut bycatch 
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are available only by size-category, and so a size-based formulation is used to fit the model to those 
observations. Details are provided in Appendix 2. 

Two abundance are used in the estimation: commercial CPUE (or effort) and survey CPUE. 
Strict proportionality between biomass and commercial CPUE was not assumed, as the catchability 
of the commercial fleet was allowed to vary according to a random walk model so that: 

in(Qt+i) = 1n(Qt) g et 

(3)  

where q e1 — N(01 q a2) • The parameter q  o-2  is used to control the amount of year-to-year varia-

tion allowed in Qt. Similar random-walk formulations are used for other model parameters as well, 
whenever time-series trends are considered likely. The effective commercial effort can be predicted 
by assuming that mortality Ft  for fully-vulnerable fish is related to fishing effort according to: 

c Et  =  t  ,Q  

(4)  
The survey catch in numbers per unit effort is predicted as 

—M 
s CPUEt  = 
	

2 	s Sa,t Na,t 
a 

(5)  
where sQ is the catchability coefficient for the surveys, which is assumed to be constant except for 
an adjustment factor incorporated to account for a change in hook type as explained below . 

Selectivity 

Selectivity, the relative catchability of fish of different ages and sizes, is usually modeled as 
a function solely of age. In the so-called separable models (e.g. CAGEAN) age-specific selectivity 
is assumed to be time-invariant. Such an assumption results in a considerable reduction in the 
number of parameters that need to be estimated in catch-age analysis. The assumption is valid when 
capture is an age-dependent process as, for example, when organisms recruit to the fishery at a 
certain life stage and when the size-at-age is relatively stable with time. The distribution of size at 
age of Pacific halibut has changed over time, with fish being about 20% smaller (in length) at age 
now than they were in the early 1980s. By not accounting for this change and by assuming that 
selectivity is constant at age, erroneous time trends can be introduced into the estimation proce-
dure. 

There are several ways of addressing this issue. The approach we have chosen attempts to 
model the change in selectivity at age by tracking how size at age changes in the population and 
assuming that selectivity at size can change slowly through time. In this manner, we can explicitly 
incorporate the effect of the minimum size limit on the age composition of the catches, and at the 
same time allow for trends in size-selectivity that may occur particularly when size-at-age changes. 
Given the distribution of size at age a at time t, here represented by log-length X, and a selectivity 
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at size csi(X), we can compute expected selectivity at age and time by integration over the size 
distribution of fish at age a at time t: 

Sa.t  = j a  s ,(X)go(XI ,uaz , cr2  a,,)dX expise, ea  

(6) 

where the function 9(X11.1.,,,,a2a) represents the probability that a fish of age a at time t is of log-length 
X, assumed to be Gaussian with mean kt,„ and variance cfa,f . We allow for small random deviations 

in selectivity at age by assuming that sel Ea,t N(°,sel Ct ) for ages 6-10; selectivities of age classes 

older than 10 are as predicted from their size-distribution coupled with the size-based selectivity 

(i.e• selErz for a> 10). Selectivity at size for the commercial fishery at time t can be represented in 
terms of the legal size (81 cm) and two parameters WA and vi): 

0, 	for 	X <1481) 

— (X —Xiull )  
sr  (X) = c  exp 

 { 
for 	1480 < X < Xtfull  

2 vt  

1, 	for 	X >XP11  

(7)  
Selectivity is zero for fish smaller than the legal size, increases according to a half Gaussian curve 
scaled to reach a maximum of one at X = Acfu", the size (log-length) at full selectivity, and equals 
one beyond Xtfu". Equations (1), (6), and (7) imply that discarded sublegal fish are assumed to 
survive with probability equal to one. The parameters Xifull and v, are allowed to change over time 
assuming a random walk model with constraints in the variances of the year-to-year deviations. 

full = xtfull 	
Xfull et 
	where xfull  et  -N(0, xfull  Cit2 ) 

111(Vt+i )=111(Vt 	vet 
	where v et  —N(0,v o-t ) 

(8)  
The formulation is similar to that used for ln(Q,) except that the variances for the normal deviations 
are year-specific. This was done so as to allow selectivity to change more when growth rates are 
changing rapidly; very little change was allowed during periods of relatively stable size at age. 

The size-selectivity of the longline survey is assumed to have the same functional form 
except for the discontinuity at the legal size limit which does not apply to the surveys. In 1984, the 
hook type used in the surveys was changed from J-hook to the more efficient circle hook (C-hook) 
used by the commercial fleet. In order to estimate the relative efficiency of the two hook types, two 
parallel sets were fished on each survey station in 1984, one with each hook type. The ratio of 
catches by 10-cm size category showed that the C-hook selected fish of smaller sizes than the J- 
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hook (Clark, this volume). The C-hook was estimated to be twice as effective as the J-hook at 
catching large, fully selected fish. In order to account for these experimental results, the ratio of the 
catchabilities of the hooks is assumed known and equal to two, and selectivity parameters are 
estimated separately for the two time periods with an overlap in 1984. The size-specific ratios of 
catches obtained by the two hook types in 1984 are predicted from the ratios of expected catches, 
computed by summing across ages. Predicted catch ratios, ratio, , were fitted to the observed ratios, 
ratiolths. 

Two model formulations are considered: (a) selectivity at length is constant over time ex-
cept for the change in 1984 associated with the change in hook type, and (b) selectivity at length 
changes over time so that the coupling of changing size at age and changing survey size-selectivity 
results in constant age-specific selectivities (except for the change in hook). In the first formulation 
surveys conducted using the same hook are assumed to index population abundance by size-cat-
egory. This formulation would be more appropriate if survey selectivity reflected mostly the prop-
erties of the fishing gear as it interacts with fish of different sizes. The second would be preferred if 
the availability of fish of different age classes on the surveyed grounds were the dominant factor in 
determining survey selectivity. 

Growth Dynamics 

The selectivity and size distribution in the catch of fish of a given age-class depend on their 
size distribution in the population. Thus, the growth dynamics must be modeled as well. In the 
absence of size-selective mortality, the median length-at-age mar  = expaid is assumed to propa-
gate according to 

ma+14+1 = a, + A m, for a =6,7 , • • • 

(9)  
with time-varying initial size mo  and intercept a,. When the growth coefficient 13 is less than one, 
this representation corresponds to a von Bertalanffy model (applied to median length at age) with a 
time trend in the parameter corresponding to the asymptotic length L„= M1*, and a time trend in 
size at age 6 (the age of recruitment). When 13 =1, growth is linear with time-varying slope and 
initial size. The time-series trend in the mean log-length at recruitment 126 , is modeled as a random 
walk 

/16,t+1 = /16,/ 	pEr 

(10)  

where , er  — N(0, ,, cr) . The growth intercept a, is modeled as a cubic polynomial function of t. 

The variance in log-length at age cr,,, is linked to the mean ga,, by 

0.2a ,t = [C +d/tar12 
 

(11)  
If d is set to zero, a is constant and equal to c, so that the coefficient of variation of length-at-age 

is constant and equal to CV [L] = Vexp(c2 )— 1 = c . The variance relationship is assumed to hold 

even when iv  changes due to size-selective mortality. 
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The effect of size-selective mortality on the size distribution at age is incorporated by ad-
justing the mean log-length at age, from /24, (the mean prior to the fishing season) to jr,,, (the mean 
at a time immediately following fishing). Realistically, the nature of the distribution should also be 
affected, but we assume that a Gaussian function is still an adequate approximation of the distribu-
tion of log-length after the fishery. We let the variance follow again as the square of a linear func-
tion of the mean as stated above. If the means change as a result of changes either in the environ-
ment or due to size selection, the variances will change as well in a corresponding manner. 

Because larger fish are selectively removed by the fishery, µ+a, is smaller than yaa. The 
mean log-length in the population after fishing has taken place is given by: 

J X(1—cs, (X) ell, )yo(Xliia,„ cr2a,, )dX 

/1.4 — --- 	  
f (1-cs,(X),111 )c)(Xlita,„ o 2„,, )dX 

(12)  
where (1-cs,(X) c11,) represents the survivorship from fishing with cHi = (1 - exp(-F,)) representing 
the harvest fraction and 9(X1114,,a2,0) the probability density function of log-length Xas a function 
of the prior mean µ4r  and variance a2,„.  The denominator of the equation above corresponds to the 
fraction of fish of age a that survive after the fishing season. 

The median length at age a+1, prior to the next fishing season, is predicted based on m+a, = 
exp(u+d as: 

Ma+1,t+1 = at ± 171+  aa • 

(13)  
The corresponding mean of log-length prior to the next fishing is u • a+1,1+1=in(na+1,t+1)9 which is used 
to calculate cfa+,,, as in equation (11). The two parameters that specify the pdf of X prior to the 
fishing season at time t+1 are thus obtained and a new recursive cycle can be applied. 

Given that the pdf of the log-length-at-age for a cohort is represented by 9(X1lkr,a2a), the 
mean and variance of the log-length-at-age in the catch can be predicted as the first and adjusted 
second moments normalized by the average selectivity at age: 

diaa  — 

2 er  
a,t 

froi)  X est ( X)q)(Xliia.t ,  cra2.t )dX 

  

rn(81) cSt( X)p(X1pa,t,o„)dX 

100X 2 si
(X)(0(X1,ilaj , irra2a  )dX 

C/4224 

.1:80 cSt ( X ) P(Xlitap Cra2 t )dx 

 

(14) 
Note that the integration is done across all sizes above the legal size limit (1n(81)). Similar equa-
tions are used to predict the mean log-length at age spa,, and the variance of log-length at age so2a., 
for survey catches; but because survey selectivity is not restricted by the legal size limit, the lower 
limit of integration is set to 	The specific assumptions made about the pdf of Xand the shape of 
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s,(X) lead to a numerically efficient algorithm, as selectivities at age S,, and the moments of the 
distribution of X in the catch and among the survivors can be expressed as a function of standard 
Gaussian cumulative distributions. 

ESTIMATION 

Objective Function 

Model predictions are fitted to three types of observations: catch at age, CPUE (or effort), 
and the mean and variance of log-length at age in the catches. This information is collected from the 
sampled commercial fishery for all areas, and for the longline surveys which are available only for 
some areas and years. Information on halibut bycatch is available for all areas and years as total 
bycatch in numbers by size category. The size composition of the current year's bycatch is not 
available for the assessment and so the previous year's sizes are used. Bycatch data are treated as 
being free of error and bycatch numbers are subtracted out from each cohort based on the predicted 
age composition at size (see Appendix 2). Thus the bycatch process is not parameterized and the 
observations are not "fitted" by the model. 

Parameters in Table 1 are estimated separately for each area by maximizing the likelihood 
of the available observations while penalizing the variability of some of the stochastic variables • 
modeled by specifying their variances a priori. Log-normal errors are assumed throughout and the 
weighted residual sum of squares RSS is computed by summing the following components: 

Catch-at-age equations: 

RSS c:c  

RSS s:c  

Effort equations: 

= Ac:cEa 
sc1(111( c C°bs  a ,t)) 

2  ln( srbs a ,t  ) — ln(sPa,t  ) 
= As:c Ea Et 	

sd(ln(spobs a,t)) 

2  111(c Cbs a  ,I) —1n(c C a )1 [ 

RSS c:e  = At:e  E, [1n( E °bs, ) — ln( Et  )12  

ln(  s  CPUEths,  ) —  ln(  s  CPUE, )12  
RSS s:e  = 2s:el 

sd(ln(s  CP UE°bs  t)) 
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Length equations: 

RSScw  = 

Rssc:o.='c:Q 

RSSs:fc  = 

RSSs:o. = 	
sA  

ya  

/t 

la It  

in( c ii0bSaj 	inGlia,t  ) 2  

2 

sd(ln(cfiobsa,t  )) 

cr2a,t obs \ _ 1 	, 111( c 	

) 	inkc (72"  Sd(11(c  62a robs)) 

[ 

in( sp  ObSat  s — ) 	ln(slia,t)

12  

) 

12 

sd(ln(spobsa,t  )) 

[ 

in(s cr2a  jobs, 	n) 	(s  62a,t 

SC1(111(s 62a,tobs)) 

C-J-hook-conversion equations: 

2 
RSS oi  = 	

(ratio'bsi — ratio/ )  

sd(ratio"ths1) 

Thus the total sum of squares is given as 

RSS = RSS c:c + RSS,:c + RSS c:e + RSS,:e + RSSc:p + RSSs:p  + RSSc:a + RSS s:, + RSS i 

The negative log-likelihood of the observations, up to additive constants, is 

L = 05 nobs  log(RSS) 

where nobs  is the total number of observations. Parameter estimates are obtained by minimizing 
the objective function 

f = L + penalties 
where the penalties correspond to prior assumptions made about some of the stochastic processes 
involved, namely, time-series trends in catchability (equation (3)) 

2 
PSS =05E 	t  

q t cr2 

time-series trends in mean log-length at age 6 (equation (10)), 
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2 
PSSP =05E 2  

t  uo 

time-series trends in the parameters of the size-selectivity function s,(X) for the commercial fishery 
and the survey when appropriate (equation (8)), 

	

e2 	 e2 

	

PSS.„„= 051 	X̀"" 2 	and PSSv  =05I v 2 

	

t xfo Crr 	 t CT t  

and random deviations in selectivity at age affecting the youngest age classes (equation (6)), 

Eat  
PSS sei =051 

c sel 
 

a ,t sel 

for a=6,•••,10 

The penalties term in the objective function is thus 

penalties= PSSq  + PSS PSS xfu„ + PSS v  + PSSse1 

The model was implemented using AD Model Builder (Otter Research Ltd. 1994) which.  
uses automatic differentiation to minimize the objective function. The minimization is conducted 
in steps or phases of increasing complexity as specified by the user. 

Weighting Criteria 

Relative weights are used to control the emphasis that the different RSS components receive 
in the estimation. Weights should correspond to the level of information present in the data. Two 
methods are used for setting those weights: 

First, a relative weighting of observations of the same type (e.g. within catch, or length) is 
incorporated on an observation-by-observation basis. We use empirically-computed coefficients of 
variation of the statistics whenever possible. Because errors are assumed to be log-normally dis-
tributed, the coefficients of variation of the observations approximate the standard deviations of the 
corresponding log-transformed variables. Catch-at-age observations are weighted based on the 
coefficient of variation of the age proportions in the market sample data. Residuals corresponding 
to the mean and variance of log-length in the commercial catch are weighted using the coefficient 
of variation of the estimated moments determined from bootstrap; those from the survey catch are 
weighted using coefficients of variation determined from standard equations based on simple ran-
dom sampling. Coefficient of variations for age proportions and CPUE in the surveys are estimated 
assuming simple random sampling. 

Second, a differential weighting of data of different types is effected through the l's, as in 
previous model formulations (Table 2). Sampling-based measures of uncertainty do not normally 
capture all the variability present in the process, so /'s lower than one are used in most cases to 
increase the variance assigned to the different components in an ad hoc manner. The 1 associated 
with effort is greater than one because its variance cannot be estimated empirically and the residual 
sum of squares alone is not fully indicative of the effort variation relative to the catch component. 
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A greater emphasis is also placed on the C-hook/J-hook observed catch ratios by setting le_i  to five. 
All weights affecting the RSS are relative, as an overall residual variance is estimated. 

In addition to the relative weights affecting the observations' RSS, variances for the four 
random walk components are set a priori. As described earlier these represent trends in commercial 
catchability, initial size at age, and the two selectivity parameters. The drift in the walk is controlled 
by the assumed distribution on the random variables e. Here the variables are assumed to be Gaussian 
distributed with zero mean and variance s2. In contrast to the variances of the observations, vari-
ances of these process are assumed known, which effectively creates a prior for the amount of 
random deviation. The random walk for the log-catchability is assumed to have a variance equal to 
0.032. The variance of the log-length at recruitment was set at 0.12. and the square root of the 
variances of the random walks for the two selectivity parameters range between 0.01 and 0.03. 

Number of Observations 

The availability of survey information varies depending on the regulatory area: areas 2B 
and 3A were surveyed more often from 1974 through 1986, and since 1993, while other areas were 
surveyed more sporadically; no longline surveys were conducted from 1987 to 1992. Observations 
for the commercial fishery are available for all years and age groups modeled, except for effort data 
for year 1983, when the commercial fleet was in the process of switching from using J hooks to 
using the more efficient circle hooks. If there are A age groups and T years, there typically will be 

T observations on commercial catch, A' T observations on log-length at age, A' T observations on 
variance of log-length at age, and T-1 observations on fishing effort. For the surveys, there will be 
a maximum ofA' (T-7) observations on each the catch-at-age, and the mean and variance of log-length 
at age, and T-6 CPUE observations. Aging of survey samples collected in the current year is not 
completed at the time of the assessment, only survey CPUE is available. Under this scenario there 
are (6 'A 'T) - (A '7'3) + 2 'T -7 observations. This amounts to 1886 observations for data covering 
1974 through 1997. 

Fundamental Model Parameters 

In order to define a set of estimable parameters and to make sure that the estimates have 
reasonable values, certain parameters are fixed while others are estimated under a specified set of 
constraints. The natural mortality parameter is one such parameter which is typically fixed. We set 
it here to M= 0.2 and assume it to be constant over all time periods and age-classes modeled. We 
plan to relax this assumption in the future and estimate M jointly using prior information. 

The initial conditions for size at age in the population at the start, mai, aI{6,...,20+}, are 
constrained to follow a three parameter von Bertalanffy model. The growth coefficient b is con-
strained to be between 0.5 and one, the log-length at full selectivity Acfull in year t=1 is constrained 
to be less than ln(130), ), and a quadratic penalty is added to the objective function so as to force the 
predicted commercial and survey selectivities for the 20+ age group to be equal to one. The vari-
ance of log-length at age is assumed to be constant by setting d=0 in equation (11). Estimated 
parameters are shown in Table 1, although the actual minimization is conducted over a different 
parameter space. Re-parameterizations are used to reduce the correlation among estimated param-
eters, and transformations are used in some cases to constrain parameter values; the latter is done 
automatically by AD Model Builder when bounded parameters are specified. 
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Derived Parameters 

Derived parameters of management interest are the exploitable biomass 

B,=1, 
a 

where war  are smoothed weights at age in the commercial catch, and the exploitable biomass at the 
beginning of the year following the assessment, which is predicted as 

19 
BT+1 =  cSa+1,t Wa+1,t N a,t e (1— bHa 	cHt )i- I 

a=6 

cS20,t W20,t N20,t 5M  (1-61120,t)(1—cS20,t clit)± cS6,t W6,t 176,- 

where Nr6. is the average of the age-6 abundance estimates for the T years covered by the assess-

ment. This last term has no effect on projected exploitable biomass because X, is close to zero. 

Uncertainty of Parameter Estimates 

AD Model Builder provides standard deviations of estimated and derived model param-
eters as specified by the user. The covariance matrix of the parameter estimates is estimated by 
inverting the Hessian matrix and using the Delta method in the case of derived parameters, such as 
predicted exploitable biomass. We are currently evaluating the use of Markov Chain Monte Carlo 
methods, which have been recently implemented in AD Model Builder, to express uncertainty and 
conduct simulations for policy evaluation. 
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Table 1. 	Estimated model parameters 

Parameters 

Ft 

sQ 
xt full  and vr  

seica,t 
1164 
ao  and 130 

oct 

 

Number  
T 
A-1 
T 
T 
1 
2xT + 2 x number of surveys (or 2 if surveys 
have constant size-selectivity) 
(10-5)x T 
T 
2 
3 
1 

at 1 

recruitment 
initial abundance 
fishing mortality 
commercial catchability 
survey catchability 
size-selectivity 

deviations in selectivity at age 
mean log-length at age 6 
initial log-length at age 
intercept of growth equation 
slope of growth equation 
coefficient of variation of size 
age  

Table 2. 	Lambda and associated ISD (1 / Lambda ), with rational for information con- 
tent. ISD represents lambda's information weighting in units of standard de-
viation. 

Com onent 	Lambda 	ISD 
Catch 	0.25 	2 
Effort 	50.00 	J / 10 

Commercial 	0.04 	5 
Length 

Commercial 	0.50 
Length a 
Survey 	0.25 	2 

Proportion 
Survey 	0.25 	2 
Effort 
Survey 	0.04 	5 

Length t 
Survey 	0.50 

Length a 
C/J hook 	0.50 

ratio 

Rational 
Twice sample CV 

Twice variance of catch 
Includes measurement error 

Less emphasis than catch on fit 

Twice sample variance 

Twice sample CV 

Twice sample CV 

Less emphasis than catch on fit 

Twice sample variance 

Twice sample variance 
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APPENDIX 1: NOTATION 

Prescripts: 
b 	 Bycatch 
c 	 Commercial 
s 	 Survey 

Subscripts: 
a 	 Age 
t 	 Time 
1 	 Length category 

Superscripts: 
obs 	 Observation variable 

Time immediately after fishing 
Catch and Abundance: 
cCa„ 	 Commercial catch at age and time 

c 

	

cobs
a 	

Observed commercial catch at age and time 
t 

c
Pa, t 	 Age composition in survey catches at time t 
fobs as 	 Observed age composition in survey catches at time t 

b 

	

cobs
1,t 	 Observed bycatch at size category and time 

sCPUE, 	 CPUE at time for survey 
sCPUEbbs, 	 Observed CPUE at time for survey 
cE1 	 Fishing effort at time for commercial fishery 
cEobst 	 Observed fishing effort at time for commercial fishery 
F 	 Instantaneous fishing mortality at time 

bH  at 	
Finite rate of bycatch mortality at age and time 
Finite rate of bycatch mortality at size category and time 
Harvest fraction of fully selected fish =1-exp(-F) 

A aa 	 Population numbers at age and time 
M 	 Instantaneous natural mortality 

oQt 	 Catchability for commercial fishery 
sQ 	 Catchability for survey 
cst(X) 	 Selectivity of fish of log-length X in the commercial fishery in year t 

	

i(X) 	 Selectivity of fish of log-length X in the survey in year t 

cSa, t 	 Selectivity of fish of age a in the commercial fishery in year t 

sSa, t 	 Selectivity of fish of age a in the survey in year t 
vt 	 Variance-like parameter of size-selectivity st(X) 
xfoli 	 Log-length beyond which fish are fully-selected 
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Size and Growth: 

at 

d 
ma t 
m qt 
k I a, t 

II+ a, t 

a, t 

)1 a, t 
nobs 

et' at 
lobs 

9(Xli1962) 

02 

c 	a, t 

s 	t 
02 obs 

c 	CI, I 

s~
obs 

a t 

X 

Intercept of the recursive growth equation 
Slope of the recursive growth equation 
Intercept of standard deviation relative to mean log-length at age 
Slope of standard deviation relative to mean log-length at age 
Median length at age in the population in year t = exp(pd 
Median length of fish of age a surviving the fishing season in year t 
Mean log-length at age in the population in year t 
Mean log-length of fish of age a surviving the fishing season in year t 
Mean log-length at age in the commercial catch in year t 
Mean log-length at age in the survey catch in year t 
Observed mean log-length at age and time in the commercial catch 
Observed mean log-length at age and time in the survey catch 
Gaussian pdf with mean p and variance o 
Variance of log-length at age in the population in year t 
Variance of log-length at age in the commercial catch in year t 
Variance of log-length at age in the survey catch in year t 
Observed variance of log-length at age and time in the commercial catch 
Observed variance of log-length at age and time in the survey catch 
Log-length 

Weighting Factors and variances of random components: 

A,c:c 	 Weight for commercial log-catch-at-age residuals 
Ae:c 	 Weight for commercial effort residuals 
A 	 Weight for commercial mean log-length residuals 
0.i. 

A..0 	 Weight for commercial variance of log-length residuals 
A 	 Weight for survey log-catch-at-age residuals 
As. 

Weight for survey CPUE residuals As:e 
Weight for survey mean log-length residuals 

As* 
Weight for survey variance of log-length residuals As:. 
Weight for C-J catch ratios 0 

1-1,0Y 	 Variance of ge t , the time-series deviations affecting p.6,/ 
qcf 	 Variance of 	the t , the time-series deviations of log-catchability 

sel o2a 	
Variance of selectivity deviations soca, 

V 02 t 	 Variance of vs,, the time-series deviations affecting selectivity parameterv, 

ll ''' 
,T2 	 Variance of )(tun et the deviations affecting selectivity parameter XfUl I I 

Mut 
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APPENDIX 2: BYCATCH FORMULATION 

Bycatch data are only available by size category and so a size-based formulation is used to 
account for the mortality of halibut of legal size induced by bycatch. Total abundance by 10-cm 
size category present prior to the fishing season is first computed for each year t by summing across 
age classes. Assuming that bycatch data are observed without error, and that bycatch mortality 
occurs just prior to commercial fishing, the finite rate of mortality induced by bycatch on a given 
size category 1, denoted as bille  is given by 

b H/,t 
b Crts  

—m 
1Na ,t  e 2  f 9(X I 	(Ta2,t  )/X 
a 	 XE1 

where the fraction of each age class that corresponds to each size category is obtained by integrat-
ing 9(X1ii,cr2). The finite rate of bycatch mortality for each age class a in year t is computed by 

apportioning the observed bycatch at size, b  Crts , to the different age classes in proportion to their 

abundance, and summing across size categories. Equivalently, 

b  Haa  = E b  Hij  f V(X I , 632,,)dX 

1 	Xel 
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Analysis  
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Relative Fishing Power of C-Hooks and J-Hooks 

by 

William G Clark 

ABSTRACT 

In the early 1980s both the commercial fishery and the IPHC setline surveys changed from 
J-hooks to C-hooks. Sets with both hook types at the same stations in 1984 showed that C-hooks 
caught 2.2 times as much as J-hooks in weight of legal sized halibut. That factor has been used ever 
since to adjust early J-hook catch rates to the present C-hook standard. The 1984 data were re-
analyzed this year because the stock assessment now uses survey catch rates in number rather than 
weight. The re-analysis showed that the conversion factor in number is higher, and it varies with 
fish size. 

BACKGROUND 

In the early 1980s both the commercial halibut fishery and the IPHC setline surveys changed 
from the traditional J-shaped hook ("J-hook") to a circle-shaped hook ("C-hook"), because catch 
rates were substantially higher with C-hooks. In 1984 the Commission surveyed Areas 2B and 3A 
twice, fishing the same stations with both hook types. In the aggregate, C-hooks caught 2.2 times as 
much in weight of legal sized halibut as J-hooks. This factor has been used ever since to convert 
commercial and survey J-hook catch rates in early data to the present C-hook standard. For ex-
ample, commercial J-hook catch per effort in the late 1970s is multiplied by 2.2 to make it compa-
rable with present C-hook data, and survey catch rates likewise. 

This conversion factor clearly has a large effect on estimates of trends in relative abun-
dance. Its importance was recognized by the scientists who conducted the peer review of the IPHC 
stock assessment in September 1997. As a result of their questions, the staff realized that we should 
have calculated a different conversion factor when we began to fit the assessment model to survey 
catch rates in number rather than in weight. In the 1984 surveys, C-hooks caught 2.4 times as much 
as J-hooks in number of legal sized halibut, and 2.6 times as much in total numbers. 

After the review, the staff re-analyzed the 1984 data to develop a more appropriate conver-
sion. This paper summarizes the results. 

THE 1984 SURVEY DATA 

In 1984 a total of 174 fixed survey stations in Area 2B (northern British Columbia) and 
Area 3A (Kodiak) were fished twice, once with J-hooks and once with C-hooks. In fact a slightly 
larger number of stations were fished with both hook types, but at a few stations the number of 
hooks fished differed between hook types. There were some other stations that were fished only 
with J-hooks or only with C-hooks in 1984, so the data have to be compiled carefully to allow for 
a straightforward comparison of catch rates. 
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COMPARISON OF LENGTH FREQUENCIES 

In both Area 2B and Area 3A, C-hooks caught a significantly higher proportion of small 
fish than J-hooks (Fig. 1). This indicates that the relative fishing power of C-hooks is not the same 
for all sizes of fish. But the differences in length frequencies between the two hook types are the 
same in Area 2B and Area 3A, which means that the data can be pooled for purposes of analysis and 
a single conversion procedure can be used for all areas. 

RELATIVE FISHING POWER AS A FUNCTION OF LENGTH 

The absolute length frequencies of halibut caught at the same stations show clearly that C-
hooks were far more effective than J-hooks for all sizes of fish (Fig. la). The ratio of C-hook to J-
hook catches, smoothed by running a data smoother through the length frequencies, suggests that 
the relative power of C-hooks increases from about 2 among the smallest fish in the catch (50-60 
cm) to over 3 among fish near legal size (60-90 cm) and then decreases gradually back to about 2 
among the largest fish (over 120 cm; Fig 2a). These are ratios of catches in number, so the estimates 
of relative power refer to catch in number rather than weight. 

These estimates of relative fishing power are of course subject to sampling error. The vari-
ance of the sample ratios was estimated by bootstrapping the survey data. Each bootstrap trial 
consisted of drawing a sample of 174 stations with replacement from the 174 stations in the dataset 
and calculating the relative fishing power of C-hooks relative to J-hooks for each 10-cm length 
interval (Fig. 3). The variance of the bootstrap sample ratios is an estimate of the variance of the 
point estimate calculated directly from the whole dataset. Both the point estimates (not the boot-
strap means) and the bootstrap standard deviations are shown in Table 1. The ratios are quite vari-
able for the smallest and largest fish, but for intermediate sizes the standard deviation is about 0.2, 
which indicates (as did the Kolmogorov-Smirnov test in Fig.1) that the decrease from over 3 among 
near-legal-sized fish to about 2 among large fish is significant. 

DISCUSSION 

The relative fishing power of C-hooks and J-hooks is not a simple matter. Evidently it 
depends on size, the superiority of C-hooks being greatest among fish near the legal size limit (81 
cm) and somewhat less among the smallest and largest fish. The reasons for this variation are not 
known, but presumably result from the different ways in which fish of different sizes are hooked by 
the two hook types. It is known, for example, that C-hooks almost always hook fish around the 
mouth, while J-hooks are sometimes swallowed. J-hooks often snag large fish; C-hooks do not. 

Fortunately, the differences between C-hooks and J-hooks were the same in Area 2B and 
Area 3A in 1984, and presumably are the same now as well. There has been a large decline in size 
at age in Area 3A since 1984, with the result that fish in Area 3A are now about the same size at age 
as fish in 2B. It seems reasonable to suppose that the effect of hook type has not been influenced by 
the change in growth since 1984 because it was not influenced by the difference in growth in 1984. 
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Figure la. Cumulative length frequencies of catches in Area 2B in 1984. 
Kolmogorov-Smimov statistic = 0.085; 95% point = 0.055. 
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Figure 1 b. Cumulative length frequencies of catches in Area 3A in 1984. 
Kolmogorov-Smimov statistic = 0.100; 95% point = 0.027. 
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Figure 2a. Length frequencies of C-hook (upper) and J-hook (lower) catches 
at the same stations in 1984. (Lines are data smoothers.) 

Ratio 

50 	 100 	 150 	 200 
Fork length (cm) 

Figure 2b. Fishing power of C hooks relative to J hooks as a function of 
length. (Ratio of smoothed length frequencies in Fig. 2a.) 
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Figure 3. Distribution of bootstrap estimates of C-hook relative to J-hook 
fishing power, by 10 cm length interval. (Each estimate calculated by 
sampling the 174 stations with replacement; points jittered.) 
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Table 1. 	Point estimates and bootstrap standard deviations of the fishing power of C- 
hooks relative to J-hooks, by 10-cm length interval. 

Length interval (cm) Point estimate Standard deviation 
50-60 2.81 0.39 
60-70 3.92 0.35 
70-80 3.27 0.22 
80-90 3.18 0.19 

90-100 2.83 0.18 
100-110 2.47 0.17 
110-120 2.67 0.19 
120-130 2.21 0.14 
130-140 1.75 0.14 
140-150 2.00 0.17 
150-160 1.92 0.16 
160-170 2.10 0.20 
170-180 2.19 0.39 
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Coastwide Distribution of Exploitable Biomass According to 1997 
Setline Surveys 

by 

William G Clark 

ABSTRACT 

In 1997 IPHC surveyed the entire Commission area (except for the eastern Bering Sea 
shelf) for the first time. The results provide an estimate of relative abundance coastwide. In agree-
ment with earlier estimates based partly on trawl surveys, setline surveys show about 25% of the 
biomass in Area 4, 55% in Area 3, and 20% in Area 2. The 1997 survey showed that Area 2A had 
8% of the combined 2B/2A biomass. 

INTRODUCTION 

IPHC has conducted systematic setline surveys off and on since 1963, the great majority of 
them in northern British Columbia (northern Area 2B) and around Kodiak (western Area 3A). 
In 1997 all regulatory areas were surveyed in their entirety except for the large eastern Bering Sea 
shelf in Area 4 (Fig. 1 and 2). No stations were fished in Area 4E, and in Area 4D only the shelf edge 
was fished. Survey operations are reported in detail in a separate paper in this volume. 

COASTWIDE BIOMASS DISTRIBUTION 

Average survey catch per effort is an index of fish density in each regulatory area. Multi-
plied by the bottom area in each regulatory area, it provides an index of total exploitable biomass 
that can be compared among regulatory areas to estimate the distribution of biomass among regula-
tory areas (Table 1). In order to estimate what the average setline survey catch per effort would have 
been on the eastern Bering Sea shelf, NMFS trawl survey catch rates were compared from the entire 
shelf and from Area 4C, where both setline and trawl surveys were conducted. Trawl survey catch 
rates of legal sized halibut on the shelf as a whole were a little more than half the rate in 4C, so it 
was estimated conservatively that the setline survey catch rate would have been about half the 4C 
value. 

The survey estimates of relative abundance agree well with the standard stock assessment 
in Areas 2A, 2B, 2C, and 3A. The surveys indicate relatively more fish in Area 3B and Area 4 than 
the stock assessment, perhaps because these areas are fished less intensively. The stock assessment 
works by reconstructing historical stock sizes from known removals (and natural mortality), so it 
will tend to miss fish in areas that are unexploited or lightly exploited. 

These figures should not be treated as precise. The mean setline survey catch per effort 
typically has a coefficient of variation of 10%, so a 95% confidence interval on any of the cpue 
values in Table 1 would be ±20%. The survey results are therefore consistent with a range of values, 
but they nonetheless give a good general idea of where the fish are. 
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DISTRIBUTION OF BIOMASS BETWEEN AREA 2A AND AREA 2B 

Stratified random surveys were conducted in Area 2A and the southern part of Area 2B 
(along with the standard grid survey in northern 2B) in 1995 and 1997. Stations were allocated 
among subareas so as to provide estimates of relative abundance in Area 2B-1 (northern British 
Columbia), 2B-2 (west coast of Vancouver Island), 2A-1 (the Boldt case area off Washington), and 
2A-2 (the remainder of 2A). Average catch per effort (net pounds of legal sized fish per standard 
skate) by subarea was: 

2A-2 2A-1 2B-2 2B-1 
1995 32 23 66 166 
1997 35 34 74 182 

The point estimates of the percentage distribution of exploitable biomass among subareas 
in each year, calculated from catch per effort and bottom area in the same way as the coastwide 
percentages, were: 

2A-2 2A-1 2B-2 2B-1 
1995 6.2 1.5 8.0 84.3 
1997 6.0 2.1 8.0 83.9 

The point estimate of the proportion of the combined 2A/2B biomass lying in 2A, along 
with one standard deviation of the estimate, was: 

1995: 0.077 ± 0.046 
1997: 0.080 ± 0.032 
Both: 0.079 ± 0.028 

Owing to the patchy distribution of fish at the south end of the range, these estimates are quite 
variable. In both years, they indicate that about 8% of the combined 2A/2B biomass was in Area 2A 
(text table below), but the standard deviation of that proportion was 3-4% in both years, so the close 
agreement of the two point estimates is mostly luck. Still, the surveys do provide a direct estimate 
of the apportionment. Averaging the two results to reduce the variance gives a round estimate of 8% 
as the 2A share of the total. 

ABUNDANCE IN AREA 3B AND AREA 4 RELATIVE TO OTHER AREAS 

The analytical stock assessment shows abundance in Area 3B to be only about 30% of 
abundance in Area 3A, while a variety of survey data indicate 60-70% as much fish in 3B as 3A. 
The stock assessment for Area 4 also tends to underestimate abundance there relative to survey 
results, and in addition is highly variable owing to short and noisy data series. Because of these 
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problems, the staff is considering abundance estimates for Area 3B and Area 4 calculated by scaling 
the analytical estimates of biomass in Area 2 and Area 3A, where we have confidence in the assess-
ment, by the survey estimates of relative biomass. 

For this purpose, we use Area 2 and Area 3A combined as a reference area. Table 1 shows 
that this reference area in 1997 contains 54% of the coastwide exploitable biomass. Area 3B is 
estimated to have 21% of the total or 21/54=39% of the biomass in the reference area. Similarly, 
Area 4 in total has 25% of the total or 25/54=46% of the reference region. If the estimated abun-
dance on the Bering Sea shelf (except Area 4C) is excluded, then Area 4 has 31% of the reference 
area abundance. 

All of these proportions are based on survey mean catch rates that have a standard error of 
5-7%. The resulting standard deviation of the estimated proportions is about 3.5%, so an approxi-
mate 95% confidence interval would be the point estimate ± 7%. 
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Table 1. 	Distribution of exploitable biomass according to 1997 setline survey results. 

Area (K nm2) Raw cpue Adjusted cpue % of total biomass 
2A 11.1 35 35 0.7 
2B 26.2 161 161 8.3 
2C 13.9 407 371 10.0 
3A 48.2 318 371 34.7 
3B 29.5 412 371 21.3 
4A 15.8 245 245 7.5 
4B 12.8 281 281 7.0 
4C 9.6 57 57 1.1 
4D edge 4.5 111 111 1.0 
Bering shelf 145.0 --- 30 8.4 

Notes 

1. Areas are total bottom area within 200 fm except for the 4D edge, which is bottom between 100 
and 200 fm plus shallower grounds shown in Technical Report 36, and the eastern Bering Sea shelf, 
which is approximately the area up to St. Matthew Is. 

2. A single cpue is used for the northern Gulf (2C-3A-3B). 

3. The entire Bering shelf is assumed to have half the density of 4C because the NMFS trawl survey 
catch rate of legal sized fish there averaged a little more than half the 4C rate for the 1990-96 
surveys combined. 
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Re-evaluation of the 32-inch Commercial Size Limit 

by 

Ana M. Parma 

ABSTRACT 

The effects of the commercial size limit on expected yield per recruit and female spawning 
biomass per recruit were evaluated. Intrinsic growth parameters for female and male halibut, and 
size-specific selectivity of the commercial fishery were estimated independently for Areas 2B and 
3A by fitting a sex-specific, age-structured population model to data from the setline surveys and 
the commercial fishery for the period 1974-1996. Area-specific schedules of female maturity at 
age were estimated using information collected in the summer research surveys of 1995 and 1996. 
Yield per recruit and spawning biomass per recruit for Area 3A were little affected when the com-
mercial legal size was dropped from 81 cm (approximately the current value) to 60 cm, and com-
mercial selectivity at length was fixed at the values estimated for 1996. In Area 2B, a decrease in. 
the legal size would result in a small increase in yield per recruit and a small decrease in spawning 
biomass per recruit. Lowering the size limit would bring about a substantial reduction in spawning 
biomass per recruit in both areas if such a drop were followed by a shift in commercial selectivity 
towards smaller fish sizes. The current size limit of 32 inches is thus considered to be appropriate 
as the potential gains derived from lowering it are small compared to the associated potential repro-
ductive losses. 

BACKGROUND 

A commercial size limit of 32 inches was adopted by the Commission in 1973 in order to 
increase substainable yields (Myhre 1974) when halibut growth rates were at high record levels. 
The size limit was re-evaluated in 1991 (Clark and Parma 1995), after a substantial decline in 
halibut growth rates had taken place, and found to be adequate based on yield per recruit and 
spawning biomass per recruit considerations. That conclusion was supported by analysis and mod-
eling of size-at-age and age composition data collected in 1989 and 1990, and maturity data col-
lected in 1980-1986, before the setline surveys were discontinued. The schedule of age-specific 
commercial selectivities estimated by Cagean, the assessment model used at the time, was also used 
in the fit so that the selectivity at length estimated by the model was consistent with the selectivity 
estimated in the assessment. 

Since then, major changes in halibut life history parameters and assessment methodology 
have taken place which required a re-evaluation of the size limit: 

1. Size at age continued to decrease abruptly, especially in the Gulf of Alaska, and has 
stabilized in the most recent years. This is evidenced by trends in size at age in both the 
commercial catch and the setline surveys, which were resumed in 1993. 

2. A major shift in the female maturity schedule to smaller sizes paralleled the changes in 
growth, while age-specific maturity remained relatively stable. 
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3. The assessment model was modified to account for changes in size at age and their 
effects on commercial selectivity. The assumption made by Cagean that commercial 
selectivity at age had stayed constant since 1974 is now considered inappropriate, and 
was abandoned in favor of a time-varying selectivity at length. 
The slower growth and smaller size of maturation suggested that lowering the commercial 

size limit might bring about substantial yield increases. The purpose of this study was to evaluate 
potential gains in yield per recruit and effects on female spawning biomass per recruit associated 
with lowering the size limit to 60 cm. Because the size limit may provide some level of protection 
to the stock that is robust to assessment errors (Myers 1996), the risks associated with dropping the 
size limit would need to be evaluated if the yield per recruit analysis, conducted assuming that 
fishing mortalities can be perfectly controlled, indicated substantial potential gains in yield. The 
results presented below show that only small increases in yield could be expected from a reduction 
in the size limit. 

ESTIMATION OF GROWTH AND SELECTIVITY PARAMETERS 

Methods 

A sex and age-structured model was used to estimate growth and selectivity parameters in 
Areas 2B and 3A. The model is an extension of the model used for the annual assessment of the 
stocks. The main difference is that here the dynamics of growth and abundance are modeled sepa-
rately for males and females. Commercial selectivity at age and year for each sex results from the 
coupling of the sex-specific size distribution at age with a time-varying size-specific selectivity 
function. The effect of the legal size limit on the age and size composition of the commercial catch 
is explicitly modeled by setting the selectivity of fish smaller than the size limit to zero. Mean log-
length at age for each sex propagates according to a recursive Ford-Walford equation with stochas-
tic intercept and initial size. Trends in growth rate are allowed by letting the size at recruitment and 
the growth intercept change over time in a constrained manner following a random walk. In addi-
tion, the size distribution at age and sex in the modeled population is affected by the fishery which 
selectively removes the largest fish. 

Parameter estimation is done similarly to the assessment model. The model is fitted to data 
on commercial catch at age for the period 1974-1996, mean and variance of log-length at age in the 
commercial catches, mean and variance of log-length at age and sex in the survey catches, age-sex 
composition of the survey catches, commercial effort data, and survey catch per unit of effort. 
Because the sex ratio in the commercial catch is unknown, two simplifying assumptions were made 
in order to extend the assessment model to make it sex-specific: (1) sex ratio at age six, the first age-
class modeled, was set to one, and (2) survey and commercial selectivity at size were the same for 
males and females. Detalis about the model and estimation method are provided in Appendix 1. 

Results and discussion 

The model was able to match well the trends in size at age in the commercial and survey 
catches (Figures 1-3 and 7-9) and the commercial catch at age (Figures 4 and 10) in both areas. The 
fit of the age and sex composition of the surveys was not as good and exhibited strong trends in the 
residuals (Figures 5-6 and 11-12). This is similar to what occurs with the assessment model, inde- 
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pendently of whether the survey selectivity is assumed to be a constant function offish size or age. 
While samples taken for ageing from the surveys used to be generally smaller than those from the 
commercial catches, similar sample sizes (about 2000 fish per area) have been used in recent years. 
Certainly the assumptions made about the fishing process are more restricted in the case of the 
survey than for the commercial fishery. While survey selectivity was assumed to be constant (ex-
cept to account for the change in hook type in 1984), commercial selectivity was allowed to vary 
from year to year which should result in better fits. 

Estimated trends in growth indicated that both the initial size at recruitment and the growth 
intercept decreased in the 1980s and stabilized or increased in recent years (Figure 13). The de-
crease in growth was more pronounced in Area 3A than in Area 2B. Estimated commercial selec-
tivity indicates that fish tend to be selected when they are smaller and younger in Area 2B than in 
Area 3A (Figure 14). In Area 3A, commercial selectivity tended to shift to smaller sizes while size 
at age decreased. 

ESTIMATION OF FEMALE MATURITY 

Methods 

Female maturity schedules for Areas 2B and 3A were estimated using data collected during.  
the standardized setline summer surveys of 1995 and 1996. Maturity proportions at age and length 
estimated from setline surveys in 1980-1986 are also shown for comparison. Maturity status was 
determined on board by visual examination of the gonads. Maturity proportions at age were used in 
this study to compute spawning biomass per recruit. Females that were maturing, and presumably 
would spawn in the following winter, were classified as mature. Accordingly, ages determined 
from the otoliths were increased by one so that they corresponded to the ages at the time of spawn-
ing the following winter. Maturity status was determined for a total of 2369 female halibut of 
known age (between six and 20) in Area 2B and 2550 in Area 3A. A Generalized Linear Model was 
fitted to the maturity proportions using the function implemented in S+. The expected probability 
that a female of length a is mature, p(a), was assumed to be a linear function of age, on the logit 
scale, so that 

In 
p(a)   j

—m+n a. 
1— p(a) 

The error was assumed to be binomially distributed. The age at which 50% of the females are 
mature is given by 

-m 

A0.50 = 	• 

A similar model was also fitted as a function of length instead of age to estimate the length at 
50% maturity (L0.50). 

Results 

Maturity schedules observed in 1995 and 1996 are markedly different from those ob-
served in the 1980s (Figures 15 and 16). Length at 50% maturity in Area 2B decreased from 
about 110 cm to about 100 cm. A shift of close to 35 cm took place in Area 3A, from Lo  50 124.53 
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in the 1980s to Lo 50  =90.55 cm in recent years. The maturity schedules at age were remarkably 
stable, showing no change in Area 2B (from Ao  50  = 11.98 to Ao 50  = 11.73), and a drop of about 
one year (from A0.50 = 12.58 to Ao  50  = 11.22) in Area 3A. 

EFFECT OF THE SIZE LIMIT ON YIELD PER RECRUIT AND SPAWNING BIOMASS 
PER RECRUIT 

Methods 

The same age- and sex-structured population model used for parameter estimation was used 
to compute expected yield per recruit and spawning biomass per recruit. Assumptions about growth 
and fishing mortality were identical to those made in the estimation model, except that growth 
parameters were fixed at the values estimated for 1996. The range of ages was extended from 6-20 
to 6-25, and the last age group corresponded to actual age 25, instead of being a pool of ages as in 
the estimation model. Age distribution was truncated at age 25 to avoid extrapolating growth pat-
terns too far beyond the age range used in the estimation. 

Commercial selectivity was assumed to increase with fish size according to a half-normal 
function and be equal one for fish larger than the length of full selectivity. In contrast to the 
estimation model, fish smaller than the size limit were assumed to be caught and discarded with an 
associated mortality of 16%. Because it is difficult to predict how commercial selectivity would be 
affected if the current legal size limit were dropped, two extreme alternative assumptions were 
made (Figure 17). In the first, selectivity remained constant at the values estimated for 1996 in spite 
of the change in the size limit. In the second, a drop in the size limit resulted in a shift of the 
selectivity towards smaller fish sizes. In the latter case, parameters of the normal curve were cho-
sen so that the length at 50% selectivity equaled 60 cm. The variance parameter was fixed at the 
value estimated for Area 2B, the steepest of the two estimated curves. A range of harvest rates from 
zero to 0.40 was used in combination with size limits of 81 cm and 60 cm. 

Spawning biomass per recruit was computed as 
25 

p(a) w(a) 1 ■ 

SB I R— a=6 	  

Ni 
where p(a) is the schedule of female maturity at age estimated for 1995-1996, w(a) is female weight 

at age and Naf  is female abundance at age predicted using the same formulations used in the 

estimation model, except for the addition of the discard mortality. The term "recruit" here refers to a 
6-yr-old fish at the start of the year. The standard length-weight relationship was used to predict 
weight from length (Clark 1992). Numerical integration was used to compute the average weight at 
age for males and females in the commercial catch as a function of the size distribution in the 
population, the size selectivity and the legal size limit. Parameter values used in the computations are 
shown in Table 1. 

Results and discussion 

Estimated commercial selectivity for fish smaller than 81 cm is very small in Area 3A. As a 
result yield per recruit and spawning biomass per recruit were little affected when the commercial 
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size limit was dropped from 81 cm to 60 cm, and selectivity was fixed at the values estimated for 
1996 (Figure 18). Only if fish became selected when they are smaller would the size limit signifi- 
cantly affect the age and size of capture, and in turn the yield. Indeed, lowering the size limit 
resulted in a moderate increase in yield when selectivity was assumed to shift towards smaller sizes 
in response to the change in regulation (Figure 18). Gains in yield per recruit were however accom- 
panied by major losses in spawning biomass per recruit, as summarized in Table 2 for a 20% har-
vest rate. The assumption made here that the size of 50% selectivity would match a new size limit 
of 60 cm should be viewed as rather extreme, as fish would have to be selected at much smaller 
sizes than they are currently selected even in the surveys. Results are however useful to illustrate 
trade-offs between maximum potential yield gains and associated reproductive losses. 

Results for Area 2B are slightly different due to the steeper commercial selectivity in that 
area. A decrease in the size limit resulted in some increase in yield per recruit and a small decrease 
in spawning biomass per recruit (Figure 19, Table 3). As in Area 3A, dropping the legal size could 
result in substantial decreases in spawning biomass per recruit if such a drop were followed by a 
shift in commercial selectivity towards smaller fish sizes. 

One alternative that could be considered to capitalize potential gains in yield and at the 
same time maintain the reproductive potential of the stock would be to drop the legal size but adjust 
harvest rates down to compensate for resulting reproductive losses. A drawback of such a strategy 
is that if selectivities did shift to smaller sizes in response to a drop in the size limit, protection of 
the spawning biomass would have to rely much more heavily on our ability to control harvest rates 
than is the case at present. The strategy would thus be less robust to errors in the stock assessment. 
The black dots in Figures 18 and 19 show harvest rates and associated yields that resulted in the 
same spawning biomass per recruit as in the status quo conditions (i.e. harvest rate =0.20, fixed 
selectivity and size limit = 81 cm). When such a constraint is imposed, yield gains are very small 
and do not guarantee a change in strategy and regulation. The current size limit of 32 inches is thus 
considered to be appropriate as the potential gains derived from lowering it are small compared to 
the associated potential reproductive losses. 
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Figure 1. Area 2B mean lengths at age in the commercial catch for the period 1974-1996 
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Figure 11. Proportions of female halibut at age in setline survey catches in Area 3A. 

183 
IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1997 

Sullivan, P.J., Parma, A.M., 1998. Population assessment, 1997. 
IPHC Rep. Assess. Res. Act. 1997., pp. 83–210.

IPHC-2021-SACH-002

Page 101



6 8 12 16 18 10 14 20 

8 6 12 16 18 10 14 20 

8 6 12 16 18 10 14 20 

1985 • 

• 

• • 

• 

• 

• 

• • 
6 8 10 12 14 16 18 20 

1971 • 

♦ • 

• • 

6 8 10 12 14 16 18 20 

8 16 14 10 12 

• 
• 

18 20 

• 

0.05 
0.04 
0.03 
0.02 

• • 0.01 

6 8 10 12 14 16 18 20 

• 

6 

1980 
• 

0.08 
0.06 
0.04 
0.02 
00 

0.08 
0.06 
0.04 
0.02 
0.0 

0.08 
0.06 

CD) 0.04 
0.02 

4C-  ti 	0.0 

0.06 

0.04 

0.02 

C/) 	0.0 

0 

0.06 

Q 0.04 

2 0.02 

0- 	0.0 

0.06 

0.04 

0.02 

0.0 

  

6 	8 
	

10 
	

12 
	

14 
	

16 
	

18 	20 

0.08 
0.06 
0.04 

0.02 

0.0 
6 	8 	10 
	

12 	14 	16 	18 	20 

1976 	• 	 0.08 
• 

0.06 
0.04 

0.02 

0.0 

0.12 

0.08 

0.04 

0.0 

0.08 

0.06 

0.04 

0.02 

0.0 

 

 

6 
	

8 
	

10 
	

12 
	

14 
	

16 
	

18 	20 

0.04 

0.03 

0.02 
• 0.01 

18 20 6 8 

0.07 1996 

0.05 	• 

0.03 

0.01 
6 
	

8 
	

10 
	

12 
	

14 
	

16 
	

18 
	

20 

• 

6 
	

8 
	

10 
	

12 
	

14 
	

16 10 
	

12 
	

14 
	

16 
	

18 
	

20 

Figure 12. Proportions of male halibut at age in setline survey catches in Area 3A. 
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Figure 16. Female maturity schedules in Area 3A. Solid line is a logistic model 
fitted to the 1995-1996 data. 
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Figure 17. Setline selectivities for areas 2B and 3A estimated for the commercial 
catch in 1996 (solid line) and shifted to the left so that the size at 50% selectivity 
equals 60 cm. 
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Figure 18. Area 3A female + male yield per recruit (Y/R) and spawning biomass per recruit (SB/R). 
Solid lines represent status quo (size limit = 81 cm and selectivity as estimated for 1996); dotted 
and dashed lines are both for a size limit = 60 cm, but selectivities are, respectively, as in 1996 or 
shifted left. Points of SB/R = status quo value are marked on the Y/R plots. 
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Figure 19. Area 2B female + male yield per recruit (Y/R) and spawning biomass per recruit (SB/R). 
Solid lines represent status quo (size limit = 81 cm and selectivity as estimated for 1996); dotted 
and dashed lines are both for a size limit = 60 cm, but selectivities are, respectively, as in 1996 or 
shifted left. Points of SB/R = status quo value are marked on the Y/R plots. 
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Table 1. 	Growth, maturity and selectivity parameters used to compute yield per recruit 
and spawning biomass per recruit for Areas 2B and 3A. 

