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SECl'ICN 1. PQPUWICN ASSf-3�« 1987 

by 

Richard. Derise, Phillip Neal, and Russell Price 

Our assessment of the Pacific halibut stock is based on the sarre three 

rrethods of catch-age analysis as used in the previous three years. The 

infonnation used this year for the assessment is carprised. primarily of 

logbook catch and effort data, port sarrples of otolith length frequency with 

age estimates for a subsarrple, ccmnercial landings, and habitat size 

estimates. In ad:lition, we enploy the results of several years of IPHC 

sponsored research cruises for standardizing the data which go into our catch

age analysis. 

The exploitable bianass of Pacific halibut, caroined. over all areas, is 

estimated. to be slightly less in 1987 than in 1986, although the decrease is 

less than 5% overall. The eJq:>loitable ccrrponent of the halibut population 

still remains near historical high levels, as a whole. Table 1 shows 

preliminary CPUE (catch per standardized skate of fishing gear) for each 

regulatory area and span the 1975 through 1987 time period. Notice that area 

carbined. CFUE reached a peak of 309.6 lbs/skate in 1985 and then declined. to 

275. 8 lbs/ skate in 1987. The changes in CFUE are uneven in the Regulatory 

Areas with increases in 1987 CFUE (as carpared to 1986 values) occurring in 

Areas 2B, 3A, and 3B, while decreases occurred in Areas 2A, 2C, and 4. 

Estimates of eJq:>loitable bicma.ss for each of the Regulatory Areas generally 

follow the trends in CFUE but with a srroother pattern of change fran year--to

year. 

The minor decline of eJq:>loitable bianass of Pacific halibut is caused 

1 
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by a drop in abundance of young fish. It is still too early for this to cause 

serious problems to the fishery. Young halibut are not caught frequently in 

the ccmnercial fishery. But they are caught in large enough quantities to 

pei:m.it us to estimate abundance of year-classes (roughly) by the time they 

reach 8 years of age. '!'he recent estimates of bicmass of 8 year-olds are not 

encouraging, but then again year-class abundance has always fluctuated in the 

past. 

Figure 1 shows estimates of the bicmass of 8 year-olds, adjusted for 

incidental catch rem:,vals, for every year since 1943. I adjusted upward our 

estimates of 8 year-olds to include those individuals who were removed in by

catches prior to the age of 8 years . '!be adjusted estimates give a clearer 

picture of natural fluctuations in year-class abundance. As suggested .in the 

figure by the dotted sine wave, year-class abundance exhibits an awroximate 

20 year cycle. Our roost recent estimates of 8 year-old abundance suggest the 

cycle is intact. We have two leading hypotheses about what causes these 

fluctuations and both hypotheses predict that year-class abundance will 

continue to decline for the next several years. At this point in ti.ma, we do 

not know whether such declines will occur and, for that matter, we do not 

place a great deal of confidence in our estimate of 8 year-old abundance .in 

1987 (these fish have not been in the fishery long enough). 

'!be average size of halibut continues to .increase, or at least remain 

stable. In Figure 2 sm::>othed estimates of the average weight of 10 year-old 

halibut is shown by year for each of the Pegulatory Areas. There are two 

distinct sizes of halibut at each given age: smaller halibut in the 

Regulatory Areas 2C , 2B, and 2A, and larger halibut .in the Areas 3A, 3B, and 

4. 'Ibe difference in size of halibut between the major areas 2 and 3 is

2 
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consistent with historical data, although all halibut are much larger now (50% 

to 100% larger) than halibut of cxrrparable ages whidl lived in the 1950's and 

earlier years. 'l1le junp in size of halibut, whidl began in the early 1960' s, 

remains a feature of the current stock. In particular, there are no signs of 

depressed growth of halibut through 1..x:11p:!tition for limited prey. 

A sumnary of stock assessment results are given in Table 2. The ranges 

given for each item correspond to the span of estimates fran the three catch

age analyses. ASP (annual sw:plus production) is a basic rceasure of stock 

productivity and it is defined as the excess of bianass above what is needed 

to replenish the population each year. The range of total ASP for the stock 

as a whole is 82 to 88 million lbs in 1987. Total rem:,vals in 1987 were aoout 

86 million lbs (69 cannercial and 17 other sources) which is close to the ASP 

of the stock. The similarity of catch to ASP indicates tbat the halibut stock 

is currently fully utilized. 

CEY (constant exploitation yield) estimates have been the preferred 

rn.mbers to consider for setting catch quotas the last three years. A constant 

exploitation fraction (0. 35) was multiplied by our estimates of exploitable 

bianass of halibut to get total CEY for the entire stock as a whole. Total 

CEY for the halibut stock as a whole range fran 82 to 94 million lbs. 