Area 2B Area 3A 
Process Males Females Males Females 
Growth: 

initial log-length (p.6) 
growth intercept (a) 
growth slope ((3 ) 
CV of length at age 

4.20 
6.89 

0.952 
0.085 

4.24 
11.34 
0.949 
0.124 

4.151 
6.979 
0.949 
0.093 

4.059 
13.391 
0.936 
0.121 

Maturity: 
age at 50% maturity 
b parameter 

11.726 
0.6126 

11.22 
0.759 

Fixed selectivity: 
length at full selectivity 
length at 50% selectivity 

Shifted selectivity: 
length at full selectivity 
length at 50% selectivity 

107 cm 
77 cm 

83 cm 
60 cm 

119 cm 
92 cm 

83 cm 
60 cm 
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Table 2. 	Area 3A yield per recruit and spawning biomass per recruit under status quo 
(i.e. size limit = 81 cm, setline selectivity as estimated for 1996 and harvest rate 
= 0.20), and with a size limit = 60 cm and setline selectivity either fixed at the 
1996 value or shifted to achieve a selectivity equal to 0.50 at 60 cm. 

Yield per recruit Spawning biomass per recruit 
pounds relative to 

status quo 
relative to 
maximum 

relative to 
status quo 

Size limit = 81 cm 
1996 selectivity 
harvest rate = 0.20 

4.44 1.00 0.34 1.00 

Size limit = 60 cm 
1996 selectivity 
harvest rate = 0.20 

4.55 1.03 0.33 0.97 

Size limit = 60 cm 
shifted selectivity 
harvest rate = 0.20 

5.05 1.14 0.17 0.51 

Table 3. 	Area 2B yield per recruit and spawning biomass per recruit under status quo 
(i.e. size limit = 81 cm, setline selectivity as estimated for 1996 and harvest rate 
= 0.20), and with a size limit = 60 cm and setline selectivity either fixed at the 
1996 value or shifted to achieve a selectivity equal to 0.50 at 60 cm. 

Yield per recruit Spawning biomass per recruit 
pounds relative to 

status quo 
relative to 
maximum 

relative to 
status quo 

Size limit = 81 cm 
1996 selectivity 
harvest rate = 0.20 

5.38 1.00 0.23 1.00 

Size limit = 60 cm 
1996 selectivity 
harvest rate = 0.20 

5.80 1.08 0.20 0.87 

Size limit = 60 cm 
shifted selectivity 
harvest rate = 0.20 

6.02 1.12 0.15 0.66 
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APPENDIX 1. ESTIMATION MODEL 

Abundance Dynamics 

An age- and sex-structured model was used to estimate growth and selectivity parameters. 
For each sex s, abundance Ns at age a+1 in year t+1 was predicted from the abundance in the 
previous year as: 

Ars.+1,t+1 =  N saa Cm  (1 —  cS saa lit ) 	for a= 6,— • ,18 	(1) 

where M is the coefficient of natural mortality, cSsaa  is selectivity for fish of age a and sex s at time 
t, and II, is the harvest fraction in year t for fully-selected fish. Age classes from age six to 20+ were 
considered, where age 20+ corresponds to ages 20 and older. Sex-ratio was assumed to be equal to 
one at age six. The notation used in this and subsequent equations is summarized in Appendix 2. 

Fishing was assumed to take place in a short period in the middle of the year, and age-
selectivity was modeled as the fraction of each age class recruited to the exploitable stock which 
suffered a harvest rate equal to Ht. Commercial catch cC at age was predicted by: 

—M 

c Ca,t = Hte 2 	f  a , t c S f 	 cSma,t) 

(2)  
The catchability of the commercial fleet was allowed to vary according to a random walk 

model of the form: 

in(Qt.0 )= ln(Qt ) + get 

(3)  

where q et — N(0, q  Q2) . The parameter q 62  controls the amount of year-to-year variation al- 

lowed in Qt. Similar random-walk formulations were used for other model parameters as well, 
whenever time-series trends were considered likely. The effective commercial effort was predicted 
by : 

Et  — 	
C a 

(4)  
The survey catch per unit effort (in numbers) was predicted as 

-M 
s CPUE, = ,Q e 2  Ds S f a,t N f aj +sSma,t N mo.t) 

a 

(5)  
where sSsa,, is sex-specific survey selectivity at age and time, and sQ is the catchability coefficient. 
Survey catchability was assumed to be constant except for an adjustment factor incorporated to 
account for a change in hook type as explained below. Age-sex composition of the survey catches 
was given by 

— ln(1— H, ) 

194 
IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1997 

Sullivan, P.J., Parma, A.M., 1998. Population assessment, 1997. 
IPHC Rep. Assess. Res. Act. 1997., pp. 83–210.

IPHC-2021-SACH-002

Page 112



s  Ps  a t 
f  i,t N f ;4 + sSm i ,, 

Selectivity 

Commercial selectivity was assumed to be a function of size with time-dependent param- 
eters Xfull and ve  IfXrepresents log-length, the size-selectivity function in year t, assumed to be the 
same for males and females, was given by 

st  (X) = e 

0, 

(X — X7 11  2  

for 

for 

for 

X < In(81) 

ln(81) 5 X 	Xi f" I'  

X >X7" 

{-- 

2v, 

1, 

)} 

(6)  

where 81 cm corresponds to the legal size limit below which selectivity was assumed to be zero.. 
Selectivity at age and year was predicted separately for each sex by integrating the size selectivity 
over the sex-specific distributions of size at age in each year as: 

c S sa,t = cst (X)g0(X1 ill s  a „r  0-2s  )dx 

(7)  

where 9(X11.1,5,0,p2s) represents the distribution of log-length at age a and sex s in year t, assumed to 
be Gaussian with mean µsat  and constant variance xe. The equations (1), (6) and (7) 
imply that mortality of discarded sublegal fish was ignored. The parameters Xffliii and v, were al-
lowed to change over time according to a random walk model with constraints in the variances of 
the year-to-year deviations: 

x t+1 full - x "' + Xfull et 
	where x fullE, - N(0, xfull 62  ) 

ln(vt+, )=1n(v, )+ vet 	where vet  —N(0,,cr,2) 

(8)  
The formulation is similar to that used for ln(Qt) except that the variances for the normal deviations 
were adjusted so that selectivity was allowed to change more when growth rates were changing 
rapidly, and very little when size at age was relatively stable. 

The selectivity of the setline survey was assumed to have the same functional form as the 
commercial selectivity (equation (6)) except for the legal size limit which does not apply to the 
surveys. In 1984, the hook type used in the surveys was changed from J-hook to the more efficient 
circle hook (C-hook) used by the commercial fleet. In order to estimate the relative efficiency of 
the two hook types, two parallel sets were fished on each survey station in 1984, one with each 
hook type. The ratio of catches by 10-cm size category showed that the C-hook selected fish of 
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smaller sizes than the J-hook (Clark, this volume). The C-hook was estimated to be twice as effec-
tive as the J-hook at catching large, fully selected fish. In order to account for these experimental 
results, the ratio of the catchabilities of the hooks was assumed known and equal to two, and 
selectivity parameters were estimated separately for the two time periods with an overlap in 1984. 
The size-specific ratios of catches obtained by the two hook types in 1984 were predicted by sum-
ming the expected size-specific catches across ages and sexes. Predicted catch ratios for each size 
category 1, ratios  , were fitted to the observed ratios, ratiot'bs. 

Growth Dynamics 

Female halibut grow faster than male halibut and so growth parameters were made sex-
specific. For simplicity, however, sex superscripts have been dropped from the notation in this 
section. In the absence of size-selective mortality, the median length-at-age for each sex (= expatd) 
was assumed to propagate according to 

Ma+1,11-1 = at + N Ma,: 

(9)  
with time-varying initial size m6 , and intercept at. When 13 < 1, this equation corresponds to a von 
Bertalanffy model (applied to median length at age) with a time trend in the parameter correspond- • 
ing to the asymptotic length L..= oc/(1-(3), and a time trend in size at age 6. Trends in the mean log-
length at recruitment Kt  and in ln(a) were modeled as random walks: 

= 	p Et 

ln(a,+,) = ln(a,) + a  e 

(10)  

where pei — N(0, pC12 ) and a  e, — N(0, a  62) . The variance of log-length at age was assumed to 

be constant and equal to .02 , so that the coefficient of variation of length-at-age was constant and 

equal to CV[L] = Vexp(x  62 ) —1 = x  a . 

The effect of size-selective mortality on the size distribution at age was incorporated by 
adjusting the mean log-length at age, from µQt  (the mean prior to the fishing season) to /ea., (the 
mean at a time immediately after fishing). Realistically, the nature of the distribution should also be 
affected, but we assumed that a Gaussian function was still adequate to approximate the distribu-
tion of log-length prior to the next fishery. The mean log-length in the population after fishing has 
taken place is given by: 

X(1-c s,(X)H,)q)(Xl,ua,,,x  o-2 )dX 

- 

	

	  

(1-cs,(X)11,)q)(Xli.taj  , x  o-2 )dX 

(11)  
where (1-cs,(X) H) represents the survivorship from fishing and 9(X1ji,,,,.02) the distribution of 
log-length X as a function of the prior mean /2,, and variance .02. The denominator of the equation 
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above corresponds to the fraction of fish of age a that survived after the fishing season. Because 
larger fish are selectively removed by the fishery, if a., is smaller than pax  

The median length at age a+1, prior to the next fishing season, was predicted based on m+,,, 

= exp(itd as: 

Ma+1,t+1 = at fi 	a,t 

(12)  

from which 	was computed as ln(m,,,i). The mean and variance of the log-length-at-age in 
the catch were predicted as: 

Col)  X c  St  (X) RAU f 	0-2f  )N-af:t  + (o(XI a,t , x  o-2m )N an:t jdX 

11n(81) c St (X) (q(Xl aufa,t,x  02  N + yo(Xl,u m  a,t x  cr2m )1■1 in,14 )dX 

fl:(81) X2 St  (X)(4X1,11f a,t ,x  521  )NS  ,t  + q)(Xl,um  a,t ,x  o-2m )N am,t )dX 
2 	 ,,2 cr  

c a,t 	 04a,t 

11;81) c  St  (X) co(XI p f a,t , x  021) Art,t  + q(Xlpm  a,t , x  o-2m  N an:t jdX 

(13)  
Note that the integration was done across all sizes above the legal size limit (1n(81)). Similar equa-
tions were used to predict the sex-specific means and variances of log-length at age for survey 
catches, respectively sysaa  and seco  , but the lower limit of integration was set to -0o . The assump-
tions made about the pdf of Xand the functional form of st(X) lead to a numerically efficient algo-
rithm, as selectivities at age S 4, and the moments of the distribution of X in the catch and among 
the survivors could be expressed as a function of standard Gaussian cumulative distributions. 

Estimation 

The model was fitted to data for the period 1974-1996. Data from the commercial fishery 
included effort, catch at age, and mean and variance of log-length at age. Data from the setline 
surveys included CPUE, age-sex proportions, and mean and variance of log-length at age for males 
and females. Parameters in Table 1 were estimated separately for areas 2B and 3A by maximizing 
the likelihood of the observations while penalizing the variability of some of the stochastic vari-
ables for which a priori variances were specified. Log-normal errors were assumed throughout and 
the weighted residual sum of squares RSS was computed by summing the following components: 

C flat 
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Catch-at-age equations: 

in(c  Cobsa
)  

7t . _ 
111( c Ca,t ) 

RSSc:c = Ac:c I a  
sd(ln(cCbsa,t)) 

RSSs:c = 	 'CLa VZ-ft 111(srbs"S —In(sPs")2 sd(ln(sP°bsa,ts )) 

Effort equations: 

RSSc,e  = 2c:eit [ln(E's  , ) — ln(E, )12  

2  ,--, ln( sCPUE't) — ln(s CPUE,  ) 
RSS s:e  = 2,s,e  L[ 	  

' 	Sd(111( s CPUE°bs  )) 

Length equations: 

RSSc:/d  = 'c:p Ea  Et  
[in(cidobsa

)  
,t ,  _ 

In(clia,t) 

2 

sd(ln(cpobsa,t)) 

12  

ln(c  0.2 a robs), 
 
	_ 

c7 

2  :11t  Ics  Cr) )2  a  ,  t ) 
RSSc:a  = 4:a  Ea  Et  

sd(ln(c  

—2 

b s  ln(spos a 	in(spsa,t) 

sd(ln(sp°bss  a,t)) 

2s  a,t obs) _In(scr2s  a,t ) 
111( s sf7 

111( s  ( 	
0.2s 

Sd 	
a 4  obs ) 

RSSs:p =2s:/1 yalt 

RSSs:cs  = As:cr Es  Ia  Et  

C-J-hook-conversion equations: 

—2 

— in(ratioi ) 
RSSci  = Ac -j 	

ln(TatiO°bs  )  

sd(ln(ratio°bsI)) 
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Thus the total sum of squares was given as 

RSS = RSS c,c + RSS s. + RSSc:e  + RSS s:e  + RSS ap + RSSs, p + RSSaa  + RSSs,,+ RSSc  

The negative log-likelihood of the observations, up to additive constants, is 

L = 05 noes  log(RSS) 

where nobs  is the total number of observations. Parameter estimates are obtained by minimizing 

the objective function 

f = L + penalties 

where the penalties correspond to prior assumptions made about some of the stochastic processes 

involved, namely, trends in catchability (equation (3)) 

2 , 
PSSq =051 

,e 
2 —  t q 

trends in the mean log-length at age 6 and growth intercept (equation (10)) 

S2 	 ,
t 
S2 

PSSP  =05• 1s 

p et 
2 and PSSa  = 05 ES  I  a  2 

t P O- t a 

and variability in the parameters of the size-selectivity function st(X) for the commercial fishery 

(equation (8)), 

	

2 	 2 
PSSxfun  = 051 

Xfull 
	 and PSS v  =05E V 

E
t 

n t
2 t 	62 

t Crt  
xtu  

The penalties term in the objective function is thus 

penalties= PSSq  + PSS p + PSSa  + PSS )(fur, + PSSv  

The model was implemented using AD Model Builder (Otter Research Ltd. 1994) which 

uses automatic differentiation to minimize the objective function. The minimization is conducted 

in steps or phases of increasing complexity as specified by the user. 

The emphasis given to different data types in the estimation was controlled in two ways. 

First, empirically-computed coefficients of variation of the observed statistics were used in all 

cases except for the commercial effort. Because errors were assumed to be log-normally distrib-

uted, the coefficients of variation of the observations approximate the standard deviations of the 

corresponding log-transformed variables. Catch-at-age observations were weighted based on the 

coefficient of variation of the age proportions in the market sample data. Residuals corresponding 

to the mean and variance of log-length in the commercial catch were weighted using the coefficient 

of variation of the estimated moments determined from bootstrap calculations; those from the sur-

vey catch were weighted using coefficients of variation determined from standard equations based 

on simple random sampling. Coefficient of variations for age proportions and CPUE in the surveys 

were estimated assuming simple random sampling. Second, an ad hoc differential weighting of 
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data of different types was effected through the A's. Sampling-based measures of uncertainty do not 
normally capture all the variability present in the process, so in most cases 2's were chosen so as to 
increase the empirically-based standard deviations by a factor of two (i.e., A=0.25). The likelihood 
component corresponding to the age and sex compositions of survey catches was assigned a A 
equal to one because that was the only source of information on sex-specific abundance. A greater 
emphasis was also placed on the C-hook/)-hook observed catch ratios by setting Ac_, to five. Values 
for the variances of the stochastic processes are given below: 

Prior Variances 
cp2  = 

11a = 

q02 = 

0.072  
0.102  
0.032  

2 
mil at 

0.012  for t<1984 
0.032  for t?_1984 
0.012  for t<1984 
0.032  for t1984 

Model Parameters 

Certain model parameters were fixed while bounds were specified for others. Natural mortal-
ity was set to M= 0.2. The initial conditions for size at age of males and females in the population 
in year one, max  a€ (6,...,20+), were constrained to follow a von Bertalanffy model with sex-
specific parameters. The growth coefficients 13 were constrained to be between 0.5 and one, the 
log-length at full selectivity irun in year t=1 was constrained to be less than ln(130), and a quadratic 
penalty was added to the objective function so as to force the predicted commercial and survey 
selectivities for female halibut in the 20+ age group to be equal to one. Estimated parameters are 
shown in the table below, although the actual minimization was conducted over a different param-
eter space. Re-parameterizations were used to reduce the correlation among estimated parameters, 
and transformations were used in some cases to constrain parameter values; the latter is done auto-
matically by AD Model Builder when bounded parameters are specified. 

Parameters 	 Number 
No 	recruitment 
Nsa, 1 	 initial abundance 	 2x(A-1) 
Ht 	fishing mortality 
ca 	commercial catchability 
sQ 	 survey catchability 	 1 
Xtf" and vt 	size-selectivity 	 2xT + 4 

11,56,/ 	mean log-length at age 6 	 2xT 
a so  and Dso 	initial log-length at age 	 4 

ast 	intercept of growth equation 	 2x(T-1) 
RS 	 slope of growth equation 	 2 
X025 
	variance of log-length at age 	 2 
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APPENDIX 2: NOTATION 

Prescripts: 	c 	 Commercial 
s 	 Survey 

Subscripts: 	a 	 Age 
t 	 Time 
/ 	 Length category 

Superscripts: 	obs 	 Observation variable 
+ 	 Time immediately after fishing 
s 	 Sex 

Catch and Abundance (s superscripts dropped): 
cct 	 Commercial catch at age and time 

c 
Cobs 

a,t 	 Observed commercial catch at age and time 

cP a, t 	 Age composition in survey catches at time t 

c 
pobs 

at 	 Observed age composition in survey catches at time t 
sCPUE't 	 CPUE at time for survey 

s CP UR' 	 Observed CPUE at time for survey t 
Et 	 Fishing effort at time for commercial fishery 
Ebbs 	 Observed fishing effort at time for commercial fishery 

I-1, t 	 Harvest fraction of fully selected fish 
A Ia. t 	 Population numbers at age and time 
M 	 Instantaneous natural mortality 

cQt 	 Catchability for commercial fishery 

sQ 	 Catchability for survey 
cst(X) 	 Selectivity of fish of log-length X in the commercial fishery in year t 
sst(X) 	 Selectivity of fish of log-length X in the survey in year t 

cS(4! 	 Selectivity of fish of age a in the commercial fishery in year t 

SS at 	 Selectivity of fish of age a in the survey in year t 
vt 	 Variance-like parameter of size-selectivity st(X) 
Xfun 	 Log-length beyond which fish are fully-selected 

Size and Growth (s superscripts dropped): 
at 	 Intercept of the recursive growth equation 

Slope of the recursive growth equation 
mat 	 Median length at age in the population in year t = exp(y..) 
m+ 	 Median length of fish of age a surviving the fishing season in year t 

Pat 	 Mean log-length at age in the population in year t 

1-ct 	 Mean log-length of fish of age a surviving the fishing season in year t 

t 	 Mean log-length at age in the commercial catch in year t 

)1 t Mean log-length at age in the survey catch in year t 
yobsa.  t 	 Observed mean log-length at age and time in the commercial catch 
ijobsa„ 	 Observed mean log-length at age and time in the survey catch 

(13(g11-1,02) 	Gaussian pdf with mean ,u and variance ce 
a2 	 Variance of log-length at age in the population in year t 

c 02a, t 	
Variance of log-length at age in the commercial catch in year t 
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s0241 
02 obs 

c 
02 obs 

s 	a,t 

Variance of log-length at age in the survey catch in year t 
Observed variance of log-length at age and time in the commercial catch 
Observed variance of log-length at age and time in the survey catch 

Weighting Factors and variances of random components: 

k:c 

ie:c 

A. 

x
s:e 
s:e 

s:a 
1102  

o2  
volt  

2 
Xfu11 Lt 

Weight for commercial log-catch-at-age residuals 
Weight for commercial effort residuals 
Weight for commercial mean log-length residuals 
Weight for commercial variance of log-length residuals 
Weight for survey log-catch-at-age residuals 
Weight for survey CPUE residuals 
Weight for survey mean log-length residuals 
Weight for survey variance of log-length residuals 
Variance of RE , the time-series deviations affecting p,6t  
Variance of ae t  , the time-series deviations of ln(at) 
Variance of 9E t , the time-series deviations of log-catchability 
Variance of vE 1, the time-series deviations affecting selectivity parameter vt  

Variance of xtu„ Et  , the deviations affecting selectivity parameter Xullt  
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A Proposed Method for Setting Area 4 and Area 3B Catch Limits 

by 

Robert J. Trumble and Stephen H. Hoag 

INTRODUCTION 

IPHC's management policy is to set catch limits that are proportional to biomass for each 
IPHC regulatory area (Figure 1). However, acceptable estimates of biomass have not been avail-
able for Areas 3B and Area 4 subareas. This report reviews past procedures and presents a new 
method for setting catch limits in Area 4A, 4B, 4CDE, and Area 3B. 

Area 4 

IPHC regulatory Area 4 has one of the weakest of the data sets used to manage Pacific 
halibut, so biomass estimates there are among the most uncertain. Yet, the area contains a signifi- . 
cant portion of the total halibut resource. To overcome the data limitations in the past, the IPHC 
stock assessment has used data pooled over the subareas, or pooled with adjacent areas. Through 
1989, data pooled for Areas 3B and 4 formed the basis for stock assessment, because the Area 4 
data times series was too short to provide reliable estimates. Calculation of exploitable biomass for 
3B and 4 occurred by partitioning the total exploitable biomass with relative CPUE values. From 
the 1990 through 1997 fishing seasons, separate estimates occurred for Areas 3B and 4. However, 
insufficient data still left large concerns for the quality of the Area 4 biomass estimate, and pre-
vented a biologically-based estimate of exploitable biomass in the subareas 4A, 4B, 4C, 4D, and 
4E. In the absence of biological data, catch limits for the subareas were based on maintaining 
historical catch proportions. 

In 1995, the IPHC developed a biologically-based procedure for subdividing biomass in 
Area 4, and announced plans to use the procedure for setting catch limits for Areas 4A, 4B, 4C, 4D, 
and 4E in 1996. The NPFMC asked the IPHC to postpone the procedure pending further review, 
and adopted a Catch Sharing Plan that specified historical catch proportions the 4C, 4D, and 4D. 
The initial procedure for setting biologically-based biomass estimates in Area 4 involved combin-
ing the area of fishing grounds (mapped and measured by IPHC) with commercial CPUE in each of 
the subareas to calculate relative biomass. At the time, this was the best information available. This 
procedure was not entirely satisfactory because it did not address the fundamental issue of the 
overall quality of the Area 4 exploitable biomass estimate. 

During the following year, the IPHC summarized biological data important to the discus-
sion. Legal-sized halibut generally spawn in winter along the upper continental slope in water from 
150 to 300 fm. Fish in the Bering Sea move up on to the outer continental shelf in spring, and 
disperse onto the Bering Sea flats in summer. Most commercial halibut fishing in the Bering Sea 
occurs during July and August after the halibut fully migrated out of the deep water and had time to 
redistribute across the shelf. The largest removals occur during the summer from a small region of 
Area 4D along the edge of the continental shelf. Areas such as Area 4C, for example, appear to be 
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in a migratory pathway offish moving from the edge to the flats. For other areas on the Bering Sea 
flats where local fisheries occurred, halibut are available for only short periods of time, depending 
on the migratory pattern. Thus, fish caught in any of subareas 4C, 4D, or 4E could likely have been 
caught in the other areas at a different time of year. The large-scale mixing suggests that halibut in 
the eastern Bering Sea are a single biological unit, and that local depletion is not likely at the 
current scale of fishing. 

In 1996, the IPHC decided that no biological basis existed to justify maintaining the sepa-
rate subareas in the eastern Bering Sea, and announced at the 1997 Annual Meeting that it would 
combine 4C, 4D and 4E for the 1998 season. The NPFMC modified the Catch Sharing Plan to 
comply with IPHC biologically-based catch limit for Area 4CDE, so that it could set allocative 
catch limits for the separate subareas. 

Area 3B 

In contrast to Area 4, the data series in Area 3B is fairly extensive. Logbook data for calcu-
lating CPUE and biological data for size and age distributions are satisfactory. Area 3B does, how-
ever, lack a long sequence of longline surveys. For unknown reasons, the stock assessment model 
has estimated biomass for Area 3B that is inconsistent with other biological information. For ex-
ample, the fishing grounds and the CPUE in Area 3B are nearly as large as in Area 3A. The 1995 
and 1997 IPHC longline surveys showed estimated relative biomass about two-thirds as large as in 
Area 3A. National Marine Fisheries Service trawl surveys swept-area estimates showed a similar 
relationship. Yet the stock assessment model estimates Area 3A biomass at about four times larger 
than 3B biomass. The mixed signals from the biological data and from the model show that some-
thing happens in Areas 3A and 3B that we don't understand. 

PROPOSED PROCEDURE 

In 1997, the IPHC began a five year program of longline surveys of the halibut areas from 
the California-Oregon border into the Bering Sea and the Aleutian Islands. Station locations are 
placed systematically for even coverage of the bottom area from 20 fin to 250 fm. Results of the 
survey give us an opportunity to use fishery-independent data to assess the abundance of exploit-
able biomass in Areas 4 and 3B relative to other areas, and the relative biomass within Area 4. 
Because we have good estimates of absolute biomass in other areas, we can convert the relative 
biomass to absolute biomass in Areas 4 and 3B. 

The surveys provide estimates of catch per unit effort (CPUE) for each of the IPHC regula-
tory areas. CPUE is proportional to density of halibut in each area. We previously mapped bottom 
area in each IPHC Area. Therefore, we can estimate relative biomass in each Area by multiplying 
CPUE times bottom area (Table 1). For example, CPUE in Area 3A is 371 pounds per skate and 
bottom area is 48.2 thousand square nmi, or 17,882 biomass units. Area 4A has 245 pounds per 
skate and a bottom area of 15.8 thousand square nmi, or 3,871 biomass units. Area 4A biomass 
divided by Area 3A biomass is 

3,871/17,882 = 0.21. 
Thus, the biomass in 3A is about five times higher than in 4A. To calculate the absolute biomass in 
Area 4A, we can multiply 0.21 times the biomass in Area 3A derived from the stock assessment 
model. Multiplying the estimated exploitable biomass by a harvest rate of 20% produces the Con-
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stant Exploitation Yield (CEY) that is the starting point for catch limit determination. Subtracting 
other removals (bycatch, sport, wastage, and personal use) from the total CEY produces the setline 
CEY. 

CALCULATION OF CEY 

In the example above, we used Area 3A as the reference area to calculate biomass in Area 
4A. A standard area for actual calculations of Area 4 and 3B biomass should be an area for which 
we have a long data series and for which we have confidence in absolute biomass. We used the sum 
of biomass in Areas 2A, 2B, 2C, and 3A as the standard. To estimate the exploitable biomass in 
Areas 3B and 4, we determined the ratio of relative biomass (from CPUE and bottom area) in the 
unknown areas to the standard area, and multiplied the ratio times the standard exploitable biom-
ass. Then we multiplied the exploitable biomass by 0.2 to calculate total CEY, then subtracted other 
removals to calculate the setline CEY. 

Calculation of setline CEY for the subareas of Area 4 and for Area 3B requires estimated 
biomass for Areas 2A-3A, the proportion each area is of the standard biomass, and other removals 
for Area 4 and 3B. Table 2 contains two biomass estimates for Areas 2A-3A, resulting from two 
different assumptions in the stock assessment model. 

The fishery in Area 4CDE occurs mostly on the Bering Sea edge in Areas 4C and 4D, which.  
is characterized by small fishing areas with relatively high density. The rest of the Bering Sea flats 
are characterized by low density and very large area. Bycatch occurs mainly on the flats where little 
halibut fishing occurs, while much less bycatch occurs along the edge. Given the two biomass 
estimates for the standard area, mixing among the halibut on the edge and on the flats, the location 
of halibut fishing, how do we deal with bycatch and setting catch limits in our calculations? 

The data in Tables 1 and 2 permit calculation of the exploitable biomass in Areas 3B and 4 
(Table 3). The calculations involve a range of values and assumptions, which result in a range of 
options. First, we have estimates based on the two biomass estimates for the standard area. Then we 
have two approaches for estimating biomass for Area 4CDE. One approach treats the Bering Sea 
edge as the only area that we will consider for biomass calculations, because that is the area where 
most harvest occurs. The other approach considers the entire region, which consists of the remain-
der ofArea 4D, 4E and the IPHC closed area. From the exploitable biomass, we calculate total CEY 
and setline CEY (Table 4). 

Under the proposed procedure, Area 3B values vary from biomass levels of 158.13 to 213.08 
millions pounds and setline CEY values of 30.83 to 41.82 million pounds. These results show a 
much larger biomass and CEY than is shown by the assessment model. The assessment model 
appears to underestimate the size of the Area 3B stock for unknown reasons. Area 4A biomass 
values range from 56.76 to 76.49 million pounds; setline CEY values range from 11.05 to 15.00 
million pounds. Area 4B biomass values range from 52.71 to 71.03 million pounds; setline CEY 
values range 10.15 to 13.82 million pounds. In Area 4CDE, we have two sets of estimates. If we 
considered only the edge, where most of the fishing occurs, the biomass values range from 16.22 to 
21.85 million pounds; CEY values range from 1.03 to 2.16 million pounds. Including the remain-
der of Area 4D, 4E and the closed area in the Area 4CDE estimates increase biomass and CEY 
values substantially: biomass ranges from 77.04 to 103.81 and CEY ranges from 13.20 to 18.55. 
Aggregated Area 4 CEY values using the new procedure limited to the Bering Sea edge, ranging 
from 22 to 30 million pounds, are comparable to the CEY estimate of 25 million pounds proposed 
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last year from the stock assessment model. However, the aggregate Area 4 CEY values for the 
entire Bering Sea, which range from 35 to 50 million pounds, are substantially higher than the Area 
4 CEY from the assessment model last year. 

SUMMARY 

The IPHC staff developed new methods of estimating exploitable biomass for Areas 3B and 
4. The stock assessment model produced results for 3B that were inconsistent with other fishery 
and biological data. The data set in Area 4 is considered inadequate to estimate biomass for Areas 
4A, 4B, and 4CDE. The new method used results of halibut setline surveys that extended from the 
Oregon-California border into the Bering Sea and along the Aleutian Islands. The surveys provided 
estimates of relative biomass derived from survey CPUE and the bottom area in the survey area. 
The ratio of exploitable biomass in 3B or the subareas of Area 4 to a standard area multiplied by the 
biomass in the standard area gives a value for biomass for the unknown areas. The stock assessment 
model provided a range of two biomass values in the standard area (2A, 2B, 2C, and 3A), because 
of two different assumptions used in the model. We further provided a range of two estimates in 
Area 4CDE, depending on whether all or a portion of the Bering Sea continental shelf was included 
in the estimates. The new procedure generally gave estimates higher than estimates provided by the 
stock assessment model. The procedure is new and is based on a single year of surveys. We believe 
that the general pattern of exploitable biomass provided by the new procedure is better than used 
previously. However, we recommend caution in applying the values for setting catch limits while 
more surveys and more evaluation occur. 
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Figure 1. 	IPHC regulatory areas for 1997. 
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Table 1. 	Distribution of exploitable biomass according to 1997 setline survey results 
(From Bill Clark). 

Area (K nmi2) Raw cpue Adjusted cpue % of total biomass 
2A 11.1 35 35 0.7 
2B 26.2 161 161 8.3 

2C 13.9 407 371 10.0 
3A 48.2 318 371 34.7 

3B 29.5 412 371 21.3 

4A 15.8 245 245 7.5 

4B 12.8 281 281 7.0 

4C 9.6 57 57 1.1 

4D edge 4.5 111 111 1.0 
Bering shelf 145.0 --- 30 8.4 

Notes 

1. Areas are total bottom area within 200 fm except for the 4D edge, which is bottom between 100 
and 200 fm plus shallower grounds shown in IPHC Technical Report 36, and the eastern Bering Sea 
shelf, which incorporates the remainder of Area 4D and 4E approximately up to St. Matthew Island 
and the IPHC closed area. 

2. A single cpue is used for the northern Gulf (2C-3A-3B). 

3. The Bering shelf (the portions of 4D < 100 fm, 4E and the IPHC closed area) is assumed to have 
half the density of 4C because the NMFS trawl survey catch rate of legal sized fish there averaged 
a little more than half the 4C rate for the 1990-96 surveys combined. 
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Table 2. 	Standard Exploitable Biomass (millions of pounds) used for calculating biom- 
ass in Areas 3B and 4. 

Biomass 

 

Area 
2A 
2B 
2C 
3A 

Total 

 

Age-Based 
7.18 

82.56 
88.49 

227.22 
405.45 

 

Length-Based 
8.44 

97.08 
92.58 

348.25 
546.35 

   

   

Table 3. 	Exploitable biomass (millions of pounds) in Areas 3B and 4, relative to exploit-. 
able biomass in Areas 2A-3A. 

Area 
% Std 

Biomass 

Biomass relative to 2A-3A 
Age 

Selectivity 
Length 

Selectivity 
3B 39 158.13 213.08 
4A 14 56.76 76.49 
4B 13 52.71 71.03 

4CDE Edge 4 16.22 21.85 
4CDE Total 19 77.04 103.81 
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Table 4. 	Total CEY and Setline CEY (millions of pounds) forAreas 3B and 4, calculated 
from Table 3. 

Total CEY Set Line CEY 

Area 
Age 

Selectivity 
Length 

Selectivity 
Other 

Removals 

	

Age 	Length 

	

Selectivity 	Selectivity 
3B 31.63 42.62 0.8 30.83 41.82 
4A 11.35 15.30 0.30 11.05 15.00 
4B 10.54 14.21 0.39 10.15 13.82 

4CDE Edge 3.24 4.37 2.21 1.03 2.16 
4CDE Total 15.41 20.76 2.21 13.20 18.55 
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Population Assessment, 1996 

by 

Patrick J. Sullivan and Ana M. Parma 

INTRODUCTION 

Over the last several years IPHC staff have noted and discussed changes taking place in the 
halibut fishery that would likely lead to changes in interpretations and assumptions associated with 
the Pacific halibut stock assessment. In particular, we indicated that Pacific halibut have undergone 
a rapid reduction in individual growth in recent years, with average length at age now being 20-
25% lower than what it was 10-15 years ago. We also noted that changes in the fishery, prompted 
by initiation of individual-quota programs, would likely have an effect as well. Last year we pro-
posed a new approach that accounts for changes in individual size at age and its likely effect on the 
catchability of halibut. The approach, presented in preliminary form at last year's IPHC Annual 
Meeting, indicated that both stock biomass and recruitment might be higher than that estimated 
under previous stock assessment procedures. This year was spent confirming these preliminary 
results, while continuing to incorporate other important sources of information into the assessment. 
The new assessment procedure not only takes into account commercial age-composition, catch, 
and CPUE as it has in the past, it also includes size at age of the commercial catch, and catch, 
CPUE, age-composition, and size at age of IPHC standardized setline surveys. In addition, it now 
accounts for the mortality of legal-sized halibut associated with bycatch in non-directed fisheries 
(Figure 1). These features of the new assessment procedure aid in adjusting for changes in growth, 
in accounting for changes in the fishery, and in better tracking the influence of bycatch mortality on 
the stock. 

Exploitable biomass estimates have increased under the new stock assessment. The increase 
in the estimates can be broken down into three major components. (1) Halibut size at age is now 
better represented in the assessment model. We recognize that halibut size at age has been decreas-
ing in recent years as a result of slower growth. This reduction in size has reduced the catchability 
of younger age groups by setline gear through fish behavior and thresholds imposed under the legal 
size limit. The "poor recruitment" of age 8 halibut into the fishery was interpreted as low abun-
dance in earlier assessments rather than as poor catchability due to smaller size. This lower 
catchability can now be estimated, and the estimated abundance of both younger and older age 
groups has increased accordingly. (2) Bycatch mortality of legal-sized halibut is now included as 
removals directly in the assessment along with other removals (commercial and sport catches, wast-
age, and personal use). The estimated biomass must increase to account for the increased level of 
removals. The magnitude of the increas\depends on the amount of legal-sized bycatch mortality 
relative to total stock biomass in each area. (3) Information from IPHC setline surveys can now be 
explicitly incorporated. Survey CPUE trends support trends seen in commercial fishery CPUE, 
lending greater weight to the belief that abundance has increased since the 1980s, while helping to 
point out changes that have taken place in halibut catch statistics under the recently implemented 
individual-quota programs. 
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STOCK ASSESSMENT 

The Pacific halibut stock assessment continues to show a slight downward trend in coastwide 
stock biomass over the last five years (Figure 2). This trend, however, is not as severe as that 
reported under previous assessments. In contrast, some IPHC regulatory areas show a leveling off 
(Areas 2A, 2B), or an increase (Areas 3B, 4), after accounting for the effects of slower growth and 
bycatch mortality (Figures 3-8). IPHC systematic survey catch per unit effort (CPUE), now incor-
porated in the assessment, can be compared with commercial setline CPUE (in number of halibut 
per skate) in Areas 2B, 2C, and 3A (Figure 9). Survey CPUE, while generally lower than commer-
cial CPUE in Area 2B, shows a greater relative increase between observations taken in the 1990s 
and those taken in the 1970s to 1980s. Area 2C surveys also show an increase in contrast to the 
decline shown by commercial CPUE. Area 3A survey and commercial CPUEs both are quite con-
sistent in indicating an increase since the 1980s, with similarly high levels occurring currently. The 
sublegal-sized component of the fishery is making up a greater proportion of the survey catch in 
recent years (Figure 9) again indicating the influence of smaller individual size on observed mea-
sures of abundance. The assessment now follows changing trends in growth, and takes account of 
changes in gear selectivity which are likely to occur simultaneously. In areas where this change in 
growth is great (e.g. Areas 3A and 3B), the result is generally a greater increase in the estimated 
level of abundance. Apparent poor recruitment to the fishery by more recent cohorts shown in 
earlier assessments actually resulted from a reduced vulnerability to the fishery, rather than a di-
minished abundance. 

Commercial CPUE (in pounds per skate) is stable or on the upturn this year, with a coastwide 
increase of 10% from 283 pounds per skate (lbs/sk) in 1995 to 311 lbs/ks in 1996 (Figure 2). CPUE 
on an area-by-area basis increased 74% to 155 lbs/sk in 2A and 8% to 221 lbs/sk in 2B, decreased 
5% to 221 lbs/sk in 2C, increased 13% to 442 lbs/sk in 3A, decreased 3% to 462 lbs/sk in 3B, and 
increased 25% lbs/sk in Area 4 (Figures 3-8). 

Change continues to be observed in the average weight at age of individual halibut. Figure 
10 shows the trend in the weight of age-12 halibut for each regulatory area. Dramatic decreases can 
be seen in the average weight of fish landed in the central regulatory areas Area 3A and Area 3B. 
Decreasing, though less dramatic, trends can be seen in Area 2AB and Area 4, while some increase 
can now be seen in the weight of halibut caught in Area 2C. Halibut younger than age 12 (not 
shown) have begun to exhibit an upturn in weight for all areas except Area 3A. The implications of 
these continually changing weights for determining the status and production levels of future stock 
biomass is complex and will continue to be monitored. 

The incorporation of growth into the assessment has had a major effect on our estimates of 
year-class strength and trends in recruitment. The stock assessment figures show total biomass of 
8-year-old halibut labeled as recruitment (Figures 2-8). This statistic represents the relative year-
class strength in biomass of potential recruits rather than a reflection of their level of entry into the 
fishable portion of the stock. Under previous assessment methods the trends in these recruitment 
estimates were in severe decline. Some decline can still be seen on average coastwide and in most 
areas. However, the decline is not severe and the strength of more recent cohorts is better repre-
sented. The 1987 year class in particular, indicated as being strong in abundance in National Ma-
rine Fisheries Service trawl surveys (Clark and Walters, 1995), continues to show its strength as it 
enters into the fishery. These recruiting halibut (shown as a peak in eight-year-old recruitment 
biomass in 1995 in Figures 2-8) will be ten years of age during the 1997 season. Of these fish, 
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approximately one third are estimated to be available to the fishery. The presence of this year-class 
appears to be greatest in Area 4; however, great uncertainty is associated with the Area 4 estimate. 
Recruitment biomass estimates in this and other areas are highly imprecise in the most recent years, 
when cohorts have been observed only once or twice in the fishery. Furthermore, given the gener-
ally smaller size of these fish, the percentage available for harvest is estimated to be very low, 
which in turn implies that the estimates themselves may be quite unreliable as only a very small 
fraction is observed in the catch. An additional consequence of the reduced size-at-age is that the 
overall contribution to exploitable biomass of these year classes is likely to be smaller in the long 
term than the strong year classes of larger individuals observed in the mid-1980s. The strength of 
the 1987 year class, never-the-less, is a positive sign for the fishery. 

As can be noted in the accompanying figures, each area's assessment demonstrates its own 
unique representation of stock trends and recruitment levels. The total quantity of information 
available for each area's assessment is not the same however. Areas 2A-2B, 2C, and 3A, for ex-
ample, all have long term IPHC setline survey data that provide information on trends in total 
abundance and year-class strength. Area 3B and Area 4 lack such systematic and longer term sur-
vey information. The resulting estimates are considerably less precise with one half to one third the 
level of confidence of the estimates given in the other areas. 

In Area 3B, inconsistencies can be noted in relative abundance as estimated in independent 
assessments conducted on Areas 3A and 3B. The independent estimates, shown in this document, 
indicate that Area 3B exploitable biomass is roughly 30% of that estimated for Area 3A. The 1996 
IPHC setline survey and NMFS trawl survey averages conducted over the two areas, on the other 
hand, indicate that Area 3B exploitable biomass should be roughly 60% of that shown for Area 3A 
(Clark 1996). No merging of these data has yet brought about an estimate that is consistent with all 
available information. Unfortunately, long-term setline survey information is lacking in Area 3B. 
Such information would be invaluable in addressing observed differences in estimates of relative 
abundance. Commission staff will continue to follow closely trends and statistics collected in Area 
3B relative to the neighboring Area 3A. 

In Area 4, low harvests in the 1970s have reduced the level of information available from 
the commercial catch for this area. Furthermore, there is sparse commercial coverage of all grounds 
known to contain halibut in Area 4. The lack of complete data coverage over time and area is a 
serious concern in the assessment of the Area 4 stock. As noted by the measures of relative uncer-
tainty shown in the stock biomass and recruitment figures, greater risk is associated with managing 
the stock in these areas under the current management protocols. Commission staff will consider 
alternative assessment and management strategies for Area 4 

SETLINE CEY CALCULATION 

Given the changes occurring in the biology of the stock, and the associated change in the 
assessment, exploitation rates used in calculating the constant exploitation yield (CEY) must be 
reevaluated. How different exploitation rates perform hinges on the relationship between adult 
biomass levels and future levels of recruitment, as well as the average reproductive contribution of 
recruits. In conformance with a change in method of bycatch accounting, the choice of harvest rate 
now reflects the loss due to pre-recruitment bycatch mortality. The analysis of alternative harvest 
rates conducted using a definition of exploitable biomass that is consistent with current estimates 
of selectivity indicates that harvest rates in the range 0.20-0.25 may achieve close to maximum 
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yields under a variety of possible future recruitment scenarios with a high likelihood that the stock 
is maintained within the range of historically observed levels. These and other issues are discussed 
more fully in a separate document. Setline CEYs computed using a harvest rate of 0.20 are shown 
in Table 1. 

In computing the setline CEY from the total CEY under a 0.20 harvest rate, a new method 
of accounting for bycatch has been implemented. In past reports, total bycatch mortality was re-
ported in Table 1 and a pound-for-pound adult reproductive compensation poundage was com-
puted as a reduction in each IPHC area in proportion to the biomass in that area. This year, we 
instead incorporated legal-sized bycatch mortality into the calculation of stock abundance as re-
moval. This contributed to raising the estimated stock levels. Legal-sized bycatch mortality is now 
the only component removed in the CEY calculation, with the sublegal-sized bycatch component 
resulting in a reduction of the recommended range of harvest rates. The legal-sized bycatch mortal-
ity reduction represents the current year's losses, and the CEY is reduced in each area by the level 
of legal-sized bycatch mortality that has taken place in that area. 

We believe that these estimates better reflect the stock biomass and harvest levels on which 
management should be based, especially in areas where the assessment is supported by fishery-
independent data. However, we recognize that the assessment method is new and will continue to 
evolve as we incorporate new data and further evaluate sensitivity to differences in model assump-
tions. The uncertainty demonstrated for the estimates given in Area 3B and especially Area 4, areas 
with little or no fishery-independent data, must be considered in setting catch limits for the upcom-
ing season. 
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Figure 1. 	Overview of Pacific halibut stock assessment procedure. 
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Figure 2. Coastwide size-age based estimates of exploitable stock biomass, commercial CPUE, 
and total biomass of eight-year-old halibut as an indicator of recruitment. Vertical 
lines represent confidence measures (plus or minus two standard deviations) on the 
biomass estimates. 
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lines represent confidence measures (plus or minus two standard deviations) on 
the biomass estimates. Area 2A biomass estimates represent 7% of the Area 2A-2B 
combined estimate. 
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Figure 4. Area 2B size-age based estimates of exploitable stock biomass, commercial CPUE, 
and total biomass of eight-year-old halibut as an indicator of recruitment. Vertical 
lies represent confidence measures (plus or minus two standard deviations) on the 
biomass estimates. Area 2B biomass estimates represent 93% of the Area 2A-2B 
combined estimate. 
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Figure 6. Area 3A size-age based estimates of exploitable stock biomass, commercial CPUE, 
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lines represent confidence measures (plus or minus two standard deviations) on 
the biomass estimates. 
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Figure 9. Commercial setline catch per unit effort (CPUE) in number of halibut per skate 
contrasted with IPHC setline survey CPUE in total number of halibut per skate 
and number of legal-sized halibut per skate. 
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Figure 10. Trends in average individual weight at age for age 12 halibut in each IPHC regula-
tory area. Weight given in pounds net weight. 

94 

IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1996 

Page 145Sullivan, P.J., Parma, A.M., 1997. Population assessment, 
1996. IPHC Rep. Assess. Res. Act. 1996., pp. 81–130.

IPHC-2021-SACH-002

Page 142



Table 1. 	Setline CEY under constant harvest rate policy, 20% exploitation rate. 

2A 	2B 	2C 	3A 	3B 	4 	Total 
Quota 0.52 9.52 9.00 20.00 3.70 5.92 48.66 
Catch 0.52 9.53 8.80 19.69 3.81 5.31 47.66 

Biomass 6.54 86.90 69.58 203.31 63.69 142.91 572.93 
Rate 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
CEY 1.31 17.38 13.92 40.66 12.74 28.58 114.59 

Sport 0.00 0.66 1.91 4.87 0.02 0.04 7.50 
Waste 0.00 0.24 0.18 0.63 0.11 0.14 1.31 
Bycatch 0.37 0.19 0.28 1.52 1.08 3.02 6.46 
Subsistence 0.00 0.30 0.13', 0.10 0.04 0.09 0.66 
Total Removals 0.38 1.39 2.50 7.11 1.25 3.29 15.92 

Setline CEY 0.93 15.99 11.41 33.55 11.49 25.29 98.67 
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Table 

Year 

A.1 	Commercial CPUE (pounds per skate, C hook equivalent) 

2A 	2B 	2C 	3A 	3B 	4 	Total 
1974 130.7 141.0 126.0 142.4 124.7 301.1 137.9 
1975 130.6 148.7 117.4 145.3 149.3 210.7 139.7 
1976 71.7 116.7 92.8 131.5 142.2 184.2 118.5 
1977 182.2 135.3 99.4 134.6 161.3 176.2 133.1 
1978 85.5 138.0 124.1 171.9 116.4 166.6 148.0 
1979 110.0 105.8 176.6 189.0 80.8 146.1 154.6 
1980 82.0 148.3 183.7 278.3 315.1 177.7 210.8 
1981 67.7 154.3 313.7 327.7 387.2 249.9 254.6 
1982 47.3 149.1 321.4 373.1 461.7 219.9 274.2 
1983 NA NA NA NA NA NA NA 
1984 69.0 146.6 280.8 500.3 475.2 235.6 288.0 
1985 69.2 143.1 340.7 509.9 602.4 304.8 310.0 
1986 60.9 118.2 294.0 517.9 514.8 276.5 287.7 
1987 58.6 128.4 260.3 503.6 476.1 298.1 276.9 
1988 171.4 131.6 281.3 502.8 654.2 296.4 309.4 
1989 112.4 133.2 258.0 456.0 590.0 306.4 300.2 
1990 168.4 173.9 269.1 352.9 483.6 336.2 302.0 
1991 164.3 156.4 233.2 318.6 466.4 366.3 284.9 
1992 113.9 186.6 230.5 397.1 440.2 312.4 304.4 
1993 155.0 211.9 255.1 390.8 504.6 336.9 312.1 
1994 92.4 212.5 187.5 330.2 355.9 247.1 255.5 
1995 88.9 205.5 231.5 389.7 476.6 271.9 283.4 
1996 154.9 221.0 221.0 442.3 461.6 339.9 310.6 
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Table 

Year 

A.2 

2A 

Commercial Catch (million pounds) 

2B 	2C 	3A 	3B 4 Total 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.21 5.43 3.19 8.64 3.19 1.22 21.88 
1978 0.10 4.61 4.32 10.30 1.32 1.35 22.00 
1979 0.05 4.86 4.53 11.34 0.39 1.37 22.54 
1980 0.02 5.65 3.24 11.97 0.28 0.71 21.87 
1981 0.20 5.65 4.01 14.22 0.45 1.19 25.72 
1982 0.21 5.54 3.50 13.53 4.80 1.43 29.01 
1983 0.26 5.44 6.40 14.11 7.75 4.42 38.38 
1984 0.43 9.05 5.85 19.97 6.50 3.16 44.96 
1985 0.49 10.39 9.21 20.85 10.89 4.28 56.11 
1986 0.58 11.22 10.61 32.79 8.83 5.59 69.62 
1987 0.59 12.25 10.68 31.32 7.76 6.88 69.48 
1988 0.49 12.86 11.37 37.86 7.08 4.69 74.35 
1989 0.47 10.43 9.53 33.73 7.84 4.93 66.93 
1990 0.32 8.57 9.73 28.85 8.69 5.43 61.59 
1991 0.36 7.17 8.69 22.86 11.93 5.99 57.00 
1992 0.44 7.63 9.82 26.78 8.62 6.61 59.90 
1993 0.52 10.63 11.29 22.74 7.86 6.25 59.28 
1994 0.39 9.91 10.38 24.84 3.86 5.37 54.75 
1995 0.31 9.62 7.76 18.34 3.12 4.74 43.89 
1996 0.30 9.53 8.80 19.69 3.81 5.31 47.44 
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Table 

Year 

A.3 

2A 

Total Removals (million pounds excluding bycatch) 

2B 	2C 	3A 	3B 	4 	Total 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.22 5.45 3.26 8.84 3.19 1.22 22.18 
1978 0.11 4.62 4.40 10.58 1.32 1.35 22.38 
1979 0.06 4.88 4.70 11.70 0.39 1.37 23.11 
1980 0.04 5.66 3.57 12.45 0.28 0.71 22.71 
1981 0.22 5.67 4.33 14.97 0.45 1.20 26.84 
1982 0.26 5.61 3.99 14.25 4.80 1.44 30.34 
1983 0.32 5.54 6.95 15.06 7.75 4.42 40.05 
1984 0.55 9.17 6.47 21.00 6.50 3.17 46.86 
1985 0.68 11.02 10.11 22.99 11.09 4.44 60.33 
1986 0.92 11.80 11.77 36.56 9.23 5.91 76.18 
1987 1.04 12.95 11.83 34.89 8.10 7.17 75.97 
1988 0.74 13.41 12.65 42.63 7.20 4.80 81.43 
1989 0.80 11.11 11.28 38.19 8.03 5.08 74.50 
1990 0.52 9.41 11.30 33.38 8.91 5.69 69.21 
1991 0.52 7.88 11.41 29.23 12.41 6.52 67.96 
1992 0.70 8.36 12.10 31.81 8.83 6.89 68.69 
1993 0.77 11.68 13.40 28.67 7.98 6.56 69.07 
1994 0.57 10.94 12.72 30.51 3.96 5.64 64.34 
1995 0.55 10.62 9.57 23.06 3.18 4.89 51.88 
1996 0.52 10.52 10.76 24.88 3.88 5.54 56.10 
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Table 

Year 

A.4 

2A 

Legal-sized Bycatch Mortality (million pounds) 

2B 	2C 	3A 	3B 	4 	Total 
1974 0.39 0.90 0.37 4.48 2.82 1.89 10.85 
1975 0.39 0.90 0.45 2.61 1.66 1.10 7.11 
1976 0.39 0.94 0.50 2.74 1.94 1.18 7.70 
1977 0.39 0.72 0.41 3.36 1.54 1.98 8.41 
1978 0.39 0.55 0.21 2.44 1.31 3.40 8.30 
1979 0.39 0.69 0.64 4.49 0.69 3.44 10.34 
1980 0.39 0.51 0.42 4.93 0.87 5.71 12.83 
1981 0.39 0.53 0.40 3.99 1.10 4.37 10.78 
1982 0.39 0.30 0.20 3.20 1.68 2.94 8.71 
1983 0.39 0.29 0.20 2.08 1.22 2.47 6.65 
1984 0.39 0.52 0.21 1.51 0.92 2.29 5.84 
1985 0.39 0.55 0.20 0.80 0.34 2.24 4.52 
1986 0.39 0.56 0.20 0.67 0.20 2.61 4.64 
1987 0.39 0.79 0.20 1.59 0.40 2.67 6.04 
1988 0.39 0.77 0.20 2.13 0.04 3.27 6.80 
1989 0.39 0.72 0.20 1.80 0.44 1.95 5.50 
1990 0.41 1.03 0.68 2.63 1.22 4.16 10.12 
1991 0.41 1.22 0.55 3.13 1.03 2.92 9.26 
1992 0.37 1.02 0.57 2.64 1.12 3.34 9.06 
1993 0.37 0.65 0.33 1.92 0.47 2.01 5.75 
1994 0.37 0.57 0.70 2.68 0.91 3.56 8.79 
1995 0.37 0.71 0.60 2.33 1.19 3.28 8.48 
1996 0.37 0.19 0.28 1.52 1.08 3.02 6.46 
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Table 

Year 

A.5 

2A 

Exploitable Biomass (million pounds) 

2B 	2C 	3A 	3B 4 Total 
1974 2.25 29.91 36.66 80.85 16.64 91.06 257.37 
1975 2.32 30.83 37.82 87.24 17.14 90.75 266.09 
1976 2.27 30.21 38.26 93.41 17.90 88.19 270.25 
1977 2.21 29.35 39.69 100.56 18.45 85.87 276.13 
1978 2.21 29.36 43.45 110.46 19.14 82.98 287.60 
1979 2.31 30.70 46.99 122.21 21.43 79.41 303.05 
1980 2.40 31.94 51.29 133.66 25.40 77.48 322.18 
1981 2.53 33.55 57.79 146.85 30.41 77.32 348.45 
1982 2.68 35.65 64.71 160.82 36.24 78.51 378.60 
1983 2.93 38.93 72.23 178.50 39.62 81.23 413.45 
1984 3.32 44.06 77.57 197.70 42.16 84.50 449.30 
1985 3.59 47.70 83.19 213.41 46.03 89.31 483.21 
1986 3.91 51.94 85.71 228.98 47.12 92.95 510.62 
1987 4.32 57.40 85.98 235.32 49.25 95.50 527.77 
1988 4.78 63.45 86.81 244.58 52.56 99.75 551.92 
1989 5.13 68.17 86.63 246.94 56.47 107.56 570.91 
1990 5.51 73.19 86.34 250.80 58.92 116.95 591.72 
1991 5.86 77.82 85.79 253.39 59.17 123.60 605.65 
1992 6.22 82.66 84.45 252.73 55.68 128.12 609.86 
1993 6.45 85.68 81.49 245.95 54.31 129.92 603.80 
1994 6.42 85.28 78.06 235.10 54.66 133.68 593.19 
1995 6.38 84.79 73.43 214.92 58.40 137.72 575.64 
1996 6.40 85.03 73.87 200.30 62.39 141.78 569.77 
1997 6.54 86.90 69.58 203.31 63.69 142.91 572.93 
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Table A.6 Historical Exploitation Rates (total removals/exploitable biomass) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 0.40 0.18 0.16 0.16 0.27 0.03 0.12 
1975 0.37 0.26 0.18 0.15 0.25 0.02 0.13 
1976 0.28 0.27 0.16 0.15 0.26 0.02 0.13 
1977 0.28 0.21 0.09 0.12 0.26 0.04 0.11 
1978 0.23 0.18 0.11 0.12 0.14 0.06 0.11 
1979 0.20 0.18 0.11 0.13 0.05 0.06 0.11 
1980 0.18 0.19 0.08 0.13 0.05 0.08 0.11 
1981 0.24 0.18 0.08 0.13 0.05 0.07 0.11 
1982 0.24 0.17 0.06 0.11 0.18 0.06 0.10 
1983 0.24 0.15 0.10 0.10 0.23 0.08 0.11 
1984 0.28 0.22 0.09 0.11 0.18 0.06 0.12 
1985 0.30 0.24 0.12 0.11 0.25 0.07 0.13 
1986 0.33 0.24 0.14 0.16 0.20 0.09 0.16 
1987 0.33 0.24 0.14 0.16 0.17 0.10 0.16 
1988 0.24 0.22 0.15 0.18 0.14 0.08 0.16 
1989 0.23 0.17 0.13 0.16 0.15 0.07 0.14 
1990 0.17 0.14 0.14 0.14 0.17 0.08 0.13 
1991 0.16 0.12 0.14 0.13 0.23 0.08 0.13 
1992 0.17 0.11 0.15 0.14 0.18 0.08 0.13 
1993 0.18 0.14 0.17 0.12 0.16 0.07 0.12 
1994 0.15 0.13 0.17 0.14 0.09 0.07 0.12 
1995 0.14 0.13 0.14 0.12 0.07 0.06 0.10 
1996 0.14 0.13 0.15 0.13 0.08 0.06 0.11 
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Table 

Year 

A.7 

2A 

Annual Surplus Production (million pounds) 

2B 	2C 	3A 	3B 	4 Total 
1974 0.98 6.44 7.13 19.05 4.98 2.29 40.87 
1975 0.80 7.42 7.14 19.38 4.98 -0.83 38.89 
1976 0.57 7.36 7.46 20.93 5.22 -0.42 41.12 
1977 0.62 6.18 7.42 22.11 5.42 0.31 42.06 
1978 0.60 6.51 8.16 24.77 4.92 1.18 46.14 
1979 0.55 6.82 9.65 27.64 5.05 2.88 52.58 
1980 0.55 7.78 10.49 30.57 6.16 6.26 61.81 
1981 0.77 8.31 11.64 32.93 7.37 6.76 67.78 
1982 0.90 9.19 11.71 35.13 9.86 7.10 73.90 
1983 1.10 10.96 12.49 36.33 11.51 10.16 82.55 
1984 1.21 13.33 12.30 38.22 11.29 10.27 86.62 
1985 1.39 15.81 12.83 39.36 12.53 10.33 92.25 
1986 1.72 17.81 12.25 43.57 11.55 11.07 97.97 
1987 1.88 19.79 12.86 45.74 11.80 14.09 106.17 
1988 1.49 18.91 12.67 47.12 11.16 15.87 107.22 
1989 1.57 16.85 11.20 43.86 10.92 16.42 100.82 
1990 1.28 15.07 11.43 38.60 10.38 16.50 93.26 
1991 1.29 13.94 10.62 31.69 9.95 13.95 81.43 
1992 1.30 12.40 9.72 27.68 8.58 12.02 71.69 
1993 1.11 11.93 10.30 19.74 8.80 12.33 64.21 
1994 0.91 11.02 8.78 13.00 8.61 13.24 55.57 
1995 0.94 11.57 10.61 10.77 8.36 12.23 54.49 
1996 0.94 11.61 10.68 10.03 8.94 12.59 53.93 
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Table 

Year 

A.8 

2A-2B 

Fishing Mortality 

2C 	3A 3B 4 
1974 0.11 0.16 0.10 0.10 0.01 
1975 0.16 0.17 0.13 0.14 0.01 
1976 0.17 0.15 0.12 0.14 0.01 
1977 0.14 0.08 0.10 0.15 0.02 
1978 0.10 0.11 0.11 0.07 0.02 
1979 0.11 0.09 0.11 0.03 0.02 
1980 0.12 0.06 0.10 0.01 0.01 
1981 0.13 0.07 0.11 0.01 0.01 
1982 0.12 0.05 0.09 0.12 0.02 
1983 0.11 0.09 0.09 0.17 0.05 
1984 0.20 0.08 0.12 0.14 0.03 
1985 0.22 0.13 0.12 0.24 0.05 
1986 0.21 0.15 0.19 0.21 0.05 
1987 0.19 0.15 0.16 0.18 0.06 
1988 0.20 0.16 0.19 0.16 0.04 
1989 0.15 0.15 0.17 0.17 0.04 
1990 0.11 0.14 0.17 0.20 0.04 
1991 0.08 0.14 0.17 0.34 0.05 
1992 0.08 0.16 0.18 0.26 0.05 
1993 0.13 0.19 0.18 0.23 0.04 
1994 0.12 0.21 0.22 0.10 0.04 
1995 0.12 0.13 0.14 0.08 0.03 
1996 0.13 0.17 0.15 0.08 0.04 
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Table 

Year 

A.9 

2A 

Recruitment Biomass (million pounds) 

2B 	2C 	3A 	3B 	4 Total 
1974 0.72 9.53 8.90 23.03 5.10 7.43 54.71 
1975 0.72 9.57 9.75 26.66 5.94 10.12 62.77 
1976 0.67 8.96 10.95 31.93 5.91 9.88 68.30 
1977 0.69 9.21 11.65 33.71 6.07 12.91 74.25 
1978 0.87 11.55 13.88 41.39 7.13 16.11 90.93 
1979 0.92 12.17 16.08 37.85 6.98 15.91 89.91 
1980 1.07 14.15 20.46 45.52 10.13 18.28 109.60 
1981 1.23 16.39 21.75 58.10 17.44 27.44 142.36 
1982 1.31 17.35 21.46 55.03 14.95 22.20 132.31 
1983 1.64 21.80 21.85 58.96 16.45 24.13 144.83 
1984 2.10 27.84 25.39 68.12 18.07 20.64 162.16 
1985 2.71 36.01 34.04 89.56 26.09 47.20 235.62 
1986 2.39 31.70 25.10 76.44 22.86 43.39 201.88 
1987 2.78 36.95 26.59 92.66 25.14 47.79 231.93 
1988 2.73 36.32 24.90 113.26 28.67 39.23 245.11 
1989 2.26 29.97 20.83 85.30 22.40 27.10 187.85 
1990 2.02 26.89 18.25 72.21 18.14 25.66 163.19 
1991 2.44 32.43 20.20 97.67 23.51 39.42 215.66 
1992 2.50 33.18 19.68 76.02 19.66 36.56 187.60 
1993 1.95 25.85 14.80 53.86 17.14 24.97 138.56 
1994 1.82 24.25 12.24 44.42 19.65 27.51 129.89 
1995 3.49 46.39 24.89 70.09 20.71 84.88 250.44 
1996 3.00 39.80 15.69 60.68 10.49 26.68 156.33 

Table A.10 	Exploitable Biomass Estimates with Measures of Variation. 

2A 2B 2C 3A 3B 4 

Biomass 6.54 86.90 69.58 203.31 63.69 142.91 
2 Standard Dev. 1.55 20.62 24.88 50.01 29.46 98.74 
Coef. Of Var. 11.8 11.8 17.9 12.3 23.1 34.5 
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Population Assessment, 1996 
Technical Supplement 

by 

Patrick J. Sullivan and Ana M. Parma 

INTRODUCTION 

The discussion, figures, and tables presented here provide additional information on more 
technical aspects of the stock assessment. 

CPUE AND EttECTIVE SKATE CALCULATION 

The staff are working through updates of historical estimates of CPUE (Figure 1). This 
involves checking historical records as they occur in the database for internal consistency and 
consistency with published reports. CPUE is calculated using algorithms that get updated as the 
level of resolution of the data increases and as assumptions get changed. Effective skates as cur-
rently computed is in units of circle-hook, adjusted to 18 ft spacing or the equivalent of 100 hooks 
per skate, and adjusted for hook type (Table 1). 

Lengths/cat, 
NEffectiveSkates = N  Skates .1.52 . (1.0 — ex (/-0.06.  . Hs  . ))• 	 Ad' 	+ 0-5  

The hook spacing adjustment follows Hamley and Skud (1978) as subsequently checked by 
Sullivan (1991). The hook adjustment is based on the work of Quinn et al. (1985). 

For Area 2A, gear with spacing less than 4 feet is included with the spacing indicator 
(Hspacing) set at 4 feet as documented in Sullivan (1994). In all other areas, gear with spacing at 
less than 4 feet is excluded. CPUE (fixed-hook and snap-hook) has been recomputed back to 1980 
using verified data. Subtle differences can be seen between newly computed and historic CPUEs 
for years not previously recomputed (1980-1983). The 1983 estimates (the J-C transition year) 
appear as outliers in all series and will be treated as a missing values in subsequent assessments. 
The fixed-hook and snap-hook time series are remarkably similar. In the past, CPUE for Area 2A-
2B was computed by an effort weighted combintation of fixed-hook catch and effort with snap-
hook catch an effort where the snap-hook catch and effort were for statistical areas 80 and south as 
noted by Sullivan et al. (1992). This year Area 2A-2B CPUE has been recomputed using a 50:50 
combination of fixed-hook and hooktype adjusted snap-hook CPUE trends. This combination of 
gear-type CPUE should better represent trends in abundance while accounting for shifts in effort 
between gear-types. Snap-hook gear currently makes up close to 85% of the catch landed in Area 
2B (Figure 1). Catch and effort from fixed-hook gear only is being using to compute CPUE in the 
remaining IPHC regulatory areas. 

I' 	100. Hspacing 	jusiment 
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Ek I( ECT OF LEGAL-SIZED BYCATCH MORTALITY 

In order to examine how the inclusion of legal-sized bycatch mortality influenced estimates 
of exploitable biomass, model runs were conducted with bycatch mortality excluded and with all 
other inputs to the model remaining the same. Figure 2 shows that, except for Area 4, the effect of 
bycatch inclusion into the model was a 10-20% increase in the estimated exploitable biomass. In 
Area 4, the effect was an 83% increase in estimated exploitable biomass in the most recent year, 
with increases ranging between 50% and 80% in earlier years. Note that in Area 4 legal-sized 
bycatch mortality currently represents about 35% of total legal-sized removals in that area, while in 
other areas bycatch mortality averages around 6% of total legal-sized removals. 

PRIOR WEIGHTING FACTORS 

Each piece of information included in the assessment is given a prior weighting to reflect 
the level of information that is contained in it. This is done in two ways. The first is through the 
measurement error associated with each observation (e.g. the standard error in the estimated mean 
length of age-eight halibut in the catch). So each data point that is included reflects both a measure 
and its standard error. The second is a weighting that takes into account other types of stochasticity 
including variation in the natural process as well has more subjective beliefs about the information 
available in each component. This often included prior weightings (or penalties) on the nature of 
the stochastic process, where size-at-age, for example, might be constrained to be autoregressive of 
order one with interannual variation (sigma) specified. The factors representing this second level of 
information and used in this year's stock assessment are given in Table 2. These are the multidi-
mensional analog to the single effort-lambda weighting used previously with CAGEAN. Exploit-
able biomass estimates were explored for sensitivity to differences in values of effort lambda. In 
reducing effort lambda from a value of 50 (used in the current assessment) to a value of 25 exploit-
able biomass increased by 1% in Area 2AB and 2% in Area 2C, while decreasing 4% in Areas 3A 
and 3B. 

CONSTANT SIZE-BASED VS. CONSTANT AGE-BASED SURVEY SELECTIVITY 

A change in size at age observed in the Pacific halibut fishery provided strong motivation 
for developing a new approach to assessing halibut abundance. Modeled changes in growth were 
used to modifying how changes in selectivity likely occurred over time in the fishery. However, 
changes in selectivity associated with changes in size at age alone cannot explain everything that is 
observed. The likelihood of catching halibut of different sizes and ages still appears to differ by 
fishery and geographic region. Our initial approach to modeling selectivity assumed that survey 
selectivity would remain constant with length or size, and differences in selecitivity at age among 
regions would reflect differences in size at age. However, differences in selectivity by region, espe-
cially between Areas 2AB and 3A, cannot be explained by size-selectivity of the gear alone. The 82 
cm size-limit in the commercial fishery undoubtedly results in a selectivity that is more consistently 
size-based than age-based. When that limit is removed, as occurs in the IPHC setline surveys, it is 
not so clear which is the more appropriate assumption. Similarly, to what can be seen in landings 
from the commercial fishery, surveys indicate that smaller, younger fish appear to be more vulner-
able to capture in the southern range of Pacific halibut (e.g. Area 2B) than they are in the northern 
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range (Area 3A). Since gear-types are similar between areas, and identical for IPHC setline sur-
veys, the differences observed in the estimated size-based selectivities must be associated with 
something else, such as differential recruitment of year-classes to the fishing grounds. 

To explore the effect of these assumptions model runs were conducted on data from Areas 
2AB and 3A by first letting survey selectivity at age remain constant and then letting survey selec-
tivity at length remain constant. The resulting exploitable biomass trends and estimated commer-
cial and survey selectivities at age and length are shown in Figure 3. Selectivity graphs containing 
multiple curves represent selectivity schedules that change with time. Generally the selectivity-at-
age curves shift left to right with time; as fish get smaller their likelihood of capture is less at age. 
Selectivity at length is not so neatly characterized within the commercial fishery. Area 2AB com-
mercial selectivity-at-length curves go from left to right, while they go from right to left in Area 3A. 
Survey selectivity at length goes from right to left, as fish have to become selected at smaller sizes 
if age-based selectivity is to remain constant in spite of the decrease in growth. Naturally, only a 
single curve is present for survey selectivity when it is assumed to be constant age-based or con-
stant length-based with time. Gaps in the series of survey selectivity curves, as seen in Area 3A 
figures in particular, represent the 1987 to 1992 gap in IPHC setline surveys. 

Note how much more shifted to the left survey selectivity curves for Area 2AB appear to be 
as previously discussed. This suggests that the assumption of constant survey selectivity at age may 
be the more appropriate option to choose. This aspect of the assessment will have to be explored 
further in the future. 

RETROSPECTIVE ANALYSES 

A retrospective analysis was conducted on data for Areas 2AB, 2C, 3A, and 3B to gauge the 
degree of change estimates now go through when data for recent years are removed. Despite the 
variability that still remains, resulting patterns (Figure 4) are a significant improvement over those 
observed when commercial selectivity at age was assumed constant (Parma and Sullivan, 1996). 
Unfortunately, lacking a continuous series of survey CPUE precludes conducting a true retrospec-
tive analysis. In fact, much of the variability between successive retrospective runs shows the effect 
of new survey information being added. Survey CPUE in number of halibut per effective skate is 
given in Table 3. 

CAGEAN RUNS 

Tables 4 and 5 provide CEY estimates as they occur using 1996 data under the CAGEAN 
model with previously held assumptions. Tables 4 and 5 show respectively the results under 20% 
and 30% harvest rates. CAGEAN does not contain any of the growth modeling contained in the the 
size-age-based model. Nor do these estimates reflect the inclusion of legal-sized bycatch mortality, 
nor have they been fitted in any way to IPHC setline survey data. Exploitable biomass as shown is 
based on the 1986 fixed selectivity estimates, which are much higher than estimated selectivities 
currently in use. The computation of the CEY is similar to that presented for the current assessment 
with one major exception. In Tables 4 and 5, bycatch is dealt with as it was under the old bycatch 
compensation methodology. Total bycatch (both legal- and sublegal-sized) mortality is included in 
these tables and is distributed by area in proportion to the estimated exploitable biomass in that 
area. 
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Figure 1. Estimate fixed-hook and snap-hook CPUE (shown on the left respectively as filled 
and unfilled diamonds) compared with historically used estimates (shown as a solid 
line) for each IPHC area. Total recorded effort in effective skates for fixed-hook 
and snap-hook (shown on the right respectively as filled and unfilled bars). 
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1975 	1980 	1985 	1990 	1995 

Figure 2. Estimated exploitable biomass with (solid line) and without (dashed line) legal-
sized bycatch mortality added to total removals. Difference is greatest when bycatch 
mortality levels are high. 
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Figure 3. Comparison of exploitable biomass and selectivity estimates in Area 2AB and Area 
3A under different model assumptions about survey selectivity. The first and third 
columns of graphs represent runs where selectivity at age is assumed to be con-
stant in the survey. The second and fourth columns of graphs represent runs where 
selectivity at length is assumed to be constant in the survey. 
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Table 1. 	Conversion factor for adjusting to circle hook units. 

 

Hook Type 
C 
J 
M 

  

Description 	 Hook Adjustment 
Circle Hook 	 1.000 

J Hook 	 0.450 
Mixed Circle and J Hooks 	 0.730 

 

    

      

Table 2. 

Weighting 
Factor 

Weighting factors and variances of random components as defined in Parma 
and Sullivan (1996). 

Area 2A-2B 	Area 2C 	Area 3A 	Area 3B 	Area 4 
Xc:c 0.25 0.25 0.25 0.25 0.25 
Xe:c 50.00 50.00 50.00 50.00 50.00 
Xc:g 0.04 0.04 0.04 0.04 0.04 
X.c:a 0.50 0.50 0.50 0.50 0.50 
Xs:c 0.25 0.25 0.25 0.0 0.0 
Xs:e 0.25 0.25 0.25 0.0 0.0 
Xs:p. 0.04 0.04 0.04 0.0 0.0 
Xs:a 0.50 0.50 0.50 0.0 0.0 
ga2  0.01 0.01 0.01 0.01 0.01 
q62  0.001 0.001 0.001 0.001 0.001 

se10- 2a 0.0002 0.0002 0.0002 0.0002 0.0002 
,C7 	' 0.01-0.03 0.01-0.03 0.01-0.03 0.01-0.03 0.01-0.03 

2  X full a  t  
0.01-0.03 0.01-0.03 0.01-0.03 0.01-0.03 0.01-0.03 
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Table 3. 	IPHC setline survey CPUE in number of halibut per effective skate and 
associated coefficient of variation. 

Area 2AB 	Area 2C 	Area 3A 
Year CPUE CV CPUE CV CPUE CV 
1974 
1975 
1976 2.30 0.115 
1977 1.56 0.134 5.56 0.058 
1978 1.84 0.121 3.66 0.060 
1979 5.25 0.070 
1980 2.99 0.100 6.86 0.056 
1981 1.86 0.110 10.21 0.061 
1982 2.31 0.120 11.28 0.093 11.53 0.063 
1983 3.11 0.138 10.89 0.086 9.29 0.039 
1984 4.74 0.082 13.21 0.113 13.33 0.038 
1985 4.30 0.114 11.53 0.103 15.74 0.035 
1986 2.70 0.099 9.44 0.092 9.58 0.065 
1987 
1988 
1989 
1990 
1991 
1992 
1993 6.63 0.098 17.94 0.057 
1994 19.01 0.052 
1995 9.02 0.079 23.10 0.055 
1996 9.20 0.090 16.89 0.089 18.54 0.066 
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2A 2B 2C 3A 3B 4 Total 
0.52 9.52 9.00 20.00 3.70 5.92 48.66 
0.52 9.53 8.80 19.69 3.81 5.31 47.66 

3.37 44.81 53.00 77.29 14.21 49.39 242.07 
0.20 0.20 0.20 0.20 0.20 0.20 0.20 
0.67 8.96 10.60 15.46 2.84 9.88 48.41 

0.00 0.66 1.91 4.87 0.02 0.04 7.50 
0.00 0.24 0.18 0.63 0.11 0.14 1.31 
0.37 0.19 0.28 1.52 1.08 3.02 6.46 
0.00 0.30 0.13 0.10 0.04 0.09 0.66 
0.38 1.39 2.50 7.11 1.25 3.29 15.92 

0.30 7.57 8.10 8.35 1.59 6.58 32.49 

Quota 
Catch 

Biomass 
Rate 
CEY 

Sport 
Waste 
Bycatch 
Subsistence 
Total Removals 

Setline CEY 

Table 4. 	Setline CEY under constant harvest rate policy, 20% exploitation rate, using 
CAGEAN estimates of exploitable biomass under 1986 CAGEAN estimated 
fixed selectivities and total (legal-sized and sublegal-sized) bycatch distributed 
by area in proportion to estimated exploitable biomass. 

Table 5. 	Setline CEY under constant harvest rate policy, 30% exploitation rate, using 
CAGEAN estimates of exploitable biomass under 1986 CAGEAN estimated 
fixed selectivities and total (legal-sized and sublegal-sized) bycatch distributed 
by area in proportion to estimated exploitable biomass. 

2A 2B 2C 3A 3B 4 Total 
Quota 0.52 9.52 9.00 20.00 3.70 5.92 48.66 
Catch 0.52 9.53 8.80 19.69 3.81 5.31 47.66 

Biomass 3.37 44.81 53.00 77.29 14.21 49.39 242.07 
Rate 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
CEY 1.01 13.44 15.90 23.19 4.26 14.82 72.62 

Sport 0.00 0.66 1.91 4.87 0.02 0.04 7.50 
Waste 0.00 0.24 0.18 0.63 0.11 0.14 1.31 
Bycatch 0.19 2.49 2.95 4.30 0.79 2.75 13.46 
Subsistence 0.00 0.30 0.13 0.10 0.04 0.09 0.66 
Total Removals 0.19 3.69 5.17 9.89 0.96 3.02 22.93 

Setline CEY 0.82 9.75 10.73 13.29 3.31 11.79 49.69 
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Changes to Stock Assessment Methodology: Model Documentation 

by 

Ana M. Parma and Patrick J. Sullivan 

ABSTRACT 

A new model for the analysis of halibut catch-at-age and catch-at-length data has been 
developed to assess halibut stocks. The main difference between this model and CAGEAN, the 
model used in the annual assessments until 1994, is that the selectivity of the different age-classes 
is no longer assumed to be constant. Rather, age-specific selectivity is modeled as a function of the 
size distribution at age and a size-specific selectivity function, both of which may change over 
time. This document describes the model formulation and the data used in the estimation. 

BACKGROUND 

Pacific halibut have undergone a rapid reduction in body growth in recent years, with aver-
age weight-at-age now half of what it was 20 years ago. This has a number of consequences for 
halibut stock assessment and management. Stock assessments conducted in the late 1980s and 
early 1990s used a catch-age model (CAGEAN Deriso, Quinn, and Neal 1985) which assumes 
that fishing mortality can be partitioned into a constant age-specific selectivity component, and a 
time-dependent full-selection fishing mortality component. This assumption can work well even 
though fishing gear may be size-selective when fish maintain roughly a constant size-at-age, and 
when other factors such as type of gear used and targeting practices remain stable. Given the recent 
changes observed in halibut growth, however, the assumption was considered to be problematic 
and to severely bias the assessments (Parma and Sullivan 1996). Due to the constant-selectivity 
assumption, the reduced representation of the younger age classes in the landings of recent years 
resulted in drastically declining recruitment estimates. Abundance estimates of the corresponding 
year classes were later adjusted upwards in successive assessments as fish became vulnerable and 
recruited to the exploitable stock. As a result, stock assessments showed a strong retrospective 
pattern, in which estimates of exploitable biomass for past years were consistently adjusted up-
wards in every successive assessment, and while stock levels appeared to be declining rather steeply 
quotas remained stable. To address these problems, we developed an alternative assessment model 
which accounts for possible changes in selectivity with age that result from changes in size-at-age. 

Here we describe the model and specify the data used for parameter estimation. An outline 
of the model relative to the dynamics of the age classes represented in the exploited stock is pre-
sented first. This component is similar structurally to previous age-structured models used on hali-
but and so its development should be familiar. This is followed by a reformulation of the selectivity 
at age as a dynamic function of the underlying size distribution of each age class coupled with a 
size-based selectivity function. The effect of the legal size on the representation of the different age 
classes in the catch is modeled explicitly; other parameters controlling the size-based selectivity are 

117 

IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1996 

Sullivan, P.J., Parma, A.M., 1997. Population assessment, 
1996. IPHC Rep. Assess. Res. Act. 1996., pp. 81–130.

IPHC-2021-SACH-002

Page 165



allowed to change gradually over time. Finally, a model of how the size-distribution at age changes 
with time and through the effect of size-selective mortality is developed. Size-selective mortality 
couples growth and fishing mortality into a size-age dynamic model for each cohort. 

MODEL DEVELOPMENT 
Abundance Dynamics 

The population abundance N of a cohort at age a+1 in year t+1 is related to the cohort's 
abundance at the previous age a and year t by: 

Na+Lt+i  =Na (1 — b Ha,,X1 — cSa,,(1 — e-F;)) 	for a= 6,•••,18 	
(1) 

whereMis the instantaneous rate of natural mortality, ,S,,t  is selectivity for fish of age a at time t, F, 
is the instantaneous commercial fishing mortality at time t for fully-selected fish, and bHa., is the 
finite rate of bycatch mortality at age a and time t, which results from fisheries targeting on other 
species. Age classes from age 6 to 20 are considered, where age 20 is actually a "plus" age-group 
which accumulates all fish of age 20 and older. The notation used in this and subsequent equations 
is summarized in Appendix 1. 

The survivorship component representing the commercial fishery differs from the more 
familiar Baranoff equation in that fishing is assumed to take place in a short period in the middle of 
the year, and selectivity at age is modeled as the fraction of each age class that is recruited to the 
exploitable stock and suffers and instantaneous fishing mortality equal to F. In other words, we 
equate selectivity with availability (Ricker 1975) and assume that all available fish are fully vulner-
able. In the more familiar formulation selectivity is equated with vulnerability, which affects the 
instantaneous rate of fishing mortality of different sizes of ages, and differences in availability of 
different stock components are ignored. Either formulation should be adequate in practice to ex-
plain differences in age composition between the population and the catches. The formulation 
above is computationally straightforward for use in determining effects on survivorship and 
size-at-age as we shall see later, and it is consistent with the definition of exploitable biomass used 
to compute recommended catch levels. Note that the selectivity component cSa., is a function of both 
age and time, unlike standard separable age-structured models which assume that selectivity is a 
function of age alone and is constant over time. 

Assuming in addition that bycatch mortality takes place prior to the fishing season, the 
catch associated with the directed commercial fishery ,C follows: 

-m 
Ca, = Na,:  e 2  (1— bHa„) ,Sa„ (1— CP' ) 

(2) 
Age composition of the survey catches is given by 

s Pat 	
s  So No 
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where sSal is survey selectivity at age and time, parameterized as described below. The arrays of 
predicted cc.t's and s/3,,:s are fitted to the observed catches for parameter estimation. Observations 
on halibut bycatch are available only by size-category, and so a size-based formulation is used to fit 
the model to those observations. Details are provided in Appendix 2. 

Two abundance indices can be used in the estimation: commercial CPUE (or fishing effort) 
and survey CPUE. Strict proportionality between biomass and commercial CPUE was not assumed, 
as the catchability of the commercial fleet was allowed to vary according to a random walk model 
of the form: 

in(Q,,, ) = 111( Qs) + , ef 

(3) 
where q Et  — N(0, q 6 2 ) . The parameter q  0 2  is used to control the amount of year-to-year 

variation allowed in Qt. Similar random-walk formulations are used for other model parameters as 
well, whenever time-series trends are considered likely, but change is expected to be slow. The 
effective commercial effort can be predicted by assuming that mortality Fr  for fully-vulnerable fish 
is related to fishing effort according to: 

F 
c E, = ' 

cQ, 

The survey catch in numbers per unit effort can be predicted as 

-M 
s CPUEt  = ,Q e 2  1 sSa,tNa,t 

a 

where sQ is the catchability coefficient for the surveys assumed to be constant. 

Selectivity 

Selectivity, the relative catchability of fish of different ages and sizes, is usually modeled as 
a function solely of age. In the so-called separable models (e.g. CAGEAN) age-specific selectivity 
is assumed to be time-invariant. Such an assumption results in a considerable reduction in the 
number of parameters that need to be estimated in catch-age analysis. The assumption is valid when 
capture is an age-dependent process as, for example, when organisms recruit to the fishery at a 
certain life stage and when the size-at-age is relatively stable with time. The distribution of size at 
age of Pacific halibut has changed over time, with fish being about 20% smaller (in length) at age 
now than they were 20 years ago. By not accounting for this change and by assuming that selectiv-
ity is constant at age, erroneous time trends can be introduced into the estimation procedure. 

There are several ways of addressing this issue. The approach we have chosen attempts to 
model the change in selectivity at age by tracking how size at age changes in the population and 
assuming that selectivity at size can change slowly through time. In this manner, we can explicitly 
incorporate the effect of the minimum size limit on the age composition of the catches, and at the 
same time allow for trends in size-selectivity that may occur particularly when size-at-age changes. 
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Given the distribution of size at age a at time t, here represented by log-length X, and a selectivity 
at size cs,(X), we can compute expected selectivity at age and time by integration over the size 
distribution of fish at age a at time t: 

OD 

c Saj  = J a s,( X )cp(XI}ta.,,62a,)dXexp{se, aaj}  

(6) 

where the function 9(X111,00-2a,,) represents the probability that a fish of age a at time t is of 
log-length X, assumed to be Gaussian with mean ga,, and variance a2„,. We allow for small random 

deviations in selectivity at age by assuming thatsel - 	 for ages 6-10; selectivities Ea t N(0,sel ,  

of age classes older than 10 are as predicted from their size-distribution coupled with the size-
based selectivity (i.e. selEaf=0 for a > 10). Selectivity at size for the commercial fishery at time t can 
be represented in terms of the legal size (81 cm) and two parameters (Xtfuu  and vs): 

st  (x) = exp 

0, 

I — (X — X rfull  )2  
' 

for 	X < ln(81) 

ut for 	ln(81) < X < x t  

for 	X >Xtfu"  

2v t 

1, 

(7)  

Selectivity is zero for fish smaller than the legal size, increases according to a half Gaussian curve 
scaled to reach a maximum of one at X= Xt fu", the size (log-length) at full selectivity, and equals 
one beyond X,'". Equations (1), (6), and (7) imply that discarded sublegal fish are assumed to 
survive with probability equal to one. The parameters Xtfun  and v, are allowed to change over time 
assuming a random walk model with constraints in the variances of the year-to-year deviations. 

X tf+ull  = X /till 	XfullEt 
	where xfull Et  — N(0, xfun  a r2  

ln(v t+1)=1n(v t  )+ vE1 
	where v  Et  N(0,v  a r2  

(8)  

The formulation is similar to that used for ln(Q) except that the variances for the normal deviations 
are year-specific. This was done so as to allow selectivity to change more when growth rates are 
changing rapidly; very little change was allowed during periods of relatively stable size at age. 

The size-selectivity of the longline survey is assumed to have the same functional form 
except for the discontinuity at the legal size limit which does not apply to the surveys. Two model 
formulations were considered: (a) selectivity parameters are constant over time and so surveys are 
assumed to index population abundance by size-category; (b) size-selectivity parameters change 
over time so that the coupling of changing size at age and changing survey size-selectivity results in 
constant age-specific selectivities (i.e., sS,,,= sS.). The first formulation would be more appropriate 
if survey selectivity reflected mostly the properties of the fishing gear as it interacts with fish of 
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different sizes. The second would be preferred if the availability of fish of different age classes on 
the surveyed grounds were the dominant factor in determining survey selectivity. 

Growth Dynamics 

The selectivity and size distribution in the catch of fish of a given age-class depend on their 
size distribution in the population. Thus, the growth dynamics must be modeled as well. In the 
absence of size-selective mortality, the median length-at-age mqt  = exp(pa.,) is assumed to propa-
gate according to 

Ma+1,14-1 = a, + R ma,: 	for a =6 ,7, • • • 

(9)  

with time-varying initial size m61  and intercept a1. When the growth coefficient /1 is less than one, 
this representation corresponds to a von Bertalanffy model (applied to median length at age) with a 
time trend in the parameter corresponding to the asymptotic lengthL.= a/(1-Q), and a time trend in 
size at age 6 (the age of recruitment). When fi =1, growth is linear with time-varying slope and 
initial size. The time-series trend in the mean log-length at recruitment p6, is modeled as a random 
walk 

	

116,t+1 = 1.16,1 	g St 

(10)  
where Et  - N(0, g  a 2) 

 . The growth intercept at  is modeled as a cubic polynomial function of t. 

The variance in log-length at age 02a,, is linked to the mean p.aa  by 

2 

	

2  a,t = [C.  + 	4 ] 

(11)  
If d is set to zero, sa,,, is constant and equal to c, so that the coefficient of variation of length-at-age 

is constant and equal to CV[L] = Vexp(c2 )— 1 = c . The variance relationship is assumed to hold 

even when p.„,, changes due to size-selective mortality. 

The effect of size-selective mortality on the size distribution at age is incorporated by ad-
justing the mean log-length at age, from pa., (the mean prior to the fishing season) to p+,,, (the mean 
at a time immediately following fishing). Realistically, the nature of the distribution should also be 
affected, but we assume that a Gaussian function is still an adequate approximation of the distribu-
tion of log-length after the fishery. We let the variance follow again as the square of a linear func-
tion of the mean as stated above. If the means change as a result of changes either in the environ-
ment or due to size selection, the variances will change as well in a corresponding manner. 

Because larger fish are selectively removed by the fishery, p+a., is smaller than p d. The 
mean log-length in the population after fishing has taken place is given by: 

X(1— cs, (X) cH, )9(X11.1a.„a 2" )dX 

1.1. +a,t = 	 

f (1-es, (X) ,H,)9(Xtga,„a 2  a,t)dX 

(12)  
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where (1-cs,(X) cII I) represents the survivorship from fishing with c1-1, = (1 - exp(-F1)) representing 
the harvest fraction and ycl(Al,u,,,, ) the probability density function of log-length X as a function 
of the prior mean 	and variance o24t. The denominator of the equation above corresponds to the 
fraction of fish of age a that survive after the fishing season. 

The median length at age a+1, prior to the next fishing season, is predicted based on M+ t = 

exp(ict) as: 

= at  f3  
(13) 

The corresponding mean of log-length prior to the next fishing is • 0+1,,i=ln(ma±i+1), which is used 
to calculate 	as in equation (11). The two parameters that specify the pdf of X prior to the 
fishing season at time 1+1 are thus obtained and a new recursive cycle can be applied. 

Given that the pdf of the log-length-at-age for a cohort is represented by cocil,u,,,,o2d, the 
mean and variance of the log-length-at-age in the catch can be predicted as the first and adjusted 
second moments normalized by the average selectivity at age: 

= 	 

	

L 	x)9(xii.taj,cr jaj )dx ou csf (  

2 	J:81) X2 c
S,(X)9(Xl gapaa2,/ )dX  

L(81) cSt(X)9(Xlia,„„6.2„)dX 

(14) 

Note that the integration is done across all sizes above the legal size limit (ln(81)). Similar equa-
tions were used to predict the mean log-length at age A, and the variance of log-length at age so2,,, 
for survey catches; but because survey selectivity is not restricted by the legal size limit, the lower 
limit of integration is set to 	The specific assumptions made about the pdf ofXand the shape of 
st(X) lead to a numerically efficient algorithm, as selectivities at age So  and the moments of the 
distribution of X in the catch and among the survivors can be expressed as a function of standard 
Gaussian cumulative distributions. 

ESTIMATION 

Objective Function 

Model predictions may be compared to three types of observations: catch at age and time in 
the catches, commercial effort at time or CPUE, and the mean and variance of log-length at age and 
time in the catches. This information is collected from the sampled commercial fishery for all areas, 
and for the longline surveys which are available only for some areas and years. Information on 
halibut bycatch is available for all areas and years as total bycatch in numbers by size category. The 
size composition of the current year's bycatch is not available for the assessment and so the previ-
ous year's sizes are used. Bycatch data are treated as being free of error and bycatch numbers are 

j.:(81) x cs,(x)9(x4,,,„Ga24 )dx 

2 
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RSS c:e  = Xc:e  /a  It  

RSS s:, 

RSSc:4  = Xc3t Ia  

RSS c:a  = kc:cr  Ea  It  
scl(ln(ca 2 a ,r obs )) 

2  111( s il ths  a ,t ) —W s !. I a ,r ) 
RSS = A,s:4  Ea  Et 	 

sd(ln(sg 

2  in(cEobst  ) 111(c  E t )  

Sd(111(c E°bst  )) 

1 

2  v, v [111( s CPUE°bs  t)-111(s CPUE t)  
— Xs:e2,aLit 	

1 

sd (1n( s  CPUE t̀hst  )) 

2  [1n(csil°bsa,:) —1I1( Ala ,t ) 

d(in(

ii    
obsa,o) 

2  in(c 0. 2 aa.  obs ) in( c a  2 a,r  )  [ 

a  ) 

subtracted out from each cohort based on the predicted age composition at size (see Appendix 2). 
Thus the bycatch process is not parameterized and the observations are not "fitted" by the model. 

Parameters in Table 1 are estimated separately for each area by maximizing the likelihood 
of the available observations while penalizing the variability of some of the stochastic variables 
modeled by specifying their variances a priori. Log-normal errors are assumed throughout and the 
weighted residual sum of squares RSS is computed by summing the following components: 

Catch-at-age equations: 

[1n(cCbsa,r ) —1n(c Ca,t ) 

sd(ln(cCbsa,t )) 

- 	 -2 
in( srbsa,t ) —1n(sPa,t ) 

sd(ln(s P°bsa,t )) 
_ 	 - 

RSS c:c  = 

RSSs:c = --Xs:c  51a  It 

2 

Effort equations: 

Length equations: 

ln( 
RSSsz. = ksz  ya  1,, 	s  [ 	

a  2a f obs) _ 

Sd(in( s:Y in( 

 s  6 2a,t ) 
2 a ,t obs )) 

123 

2 

IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1996 

Page 174Sullivan, P.J., Parma, A.M., 1997. Population assessment, 
1996. IPHC Rep. Assess. Res. Act. 1996., pp. 81–130.

IPHC-2021-SACH-002

Page 171



Thus the total sum of squares is given as 

RSS = RSSc:c + RSSs:c + RSSc:e + RSSs:e + RSS,,4 + RSS,4,+ RSS., + RSS,, 

The negative log-likelihood of the observations, up to additive constants, is 

L = 05 nobs log(RSS) 

where nobs is the total number of observations. Parameter estimates are obtained by minimizing the 
objective function 

f = L + penalties 

where the penalties correspond to prior assumptions made about some of the stochastic processes 
involved, namely, time-series trends in catchability (equation (3)) 

2 
6 t 

time-series trends in mean log-length at age 6 (equation (10)), 
2 
r PSS =051  • la6 2 

t 116 

time-series trends in the parameters of the size-selectivity function sr(X) for the commercial fishery 
and the survey when appropriate (equation (8)), 

c 2 	
E 

2 
PSSXtw~  = 05 I,  Xfull 	and PSS,,, =051 v t 

t 
u

62 
t vat 

2 
Xfull 

and random deviations in selectivity at age affecting the youngest age classes (equation (6)), 
2 

PSSsei = 05 I sel 6/2 	for a=6,• • •,10 
a,t sel a

4  

The penalties term in the objective function is thus 

penalties= PSSq + PSS II + PSS „„,+ PSSv + PSSse1 

The model was implemented using AD Model Builder (Otter Research Ltd. 1994) which 
uses automatic differentiation to minimize the objective function. The minimization is conducted 
in steps or phases of increasing complexity as specified by the user. 

Weighting Criteria 

Relative weights are used to control the level of influence of the different RSS components 
and penalties on the model fit. Weights affecting residual sum of squares (components of RSS) 
should correspond to the level of information present in the data. It should be noted that two meth-
ods for controlling the emphasis that the data receive in the estimation are available. First, a relative 
weighting of observations of the same type (e.g. within catch, effort, or length) is incorporated on 
an observation-by-observation basis. We used empirically-computed coefficients of variation of 
the statistics whenever possible. Because errors are assumed to be log-normally distributed, the 
coefficients of variation of the observations approximate the standard deviations of the correspond- 
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ing log-transformed variables. Catch-at-age observations were weighted based on the coefficient 
of variation of the age proportions in the market sample data. Residuals corresponding to the mean 
and variance of log-length in the commercial catch were weighted using the coefficient of variation 
of the estimated moments determined from bootstrap calculations; those from the survey catch 
were weighted using coefficients of variation determined from standard equations based on simple 
random sampling. Coefficient of variations for age proportions and CPUE in the surveys were 
estimated assuming simple random sampling. Second, a differential weighting of data of different 
types can be effected through the A's, as in previous model formulations. Sampling-based measures 
of uncertainty do not normally capture all the sources of variability present in the process, so A's 
lower than one were used in all cases to increase the variance assigned to the different components 
in an ad hoc manner. 

Number of Observations 

The availability of survey information varies depending on the regulatory area: areas 2B 
and 3A were surveyed more often from 1974 through 1986, and since 1993, while other areas were 
surveyed more sporadically; no longline surveys were conducted from 1987 to 1992. Observations 
for the commercial fishery are available for all years and age groups modeled, except for effort data 
for year 1983, when the commercial fleet was in the process of switching from using J hooks to 
using the more efficient circle hooks. If there are A age groups and Tyears, there typically will be 
AxT observations on commercial catch, AxT observations on log-length at age, AxT observations 
on variance of log-length at age, and T-1 observations on fishing effort. For the surveys, there will 
be a maximum of Ax(T-7) observations on each the catch-at-age, and the mean and variance of 
log-length at age, and T-6 CPUE observations. Ageing of survey samples collected in the current 
year is not completed at the time of the assessment, only survey CPUE is available. Under this 
scenario there are (6 xA xT) - (Ax7x3) + 2 xT -7 observations. This amounts to 1774 observations 
for data covering 1974 through 1996. 

Fundamental Model Parameters 

In order to define a set of estimable parameters and to make sure that the estimates have 
reasonable values, certain parameters must be fixed while others must be estimated under a speci-
fied set of constraints. The natural mortality parameter is one such parameter which is typically 
fixed. We set it here to M= 0.2 and assume it to be constant over all time periods and age-classes 
modeled. We plan to relax this assumption in the future and estimateMjointly using prior informa-
tion. 

The initial conditions for size at age in the population at the start, mQ 1, aE {6,...,20+}, are 
constrained to follow a three parameter von Bertalanffy model. The growth coefficient /3 is con-
strained to be between 0.5 and one, the log-length at full selectivity X7" in year 1=1 is constrained 
to be less than ln(130). The variance of log-length at age is assumed to be constant by setting d=0 
in equation (11). Estimated parameters are shown in Table 1, although the actual minimization is 
conducted over a different parameter space. Re-parameterizations are used to reduce the correlation 
among estimated parameters, and transformations are used in some cases to constrain parameter 
values; the latter is done automatically by AD Model Builder when bounded parameters are speci-
fied. 
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Table 1. Estimated model parameters 

Number  
T 
A-1 
T 
T 
1 
2xT + 2 x number of surveys (or 2 if surveys 
have constant size-selectivity) 
(10-5)x T 
T 
2 
T-1 
1 

deviations in selectivity at age 
mean log-length at age 6 
initial log-length at age 
intercept of growth equation 
slope of growth equation 
coefficient of variation of size at 1 
age 

Parameters 
N6,1 

Na,i 

Ft  
ca 
sQ 
X1  and vt  

 

recruitment 
initial abundance 
fishing mortality 
commercial catchability 
survey catchability 
size-selectivity 

selEa, t 

116,t 

ao  and 13o 
at 
R 
c 

Derived Parameters 

Derived parameters of management interest are the exploitable biomass 

B, =1, cS a., w,,,, N , 
a 

where wo,, are smoothed weights at age in the commercial catch, and the exploitable biomass at the 
beginning of the year following the assessment, which is predicted as 

19 	
M 1 

BT+1 = 1 cS a+1,t wa+1,t Nat  e (1— bHa,t )(1—cSaa c  10+ 
a=6 

cS20,t w20,t N20,t e-m  (l— b1120,t)(1— cS20,t clit)+ cS6,t w6,t 1\76,. 

where 176,. is the average of the age-6 abundance estimates for the T years covered by the 

assessment. This last term has no effect on projected exploitable biomass because cS6,1 is close to 
zero. 

Uncertainty of Parameter Estimates 

AD Model Builder provides standard deviations of estimated and derived model param-
eters as specified by the user. The covariance matrix of the parameter estimates is estimated by 
inverting the Hessian matrix and using the Delta method in the case of derived parameters, such as 
predicted exploitable biomass. AD Model Builder can also compute likelihood profiles for selected 
parameters of interest. 

Future Developments 

The main aspects that will be explored during 1997 are: 
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the effects of using robust likelihood formulations. 
the estimation ofM using informative priors. 
the use of likelihood profiles and other representations of the uncertainty of parameter estimates. 
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APPENDIX 1: NOTATION 

Prescripts: 
b 	 Bycatch 
c 	 Commercial 
s 	 Survey 

Subscripts: 
a 	 Age 
t 	 Time 
1 	 Length category 

Superscripts: 
obs 	 Observation variable 
+ 	 Time immediately after fishing 

Catch and Abundance: 

c
Cat 	 Commercial catch at age and time 

c 
cobs

a,t 	 Observed commercial catch at age and time 

c Pa,t 	 Age composition in survey catches at time t 

c 
pobs

a,t 	 Observed age composition in survey catches at time t 

b 
Cobs

/, , 	 Observed bycatch at size category and time 

sCP UE t 	 CPUE at time for survey 

s CP UEbst 	Observed CPUE at time for survey 

cEt 	 Fishing effort at time for commercial fishery 
Eobs

i 	 Observed fishing effort at time for commercial fishery  
F t 	 Instantaneous fishing mortality at time 

bHa.t Finite rate of bycatch mortality at age and time 

b
H1, t 	 Finite rate of bycatch mortality at size category and time 

c
Ht 	 Harvest fraction of fully selected fish =1-exp(-Ft) 
Na, t 	 Population numbers at age and time 
M 	 Instantaneous natural mortality 

oQt 	 Catchability for commercial fishery 
sQ 	 Catchability for survey 
cs t(X) 	 Selectivity of fish of log-length X in the commercial fishery in year t 
ss t(X) 	 Selectivity of fish of log-length X in the survey in year t 

c
Sa t 	 Selectivity of fish of age a in the commercial fishery in year t 

sSat 	 Selectivity of fish of age a in the survey in year t 
v 	 Variance-like parameter of size-selectivity siX) 

)(full 	 Log-length beyond which fish are fully-selected 

Size and Growth: 
at 	 Intercept of the recursive growth equation 
b 	 Slope of the recursive growth equation 
c 	 Intercept of standard deviation relative to mean log-length at age 
d 	 Slope of standard deviation relative to mean log-length at age 
mat 	 Median length at age in the population in year t = exp(pd 
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m t, 
/14 t 

I

a 

 

a, I 

sl  4t 
Hobs 

a, t 
sue` 
gic4/17 a2) 

(32a, t 
C 	a.t  

s 02at 
02 obs 

c 	a, t 
02 obs 

s 	a, t 
X 

Median length of fish of age a surviving the fishing season in year t 
Mean log-length at age in the population in year t 
Mean log-length of fish of age a surviving the fishing season in year t 
Mean log-length at age in the commercial catch in year 
Mean log-length at age in the survey catch in year t 
Observed mean log-length at age and time in the commercial catch 
Observed mean log-length at age and time in the survey catch 
Gaussian pdf with mean p and variance 02  
Variance of log-length at age in the population in year t 
Variance of log-length at age in the commercial catch in year t 
Variance of log-length at age in the survey catch in year t 
Observed variance of log-length at age and time in the commercial catch 
Observed variance of log-length at age and time in the survey catch 
Log-length 

Weighting Factors and variances of random components: 

s Weight for commercial log-catch-at-age residuals 

	

e c 	 Weight for commercial effort residuals 

	

As  µ 	 Weight for commercial mean log-length residuals 

	

cCY 	
Weight for commercial variance of log-length residuals 

	

A,s s 	 Weight for survey log-catch-at-age residuals 

	

s e 	 Weight for survey CPUE residuals 

	

As  µ 	 Weight for survey mean log-length residuals 

	

A,s a 	 Weight for survey variance of log-length residuals 

	

o2 	 Variance of P 	the time-series deviations affecting liat  P 02  
Variance of 	the time-series deviations of log-catchability 

sel a 	 Variance of selectivity deviations see  eat 

	

v°2  t 	 Variance of vet, the time-series deviations affecting selectivity parameter'', 
Variance of the deviations affecting selectivity parameter Afull, 
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APPENDIX 2: BYCATCH FORMULATION 

Bycatch data are only available by size category and so a size-based formulation is used to 
account for the mortality of halibut of legal size induced by bycatch. Total abundance by 10-cm 
size category present prior to the fishing season is first computed for each year t by summing across 
age classes. Assuming that bycatch data are observed without error, and that bycatch mortality 
occurs just prior to commercial fishing, the finite rate of mortality induced by bycatch on a given 
size category 1, denoted as bliu  is given by 

b H/,t = -M 
1,,t  e 2  I 9(Xlila,t  ,Cia2  1■1 	 a )dX 

	

a 	 XE1 
where the fraction of each age class that corresponds to each size category is obtained by 
integrating 9(X14,62). The finite rate of bycatch mortality for each age class a in year t is computed 

by apportioning the observed bycatch at size, 1, qbts  , to the different age classes in proportion to 

their abundance, and summing across size categories. Equivalently, 
2 

	

b"a.t = 	b  	9(X11.1a,„Ija,, 
XE / 

b C7 s t 
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POPULATION ASSESSMENT, 1995 

by 

Patrick J. Sullivan and Ana M. Parma 

INTRODUCTION 

IPHC staff annually provide an assessment of stock status on Pacific halibut. Last year, 
we noted that certain trends in the biology of the halibut stock and in the prosecution of the 
fishery would force us to re-evaluate some assumptions made in the assessment. Since that time, 
modifications to the assessment model were made to address some of these issues. The Pacific 
halibut stock assessment procedure now incorporates growth as well as directed harvest mortality 
and recruitment (Parma and Sullivan, 1995). The procedure utilizes catch at age, length at age, 
and weight at age from both commercial and IPHC survey landings (Figure 1). These data were 
re-estimated this year for all areas and years (Clark, personal communication). The stock 
assessment procedure also includes, as it has in the past, commercial catch per unit effort 
recorded from IPHC logbook data. The newly developed procedure is useful in interpreting some 
trends that potentially bias assessments, although certain aspects of the procedure need to be 
more thoroughly explored and other components need further development. It is in this context 
that this year's assessment is given. Results from the new procedure are examined with reference 
to the previous procedure, general trends are noted in catch statistics and assessment results, and 
developments slated for the upcoming year are outlined. 