Regulatory Area estimates of CEY are obtained by partitioning the total CEY 

anong Regulatory Areas. Technical details were provided in last years stock 

assessrrent doc:ument. Set.line CEY is calculated by subtracting other rem:,vals 

(item 6 of Table 2) fran the total CEY in a Regulatory Area; please note that 

the am:runt of by-catdl subtracted fran each Regulatory Area is the estimated 

inpact of incidental catdl losses on future recruitrrent of fish into that 

Regulatory Area. 

3 
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estimate of exploitable bianass in each of the Areas • We reccmnend. using the 

mid-point estimate (fran the three methods) provided in Table 7, as our 

current best estimate. 

One proolem eneotmtered this year in stock assessment is that two new 

age readers were erployed to read roost of the otolith ages in the catdl. We 

examined the effect these new readers may have had on our estimates of stock 

bianass by doing a sensitivity analysis of the results of our closed catch-age 

rrethod to an alternative set of age estimates. The alternative set of age 

estimates was obtained by post�tiplying our original age readings by the 

inverse of a misclassification matrix. The misclassification matrix was 

constructed by carparing the 10% of the ages read by the new age readers which 

were also read by our experienced age reader. The results in Table 6 show 

sane differences in the bianass estimates, but nothing substantial. We do not 

consider the alternative set of age estimates to be as accurate as the 

original set and tlrus we did not incorporate those results in the range of CEY 

estimates given in Table 2. 

TECHNICAL Mr\l'TERS---rnTERNAL oc:x:n-ENrATICN 

A. To lag or not to lag incidental catches: at present there is no lag

placed between the year in which incidental catch occurs and the year in which 

it is subtracted fran total CEY. 'lbere are several reasons for this: 

1 . The extremely large year-classes of recent years are harvested at a 

higher rate in the setline fishery with the current method. There is 

little reason to protect these large year-classes fran setline 

exploitation by subtracting the larger incidental catches which 

occurred a few years ago. 

5 
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B. 

C. 

One proolem with our current method is that we are not really �lying 

a 0.35 exploitation fraction to the "right" exploitable bianass nurrber. 

The "right" nurrber should be what the exploitable bianass would have 

been if there had been no incidental catches, but instead an equivalent 

rem::,val of setline catches. This is a CXJra'using technical issue, but 

it inplies that we are using an effective exploitation fraction of 

sarething (slightly) less than 0.35. 

Sare grap1S for the closed sub-area catch-age analysis: as part of our 

analysis of the stocks in 1987 we c:onstnlcted two graphs which are 

shown as Figures 4 and Figure 5. We thought they should be included. in 

this document, primarily to show that the 2B stock doesn't look 

particularly over-exploited in ccrrparison to the 2C stock, with closed 

sub-area catch-age analysis. 

No Sept.errber data: the last opening in 3A and 3B were fraught with 

prcblems, including bad weather and trip limits. Because the fishery 

operated differently during this last opening, we decided not to use 

either the logbook data or the age readings collected during this 

opening. 

7 
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Table 2. Summary of 1987 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 Preferred Setline CEY (#5.) 

Reg. Area 2A 2B 2C 3A 3B 4 

1987 Quota 0.55 11. 5 11. 5 31. 0 9.5 4,8 
1987 Catch 0.59 12.2 10.7 31. 1 10.2 4.5 

1. 
ASP--total annual surplus production (million lbs) 
Range 

Upper 0.57 14.7 11. 5 51. 1 11. 0 6.5 
Lower 0.54 12.3 6.0 46.2 7.3 4.5 

2. 
Setline ASP--subtract other catches from total ASP 
Range 

Upper 0.24 12. 5 8.4 42.3 9.4 5.4 
Lower 0.21 10. 1 2.9 37.4 5.7 3.4 

3. 
CEY--total constant exploitation yield (million lbs) 
Range 

Upper 0.32 17.0 17.3 55.6 12.4 7.4 
Lower 0.23 9.8 3.8 43.0 7.2 4. 3

4. 
Setline CEY--subtract other catches from total CEY 
Range 

Upper -0.01 14.7 14.2 46.9 10.5 6.6 
Lower -0. 10 7.5 0.7 34.3 5.4 3.6 

*********** 
5. 
Preferred Setline CEY--proportional allocation, sums to combined 
Range : Note-- maximum relative CEY in 4. is the proportion 