STOCK ASSESSMENT 

The Pacific halibut stock assessment (under both current and previous methods) 
continues to show a downward trend in stock biomass (Figures 2-8). Both procedures reflect 
trends caused by strong year classes passing through the fishery, followed by poorer year classes 
resulting from poorer recruitment. The current method follows changing trends in growth, and 
takes account of changes in gear selectivity which are likely to occur concurrently. In areas 
where this change in size is great (e.g. Areas 3A and 3B), the result is generally an increase in the 
current absolute level of abundance as the assumption made in previous assessments likely 
underestimated stock size as was indicated in last year's assessment. Unfortunately, it is this 
absolute level of abundance for which greater caution in interpreting results must be exercised, 
as these estimates are more sensitive to assumptions made in the procedures. For this reason, and 
to provide some perspective on the differences between estimates, time trends, and other aspects 
of this change in methodology, both the assessment under the previous model and the assessment 
under the current model are given. First, however, we shall examine commercial and survey 
catch statistics. 
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Commercial catch per unit effort (CPUE) trends are on the upturn this year, with a coast-
wide increase of 12% from 244.2 pounds per skate in 1994 to 282.7 pounds per skate in 1995. 
Last year's coast-wide values were the lowest since the early 1980's when the stock was believed 
to have first begun rebuilding. CPUE on an area-by-area basis increased 23% in 2A, 5% in 2B, 
25% in 2C, 13% in 3A, 11% in 3B and 23% in 4. IPHC systematic survey CPUE has also shown 
an upturn in recent years with a 40% increase in Area 2B from 119 pounds per skate in 1993 to 
167 pounds per skate in 1995, and with an 18% increase in Area 3A from 313 pounds per skate 
in 1994 to 370 pounds per skate in 1995. Survey CPUE in Area 2B has more than doubled since 
the mid-1980s averaging 57 pounds per skate in 1985-1986 compared with the 143 pounds per 
skate average for the two most recent surveys. On the other hand, survey CPUE in Area 3A has 
dropped on average over that same time period averaging 439 pounds per skate over the years 
1984-1986 while averaging 332 pounds per skate during 1993-1995. Survey and commercial 
CPUE estimates are shown in Figures 9 and 10 with stock estimates from the current size-age 
based procedure for Areas 2B and 3A. Note the consistency between the survey and the 
commercial CPUE indexes for the two areas. This suggests that in a broad sense both are 
tracking the same pattern in the fishery. 

Trends in halibut size at age may be examined using the 1994 to 1995 change in weight-
at-age of twelve-year-old fish in the catch: 23.4 to 26.0 pounds in 2A, 23.5 to 25.5 pounds in 2B, 
27.2 to 40.3 pounds in 2C, 25.0 to 25.5 pounds in 3A, 31.4 to 25.6 pounds in 3B, and 34.2 to 
28.4 pounds in 4. Figures 11 and 12 show general trends in size at age in the commercial catch 
for Area 2B and Area 3A. Note that statistics given on an age-specific basis are generally more 
variable than stock-wide statistics. Nevertheless, it appears that weight-at-age may be leveling 
off or reversing in trend in some areas and in particular among younger age classes. 

Exploitable stock biomass trends and total recruitment biomass can be examined relative 
to commercial catch-per-unit-effort trends coast-wide and area by area in Figures 2-8. The 
current size-age based estimates (shown in black) can be contrasted with previous CAGEAN 
estimates (shown in gray). The size-age based estimates better represent the changing trends in 
the halibut fishery (Parma and Sullivan, 1995). However, further development of this approach 
must take place before it can accurately be used in setting absolute harvest limits. Biomass 
trends, however, can continue to be monitored using this approach. Exploitable biomass trends 
continue to show a downward trend coast-wide and in all areas except Gulf of Alaska, where in 
Areas 3A and 3B strong recruitment trends indicate the beginning of an upturn. Estimates under 
the current size-age based procedure generally indicate a historical decline that is not nearly as 
steep as that shown by estimates calculated using previous methods. 

The 1987 year class, indicated as a strong year class in abundance as pre-recruits in 
National Marine Fisheries Service trawl surveys, appears now to be entering the fishery. The 
presence of this year-class is most apparent in IPHC Areas 3A and 3B although some indication 
of it can be seen in other areas. Recruitment biomass estimates, it must be noted, are highly 
variable in the most recent years, when cohorts have been observed only once or twice in the 
fishery. Furthermore, given the generally smaller size of these fish, the percentage available for 
harvest is estimated to be very low, which in turn implies that the estimates themselves may be 
quite unreliable as only a very small fraction is observed in the catch. Recruitment estimates for 
the most recent year were constrained to remain below maximum levels of estimated recruitment 
abundance obtained for earlier years. An additional consequence of the reduced size-at-age is 
that the overall contribution to exploitable biomass of these year classes is likely to be smaller in 
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the long term than the strong year classes of larger individuals observed in the mid-1980s. Figure 
13 highlights this contrast between the biomass of 8-year-old halibut estimated to be in the 
population and the portion of that biomass available to fishing (exploitable biomass). The upturn 
in recruitment, such as it is, is a positive sign for the fishery. 

In last year's assessment, a contrast in signals was noted in the assessment for Area 2B. 
Changes in catchability were cited as a likely cause for the increase in CPUE observed in the 
fleet relative to the decline in biomass estimated for the stock. Subsequent analysis and 
additional IPHC scientific setline survey data now suggest that whatever changes did result from 
the implementation of the IVQ management system their influence on IPHC statistics is not 
broadly apparent. Figure 14 compares CPUE from the commercial fleet with and without 
adjusting for changes in fleet dynamics that occurred before and after initiation of the halibut 
individual vessel quota in British Columbia. While vessel movement by area and over season as 
represented in the analysis was noticeable and significant, the net effect was not sufficient to 
explain away an increasing trend observed in CPUE. Recent survey CPUE data also indicate that 
this change occurred independent of fleet dynamics. Inspection of catch-at-age data from the area 
for the years 1993-1994 now suggests several year-classes may be stronger (as 11-15 year-old 
fish) than what earlier estimates of recruitment may have indicated. One explanation for this is 
that halibut recruited later to the fishery. Another is that targeting on small fish may have shifted 
over that period. Still another is that halibut, over that time period were actually too small to be 
represented as recruits. Such scenarios, while still only hypotheses, would likely explain the 
conflict seen in the fit to the data and possibly raise estimated biomass levels for that area. Some 
of these possibilities will be explored in the upcoming year. 

Estimated exploitable biomass levels have increased in Area 4 this year under both 
assessment procedures, thus reflecting information in the data used by both. A significant upturn 
in the Area 4 CPUE index, as indicated in the 1995 value, accounts for about half the overall 
increase, while updates to the age-composition data made while re-evaluating and re-estimating 
the base-line market sample data for the size-age based estimation procedure accounts for the 
rest. A retrospective analysis of Area 4 exploitable biomass estimates (Figure 15) indicates 
greater variability in the estimate for the most recent year and the performance of the procedure 
(as indicated by various fitting criteria) is the poorest of any IPHC area. This may in part be due 
to the current lack of survey information available for that Area. It is likely that lower 
exploitation levels in the late 1970s and early 1980s may also contribute to the lack of stability in 
these estimates as less information is available on the early cohorts. 

Further development of the size-age based approach is planned for the upcoming year. 
Anticipated extensions include a model of the change in growth rate, inclusion of scientific 
survey CPUE, and inclusion of bycatch removals as a source of legal-sized halibut mortality. 
Current implementations indicate that such modifications are likely to result in biomass estimates 
that are generally higher than those now estimated. But, as noted in the discussion on 
recruitment, the current definition of exploitable biomass must be re-evaluated in conjunction 
with a re-evaluation of the constant harvest rate policy given the new estimates. 
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Figure 1. Overview of Pacific halibut stock assessment procedure. 
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Figure 2. Coastwide size-age based estimates of exploitable stock biomass and 
recruitment contrasted with CPUE and exploitable biomass estimates from 
catch-age analysis. 
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Figure 3. Area 2A size-age based estimates of exploitable stock biomass and recruitment 
contrasted with CPUE and exploitable biomass estimates from catch-age 
analysis. 
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Figure 4. Area 2B size-age based estimates of exploitable stock biomass and recruitment 
contrasted with CPUE and exploitable biomass estimates from catch-age 
analysis. 
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Figure 5. Area 2C size-age based estimates of exploitable stock biomass and recruitment 
contrasted with CPUE and exploitable biomass estimates from catch-age 
analysis. 
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Figure 6. Area 3A size-age based estimates of exploitable stock biomass and recruitment 
contrasted with CPUE and exploitable biomass estimates from catch-age 
analysis. 
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Figure 7. Area 3B size-age based estimates of exploitable stock biomass and recruitment 
contrasted with CPUE and exploitable biomass estimates from catch-age 
analysis. 
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Figure 8. Area 4 size-age based estimates of exploitable stock biomass and recruitment 
contrasted with CPUE and exploitable biomass estimates from catch-age 
analysis. 

90 

IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1995 
Sullivan, P.J., Parma, A.M., 1996. Population assessment, 
1995. IPHC Rep. Assess. Res. Act. 1995., pp. 79–107.

IPHC-2021-SACH-002

Page 190



091. 001. 09 0 

09 Ot,  OE OZ 0I. 

A
re

a  
2

B
 E

xp
lo

it
a b

le
  B

io
m

a
ss

  a
n

d
 C

P
U

E
 

Sndo 

rn 

Figure 9. Area 2B exploitable biomass estimates compared with commercial and IPHC 
systematic survey CPUE estimates. 
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Figure 10. Area 3A exploitable biomass estimates compared with commercial and IPHC 
systematic survey CPUE estimates. 
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Figure 11. Area 2A-2B time-averaged weight-at-age in the catch by age-class. 
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Figure 12. Area 3A time-averaged weight-at-age in the catch by age-class. 
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Figure 13. Area 3A cohort strength of 8-year-old halibut (recruits) shown in biomass 
contrasted with the biomass of those vulnerable to the fishery (exploitable 
biomass). 
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Figure 14. Area 2B CPUE as a standard estimate compared with an estimate that is area-
weighted and seasonally adjusted. 
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Figure 15. Area 4 retrospective analysis progressively removing the influence of the latest 
year's data point. 

97 

IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1995 

Sullivan, P.J., Parma, A.M., 1996. Population assessment, 
1995. IPHC Rep. Assess. Res. Act. 1995., pp. 79–107.

IPHC-2021-SACH-002

Page 197



APPENDIX (TABLES) 

Table A.1 Commercial CPUE (pounds per skate, C hook equivalent) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 130.7 141.0 126.0 142.4 124.7 301.1 137.9 
1975 130.6 148.7 117.4 145.3 149.3 210.7 139.7 
1976 71.7 116.7 92.8 131.5 142.2 184.2 118.5 
1977 182.2 135.3 99.4 134.6 161.3 176.2 133.1 
1978 85.5 138.0 124.1 171.9 116.4 166.6 148.0 
1979 110.0 105.8 176.6 189.0 80.8 146.1 154.6 
1980 82.0 143.7 174.7 260.6 249.5 124.2 197.6 
1981 107.6 140.6 273.6 313.5 368.3 236.8 239.1 
1982 101.6 141.4 355.9 342.6 375.8 172.5 261.3 
1983 102.1 144.4 342.8 437.0 419.4 320.0 311.4 
1984 64.1 144.8 280.8 500.3 475.2 235.6 285.6 
1985 63.2 136.1 340.7 509.9 602.4 304.8 302.4 
1986 61.0 118.6 294.0 517.9 514.8 276.5 288.1 
1987 57.3 122.8 260.3 503.6 476.1 303.6 272.4 
1988 135.3 119.8 281.3 502.8 654.2 296.4 296.8 
1989 114.8 124.5 258.0 456.0 590.0 306.4 293.4 
1990 170.7 172.4 269.1 352.9 483.6 336.2 301.5 
1991 161.9 138.9 233.2 318.6 466.4 366.3 277.4 
1992 118.4 165.1 230.5 397.1 440.2 312.4 297.0 
1993 150.3 183.8 255.1 390.8 504.6 336.9 300.5 
1994 94.1 173.1 187.5 330.2 355.9 247.1 244.2 
1995 116.1 182.6 233.9 374.0 394.1 304.2 273.6 
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Table A.2 Commercial Catch (million pounds) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.21 5.43 3.19 8.64 3.19 1.22 21.88 
1978 0.10 4.61 4.32 10.30 1.32 1.35 22.00 
1979 0.05 4.86 4.53 11.34 0.39 1.37 22.54 
1980 0.02 5.65 3.24 11.97 0.28 0.71 21.87 
1981 0.20 5.65 4.01 14.22 0.45 1.19 25.72 
1982 0.21 5.54 3.50 13.53 4.80 1.43 29.01 
1983 0.26 5.44 6.40 14.11 7.75 4.42 38.38 
1984 0.43 9.05 5.85 19.97 6.50 3.16 44.96 
1985 0.49 10.39 9.21 20.85 10.89 4.28 56.11 
1986 0.58 11.22 10.61 32.79 8.83 5.59 69.62 
1987 0.59 12.25 10.68 31.32 7.76 6.88 69.48 
1988 0.49 12.86 11.37 37.86 7.08 4.69 74.35 
1989 0.47 10.43 9.53 33.73 7.84 4.93 66.93 
1990 0.32 8.57 9.73 28.85 8.69 5.43 61.59 
1991 0.36 7.17 8.69 22.86 11.93 5.99 57.00 
1992 0.44 7.63 9.82 26.78 8.62 6.61 59.90 
1993 0.50 10.63 11.29 22.74 7.86 6.25 59.27 
1994 0.39 9.91 10.38 24.84 3.86 5.37 54.75 
1995 0.31 9.61 7.86 18.19 3.19 4.70 43.86 
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Table A.3 Total Removals (million pounds excluding bycatch) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.22 5.45 3.26 8.84 3.19 1.22 22.18 
1978 0.11 4.62 4.40 10.58 1.32 1.35 22.38 
1979 0.06 4.88 4.70 11.70 0.39 1.37 23.11 
1980 0.04 5.66 3.57 12.46 0.28 0.71 22.72 
1981 0.22 5.67 4.33 14.97 0.45 1.20 26.84 
1982 0.26 5.61 3.99 14.25 4.80 1.44 30.34 
1983 0.32 5.54 6.95 15.06 7.75 4.42 40.05 
1984 0.55 9.17 6.47 21.00 6.50 3.17 46.86 
1985 0.68 11.02 10.11 22.99 11.09 4.44 60.33 
1986 0.92 11.80 11.77 36.56 9.23 5.91 76.18 
1987 1.04 12.95 11.83 34.89 8.10 7.17 75.97 
1988 0.74 13.41 12.65 42.63 7.20 4.80 81.43 
1989 0.80 11.11 11.28 38.19 8.03 5.08 74.50 
1990 0.52 9.41 11.30 33.38 8.91 5.69 69.21 
1991 0.52 7.88 11.41 29.20 12.41 6.52 67.93 
1992 0.70 8.36 12.10 31.81 8.83 6.89 68.69 
1993 0.76 11.68 13.40 28.67 7.98 6.56 69.05 
1994 0.57 10.94 12.72 30.51 3.96 5.64 64.34 
1995 0.55 10.62 9.93 23.19 3.26 4.91 52.46 
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Table A.4 Exploitable Biomass (million pounds) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 1.58 29.43 35.78 84.55 13.82 54.83 220.00 
1975 1.62 30.45 36.23 92.32 15.61 50.80 227.03 
1976 1.46 29.07 35.64 97.52 16.63 49.00 229.32 
1977 1.53 27.92 35.90 101.93 17.52 44.86 229.67 
1978 1.45 28.19 39.11 109.58 18.30 42.28 238.90 
1979 1.54 29.48 41.73 115.54 20.21 39.93 248.42 
1980 1.48 30.65 46.47 122.53 23.89 39.81 264.84 
1981 1.59 31.98 53.78 129.69 29.03 41.44 287.51 
1982 1.44 34.19 61.54 136.72 34.73 42.14 310.75 
1983 1.61 37.24 69.30 147.14 37.46 44.63 337.38 
1984 1.56 42.10 75.35 156.97 38.55 43.64 358.18 
1985 1.63 45.28 81.90 167.02 41.44 45.49 382.77 
1986 1.58 47.62 83.05 172.39 39.84 45.98 390.45 
1987 1.56 51.37 82.53 171.33 40.50 48.00 395.27 
1988 1.90 55.01 82.83 174.27 42.33 48.81 405.15 
1989 2.24 55.55 80.76 169.71 44.02 51.52 403.79 
1990 2.65 55.63 78.19 166.01 43.83 52.75 399.05 
1991 3.08 56.29 76.47 164.40 41.91 51.70 393.85 
1992 3.24 57.29 73.67 159.39 36.59 50.89 381.07 
1993 2.95 55.58 68.59 147.02 33.27 48.18 355.58 
1994 2.36 48.75 61.18 131.26 31.34 46.34 321.24 
1995 1.82 41.14 52.19 117.52 34.84 45.00 292.51 
1996 1.49 33.71 45.25 120.35 38.12 43.83 282.74 
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Table A.4 - Addendum CAGEAN Exploitable Biomass (million pounds) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 1.52 28.30 29.90 56.73 9.81 39.98 166.25 
1975 1.57 29.40 30.15 61.66 10.71 37.40 170.88 
1976 1.39 27.75 29.49 65.14 10.93 35.95 170.65 
1977 1.48 27.01 29.75 69.48 11.41 32.97 172.10 
1978 1.42 27.63 33.00 77.62 12.00 30.65 182.31 
1979 1.53 29.32 36.10 86.04 14.34 29.57 196.90 
1980 1.50 31.00 40.67 96.47 18.57 29.57 217.77 
1981 1.63 32.76 47.73 108.38 24.54 31.60 246.65 
1982 1.50 35.61 55.35 120.86 31.48 33.41 278.21 
1983 1.70 39.26 63.03 137.52 36.32 37.14 314.96 
1984 1.66 44.65 68.94 155.24 39.70 37.93 348.12 
1985 1.78 49.30 75.74 174.66 44.06 40.67 386.20 
1986 1.76 52.83 77.18 189.56 42.94 43.13 407.39 
1987 1.73 57.18 77.64 198.13 44.13 45.68 424.49 
1988 2.11 61.18 77.83 208.01 45.11 47.04 441.28 
1989 2.52 62.48 75.73 208.93 45.52 49.81 444.99 
1990 2.98 62.71 73.01 204.52 43.94 51.51 438.68 
1991 3.51 64.10 71.29 199.92 39.56 51.20 429.58 
1992 3.70 65.52 68.66 188.12 32.15 51.10 409.26 
1993 3.40 64.21 63.85 165.50 25.85 48.65 371.46 
1994 2.81 57.96 57.33 136.54 20.23 46.86 321.73 
1995 2.29 51.91 50.48 105.31 18.52 45.24 273.75 
1996 2.08 47.14 46.09 92.00 17.07 43.56 247.95 
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Table A.5 Historical Exploitation Rates (total removals / exploitable biomass) 

Year 2A 2B 2C 3A 3B 4 Total +Bycatch 
1974 0.33 0.16 0.16 0.10 0.12 0.01 0.10 0.18 
1975 0.28 0.23 0.17 0.11 0.16 0.01 0.12 0.17 
1976 0.16 0.25 0.16 0.11 0.16 0.01 0.12 0.18 
1977 0.15 0.20 0.09 0.09 0.18 0.03 0.10 0.15 
1978 0.08 0.16 0.11 0.10 0.07 0.03 0.09 0.14 
1979 0.04 0.17 0.11 0.10 0.02 0.03 0.09 0.15 
1980 0.03 0.18 0.08 0.10 0.01 0.02 0.09 0.15 
1981 0.14 0.18 0.08 0.12 0.02 0.03 0.09 0.14 
1982 0.18 0.16 0.06 0.10 0.14 0.03 0.10 0.14 
1983 0.20 0.15 0.10 0.10 0.21 0.10 0.12 0.15 
1984 0.35 0.22 0.09 0.13 0.17 0.07 0.13 0.16 
1985 0.42 0.24 0.12 0.14 0.27 0.10 0.16 0.18 
1986 0.58 0.25 0.14 0.21 0.23 0.13 0.20 0.22 
1987 0.67 0.25 0.14 0.20 0.20 0.15 0.19 0.22 
1988 0.39 0.24 0.15 0.24 0.17 0.10 0.20 0.24 
1989 0.36 0.20 0.14 0.23 0.18 0.10 0.18 0.22 
1990 0.20 0.17 0.14 0.20 0.20 0.11 0.17 0.22 
1991 0.17 0.14 0.15 0.18 0.30 0.13 0.17 0.21 
1992 0.22 0.15 0.16 0.20 0.24 0.14 0.18 0.22 
1993 0.26 0.21 0.20 0.20 0.24 0.14 0.19 0.24 
1994 0.24 0.22 0.21 0.23 0.13 0.12 0.20 0.25 
1995 0.30 0.26 0.19 0.20 0.09 0.11 0.18 0.23 

103 

IPHC REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1995 
Sullivan, P.J., Parma, A.M., 1996. Population assessment, 
1995. IPHC Rep. Assess. Res. Act. 1995., pp. 79–107.

IPHC-2021-SACH-002

Page 203



Table A.6 Annual Surplus Production 

Year 2A 2B 2C 3A 3B 4 Total 
1974 0.56 5.64 6.05 15.96 3.45 -3.31 28.35 
1975 0.30 5.75 5.65 15.80 3.58 -1.18 29.90 
1976 0.32 6.13 5.79 15.44 3.63 -3.42 27.89 
1977 0.14 5.72 6.47 16.49 3.96 -1.36 31.41 
1978 0.20 5.91 7.02 16.55 3.24 -1.00 31.91 
1979 0.00 6.05 9.45 18.69 4.07 1.25 39.52 
1980 0.15 6.99 10.88 19.62 5.41 2.35 45.39 
1981 0.07 7.88 12.09 22.00 6.15 1.90 50.09 
1982 0.43 8.66 11.74 24.67 7.53 3.93 56.97 
1983 0.28 10.41 13.01 24.88 8.85 3.43 60.85 
1984 0.61 12.35 13.02 31.05 9.38 5.03 71.45 
1985 0.64 13.35 11.25 28.36 9.49 4.93 68.01 
1986 0.89 15.54 11.25 35.49 9.90 7.93 81.00 
1987 1.38 16.59 12.13 37.84 9.93 7.98 85.85 
1988 1.08 13.96 10.58 38.06 8.89 7.50 80.07 
1989 1.21 11.19 8.72 34.50 7.84 6.32 69.77 
1990 0.96 10.07 9.58 31.78 6.99 4.64 64.01 
1991 0.67 8.88 8.61 24.18 7.08 5.71 55.14 
1992 0.41 6.65 7.02 19.45 5.52 4.17 43.21 
1993 0.18 4.85 6.00 12.92 6.05 4.72 34.71 
1994 0.03 3.33 3.73 16.76 7.46 4.30 35.61 
1995 0.02 2.81 3.18 15.01 8.30 4.17 32.42 
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Table A.7 Fishing Mortality 

Year 2A-2B 2C 3A 3B 4 
1974 0.13 0.17 0.09 0.11 0.01 
1975 0.21 0.20 0.12 0.15 0.01 
1976 0.21 0.19 0.12 0.16 0.02 
1977 0.17 0.10 0.10 0.18 0.03 
1978 0.11 i, 0.14 0.11 0.08 0.04 
1979 0.15 0.13 0.12 0.03 0.04 
1980 0.15 0.08 0.12 0.01 0.02 
1981 0.16 0.09 0.13 0.01 0.03 
1982 0.15 0.06 0.11 0.15 0.05 
1983 0.13 0.10 0.13 0.26 0.14 
1984 0.24 0.10 0.19 0.21 0.10 
1985 0.27 0.16 0.21 0.40 0.15 
1986 0.26 0.19 0.35 0.37 0.16 
1987 0.26 0.18 0.36 0.32 0.19 
1988 0.29 0.20 0.48 0.29 0.12 
1989 0.24 0.19 0.46 0.31 0.14 
1990 0.18 0.18 0.44 0.38 0.15 
1991 0.13 0.18 0.42 0.66 0.17 
1992 0.14 0.21 0.47 0.56 0.18 
1993 0.23 0.25 0.48 0.54 0.17 
1994 0.24 0.31 0.62 0.23 0.16 
1995 0.25 0.22 0.48 0.19 0.15 
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Table A.8 Recruitment Biomass (million pounds) 

Year 2A 2B 2C 3A 3B 4 Total 
1974 0.45 8.29 7.03 16.95 3.67 3.22 39.61 
1975 0.43 8.03 7.58 21.01 4.44 4.37 45.86 
1976 0.39 7.74 8.72 23.05 4.24 4.16 48.29 
1977 0.44 8.00 9.73 23.79 4.50 4.58 51.04 
1978 0.47 9.24 11.92 28.05 5.13 5.42 60.23 
1979 0.50 9.47 13.53 24.30 5.14 4.88 57.82 
1980 0.55 11.37 18.23 27.06 7.46 6.21 70.87 
1981 0.67 13.49 19.64 38.58 13.41 11.15 96.95 
1982 0.61 14.44 19.61 39.45 11.03 9.18 94.31 
1983 0.76 17.55 19.47 42.99 12.81 11.17 104.75 
1984 0.83 22.31 22.01 50.49 14.42 8.29 118.35 
1985 0.98 27.27 28.63 65.41 19.95 20.59 162.84 
1986 0.78 23.42 20.79 55.39 16.56 15.43 132.37 
1987 0.82 27.00 21.65 64.83 16.70 16.29 147.28 
1988 0.88 25.49 20.17 77.33 20.29 12.05 156.21 
1989 0.77 19.06 15.44 53.29 13.39 8.25 110.20 
1990 0.79 16.56 12.90 40.08 10.22 7.80 88.35 
1991 0.99 18.11 13.19 58.37 12.21 10.19 113.06 
1992 0.88 15.64 10.45 43.45 11.08 10.82 92.34 
1993 0.51 9.70 6.03 32.99 9.67 6.79 65.69 
1994 0.35 7.17 3.89 30.12 10.95 7.49 59.98 
1995 0.36 8.25 5.84 69.71 20.72 8.65 113.52 
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Year 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

2B 3A 

59 101 
33 209 
46 	74 

112 
209 

40 361 
40 397 
42 330 
62 460 
72 521 
42 337 

119 313 
313 

167 370 

Table A9. IPHC halibut setline survey CPUE. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1994 

POPULATION ASSESSMENT, 1994 

by 

Patrick J. Sullivan and Ana M. Parma 

INTRODUCTION 

The Pacific halibut stock assessment for 1994 combines catch at age with catch per unit 
of effort in order to estimate stock abundance and determine stock trends. The analysis is 
conducted by area and applied to data from Areas 2A-2B, 2C, 3A, 3B, and 4. This year, as has 
been done every year since the inception of the Commission, information is collected on all 
aspects of the fishery. Total catch was tallied using tickets from the plants at which halibut is 
landed. Catch per unit effort (CPUE) was developed from 3300 logbooks covering 70-80% of 
the 55 million pounds of landed catch. Seven thousand licenses were issued forming an 
information base which the staff used to update logbook data and validate ticket data. Thirteen 
thousand halibut were lengthed and sampled for otoliths. The otoliths were later microscopically 
aged and used in combination with the individual length measurements to determine the age 
composition and average weight at age of individuals in the stock. And two hundred and seventy 
tags were collected from twenty-nine different ports to add to the information used in monitoring 
mortality and migration. These data is used in the stock assessment to determine the exploitable 
biomass, which is the stock biomass available for harvest. 

The constant exploitation yield (CEY) is determined by applying a 0.30 harvest rate to 
the estimated exploitable biomass. This year we are proposing that this rate be applied to 
estimated biomass levels for the start of the upcoming year (1995) rather than to estimated 
biomass levels derived for the start of the previous year (1994) as has been done in the past. The 
yield resulting from the application of this rate represents 30% of the estimated exploitable 
biomass for 1995. Given the CEY, the recommended allowable catch is determined by accounting 
for removals from other sources (sport catch, wastage, bycatch, and personal use). The overall 
procedure involved in collecting data, conducting the assessment, and determining the CEY is 
outlined in Figure 1. 

STOCK ASSESSMENT 

Each year the stock assessment data are examined for signals indicating the trends in 
abundance. We shall first present the results from the standard stock assessment to note general 
trends in the halibut stock. After this discussion, the results for Regulatory Areas 2B and 3A will 
be examined more closely to highlight other features of the data. 

The total exploitable biomass of Pacific halibut was determined to be 282.6 million 
pounds at the beginning of 1994 and 242.7 million pounds at the start of the 1995 season. This 
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represents an overall decline in biomass of 18% between 1993 and 1994, and indicates a decline 
of 14% between 1994 and 1995. These rates are high relative to the 5-15% declines observed in 
previous years. Figure 2 shows the trends in exploitable biomass, recruitment, and CPUE for the 
total stock. Figures 3 through 8 give the area-by-area trends. These trends indicate a decrease in 
exploitable biomass from 1993 to 1994 of 20% in Area 2A, 13% in Area 2B, 12% in Area 2C, 
23% in Area 3A, 27% in Area 3B, and 9% in Area 4. 

Recruitment of 8-year-old halibut appears again to have dropped off in all areas. This 
year's recruitment again represents the lowest recruitment of 8-year-olds observed in nearly two 
decades. The low recruitment of recent years indicates that the stock will continue its decline at 
a rate of about 10-15% per year over the next several years. This trend is apparent in all of the 
assessments despite the relatively high levels of CPUE observed in recent years. 

Sometimes the signals that come from a particular fishery are mixed and the degree of 
inconsistency in the signals will indicate the degree of caution that must be exercised in 
determining catch quotas. Last year's standard stock assessment was contrasted with an 
alternative assessment that discounted the upturn in CPUE observed over the last few years in 
order to highlight this disparity. In Area 2B in particular, the higher level of CPUE that has been 
observed since the implementation of the IVQ program appears to run counter to what one would 
expect in stock trends based on catch-at-age information (Figure 4). These trends should reflect 
the diminishment of several strong year-classes and the subsequent period of poor recruitment. 
The situation is much the same this year. Catch-per-unit-effort in the post IVQ fishery is 20% 
higher than the long term average even though age composition data show a decline in stock 
abundance. If these CPUE values are reduced by twenty percent, the corresponding estimated 
exploitable biomasses are reduced by the same amount, and the resulting quota reduced by a third 
(Figure 9). We must exercise caution in this area. 

In Area 3A, stock biomasses appear to be dropping dramatically. This drop is in part due 
to the continued low levels of recruitment, but is also due in part to a declining weight at age 
of individuals observed in the catch (Figure 10). The average weight at age of eleven year old 
halibut has dropped in half since the late 1970s (a time of historically high weights at age). This 
decline in weight is observed in other areas of the Gulf as well and if these trends in recruitment 
and weight at age continue coast-wide lows in exploitable biomasses will be observed. 

In addition to estimating the current year's stock levels, stock levels for previous years 
are re-estimated using updated information and methods. Changes in the level of bycatch, waste, 
and sport catch coupled with the inherent variability observed in the stock dynamics and the 
measurement process results in adjustments to abundance estimates made in previous years. This 
can cause the allowable catch to be higher than expected in some areas where stock abundance 
indicates more of a decline. This pattern, where the initial estimates are lower than the current 
corresponding estimates, has occurred over the last several years with halibut. Similar patterns 
in the stock biomass estimates have occurred for other stocks and the IPHC staff and fishery 
scientists from other agencies have been working toward a solution to this problem. 
Unfortunately, there is no guarantee that a solution will be forthcoming, and it is unlikely that 
the estimates will continue to adjust upward. 
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CONSTANT EXPLOITATION YIELD 

Results from the 1994 stock assessments are used in determining the total and setline 
constant exploitation yields. This year a modification to the procedure for determining CEY is 
proposed that is more conservative to the stock during stock declines. This procedure uses some 
additional assumptions to project estimates of stock abundance to the beginning of 1995, rather 
than use the results of the standard assessment which give estimates at the start of the 1994 
season (prior to fishing). Table 1 shows the yields for the suggested method for determining CEY 
based on the estimated 1995 exploitable biomasses along with the 1994 catch and quota. Table 
2 shows the yields under the previous method for determining CEY based on the 1994 
exploitable biomasses. The overall CEY is obtained by multiplying the area specific exploitable 
biomass by the constant exploitation yield rate of 0.30. Once the exploitation rate has been 
applied equally to all areas, the biomass removal from other sources is subtracted out to 
determine the allowable setline catch. The setline constant exploitation yields provide guidance 
as to the harvest that should be taken by the setline commercial fishery in order to maintain 
optimal yields and viability of the stock. We have discussed disparities and trends in the data that 
might not be evident in examining the CEYs alone. This information suggests that a more 
conservative approach be taken in some areas like Area 2B where the CEYs from the standard 
assessment may be artificially inflated due to spurious trends in CPUE. 

BYCATCH 

Adjustments to the allowable catch for bycatch shown in Table 1 and Table 2 represent 
compensation to the stock for losses in the stock's reproductive potential due to losses from 
bycatch. The allowable catch is reduced in line 1.4 of Table 1 and Table 2 by one pound for 
every pound of bycatch removed. The bycatch reduction in each area is made in proportion to 
the estimated exploitable biomass in that area. 

BERING SEA CONSTANT EXPLOITATION YIELD 

Information has recently become available that allows subarea specific quota 
recommendations for the Bering Sea to be developed using the same methodology that has been 
used in determining area specific CEYs from the combined 2A-2B assessment. The method uses 
historical fishing grounds as a measure of area and CPUE as a measure of density to partition 
total abundance for the area into separate abundances for each subarea to which the constant 
exploitation rate may be applied. Table 3 shows the Bering Sea subareas, the estimated habitat 
determined from historical fishing grounds, an average CPUE from data gathered over the last 
five years, the percent of the stock exploitable biomass associated with each subarea, and the 
subarea CEY resulting from the application of the 0.30 constant harvest rate. These subarea 
specific CEYs should be used in determining harvests that are proportional to biomass. 
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Table 1. 1994 Assessment of Yield - Rate = .30 
Based on projected 1995 exploitable biomass. 

2A 2B 
AREA 

2C 	3A 3B 4 TOTAL 
1.1 CATCH/QUOTA 

1994 Quota 0.55* 10.00 11.00 26.00 4.00 5.40 56.95 
1994 Catch 0.58* 9.90 10.25 25.05 3.95 5.33 55.06 

1.2 CEY 0.68* 13.82 13.94 31.16 4.96 8.08 72.63 

1.3 OTHER CATCHES 
Sport * 0.66 1.80 5.28 0.00 0.09 7.83 
Waste 0.01 0.30 0.41 1.82 0.14 0.17 2.85 
Bycatch 0.15 3.04 3.07 6.87 1.09 1.78 16.00 
Personal Use 0.00 0.30 0.11 0.33 0.06 0.12 0.92 
TOTAL 0.16 4.30 5.39 14.30 1.29 2.16 27.60 

1.4 SETLINE CEY 0.52* 9.52 8.54 16.87 3.66 5.92 45.03 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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Table 2. 1994 Assessment of Yield - Rate = .30 
Based on 1994 exploitable biomass estimates. 

2A 2B 
AREA 

2C 	3A 3B 4 TOTAL 
1.1 CATCH/QUOTA 

1994 Quota 0.55* 10.00 11.00 26.00 4.00 5.40 56.95 
1994 Catch 0.58* 9.90 10.25 25.05 3.95 5.33 55.06 

1.2 CEY 0.76* 15.69 16.79 37.03 5.52 8.97 84.78 

1.3 OTHER CATCHES 
Sport * 0.66 1.80 5.28 0.00 0.09 7.83 
Waste 0.01 0.30 0.41 1.82 0.14 0.17 2.85 
Bycatch 0.14 2.96 3.17 6.99 1.04 1.69 16.00 
Personal Use 0.00 0.30 0.11 0.33 0.06 0.12 0.92 
TOTAL 0.15 4.22 5.49 14.42 1.24 2.07 27.60 

1.4 SETLINE CEY 0.61* 11.47 11.30 22.61 4.28 6.90 57.18 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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Table 3. Area 4 Biomass Distribution 

Area Habitat CP UE Percent Area 
Name Area 	Biomass CEY 

4A 8183 386.85 41.3 2.44 
4B 6118 246.24 19.6 1.16 
4C 561 225.25 1.6 0.09 
4DS 5019 422.31 27.6 1.63 
4DN 586 436.13 3.3 0.20 
4E 4910 100.50 6.4 0.38 
Total 25,377 224.50 100.0 5.92 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 1994 

POPULATION ASSESSMENT, 1994 TECHNICAL SUPPLEMENT 

by 

Patrick J. Sullivan, Ana M. Parma, and Richard C. Leickly 

The tables and figures to follow provide more detail on the 1994 stock assessment. 

Table A.1 shows commercial CPUE estimates adjusted to Circle hook standardized equivalence. 
Table A.2 shows commercial catch of fish ages eight and older, pounds net weight, by area and 

year. 
Table A.3 shows total removals, this represents the commercial catch with sport catch, and 

mortality from gear lost added. 
Table A.4 shows the estimated exploitable biomass by area and year for the standard assessment 

and the projected 1995 values. 
Table A.5 gives the estimated historical exploitation rate calculated as total removals divided by 

exploitable biomass. 
Table A.6 shows the annual surplus production (ASP), provided for historical comparisons. 
Table A.7 shows the estimated total instantaneous fishing mortality rates. 
Table A.8 provides estimates of 8-year-old recruitment in millions of pounds. 

Because the total catch values used in the stock assessment include sport catch and 
wastage the exploitation rates given in Tables A.5 and A.10 and the mortality rates shown in 
Tables A.7 and A.12 are slightly higher than the rates resulting from commercial fishing alone. 
The values shown in Tables A.5, A.7, A.10, and A.12 can be used to examine the relative 
harvest rate in each area under the historical harvest time series. Tables A.4 through A.8 are 
estimates from the CAGEAN routine under the standard assessment. The entries throughout these 
tables will change each year as updated and more recent information become available. 

Figures A.1 through A.6 show the fit of the model to the observed data under the standard 
assessment. The heights of the blocks represent the observed values while the heights of the lines 
represent the estimated values. Figure A.1 shows the observed versus estimated efforts for each 
closed area run. Figures A.2 through A.6 show the observed versus estimated catches for Areas 
2A-2B, 2C, 3A, 3B, and 4 respectively. The figures are to scale across both age and time. 

A new version of CAGEAN, called CageanS, has been implemented this year and its 
development is documented in the report entitled "Catch-at-age Analysis Using CageanS: An 
Object-Oriented Implementation of CAGEAN" by Leickly and Sullivan. The new S based 
estimation procedure derives the same estimates as the old VMS fortran version, but it has all 
the functionality of the object oriented programming language in the statistical environment 
provided using Splus. 
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A new data preprocessing procedure was also implemented to take raw data from the 
IPHC Ingres database and compile object data files for use by CageanS in Splus. The new 
preprocesser replaces the series of fortran programs described in the 1991 RARA report 
"Assessment Methods" by Sullivan, Parma, and Vienneau. The resulting data objects for use in 
CageanS are the same as those used in CAGEAN except that a loess smoother now replaces the 
Velleman smoother that was applied to the average weights at age. Smoothers are applied to 
weight at age across years to stabilize the biomass estimates, which are based on the abundance 
at age estimates. The loess smoother with a 15 year running bandwidth and a symmetric 
weighting distribution was found to be more robust on the tail points and better at tracking trends 
than the median based Velleman procedure. Figure A.7 contrasts the fit between results from the 
two smoothing approaches. 

Briefly, the preprocesser performs the following tasks: 1) Reads in the Ingres data from 
external ASCII files; 2) Modifies the catch-at-age and catch-per-unit-effort data from the 
commercial database to reflect total removals (i.e. commercial plus sportcatch and wastage); 3) 
Truncates the age composition data at age 8 and pools information on age groups that are 20 and 
older for smoothing; 4) Smooths weights at age for age classes 8 through 20+ using the loess 
smoother; 5) Pools information for ages 17 and older; (Pooling to 20 before smoothing and to 
17 after smoothing makes the best use of the information available for the older cohorts so that 
changes in weight at age in the pooled groups can follow the changes brought about by a cohort 
passing through.) 6) Combines data for Areas 2A and 2B for a joint assessment; 7) Creates Splus 
data objects for analysis and input into CageanS. 

A Splus function was developed to project the stock biomass ahead one year to the start 
of the current season by taking the terminal biomass estimate, removing the catch, adjusting for 
growth, and adding in an estimate of recruitment. The calculations take place in a standard way 
by using the abundance at age estimates and passing them through the estimated mortality, adding 
a year to the age identifier, and applying the terminal weight-at-age to calculate biomass. 
Recruitment of 8-year-olds for the upcoming year is based on an average of the estimated 
recruitment of the previous five years. 
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Table A.1 Commercial CPUE* (pounds per skate) 

Year 2A 2B 2C 

AREA 

3A 3B 4 Tot al 

1974 130.7 141.0 126.0 142.4 124.7 301.1 137.9 

1975 130.6 148.7 117.4 145.3 149.3 210.7 139.7 

1976 71.7 116.7 92.8 131.5 142.2 184.2 118.5 

1977 182.2 135.3 99.4 134.6 161.3 176.2 133.1 

1978 85.5 138.0 124.1 171.9 116.4 166.6 148.0 

1979 110.0 105.8 176.6 189.0 80.8 146.1 154.6 

1980 82.0 143.7 174.7 260.6 249.5 124.2 197.6 

1981 107.6 140.6 273.6 313.5 368.3 236.8 239.1 

1982 101.6 141.4 355.9 342.6 375.8 172.5 261.3 

1983 102.1 144.4 342.8 437.0 419.4 320.0 311.4 

1984 64.3 144.8 280.8 500.3 475.2 235.6 285.7 

1985 63.3 136.1 340.7 509.9 602.4 304.8 302.4 

1986 61.1 118.6 294.0 517.9 514.8 276.5 288.1 

1987 57.4 122.8 260..3 503.6 476.1 303.6 272.4 

1988 135.4 119.8 281.3 502.8 654.2 296.4 296.8 

1989 115.1 124.5 258.0 456.0 590.0 306.4 293.4 

1990 171.2 172.4 269.1 352.9 483.6 336.2 301.5 

1991 162.6 139.3 233.2 318.6 466.4 366.3 277.5 

1992 118.9 165.6 230.5 397.1 440.2 312.4 297.5 

1993 151.0 184.2 255.1 390.8 504.6 336.9 301.1 

1994 98.5 173.9 170.6 335.8 359.4 224.5 240.1 

* Standardized C hook equivalence. 
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Table A.2 Commercial Catch (million pounds) 

Year 2A 2B 2C 

AREA 

3A 3B 4 Total 

1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 

1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 

1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 

1977 0.21 5.43 3.19 8.64 3.19 1.22 21.88 

1978 0.10 4.61 4.32 10.30 1.32 1.35 22.00 

1979 0.05 4.86 4.53 11.34 0.39 1.37 22.54 

1980 0.02 5.65 3.24 11.97 0.28 0.71 21.87 

1981 0.20 5.65 4.01 14.22 0.45 1.19 25.72 

1982 0.21 5.54 3.50 13.53 4.80 1.43 29.01 

1983 0.26 5.44 6.40 14.11 7.75 4.42 38.38 

1984 0.43 9.05 5.85 19.97 6.50 3.16 44.96 

1985 0.49 10.39 9.21 20.85 10.89 4.28 56.11 

1986 0.58 11.22 10.61 32.79 8.83 5.59 69.62 

1987 0.59 12.25 10.68 31.32 7.76 6.88 69.48 

1988 0.49 12.86 11.37 37.86 7.08 4.69 74.35 

1989 0.47 10.43 9.53 33.73 7.84 4.93 66.93 

1990 0.32 8.57 9.73 28.85 8.69 5.43 61.59 

1991 0.36 7.17 8.69 22.86 11.93 5.99 57.00 

1992 0.44 7.63 9.82 26.78 8.62 6.61 59.90 

1993 0.50 10.63 11.29 22.74 7.86 6.25 59.27 

1994 0.38 9.90 10.25 25.05 3.95 5.33 54.85 

Estimates in million pounds by subarea. 
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Table A.3 Total Removals (million pounds) 

Year 2A 2B 2C 
AREA 

3A 3B 4 Tot al 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.22 5.45 3.26 8.84 3.19 1.22 22.18 
1978 0.11 4.62 4.40 10.58 1.32 1.35 22.38 
1979 0.06 4.88 4.70 11.70 0.39 1.37 23.11 
1980 0.04 5.66 3.57 12.46 0.28 0.71 22.72 
1981 0.22 5.67 4.33 14.97 0.45 1.20 26.84 
1982 0.26 5.61 3.99 14.25 4.80 1.44 30.34 
1983 0.32 5.54 6.95 15.06 7.75 4.42 40.05 
1984 0.55 9.17 6.47 21.00 6.50 3.17 46.86 
1985 0.68 11.02 10.11 22.99 11.09 4.44 60.33 
1986 0.92 11.80 11.77 36.56 9.23 5.91 76.18 
1987 1.04 12.95 11.83 34.89 8.10 7.17 75.97 
1988 0.74 13.41 12.65 42.63 7.20 4.80 81.43 
1989 0.80 11.11 11.28 38.19 8.03 5.08 74.50 
1990 0.52 9.41 11.30 33.38 8.91 5.69 69.21 
1991 0.52 7.83 10.69 28.24 12.35 6.31 65.93 
1992 0.70 8.26 11.73 31.32 8.80 6.78 67.59 
1993 0.76 11.38 13.29 28.34 7.92 6.44 68.13 
1994 0.56 10.63 12.31 31.33 3.99 5.52 64.35 

Estimates in million pounds by subarea. 
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Table A.4 Exploitable Biomass (Closed Subarea) 

Year 2A 2B 2C 
AREA 

3A 3B 4 Total 
1974 1.79 33.27 32.32 57.26 9.56 24.43 158.64 
1975 1.82 34.12 32.66 61.55 10.29 24.38 164.82 
1976 1.62 32.30 32.24 64.46 10.55 24.95 166.11 
1977 1.69 30.82 32.85 68.43 11.21 24.78 169.79 
1978 1.61 31.33 36.30 76.95 12.10 24.49 182.77 
1979 1.69 32.38 39.76 84.97 14.58 24.41 197.79 
1980 1.61 33.43 44.86 93.99 18.79 25.62 218.31 
1981 1.69 33.94 51.60 103.36 24.78 28.27 243.65 
1982 1.51 35.84 58.95 113.19 31.74 31.86 273.10 
1983 1.71 39.62 66.70 128.96 36.49 34.71 308.18 
1984 1.68 45.11 72.86 147.65 40.02 34.61 341.92 
1985 1.79 49.79 79.76 169.35 44.63 36.48 381.81 
1986 1.77 53.13 80.81 186.18 43.28 37.19 402.35 
1987 1.74 57.22 80.70 197.79 45.24 38.08 420.76 
1988 2.11 61.01 80.82 211.09 46.32 37.41 438.76 
1989 2.49 61.64 78.65 215.17 46.93 38.79 443.67 
1990 2.93 61.46 75.35 212.78 45.81 38.84 437.17 
1991 3.43 62.41 72.55 207.82 41.17 37.69 425.06 
1992 3.57 63.10 69.44 191.98 32.56 36.07 396.71 
1993 3.21 60.45 63.91 161.56 25.17 32.85 347.15 
1994 2,55 52.30 55.97 123.45 18.41 29.90 282.59 
1995 2.25 46.07 46.45 103.88 16.52 26.92 242.09 

Estimates in million pounds by subarea. 
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Table A.5 Historical Exploitation Rates (Closed Subarea) 

Year 2A 2B 
AREA 

2C 	3A 3B 4 Total +Bycatch 
1974 0.29 0.14 0.17 0.14 0.17 0.03 0.13 0.25 
1975 0.25 0.21 0.19 0.17 0.25 0.03 0.17 0.24 
1976 0.15 0.23 0.17 0.17 0.26 0.03 0.17 0.25 
1977 0.13 0.18 0.10 0.13 0.28 0.05 0.13 0.20 
1978 0.07 0.15 0.12 0.14 0.11 0.06 0.12 0.19 
1979 0.04 0.15 0.12 0.14 0.03 0.06 0.12 0.19 
1980 0.02 0.17 0.08 0.13 0.01 0.03 0.10 0.19 
1981 0.13 0.17 0.08 0.14 0.02 0.04 0.11 0.17 
1982 0.17 0.16 0.07 0.13 0.15 0.05 0.11 0.15 
1983 0.19 0.14 0.10 0.12 0.21 0.13 0.13 0.16 
1984 0.33 0.20 0.09 0.14 0.16 0.09 0.14 0.17 
1985 0.38 0.22 0.13 0.14 0.25 0.12 0.16 0.18 
1986 0.52 0.22 0.15 0.20 0.21 0.16 0.19 0.21 
1987 0.60 0.23 0.15 0.18 0.18 0.19 0.18 0.21 
1988 0.35 0.22 0.16 0.20 0.16 0.13 0.19 0.22 
1989 0.32 0.18 0.14 0.18 0.17 0.13 0.17 0.20 
1990 0.18 0.15 0.15 0.16 0.19 0.15 0.16 0.20 
1991 0.15 0.13 0.15 0.14 0.30 0.17 0.16 0.19 
1992 0.20 0.13 0.17 0.16 0.27 0.19 0.17 0.21 
1993 0.24 0.19 0.21 0.18 0.31 0.20 0.20 0.24 
1994 0.22 0.20 0.22 0.25 0.22 0.18 0.23 0.28 

Estimates in million pounds by subarea. 
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Table A.6 Annual Surplus Production (Closed Subarea) 

Year 2A 2B 2C 

AREA 

3A 3B 4 Total 

1974 0.55 5.47 5.94 12.47 2.40 0.66 27.5 

1975 0.26 5.30 5.82 13.51 2.81 1.19 28.91 

1976 0.31 5.81 6.14 15.01 3.39 0.55 31.22 

1977 0.14 5.95 6.71 17.36 4.07 0.93 35.16 

1978 0.19 5.67 7.86 18.61 3.80 1.27 37.4 

1979 -0.01 5.93 9.81 20.72 4.61 2.59 43.64 

1980 0.11 6.17 10.31 21.84 6.26 3.36 48.05 

1981 0.05 7.57 11.67 24.80 7.41 4.79 56.29 

1982 0.46 9.38 11.74 30.01 9.55 4.29 65.43 

1983 0.29 11.04 13.11 33.75 11.28 4.33 73.79 

1984 0.67 13.85 13.38 42.69 11.12 5.04 86.75 

1985 0.66 14.36 11.15 39.83 9.73 5.15 80.87 

1986 0.89 15.89 11.66 48.16 11.19 6.81 94.59 

1987 1.41 16.74 11.96 48.18 9.19 6.49 93.97 

1988 1.12 14.04 10.47 46.72 7.81 6.18 86.35 

1989 1.24 10.93 7.99 35.80 6.91 5.13 68.01 

1990 1.02 10.36 8.51 28.42 4.27 4.53 57.1 

1991 0.66 8.52 7.57 12.40 3.73 4.69 37.58 

1992 0.34 5.61 6.20 0.91 1.42 3.55 18.03 

1993 0.10 3.23 5.35 -9.76 1.16 3.49 3.58 

1994 0.08 2.79 4.69 -7.46 0.85 3.18 2.91 

Estimates in million pounds by subarea. 
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Table A.7 Fishing Mortality (Closed Subarea) 

Year 2A+2B 2C 
AREA 

3A 	3B 4 

1974 0.14 0.21 0.19 0.21 0.03 
1975 0.23 0.24 0.25 0.30 0.03 
1976 0.21 0.21 0.23 0.27 0.03 
1977 0.16 0.12 0.17 0.31 0.06 
1978 0.13 0.14 0.19 0.13 0.05 
1979 0.14 0.13 0.18 0.03 0.05 
1980 0.17 0.11 0.21 0.02 0.02 
1981 0.17 0.10 0.21 0.02 0.05 
1982 0.14 0.07 0.16 0.16 0.04 
1983 0.13 0.11 0.15 0.22 0.15 
1984 0.18 0.10 0.17 0.17 0.12 
1985 0.21 0.16 0.20 0.34 0.14 
1986 0.21 0.17 0.27 0.23 0.17 
1987 0.21 0.17 0.24 0.21 0.21 
1988 0.22 0.19 0.28 0.17 0.13 
1989 0.19 0.18 0.24 0.18 0.15 
1990 0.14 0.17 0.21 0.23 0.15 
1991 0.10 0.16 0.20 0.38 0.17 
1992 0.12 0.20 0.23 0.35 0.21 
1993 0.18 0.24 0.25 0.41 0.21 
1994 0.20 0.30 0.32 0.22 0.21 
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Table A.8 Recruitment Biomass (Closed Subarea) 

AREA 
Year 2A 2B 2C 3A 3B 4 Total 

1974 0.5 9.9 8.9 19.8 3.5 2.3 44.9 
1975 0.5 9.6 8.9 24.8 4.5 3.1 51.4 
1976 0.5 9.4 9.6 25.9 4.5 2.8 52.7 
1977 0.5 9.4 10.8 27.1 4.9 3.5 56.3 
1978 0.6 11.3 13.2 32.8 6.7 3.9 68.4 
1979 0.6 11.2 14.3 29.3 6.6 4.1 66.1 
1980 0.6 12.8 19.3 31.9 8.6 5.5 78.7 
1981 0.8 15.1 20.7 44.5 15.1 12.4 108.5 
1982 0.7 15.9 19.5 43.2 13.0 9.9 102.2 
1983 0.8 18.2 19.7 46.1 13.9 9.3 107.9 
1984 0.9 24.1 22.9 57.3 14.6 7.4 127.1 
1985 1.1 29.9 27.9 72.5 21.7 17.2 170.2 
1986 0.9 25.6 20.8 63.4 16.4 12.0 139.0 
1987 0.9 28.3 19.8 69.7 14.3 10.7 143.7 
1988 0.9 26.2 17.9 82.8 17.4 8.4 153.6 
1989 0.8 19.0 14.1 53.0 10.1 6.0 103.0 
1990 0.8 16.7 11.9 34.9 6.1 5.5 75.9 
1991 1.0 19.1 12.9 51.4 6.1 6.3 96.9 
1992 1.0 16.8 10.8 29.1 4.5 6.7 69.0 
1993 0.6 11.0 6.5 14.1 2.7 3.6 38.5 
1994 0.3 7.0 5.9 7.8 3.2 5.0 29.2 

Estimates in million pounds by subarea. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

POPULATION ASSESSMENT, 1993 

by 

Patrick J. Sullivan 

INTRODUCTION 

The 1993 assessment of Pacific halibut contrasts catch at age with catch per unit of effort 
in order to estimate stock abundance and examine stock trends. The analysis is conducted by 
area and applied to data from Areas 2A-2B, 2C, 3A, 3B, and 4. Information is collected annually 
on catch, catch per unit effort (CPUE), age composition, and average weight at age. This data 
is used to determine the exploitable biomass -- the stock biomass available for harvest. The 
constant exploitation yield (CEY) is determined by applying a 0.30 harvest rate factor to the 
estimated exploitable biomass. The yield resulting from the application of this rate represents 
a little less than a third of the exploitable biomass. Given the CEY, the recommended allowable 
catch is determined by accounting for removals from other sources (sport catch, wastage, bycatch, 
and personal use). The procedure is outlined in Figure 1. 