Upper -0.0 12.2 11. 8 39.0 8.7 5.5 
Lower -0.0 10.3 10.0 32.9 7.4 4.6 

*********** 
6. 
�SY--maximum sustainable yield, a long-term reference point 

All gear 0.80 18,6 11. 3 29.2 10.0 11. 0
Setline 0.47 16.3 8.2 20.5 8. 1 10.2

'l, 
Other catches accounted for in reducing Totals to Setline 
1986 Sport 0.26 0.51 0.73 1.92 0.00 0.01 
1987 Waste 0.03 0.17 0.37 1. 58 0. 3 4 0.26 
1987 ByCat 0.04 1. 58 2.00 5.22 1. 53 0.52 

Total 0.33 2.26 3.09 8.72 1. 87 0.79 

�ate: By-Catch Mortality is apportioned into areas proportional 
to biomass estimates from closed subarea catch-age analysis. 

9 

Combined 

68.8 
69.3 

87.7 
82. 1

70.7 
6 5. 1 

94.3  
8 2 . 2 

77.2 
6 5. 1 

CEY 

77.2 
65. 1 

80.9 
63.8 

3.44 
2.74 

10.87 
17.06 
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Table 7: Midpoint estimates from the results 
analysis methods. 

Setline exploitation fraction catch lbs I 

year combined '2a 2b 2c 
4 

1975 0.22 0.31 0.26 0.26 
1976 0.22 0. 18 0.27 0.24 
1977 0. 17 0. 17 0.20 0. 14 
1978 0.16 0.08 0. 17 0. 17
1979 0. 16 0.04 0. 19 0. 16 
1980 0. 14 0.02 0.22 0.10
1981 0.16 0.23 0.20 0. 13
1982 0.15 0.32 0.20 0.09
1983 0. 18 0.39 0. 19 0.15
1984 0.20 0.41 0.29 0. 13
1985 0.23 0.52 0.32 0. 19
1986 0.27 0.54 0.34 0.22
1987 0.27 0.76 0.36 0.23

9. 
Midpoint estimates of exploitable biomass 
year combined '2a 2b 2c 

4 

1975 126.21 1.47 27.39 24.46 
1976 126.02 1.35 27.06 23.36 
1977 128.43 1.20 26.71 23.35 
1978 134.81 1. 16 26.38 25.80 
1979 142.88 1.06 26.21 28.85 
1980 152.12 0.99 25.96 31.69 
1981 166.03 0.90 25.75 35.57 
1982 189.92 0.92 27.30 40.63 
1983 210.45 0.94 29 .11 44.91 
1984 228.04 1.04 30.88 46.41 
1985 248.07 0.94 32.90 48.97 
1986 254.46 1.01 33.57 48.36 
1987 252.11 0.78 33.59 45.66 

18 

of the three catch-age 

midpt of expl.bio) 
3a old 3b old 

0.23 0. 19 0.05 
0.23 0. 18 0.07 
0. 1 7 0.21 0. 14
0. 18 0.08 0. 19
0. 18 0.02 0.21
0. 18 0.01 0. 12
0.21 0.01 0.20
0. 18 0. 15 0.06
0.18 0.21 0.23
0.20 0. 19 0.21
0. 19 0.30 0.22
0.27 0.30 0.26
0.24 0.29 0.37

3a old 3b old 

46.84 14.22 9.95 
48.63 15.20 8.51 
51. 22 15.71 7.78 
56.62 16.01 7.12 
61.34 18,81 6.60 
64.81 22.92 6.08 
68.92 28.51 6.05 
77.05 37.87 7.51 
86.90 40.73 8.58 
99.55 40.43 10.11 

112.03 41. 81 12.39 
123.16 37.22 12.22 
128.61 35.54 11.96 

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document III. 
IPHC Rep., pp. 1–23.

IPHC-2021-SACH-001 

Page 13



0 

0 
0 

AGE 8 BIOMASS ADJUSTED FOR BY-CATCH 

110 

100 

90 

..... , 
\ 

80 

70 

60 

50 

40 

45 50 

3 point moving average and sine wave 

' 

, ...

55 60 65 

Year 

19 

70 

' I 
' I 
...,,, 

75 

I 

I 

I 

80 85 

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document III. 
IPHC Rep., pp. 1–23.