STOCK ASSESSMENT 

Each year the standard stock assessment is explored for inconsistencies that might result 
from disparate signals received from the stock through catch at age and CPUE. Sometimes the 
signals are mixed and the degree of consistency in the signals will indicate the degree of caution 
that must be exercised in determining catch quotas. This year's standard stock assessment is 
contrasted with an alternative assessment that discounts the upturn in CPUE observed over the 
last few years. The upturn in CPUE appears to run counter to what one would expect in stock 
trends based on catch-at-age information. These trends should reflect the diminishment of several 
strong year-classes and the subsequent period of poor recruitment. The upturn in CPUE appears 
to have been a coast-wide phenomenon, but the degree to which this upturn has affected the 
assessment appears to be area specific. The total exploitable biomass of Pacific halibut in 1993 
was determined to be 300.4 million pounds in the standard assessment and 249.8 million pounds 
in the alternative assessment which discounts the effect of CPUE for the years 1992 and 1993. 
This represents an overall decline in biomass of 12% and 15% respectively this year. These rates 
are higher than the 5-10% declines observed in previous years. Figure 2 shows the trends in 
exploitable biomass, recruitment, and CPUE for the total stock. Figures 3 through 8 give the 
area-by-area trends. The upper edge of the shaded region depicting stock biomass represents the 
standard assessment and the lower edge represents the alternative assessment. The trends in the 
estimated exploitable biomass indicate a decrease of 13-20% Area 2A, 6-13% Area 2B, 10% 
Area 2C, 12-13% Area 3A, 24-41% Area 3B, and 11-24% Area 4 with respect to the 
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corresponding estimated 1992 biomass levels. 
Recruitment of 8-year-old halibut appears again to have dropped off in all areas. This 

year's recruitment represents the lowest recruitment of 8-year-olds observed in nearly two 
decades. In addition, this year's sixteen-year-old age class (the 1977 year-class), which recruited 
strongly as eight-year-olds in 1985 (Figures 2 through 8), is contributing much less now to the 
fishery in terms of yield. The low recruitment of recent years indicates that the stock will 
continue its decline at a rate of about 10-15% per year over the next several years. This trend 
is apparent in both the standard and the alternative assessment despite the recent upturn in CPUE. 

In addition to estimating the current year's stock levels, stock levels for previous years 
are re-estimated using updated formation. Changes in the level of bycatch, waste, and sport catch 
coupled with the inherent variability observed in the stock dynamics and the measurement 
process results in adjustments to previous abundance estimates. This can cause the allowable 
catch to be higher than expected in some areas where stock abundance indicates more of a 
decline. 

CONSTANT EXPLOITATION YIELD 

Results from the 1993 stock assessments are used in determining the total and setline 
constant exploitation yields. Table 1 shows the yields for the standard assessment along with the 
1993 catch and quota. Table 2 shows the yields under the alternative assessment. The overall 
CEY is obtained by multiplying the area specific exploitable biomass by the constant exploitation 
yield rate of 0.30. Once the exploitation rate has been applied equally to all areas, the biomass 
removal from other sources is subtracted out to determine the allowable setline catch. The setline 
constant exploitation yields provide guidance as to the harvest that should be taken by the setline 
commercial fishery in order to maintain optimal yields and viability of the stock. 

The magnitude of the range in the biomass estimates and the associated CEYs reflects the 
degree of caution that must be exercised in determining the quota. As a guideline Table 3 
summarizes the features of the quota recommendations from this and the previous assessment. 
Listed are the 1992 setline CEY, the 1993 quotas and catch, the 1993 setline CEY under the 
standard and alternative assessments, and the average of the two 1993 setline CEY estimates. 
The magnitude of the difference between the standard and the alternative setline CEY estimates 
for Areas 2A, 2B, 3B, and 4 reflects the strong downward signal coming through the catch-at-age 
information in contrast to the upward signal reflected in the CPUE. This suggests that a more 
conservative quota should be considered for these Areas. In addition, changes in fleet behavior 
in Area 2B under the recently implemented individual vessel quota management system, may 
further affect the interpretation of CPUE for that area. Discounting the Area 2B CPUE for those 
years could result in biomass estimates that are even lower than those provided by the alternative 
assessment discussed above. An area-by-area harvest that is at or below the averaged 1993 
setline CEY levels would be consistent with previous quota recommendations, consistent with 
projected biomass trends, and diminish the disparity in exploitation rates between Areas. 
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BYCATCH 

Adjustments to the allowable catch for bycatch shown in Table 1 and Table 2 represent 
compensation to the stock for losses in the stock's reproductive potential due to losses from 
bycatch. The allowable catch is reduced in line 1.4 of Table 1 and Table 2 by one pound for 
every pound of bycatch removed. The bycatch reduction in each area is made in proportion to 
the estimated exploitable biomass in that area. 
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Table 2. 1993 Assessment 
Discounting 1993 

of Yield - Rate = .30 
and 1992 CPUE 

AREA 

2A 	2B 	2C 	3A 3B 4 TOTAL 

1.1 CATCH/QUOTA 
1993 Quota 0.60*  10.50 10.00 20.70 6.50 6.04 54.34 

1993 Catch 0.71*  10.56 11.15 22.85 7.10 6.23 58.60 

1.2 CEY 0.47*  8.92 18.33 39.63 3.11 4.47 74.94 

1.3 OTHER CATCHES 
Sport 0.75 1.84 4.36 0.00 0.06 7.01 
Waste 0.02 0.34 0.40 1.13 0.24 0.20 2.33 
Bycatch 0.10 1.81 3.72 8.04 0.63 0.91 15.20 
Personal Use 0.00 0.30 0.11 0.33 0.06 0.12 0.92 
TOTAL 0.12 3.20 6.07 13.86 0.93 1.29 25.46 

1.4 SETLINE CEY 0.35* 5.72 12.26 25.77 2.18 3.18 49.48 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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Table 1. 1993 Assessment of Yield - Rate = .30 

AREA 
2A 	2B 	2C 3A 3B 4 TOTAL 

1.1 CATCH/QUOTA 
1993 Quota 0.60*  10.50 10.00 20.70 6.50 6.04 54.34 
1993 Catch 0.71*  10.56 11.15 22.85 7.10 6.23 58.60 

1.2 CEY 0.78*  14.79 18.55 41.00 6.34 8.65 90.11 

1.3 OTHER 
Sport 0.75 1.84 4.36 0.00 0.06 7.01 
Waste 0.02 0.34 0.40 1.13 0.24 0.20 2.33 
Bycatch 0.13 2.49 3.13 6.92 1.07 1.46 15.20 
Personal Use 0.00 0.30 0.11 0.33 0.06 0.12 0.92 
TOTAL 0.15 3.88 5.48 12.74 1.37 1.84 25.46 

1.4 SETLINE CEY 0.63* 10.91 13.07 28.27 4.97 6.81 64.65 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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Table 2. 1993 Assessment 
Discounting 1993 

of Yield - Rate = .30 
and 1992 CPUE 

AREA 

2A 	2B 	2C 	3A 3B 4 TOTAL 

1.1 CATCH/QUOTA 
1993 Quota 0.60*  10.50 10.00 20.70 6.50 6.04 54.34 
1993 Catch 0.71*  10.56 11.15 22.85 7.10 6.23 58.60 

1.2 CEY 0.47*  8.92 18.33 39.63 3.11 4.47 74.94 

1.3 OTHER CATCHES 
Sport 0.75 1.84 4.36 0.00 0.06 7.01 
Waste 0.02 0.34 0.40 1.13 0.24 0.20 2.33 
Bycatch 0.10 1.81 3.72 8.04 0.63 0.91 15.20 
Personal Use 0.00 0.30 0.11 0.33 0.06 0.12 0.92 
TOTAL 0.12 3.20 6.07 13.86 0.93 1.29 25.46 

1.4 SETLINE CEY 0.35* 5.72 12.26 25.77 2.18 3.18 49.48 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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Table 3. 	1993 Setline Exploitation Yield Summary 

2A 2B 
AREA 

2C 	3A 3B 4 TOTAL 
1992 SETLINE CEY 0.46* 9.81 10.41 23.13 4.07 5.59 53.47 

1993 QUOTA 0.60* 10.50 10.00 20.70 6.50 6.04 54.34 
1993 CATCH 0.71* 10.56 11.15 22.85 7.10 6.23 58.60 

1993 SETLINE CEY 

Standard 0.63* 10.91 13.07 28.27 4.97 6.81 64.65 
Alternative 0.35* 5.72 12.26 25.77 2.18 3.18 49.48 

Average 0.49* 8.32 12.66 27.02 3.58 5.00 57.07 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

POPULATION ASSESSMENT, 1993 TECHNICAL SUPPLEMENT 

by 

Patrick J. Sullivan and Ana M. Parma 

The tables and figures to follow provide more detail on the 1993 stock assessment. 

Table A.1 shows commercial CPUE estimates adjusted to Circle hook standardized equivalence. 
Table A.2 shows commercial catch millions of pounds net weight by area and year. 
Table A.3 shows total removals, this represents the commercial catch with sport catch, and 

mortality from gear lost added. 
Table A.4 shows the estimated exploitable biomass by area and year for the standard assessment. 
Table A.5 gives the estimated historical exploitation rate calculated as total removals divided by 

exploitable biomass for the standard assessment. 
Table A.6 shows the annual surplus production (ASP), provided for historical comparisons for 

the standard assessment. 
Table A.7 shows the estimated total instantaneous fishing mortality rates for the standard 

assessment. 
Table A.8 provides estimates of 8-year-old recruitment millions of pounds for the standard 

assessment. 
Table A.9 shows the estimated exploitable biomass by area and year for the alternative 

assessment. 
Table A.10 gives the estimated historical exploitation rate calculated as total removals divided 

by exploitable biomass for the alternative assessment. 
Table A.11 shows the annual surplus production (ASP), provided for historical comparisons for 

the alternative assessment. 
Table A.12 shows the estimated total instantaneous fishing mortality rates for the alternative 

assessment. 
Table A.13 provides estimates of 8-year-old recruitment millions of pounds for the alternative 

assessment. 

Because the total catch values used in the stock assessment include sport catch and 
wastage the exploitation rates given in Tables A.5 and A.10 and the mortality rates shown in 
Tables A.7 and A.12 are slightly higher than the rates resulting from commercial fishing alone. 
The values shown in Tables A.5, A.7, A.10, and A.12 can be used to examine the relative harvest 
rate in each area under the historical harvest time series. Tables A.4 through A.8 are estimates 
from the CAGEAN routine for the standard assessment while Tables A.9 through A.12 are the 
corresponding estimates for the alternative assessment with 1992 and 1993 CPUE discounted. The 
entries throughout these tables will change each year as updated and more recent information 
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become available. 
Figures A.1 through A.6 show the fit of the model to the observed data under the standard 

assessment. Figures A.7 through A.12 show the fit under the alternative assessment with CPUE 
discounted. The heights of the blocks represent the observed values while the heights of the lines 
represent the estimated values. Figures A.1 and A.7 show the observed versus estimated efforts 
for each closed area run for the standard and alternative assessments respectively. Figures A.2 
through A.6 and Figures A.8 through A.12 show the observed versus estimated catches for Areas 
2A-2B, 2C, 3A, 3B, and 4 for the standard and alternative assessments respectively. The figures 
are to scale across both age and time. 

CPUE was re-estimated this year for all years by gear-type back to 1984. Figure A.13 
shows the previous estimates (solid line) compared with the revised estimates for fixed-hook gear 
(dotted line) and snap-hook gear (dashed line). Currently only fixed-hook CPUE is used for stock 
assessment in Areas 2C, 3A, 3B, and 4, while both gear-types are used in Area 2A, and CPUE 
from snap-hook gear for statistical areas south of the northern end of Vancouver Is. is combined 
with CPUE from fixed-hook gear for all areas in 2B. The revised estimates represent an updating 
of information now stored in a relational database using updated data handling algorithms. This 
arrangement facilitates the use of logbook information that was previously unavailable, such as 
total log landings which occur on a mixture of gears where the dividual landing records on the 
log are recorded by gear-type. Note that the difference between the previous and the revised 
CPUE estimates is slight, and that snap-gear and fixed-gear trends are similar, although the 
average CPUE by gear-type can significantly differ depending on Area. 

CPUE from gear with hook-spacing which is less than 4 feet is now being included in the 
2A CPUE calculations. This modification is discussed in the Area 2A Assessment Supplement. 
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Table A.1 	Commercial CPUE (pounds per skate) 

Year 
AREA 

Total 2A 2B 2C 3A 3B 4 
1974 130.7 141.0 126.0 142.4 124.7 301.1 137.9 
1975 130.6 148.7 117.4 145.3 149.3 210.7 139.7 
1976 71.7 116.7 92.8 131.5 142.2 184.2 118.5 
1977 182.2 135.3 99.4 134.6 161.3 176.2 133.2 
1978 85.5 138.0 124.1 171.9 116.4 166.6 147.9 
1979 110.0 105.8 176.6 189.0 80.8 146.1 154.1 
1980 82.0 143.7 174.7 260.6 249.5 124.2 197.2 
1981 107.6 140.6 273.6 313.5 368.3 236.8 237.4 
1982 101.6 141.4 355.9 342.6 375.8 172.5 259.8 
1983 102.1 144.4 342.8 437.0 419.4 320.0 310.8 
1984 64.3 144.8 280.8 500.3 475.2 235.6 286.3 
1985 63.3 136.1 340.7 509.9 602.4 304.8 304.7 
1986 61.1 118.6 294.0 517.9 514.8 276.5 289.0 
1987 57.4 122.8 260.3 503.6 476.1 303.6 275.5 
1988 135.4 119.8 281.3 502.8 654.2 296.4 293.5 
1989 115.1 124.5 258.0 456.0 590.0 306.4 293.4 
1990 171.2 172.4 269.1 352.9 483.6 336.2 302.5 
1991 162.6 139.3 233.2 318.6 466.4 366.3 278.6 
1992 118.9 165.6 230.5 397.1 440.2 312.4 298.7 
1993 141.2 183.2 243.8 400.9 551.8 336.8 299.3 

* Standardized C hook equivalence. 
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Table A.2 	Commericial Catch (million pounds) 

Year 
AREA 

Total 2A 2B 2C 3A 3B 4 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.21 5.43 3.19 8.64 3.19 1.22 21.87 
1978 0.10 4.61 4.32 10.30 1.32 1.35 21.99 
1979 0.05 4.86 4.53 11.34 0.39 1.37 22.53 
1980 0.02 5.65 3.24 11.97 0.28 0.71 21.87 
1981 0.20 5.65 4.01 14.22 0.45 1.19 25.73 
1982 0.21 5.54 3.50 13.53 4.80 1.43 29.01 
1983 0.26 5.44 6.40 14.11 7.75 4.42 38.38 
1984 0.43 9.05 5.85 19.97 6.50 3.16 44.97 
1985 0.49 10.39 9.21 20.85 10.89 4.28 56.11 
1986 0.58 11.22 10.61 32.79 8.83 5.59 69.63 
1987 0.59 12.25 10.68 31.32 7.76 6.88 69.48 
1988 0.49 12.86 11.37 37.86 7.08 4.69 74.35 
1989 0.47 10.43 9.53 33.73 7.84 4.93 66.94 
1990 0.32 8.57 9.73 28.85 8.69 5.43 61.61 
1991 0.36 7.17 8.69 22.86 11.93 5.99 56.99 
1992 0.44 7.63 9.82 26.78 8.62 6.61 59.89 
1993 0.45 10.56 11.15 22.85 7.10 6.23 58.34 
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Table A.3 	Total Removals (million pounds) 

Year 
AREA 

Total 2A 2B 2C 3A 3B 4 
1974 0.52 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.22 5.44 3.26 8.84 3.19 1.22 22.17 
1978 0.11 4.62 4.40 10.58 1.32 1.35 22.37 
1979 0.06 4.88 4.70 11.70 0.39 1.37 23.10 
1980 0.04 5.66 3.57 12.45 0.28 0.71 22.72 
1981 0.22 5.68 4.33 14.98 0.45 1.20 26.86 
1982 0.26 5.60 3.99 14.25 4.80 1.44 30.34 
1983 0.33 5.54 6.95 15.06 7.75 4.42 40.05 
1984 0.55 9.18 6.47 21.00 6.50 3.18 46.87 
1985 0.69 11.02 10.10 22.99 11.09 4.44 60.33 
1986 0.92 11.80 11.77 36.56 9.23 5.92 76.19 
1987 1.04 12.95 11.83 34.88 8.10 7.17 75.98 
1988 0.74 13.41 12.65 42.63 7.20 4.80 81.43 
1989 0.80 11.11 11.28 38.20 8.04 5.09 74.52 
1990 0.53 9.41 11.31 33.38 8.91 5.69 69.23 
1991 0.52 7.82 10.69 28.24 12.35 6.31 65.92 
1992 0.69 8.39 11.73 31.32 8.80 6.77 67.72 
1993 0.70 11.42 13.22 27.60 7.16 6.41 66.51 
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Table A.4 	Exploitable Biomass (Closed Subarea) 

Year 

AREA 

Total 2A 2B 2C 3A 3B 4 

1974 1.67 31.06 32.23 56.07 9.01 25.90 155.93 

1975 1.75 32.78 32.10 61.69 9.88 24.95 163.14 

1976 1.62 32.31 31.59 65.87 10.27 23.65 165.30 

1977 1.72 31.34 32.39 70.68 10.85 23.25 170.23 

1978 1.63 31.64 36.16 77.87 11.37 23.55 182.21 

1979 1.65 31.57 39.49 82.91 13.51 24.16 193.30 

1980 1.53 31.62 43.45 89.02 17.55 24.97 208.13 

1981 1.60 32.19 49.33 98.26 23.68 28.21 233.26 

1982 1.45 34.26 57.32 110.18 31.20 31.35 265.76 

1983 1.63 37.75 66.78 126.45 36.51 34.40 303.52 

1984 1.59 42.80 73.01 144.25 39.50 34.02 335.17 

1985 1.72 47.61 78.05 161.06 43.00 35.07 366.50 

1986 1.68 50.60 78.47 174.09 40.84 35.78 381.46 

1987 1.61 53.21 78.51 182.56 42.78 36.43 395.11 

1988 1.86 53.97 78.44 195.34 45.05 34.93 409.59 

1989 2.13 52.65 76.88 195.68 45.82 35.69 408.85 

1990 2.46 51.66 74.42 186.43 42.89 35.20 393.07 

1991 2.86 52.15 71.77 172.49 36.77 34.43 370.47 

1992 2.97 52.38 68.55 155.80 27.85 32.51 340.06 

1993 2.59 49.30 61.84 136.68 21.12 28.83 300.37 

Estimates in million pounds by subarea. 
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Table A.5 	Historical Exploitation Rates (Closed Subarea) 

Year 

AREA 

Total +Bycatch 2A 2B 2C 3A 3B 4 

1974 0.31 0.15 0.17 0.15 0.19 0.03 0.14 0.26 
1975 0.26 0.22 0.19 0.17 0.26 0.03 0.17 0.24 
1976 0.15 0.23 0.17 0.17 0.27 0.03 0.17 0.25 
1977 0.13 0.17 0.10 0.13 0.29 0.05 0.13 0.20 
1978 0.07 0.15 0.12 0.14 0.12 0.06 0.12 0.19 
1979 0.04 0.15 0.12 0.14 0.03 0.06 0.12 0.20 
1980 0.03 0.18 0.08 0.14 0.02 0.03 0.11 0.20 
1981 0.14 0.18 0.09 0.15 0.02 0.04 0.12 0.18 
1982 0.18 0.16 0.07 0.13 0.15 0.05 0.11 0.16 
1983 0.20 0.15 0.10 0.12 0.21 0.13 0.13 0.17 
1984 0.34 0.21 0.09 0.15 0.16 0.09 0.14 0.17 
1985 0.40 0.23 0.13 0.14 0.26 0.13 0.16 0.18 
1986 0.55 0.23 0.15 0.21 0.23 0.17 0.20 0.22 
1987 0.64 0.24 0.15 0.19 0.19 0.20 0.19 0.22 
1988 0.40 0.25 0.16 0.22 0.16 0.14 0.20 0.23 
1989 0.38 0.21 0.15 0.20 0.18 0.14 0.18 0.21 
1990 0.21 0.18 0.15 0.18 0.21 0.16 0.18 0.22 
1991 0.18 0.15 0.15 0.16 0.34 0.18 0.18 0.22 
1992 0.23 0.16 0.17 0.20 0.32 0.21 0.20 0.25 
1993 0.27 0.23 0.21 0.20 0.34 0.22 0.22 0.27 

Estimates in million pounds by subarea. 
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Table A.6 	Annual Surplus Production (Closed Subarea) 

Year 

AREA 

2A 2B 2C 3A 3B 4 Total 

1974 0.60 6.34 5.47 13.81 2.54 -0.24 28.52 
1975 0.33 6.66 5.73 14.78 2.95 -0.67 29.78 
1976 0.34 6.31 6.33 15.85 3.31 0.32 32.46 
1977 0.13 5.74 7.03 16.03 3.71 1.52 34.16 
1978 0.13 4.55 7.73 15.62 3.46 1.96 33.45 
1979 -0.06 4.93 8.66 17.81 4.43 2.18 37.95 
1980 0.11 6.23 9.45 21.69 6.41 3.95 47.84 
1981 0.07 7.75 12.32 26.90 7.97 4.34 59.35 
1982 0.44 9.09 13.45 30.52 10.11 4.49 68.10 
1983 0.29 10.59 13.18 32.86 10.74 4.04 71.70 
1984 0.68 13.99 11.51 37.81 10.00 4.23 78.22 
1985 0.65 14.01 10.52 36.02 8.93 5.15 75.28 
1986 0.85 14.41 11.81 45.03 11.17 6.57 89.84 
1987 1.29 13.71 11.76 47.66 10.37 5.67 90.46 
1988 1.01 12.09 11.09 42.97 7.97 5.56 80.69 
1989 1.13 10.12 8.82 28.95 5.11 4.60 58.73 
1990 0.93 9.90 8.66 19.44 2.79 4.92 46.64 
1991 0.63 8.05 7.47 11.55 3.43 4.39 35.52 
1992 0.31 5.31 5.02 12.20 2.07 3.09 28.00 
1993 0.27 5.00 4.53 10.70 1.57 2.74 24.73 

Estimates in million pounds by subarea. 
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Table A.7 	Fishing Mortalities (Closed Subarea) 

Year 
AREA 

2A-2B 2C 3A 3B 4 
1974 0.15 0.21 0.19 0.24 0.03 
1975 0.24 0.24 0.25 0.33 0.03 
1976 0.22 0.22 0.23 0.30 0.03 
1977 0.17 0.12 0.17 0.35 0.07 
1978 0.13 0.14 0.19 0.15 0.05 
1979 0.15 0.13 0.18 0.03 0.06 
1980 0.18 0.11 0.21 0.02 0.02 
1981 0.17 0.10 0.21 0.02 0.05 
1982 0.15 0.07 0.16 0.17 0.04 
1983 0.14 0.12 0.15 0.24 0.15 
1984 0.19 0.10 0.18 0.19 0.12 
1985 0.23 0.16 0.21 0.37 0.14 
1986 0.23 0.17 0.29 0.25 0.18 
1987 0.24 0.18 0.26 0.23 0.22 
1988 0.25 0.20 0.30 0.19 0.14 
1989 0.23 0.19 0.27 0.20 0.16 
1990 0.17 0.18 0.24 0.25 0.17 
1991 0.13 0.17 0.24 0.42 0.19 
1992 0.16 0.21 0.27 0.40 0.23 
1993 0.24 0.25 0.29 0.43 0.25 
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Table A.8 	Recruitment (Closed Subarea) 

Year 

AREA 

2A 2B 2C 3A 3B 4 Total 

1974 0.5 9.5 8.6 19.5 3.3 2.2 43.6 
1975 0.5 9.4 8.8 25.6 4.5 2.9 51.7 
1976 0.5 9.5 9.5 27.2 4.5 2.7 53.9 
1977 0.5 9.9 11.3 27.6 5.0 3.3 57.6 
1978 0.6 11.5 14.1 30.3 6.2 3.7 66.4 
1979 0.6 11.3 14.4 25.4 5.9 3.9 61.4 
1980 0.6 12.1 17.9 27.9 8.0 5.2 71.7 
1981 0.7 14.1 19.3 40.8 14.3 11.9 101.1 
1982 0.6 15.1 18.8 41.4 12.7 9.8 98.5 
1983 0.7 17.3 19.6 45.7 14.0 9.2 106.4 
1984 0.8 22.8 22.6 56.2 14.5 7.1 124.0 
1985 1.0 28.5 27.6 69.5 20.6 16.0 163.2 
1986 0.8 23.8 20.3 56.6 15.1 11.2 127.7 
1987 0.8 26.0 19.2 61.2 13.8 10.4 131.5 
1988 0.8 22.9 17.1 73.2 18.0 7.9 139.9 
1989 0.6 15.6 13.2 44.9 10.1 5.7 90.1 
1990 0.7 13.7 11.6 27.9 5.6 5.2 64.7 
1991 0.9 16.2 12.5 46.0 5.5 5.7 86.8 
1992 0.9 16.3 12.0 26.9 3.9 6.0 65.9 
1993 0.5 10.4 6.6 15.0 1.9 2.6 37.0 

Estimates in million pounds by subarea. 
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Table A.9 Exploitable Biomass (Closed Subarea) 
Discounting 1993 and 1992 CPUE 

Year 
AREA 

Total 2A 2B 2C 3A 3B 4 

1974 1.66 30.83 32.21 55.97 9.18 24.32 154.17 
1975 1.73 32.46 32.08 61.56 10.07 23.37 161.27 
1976 1.60 31.88 31.56 65.71 10.45 22.10 163.29 

1977 1.69 30.78 32.35 70.49 11.00 21.65 167.96 
1978 1.59 30.91 36.11 77.63 11.47 21.80 179.51 
1979 1.60 30.67 39.42 82.64 13.52 22.25 190.11 
1980 1.47 30.51 43.36 88.69 17.41 22.83 204.27 
1981 1.53 30.79 49.21 97.85 23.26 25.63 228.28 
1982 1.37 32.44 57.18 109.67 30.37 28.24 259.27 
1983 1.53 35.37 66.59 125.80 35.17 30.74 295.20 
1984 1.47 39.59 72.78 143.41 37.51 29.81 324.57 
1985 1.56 43.18 77.77 159.97 40.19 30.10 352.76 
1986 1.49 44.71 78.14 172.69 37.10 29.96 364.08 
1987 1.38 45.52 78.13 180.74 37.80 29.48 373.04 
1988 1.53 44.32 77.99 192.92 38.44 26.95 382.16 
1989 1.66 41.02 76.37 192.60 37.70 26.55 375.90 
1990 1.81 37.91 73.84 182.85 33.75 24.87 355.02 
1991 1.98 36.09 71.12 168.49 26.98 22.78 327.44 
1992 1.94 34.28 67.84 151.49 17.52 19.58 292.63 
1993 1.56 29.75 61.11 132.11 10.36 14.90 249.78 

Estimates in million pounds by subarea. 
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Table A.10 Historical Exploitation Rates (Closed Subarea) 
Discounting 1993 and 1992 CPUE 

Year 

AREA 

Total +Bycatch 2A 2B 2C 3A 3B 4 

1974 0.31 0.15 0.17 0.15 0.18 0.03 0.14 0.26 

1975 0.27 0.22 0.19 0.17 0.25 0.03 0.17 0.24 

1976 0.15 0.23 0.18 0.17 0.26 0.03 0.17 0.25 

1977 0.13 0.18 0.10 0.13 0.29 0.06 0.13 0.20 

1978 0.07 0.15 0.12 0.14 0.12 0.06 0.12 0.19 

1979 0.04 0.16 0.12 0.14 0.03 0.06 0.12 0.20 

1980 0.03 0.19 0.08 0.14 0.02 0.03 0.11 0.20 

1981 0.14 0.18 0.09 0.15 0.02 0.05 0.12 0.18 

1982 0.19 0.17 0.07 0.13 0.16 0.05 0.12 0.16 

1983 0.21 0.16 0.10 0.12 0.22 0.14 0.14 0.17 

1984 0.37 0.23 0.09 0.15 0.17 0.11 0.14 0.17 
1985 0.44 0.26 0.13 0.14 0.28 0.15 0.17 0.19 

1986 0.62 0.26 0.15 0.21 0.25 0.20 0.21 0.23 

1987 0.75 0.28 0.15 0.19 0.21 0.24 0.20 0.23 

1988 0.48 0.30 0.16 0.22 0.19 0.18 0.21 0.25 

1989 0.48 0.27 0.15 0.20 0.21 0.19 0.20 0.23 

1990 0.29 0.25 0.15 0.18 0.26 0.23 0.19 0.24 

1991 0.26 0.22 0.15 0.17 0.46 0.28 0.20 0.25 

1992 0.36 0.24 0.17 0.21 0.50 0.35 0.23 0.29 

1993 0.45 0.38 0.22 0.21 0.69 0.43 0.27 0.33 

Estimates in million pounds by subarea. 
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Table A.11 Annual Surplus Production (Closed Subarea) 
Discounting 1993 and 1992 CPUE 

Year 

AREA 

Total 2A 2B 2C 3A 3B 4 

1974 0.59 6.25 5.47 13.78 2.56 -0.24 28.41 

1975 0.33 6.55 5.72 14.75 2.94 -0.64 29.65 

1976 0.33 6.18 6.32 15.82 3.28 0.27 32.20 

1977 0.12 5.57 7.02 15.98 3.66 1.37 33.72 
1978 0.12 4.38 7.71 15.59 3.37 1.80 32.97 
1979 -0.07 4.72 8.64 17.75 4.28 1.95 37.27 
1980 0.10 5.94 9.42 21.61 6.13 3.51 46.71 
1981 0.06 7.33 12.30 26.80 7.56 3.81 57.86 
1982 0.42 8.53 13.40 30.38 9.60 3.94 66.27 
1983 0.27 9.76 13.14 32.67 10.09 3.49 69.42 
1984 0.64 12.77 11.46 37.56 9.18 3.47 75.08 
1985 0.62 12.55 10.47 35.71 8.00 4.30 71.65 
1986 0.81 12.61 11.76 44.61 9.93 5.44 85.16 
1987 1.19 11.75 11.69 47.06 8.74 4.64 85.07 
1988 0.87 10.11 11.03 42.31 6.46 4.40 75.18 
1989 0.95 8.00 8.75 28.45 4.09 3.41 53.65 
1990 0.70 7.59 8.59 19.02 2.14 3.60 41.64 
1991 0.48 6.01 7.41 11.24 2.89 3.11 31.14 
1992 0.31 3.86 5.00 11.94 1.64 2.09 24.84 
1993 0.25 3.35 4.50 10.41 0.97 1.59 21.20 

Estimates in million pounds by subarea. 
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Table A.12 Fishing Mortalities (Closed Subarea) 
Discounting 1993 and 1992 CPUE 

Year 

AREA 

2A-2B 2C 3A 3B 4 

1974 0.15 0.21 0.19 0.22 0.03 

1975 0.24 0.24 0.25 0.31 0.03 

1976 0.22 0.22 0.23 0.28 0.03 

1977 0.17 0.12 0.17 0.33 0.07 

1978 0.14 0.14 0.19 0.14 0.05 

1979 0.15 0.13 0.19 0.03 0.06 
1980 0.18 0.11 0.21 0.02 0.03 

1981 0.18 0.10 0.21 0.02 0.05 
1982 0.15 0.07 0.16 0.17 0.04 

1983 0.15 0.12 0.15 0.24 0.17 
1984 0.21 0.10 0.18 0.19 0.14 
1985 0.25 0.16 0.21 0.38 0.16 
1986 0.26 0.18 0.29 0.27 0.22 
1987 0.28 0.18 0.26 0.25 0.28 
1988 0.31 0.20 0.31 0.21 0.18 
1989 0.29 0.19 0.28 0.23 0.22 
1990 0.23 0.18 0.25 0.32 0.24 
1991 0.19 0.17 0.24 0.59 0.30 
1992 0.25 0.21 0.28 0.70 0.42 
1993 0.43 0.26 0.30 1.11 0.54 

103 

Page 285Sullivan, P.J., 1994. Population assessment, 1993. IPHC 
Rep. Assess. Res. Act. 1993., pp. 63–131.



Table A.13 Recruitment (Closed Subarea) 
Discounting 1993 and 1992 CPUE 

Year 

AREA 
Total 2A 2B 2C 3A 3B 4 

1974 0.5 9.3 8.6 19.5 3.3 2.0 43.2 

1975 0.5 9.2 8.8 25.5 4.5 2.7 51.2 

1976 0.5 9.3 9.5 27.1 4.5 2.4 53.3 

1977 0.5 9.5 11.3 27.5 4.9 3.0 56.8 

1978 0.6 11.1 14.1 30.2 6.0 3.3 65.3 

1979 0.6 10.8 14.4 25.4 5.7 3.5 60.2 

1980 0.6 11.5 17.9 27.8 7.6 4.6 70.0 

1981 0.7 13.3 19.2 40.6 13.6 10.5 97.9 

1982 0.6 14.1 18.7 41.2 11.9 8.6 95.1 

1983 0.7 15.8 19.5 45.4 12.9 7.9 102.2 

1984 0.8 20.4 22.5 55.8 13.1 5.9 118.5 

1985 0.9 24.8 27.5 68.8 18.2 13.0 153.2 

1986 0.7 20.0 20.2 55.8 12.8 8.7 118.2 

1987 0.6 20.9 19.1 60.2 11.1 7.8 119.8 

1988 0.6 17.5 16.9 71.7 13.8 5.6 126.2 

1989 0.5 11.3 13.1 43.8 7.2 3.8 79.6 

1990 0.4 9.3 11.5 27.1 3.6 3.2 55.2 

1991 0.6 10.3 12.3 44.5 3.1 3.2 74.1 

1992 0.6 9.7 11.8 25.8 1.8 3.0 52.8 

1993 0.3 5.7 6.5 14.3 0.7 1.2 28.5 

Estimates in million pounds by subarea. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

AREA 2A ASSESSMENT SUPPLEMENT 

by 

Patrick J. Sullivan 

INTRODUCTION 

The Pacific halibut stock is assessed on an annual basis coast wide. This year's 
assessment is presented in the sections of this report entitled Population Assessment, 1993 
(Sullivan 1994a) and in Population Assessment, 1993: Technical Supplement (Sullivan 1994b). 
The Population Assessment section provides estimates of the exploitable biomass, shows 
population trends, makes quota recommendations based on a constant exploitation rate, and 
generally outlines the information that goes into the assessment. The Technical Supplement 
section provides further information, including area specific tables of commercial CPUE, 
commercial catch, total removals, exploitable biomass, historical exploitation rates, annual surplus 
production, and total instantaneous fishing mortality estimates. The Technical Supplement 
section also documents changes or modifications to the methodology that have been initiated in 
the present year. This Area 2A Supplement summarizes and expands on the Area 2A assessment 
and indicates where in the literature such supplemental information may usually be found. A 
brief overview of the assessment methodology is given first, followed by a biological assessment 
of the Area 2A stock. CPUE and CPUE partitioning methodology are also presented for 
determining quota recommendations. 

AREA 2A ASSESSMENT METHODOLOGY 

Area 2A encompasses Pacific halibut grounds off the coasts of Washington, Oregon, and 
California. Roughly 1% of the halibut exploitable biomass resides in this area and there are a 
number of recent reports that address the assessment and management of halibut in that area 
(Deriso and Price 1987, Trumble and Williams 1988, Clark 1989, Trumble 1990, Clark 1992, 
Clark and Wilkins 1992, St. Pierre 1992, Blood 1992) including two recent IPHC Scientific 
Reports (Trumble et al. 1991, Sullivan et al. 1993). 

Pacific halibut stock assessments are conducted on an area by area basis. Due to its 
relatively low level of stock biomass the Area 2A assessment is conducted jointly with the 
assessment for Area 2B (British Columbia) thus providing a more stable annual estimate. A 
catch-age procedure (Deriso et al. 1985) is used in the analysis with modifications as discussed 
in (Sullivan et al. 1992, Sullivan 1994a,b). As indicated in the Population Assessment section 
of the annual (variously named) report to the Commissioners total catch, catch-per-unit-effort 
(CPUE), age composition, and average weight are incorporated into the analysis along with 
assumptions about natural mortality and selectivity. Analysis of model sensitivity to these 
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assumptions for the Area 2A assessment are discussed elsewhere by Clark (Trumble et al. 1991). 
Generally, trends from the Area 2A-2B combined assessment mainly reflect the Area 2B stock 
dynamics because 95% of the catch, and therefore 95% of the available information, comes from 
that area. Relative trends not withstanding, the total catch contribution from Area 2A does effect 
the absolute levels of estimated abundance. 

Area 2A commercial catch is given in the annual Technical Supplement sections and 
includes non-treaty commercial and treaty landings, while total removals include, in addition, 
sport harvest and wastage. Historical distribution of the catch, and other catch statistics, are 
given by fleet and by various area specifications (e.g. statistical area, state) in recent IPHC 
Scientific Reports (Trumble et al. 1991). Catch by Area 2A statistical areas is reviewed in Figure 
1. Note that there has been a significant increase in the harvest over the time period considered 
in the analysis. Low catches observed in the years 1978, 1979, and 1980 were due to early 
closure of the season in Area 2 when most of the catch was being taken in what is now known 
as Area 2C. 

Conversion factors used to standardize effort are applied annually on a coast-wide basis 
(Sullivan et al. 1992). Snap-gear effort is currently multiplied by a factor of 0.71 and, for 
statistical areas 81 and south, is computed in with fixed gear effort in determining the area-wide 
CPUEs. Snap-gear data are currently being evaluated for coast-wide use. Adjustments are made 
to standardize effort for the effect of variations in hook-spacing (Hamley and Skud 1978, Sullivan 
1991), and in recent assessments gear with spacing less than four feet has been excluded because 
this short a spacing falls outside the range of the data used to derive the standardization 
algorithm. However, the shorter spacing (commonly used for black-cod fishing) makes up a 
significant portion of the poundage for which logbook information is available in Area 2A. 
Figure 2 shows recent trends in CPUE for gear with spacing greater than four feet, less than four 
feet, and combined. The resulting change in mean CPUE between estimates that include or 
exclude gear with spacing less than four feet was not significant although the annual variance in 
the estimate was reduced. This suggests that gear with hook-spacing less than four feet can 
reasonably be included in the estimates. Catch and effort statistics for gear of this type will now 
be included (in Area 2A only) by uniformly applying the adjustment estimated for gear with four 
foot spacing to gear with hook spacing less than four feet. This results in roughly a 46% upward 
adjustment to CPUE for gear of this type as shown in Figure 2. 

Table 1 gives the percent of landed poundage for which useable effort information is 
available for the years 1986-1992 for Area 2A and for Area 3A for comparison. Logbook 
information is taken only from commercial (treaty and non-treaty) catch, but because sport catch 
makes up a greater portion of the overall landings in Area 2A the percentages are also provided 
with sport catch included for contrast. The percent coverage is adequate for providing consistent 
estimates of biomass. 

Auxiliary estimates of halibut abundance from trawl survey data have been considered for 
inclusion into the Area 2A assessment (Clark and Wilkins 1992), but there is a puzzling 
unexplained difference in trends between the trawl survey data and the commercial CPUE data. 
Trawl survey estimates appear to be relatively low in 1977 and 1980. It is likely that Area 2A 
would have been closed to fishing had these estimates been used as a measure of stock 
abundance. In contrast, a significant catch with fairly stable commercial CPUE was taken over 
this time period. Incorporating this auxiliary information now could impart spurious trends to 
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the estimates. Joint research between IPHC and NMFS continues in this area. 
Age and length-at-age information is gathered through the standard port sampling 

procedures applied coast-wide (Clark 1990). The only difference is that Area 2A ages and 
lengths are sampled at 10 times the rate (pounds sampled per pounds landed) of Area 2B in order 
to increase precision in this area. (The actual sample size target is 1000 otolith samples in Area 
2A and 2000 in Area 2B). 

AREA 2A BIOLOGICAL ASSESSMENT 

Coast-wide assessments indicate that the Pacific halibut stock has been declining at a rate 
of about 5-10% per year since the mid-1980s (Sullivan 1994a,b). Recent analysis of NMFS 
Bering Sea trawl survey data indicates a strong 1987 year class on the horizon that should enter 
the fishery at age 8 in 1995 (Clark and Walters 1993) which will hopefully stem stock decline. 
Area 2A recruitment measures (biomass of fish at age 8 as estimated jointly with Area 2B) show 
trends in biomass and recruitment that are similar to those observed coast-wide. 

Biomass and recruitment trends are based on the standard catch-age analysis and combine 
a number of measures of stock dynamics in a unified and systematic manner. However, 
examining biological indicators for the Area 2A stock that are not linked to any specific model 
may also be enlightening. Figure 3, for example, shows the smoothed catch at age by cohort 
from the time it first enters the fishery till the time it leaves. The smoother averages over time 
and over the different cohorts represented, and only those cohorts present in the fishery from age 
8 till age 17 were used (i.e. cohorts that were age 8 recruits the years 1974 through 1983). The 
contrast between the three relative catches per year in the fishery indicates that, on average, 
halibut were, over those years, harvested more heavily earlier in their life history in Areas 2A 
and 2B than they were in Area 3A. This is consistent with model based estimates (Figure 4) 
which indicate that the harvest rate was 10% higher on average in 2A than in 3A in those years 
and that the harvest rate in 2B was 10% higher than that in 2A over the same period. This area 
specific contrast is also marked the relative abundance of halibut at age the 1992 catch (Figure 
5), pointing to a standing stock with significantly smaller and younger halibut relative to northern 
portions of the population. In 1992, the average age of halibut the catch in Area 2A was 10.7 
years in contrast to an average age of 11.5 years in Area 2B, 12.7 years in 2C, and 12.1-12.7 
years in Areas 3 and 4. A smaller weight at age and a negligible number of fish age 18 and 
older are also observed (Blood 1993). These effects are not likely due to changes in the 
characteristics of the fleet (Table 2) or sampling procedure (Clark 1992), and may reflect poorer 
or less available habitat, poorer recruitment (Figure 6), and higher ploitation rates relative to 
Areas north (Figure 4). The combined commercial, treaty, and sport exploitation has, since 1974, 
averaged at a rate of 0.25 pound removed per pound of exploitable biomass contrast to the 0.20 
rate observed for Area 2B and the 0.18 rate observed for Area 3A as based on 1992 stock 
assessment estimates. 

CPUE AND CPUE PARTITIONING 

Catch-per-unit-effort for halibut represents the poundage of legal size fish (length greater 
than 81 cm) landed per standard skate (1800 foot length of line with 18 foot hook spacing). As 
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mentioned above, and discussed elsewhere (Sullivan et al. 1992), adjustments are made to 
account for variation in hook-type, hook-spacing, and gear-type. A comparison across IPHC 
regulatory Areas indicates that CPUE has remained low in the southern most Areas 2A and 2B 
(Figure 7). 

Individual vessel quota management, initiated for Pacific halibut 1991 in Area 2B, has 
brought about changes in fleet behavior that area. Initial indications are that these changes have 
not affected IPHC catch statistics (Sullivan 1993) although research this area continues. 

A combined assessment is conducted for Area 2A and 2B and then relative measures of 
CPUE and habitat are used to partition the biomass between the two areas. The principles behind 
the method of CPUE partitioning are discussed in IPHC Scientific Report No. 72 (Quinn et al. 
1985) and elsewhere (Sullivan et al. 1992). The partitioning works in this way: CPUE provides 
a measure of halibut density, this estimate when multiplied by area (habitat) results in an estimate 
of relative abundance. The estimates are generally derived by averaging, in some manner, the 
relevant statistics over time. There are various approaches to taking these averages for both 
CPUE and habitat although the results are fairly consistent between methods (Quinn et al. 1985). 

In 1992, IPHC staff used a 4.5% to 95.5% partition between Area 2A and Area 2B. This 
partition reflected a compromise between the value of 4.3% under a 10 year running average and 
4.9% under a 5 year running average. The staff decided to no longer use the twice applied 
running median smoother (which had been in use for nearly a decade) as it recently proved to 
be too unstable at the end point (the median smoother estimate was 4.1% for 1992). The final 
quota set for Area 2A in 1992 reflected the 4.5% partition applied to the 2A-2B constant 
exploitation yield (CEY). The CEY for this combined area was computed using a 0.33 
exploitation rate. The 0.33 exploitation rate was used as a phase in to a 0.30 rate; a rate that was 
determined to be the appropriate coastwide level of exploitation (Parma 1993). In 1993, a 0.30 
rate will be applied to Areas 2A and 2B to complete the phase in. We now consider some 
alternative partitioning methods. 

Variability is reduced the annual density statistic used for partitioning by averaging or 
smoothing (e.g. with running medians) annual area specific CPUEs over time. An optimal 
smoother will reduce the year-to-year variation observed in the data while tracking significant 
trends. Median smoothers are often employed because they tend to react robustly to outliers. 
Running averages on the other hand change more gradually, but may be unduly influenced (for 
an extended period of time) by high or low outlying values. Estimates of the endpoint percentage 
under various smoothing procedures are given in Figure 8. The 1992 Area 2A percentages 
follow from application of the smoothers to CPUE for Areas 2A and 2B. The smoothed endpoint 
estimate (the smoothed 1992 estimate for example) for each area is then multiplied by fixed 
habitat measures to determine the biomass partitioned to each area and the final percentage is 
determined from the ratio of partitioned Area 2A biomass to the combined 2A-2B biomass 
estimate. 

Figure 8 shows the results of three types of smoothers relative to the results of not 
applying any smoothing algorithm. Clearly, the median smoother did not significantly modify 
the results from the no smooth option. The other algorithms arrive at lower percentages for 
recent years. The higher set represents 5, 10, and 15 year running averages on CPUE. The 
lower set takes similar running averages for catch and divides them by running averages for 
effort, which is essentially an effort weighted running average. Both sets of running averages 
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put more emphasis on the lower CPUE observed in earlier years (not shown). The results for 
these years range from 2.5% to 6.5% which is not dissimilar to previous findings based on 
analysis of habitat measures, CPUE, extended cohort analysis runs (5.3%-6.0% Quinn et al. 1985) 
and those based on historical catch ratios for years when vessels were free to fish throughout the 
area and when seasons were identical (5.2%) or alternatively when seasons or quotas were 
separate (4.5%). 

Updated relative habitat values for Areas 2A and 2B were computed using the method 
of Quinn et al. (1985) based on CPUE statistics and exploitable biomass estimates derived from 
Virtual Population Analysis (VPA). The VPA was conducted on Areas 2A and 2B separately 
for the years 1935-1992 using final fishing mortalities estimated by CAGEAN for 2A-2B 
combined (Parma, pers. coin.). Recomputed mean and median statistics of relative habitat for 
the years 1950-1980 indicate, respectively, that 5.4% and 5.2% of the Area 2A-2B habitat resides 
in Area 2A. These values are slightly lower than those currently used of, 5.7% and 5.5% 
respectively as derived by Quinn et al. (1985). 

Algorithm choice depends on what factors one wishes to optimize. One can 1) follow 
variations in the stock estimates closely in an attempt to maximize yield, but run the risk of 
having quotas which vary significantly from year-to-year; or alternatively one can 2) act to 
minimize the year-to-year variations in the quota while potentially forfeiting some long term 
yield. In order for either option to be viable we presuppose that the risk to the stock is 
minimized. In terms of the algorithms presented above a five year running average seems 
reasonable. It would reduce year-to-year variation in the quota and yet it would respond quickly 
to significant trends in the population. 

ADDITIONAL INFORMATION 

The IPHC staff have received many requests for information over the last few weeks. 
Enclosed as appendices are some tables we have sent out summarizing catch statistics, landings, 
and CPUE in various alternative ways. 
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Area 2A Catch 
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Figure 1. 	Catch in pounds by statistical areas 007-030 (bottom), 040 (middle), and 050 
(top). Area 2A total sport catch is shown as the superimposed line. 
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Area 2A CPUE as Affected by Hookspacing 
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Figure 2. 	Catch per unit of effort for gear with spacing greater than or equal to four 
foot spacing, gear with less than four foot spacing, and combined. CPUE for 
gear with less than four foot spacing has been adjusted upward by a factor 
of 1.46 as shown to acocunt for differences in catch per hook at different 
hook spacing increments. 
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Figure 3. 	Smoothed relative catch of fully observed cohorts. 
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Historical Exploitation Rate 
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Figure 4. 	Historical exploitation rate calculated as total removals (other than bycatch) 
as a proportion of the estimated exploitable biomass. 
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Figure 5. 	Catch in numbers at age for Areas 2A, 2B, and 3A, 1992. 
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Figure 6. 	Recruitment biomass normalized to the maximum annual recruitment value 
for Areas 2A, 2B, and 3A. 
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Figure 7. 	Catch in pounds per unit of effort coast-wide and by IPHC regulatory area. 
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Figure 8. Smoothed percentage of combined Area 2A-2B biomass partitioned into Area 
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Table 1. 	Percent of landed poundage for which useable logbook information was 
available for Area 2A and Area 3A. 

Percent of Commercial Landings Only. 

Area 1986 1987 1988 

Year 

1989 1990 1991 1992 

2A 29 26 40 53 32 47 45 

3A 33 40 38 45 43 43 40 

Percent of Commercial and Sport Landings. 

Area 1986 1987 1988 

Year 

1989 1990 1991 1992 

2A 18 15 26 31 20 32 29 

3A 31 37 35 41 38 36 35 

Table 2. 	Number of vessels participating Area 2A halibut fishery by user-group 
(Commercial and Treaty) and by gear type (Fixed-hook, Snap, and Other). 
Treaty vessel numbers are based on identifiers associated with individual 
fishers. 

Year Commercial Treaty Fixed Snap Other Total 

86 318 54 94 89 189 372 

87 322 123 97 93 255 445 

88 216 154 61 73 236 370 

89 181 124 21 28 256 305 

90 167 47 16 25 173 214 

91 181 40 17 46 158 221 

92 205 65 30 55 185 270 
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AREA 2A CATCHES BY SUBAREA. AND FISHERY 

Year 

Area 2A 

Non-Treace Treaty 

Comm) Soon" Comm. C & S TOW 

1929 1,564.0 1.564.0 
1930 1.167.0 1.167.0 

1931 1379.0 1.279.0 
1932 154.0 1254.0 
1933 1,116.0 1.116.0 
1934 1.984.0 1,984.0 
1935 1.770.0 1,770.0 

1936 901.0 901.0 
1937 917.0 917.0 
1938 951.0 951.0 
1939 1.363.0 1.363.0 
1940 931.0 981.0 

1941 509.0 509.0 
1942 718.0 718.0 
1943 1 /37.0 1237.0 
1944 897.0 897.0 
1945 729.0 729.0 

1945 900.0 900.0 
1947 572.0 572.0 
1948 407.0 407.0 
1949 618.0 618.0 
1950 703.0 703.0 

1951 585.0 585.0 
1952 617.0 617.0 
1953 502.0 502.0 
1954 853.0 853.0 
1955 612.0 612.0 

1956 529.0 529.0 
1957 596.0 596.0 
1958 523.0 523.0 
1959 669.0 669.0 
1960 885.0 885.0 

1961 497.0 497.0 
1962 449.0 449.0 
1963 412.0 412.0 
1964 280.0 280.0 
1965 214.0 214.0 

IPHC 11/12/93 
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Year 

Area 2A 

Noo-Treary Treaty 

Comm.' Spore 3  Comm. C & S Tocal 

1966 183.0 183.0 
1967 199.0 199.0 
1968 138.0 138.0 
1969 230.0 230.0 
1970 159.0 12.1 171.1 

1971 318.0 318.0 
1972 369.0 24.4 393.4 
1973 225.0 15.8 240.8 
1974 515.0 15.3 530.3 
1975 460.0 17.3 L77•3 

1976 238.0 10.3 248.3 
1977 207.0 13.4 220.4 
1978 97.0 10.0 107.0 
1979 46.0 14.6 60.6 
1980 22.0 18.7 40.7 

1981 202.0 18.6 220.6 
1982 211.0 50.3 261.3 
1983 265.0 62.6 327.6 
1984 431.0 118.1 549.1 
1985 489.0 193.1 3.9 10.5 696.5 

1986 564.0 333.0 17.4 10.0 924.4 
1987 548.0 445.8 43.7 10.9 1,048.4 
1988 392.0 248.8 94.0 9.2 7=14.0 
1989 330.0 326.6 142.0 10.0 808.6 
1990 203.0 196.7 122.0 9.9 531.6 

1991 233.0 158.4 122.0 7.3 520.7 
1992 282.0 249.7 155.4 14.2 701.3 
19934  310.0 246.5 138.0 14.0 708.5 

`The commercial catch in Area 2A-1 is derived from IPHC statistical areas 40 and 50. Area 
2A-1 does not completely extend through Statistical Area 40; therefore 80% of the catch in 
Statistical Area 40 is attributed to Area 2A-1 and 20% is attributed to Area 2A-2 

'The sport catch in Area 2A-1 is assumed to be 100% of the Washington sport landings. A 
negligible amount occurs south of Westport, Washington and is assumed to be insignificant. 

'Sport landing estimates are not available where not indicated, but are believed to be minor. 

`Preliminary 
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Year 

Area 2A-2 

Nou-Treary 

5 Area 2A Comm.` Sport Taal 

1929 1,235.6 1235.6 79.0 
1930 825.8 825.3 70.3 

1931 949.2 949.2 74.2 
1932 876.4 876.4 69.9 
1933 749.2 749.2 67.1 
1934 1.616.6 1,616.6 81.5 
1935 1.494.4 1,494.4 84:4 

1936 718.4 718.4 79.7 
1937 715.4 715.4 78.0 
1938 721.0 721.0 75.8 
1939 1,099.8 1,099.8 80.7 
•1940 823.4 828.4 84.4 

1941 350.4 350.4 68.8 
1942 316.0 316.0 44.0 
1943 439.0 439.0 35.5 
194 359.6 359.6 40.1 
1945 456.4 456.4 62.6 

1945 600.0 600.0 66.7 
1947 423.6 423.6 74.1 
1948 260.6 260.6 64.0 
1949 387.6 387.6 62.7 
1950 377.6 377.6 53.7 

1951 290.8 290.8 49.7 
1952 321.4 321.4 52.1 
1953 215.6 215.6 42.9 
1954 558.4 558.4 65.5 
1955 381.4 381.4 62.3 

1956 326.8 325.8 61.8 
1957 298.4 298.4 50.1 

' 1958 220.6 220.6 4/.1 
1959 141.4 141.4 21.1 
1960 250.0 260.0 29.4 

1961 236.8 236.8 47.6 
1962 /31.2 231.2 62.6 
1963 176.8 176.8 42.9 
1964 109.8 109.8 39.2 
1965 99.2 99.2 46.4 

IPHC 11/12/93 	 Appendix 1.3 
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Year 

Area 2A-2 

Yon-Treaty 

% Area /A Co)ca Soon' ' Total 

1966 81.2 • 8L2 44.4 
1967 75.4 75.4 37.9 
1968 52.8 52.8 38.3 
1969 75.4 75.4 32.8 
1970 48.4 48.4 28.3 

197 1 114.0 114.0 35.8 
1972 104.6 104.6 26.6 
1973 7.0 7.0 2.9 
1974 68.0 63.0 12.8 
1975 38.2 5.0 43.2 9.1 

1976 49.0 5.0 54.0 21.7 
1977 59.2 5.0 64.2 29.1 
1978 33.2 5.0 38.2 35.7 
1979 16.0 5.0 21.0 34.7 
1980 72 5.0 12.2 30.0 

1981 52.4 6.6 59.0 26.7 
1982 79.6 7.1 86.7 33.2 
1983 134.6 7.9 142.5 435 
1984 161.6 5.1 166.7 30.4 
1985 133.9 8.7 142.6 20.5 

1986 290.6 35.0 325.6 35.2 
1987 275.5 78.2 353.7 33.7 
1988 104.2 74.3 278.5 37.4 
1989 133.6 134.9 268.5 33.2 
1990 61.9 73.1 135.0 25.4 

1991 92.9 56.2 149.1 28.6 
1992 131.0 84.1 215.1 30.7 
19934  114.0 96.8 210.8 29.8 

'The commercial catch in Area 2A-1 is derived from IPHC statistical areas 40 and 50. Area 
2A-1 dbes not completely extend through Statistical Area 40; therefore 80% of the catch in 
Statistical Area 40 is attributed to Area 2A-1 and 20% is attributed to Area 2A-2. 

2The sport catch in Area 2A-1 is assumed to be 100% of the Washington sport landings. A 
negligible amount occurs south of Westport, Washington and is assumed to be insignificant. 

3Sport landing estimates are not available where not indicated, but are believed to be minor. 

4Preliminary 
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Year 

Area 2A-1 

Total Co Area 2A 

Noa-Treacy Teary 

Comm.' Sport= ' Comm. C & S 

1929 328.4 328.4 21.0 
1930 341.2 341.2 /9? 

1931 329.8 329.8 25.8 
1932 371.6 377.6 30.1 
1933 366.8 366.8 32.9 
1934 367.4 367.4 18.5 
1935 275.6 275.6 • 15.6 

1936 182.6 182.6 20.3 
1937 201.6 201.6 22.0 
1938 230.0 230.0 24./ 
1939 /63./ 263.2 19.3 
1940 152.6 152.6 15.6 

1941 158.6 158.6 31.2 
1942 402.0 402.0 56.0 
1943 798.0 798.0 64.5 
1944 537.4 537.4 59.9 
1945 272.6 272.6 37.4 

1946 300.0 300.0 33.3 
1947 148.4 148.4 25.9 
1948 146.4 146.4 36.0 
1949 230.4 230.4 37.3 
1950 325.4 325.4 46.3 

1951 /94./ 294.2 50.3 
1952 295.6 295.6 47.9 
1953 286.4 286.4 57.1 
1954 294.6 294.6 34.5 
1955 230.6 230.6 37.7 

1956 /0/.1 /02.2 38.2 
1957 297.6 297.6 49.9 
1958 302.4 302.4 57.8 
1959 527.6 527.6 78.9 
1960 615.0 625.0 70.6 

1961 260.2 260.2 52.4 
1962 167.8 167.8 37.4 
1963 235.2 235./ 57.1 
19.64 170.2 170.2 60.8 
1965 114.8 114.8 53.6 
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Year 

Area 2A-1 

% A.-ea 2A 

Noa-Treary Treaty 

Comm) ScorF 3  Comm. C & S Total 

1966 101.8 101.8 55.6 
1967 123.6 123.6 62.1 
1968 85.2 85.2 61.7 
1969 154.6 154.6 67.2 
1970 110.6 12.1 122.7 71.7 

1971 204.0 204.0-  64./ 
1972 264.4 1  .1 

....-N, 288.8 73.4 
1973 218.0 15.8 233.3 97.1 
1974 447.0 15.3 462.3 87.2 
1975 421.8 12.3 434.1 90.9 

1976 189.0 5.3 194.3 78.3 
1977 147.3 8.4 156.2 70.9 
1978 63.8 5.0 63.3 64.3 
1979 30.0 9.6 39.6 65.3 
1980 14.8 13.7 28.5 70.0 

1981 149.6 12.0 161.6 73.3 
1982 131.4 433 174.5 66.8 
1983 130.4 54.7 1S5.1 56.5 
1984 269.4 113.0 382.4 69.6 
1985 355.1 184.4 3.9 10.5 553.9 79.5 

1986 273.4 298.0 17.4 10.0 598.8 64.8 
1987 27.5 367.6 43.7 10.9 694.7 66.3 
1988 187.8 174.5 94.0 9.2 465.5 62.6 
1989 196.4 191.7 142.0 10.0 543.1 66.8 
1990 141.1 123.6 122.0 9.9 396.6 74.6 

1991 140.1 102.2 122.0 7.3 371.6 71.4 
1992 151.0 165.6 155.4 14.2 486.2 69.3 
1993' 196.0 149.7 138.0 14.0 497.7 70.2 

'The commercial catch in Area 2A-1 is derived from IPHC statistical areas 40 and 50. Area 
2A-1 does not completely extend through Statistical Area 40; therefore 80% of the catch in 
Statistical Area 40 is amibuced to Area 2A-1 and 20% is attributed to Area 2A-2. 

2The sport catch in Area 2A-1 is assumed to be 100% of the Washington sport landings. A 
negligible amount occurs south of Westport, Washington and is assumed to be insignificant. 

3Sport landing estimates are not available where not indicated, but are believed to be minor. 

`Preliminary 

IPHC 11/12/93 	 Appendix 1.6 
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Table 1. Number of different non-Indian commercial vessels that made halibut landings in WA. OR and CA (from Area 2A) and the net pounds 
landed. 

Year Number of Individual vessels Pounds Landed Total lbs 

WA OR CA WA OR  CA 

1989 71 107(1) 	• 3 181.806 146.251 1.401 329.458 

1990 101(3) 64(16) 3 144,098 58.414 1.241. 203.753 

1991 101(1) 76(14)  5 139.617 89,006 4.182 232,805 

1992 120(2) 78(10) 10 160,325 112.196 6.936 279,457 

The numbers in brackets are additional vessels with tag, research, or illegal landings 

Table 2. Breakdown of Area 2A landings by vessel class for non-Indian commercial vessels in WA and OR/CA from 1989 to 1992. 

1989 Washington Landings Oregon/California Landings 

Vessel Class Number Landings Total Pounds Number Landings Total Pounds 

A 20 4,010 9 2.089 
B 5 181 14 2,754 
C 5 2,423 10 1.747 
D 11 2.620 20 30967 
E 8 33,664 •12 22.446 
F 4 16.416 19 50.834 
G 2 11,993 8 17,490 
H 14 109.638 5 18292 

Unlmoventresearch 2 861 15 1.033 

Total 71 181,806 113 147.652 

1990 Washington Landings Oregon/California Landings 

Vessel Class Number Landings Total Pounds Number Landings Total Pounds 

A 82 17.035 9 1.041 
B 14 3.280 9 1.239 
C 24 9.150 13 2,744 
D 23 14,922 19 5.105 
E 23 15.874 20 22.903 
F 8 5924 14 12.738 
G 2 17.521 6 1,779 

H 17 60.166 2 11.346 
Unlcnownhags/illeg. 5 226 19 760 

Total 198 144.098 111 59.655 

IPHC 11/12/93 
	

Appendix 2.1 
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Table 2. (continued) 
Breakdown of Area 2A landings by vessel class for non-Indian commercial vessels in WA and OR/CA from 1989 to 1992. 

1991 Washington Landings Oregon/Califomia Landings 

Vessel Class Number Landings Total Pounds Number Landings Total Pounds 

A 40 13.545 8 1.578 
B 7 2.663 4 1.432 
C 8 3.523 7 2.656 
D 16 14.145 23 17,866 
E 8 20,940 16 26.180 
F 7 11,699 12 20.171 
G 5 13.122 5 8.447 
H 10 59.948 5 13,797 

Unknown/tags/illeg. 2 32 17 1.061 

Total 103 139.617 97 93.188 

1992 Washington Landings Oregon/Califomia Landings 

Openings Vessel Class Number Landings Total Pounds Number Landings Total Pounds 

71'29 A 31 11.149 2 66 
7/29 B 7 2.527 2 226 
7/29 C 6 2,752 4 1.739 
7/29 D 21 13,323 9 16,345 
7/29 E 12 22.365 6 6,323 
7129 F 8 16.786 11 13282 
7/29 0 6 7.145 6 15,220 
7/29 H 13 27.848 5 14,737 

Total 104 103,895 45 67,938 

8/12 A 26 4,480 3 630 
8/12 B 5 1.012 3 346 
8/12 C 4 1.053 8 2,768 
8/12 D 19 12.519 22 15,617 
8/12 E 11 11.582 13 8.925 
8/12 F 10 10.658 9 6.843 
8/12 G 3 4,309 4 6.009 
8/12 H 7 10,701 4 .8.795 

Total 85 56.314 66 49,933 

Unknown/tag/illeg 2 116 14 1.261 

IPHC 11/12/93 	 Appendix 2.2 
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Area 2A commercial catch (treaty and non-treaty) of Pacific halibut 
in thousands of pounds (net weight) by IPHC statistical area, 1982 - 1992. 

Year 
Statistical Area 

Total 
<09 10 20 30 40 50 

1982 64 12 18 117 211 

1983 16  105 12 8 124 265 

1984 51 78 30 13 259 431 

1985 67 43 19 25 339 493 

1986 12 100 149 21 41 258 581 

1987 38 82 94 51 74 257 596 

1988 3 61 94 39 36 253 486 

1989 12 29 106 1 18 306 472 

1990 1 11 47 <1 15 250 325 

1991 4 9 70 9 6 257 355 

1992 22 11 69 25 20 290 437 

IPHC 11/12/93 
	

Appendix 3 
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Table 10. Commercial CPUE (standardized) and logbook catch by sta-

tistical area in Area 2A. 

a. CPUE by statistical area 

Year Regulatory Area 2A 

010 020 030 040 050 050* 
1986 105.9 106.7 32.7 33.6 49.7 
1987 55.7 60.1 48.4 28.0 82.6 
1988 94.9 308.9 99.7 17.9 111.0 
1989 85.2 145.6 57.6 114.4 108.3 
1990 162.9 154.7 121.6 180.1 103.4 
1991 22.8 241.0 410.4 138.1 155.3 117.8 
1992 34.2 208.9 142.9 113.8 104.6 

b. Logbook catch (in pounds) used to calculate CPUE 

Year Regulatory Area 2A 
010 020 030 040 050 050' 

1986 48,917 55,743 6,348 3,125 42,706 
1987 41,149 30,687 25,353 15,019 32,942 

1988 25,318 89,344 21,634 1,275 54,903 
1989 20,495 61,535 6,389 151,875 33,458 
1990 10,424 6,077 4,620 83,010 13,072 
1991 737 41,779 5,746 111,075 59,896 
1992 5,648 27,564 9,818 3,064 145,184 95,811 

* Treaty only. 	 IPHC 11/12/93 	 Appendix 4 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

POPULATION ASSESSMENT, 1992 

by 

Patrick J. Sullivan 

Introduction 

The 1992 Pacific halibut stock assessment examines changes that have occurred in the catch 
over time and relates this to changes that have taken place in the stock. The analysis is 
conducted by area and applied to data from Areas 2A-2B, 2C, 3A, 3B, and 4. Information 
is collected annually on catch, catch per unit effort (CPUE), age composition, and average 
weight at age. This data is used to determine the exploitable biomass, that is the stock 
biomass available for harvest. The constant exploitation yield (CEY) is determined, once 
the exploitable biomass has been estimated, as a fraction of this estimate. An exploitation 
rate of 0.35 has been used over the last few years, but lower exploitation rates have now 
been recommended. The yield resulting from these rates represents about a third of the 
exploitable biomass. Given the CEY, the recommended allowable catch is determined by 
accounting for removals from other sources (sport catch, wastage, bycatch, and personal 
use). The procedure is outlined in Figure 1. 

Stock Assessment 

This year's stock assessment indicates that the total exploitable biomass of Pacific halibut 
in 1992 is 265.8 million pounds. This represents an overall decline in biomass this year of 
11%, a rate similar to the 5-10% declines observed in previous years. Figure 2 shows the 
trends in exploitable biomass for the total stock. Figures 3 through 8 give the area-by-area 
trends in exploitable biomass, recruitment, and CPUE. The estimated exploitable biomass 
decreased by 6% in area 2A, increased by 3% in area 2B, and decreased by 6%, 13%, 34%, 
and 12% respectively in areas 2C, 3A, 3B, and 4. 

Recruitment of 8-year-old halibut appears to have dropped off coastwide, reflecting a drop 
in recruitment in areas 3A, 3B, and 4 and a leveling off of recruitment in area 2C. Recruit-
ment has continued to increase in areas 2A and 2B. This year's fifteen-year-old year class, 
which recruited strongly as eight-year-olds in 1985 (Figures 2 through 8) is contributing 
less and less to the fishery in terms of yield. The lower recruitment of recent years indi-
cates that the stock will continue its decline at a rate of about 5-10% per year over the 
next several years. A return to historically low levels of recruitment, as indicated this 
year by area 3A 8-year-olds, supports the hypothesis of cyclically driven recruitment. If 
this hypothesis continues to hold, then low recruitment should be expected over the next 
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several years. 

Areas 2B and 3A show an upturn in CPUE over last year's values, while all other areas 
show a decline. 

Each year, in addition to estimating the current year's stock levels, stock levels for previous 
years are re-estimated using updated information. Changes in the level of bycatch, waste, 
and sport catch coupled with the inherent variability observed in the stock dynamics and 
the measurement process may result in adjustments to previous abundance estimates. 
This can cause the allowable catch to be higher than expected in some areas where stock 
abundance indicates more of a decline. The recommended allowable catch estimates are 
always based on the most current available information. 

Constant Exploitation Yield 

Results from the 1992 stock assessment are used in determining the total and setline 
constant exploitation yields. These yields are shown in Table 1 along with the 1992 catch 
and quota. The overall CEY is obtained by multiplying the area specific exploitable 
biomass by the constant exploitation yield rate. This year three rates are presented: 
0.30, 0.33, and 0.35, as shown in Tables la, lb, and lc respectively. A 35% exploitation 
rate was used in the past. This year, however, the staff is recommending lower rates. 
Once the exploitation rate has been chosen and applied equally to all areas, the biomass 
removal from other sources is subtracted out to determine the allowable setline catch. The 
setline constant exploitation yields indicate the harvest that should be taken by the setline 
commercial fishery in order to maintain optimal yields and viability of the stock. It should 
be realized, however, that the stock is currently above its estimated sustainable level and 
that future yields will be lower than those which we are now experiencing. 

Bycatch 

Adjustments to the allowable catch for bycatch shown in Table 1 represent compensation 
to the stock for losses in the stock's reproductive potential due to losses from bycatch. The 
allowable catch is reduced in line 1.4 of Table 1 by one pound for every pound of bycatch 
removed. The bycatch reduction in each area is made in proportion to the estimated 
exploitable biomass in that area. 
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Table la. 1992 Assessment of Yield - Rate = .30 

2A 2B 2C 
AREA 

3A 3B 4 TOTAL 

1.1 CATCH/QUOTA 
1992 Quota 0.65* 8.00 10.00 26.60 8.80 6.33 60.38 

1992 Catch 0.68* 7.63 9.60 26.40 8.30 6.65 59.26 

1.2 CEY 0.58* 13.68 16.09 36.21 5.66 7.52 79.74 

1.3 OTHER CATCHES 
Sport * 0.88 1.68 4.42 0.00 0.06 7.04 

Waste 0.01 0.20 0.47 1.04 0.45 0.28 2.45 

Bycatch 0.11 2.69 3.17 7.13 1.12 1.48 15.70 

Personal Use 0.00 0.10 0.37 0.49 0.03 0.11 1.10 

TOTAL 0.12 3.87 5.69 13.08 1.60 1.93 26.29 

1.4 SETLINE CEY 0.46* 9.81 10.41 23.13 4.07 5.59 53.45 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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Table lb. 1992 Assessment of Yield - Rate = .33 

2A 2B 
AREA 

2C 	3A 3B 4 TOTAL 

1.1 CATCH/QUOTA 
1992 Quota 0.65* 8.00 10.00 26.60 8.80 6.33 60.38 

1992 Catch 0.68* 7.63 9.60 26.40 8.30 6.65 59.26 

1.2 CEY 0.64* 15.05 17.70 39.83 6.23 8.27 87.72 

1.3 OTHER CATCHES 
Sport * 0.88 1.68 4.42 0.00 0.06 7.04 
Waste 	. 0.01 0.20 0.47 1.04 0.45 0.28 2.45 

Bycatch 0.11 2.69 3.17 7.13 1.12 1.48 15.70 
Personal Use 0.00 0.10 0.37 0.49 0.03 0.11 1.10 
TOTAL 0.12 3.87 5.69 13.08 1.60 1.93 26.29 

1.4 SETLINE CEY 0.52* 11.17 12.01 26.75 4.64 6.34 61.43 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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Table lc. 1992 Assessment of Yield - Rate = .35 

2A 2B 2C 
AREA 

3A 3B 4 TOTAL 
1.1 CATCH/QUOTA 

1992 Quota 0.65* 8.00 10.00 26.60 8.80 6.33 60.38 
1992 Catch 0.68* 7.63 9.60 26.40 8.30 6.65 59.26 

1.2 CEY 0.68* 15.96 18.78 42.24 6.61 8.77 93.04 

1.3 OTHER CATCHES 
Sport * 0.88 1.68 4.42 0.00 0.06 7.04 
Waste 0.01 0.20 0.47 1.04 0.45 0.28 2.45 
Bycatch 0.11 2.69 3.17 7.13 1.12 1.48 15.70 
Personal Use 0.00 0.10 0.37 0.49 0.03 0.11 1.10 
TOTAL 0.12 3.87 5.69 13.08 1.60 1.93 26.29 

1.4 SETLINE CEY 0.55* 12.09 13.09 29.16 5.01 6.84 66.75 

Estimates in million pounds by subarea. 

* Sport catch included for area 2A. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

POPULATION ASSESSMENT, 1992 TECHNICAL SUPPLEMENT 

by 

Patrick J. Sullivan 

The tables and figures to follow provide more detail on the 1992 stock assessment. Table 
A.1 shows commercial CPUE estimates adjusted to Circle hook standardized equivalence. 
Table A.2 shows commercial catch of fish ages eight and older, pounds net weight, by 
area and year. Table A.3 shows total removals, this represents the commercial catch 
with sport catch, and mortality from gear lost added. Table A.4 shows the estimated 
exploitable biomass by area and year. Table A.5 gives the estimated historical exploitation 
rate calculated as total removals divided by exploitable biomass. Table A.6 shows the 
annual surplus production (ASP), provided for historical comparisons. Table A.7 shows 
the estimated total instantaneous fishing mortality rates. Table A.8 provides estimates of 
8-year-old recruitment in millions of pounds. 

Because the total catch values used in the stock assessment include sport catch and wastage 
the the exploitation rates given in Table A.5 and mortality rates shown in Table A.7 are 
slightly higher than the rates resulting from commercial fishing alone. The values shown in 
Tables A.5 and A.7 can be used to examine the relative harvest rate in each area under the 
historical harvest time series. Tables A.4 through A.8 are estimates from the CAGEAN 
routine and thus the entries throughout the entire table will change each year as updated 
and more recent information become available. 

Figures A.1 through A.6 show the fit of the model to the observed data. The heights of 
the blocks represent the observed values the heights of the lines represent the estimated 
values. Figure A.1 shows the observed versus estimated efforts for each closed area run. 
Figures A.2 through A.6 show the observed versus estimated catches for Areas 2A-2B, 2C, 
3A, 3B, and 4. The figures are to scale across both age and time. 

The fisheries in Areas 2A and 4 were under trip limits the entire season this year, leading 
to speculation about the quality of the CPUE statistics used. Examination of the data 
indicates that the 1992 data is comparable to the 1991 data in its representation of the 
fishery. First, the logbook information collected indicated if gear was shook or if poundage 
was discarded, thus the effect of overages on the CPUE due to the trip limits could be 
accounted for. Second, in an examination of only those vessels that fished in both years, 
a similar trend in CPUE can be seen in comparison with the statistics generated from 
the entire fleet. Fleet wide statistics indicate a drop in CPUE of 25% in 2A and 18% in 
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4, whereas the CPUE of only those fishing in both years dropped 27% in 2A and 16% 
in 4. The drop in CPUE does not appear to be due to lack of participation by "more 
efficient"fishermen during trip limit openings. 

The fishery in area 2B has proceeded under an IVQ management program for the last 
two years. Concerns were raised regarding the CPUE statistics gathered from this area 
under this new management regime. The logbook data indicates that changing to an 
IVQ system has resulted in a change in fishing strategies by part of the fleet. This kind 
of change will affect the quality of the estimator, but appropriately modified estimates 
were not significantly different in value than those arrived at using the more conventional 
approach. A better estimator will have to be developed and applied to the entire time 
series of catch and effort data, but the current estimator seems adequate in the short 
term. These results are discussed in greater depth in a report to follow entitled "Snap and 
Conventional Gear, IVQs, and CPUE". 
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TABLE A.1 Commercial CPUE* (pounds per skate) 

Year 2A 2B 2C 
AREA 

3A 3B 4 Overall 

1974 130.70 141.00 126.00 142.40 124.70 301.10 137.90 

1975 130.60 148.70 117.40 145.30 149.30 210.70 139.70 

1976 71.70 116.70 92.80 131.40 142.20 184.20 118.50 

1977 182.20 135.30 99.40 134.60 161.30 176.20 133.20 

1978 85.50 138.00 124.10 171.90 116.40 166.70 147.90 

1979 110.00 105.80 176.60 189.00 80.80 146.10 154.10 

1980 82.00 143.70 174.70 260.60 249.50 124.20 197.20 

1981 107.60 140.60 273.60 313.50 368.30 236.80 237.40 
1982 101.60 141.40 355.90 342.60 375.80 172.50 259.80 

1983 102.10 144.40 342.80 437.00 419.40 320.00 310.80 

1984 101.80 151.10 328.50 516.00 441.40 193.60 296.40 

1985 87.50 141.20 354.10 501.50 525.10 296.40 310.20 

1986 105.90 123.80 296.40 514.80 403.00 304.60 297.60 
1987 50.30 126.30 244.50 546.20 412.40 276.40 276.60 
1988 89.20 120.90 229.70 447.30 598.60 191.30 265.30 
1989 105.10 125.80 232.10 421.10 557.70 293.40 281.40 

1990 175.60 174.90 240.90 311.60 443.70 269.10 275.90 
1991 160.60 139.60 224.10 303.00 433.00 353.70 269.40 

1992 119.60 171.60 220.00 364.00 428.20 288.90 285.90 

* Standardized C hook equivalence. 
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TABLE A.2 Commercial Catch (million pounds) 

Year 2A 2B 2C 
AREA 

3A 3B 4 Tot al 

1974 0.51 4.62 5.60 8.19 1.67 0.71 21.30 

1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 

1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 

1977 0.21 5.42 3.19 8.64 3.19 1.22 21.87 

1978 0.10 4.61 4.32 10.30 1.32 1.35 22.00 

1979 0.05 4.86 4.53 11.34 0.39 1.37 22.53 

1980 0.02 5.65 3.24 11.96 0.28 0.71 21.86 

1981 0.20 5.66 4.01 14.23 0.45 1.19 25.74 

1982 0.21 5.53 3.50 13.53 4.80 1.43 29.01 

1983 0.27 5.44 6.40 14.12 7.75 4.43 38.39 

1984 0.43 9.06 5.85 19.97 6.50 3.17 44.98 

1985 0.50 10.39 9.20 20.85 10.89 4.28 56.11 

1986 0.58 11.23 10.61 32.78 8.83 5.60 69.63 

1987 0.59 12.25 10.68 31.31 7.76 6.88 69.47 

1988 0.49 12.86 11.37 37.86 7.08 4.70 74.35 

1989 0.47 10.47 9.53 33.74 7.85 4.94 66.98 

1990 0.32 8.57 9.73 28.85 8.69 5.43 61.60 

1991 0.35 7.19 8.68 22.87 11.93 5.99 57.02 

1992 0.42 7.63 9.60 26.40 8.30 6.65 59.00 
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TABLE A.3 Total Removals (million pounds) 

Year 2A 2B 2C 
AREA 

3A 3B 4 Tot al 
1974 0.51 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.21 5.43 3.19 8.64 3.19 1.22 21.87 
1978 0.10 4.61 4.32 10.29 1.32 1.35 21.99 
1979 0.05 4.86 4.53 11.33 0.39 1.37 22.53 
1980 0.02 5.65 3.24 11.97 0.28 0.71 21.87 
1981 0.20 5.65 4.01 14.23 0.45 1.19 25.73 
1982 0.21 5.54 3.50 13.53 4.80 1.43 29.01 
1983 0.26 5.44 6.40 14.11 7.75 4.42 38.38 
1984 0.43 9.05 5.85 19.97 6.50 3.16 44.97 
1985 0.50 10.49 9.42 21.78 11.09 4.44 57.71 
1986 0.59 11.43 11.04 34.65 9.23 5.90 72.83 
1987 0.60 12.42 11.05 32.90 8.10 7.14 72.20 
1988 0.49 12.91 11.57 39.37 7.20 4.76 76.30 
1989 0.48 10.51 9.73 35.19 8.04 5.06 69.00 
1990 0.33 8.65 9.98 29.74 8.91 5.65 63.26 
1991 0.36 7.26 9.03 24.02 12.35 6.23 59.25 
1992 0.43 7.68 9.93 26.98 8.48 6.80 60.30 
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TABLE A.4 Exploitable Biomass (Closed Subarea) 

Year 2A 2B 2C 

AREA 

3A 3B 4 Total 

1974 1.69 30.41 30.17 54.46 8.97 24.89 150.59 

1975 1.71 32.02 29.62 59.45 9.82 23.94 156.56 

1976 1.53 31.43 28.60 62.81 10.17 22.65 157.18 

1977 1.38 30.52 28.75 66.65 10.68 22.22 160.20 

1978 1.22 30.69 31.76 72.85 11.11 22.42 170.05 

1979 1.25 30.44 34.23 76.92 13.14 22.93 178.91 

1980 1.31 30.10 37.25 81.86 16.99 23.59 191.09 

1981 1.36 30.36 42.04 89.48 22.80 26.54 212.57 

1982 1.36 31.82 48.48 99.38 29.88 29.35 240.27 

1983 1.32 34.94 56.23 112.89 34.65 32.02 272.04 

1984 1.57 38.90 60.77 127.28 36.98 31.31 296.81 

1985 1.83 42.59 64.27 139.65 39.63 31.93 319.90 

1986 2.01 44.61 63.37 147.62 36.57 32.13 326.30 

1987 2.10 45.73 61.88 149.95 37.32 32.28 329.28 

1988 1.99 45.27 60.11 155.70 38.46 30.49 332.02 

1989 2.11 42.68 57.02 150.88 38.43 30.93 322.06 

1990 2.15 40.80 54.01 138.82 35.08 29.95 300.80 

1991 1.94 41.29 50.86 124.52 28.53 28.18 275.31 

1992 1.83 42.92 47.96 109.57 18.88 24.93 246.09 

Estimates in million pounds by subarea. 
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TABLE A.5 Historical Exploitation Rates (Closed Subarea) 

Year 2A 2B 
AREA 

2C 	3A 3B 4 Total +Bycatch 

1974 0.30 0.15 0.19 0.15 0.19 0.03 0.14 0.26 

1975 0.27 0.22 0.21 0.18 0.26 0.03 0.18 0.25 

1976 0.16 0.23 0.19 0.18 0.27 0.03 0.18 0.26 

1977 0.15 0.18 0.11 0.13 0.30 0.05 0.14 0.21 

1978 0.08 0.15 0.14 0.14 0.12 0.06 0.13 0.20 

1979 0.04 0.16 0.13 0.15 0.03 0.06 0.13 0.21 
1980 0.02 0.19 0.09 0.15 0.02 0.03 0.11 0.21 
1981 0.15 0.19 0.10 0.16 0.02 0.04 0.12 0.19 
1982 0.15 0.17 0.07 0.14 0.16 0.05 0.12 0.17 

1983 0.20 0.16 0.11 0.12 0.22 0.14 0.14 0.18 
1984 0.27 0.23 0.10 0.16 0.18 0.10 0.15 0.18 
1985 0.27 0.25 0.15 0.16 0.28 0.14 0.18 0.20 
1986 0.29 0.26 0.17 0.23 0.25 0.18 0.22 0.25 
1987 0.29 0.27 0.18 0.22 0.22 0.22 0.22 0.25 
1988 0.25 0.29 0.19 0.25 0.19 0.16 0.23 0.27 
1989 0.23 0.25 0.17 0.23 0.21 0.16 0.21 0.26 
1990 0.15 0.21 0.18 0.21 0.25 0.19 0.21 0.27 
1991 0.19 0.18 0.18 0.19 0.43 0.22 0.22 0.27 
1992 0.23 0.18 0.21 0.25 0.45 0.27 0.25 0.31 

Calculated as total removals divided by exploitable biomass. 
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TABLE A.6 Annual Surplus Production (Closed Subarea) 

Year 2A 2B 2C 
AREA 

3A 3B 4 Total 

1974 0.54 6.24 5.05 13.18 2.52 -0.24 27.28 
1975 0.27 6.53 5.23 13.96 2.90 -0.66 28.24 
1976 0.09 6.37 5.68 14.88 3.24 0.28 30.55 
1977 0.05 5.60 6.19 14.84 3.62 1.42 31.72 
1978 0.12 4.36 6.79 14.37 3.34 1.86 30.85 
1979 0.11 4.51 7.55 16.28 4.24 2.03 34.70 
1980 0.07 5.91 8.03 19.58 6.09 3.67 43.35 
1981 0.20 7.11 10.46 24.13 7.54 3.99 53.43 
1982 0.17 8.66 11.24 27.03 9.56 4.10 60.78 
1983 0.52 9.40 10.94 28.51 10.08 3.71 63.15 
1984 0.69 12.75 9.35 32.33 9.16 3.79 68.07 
1985 0.67 12.51 8.52 29.75 8.03 4.64 64.11 
1986 0.68 12.55 9.56 36.98 9.99 6.04 75.81 
1987 0.48 11.95 9.29 38.64 9.24 5.35 74.95 
1988 0.61 10.32 8.48 34.55 7.17 5.20 66.34 
1989 0.51 8.63 6.71 23.13 4.68 4.08 47.75 
1990 0.12 9.14 6.83 15.44 2.36 3.88 37.77 
1991 0.25 8.89 6.13 9.07 2.70 2.98 30.02 
1992 0.23 9.24 5.78 7.98 1.79 2.64 27.66 

Estimates in million pounds by subarea. 
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TABLE A.7 Total Instantaneous Fishing Mortality (Closed Subarea) 

AREA 

Year 2A-2B 2C 3A 3B 4 

1974 0.15 0.23 0.19 0.23 0.03 

1975 0.24 0.27 0.26 0.33 0.03 

1976 0.22 0.25 0.24 0.30 0.03 

1977 0.17 0.14 0.17 0.35 0.07 

1978 0.14 0.16 0.19 0.15 0.05 

1979 0.16 0.14 0.19 0.03 0.06 

1980 0.18 0.12 0.21 0.02 0.03 

1981 0.18 0.11 0.21 0.02 0.05 

1982 0.15 0.08 0.16 0.17 0.04 

1983 0.15 0.13 0.16 0.25 0.17 

1984 0.20 0.11 0.19 0.20 0.14 

1985 0.24 0.18 0.22 0.40 0.15 

1986 0.24 0.20 0.32 0.28 0.20 

1987 0.25 0.21 0.29 0.26 0.25 

1988 0.28 0.24 0.35 0.22 0.16 

1989 0.26 0.22 0.32 0.23 0.18 

1990 0.20 0.22 0.29 0.31 0.19 

1991 0.15 0.20 0.28 0.58 0.24 

1992 0.19 0.26 0.34 0.60 0.31 
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TABLE A.8 Recruitment (Closed Subarea) 

AREA 
Year 2A 2B 2C 3A 3B 4 Tot al 

1974 0.5 9.2 7.8 18.5 3.2 2.1 41.3 

1975 0.5 9.1 7.9 24.0 4.4 2.7 48.7 

1976 0.4 9.2 8.4 25.3 4.4 2.5 50.2 

1977 0.4 9.5 9.8 25.4 4.8 3.2 53.1 
1978 0.4 11.1 12.2 27.7 5.9 3.4 60.7 
1979 0.4 10.7 12.3 23.1 5.6 3.6 55.8 
1980 0.5 11.4 15.2 25.0 7.6 4.8 64.5 
1981 0.6 13.1 16.1 36.3 13.5 11.0 90.7 
1982 0.6 13.9 15.6 36.5 11.9 9.0 87.6 
1983 0.6 15.8 15.9 38.9 12.9 8.3 92.3 

1984 0.8 20.3 18.2 47.5 13.0 6.3 106.1 
1985 1.1 25.3 21.9 56.6 18.1 14.5 137.6 
1986 0.9 20.2 15.9 44.1 12.9 9.6 103.6 
1987 1.0 21.0 14.7 47.4 11.0 8.5 103.6 
1988 0.8 18.1 12.4 56.7 14.8 6.2 109.0 
1989 0.6 11.7 9.2 34.2 7.8 4.8 68.3 
1990 0.5 10.0 8.4 18.8 3.7 4.0 45.6 
1991 0.5 11.3 8.3 33.3 3.7 4.3 61.4 
1992 0.6 13.4 8.3 19.7 2.2 3.8 47.9 

Estimates in million pounds by subarea. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

POPULATION ASSESSMENT, 1991  

by 

Patrick J. Sullivan 

Introduction 

The Pacific halibut stock assessment for 1991 is a catch-at-age analysis conducted by area 
and applied to data from Areas 2A-2B, 2C, 3A, 3B, and 4. Information is gathered from 
catch, catch per unit effort (CPUE), age composition and average weight data. This data 
is used in determining the exploitable biomass, the stock biomass available for harvest. 
Once the exploitable biomass has been estimated, the constant exploitation yield (CEY) 
is determined as a fraction of this estimate. Based on an optimal exploitation rate of 0.35, 
this yield represents a little over a third of the exploitable biomass. The recommended 
allowable catch is finally determined by accounting for the removals from other sources 
(sport catch, wastage, bycatch, and subsistence). This procedure is outlined in Figure 1. 

Stock Assessment 

Results from the stock assessment indicate that the total exploitable biomass of Pacific 
halibut in 1991 is 262.6 million pounds. This represents an overall decline in biomass this 
year of 10%, a rate similar to the 5-10% declines observed in previous years. We believe 
that the stock is well above its own sustainable level given the production we have seen it 
exhibit in the past. It is, therefore, not surprising for us to expect a continued decline over 
the next several years. Figure 2 shows the trends in exploitable biomass for the total stock. 
Figures 3 through 8 give the area-by-area trends in exploitable biomass, recruitment, and 
CPUE. The estimated exploitable biomass showed no change in area 2A, declined 6-7% in 
areas 2B, 2C and 4, 11% in area 3A, and 21% in area 3B. 

Recruitment of 8-year-old halibut appears to have leveled off or increased this year in all 
areas. This year's fourteen-year-old year class, which recruited strongly as eight-year-olds 
in 1985 (Figures 2 through 8) is contributing less and less to the fishery in terms of yield. 
The lower recruitment of recent years indicates that the stock will continue its decline at 
a rate of about 5-10% per year over the next several years, but if recruitment continues to 
improve, as it did this year, then stock sizes should begin to stabilize. 

Areas 2A and 2B show a downturn in CPUE over last year's slightly higher values, while 
area 4 shows an increase. All other areas show little change. 
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Each year, in addition to estimating the current year's stock levels, stock levels for previous 
years are re-estimated using updated information. Changes in the level of bycatch, waste, 
and sport catch coupled with the inherent variability observed in the stock dynamics and 
the measurement process may result in adjustments to previous abundance estimates. This 
can cause the allowable catch to go up in some areas where stock abundance indicates 
a decline. New annual estimates of halibut average weight, new estimates of halibut 
catchability, and the addition of sport catch and wastage to the commercial removals in 
the analysis represent the latest updates. Catch corrections in areas 3B and 4 have led 
to part of the shift observed in the exploitable biomasses estimated for those areas. The 
recommended allowable catch estimates are always based on the most current available 
information. 

Constant Exploitation Yield 

Results from the 1991 stock assessment are used in determining the total and setline 
constant exploitation yields. These yields are shown in Table 1 along with the 1991 catch 
and quota. The overall CEY is obtained by multiplying the area specific exploitable 
biomass by the constant exploitation yield rate of 0.35. Once the exploitation rate is 
applied equally to all areas, the biomass removal from other sources is subtracted out to 
determine the allowable setline catch. The setline constant exploitation yields indicate 
the harvest that should be taken by the setline commercial fishery in order to maintain 
optimal yields and viability of the stock. It should be realized, however, that the stock is 
currently above its estimated sustainable level and that future yields will be lower than 
those which we are now experiencing. 

Bycatch 

Adjustments to the allowable catch for bycatch shown in Table 1 represent compensation 
to the stock for losses in the stock's reproductive potential due to losses from bycatch. The 
allowable catch is reduced in line 1.4 of Table 1 by one pound for every pound of bycatch 
removed. The bycatch reduction in each area is made in proportion to the estimated 
exploitable biomass in that area. 

Research 

This year the staff conducted research on CPUE and average weight and examined the 
effect these two factors have on the stock estimates. Changes in how catchable halibut are 
relative to how their abundance changes is an ongoing concern. Changes in gear type, as 
occurred in the transition from J hooks to Circle hooks, and changes in the prosecution of 
the fishery, as occurred this year with the implementation of IVQ's in Canada, can cause 
changes in CPUE that are not associated with changes in halibut abundance. Our research 
continues to focus on these questions. 
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TABLE 1. 1991 Assessment of Yield 

2A 2B 2C 
AREA 

3A 3B 4 TOTAL 
1.1 CATCH/QUOTA 

1991 Quota 0.45* 7.40 7.40 26.60 8.80 4.70 55.35 
1991 Catch 0.50* 7.20 8.80 23.60 10.50 5.98 56.58 

1.2 CEY 0.81 11.40 18.84 44.23 8.19 8.45 91.93 

1.3 OTHER CATCHES 
Sport * 0.77 1.47 3.75 0.00 0.04 6.03 
Waste 0.01 0.20 0.57 1.54 0.69 0.33 3.34 
Bycatch 0.15 2.10 3.46 8.13 1.51 1.55 16.90 
Subsistence 0.00 0.05 0.72 0.96 0.06 0.21 2.00 
TOTAL 0.16 3.12 6.22 14.38 2.26 2.13 28.27 

1.4 SETLINE CEY 0.65* 8.29 12.61 29.85 5.93 6.32 63.66 

Estimates in millions of pounds by subarea. 

* Sport catch included for area 2A. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

POPULATION ASSESSMENT, 1991 TECHNICAL SUPPLEMENT  

by 

Patrick J. Sullivan, Ana M. Parma, and Bernard A. Vienneau 

The tables and figures to follow provide more detail on the 1991 stock assessment. Table 
A.1 shows commercial CPUE estimates adjusted to Circle hook standardized equivalence. 
Table A.2 shows commercial catch of fish ages eight and older, pounds net weight, by 
area and year. Table A.3 shows total removals, this represents the commercial catch with 
sport catch, and mortality from gear lost added. Table A.4 shows the estimated exploitable 
biomass by area and year. Table A.5 shows the annual surplus production (ASP), provided 
for historical comparisons. Table A.6 shows the estimated total instantaneous fishing 
mortality rates. Because the catch now includes sport catch and wastage these mortality 
rates are slightly higher than the rates resulting from commercial fishing alone. The figures 
shown in Table A.6 can be used to examine the relative harvest rate in each area under the 
historical harvest time series. Tables A.4 through A.6 are estimates from the CAGEAN 
routine and thus the entries throughout the entire table will change each year as updated 
and more recent information become available. 

Figures A.1 through A.6 show the fit of the model to the observed data. The heights of 
the blocks represent the observed values the heights of the lines represent the estimated 
values. Figure A.1 shows the observed versus estimated efforts for each closed area run. 
Figures A.2 through A.6 show the observed versus estimated catches for Areas 2A-2B, 2C, 
3A, 3B, and 4. The figures are to scale across both age and time. 

Starting last year stock sizes for Areas 3B and 4 were estimated separately. Previously, 
the two areas were combined and CPUE-habitat partitioning was used to determine the 
area specific biomasses. The report entitle "Area 3B and 4 Estimation" by P. Neal and 
P. Sullivan, in last years Report of Commission Activities discussed this change. Unfortu-
nately, the area specific catches were not updated in last year's stock assessment (although 
they were correctly included for the analysis given in the above report). Consequently, 
this year, a portion of the observed catches were shifted from the 3B summary files to 
where they appropriately belong in the area 4 summary files. The result of this change 
was an apparent shift in exploitable biomass between the two areas, although the combined 
biomass of the two areas remained the same. This and other modifications to the analysis 
are discussed in a section entitled "Assessment Methods" given later in this report. 

The fishery in area 2B is now under an IVQ management program. Consequently, Canadian 
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halibut longliners are able to go fishing at any time from May through November. This is 
in contrast to last year's restricted seasons of one week in April-May and one in September. 
A concern arose about how this might affect annual CPUE estimates. Figures A.7 and 
A.8 show the distribution of CPUE as it changes by month for fixed-hook and snap gear. 
The horizontal line indicates the overall 1991 CPUE estimate for each gear type computed 
from all the data. Given this preliminary analysis, we note that there does appear to be a 
seasonal effect, however, this effect appears to be different between gear types. Therefore, 
it is unlikely that the apparent trends reflect true seasonal trends in density. The overall 
CPUE estimate reflects mainly the CPUE observed in the May, June, and October fisheries 
when the bulk of the landings were made. However, it is higher than a CPUE estimate 
based on the 1991 May and September values alone. It is difficult to judge what the effect 
actually is since it is not clear how the seasonal pattern will change from year to year, how 
seasonal changes in density affect that pattern, or how the relative contribution of the two 
gear types may affect the combined result. Until further analysis suggests otherwise we 
shall use the overall CPUE estimate in the stock assessment. 

One of the more significant changes made this year was the inclusion of sport catch and 
wastage (due to gear loss) as part of the total removals going into the CAGEAN analysis. 
Tables A.2 and A.3 reflect this difference. In the past only commercial catch removals (i.e. 
those shown in Table A.2) were included. If sport catch and wastage could be assumed to 
occur at a constant rate then it could be argued that their effect is represented through 
the natural mortality term. However, recently, better records are being kept of both these 
sources of removals, and it has become clear that there may be an expanding sport fishery 
in some areas and that wastage may vary with the type of fishery (i.e. IVQ versus one or 
two day openings). This has led us to explicitly include these removals in the analysis. The 
effect is a 10-15% increase in the overall catch resulting in a 10% increase in the estimated 
biomass over recent years as shown in Figure A.9. As better information becomes available 
on the age composition of the sport catch, and the effects of management programs on 
wastage these two inputs will be updated. 
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TABLE A.1 Commercial CPUE* (pounds per skate) 

Year 2A 2B 
AREA 

2C 	3A 3B 4 Overall 
1974 130.7 141.0 126.0 142.4 124.7 301.1 137.9 
1975 130.6 148.7 117.4 145.3 149.3 210.7 139.7 
1976 71.7 116.7 92.8 131.4 142.2 184.2 118.5 
1977 182.2 135.3 99.4 134.6 161.3 176.2 133.1 
1978 85.5 138.0 124.1 171.9 116.4 166.7 148.0 
1979 110.0 105.8 176.6 189.0 80.8 146.1 154.6 
1980 82.0 143.7 174.7 260.6 249.5 124.2 197.6 
1981 107.6 140.6 273.6 313.5 368.3 236.8 239.1 
1982 101.6 141.4 355.9 342.6 375.8 172.5 261.3 
1983 102.1 144.4 342.8 437.0 419.4 320.0 311.4 
1984 101.8 151.1 328.5 516.0 441.4 193.6 297.3 
1985 87.5 141.2 354.1 501.5 525.1 296.4 307.3 
1986 105.9 123.8 296.4 514.8 403.0 304.6 296.4 
1987 50.3 126.3 244.5 546.2 412.4 276.4 271.1 
1988 89.2 120.9 229.7 447.3 598.6 191.3 265.5 
1989 105.1 125.8 232.1 421.1 557.7 293.4 279.1 
1990 175.6 174.9 240.9 311.6 443.7 269.1 274.5 
1991 148.0 121.6 219.5 300.4 467.5 360.4 254.3 

* Standardized C hook equivalence. 
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TABLE A.2 Commercial Catch (million pounds) 

Year 2A 2B 2C 

AREA 

3A 3B 4 Total 

1974 0.51 4.62 5.60 8.19 1.67 0.71 21.30 

1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 

1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 

1977 0.21 5.42 3.19 8.64 3.19 1.22 21.87 

1978 0.10 4.61 4.32 10.30 1.32 1.35 22.00 

1979 0.05 4.86 4.53 11.34 0.39 1.37 22.53 

1980 0.02 5.65 3.24 11.96 0.28 0.71 21.86 

1981 0.20 5.66 4.01 14.23 0.45 1.19 25.74 

1982 0.21 5.53 3.50 13.53 4.80 1.43 29.01 

1983 0.27 5.44 6.40 14.12 7.75 4.43 38.39 

1984 0.43 9.06 5.85 19.97 6.50 3.17 44.98 

1985 0.50 10.39 9.20 20.85 10.89 4.28 56.11 

1986 0.58 11.23 10.61 32.78 8.83 5.60 69.63 

1987 0.59 12.25 10.68 31.31 7.76 6.88 69.47 

1988 0.49 12.86 11.37 37.86 7.08 4.70 74.35 

1989 0.47 10.47 9.53 33.74 7.85 4.94 66.98 

1990 0.32 8.57 9.73 28.85 8.69 5.43 61.60 

1991 0.35 7.20 8.80 23.60 10.50 5.98 56.43 
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TABLE A.3 Total Removals (million pounds) 

Year 2A 2B 
AREA 

2C 	3A 3B 4 Total 

1974 0.51 4.62 5.60 8.19 1.67 0.71 21.31 
1975 0.46 7.13 6.24 10.60 2.56 0.63 27.62 
1976 0.24 7.28 5.53 11.04 2.73 0.72 27.54 
1977 0.22 5.44 3.26 8.84 3.19 1.22 22.17 
1978 0.11 4.62 4.40 10.58 1.32 1.35 22.37 
1979 0.06 4.88 4.70 11.70 0.39 1.37 23.10 
1980 0.04 5.66 3.57 12.45 0.28 0.71 22.72 
1981 0.22 5.68 4.33 14.98 0.45 1.20 26.85 
1982 0.26 5.60 3.99 14.25 4.80 1.44 30.34 
1983 0.33 5.54 6.95 15.06 7.75 4.43 40.05 
1984 0.55 9.18 6.47 21.00 6.50 3.18 46.87 
1985 0.69 11.02 10.10 22.99 11.09 4.44 60.33 
1986 0.92 11.80 11.77 36.55 9.23 5.92 76.20 
1987 1.04 12.75 11.83 34.88 8.10 7.17 75.78 
1988 0.74 13.42 12.65 42.63 7.20 4.80 81.44 
1989 0.80 11.11 11.28 38.20 8.04 5.09 74.52 
1990 0.53 9.45 11.39 33.60 8.91 5.70 69.58 
1991 0.51 8.04 10.76 28.63 10.98 6.27 65.18 
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TABLE A.4 Exploitable Biomass (Closed Subarea) 

Year 2A 2B 2C 

AREA 

3A 3B 4 Tot al 

1974 1.71 30.76 31.00 55.55 9.04 24.01 152.08 
1975 1.73 32.43 30.65 60.92 9.90 23.09 158.72 

1976 1.55 31.89 29.88 64.75 10.24 21.84 160.14 

1977 1.40 31.01 30.34 69.12 10.74 21.40 164.01 

1978 1.24 31.17 33.66 75.76 11.14 21.56 174.53 
1979 1.27 30.90 36.48 80.20 13.10 22.01 183.96 
1980 1.33 30.51 39.83 85.55 16.86 22.60 196.67 
1981 1.38 30.72 44.87 93.68 22.50 25.40 218.56 
1982 1.37 32.10 51.75 104.07 29.37 28.00 246.67 
1983 1.33 35.12 59.84 118.22 33.87 30.46 278.84 
1984 1.57 38.90 64.60 133.04 35.90 29.56 303.58 
1985 1.80 42.26 68.25 145.83 38.19 30.02 326.35 
1986 1.93 43.38 67.17 153.90 34.65 29.96 331.00 
1987 1.96 43.69 65.48 156.07 34.66 29.70 331.56 
1988 1.85 42.53 63.60 161.93 34.79 27.39 332.10 
1989 1.97 38.92 60.51 155.46 33.59 27.33 317.78 
1990 2.31 34.99 57.12 141.64 29.64 26.03 291.73 
1991 2.33 32.58 53.82 126.38 23.39 24.15 262.65 

Estimates in million pounds by subarea. 
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TABLE A.5 Annual Surplus Production (Closed Subarea) 

Year 2A 2B 
AREA 

2C 	3A 3B 4 Total 

1974 0.54 6.29 5.26 13.55 2.52 -0.22 27.95 

1975 0.27 6.59 5.47 14.43 2.90 -0.62 29.04 

1976 0.C9 6.40 5.99 15.41 3.22 0.28 31.40 

1977 0.06 5.61 6.58 15.48 3.59 1.37 32.69 

1978 0.13 4.34 7.22 15.02 3.28 1.81 31.80 

1979 0.12 4.48 8.05 17.05 4.14 1.96 35.80 

1980 0.09 5.87 8.62 20.59 5.92 3.52 44.61 

1981 0.22 7.06 11.20 25.37 7.32 3.80 54.96 

1982 0.21 8.63 12.08 28.39 9.29 3.90 62.51 

1983 0.57 9.32 11.71 29.88 9.78 3.52 64.79 

1984 0.78 12.53 10.12 33.79 8.80 3.63 69.64 

1985 0.82 12.14 9.03 31.06 7.54 4.39 64.98 

1986 0.95 12.11 10.08 38.72 9.24 5.65 76.76 

1987 0.93 11.59 9.96 40.74 8.24 4.87 76.32 

1988 0.85 9.80 9.56 36.16 6.00 4.74 67.11 

1989 1.15 7.18 7.89 24.38 4.09 3.78 48.47 

1990 0.55 7.04 8.09 18.33 2.66 3.82 40.50 

1991 0.55 6.56 7.62 16.36 2.10 3.55 36.74 

Estimates in million pounds by subarea. 
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TABLE A.6 Total Instantaneous Fishing Mortality (Closed Subarea) 

Year 2A-2B 2C 

AREA 

3A 3B 4 

1974 0.15 0.22 0.19 0.23 0.03 

1975 0.24 0.26 0.25 0.32 0.03 

1976 0.22 0.24 0.24 0.29 0.03 

1977 0.17 0.13 0.17 0.34 0.07 

1978 0.14 0.15 0.19 0.15 0.05 

1979 0.15 0.14 0.19 0.03 0.06 

1980 0.18 0.12 0.21 0.02 0.03 

1981 0.18 0.11 0.22 0.02 0.06 

1982 0.15 0.08 0.17 0.17 0.04 

1983 0.15 0.13 0.16 0.25 0.18 

1984 0.21 0.11 0.19 0.20 0.15 

1985 0.26 0.19 0.23 0.41 0.16 

1986 0.26 0.21 0.33 0.29 0.22 

1987 0.28 0.22 0.30 0.28 0.28 

1988 0.32 0.25 0.37 0.24 0.18 

1989 0.32 0.25 0.35 0.26 0.21 

1990 0.26 0.24 0.33 0.36 0.23 

1991 0.22 0.24 0.34 0.64 0.29 
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APPENDIX I 

HALIBUT SUBSISTENCE CATCHES  

by 

Ian R. McGregor 

Alaska 

Tables 5.6, 5.9, 5.10, 5.14, 5.17, and 5.20 in the IFQ analysis for Alaska indicate a documented 
subsistence catch of 1.2 million pounds annually in 1990 in the communities surveyed. Many 
communities however have not been surveyed, so the actual subsistence catch is higher than 1.2 
million pounds. Extrapolating catch rates to unsurveyed communities suggests that the total 
subsistence catch could be near 2.95 million pounds in 1990. This amounts to about 125,000 
people in Alaska each consuming 25 pounds per year, which seems reasonable. Some of this fish 
may have been previously recorded in the sport fish catches, which are estimated at 4.88 million 
pounds in 1990. If 1.0 million pounds are duplicated, an estimate of combined sport and 
subsistence catch is 6.83 million pounds. A summary of the catch by regulatory area is as 
follows: 

REGULATORY AREA 

2 3 4 Total 

Subsistence .72 1.00 .23 1.95 

Sport 1.56 3.30 .02 4.88 

Total 2.28 4.30 .25 6.83 

British Columbia 

There is a native food fish fishery for halibut in British Columbia. There are some catch records 
available for the years 1985-1989 which indicate annual catches between 135 and 717 fish. If 
these fish average 25 pounds, the annual catch would range from 3,375 pounds to 17, 925 
pounds. It is our understanding that the catch records are incomplete in that no catch information 
is available concerning some permits which were issued. However, we suspect that the total 
catch is approximately 50,000 pounds. 
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HALIBUT SUBSISTENCE CATCHES  

ALASKA  

Tables 5.6, 5.9, 5.10, 5.14, 5.17, and 5.20 (attached) in the IFQ analysis for Alaska 

indicate a documented subsistence catch of 1.2 million pounds annually in 1990 in the 

communities surveyed. Many communities however have not been surveyed, so the 

actual subsistence catch is higher than 1.2 million pounds. Extrapolating catch rates to 

unsurveyed communities suggests that the total subsistence catch could be near 2.95 

million pounds in 1990. This amounts to about 125,000 people in Alaska each consuming 

25 pounds per year, which seems reasonable. Some of this fish may have been previously 

recorded in the sport fish catches, which are estimated at 4.88 million pounds in 1990. 