IPHC-2021-SACH-001 

Page 14



Smoothed weight of 10 year olds 
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Fishing mortality rate of exploitables 
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STOCK ASSESSMENT DOCOMENT III 

SECTION 1. POPULATION ASSESSMENT, 1986 

by 

Richard B. Derise 

Our assessment of the Pacific halibut stock is based 
primarily on two methods of catch-age analysis, as in the 
previous two years. IPHC Scientific Report 72 describes 
the methods in detail. The information used this year for 
the assessment is comprised primarily of logbook catch and 
effort data, port samples of otolith length frequency with 
age estimates for a subsample, commercial landings, habitat 
size estimates, bottom area estimates, tag return 
information, and standard stock assessment surveys. Some 
problems were discovered this year regarding the accuracy 
of logbook hailed weight estimates used to calculate 
preliminary CPUE values. As a consequence, we postponed our 
stock asse�sment until dealer catch information became 
available. Results given below use this latest 
information. Another consequence of inaccuracies in 
preliminary CPUE estimates, is that the stock abundance in 
1985 was biased upward by about 12%, largely due to the use 
of that preliminary data. 

Four improvements were made to our stock assessment 
methodology. First: better estimates of standardized "J" 
hook CPUE were derived for IPHC regions 1 & 2 (Columbia, 
Vancouver), as discussed in another report in this 
document. Second: maximum sustainable yield estimates were 
updated for each Area, as discussed in another report in 
this document. Third: a more precise estimate was made of 
the amount of incidental, sports, and wastage catches 
within each regulatory area (given in Table 2). Fourth: 
better estimates were made of the exploitation fraction to 
be used in CEY (constant exploitation yield) calculations. 

The abundance of Pacific halibut. combined over all areas, 
was roughly the same as last year. Exploitable biomass of 
Pacific halibut continued to grow slightly in 1986 by 3.5%, 
according to migratory catch-age analysis. However, 
overall CPUE from the fishery dropped by 6% from 1985 
levels. Only regulatory area 3A showed an increase in 
exploitable biomass in 1986, as compared to 1985 levels, 
according to migratory catch-age estimates. Flat to 
slightly decreasing biomass estimates were obtained for 
Areas 2A, 2B, 2C, and 4. Area 3B biomass decreased in 1986 
from 1985 levels, according to two of the three catch-age 
analyses. 

Preliminary CPUE and catch estimates are given in Table 1. 
There's not much to say about this table; it's pretty much 
self explanatory. 

A summary of stock assessment results is given in Table 

1 

,, 

.:. . 
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The ranges given for �ach item correspond to the span of 
estimates from the three catch-age analyses. ASP (annual 
surplus production) is the excess of biomass above what is 
needed to replenish the population each year. The range of 
total ASP for the stock as a whole is 82 to 85 million lbs 
. Total removals in 1986 were perhaps as high as 90.5 
million lbs ( 69 commercial, 3.3 sports, 8.2 wastage, 10 
incidental ) and possibly exceeded ASP in 1986. Setline ASP 
listed in Table 2 is the amount of production left after 
subtracting other catches (incidental, sports, wastage). 
Setline ASP estimates range from 66 to 68 million lbs for 
the whole population. The setline ASP in Area 2A is 
probably too high, since 1985 sports catch estimates used 
in the analysis do not account for likely increases in 1986 
sports catch in that area. 

CEY (constant exploitation yield) estimates have been the 
preferred numbers to consider for setting catch quotas the 
last two years. A constant exploitation fracti6fi (0.35) was 
multiplied to exploitable biomass to get total CEY for the 
entire stock. The sub-area CEY estimates were based on two 
partitioning procedures, applied to total combined area 
CEY: 1. partition the CEY according to the percentage of 
exploitable biomass in an area; 2. partition CEY according 
to the percentage of ASP in an area. The second procedure 
is our first attempt to account for area-specific 
productivity. For example, Area 2B historically has higher 
production (per unit stock biomass) than Areas in Alaska. 
Setline CEY is found by subtracting other catches 
(incidental, sports, wastage) from the total CEY numbers. 
There is quite a bit more uncertainty in the subarea CEY 
estimates than in the combined area CEY. As a consequence, 
the range of estimates for the various areas total to CEY's 
both higher and lower than our range for the total CEY. 

Setline CEY was calculated by subtracting other catches 
from the total CEY; this reduction amounts to about 7% for 
the entire population biomass, which gives a setline 
exploitation fraction of about 28%, although it differs by 
regulatory area. 

Included in Table 2 are numbers titled " Preferred Setline 
CEY ", which is an allocation of the setline CEY estimates 
for combined areas into the regulatory areas. The 
allocation procedure is based on the maximum CEY estimate 
for each area, as described next: first add togeather the 
maximum setline CEY estimate for each area( this is a total 
maximum of 102,4 mill.lbs.); divide the max setline CEY for 
each subarea by the total maximum, 102.4, and product the 
result with the range estimate for combined area CEY. In 
essence, this procedure maximizes the allocation of catch 
to each area subject to the constraint that the total lies 
within the estimated range. 