If 1.0 million pounds are duplicated, an estimate of combined sport and subsistence catch 

is 6.83 million pounds. A summary of the catch by regulatory area is as follows: 

Area 2 3 4 Total 

Subsistence .72 1.00 .23 1.95 

Sport 1.56 3.30 .02 4.88 

Total 2.28 4.30 .25 6.83 

BRITISH COLUMBIA  

There is a native food fish fishery for halibut in British Columbia. There are some catch 

records available for the years 1985-1989 which indicate annual catches between 135 and 

717 fish. If these fish average 25 pounds, the annual catch would range from 3,375 
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pounds to 17, 925 pounds. It is our understanding that the catch records are incomplete 

in that no catch information is -available concerning some permits which were issued. 

However, we suspect that the total catch is approximately 50,000 pounds. 
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Table 5.6: 	1990 Population, Distribution of Halibut Permits 
and Landings in Southeast Alaskan Communities 
(Area 2C) 

Community Pop. 
N 

Native 
POD. 

allbut 
Permits 

% 	 N 
Commerc. Subsist.* 

Lbs. 
Juneau 26,751 11.2 213 390,151 n/ a 
Ketchikan 13,459 11.1 128 1,036,245 n/a 
Sitka 8,588 21.4 278 3,638,138 206,112 
Petersburg 3,207 10.9 215 2,283,585 102,303 
Wrangell 2,479 17.9 109 556,897 47,597 
Metlakatla 1,407 80.2 27 234,650 11,256 
Craig 1,260 32.3 65 677,596 16,884 
Haines 1,238 18.9 74 44,198 18,322 
Hoonah 795 79.9 59 703,747 29,733 
Klawock 722 66.0 13 ** 22,815 
Kake 700 84.1 43 ** 14,700 
Skagway 692 4.6 2 ** 4,429 
Angoon 638 88.6 53 ** 14,929 
Thorne Bay 569 2.8 6 ** 22,020 
Hydaburg 384 84.9 28 ** 9,178 
Saxman 369 71.1 ** 3,727 
Gustavus 258 2.0 13 39,327 16,202 
Pelican 222 18.3 40 1,132,088 12,632 
Coffman Cove 186 0.0 ** 5,264 
Klukwan 129 83.7 ** .150 
Port Alexander 119 5.8 17 ** 3,713 
Hollis 111 18.0 ** 1,032 
Hyder 99 1.3 2 ** 4,712 
Tenakee Springs 94 5.1 5 ** 4,362 
Edna Bay 86 0.0 23 ** 5,452 
North Whale Pass 75 0.0 0 ** 1,586 
Port Protection 62 5.6 4 ** 2,220 
Elfin Cove 57 7.1 19 ** 1,767 
Kasaan 54 56.0 1 ** 540 
Point Baker 39 5.6 18 ** 1,365 
Meyers Chuck 37 0.0 5 ** 2,853 
Excursion Inlet## 1,052,386 
Killisnoo## 245 
Misc. SE Alaska Ports 3,676 
Totals 	 64,886 1,460 11,792,929 

Population data are from the 1950 U.S. Census; 1950 permit ana 
commercial landings data are from IPHC files. 

1990 Subsistence landings data are estimated from Alaska 
Dept. of Fish and Game baseline studies for 1987; estimated 
landings are in pounds of dressed fish (H&G). 
** Any commercial landings were at other ports or are shown in 
the Misc. S.E. Alaska Ports category. 
n/a Data not available. 

IPHC permit data are based upon postal zip codes; many 
Alaskan communities share zip codes, and CFEC data indicate that 
halibut permit holders reported elsewhere reside here. 
44 
rr 	These are cannery or floating processor sites. 
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Community 

asxa, 	ate 

opu ation 
(N) 

II • 

native 
Pop. (%) 

ouse o a 	Lean axamle 
Income ($)** 

• 

Size (N)* 

Population, Mean Household Size, and Mean Taxable 
Income for Selected Communities with Halibut 
Harvests (Area 2C) 

Table 5.8: 

Juneau 
Petersburg 
Angoon 

26,751 
3,207 

638 

11.2 
10.9 
88.6 

2.66 
2.77 
4.09 

24,250 
21,211 
11,563 

•opulation •ata is rom tne 	e census, •  S. 	:ureau r ensus 
Household size in mean number of persons 

** 	Mean taxable income per income return, 1981-1985; Alaska 
Department of Revenue. 

Table 5.9: 1990 Population and Distribution of Halibut 
Permits and Landings in Southcentral Alaskan 
Communities (Area 3A)--Kodiak Island, Prince 
William Sound and Yakutat Communities 

Community 	Pop. 
N 

Native 
Pop. 	% 

Halibut 
Permits 

N 
Commerc. 

Lbs. 
Subsist.* 

Lbs. 
Kodiak City 	6,365 14.0 404 11,573,328 325,252 
Valdez 	 4,068 5.7 29 598,497 n/a 
Other Kodiak 	3,643 9.5 ** n/a 
Kodiak Station 2,291 0.6 0 ** n/ a 
Cordova (Eyak) 	2,110 14.9 114 1,816,665 33,971 
Yakutat 	 534 62.1 39 918,046 22,428 
Old Harbor 	284 92.6 12 ** 16,103 
Whittier 	 243 8.6 8 280,882 n/a 
Port Lions 	222 73.5 21 ** 19,003 
Ouzinkie 	 209 94.2 20 ** 7,064 
Larsen Bay 	147 71.4 6 ** 6,806 
Tatitlek 	 119 77.9 1 ** 2,785 
Chenega Bay 	94 77.0 0 ** 3,882 
Akhiok 	 77 96.2 ** 1,871 
Karluk 	 71 100.0 ** 3,202 
Port Bailey## 728,754 n/a 
Alitak## 689,458 n/a 

Totals 	20,477 654 16,603,630 
Other Area 3A 
Communities 	306,832 948 12,965,282 
Totals 	327,309 1,602 29,570,912 

Population data are rrom the 1990 Census; 1990 permit ana 
commercial landings data are from IPHC files. 

1990 Subsistence landings data are estimated from Alaska 
Dept. of Fish and Game baseline studies for 1987; estimated 
landings are in pounds of dressed fish (H&G). 
** Any commercial landings were at other ports. 
n/a Data not available. 

IPHC permit data are based upon postal zip codes; many 
Alaskan communities share zip codes, and CFEC data indicate that 
halibut permit holders reported elsewhere reside here. 

These are cannery/floating processor sites. 

0 
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Table 5.10: 1990 Population and Distribution of Halibut 
Permits and Landings in Southcentral Alaskan 
Communities (Area 3A)--Kenai Peninsula and 
Anchorage Area Communities. 

Community Pop. 
N 

Native 
Pop. 	% 

Halibut  
Permits 

N 
• commerc. 

Lbs. 
Subsist.* 

Lbs. 
Anchorage 226,338 5.1 196 42,994 n/a 
Matsu area 31,027 3.7 ** n/a 
Kenai area 13,522 3.2 ** n/a 
Kenai City 6,327 6.1 9; 1,223,591 53,147 
Wassila 4,028 4.7 23 ** n/a 
Sterling 3,802 1.7 9 ** n/a 
Homer 3,660 3.0 293 5,877,869 94,428 
Soldotna 3,482 3.1 73 .** n/a 
Palmer 2,866 3.5 9 n/a 
Nikiski 2,743 4.0 14 ** n/a 
Seward 2,699 12.9 52 5,183,281 n/a 
Big Lake 1,477 0.7 2 ** n/a 
Fritz Creek 1,426 1.0 0 ** n/a 
Anchor Point 866 1.8 53 ** n/a 
Ninilchik 456 17.0 30 195,724 5,700 
Kasilof 383 0.0 47 ** n/a 
Seldovia 316 24.4 29 441,823 2,496 
Willow 285 1.4 4 ** n/a 
Cooper Landing 	243 1.7 1 ** n/a 
Port Graham 	166 87.6 ** 7,736 
Hope 161 2.9 0 ** n/a 
English Bay 158 79.0 ** 6,051 
Tyonek 154 92.9 0 ** n/a 
Moose Pass 81 6.6 0 ** n/ a 
Clam Gulch 79 0.0 14 ** n/a 
Halibut Cove 78 0.0 ** n/a 

Sub-Totals 306,832 948 12,965,282 
Other Area 3A 
Communities 20,477 654 16,605,630 < 

Totals 327,309 1,602 29,570,912 

Population data are from the 1990 U.S. Census; 1990 permit ana 
commercial landings data are from IPHC files. 

1990 Subsistence landings data are estimated from Alaska 
Dept. of Fish and Game baseline studies for 1987; estimated 
landings are in pounds of dressed fish. 
** Any commercial landings were at other ports. 
n/a Data not available. 

IPHC permit data are based upon postal zip codes; many 
Alaskan communities share zip codes, and CFEC data indicate that 
halibut permit holders reported elsewhere reside here. 
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Table 5.14: 1990. Population and Distribution of Halibut 
Permits and Landings in Southwest Alaskan 
Communities 	(Area 3B) 

Community Pop. 
N 

Native 
Pop. 	% 

all Lit 
Permits Commerc. 

Lbs. 
Subsist.* 

Lbs. 
Sand Point 
King Cove 
Chignik Bay 
Cold Bay 
Chignik Lake 
Perryville 
Nelson Lagoon 
False Pass 
Chignik Lagoon 
Ivanof Bay 

878 
541 
188 
148 
133 
108 
83 
68 
53 
36 

57.1 
79.8 
53.4 
4.4 
89.1 
92.8 
93.2 
86.7 
85.4 
92.5 

58 
38 
9 
0 
4 

0 
3 
7 
0 

1,058,103 
1,598,466 
918,322 

** 
** 
** 
** 
** 
** 
** 

n/a 
n/a 

9,062 
n/a 

3,259 
5,130 

0 
2,604 
1,919 
1,462 

o a 

•opu a ion •ata are rrom 	e 6.2 • . ensus; -8 permit ana 
commercial landings data shown are from IPHC files. 
* 	1990 Subsistence landings data are estimated from Alaska 
Dept. of Fish and Game baseline studies for 1987; estimated 
landings are in pounds of dressed fish (H&G). 
** Any commercial landings were at other ports. 
# 	IPHC permit data are based upon postal zip codes; many 4 

Alaskan communities share zip codes, and CFEC data indicate that 
halibut permit holders reported elsewhere reside here. 

Table 5.15: 	Fleet Composition by Areas  Size Class 	and Percent 
of Catch in the Halibut Fishery Off Alaska, 1984 
and 1990 

IPHC Vessel 1984 1990 
Area Size 	(ft) N % Fleet % Catch N % Fleet % Catch 

3B < 	26' 24 7.2 2.8 5 1.3 0.1 
26-30' 12 3.6 1.3 3 0.8 <0.1 
31-35' 40 12.0 6.3 46 12.0 4.9 
36-55' 157 47.0 29.1 195 50.8 29.7 
56' 	> 92 27.5 57.5 131 34.1 64.7 
n/a 9 2.7 2.9 4 1.0 0.6 

Area, vessel, and catch data provided by IPHC, 1991; all 
percentages are rounded. 
n/a Vessel size data not available for these vessels. 

Table 5.16: Population, Mean Household Size, and Mean Taxable 
Income for Selected Alaskan Communities with 
Halibut Harvests 

Community 
Population 

(N) 
Native 
Pop. 	(%) 

HousenoIa 
Size 	(N)* 

Mean Taxable 
Income 	($)** 

Alaska, State 

Sand Point 
King Cove 
Chignik Bay 

53(1,043 

878 
541 
188 

16.2 

57.1 
79.8 
53.4 

2.80 

2.85 
2.98 
3.48 

24,254 
19,167 
16,403 

Population data is rrom the 1930 census, 	Bureau or Census 
Household size in mean number of persons 

** 	Mean taxable income per income tax return, 1981-1985; Alaska 
Department of Revenue. 

Page 377Sullivan, P.J., 1992. Population assessment, 1991. IPHC 
Rep. Assess. Res. Act. 1991., pp. 41–87.



Table 5.17: 1990 Population, Distribution of Halibut Permits 
and Landings in Aleutian Islands and West Bering 
Sea Communities 	(Areas 4A,B,C,D) 

Community Pop. 
N 

Native 
Pon. 	% 

Halibut 
Permits 

N 
Commerc. 

Lbs. 
Subsist.* 

Lbs. 
Adak Station 4,633 0.8 3 1,970 n/a 
Unalaska/ 

Dutch Harbor 3,089 15.1 10 1,096,677 n/a 
Saint Paul 763 87.7 14 145,152 n/a 
Shemya Station 664 0.2 0 ** n/a 
Akutan 589 39.6 10 1,417,727 n/a 
Saint George 138 96.8 10 43,587 n/a 
Atka 73 96.8 4 12,604 n/a 
Nikolski 36 96.0 ** n/a 

Totals 9,985 51 2,717,71 
(Civilian) (4,688) 

Population data are from the 1990 U.S. Census; 1990 permit and 
commercial landings data are from IPHC files. 

1990 subsistence landings data are estimated from Alaska 
Dept. of Fish and Game baseline studies for 1987; estimated 
landings are in pounds of dressed fish (H&G). 
** Any commercial landings were at other ports. 
n/a Data not available 
7 	IPHC permit data are based on postal zip codes; many Alaskan 
communities share zip codes, and CFEC data indicate that halibut 
permit holders reported elsewhere reside here. 

Table 5.18: Population, Mean Household Size, and Mean Taxable 
Income for Selected Alaskan Communities with 
Halibut Harvests 

Community 
Population 

(N) 
Native 
Pop. 	(%) 

Household 
Size 	(N)* 

Mean Taxable 
Income ($)** 

Alaska, State 530,043 16.2 2.80 

Unalaska 3,089 15.1 2.57 20,055 
Saint Paul 763 87.7 3.68 17,369 
Akutan 589 39.6 4.50 8,241 	, 

Population data is tram the 1990 census, U.S. Bureau of Census 
Household size in mean number of persons 

** Mean taxable income per income tax return, 1981-1985; Alaska 
Department of Revenue. 
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Table 5.20: 1990 Population, Distribution of Halibut Permits 
and Landings in East Bering Sea Communities (Area 
4E) 

Community Pop. 
N 

Native 
Pop. 	% 

Halibut 
Permits 

N 
Commerc. 

Lbs. 
Subsist.* 

Lbs. 
Bethel 4,674 67.6 ** n/ a 
Nome 3,500 58.5 1 ** n/a 
Dillingham 2,017 57.0 20 ** 0 
King Salmon 696 5.9 2 ** n/a 
Emmonak 642 91.2 0 ** n/a 
Togiak 613 94.3 17 ** n/a 
Naknek 
Pilot Station 

575 
463 

50.6 
94.2 

13 ** 
** 

n/a 
n/a 

Toksook Bay 420 93.7 8 ** n/a 
New Stuyahok 391 94.0 3 ** n/a 
Manokotak 385 92.9 5 ** n/a 
Chefornak 320 96.1 ** n/a 
Tununak 316 95.0 3,413 29,514 
Newtok 207 94.7 1 ** n/a 
Aleknagik 185 89.6 2 ** n/a 
Mekoryak 177 95.6 17 7,730 n/ a 
Nightmute 153 97.5 4 ** n/a 
South Naknek 136 85.5 ** n/a 
Egegik 122 76.0 1 ** 268 
Port Heiden 119 64.1 1 ** 167 
Sheldon Point 109 95.1 1 ** n/a 
Levelock 88 100.0 0 ** 396 
Pilot Point 53 86.4 4 ** 186 
Ugashik 7 100.0 1 ** 0 
Bristol Bay 

(General) 25,401 n/a 

Totals 16,369 100 36,544 

Population data are taken from the 1990 U.S. Census; 1990 permit 
and commercial landings data are from IPHC files. 

1990 subsistence landings data are estimated from Alaska 
Dept. of Fish and Game baseline studies for 1987; estimated 
landings are in pounds of dressed fish (H&G). 
** Any commercial landings were at other ports or are shown in 
the Bristol Bay (general) category. 
n/a Data not available. 

IPHC permit data are based upon postal zip codes; many 
Alaskan communities share zip codes and CFEC data indicate that 
halibut permit holders reported elsewhere reside here. 
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REPORT OF ASSESSMENT AND RESEARCH ACTIVITIES 

ASSESSMENT METHODS  

by 

Patrick J. Sullivan, Ana M. Parma, and Bernard A. Vienneau 

This section reviews and documents the analytical procedures used as of 1991 for Pacific 
halibut stock assessment and reports the changes that are taking place this year. Proce-
dures employed in the analysis of halibut abundance are updated and revised periodically. 
Year-to-year adjustments and technical observations on the assessment are generally dis-
cussed in the technical supplement to the population assessment report. This report re-
views current practices, updates the documentation provided by Quinn, Deriso, and Hoag 
(1985), lists the modifications and correction factors used, makes and discusses modifica-
tions made this year, and it is meant as a baseline document for future modifications. First 
we discuss the methods as they were implemented in the 1990 stock assessment, second 
we discuss the modifications we have made for the 1991 stock assessment, and third we 
explore the consequences of these modifications. 

Stock Assessment Methods Used in 1990 

The 1991 Report on Commission Activities contains a section entitled "Population Assess-
ment, 1990" that discusses the status of the Pacific halibut stock (Sullivan 1991a). The 
population assessment for 1990 is an area by area analysis applied to data from Areas 
2A-2B, 2C, 3A, 3B, and 4. It uses catch data, effort data, age composition data, average 
weight data, and average weight at age data. The CAGEAN catch-at-age analysis program 
is used in the analysis (Deriso, Quinn, and Neal 1985). A flow diagram of data files and 
computer programs is given in Figure 1. 

Average Weight An otolith weight to fish length to fish weight relationship described by 
Quinn et al. (1983) is used to compute average weight and average weight at age in the 
catch for use in data processing for catch-age analysis. A 10% adjustment, based on Ian 
McGregor's port observation (Quinn et al. 1985, page 10) was made in the programs 
SMTHCC6.FOR and MAKECC.FOR for the years greater than or equal to 1978. The 
factor adjusts the average weight up by 10% and the number of fish in the catch down by 
10% prior to the catch-age analysis. In SMTHCC6.FOR the average weights at age are 
smoothed by age over time using a robust smoothing algorithm (Velleman 1980). 

Regional Catchability Correction  The following factors are applied over years greater than 
or equal to 1981. 
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Area 2A-2B 2C 3A 3B 4 

Factor 1.25 0.80 0.80 0.80 1.00 

Equation: 

CPUE = CPUE x Factor 

and then 

Effort = Catch/CPUE 

These factors were initially discussed in Quinn, et al. 1985, page 10, in which 2C was 
included in 3A-3B adjustment, later Deriso and Neal 1988, page 49, gave arguments for 
not making the adjustment in 2C. The program SIMPADJM.FOR does the first set of 
conversions prior to running CAGEAN and BOGUST1.FOR does the conversion back for 
2C for the CPUE tables, but not for the effort data that goes into CAGEAN, so 2C is still 
affected by the correction. 

J-Hook Circle-Hook Adjustment  The following factors are applied to all areas for current 
years upon entry into the database (page 9, Quinn et al. 1985). 

Hook Type " C J Mixed 

Factor 0.45 1.00 0.45 0.73 

Equation: 
Number of skates = Number of skates x Factor 

The adjustment program EFFSKT.SF that makes these changes is located in the direc-
tory IPHC.CMR.ABF on the microvax. Note that SIMPADJM.FOR divides effort in the 
historic effort file (NEWCCPUE.DAT) by 2.2 for years up to and including 1986 in order 
to make circle hooks the standard in the file D_ CPUE_ 74_ 90_ MD.DAT. The effort value 
for 1983 in the historic file is supposed to result from an average using the 1982 and 1984 
CPUE values (page 9, Quinn et al. 1985), but this does not appear to be the case. 

Snap-Fixed Gear Adjustment  These factors are applied in all years (Deriso and Price 1987, 
page 23, also discussed in Sullivan 1991b, page 169). 

Gear Type Fixed Snap Tub 

Stat Areas All 000-081 All 

Conversion 1.00 0.71 1.00 
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Equation: 

Number of skates = Number of skates x Factor 

Note, however, that the snap gear factor is applied only in statistical areas south of Van-
couver Island (i.e. statistical areas 000-081). In areas north of 081 only fixed gear is used in 
the CPUE computations. These computations are performed by the program EFFSKT.SF. 

CPUE Partitioning Under closed area stock assessments, we no longer need CPUE parti-
tioning except to separate out Area 2A from Area 2B. To do this the CPUE's are smoothed 
in BOGUST1.FOR to be used as input into REL.FOR which does the partitioning. The 
theory behind this is given in Quinn et al. 1985, pages 12-15. The relative habitat values 
used in REL.FOR are given below: 

Area 2A 2B 2C 3A 3B 4 

Factor .014 .241 .195 .352 .142 .057 

as given in Quinn et al. 1985, page 14. 

Modifications Introduced in 1991 

Catch Updates and the 3B-4 Split  An error was made in incorporating the catch updates 
and the 3B-4 split in last year's stock assessment (Sullivan and Neal, 1990) even though the 
numbers and figures were correct in the analysis leading up to the assessment as presented 
in another section of the report (Neal and Sullivan, 1990). The error was this: the catches 
were not updated as indicated in Table A.2 of the 1990 report; instead the values that were 
used were those given for Areas 2A-3A in Table A1.2 of the 1989 report and the catches 
for 3B and 4 were those under the 1981 boundary definitions. All catches, and boundary 
definitions, have been corrected as is reflected in Table A.2 in the Technical Supplement 
to the Population Assessment given in this document. The effect of these modifications is 
discussed below. 

Average Weight Fish lengths were taken this year to get more direct weight estimates. 
New values for calculating average weight at age and average weight from otolith weight 
are used this year for data taken from 1974 to 1990. 

The accuracy of the predicted fish weight from otolith measurements (weights or lengths) 
was discussed in 1983 (Quinn and McGregor, 1983). In 1981, it was found that average fish 
weight was under-estimated by 12%; however, in 1977, data from Hecate Strait indicated 
that there were no problems in the predictive relationship. A correction of 10% was applied 
to the average weight from 1978 onward, as discussed above. Clark (1992) examined survey 
setline data to derive new relationships that reflect the changes observed with time in 
otolith weight to fish weight. These new relationships are meant to replace the previous 
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10% correction. Predictive relationships differ among areas (2B, 2C, and 3-4) and periods 
(years through 1984 and years since 1984). 

Ideally these new relationships should be applied to all otoliths measured back to 1974 for 
all areas for use in the stock assessment, but this will be a time consuming and complicated 
process. Until this process is completed, the factors given in Table 1 (which were derived 
from the same analysis: Clark, 1992) will be applied as an interim adjustment. The effects 
of removing the 10% correction factor and applying the newly derived correction factors 
are discussed below. 

Regional Catchability Correction  In 1982, IPHC staff noted that the halibut setline CPUE 
index for Area 2B was no longer tracking the CPUE indexes of more northern management 
areas (for example, Area 2C) as it had historically. This led to the analysis of a number of 
possible scenarios for explaining this departure (Deriso, et al. 1983). This trend continued 
for a number of years and so the area-specific catchability corrections (shown earlier) were 
applied in 1985 (Deriso, 1986). While there is support for the claim that catchability is 
different in the different areas (Hoag et al. 1984, Kaimmer et al. 1992) there is no evidence 
that the catchability of halibut in Area 2B changed relative to the other areas with time. 
It is not clear when and why these relative differences in catchability originated. It is also 
possible that the departure between trends of commercial CPUE in areas 2B and 2C my be 
reflecting actual changes in relative density. Recent observations indicate that departures 
in the CPUE indexes between Areas 2B and 2C may have been a short term phenomenon 
(Figure 2). 

The exploitable biomass estimates are currently calculated using closed area runs, whereby 
the biomass is estimated independently for each area. Independent estimates of catchability 
are also calculated for each area under this approach, making any area specific catchability 
correction factor redundant and inappropriate. While the IPHC staff will continue to 
monitor these data, there appears to be no reason to continue to apply the area specific 
25% catchability correction. Thus, the catchability correction factors have been removed 
from the exploitable biomass computations. 

Gear Adjustments The shift from J-hook to Circle-hook and shifts between snap gear and 
fixed gear can cause apparent shifts in halibut catchability. More generally, catchability 
may be viewed broadly as resulting from changes in gear efficiency or targeting, changes 
in fish availability or behavior, or some combination of factors. The influence of CPUE 
statistics on recent IPHC catch-at-age analyses suggests that changes are occurring in 
the fishery which represent themselves as changes in the estimates of catchability (Parma 
1992). Some shifts in catchability are easier to track, such as those pertaining to clear 
shifts in gear choice. Others are not so easy to track, such as those relating to the fleet 
behavior or the behavior of the stock. 

The ideal situation for measuring an effect is when gear changes occur gradually over time 
so that parallel series of CPUE observations may be obtained with the two gear types. 
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In situations where that is not the case, two approaches may be used to take changes in 
catchability into account: 1) conduct an experiment where CPUE is measured with and 
without the gear change and use the measured difference as a factor to adjust one data set 
to the other's standard, or 2) explicitly model the change and let the effect be estimated 
simultaneously with other factors. 

There are advantages and disadvantages to both approaches. The first is useful when the 
change is new, or has occurred only over a limited time period, but the estimate is usually 
restricted in its scope being based on a limited number and variety of observations. The 
second better reflects the nature of the fishery if the model assumptions are correct, but 
requires that an extended series of observations be available for robust estimation. 

Given that the time series of data available since the conversion to Circle-hook is relatively 
long, given that data for snap and fixed gear are currently available back to 1983, and 
given the changes that have occurred in catchability estimates over a series of years, it 
seems reasonable to apply the second approach and try to model and explicitly estimate 
the change in catchability by creating two catchability groups, one for the years 1974-1982 
and another for the years 1983-1991. 

The modification is implemented as follows. CPUE is adjusted to reflect the Circle-hook 
standard using the factor given above and is adjusted for hook spacing (Sullivan 1991b). 
No other adjustment is made to CPUE, so that the CPUE values reflect the actual average 
CPUE observed in the fishery in a given year adjusted for hook spacing and to Circle-hook 
standard units. A break is made in 1983, and catchability is estimated for each time 
period, to accommodate the shift from J-hooks to Circle-hooks. 

The conversion from J-hook to Circle-hook was an abrupt occurrence in the fishery, so a 
parallel series of J-hook and Circle-hook CPUEs does not exist. Consequently, differences 
in the estimates of catchability between the two time periods may thus reflect trends in 
the fishery other than those specifically related to the change in hook type. 

If time permits, snap and fixed gear data back to 1983 will also be incorporated into the 
assessment, with estimates of catchability, selectivity, and fishing mortality made indepen-
dently for each gear type and time period. The same age-composition data will be used 
for both the snap and fixed hook gear, and selectivity will be assumed constant over the 
entire time series for all gear types. If the snap-fixed gear modification to the analysis 
takes place this year it will be discussed in the technical supplement to the population 
assessment section in this document (Sullivan and Vienneau 1991). 

Effects of Modifications in the Procedures on Biomass Estimates 

To examine the effects that the modifications have on the exploitable biomass estimates, 
the CAGEAN analysis was applied to the 1974-1990 data with these changes incorporated. 
Figures 3 through 8 indicate these effects for each area starting with the catch corrections, 

75 

Page 384Sullivan, P.J., 1992. Population assessment, 1991. IPHC 
Rep. Assess. Res. Act. 1991., pp. 41–87.



then applying the new average weight corrections and removing the 10% weight adjustment, 
then removing the 25% catchability adjustment, and finally by allowing two catchability 
groups (1974-1982, 1983-1991). Each biomass estimate shows the cumulative effects of 
each adjustment so that contrasting the original with the estimate representing the two 
catchability time periods shows the total effect resulting from all the adjustments. 

We now discuss why the modifications have produced the effects observed. The catch 
corrections had the biggest effect on Areas 3B and 4. Basically catch was shifted from 
Area 3B to Area 4, due to the boundary shift. (Note that the boundary definition played 
no role in the 'assessment' prior to last year because Areas 3B and 4 were pooled and 
correct CPUE was used to partition the quota.) Thus, catch went down in 3B and up in 4 
(as seen by CAGEAN) and consequently the estimated biomass went down in 3B and up 
in 4. 

The effect that the weight modifications have on the biomass estimates is more recondite. 
The first thing to note is that core of the CAGEAN procedure uses catch in numbers to 
estimate abundance in numbers. Average weight is used at the beginning of the analysis 
to change catch in biomass to catch in numbers. Average weight is used again at the end 
of the analysis to change abundance in numbers to stock biomass. The average weight 
used in the beginning has more of an influence on the estimates than that used at the end 
because it affects catch numbers which get accumulated and have a nonlinear effect on the 
abundance estimates. The average weight used at the end has only a linear effect. So the 
problem is best addressed in terms of how average weight affects catch in numbers. The 
second point to note is that both corrections are applied differentially over time. The 10% 
correction is applied from 1978 on in the 1974-1990 series while the new weight corrections, 
while applied to the entire series, are different in value for the years 1974-1984 in contrast 
to the years 1985-1990. 

Consider the new weight factors used in Areas 3A, 3B, and 4. The correction adjusts 
average weight to be higher prior to 1984 and lower after 1984. Consequently, catch in 
numbers decreases prior to 1984 and increases after 1984. The net effect is a shift to a 
greater catch rate over time leading to an increase in the corresponding abundance. The 
pattern is similar but less pronounced for Area 2C and shows no change in the early years 
and a relative decrease in later year in 2A and 2B. The later is caused by having virtually 
no change in the initial catch in numbers with an increase in later catch. 

Now consider the removal of the 10% adjustment factor. Removing the adjustment causes 
catch in numbers to increase after 1977 by 10%. Thus, the effect of this adjustment factor is 
of the same magnitude and in the same direction as that just discussed for the new average 
weight values. The 10% factor appeared to be valid at the time it was incorporated, but the 
weights appear to have changed again in the opposite direction in recent years. Removing 
the 10% adjustment factor will not change catch numbers initially (i.e. years 1974-1977), 
but will increase numbers later for all age groups, thus increasing the apparent catch rate, 
leading to a larger biomass estimate. 
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To briefly summarize the weight modifications, it was initially believed that using the new 
calculated average weights and removing the 10% adjustment factor would provide a better 
set of estimates but that the net effect of the changes would balance each other out. As it 
turned out, both modifications caused an effect in the same direction, thus increasing the 
biomass estimates (as shown in Figures 3 through 8). 

The removal of the 25% catchability correction has a similar effect to that shown above for 
the weight factors. Again, since this 25% adjustment was applied to just one part of the 
series, this caused a shift in the effort time series. There would have been no effect on the 
biomass estimates if these factors had been applied uniformly over the entire time series. 
The net effect is fairly clear, CPUE will increase by 25% in Areas 2C, 3A, and 3B and 
decrease by 25% in Areas 2A and 2B, and the biomass estimates will change by roughly 
the same magnitude and in the same direction in these areas. 

The last modification to be discussed is the modeling of two separate catchability groups. 
Between 1982 and 1984 the halibut fleet changed almost entirely from J-hooks to Circle-
hooks. So it seems natural to model this break explicitly by estimating two catchability 
parameters for the different time periods. However, the implications of this change go 
beyond the difference in catchability of the two hook types. Even with the 0.45 J-hook to 
Circle-hook adjustment factor included, a dual catchability group approach greatly alters 
the biomass estimates. Part of this difference is due to the model's attempt to account for 
apparent trends in catchability that are exhibited by the data (Deriso et al. 1983, Parma 
1992). Effort residuals in Area 3A suggest that 1979-1980 might be a more appropriate 
break point, while a contrast in CPUE between 2B and 2C suggests 1980-1981 might be 
considered (Deriso et al. 1983). We found that, despite the significant change that having 
two catchability groups has on the response of the CAGEAN estimates, the modified 
estimates were fairly robust to the choice of break points in the range 1979-1983. This, 
the timing of the J-hook—Circle-hook transition, and an attempt to implement both snap 
gear with fixed hook gear (which data is currently available for back to 1983), suggests to 
us that the 1982-1983 breakpoint is (at present) the most appropriate. 

The cumulative effect shows a net increase in exploitable biomass in Areas 2C, 3A, and 4, 
no net change in Area 3B, and a decrease in exploitable biomass in Areas 2A and 2B. 
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Figure 1: 	Schematic diagram showing the passage of effort data, catch data, and average weight at age data 
through the series of programs used for computing the stock assessment. 
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Figure 3: Total exploitable biomass for regulatory area 2A and 2B combined showing the 
cummulative effects from changes in the method of computing stock assessment. Changes 
were applied to data on catch at age, average weight at age, and effort as well as 
parameters to the CAGEAN program. Order of changes were: 1) catch correction; 2) 
weight factors; 3) 25% adjustment; 4) catchability groups. 
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Figure 4: Total exploitable biomass for regulatory area 2C showing the cummulative effects 
from changes in the method of computing stock assessment. Changes were applied to data 
on catch at age, average weight at age, and effort as well as parameters to the CAGEAN 
program. Order of changes were: 1) catch correction; 2) weight factors; 3) 25% 
adjustment; 4) catchability groups. 

83 

Page 392Sullivan, P.J., 1992. Population assessment, 1991. IPHC 
Rep. Assess. Res. Act. 1991., pp. 41–87.



160 

140 

120 

TOTAL EXPLOITABLE BIOMASS: AREA 3A 
Changes In Stock Assessment Methods 

40 

20 

0-  I 	I 	I 	1 	I 	I 
1974 	1977 	1980 	1983 	1986 	1989 

Years 

—9—  1990 Method 	—)K—  Catch Corrections 	Weight Factors 
25% Adjustment 	Catchabiiity Groups 

Figure 5: Total exploitable biomass for regulatory area 3A showing the cummulative effects 
from changes in the method of computing stock assessment. Changes were applied to data 
on catch at age, average weight at age, and effort as well as parameters to the CAGEAN 
program. Order of changes were: 1) catch correction; 2) weight factors; 3) 25% 
adjustment; 4) catchability groups. 
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Figure 6: Total exploitable biomass for regulatory area 3B showing the cummulative effects 
from changes in the method of computing stock assessment. Changes were applied to data 
on catch at age, average weight at age, and effort as well as parameters to the CAGEAN 
program. Order of changes were: 1) catch correction; 2) weight factors; 3) 25% 
adjustment; 4) catchability groups. 
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Figure 7: Total exploitable biomass for regulatory area 4 showing the cummulative effects 
from changes in the method of computing stock assessment. Changes were applied to data 
on catch at age, average weight at age, and effort as well as parameters to the CAGEAN 
program. Order of changes were: 1) catch correction; 2) weight factors; 3) catchability 
groups. Note that the 25% adjustment to catchability did not apply to regulatory area 4. 
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Table 1. Correction factors applied to present mean weights at age to approximate effect 
of new estimator. 

Age 
Area 2B 

< 1984 	> 1984 
Area 2C 

< 1984 	> 1984 
Area 3 and 4 

< 1984 	> 1984 

8 1.10 1.01 1.15 1.07 1.07 0.85 
9 1.05 0.94 1.11 1.04 1.06 0.83 

10 1.00 0.92 1.09 1.01 1.06 0.85 
11 0.99 0.91 1.09 1.00 1.06 0.87 
12 0.99 0.91 1.10 1.01 1.06 0.88 
13 0.98 0.92 1.10 1.01 1.07 0.91 
14 0.98 0.91 1.11 1.01 1.07 0.93 
15 0.98 0.92 1.12 1.01 1.07 0.95 
16 0.98 0.93 1.13 1.02 1.07 0.95 

17+ 0.98 0.95 1.15 1.02 1.09 1.05 
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Patrick J. Sullivan 

Introduction 

The Pacific halibut stock assessment for 1990 is an area by area �atch-at-age analysis 
applied to data from Areas 2A-2B, 2C, 3A, 3B, and 4. It uses information compiled from 
catch, catch per unit effort ( CPUE), age composition and average weight data to determine 
the exploitable biomass; the stock biomass available for harvest. Once the exploitable 
biomass has been estimated then the constant exploitation yield ( CEY) is determined 
as a fraction of this estimate. Based on an optimal exploitation rate of 0.35, this yield 
represents a little over a third of the exploitable biomass. The recommended allowable 
catch is finally determined by accounting for the removals from other sources (sport catch, 
wastage, and bycatch). This procedure is outlined in Figure 1. 

Stock Assessment 

Results from the stock assessment indicate that the total exploitable biomass of Pacific 
halibut in 1990 is 234. 7 million pounds. This represents a decline in biomass this year 
of 8%, a higher rate than the 5-6% decline observed in previous years. Figure 2 shows 
the trends in exploitable biomass for the total stock. Figures 3 through 8 give the area
by-area trends in exploitable biomass, recruitment, and CPUE. Declines in exploitable 
biomass range from highs of 11-12% per year in areas 2B, 2C, and 4 to a 6-7% decline in 
areas 3A and 3B. Area 2A shows a slight increase due to the higher CPUE observed in 
that area this year. The exploitation rates shown in the figures are setline exploitation 
rates, that is the commercial setline catch divided by the area's exploitable biomass. The 
total exploitation rates include the harvest from other sources (sport, waste, and bycatch) 
in addition to the commercial setline catch. 

Recruitment has dropped off dramatically again this year in all areas. This observation is 
consistent with cyclical patterns of recruitment that have occurred over the last 30 years. 
This year's thirteen-year-old year class, which recruited strongly as eight-year-olds in 1985 
(Figures 2 through 8) is contributing less and less to the current fishery in terms of yield. 
The lower recruitment shown in later years indicates that the stock will continue its decline 
at a rate of about 5-10% per year over the next several y�ars. 

The overall commercial CPUE has declined from last year, although higher CPUE's can 
be noted in the southern areas 2A, 2B, and 2C. 

One should also note that in addition to estimating this year's stock levels previous year's 
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REPORT OF COMMISSION ACTIVITIES 

Population Assessment, 1990 

by 

Patrick J. Sullivan 

Introduction 

The Pacific halibut stock assessment for 1990 is an area by area catch-at-age analysis 
applied to data from Areas 2A-2B, 2C, 3A, 3B, and 4. It uses information compiled 
from catch, CPUE, age composition and average weight data to determine the exploitable 
biomass; the stock biomass available for harvest. Once the exploitable biomass has been 
estimated then the constant exploitation yield ( CEY) is determined as a fraction of this 
estimate. Based on an optimal exploitation rate of 0.35, this yield represents a little over a 
third of the exploitable biomass. The recommended allowable catch is finally determined 
by accounting for the rerriovals from other sources (sport catch, wastage, and bycatch). 
This procedure is outlined in Figure 1. 

Stock Assessment 

Results from the stock assessment indicate that the total exploitable biomass of Pacific 
halibut in 1990 is 234.7 million pounds. This represents a decline in biomass this year 
of 8%, a higher rate than the 5-6% decline observed in previous years. Figure 2 shows 
the trends in exploitable biomass for the total stock. Figures 3 through 8 give the area
by-area trends in exploitable biomass, recruitment, and CPUE. Declines in exploitable 
biomass range from highs of 11-12% per year in areas 2B, 2C, and 4 to a 6-7% decline in 
areas 3A and 3B. Area 2A shows a slight increase due to the higher CPUE observed in 
that area this year. The exploitation rates shown in the figures are setline exploitation 
rates, that is the commercial setline catch divided by the area's exploitable biomass. The 
total exploitation rates include the harvest from other sources (sport, waste, and bycatch) 
in addition to the commercial setline catch. 

Recruitment has dropped off dramatically again this year in all areas. This observation is 
consistent with cyclical patterns of recruitment that have occurred over the last 30 years. 
This year's thirteen-year-old year class, which recruited strongly as eight-year-olds in 1985 
(Figures 2 through 8) is contributing less and less to the current fishery in terms of yield. 
The lower recruitment shown in later years indicates that the stock will continue its decline 
at a rate of about 5-10% per year over the next several years_. · 

The overall commercial CPUE has declined from last year, although higher CPUE's can 
be noted in the southern areas 2A, 2B, and 2C. 
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STOCK ASSESSMENT DOCU:tvlENT IV

SECTION 1. POPULATION ASSESSMENT, 1989

by

Patrick J. Sullivan, Phillip R. Neal, and Bernard Vienneau

Introduction
The Pacific halibut stock assessment for 1989 is based on an area by area catch

at-age analysis. It uses information compiled from catch, CPUE, age composition
and average weight data to determine the exploitable biomass: the stock biomass
available for harvest. Once the exploitable biomass has 0been estimated then the
constant exploitation yield (CEY) is determined as a fraction of this estimate. Based
on an optimal exploitation rate of 0.35, this yield represents roughly a third of
the exploitable biomass. The recommended allowable commercial catch is finally
determined by accounting for the removals from other sources (sport catch, wastage,

and bycatch). This procedure is outlined in Figure 1.
Stock Assessment 

Results from the stock assessment indicate that the total exploitable biomass of
Pacific halibut in 1989 is 232.9 million pounds. This represents a decline in biomass
this year of 6%, a rate which is similar to the 5-6% decline observed in previous years.
Figure 2 shows the trends in exploitable ·biomass for the total stock as well as for
recruitment and CPUE. Figures 3 through 8 give the area-by-area trends. Declines
in e.."<:ploitable biomass range from highs of 15% per year in areas 2B and 2C to little
or no decline in area 3A. These trends are consistent with the respectively higher
and lower exploitation rates exhibited in these areas. The exploitation rates shown
in the figures are setline exploitation rates, that is the commercial setline catch
divided by the area's exploitable biomass. The total exploitation rates include the
harvest from other sources (sport, waste, and bycatch) in addition to the commercial

1
Page 410Sullivan, P.J., Neal, P.R., Vienneau, B.A., 1990. Stock 

Assessment Document IV. Section 1: Population assessment, 
1989. IPHC Rep., pp. 1–12.



setline catch. 

Recruitment has dropped off dramatically this year in all areas. This observa

tion is consistent with cyclical patterns of recruitment that have occurred over the 

last 50 years. This year's twelve-year-old year class continues to make up a large 

component of the catch. This class, which recruited as eight-year-olds in 1985 ( see 

Figures 2 through 8) will continue to influence the catch for several more years. 

However, the lower recruitment shown in later years combined with exploitation 

above the recommended 0.35 level indicates that the stock will continue its decline 

at a rate of about 5-15% per year over the next several years. 

While the overall commercial CPUE appears to have increased slightly from 

last year, significant drops can be noted in areas 3A and 3B. 

Recommended Allowable Catch 

The results from the stock assessment are used in determining the_ recom

mended allowable catch. The constant exploitation yields for the 1989 stock assess

ment are shown in Table l(line 1.4) along with the 1989 catch and quota. The overall 

CEY (line 1.2) is obtained by multiplying the area specific exploitable biomass by 

the constant exploitation yield ratio of 0.35. Once the exploitation rate is applied 

equally to all areas the biomass removal from other sources (line 1.3) is subtracted 

out to determine the allowable setline catch. The recommended setline allowable 

catch levels indicate the harvest that should be taken by the setline commercial 

fishery in order to maintain optimal yields and viability of the stock. 

Bycatch 

The impact of bycatch on the allowable setline catch has been reviewed. Ad

justments to the allowable catch for bycatch represent compensation to the stock 

for losses in the stock's reproductive potential due to losses from bycatch. New 

estimates of adult reproductive compensation have been developed that better re

flect the impact to the fishery from bycatch. The result of this analysis is that the 

allowable catch is reduced in line 1.4 of Table 1 by one pound for every pound of 

bycatch removed. This is in contrast to the 1.58 conversion used previously. 

2
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Table 1. 1989 Assessment of Yield 

AREA 

2A 2B 2C 3A 3B 4 TOTAL 

1.1 CATCH/QUOTA 

1989 Quota 0.65* 10.00 9.50 31.00 8.50 5.00 64.65 

1989 Catch 0.78* 10.10 10.20 34.40 6.00 4.94 66.42 

1.2 GEY 0.52* 10.41 11.50 46.48 8.08 4.52 81.53 

1.3 OTHER CATCHES 

Sport * 0.56 1.18 3.67 0.00 0.02 5.43 

Waste 0.01 0.34 0.35 2.06 0.38 0.23 3.37 

Bycatch 0.09 1.74 1.92 7.77 1.35 0.75 13.61 

TOTAL 0;10 2.64 3.45 13.50 1.73 1.00 22.41 

1.4 SETLINE CEY 0.42* 7.77 8.05 32.99 6.35 3.52 59.10 

Estimates in million pounds by subarea. 

* Sport catch included in setline calculations for area 2A.
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POPULATION ASSESSMENT, 1989 

Technical Appendix 

The following technical information is provided to document 1989 stock assess

ment computations. Tables Al.I and Al.2 show the historical commercial CPUE 

and commercial catch observations. Table A2.l presents the estimated exploitable 

biomass, from the closed subarea run, that was used for this year's stock assessment. 

The corresponding ASP, equal exploitation CEY, and ASP proportioned CEY are 

also provided in Tables A2.2, A2.3 and A2.4 respectively. This information can be 

used for comparison, and calculation, in the multimodel-equal exploitation compar

ison given in Section 2 of this document. The closed subarea stock assessment is the 

preferred approach of the three methods used previously because of its straightfor-

ward analysis and the validity of the assumptions and the data that go into it. The 

combined area run depends solely _on habitat measures
0
and relative CPUE to de

termine allocation by area. In contrast the closed area method uses an area by area 

catch-age analysis to determine allocation, and when combined the total biomasses 

estimated are comparable to those estimated by the combined method. The migra

tory run gives slightly different results, not because of migration, but because of a 

�lightly different model used in the estimation to accommodate for migration. The 

e closed subarea method is believed to be more sound 

than that used in the migratory analysis, so that given the consistency in trend and 

the above considerations the closed subarea method appears to be the best choice 

Weighed-out-weight information was used in this year's assessment in order 

to streamline the stock assessment procedure. This change was successful and is 

discussed in a later section of this document. The assessment presented here is 

the most current assessment as of this writing. October effort information has 

not been included to date and further checks on the consistency of logbook and 

ticket information will continue throughout the year, but analysis in previous years 

indicates that these additions and updates do not significantly effect assessment 

results. 
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Table Al.1 Commercial CPUE* (pounds per skate) 

AREA 

Year 2A 2B 2C 3A 3B 4 Overall 

1974 130.70 141.00 157.50 142.40 124. 70 301.10 145.60 

1975 130.60 148.70 146.80 145.30 149.30 210.70 147.50 

1976 71.70 116.70 116.00 131.40 142.20 184.20 124.80 

1977 182.20 135.30 124.30 134.60 161.30 176.20 138.50 

1978 85.50 138.00 155.10 171.90 116.40 166.70 155.10 

1979 110.00 105.80 220.80 189.00 80.80 146.10 159.70 

1980 82.00 143.70 218.40 260.60 249.50 124.20 204.00 

1981 134.40 175.70 273.60 250.80 294.60 236.80 232.30 

1982 127.00 176.70 355.90 274.10 300.70 172.50 253.80 

1983 127.60 180.50 342.90 349.60 335.50 112.10 275.10 

1984 127.20 188.80 328.50 412.80 353.10 193.60 300.10 

1985 109.40 176.50 354.10 401.20 420.10 296.40 311.50 

1986 132.40 154.70 296.40 411.90 322.40 304.60 292.90 

1987 62.90 157.90 244.50 437.00 329.90 276.40 278.40 

1988 111.60 151.10 229.60 357.80 478.90 191.30 261.20 

1989 135.00 168.00 233.60 326.60 411.70 306.50 271.80 

* Standardized C hook equivalence.

Table Al.2 Commercial Catch (million pounds) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 0.51 4.62 5.60 8.19 1.83 0.54 21.31 

1975 0.46 7.13 6.24 10.60 2.66 0.53 27.62 

1976 0.24 7.28 5.53 11.04 2.81 0.63 27.54 

1977 0.21 5.43 3.19 8.64 3.32 1.08 21.87 

1978 0.10 4.61 4.32 10.29 1.33 1.35 21.99 

1979 0.05 4.86 4.53 11.33 0.39 1.37 22.53 

1980 0.02 5.65 3.24 11.97 0.28 0.71 21.87 

1981 0.20 5.24 4.49 14.20 0.42 1.18 25.74 

1982 0.29 5.54 3.50 13.50 5.77 0.42 29.01 

1983 0.36 5.43 6.61 15.58 8.43 1.98 38.38 

1984 0.43 9.05 5.86 19.96 7.55 2.12 44.97 

1985 0.49 10.38 9.21 20.85 12.46 2.71 56.11 

1986 0.55 11.25 10.66 32.74 11.20 3.18 69.58 

1987 0.59 12.22 10.72 31.07 10.22 4.46 69.28 

1988 0.48 12.50 11.40 38.00 6.20 4.80 73.38 

1989 0.46 10.10 10.20 34.40 6.00 4.94 66.10 
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Table A2.1 Exploitable Biomass (Closed Subar e) 

AREA 

Year 2A 2B 2C 3A 3B 4 

1974 1.43 26.75 26.25 48.45 8.64 11.60 

1975 1.44 27.96 24.96 52.16 10.41 10.95 127.88 

1976 1.38 27.16 23.52 54.60 11.17 9.88 127. 70

1977 1.15 26.62 23.19 57.69 11.57 9.32 129.54 

1978 1.12 26.70 25.32 63.21 11.64 8.67 136.66 

1979 1.13 27.07 27.24 67.22 12.46 8.02 143.13 

1980 1.08 27.04 29.62 70.60 15.91 8.40 152.65 

1981 1.12 26.92 32.93 75.00 23.01 10.64 169.60 

1982 1.20 27.73 36.99 81.15 32.65 14.63 194.35 

1983 1.20 30.28 42.28 91.31 35.01 16.15 216.23 

1984 1.44 33.78 45.02 103.05 33.80 17.12 234.21 

1985 1.39 36.85 47.63 113.52 35.15 19.73 254.27 

1986 1.49 38.24 46.39 122.74 31.79 18.52 259.18 

1987 1.77 37.82 43.31 125.43 29.66 17.14 255.13 

1988 1.60 35.14 38.79 132.11 25.54 14.52 247.70 

1989 1.50 29.75 32.86 132.81 23.09 12.92 232.93 

Table A2.2 Annual Surplus Production (Closed Subarea) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 0.53 5.83 4.32 11.90 3.61 -0.11 26.07

1975 0.40 6.33 4.80 13.04 3.42 -0.54 27.44

1976 0.02 6.74 5.20 14.13 3.21 0.08 29.37 

1977 0.18 5.51 5.32 14.17 3.40 0.42 28.99 

1978 0.10 4.98 6.23 14.30 2.15 0.70 28.46 

1979 -0.01 4.83 6.92 14.72 3.84 1.75 32.05 

1980 0.06 5.53 6.54 16.36 7.37 2.96 38.82 

1981 0.29 6.06 8.56 20.35 10.05 5.18 50.49 

1982 0.29 8.08 8.79 23.66 8.13 1.94 50.89 

1983 0.60 8.93 9.35 27.32 7.21 2.95 56.36 

1984 0.38 12.12 8.47 30.'!3 8.90 4.73 65.03 

1985 0.60 11.78 7.98 30.07 9.10 1.50 61.02 

1986 0.83 10.83 7.57 35.43 9.07 1.80 65.53 

1987 0.42 9.54 6.20 37.75 6.10 1.84 61.85 

1988 0.38 7.11 5.47 38.70 3.74 3.21 58.61 

1989 0.36 6.02 4.63 38.90 3.38 2.86 56.15 

Estimates in million pounds by subarea. 
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Table A2.J CEY: Exploitation Rate = O.J5 (Closed Subarea)

AREA 

Year 2A 2B 2C 3A 38 4 Total 

1974 0.50 9.36 9.19 16.96 3.02 4.06 43.09 
1975 0.50 9.78 8.74 18.26 3.64 3.83 44.76 
1976 0.48 9.51 8.23 19.11 3.91 3.46 44.70 

1977 0.40 9.32 8.12 20.19 4.05 3.26 45.34 

1978 0.39 9.34 8.86 22.12 4.08 3.03 47.83 

1979 0.39 9.47 9.53 23.53 4.36 2.81 50.10 

1980 0.38 9.46 10.37 24.71 5.57 2.94 53.43 

1981 0.39 9.42 11.52 26.25 8.05 3.72 59.36 

1982 0.42 9.71 12.95 28.40 11.43 5.12 68.02 

1983 0.42 10.60 14.80 31.96 12.25 5.65 75.68 

1984 0.50 11.82 15.76 36.07 11.83 5.99 81.97 

1985 0.48 12.90 16.67 39.73 12.30 6.91 88.99 

1986 0.52 13.39 16.24 42.96 11.13 6.48 90.71 

1987 0.62 13.24 15.16 43.90 10.38 6.00 89.30 

1988 0.56 12.30 13.58 46.24 8.94 5.08 86.70 

1989 0.52 10.41 11.50 46.48 8.08 4.52 81.53 

Table A2.4 CEY: ASP Subarea Partitioning (Closed Subarea) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 0.87 9.64 7.13 19.66 5.96 -0.17 43.09 

1975 0.64 10.32 7.83 21.28 5.57 -0.89 44.76 

1976 0.02 10.26 7.91 21.50 4.88 0.12 44.70 

1977 0.28 8.62 8.31 22.16 5.31 0.66 45.34 

1978 0.17 8.36 10.48 24.04 3.61 1.18 47.83 

1979 -0.01 7.55 10.81 23.01 6.00 2.73 50.10 

1980 0.08 7.61 9.00 22.52 10.15 4.07 53.43 

1981 0.34 7.12 10.06 23.93 11.82 6.09 59.36 

1982 0.39 10.80 11.75 31.62 10.87 2.59 68.02 

1983 0.80 12.00 12.56 36.69 9.68 3.96 75.68 

1984 0.48 15.28 10.67 38.36 11.22 5.96 81.97 

1985 0.88 17.18 11.63 43.85 13.27 2.18 88.99 

1986 1.15 14.99 10.48 49.04 12.56 2.49 90.71 

1987 0.60 13.77 8.95 54.50 8.81 2.66 89.30 

1988 0.56 10.52 8.09 57.25 5.54 4.75 86.70 

1989 0.52 8.74 6.72 56.49 4.91 4.15 81.53 

Estimates in million pounds by subarea. 
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STOCK ASSESSI'vIENT _DOCUI'vIENT IV 

SECTION 2. EQUAL EXPLOITATION ASSESSMENT 

by 

Patrick J. Sullivan 

Introduction 

The Pacific halibut stock and its assessment are in transition. The stock is 

showing a downward trend in biomass and management questions, different from 

those posed in previous years, r:ieed to be addressed: In this report we recap the 

multimo<lcl method of stock assessment as it has been used over the past five years 

and discuss a restructured version of it that better represents the nature of the 

fishery. This version, denoted as the "equal exploitation" approach, differs from the 

"multimodel" approach previously used in two ways. First, it uses the results from 

just one stock assessment method. Second, but perhaps of greater importance, it 

improves and simplifies the procedure by which the allowable catch is determined 

from the exploitable biomass estimates. The IPHC staff believes that using the 

single stock assessment method, in combination with the simplified approach to 

determining the allowable catch, provides the best estimates available for manage

ment of the stock. Summaries of both the multimodel and the equal exploitation 

approaches are presented below. 

Comparison of Approaches 

In principle, the equal e..v;:ploitation approach to stock assessment is the same 

as the approach that has b�n used in previous years. Catch, CPUE, age compo

sition and average weight data are compiled and used in a catch-at-age analysis. 

To understand how the equal exploitation approach differs from the multimodel 

approach let us first review the steps involved in the multimodel procedure. Recall 
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that three methods of catch-age analysis were used. These three methods were the 

migratory catch-age analysis, the closed subarea catch-age analysis, and the com

bined catch-age analysis with GPUE partitioning. These analyses resulted in three 

estimates of exploitable biomass. The biomasses were used to compute allowable 

catches by applying management policies which were based on constant exploitation 

yield, maximum sustainable yield and annual surplus production. Further adjust

ments were made according the levels of halibut biomass removal that take place in 

other fisheries. 

The way the allowable catch has been conventionally computed was to de

termine the constant exploitation yield ( GEY) and the annual surplus production 

(ASP) using the stock biomasses arrived at by the three stock estimation meth

ods. The ASP and GEY by subarea were then used to partition the total CEY by 

subarea for each of the three biomass estimates resulting in six GEY estimates for 

each area. The maximum of the six CEYs in each area was taken- and these values 

were used, relative to one another, to apportion the maximum and the minimum 

total GEYs. The maximum and minimum total CEYs were determined directly 

from the maximum and minimum total biomasses. The midpoint of the maximum 

and minimum was then used to determine the total allowable catch. Once the total 

allowable catch was determined catch removals by other :fisheries were subtracted 

out to determine the allowable setline catch. 

This procedure, though complicated, served the fishery well during the period 

of stock build up. Now with the stock showing a downward trend certain features 

of this approach, such as using ASP in the apportionment of biomass, are not as 

applicable. A version of the above procedure is now present that is simpler to 

understand and implement, and that better reflects that nature of the trends in 

biomass. 

The so called equal exploitation approach is this: Obtain exploitable biomass 

estimates from just one of t�e three stock assessment procedures, namely the closed 

subarea stock assessment, multiply by the constant exploitation yield ratio of 0.35 

to determine the overall GEY, and subtract out the incidental catch from the overall 

GEY as above to determine the allowable setline catch. 

14 
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The closed subarea method is believed to be the best of the three stock assess

ment procedures because of its more straightforward analysis and the validity of 

the assumptions and data that go into it. The combined area analysis, for example, 

depends solely on habitat measures and relative CPUE to determine allocation by 

area. In contrast the closed subarea method uses an area specific catch-age analy

sis to determine abundance in the four major areas (2A+2B,2C,3A,3B+4). When 

these estimates are combined they give a total biomass estimate that is comparable 

to that estimated by the combined method. The migratory analysis, in contrast, 

gives slightly different results, not because of migration, but because of a slightly 

different model used in the estimation procedure to accoIIlII1:odate for migration. 

The catch-age analysis used in the closed subarea method is believed to be more 

sound than that used in the migratory analysis, so that given the consistency in 

trend and the above considerations the closed subarea method appears to be the 

best choice of the three estimation methods. 

Tables 1.1-1.4 and 2.1-2.4 give the assessment for the migratory and combined 

analyses,repectively, and can be contrasted with the closed subarea estimates that 

are shown in the previous section. 

Bycatch 

The adjustments to the allowable catch for bycatch have been recomputed to 

represent compensation to the stock for losses in the stock's reproductive potential. 

The impact of this change on the allowable catch is discussed elsewhere (DocumeO:t 

III, Section 4). The IPHC staff believes that the new estimates of adult reproductive 

compensation better reflect the impact to the fishery from bycatch. The result of 

this analysis is that the allowable catch is now reduced by 1.00 pound for every 

pound of bycatch removed. This is in contrast to the 1.58 reduction used previously. 

Summary 

The total effect these changes have on the setline and total allowable catch are 

shown by the tables given in Table 3. This set of tables contrasts the effects of the 

multimodel versus the equal exploitation methods with and without the effects of 

the change in the bycatch calculations. The sum of the allowable catches by area is 
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seen to be comparable given the adjustments due to bycatch, but the by-area appor

tionment of these CEYs differs. The equal exploitation approach reflects the process 

of harvesting from each area equally according to that areas estimated exploitable 

biomass. Such allowable catch values better reflect the biological considerations 

necessary to stock management in this period of declining stock biomass. 
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Table 1.1 Exploitable Biomass (Migratory) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 1.36 25.43 25.24 45.13 9.80 13.15 120.11 

1!)75 1.36 26.42 24.11 48.46 11.65 12.25 124.25 

1976 1.29 25.45 23.28 50.47 12.57 11.11 124.17 

1977 1.10 25.37 23.52 53.42 13.31 10.72 127.44 

1978 1.06 25.26 25.94 57.21 13.65 10.16 133.29 

1979 1.06 25.49 28.20 60.31 17.54 11.28 143.89 

1980 1.01 25.33 30.52 62.74 22.15 11.69 153.43 

1981 1.03 24.96 33.90 65.76 26.56 12.28 164.50 

1982 1.10 25.49 37.88 70.49 37.56 16.84 189.36 

1983 1.10 27.72 42.97 79.06 40.04 18.47 209.36 

1984 1.30 30.64 45.53 89.94 38.85 19.69 225.96 

1985 1.23 32.82 48.33 99.36 40.80 22.90 245.44 

1986 1.30 33.38 47.23 106.98 37.69 21.96 248.53 

1987 1.52 32.32 44.40 107.57 35.59 20.56 241.96 

1988 1.34 29.38 39.80 110.62 �1.14 17.70 229.97 

1989 1.21 23.96 34.36 108.48 28.98 16.22 213.21 

Table 1.2 Annual Surplus Production (Migratory) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 0.52 5.61 4.47 11.52 3.68 -0.36 25.45

1975 0.39 6.16 5.41 12.61 3.57 -0.61 27.53

1976 0.05 7.21 5.77 13.99 3.55 0.25 30.81 

1977 0.17 5.31 5.60 12.44 3.67 0.52 27.71 

1978 0.10 4.84 6.57 13.39 5.21 2.47 32.59 

1979 -0.01 4.70 6.85 13.77 5.00 1.77 32.07 

1980 0.05 5.28 6.62 14.99 4.69 1.31 32.93 

1981 0.27 5.77 8.48 18.93 11.42 5.74 50.60 

1982 0.29 7.76 8.60 22.07 8.24 2.U5 49.01

1983 0.57 8.35 9.17 26.46 7.24 3.19 54.98 

1984 0.36 11.24 8.65 29.38 9.49 5.34 64.45 

1985 0.56 10.95 8.11 28.47 9.35 1.77 59.21 

1986 0.76 10.19 7.83 33.34 9.10 1.78 63.00 

1987 0.41 9.28 6.12 34.11 5.78 1.60 57.30 

1988 0.35 7.08 5.97 35.86 4.04 3.33 56.62 

1989 0.32 5.77 5.15 35.17 3.76 3.05 53.22 

Estimates in million pounds by subarea. 
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TaLie 1.3 CEY: Exploitation Rate = 0.35 (Migratory) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 0.47 8.90 8.84 15.80 3.43 4.60 42.04 
1975 0.48 9.25 8.44 16.96 4.08 4.29 43.49 

1976 0.45 8.91 8.15 17.66 4.40 3.89 43.46 

1977 0.38 8.88 8.23 18.70 4.66 3.75 44.60 

1978 0.37 8.84 9.08 20.02 4.78 3.56 46.65 

1979 0.37 8.92 9.87 21.11 6.14 3.95 50.36 

1980 0.35 8.87 10.68 21.96 7.75 4.09 53.70 

1981 0.36 8.74 11.86 23.02 9.30 4.30 57.57 

1982 0.39 8.92 13.26 24.07 13.15 5.89 66.28 

1983 0.39 9.70 15.04 27.67 14.01 6.46 73.28 

1984 0.46 10.72 15.94 31.48 13.60 6.89 79.08 

1985 0.43 11.49 16.91 34.78 14.28 8.02 85.90 

1986 0.46 11.68 16.53 37.44 13.19 7.69 86.99 

1987 0.53 11.31 15.54 37.65 12.46 7.20 84.68 

1988 0.47 10.28 13.93 38.72 10.90 6.19 80.49 

1989 0.42 8.39 12.03 37.97 10.14 5.68 74.62 

Table 1.4 CEY: ASP Subarea Partitioning (Migratory) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 0.86 9.27 7.39 19.03 6.09 -0.59 42.04

1975 0.61 9.72 8.55 19.92 5.65 -0.96 43.49

1976 0.07 10.17 8.13 19.74 5.00 0.35 43.46 

1977 0.27 8.55 9.02 20.02 5.91 0.84 44.60 

1978 0.14 6.93 9.41 19.17 7.46 3.53 46.65 

1979 -0.01 7.37 10.76 21.61 7.85 2.78 50.36 

1980 0.08 8.61 10.79 24.44 7.65 2.13 53.70 

1981 0.31 6.57 9.64 21.54 12.99 6.53 57.57 

1982 0.39 10.50 11.62 29.85 11.14 2.77 66.28 

1983 0.75 11.13 12.22 35.27 9.65 4.26 73.28 

1984 0.44 13.79 10.62 36.05 11.64 6.55 79.08 

1985 0.82 15.88 11.77 41.30 13.57 2.56 85.90 

1986 1.05 14.07 10.82 46.03 12.56 2.46 86.99 

1987 0.61 13.71 9.04 50.41 8.54 2.37 84.68 

1988 0.50 10.06 8.48 50.98 5.74 4.73 80.49 

1989 0.44 8.09 7.22 49.32 5.27 4.27 74.62 

Estimates in million pounds by subarea. 
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Table 2.1 Exploitable Biomass (Combined) 

AREA 

Year 2A 28 2C 3A 3B 4 Total 

1974 1.53 28.67 25.86 42.04 12.46 16.72 127.28 

1975 1.58 30.72 25.45 44.83 14.20 14.94 131.73 

1976 1.59 31.37 24.49 46.33 15.24 13.48 132.49 

1977 1.34 31.05 25.13 48.66 15.70 12.66 134.55 

1978 1.29 30.58 28.58 54.30 16.22 12.07 143.05 

1979 1.20 28.78 32.38 58.92 17.51 11.27 150.06 

1980 1.11 27.97 35.76 62.30 20.81 10.98 158.92 

1981 1.20 29.08 40.27 65.91 24.24 11.21 171.91 

1982 1.38 31.93 46.51 76.86 27.76 12.44 196.88 

1983 1.33 33.51 49.71 92.76 30.52 14.08 221.92 

1984 1.42 33.44 50.05 104.84 31.64 16.03 237.43 

1985 1.29 34.33 51.88 116.93 34.22 19.21 257.87 

1986 1.33 34.15 49.62 123.26 36.92 21.51 266.79 

1987 1.58 33.65 44.43 121.73 39.00 22.53 262.93 

1988 1.52 33.37 40.96 112.51 41.27 23.45 253.09 

1989 1.65 32.75 38.88 98.02 41.39 23.17 235.86 

Table 2.2 Annual-Surplus Production (Combined) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 

1974 0.57 6.68 5.19 10.97 3.58 -1.24 25.75 

1975 0.47 7.77 5.28 12.10 3.70 -0.93 28.38 

1976 -0.01 6.96 6.18 13.38 3.27 -0.19 29.59 

1977 0.15 4.96 6.63 14.29 3.84 0.50 30.37 

1978 0.01 2.81 8.12 14.91 2.62 0.54 29.00 

1979 -0.04 4.04 7.91 14.72 3.68 1.08 31.39 

1980 0.11 6.76 7.75 15.58 3.71 0.94 34.86 

1981 0.38 8.09 10.74 25.15 3.94 2.42 50.71 

1982 0.24 7.12 6.70 29.40 8.53 2.05 54.04 

1983 0.45 5.36 6.95 27.66 9.54 3.93 53.89 

1984 0.30 9.94 7.69 32.05 10.12 5.30 65.41 

1985 0.54 10.20 6.95 27.18 15.16 5.01 65.03 

1986 0.79 10.75 5.47 31.22 13.28 4.20 65.71 

1987 0.53 11.94 7.24 21.85 12.50 5.39 59.45 

1988 0.61 11.88 9.32 23.51 6.32 4.52 56.15 

1989 0.67 11.66 8.84 20.48 6.34 4.46 52.44 

Estimates in million pounds by subarea. 
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Table 2.3 CEY: Exploitation Rat': = 0.35 (Combined) 

AREA 
Year 2A 2B 2C 3A 3B 4 Total 
1974 0.54 10.03 9.05 14.72 4.36 5.85 44.55 
1975 0.55 10.75 8.91 15.69 4.97 5.23 16.10 
1976 0.56 10.98 8.57 16.21 5.34 4.72 46.37 
1977 0.47 10.87 8.80 17.03 5.50 4.43 47.09 
1978 0.45 10.70 10.00 19.01 5.68 4.23 50.07 
1979 0.42 10.07 11.33 20.62 6.13 3.94 52.52 
1980 0.39 9.79 12.52 21.80 7.28 3.84 55.62 
1981 0.42 10.18 14.09 23.07 8.48 3.92 60.17 
1982 0.48 11.17 16.28 26.90 9.72 4.36 68.91 
1983 0.47 11.73 17.40 32.47 10.68 4.93 77.67 
1981 0.50 11.71 17.52 36.69 11.07 5.61 83.10 
1985 0.45 12.02 18.16 40.93 11.98 6.72 90.25 
1986 0.47 11.95 17.37 43.14 12.92 7.53 93.38 
1987 0.55 11.78 15.55 42.61 13.65 7.88 92.02 
1988 0.53 11.68 14.34 39.38 14.45 8.21 88.58 
1989 0.58 11.46 13.61 34.31 14.49 8.11 82.55 

Table 2.4 CEY: ASP Subarea Partitioning (Combined) 

AREA 

Year 2A 2B 2C 3A 3B 4 Total 
1974 0.98 11.56 8.98 18.98 6.19 -2.15 44.55 
1975 0.76 12.63 8.58 19.65 6.00 -1.51 46.10 
1976 -0.01 10.91 9.68 20.96 5.12 -0.29 46.37
1977 0.23 7.69 10.28 22.15 5.96 0.77 47.09 
1978 0.02 4.85 14.01 25.73 4.52 0.94 50.07 
1979 -0.07 6.77 13.23 24.63 6.16 1.81" 52.52
1980 0.18 10.79 12.36 24.86 5.92 1.51 55.62 
1981 0.45 9.59 12.74 29.84 4.67 2.87 60.17 
1982 0.31 9.08 8.54 37.49 10.88 2.62 68.91 
1983 0.66 7.73 10.01 39.86 13.75 5.66 77.67 
1984 0.38 12.63 9.77 40.72 12.86 6.73 83.10 
1985 0.74 14.16 9.65 37.72 21.04 6.95 90.25 
1986 1.13 15.28 7.78 44.36 18.86 5.97 93.38 
1987 0.82 18.48 11.21 33.81 19.35 8.35 92.02 
1988 0.97 18.74 14.70 37.08 9.97 7.12 88.58 
1989 1.05 18.35 13.92 32.24 9.98 7.02. 82.55 

Estimates in million pounds by subarea. 
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Table 3a. 
Equal Erulo,tation Table JI,. 

Bycatch Compo!t.>at,on Factor= 1.00 Equal Er;,ioiiation 
(Pref,rrod. Approach) Bycatch Comp<!t.>at1on Factor = 1.58 

AREA AREA 
2A 2B 2C 3A 38 41 TOTAL 2A 2B 2C JA 38 4 J TOTAL 

Ja.l CATCH/QUOTA JI,.! CATCH/QUOTA 
1989 Quota 0.65" 10.00 9.50 31.00 8.50 5.00 64.65 1989 Quota 0.65" 10.00 9.50 31.00 a.so 5.00 64.65 
1989 Catch o.;a• 10.IO 10.20 34.40 6.00 4.94 66.42 1989 Catch 0.78" 10.10 10.20 34.40 6.00 4.94 66.42 

Ja.2 CEY o.s2• 10.41 11.50 46.48 8.08 4.52 81.53 Jb.2 CEY 0.52" l0.41 11.50 46.48 8.08 4.52 81.53 

Ja.3 OTHER CATCHES 3b.3 OTHER CATCHES 
Sport 0.56 1.18 3.67 0.00 0.02 5.43 Sport 0.56 1.18 3.67 0.00 0.02 5.43 
W.ute 0.01 0.34 0.35 2.06 0.38 0.23 3.37 Wane 0.01 0.34 0.35 2.06 0.38 0.23 3.37 
Byca.tch 0.09 l.74 1.92 7.77 1.35 0.75 13.61 Byca.tch 0.14 2.75 3.03 12.28 2.13 1.19 21.50 

3a.4 

TOTAL 0.10 2.64 3.45 13.50 1.73 1.00 22.41 TOTAL 0.15 3.65 4.56 18.01 2.51 1.44 30.30 

SETLINE CEY 0.42" 7.77 8.05 32.99 6.35 3.52 59.10 3b.4 SETLINE CEY 0.37" 6.76 6.94 28.47 5.57 3.08 51.23 

Estima.tes in million pounds by subarea.. Estima.tes in million pounds by suba.rea.. 

• Sport catch included in setline ca.!cula.tions for a.rea. 2A. • Sport ca.tch included in setline ca.lcula.tions for a.rea. 2A.

Table Jc. Table 3d. 
Multimod.,I 1J11/.h ASP Muitimod.el urii.h ASP 

Bycatch Compoit.,aiion Factor = 1.00 Byclltch Compe!t.>ation Factor = 1.58 

AREA AREA 

2A 2B 2C 3A 3B 4 TOTAL 2A 28 2C 3A 38 41 TOTAL 
3c:.l CATCH/QUOTA 3tl.l CATCH/QUOTA 

1989 Quota 0.65" 10.00 9.50 31:00 8.50 5.00 64.65 1989 Quota. . 0.65" 10.00 9.50 31.00 a.so 5.00 64.65 
1989 Catch o.;a• 10.10 10.20 3-U0 6.00 4.94 66.42 1989 Catch 0.78" 10.10 10.20 34.40 6.00 4.94 66.42 

3c:.2 CEY o.;2• 12.63 9.58 38.87 9.97 6.83 78.60 3d.2 CEY 0.12• 12.63 9.58 38.87 9.97 6.83 78.60 

3c:.3 OTHER CATCHES 3d.3 OTHER CATCHES 
Sport 0.56 1.18 3.6i 0.00 0.02 5.43 Sport 0.56 1.18 3.67 0.00 0.02 5.43 
W.ute 0.01 0.34 0.35 2.06 0.38 0.23 3.37 W.ute 0.01 0.34 0.35 2.06 0.38 0.23 3.37 
Bycatch 0.12 2.19 1.66 6.73 1.73 1.18 13.61 8yca.tch 0.20 3.46 2.62 10.63 2.73 1.87 21.50 
TOTAL 0.13 3.09 3.19 12.46 2.11 1.43 22.41 TOTAL 0.21 4.36 4.15 16.36 3.11 2.12 30.30 

3c.4 SETLINE CEY 0.59" 9.54 6.39 26.41 7.86 5.40 56.19 3d.4 SETLINE CEY 0.51" 8.27 5.43 22.51 6.86 4.il 48.30 

 Estimates in million pounds by suba.rea.. Estima.tes in million pounds by subarea.. 

• Sport ca.tell included in setline calculations for area. 2A. • Sport catch included in setline ca.!cula.tions for a.rea. 2A. 
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STOCK � IXXllHf.I' III 

S:ocTION 1. POPULATION ASSESSMENT, 1988 

by 

Patrick Sullivan, William Clark, Phillip Neal, and Russell Price 

The Pacific halibut stock assessment for 1988 is based on three methcx:ls 

of catch-age analysis: migratory, closed subarea, and total area with CPUE 

partitioning. These three are the same methcx:ls used for stock assessment in the 

years 1984 through 1987. Data used in the stock assessment is canpiled from 

logbooks, port samples of otoliths, and dealer catch records. 

The total exploitable bianass of Pacific halibut in 1988 is esti.rnated to 

be about 213 .1 million pounds for all areas combined. This represents a decrease 

in bianass of about 6% from the up:lated est.iJrate of 1987 exploitable biomass of 

226.4 million pounds. This decrease is similar to a 5% decrease in biomass 

observed between 1986 and 1987 and although the bianass rerrains close to 

historically high levels the downward trend observed in abundance is consistent 

with the two biological interpretations of how the stock size changes with time 

( these are 1: stock size is correlated with stock density over time; 2: stock 

size is correlated with envirorurental changes over time). In either case a 

downward trend in stock abundance is indicated in the fishery as shown in Figure 

1. The information in Table 1 also supports this conclusion, for while total

catch increases fran 69.3 million pounds to 73.8 million pounds, the catch per 

unit effort (CPUE) continues to decrease and this year decreases from 278.4 

pounds per skate to 261.2 pounds per skate. Adjustrrents are ma.de to CPUE 

according to the catchability of a given regulatory area based on research 

results presented by Quinn et al. ( 1985) • The CPlIB is increased by 25% in areas 
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2A and 2B and decreased by 25% in areas 3A and 3B for the years 1981 to 1988 • 

The CPUE is not ad justed in areas 2C and 4. In addition to the biological 

decrease in stock abundance discussed above a decrease in the esti_rra.ted biana.ss 

from last years estimates occurs. The upjate indicates a 10% drop from last 

year's preliminary estimate of stock abundance. This decrease is in part (2%) 

due to an up1ating of 1987 data and in part (8%) due to information about the 

1987 stock level that is present in the 1988 data. Infonna.tion available in 

changes in the age canp:,si tion of the stock and in weight at age play an 

important role in the stock assessrrent. This year the 9-year-old canp:,nent of 

the stock was quite different than expected based on last year's estimate of 

recruitment. The effect that this cohort has on the detennination of stock 

abundance will be discussed later in this docmnent. 

Table 2 gives a surnrrary of the stock assessment results for 1988. As in 

previous stock assessment reports the ranges given for each population indicator 

reflect the span of estimates obtained from the three catch-at-age analyses. 

Annual surplus production (ASP) rreasures the stock's productivity and represents 

the excess in bianass above what is needed to replenish the stock. This value 

ranges from 70.0 to 84.2 million pounds for 1988. Total rerrovals in 1988 v.iere 

96.23 million pounds (73.8 million carrnercial and 22.4 million bycatch, sport, 

and waste). This rerroval is in excess of the annual surplus production of the 

stock. 

The constant exploitation yield (CEY) estimates represent the preferred 

levels of rennval from the stock. A constant exploitation fraction (0.35) is 

multiplied by the est1.'11ates of exploitable biana.ss to obtain one set of estimates 

of the CEY for the stock. Another set of est1.'11ates is obtained using the ASP 

estimates. As indicated in line 3 of Table 2 the CEY detennined from these two 
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sets of esti.m3.tes ranges from 63. 3 million pounds to 85. 9 million pounds for all 

areas canbined. The CEY ranges for each subarea are also given in line 3 of 

Table 2. To obtain the ad justed setline CEY the noncorrurercial removals are 

subtracted fran the adjusted CEY ranges given in line 3. (The method used for 

these calculations is documented in previous stock assessment reports and, as 

in the past, ad justs the bycatch to reflect the esti.m3.ted impact of the 

incidental catch loss on future recruitment to the canmercial fishery.) The 

adjusted setline CEY shown in line 5 of Table 2 indicates that a substantial 

reduction in allowable catch should be made in sane regulatory areas. This 

reduction is due in part to the decrease observed in the bicmass and in part to 

the 34% overall increase in the noncarmercial (bycatch, sport, and waste) 

reductions in the stock. Figure 2 anq line 7 of Table 2
0
give an indication of 

the proportion of the adjusted CEY which is taken by the carrnercial and 

nonCCT111Ercial components of the fishery in all regulatory areas. 

Table 3, Table 4, and Table 5 give the details of the three stock 

assessment methods (migratory catch-age analysis, closed subarea catch-age 

analysis, and total area catch-age analysis with CPUE partitioning). Similar 

trends are observed in all three stock assessment procedures. 

Several factors are contributing to the decline in the reccmnended 

allowable catch. Direct declines in the allowable catch are resulting fran an 

increasing level of bycatch as was discussed above. Indirect declines in the 

allowable catch are also occurring due to declines in the exploitable stock 

bicmass. Exceeding the recanrcended allowable catch contributes to .this decline 

by removing bianass from the stock that otherwise would be available to the 

fishery in later years. The lower esti.m3.tes of annual surplus production shown 

in Table 2 are one indication of this. A drop in the average weight at age also 
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contributes to the decline in bianass. Figure 3 shows the srroothed (averaged) 

weights at age for 10 year olds as estimated from closed sub-area runs. 

Recruitment is also a factor, and while recruitment appears to be leveling off 

in sorre areas and increasing in others ( Figure 4) several years of poorer 

recruibnent will have an effect on the fishery. Exploitation rates (Figure 5) 

continue to increase indicating that a healthy proportion of the stock is being 

harvested, but as stocks decline so too must the allowable catch. 

Tedmical Notes 

An interesting and perhaps encouraging phenanenon happening in the fishery 

this year is an increase in the representation of 9-year-old halibut in the catch 

over the number of 8-year-olds represented in the catch last year. It is not 

clear what caused this apparent increase in 9-year-olds. The increase rray be 

due to a difference in targeting or a shift in the timing of the openings, 

however it rray reflect a real increase in the abundance of 9-year-olds in the 

exploitable stock as a result of migration of these halibut from areas outside 

those comnonly visited by the fishery and may indicate that recruibnent was 

better last year. It will take at least another year's observation to confirm 

this. Regardless of the cause the result of having an increase in the observed 

number of 9-year-old halibut over the m.nnber expected, b3.sed on the level of 8-

year-olds in the stock last year, is that the estirrated total stock bianass is 

significantly reduced from the estimates obtained over the last several years. 

Figure 6 shows the reduction in abundance under the closed canbined area catch

age analysis with and without the 1988 catch and effort data. A decrease of 

between 6% and 7% is observed between the two canbined area estimates of total 

stock abundance for the years 1985 through 1987. The cirClilllStances by which this 

shift occurs in the estimation procedure are canplicated but basically reflect 
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an increase in the estimated fishing rrortality to account for the increase in 

9-year-olds and a decrease in the abundance of older age groups to maintain the

level of the catch. To reduce the effect that this change in cohort abundance 

has on the estimates of stock size an average of two runs of each stock 

assessment procedure was made. Run 1 rerroved the influence of the 1987 level 

of 8-year-olds while run 2 rercoved the influence of the 1988 level of 9-year

olds. Figure 6 shows these ty,}Q runs and their average for the canbined area 

estimates of total stock abundance. It is the averaged biomass estimate that 

is shown in Tables 3 through 5. 
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Table 1: Preliminary CPUE estimates. Data are standardized to 
"C" hook equivalence. For further details, see the 1988 
stock assessment document, section 5. Area 2A and 
southern 2B CPUE based in part on conversion of "snap-on" 
gear to conventional gear, as documented in 1986. 

CPUE by Regulatory Area (lbs/ skate) 

Areas 
Year Combined 2A 2B 2C 3A 3B 4 

76 124.8 71.7 116.7 116.0 131.4 142.2 184.2 
77 138.5 182.2 135.3 124.3 134.6 161.3 176.2 
78 155.1 85.5 138.0 155.1 171. 9 116.4 166.7 
79 159.7 110.0 105.8 220.8 189.0 80.8 146.1 
80 204.0 02. o_ 143.7 218.4 260.6 249.5 124.2 
81 232.3 134.4 175.7 273.6 250.8 294.6 236.8 
82 253.8 127.0 176.7 355.9 274.1 300.7 172.5 
83 275.1 127.6 180.5 342.9 349.6 335.5 112.1 
84 300.1 127.2 188.8 328.5 412.8 353.1 193.6 
85 311.5 109.4 176.5 354.1 401.2 420.1 296.4 
86 292.9 132.4 154.7 296.4 411. 9 322.4 304.6 
87 278.4 62.9 157.9 244.5 437.0 329.9 276.4 
88 261.2 111.6 151.1 229.6 357.8 478.9 191.3 

Catch in million lbs. by subarea 
Areas 

Year Combined 2A 2B 2C 3A 3B 4 

76 27.535 .238 7.283 5.527 11.044 2.809 .634 
77 21.868 .207 5.427 3.186 8.641 3.323 1.084 
78 21. 988 .097 4.607 4.316 10.295 1.327 1.346 
79 22.527 .046 4.857 4.530 11.335 .390 1.369 
80 21.866 .022 5.650 3.238 11.966 .277 .713 
81 25.736 .202 5.241 4.495 14.198 .416 1.185 
82 29.008 .290 5.538 3.500 13.499 5.766 .416 
83 38.384 .363 5.428 6.610 15.580 8.426 1.977 
84 44.970 .430 9.054 5.857 19.961 7.545 2.122 
85 56.113 .493 10.384 9.211 20.852 12.464 2.709 
86 69.576 .549 11.249 10.661 32.738 11.196 3.183 
87 69.283 .592 12.218 10.719 31.066 10.224 4.464 
88 73.770 .486 12.799 11.441 37.563 6.905 4.576 
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Table 2. Summary of 1988 population assessment results. The 
range of estimates corresponds to maximum and min. 
of results from three methods of catch-age analysis. 
Note that range values for Combined is more precise 
than the sum of ranges from individual Reg. Areas, 

·with the exception of Adjusted Setline CEY (#5.)

Reg. Area 2A 2B 2C 3A 3B 

1988 Quota 0.48 12.5 11.5 36.0 8.0 
1988 Catch 0.49 12.8 11.4 37.6 6.9 

1. 
ASP--total annual surplus production (million lbs) 
Range 

Upper 1.10 13.1 10.l 51. 0 16.5 
Lower 0.92 9.5 8.5 35.8 4.9 

2. 
Setline ASP--subtract other catches from total ASP 

Range 

Opper 1.00 9.9 6.0 39.2 14.4 

Lower 0. 02· 6.2 4.5 24.0 2.7 

3. 
CEY--total constant exploitation yield (million lbs) 
Range 

Upper 0.76 14.1 14.4 54.5 20.5 
Lower 0.24 5.7 6.3 34.2 3.7 

4. 
Setline CEY--subtract other catches from total CEY 
Range 

Upper 
Lower 

*********** 
5. 

0. 66.
0.14· 

10.9 
2.5 

10.4 42.7 17.9 
2.2 22.4 1.1 

4 

5.4 
4.6 

8.0 
3.0 

6.9 
1.9 

9.8 
2.5 

9.2 
1.9 

Combined 

73.9 
73.8 

84.2 
70.0 

61. 8 
47.6 

85.9 
63 .3 

63.5 
41. 0 

Adjusted Setline CEY--proportional allocation, sums to combined CEY 
Range : Note-- maximum relative CEY in 4. is the proportion

Upper 0.6• 7.5 7.2 29.S 12.4 6.3 63.S
Lower 0.6' 4.8 4.6 18.9 8.0 4.1 41.0

******"***** 

6. 
MSY--maximum sustainable yield, a long-term reference point 

All gear 0.80 18.6 11.3 29.2 10.0 11. 0
Setline 0.23 15.4 7.3 17.4 7.4 10.3

7. 
Other catches accounted for in reducing Totals to Setline 
1987 Sport 0.70 0.86 2.05 0.00 0.02 
1988 Waste 0.00 0.05 0.21 1.51 0.12 0.07 
1988 ByCat 0.10 2.46 2.97 8.25 2.44 0.57 

Total 0.10 3.21 4.04 ll.Bl 2.56 0.66 

Note: By-Catch Mortality is apportioned into areas proportional 
to biomass estimates from.closed subarea catch-age analysis.

* CEYs and ASPs for Area 2A include sport catch.
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Table 3. Exploitable biomass, constant exploitation yield (CEY) , annual 
surplus production (ASP) for setline, and commerical catches. 
Estimates based on averages of 2 migratory catch-age analysis 
runs. 

Biomass in million lbs. by subarea 

YEAR TOTAL 2A 2B 2C 3A 3B 4 

1976 120.00 1.23 24.20 22.49 50.40 11.51 10.18 

1977 122.50 1.03 23.86 22.55 53.29 12.06 9.72 
1978 127.57 0.99 23.50 24.72 57.09 12.20 9.08 
1979 136.92 0.98 23.48 26.69 60.08 16.00 9.69 
1980 145.06 0.92 23.06 28.68 62 .29 19.81 10.31 
1981 154.35 0.92 22.28 31.72' 64.88 23.62 10.92 
1982 175.79 0.96 22.24 35.28 69.13 33.30 14.88 

1983 192.69 0.94 23.61 39.85 77.08 35.05 16.17 
1984 205.71 1.08 25.30 41.80 87.32 33.29 16.93 

1985 220.01 0.96 25.65 43.95 95.95 -34.34 19.17 
1986 218.88 0.94 24.26 42.20 103.27 30.84 17.37 
1987 199.21 0.83 20.71 37.99 97.46 27.57 14.65 
1988 180.85 0.67 16.38 32.71 97.64 22.46 10.98 

Setline Annual Surplus Production in million lbs 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1976 30.04 0.05 6.94 5.59 13.93 2.87 0.66 
1977 26.93 0.16 5.07 5.35 12.45 2.89 1.01 
1978 31.34 0.09 4.59 6.28 13.29 4.91 2.19 
1979 30.67 -0.02 4.44 · 6.52 13.54 4.13 2.05 
1980 31.15 0.03 4.87 6.28 14.56 4.04 1.38 
1981 47.18 0.24 5.20 8.05 18.45 10.03 5.21 
1982 45.91 0.27 6.91 8.07 21.44 6.53 2.69 
1983 51.40 0.50 7.11 8.57 25.82 5.22 4.18 
1984 59.27 0.31 9.41 8.01 28.59 7.30 5.65 
1985 54.98 0.48 8.99 7.46 28.18 6.83 3.05 
1986 49.90 0.44 7.71 6.45 26.93 6.00 2.38 
1987 50.92 0.43 7.89 5.44 31.24 3.37 2.55 
1988 47.23 0.35 6.24 4.68 31.29 2.75 1. 91

Total CEY in million lbs when exploitation is 0.35 

YEAR TOTAL 2A 2B 2C 3A 3B 4 

1976 42.00 0.43 8.47 7.87 17.64 4.03 3.56 
1977 42.88 0.36 8.35 7.89 18.65 4.22 3.40 
1978 44.65 0.35 8.22 8.65 19.98 4.27 3.18 
1979 47.92 0.34 8.22 9 .. 34 21.03 5.60 3.39 
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1980 50.77 0.32 8.07 10.04 21. 80 6.93 3.61 
1981 54.02 0.32 7.80 11.10 22.71 8.27 3.82 
1982 61.53 0.34 7.78 12.35 24.20 11.66 5.21 
1983 67.44 0.33 8.26 13.95 26.98 12.27 5.66 
1984 72.00 0.38 8.85 14.63 30.56 11.65 5.93 
1985 77.01 0.34 8.98 15.38 33.58 12.02 6.71 
1986 76.61 0.33 8.49 14.77 36.14 10.80 6.08 
1987 69.72 0.29 7.25 13.30 34.11 9.65 5.13 
1988 63.30 0.24 5.73 11.45 34.17 7.86 3.84 

Setline CEY after subtracting other catches from total CEY 

YE.AR TOTAL 2A 2B 2C 3A 3B 4 
1988 40.47 -0.33 2.52 7.42 22.37 5.74 2.75 

Total CEY when exploitation is 0.35 
where partitioning of total CEY is based on subarea ASP 

YE.AR TOTAL 2A 2B 2C 3A 3B 4 
1976 42.00 0.06 9.70 7.81 19.48 4.02 0.92 
1977 42.88 0.26 8.07 8.52 19.82 4.60 1.61 
1978 44.65 0.12 6.54 8.95 18.93 6.99 3.12 
1979 47.92 -0.02 6.93 10.19 21.16 6.46 3.21 
1980 50.77 0.05 7.94 10.24 23.73 6.58 2.24 
1981 54.02 0.28 5.96 9.22 21.13 11.48 5.97 
1982 61.53 0.36 9.27 10.81 28.74 8.75 3.61 
1983 67.44 0.66 9.33 · 11. 24 33.88 6.85 5.49 
1984 72.00 0.38 11.43 9.72 34.73 8.87 6.87 
1985 77.01 0.67 12.59 10.45 39.46 9.57 4.27 

1986 76.61 0.67 11.83 9.90 41.34 9.21 3.65 
1987 69.72 0.60 10.80 7.45 42.77 4.61 3.50 
1988 63.30 0.47 8.36 6.27 41. 94 3.68 2.57 

Setline CEY after subtracting other catches from total CEY 
where partitioning of total CEY is based on subarea ASP 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1988 40.47 -0.10 5.15 2.24 30.14 1.56 1. 47
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ble 4. Exploitable biomass, constant exploitation yield (CEY), annual 
surplus production (ASP) for setline, and comrnerical catches. 
Estimates based on the averages of 2 closed subarea catch-age 
analysis runs with no migration. 

Biomass in million lbs. by subarea 

YEAR TOTAL 2A 2B 2C 3A 3B 4 

1976 131. 86 1. 41 27.86 24.50 52.63 13.51 11. 95
1977 133.56 1.18 27.26 24.27 ·55 14.08 11.34
1978 140.44 1.15 27.24 26.50 14.28 10.63
1979 146.44 1.14 27.46 28.49 15.21 9.79 
1980 155.71 1.08 27.25 30.94 18.98 10.01 
1981 172.68 1.11 26.87 34.35 71. 26.70 12.35 
1982 197.64 1.18 27.38 38.54 76. 37.21 16.63 
1983 218.29 1.17 29.54 43.95 39.49 18.22 
1984 234.82 1.38 32.49 46.75 38.21 19.43 
1985 253..36 1.30 34.79 49.38 105.69 39.92 22.28 
1986 256.26 1.37 35.41 48.ll� 114.02 36.69 20.66 
1987 251.41 1.41 35.14 45.22 116.15 34.93 18.56 
1988 243.75 1.36 33.22 41.12 122.32 30.71 15.01 

Setline Annual Surplus Production in million lbs 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1976 29.23 0.01 6.69 5.29 13.84 2.89 0.51 
1977 28.75 0.17 5.41 5.41 13.86 2.96 o. 94
1978 27.99 0.10 4.82 6.30 14.01 2.03 0.73
1979 31.79 -0.01 4.65 6.98 14.42 4.09 1. 66
1980 38.84 0.05 5.28 6.65 15.82 7.95 3.09
1981 50.69 0.27 5.75 8.68 19.60 10.86 5.54
1982 49. 67 0.28 7.71 . 8. 91 22.72 7.06 3.00
1983 54.91 0.57 8.37 9.42 26.22 5.70 4. 64 

1984 63.51 0.35 11. 36 8. 49 29.09 7.96 6.27 
1985 59.01 0.57 11.01 7.94 29.19 7.10 3.22 

1986 64.72 0.58 10.97 7.77 34.87 7.52 3.00 
1987 61. 62 0.55 10.30 6.62 37.24 4.24 2. 67
1988 61.40 0.53 9.74 6.02 39.22 3.73 2.16

Total CEY in million lbs when exploitation is 0.35 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1976 46.15 0.49 9.75 8.58 18.42 4.73 4.18 
1977 46. 75 0.41 9.54 8.49 19.40 4.93 3. 97
1978 49.15 0.40 9.53 9.27 21.22 5.00 3.72
1979 51. 26 0.40 9.61 9.97 22:53 5.32 3.42
1980 54.50 0.38 9.54 10.83 23.61 6.64 3.50
1981 60.44 0.39 9.41 12.02 24.96 9.35 4.32
1982 69.17 0.41 9.58 13.49 26.85 13.02 5.82

10 
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1983 
1984 
1985 
1986 
1987 
1988 

YEAR 
1988 

YEAR 
·1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

YEAR 
1988 

76.40 0.41 10.34 15.38 30.07 13.82 6.38 
82.19 0.48 11. 37 16.36 33.79 13.37 6.80 
88.68 0.45 12.18 17.28 36.99 13. 97 7.80 
89.69 0.48 12.39 16.84 39.91 12.84 7.23 
87.99 0.49 12.30 15.83 40.65 12.23 6.50 
85.31 0.48 11. 63 14.39 42.81 10.75 5.25 

Setline CEY after subtracting other catches from total CEY 

TOTAL 2A 2B 2C 3A 3B 4 
62.48 -0.09 8.42 10.36 31. 01 8. 62 4.16 

Total CEY when exploitation is 0.35 
where partitioning of total CEY is based on subarea ASP 

TOTAL 2A 2B 2C 3A 3B 4 
46.15 0.01 10.56 . 8. 36 21. 85 4.56 0.81 
46.75 0.28 8.79 8.80 22.53 4.82 1. 53
49.15 0.17 8.47 11.07 24.61 3.56 1.28
51.26 -0.02 7.49 11.25 23.25 6.60 2.68
54.50 0.07 7.40 9.33 22.19 11.16 4.34
60.44 0.32 6.85 10.35� 23.37 12.94 6.60
69.17 0.39 10.73 12·. 41 31. 64 C 9, 83 4.17
76.40 0.80 11. 65 13.10 36.48 7.93 6.45
82.19 0.45 14.70 10.98 37.65 10.30 8.11
88.68 0.85 16.54 11. 93 43.86 10.66 4.84
89.69 0.81 15.21 10.77 48.32 10.43 4.16
87.99 0.78 14.71 9.46 53.17 6.06 3.81
85.31 0.74 13.53 8.37 54.49 5.18 3.00

Setline CEY after subtracting other catches from total CEY 
where partitioning of total CEY is based on subarea ASP 

TOTAL 2A 2B 2C 3A 3B 4 
62.48 0.17 10.32 4.34 42.69 3.06 1. 90
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1984 80.21 0.48 11. 31 16.92 35.45 12.83 3.21 
1985 87.12 0.44 11.67 17.60 39.64 13.77 4.01 
1986 89.94 0.45 11.61 16.75 41. 77 14.94 4.41 
1987 88.74 0.44 11.09 14.82 41. 44 16.51 4.44 

1988 85.87 0.43 10.48 12.88 39.42 18.38 4.29 

Setline CEY after subtracting other catches from total CEY 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1988 63.04 -0.14 7.27 8.85 27. 62 15.81 3. 64 

Total CEY when exploitation is 0.35 
where partitioning of total CEY is based on subarea ASP 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1976 44.09 0.01 10.44 9.19 19.86 4.98 -0.38
1977 44.69 0.23 7.44 9.64 20.90 5.85 0.64
1978 47.51 0.05 5.13 12.92 23.91 4.81 0.69
1979 50.65 -0.06 6. 67 12.68 23.74 6.90 0.73
1980 53.80 0.18 10·. 50 11. 88 24.12 6.72 0.40
1981 58.31 0.43 9.30 12 .26 28.89 5.47 1. 95
1982 66.76 0.31 8.89 . 8.56 36.11 11. 08 1. 82
1983 75.13 0.64 7.57 9.47 38.86 13.44 5, 16
1984 80.21 0.37 12.51 9.65 39.57 12.65 5.46
1985 87.12 0.73 13.87 9.20 36.59 21.50 5.25
1986 89.94 0.72 13.27 7.01 43.22 21.·20 4.43
1987 88.74 0.80 15.19 7.52 36.72 22.62 5.89
1988 85.87 0.76 14.09 6.42 34.29 24.72 5.60

Setline CEY after subtracting other catches from total CEY 
where partitioning of total CEY is based on subarea ASP 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1988 63.04 0.19 10.88 2.39 22.49 22.16 4. 94
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Table 5. Exploitable biomass, constant exploitation yield (CEY), annual 
surplus production (ASP) for setline, and commerical catches. 
Estimates based on the averages of 2 catch-age analysis runs 
for total stock with CPUE subarea partition. 

Biomass in million lbs. by subarea 

YEAR TOTAL 2A 2B 2C 3A 3B 4 

1976 125. 97 1.51 29.82 23.28 44.04 17.49 9.82 
1977 127.68 1.28 29. 46 23.85 46.17 17.98 8.93 
1978 135.75 1.22 29.02 27.12 51. 53 18.58 8.27 
1979 144.73 1.16 27.76 31.23 56.82 20.39 7.37 
1980 153.72 1.08 27.06 34.59 60.26 24.29 6.46 
1981 166.60 1.17 28.18 39.02 63.87 28.35 6.00 
1982 190.75 1.34 30.90 45.02 74.39 32.62 6.49 
1983 214.66 1.29 32.41 48.30 89.51 35.63 7.51 
1984 229.16 1.37 32.31 48.35 101.29 36.67 9.17 
1985 248.92 1.24 33.36 50.28 113.26 39.33 11.45 
1986 256.97 1.29 33.18 47.84 119.35 42.70 12.60 
1987 253.55 1.27 31.69 . 42.34 118.41 47.16 12. 68
1988 245.35 1.23 29.93 36.80 112.62 52.50 12.27

Setline Annual Surplus Production in million lbs 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1976 29.24 0.00 6.92 6.10 13.17 3.30 -0.25
1977 29.95 0.15 4.99 6.46 14.00 3.92 0.43
1978 30.96 0.03 3.34 8.42 15.58 3.13 0.45
1979 31.52 -0.03 4.15 7.89 14.77 4.29 0.45
1980 34.74 0.11 6.78 7. 67 15.58 4.34 0.26
1981 49.89 0.37 7.96 10.49 24.72 4.68 1. 67
1982 52.91 0.24 7.05 6.78 28. 62 8.78 1.44
1983 52.89 0.45 5.33 6.66 27.36 9.46 3. 63
1984 64.73 0.30 10.10 7.79 31. 93 10.21 4.41
1985 64.16 0.53 10.21 6.77 26. 94 15.83 3.86
1986 66.16 0.53 9.76 5.16 31. 79 15.66 3.26
1987 61. 08 0.55 10.46 5.18 25.27 15.57 4.05
1988 60.20 0.53 9.88 4.50 24.04 17.33 3. 92

Total CEY in million lbs when exploitation is 0.35 

YEAR TOTAL 2A 2B 2C 3A 3B 4 
1976 44.09 0.53 10.44 8.15 15.42 6.12 3.44 
1977 44.69 0.45 10.31 8.35 16.16 6 .29 3.12 
1978 47.51 0.43 10.16 9.49 18.04 6.50 2. 90 
1979 50.65 0.40 9.72 10.93 19.89 7.14 2.58
1980 53.80 0.38 9.47 12.11 21. 09 8.50 2.26
1981 58.31 0.41 9.86 13.66 22.36 9.92 2.10
1982 66.76 0.47 10.82 15.76 26.04 11.42 2.27
1983 75.13 0.45 11. 34 

-

16.90 31. 33 12.47 2.63
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