Revised estimates of �SY are shown towards the bottom of 
Table 2. After subtracting other catches, the setline �SY 

2 
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figure is seen to lie in the range of the setline CEY 
estimates for the stock as a whole. There are still major 
differences between current CEY and MSY for some regulatory 
areas. CEY is below �SY in areas 2A, 2B, and �; CEY is 
near �SY in areas 2C and 3B, while in area 3A it remains 
appreciably above �SY. 

The bottom of Table 2 gives our best estimates of other 
catches of halibut--from sports, wastage, and incidental 
fishery sources. We are especially uncertain about the 
amount of wastage, with some estimates ranging as high as 
8.2 million lbs. There has ali;ays been some wastage. The 
effect of such removals, which are not accounted for in 
historical data, is to lower our estimated target CEY 
exploitation fraction.- Thus such removals are partly 
compensated for in our estimation procedure. A similiar 
compensation occurs in our catch-age analysis. We are using 
an overall wastage estimate of 3.2 million lbs as a ball 
park estimate of the unaccounted portion of wastage. 

A number of things can go wrong in stock assessment. I qave 
tried to use methods as robust as possible, but I can not, 
yet, develop estimates that are completely free of the CPUE 
estimates. My concern is that wide-spread cheating and 
lying about log-book information can severely distort stock 
assessment. I don't know how much of a problem it is, but 
I want the reader to be aware of this caveat. Figure 1 
shows the importance of high quality fishing effort 
information in our stock assessment. 

Tables 3 through 5 provide a more detailed break-down of 
the three catch-age analysis procedures followed this year. 
Each of the procedures has its strengths and weaknesses. I 
pay a little more attention to the migratory catch-age 
estimates primarily because that method contains the most 
biological realism. 

Table 6 provides a break-down of the CPUE of sub-legal 
female halibut from our standardized stock assessment 
surveys; other CPUE information is given in the report by 
Kaimmer. I enclose this table because of it is a rough 
indicator of future recruitment of females, which are the 
main-stay of the fishery. 

PRELIMINARY SURVEY EVALVATION 

Are the SSA surveys any good? Table 7 shows R-squares 
around 0.5 for area 2B and area 2C regressions of sub-legal 
CPUE versus abundance of 8 year-olds ( lagged one year) 
from catch-age analysis. The area 3A R-square of -0.1� 
indicates a very poor relationship there. Those regression 
results are essentially opposite to results we get when 
legal size CPUE from the surveys are regressed against 
exploitable biomass estimates for the reg. areas; table 8 
shows R-squares of 0.02 for areas 2B and 2C, while 3A is 
much better with a R-square of 0.7 Table 9 shows the 
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results in Table 8 hold pretty much the same when 
commercial CPUE is regressed against survey legal-size 

CPVE. The biomass and year-class estimates used in this 
survey evaluation are estimates from an earlier analysis 

and have been revised in Tables 3-5.These preliminary
estimates are highly correlated with the revised ones. 

TECHNICAL MATTERS --- internal documentation 

CEY and ASP estimates were very sensitive to the choice of 
the lambda coefficient used to weight fishing effort 
information in catch-age analysis ( see Figures 1 and 2). 
This year is the first time we've had such high 
sensitivity. The high sensitivity appears to by due to a 
conflict of signals in the data: the CPUE trend over the 
last few years is very upbeat, whereas the age composition 
of the catch ( particularly in 3B) looks depleted in the 
old age categories---see Cal Blood's report� A lambda value 
of 0.3 was used in combined area catch-age analysis---the 
results shown in Figures 1 and 2. Lambda is a constant 
whose value is the ratio of variance of catch to variance 
of the fishing effort-fishing mortality relationship 
(Derise et al., 1985 CJAFS). A lambda of 0.3 was used since 
the rss is about 1.2 for this 8-17+(pool older age) 
analysis, as compared to the 2.1 rss in our earlier 8-20 
analysis. The 0.3 is 1.2/2.1 of the 0.5 value of lambda 
found appropriate in our 1985 publication. The migratory 
catch-age analysis still uses lambda 2.0 because of higher 
catch variance. The closed sub-area run uses lambda of 0.5 
since the rss for these 8-17+ runs were around 2-3. 

Efren's bootstrap method was applied to the migratory 
catch-age results by Phil Neal. He got the results in Table 
10 and Figure 3. Notice that the standard deviations are 
quite high for the most recent year-classes. 

Estimates for area 3B and 4 were partitioned from old area 
definitions by using bottom area. The old area definitions 
used in catch-age analysis are old 3B = Chirikof + Shumagin 
regions ; old 4 = Aleutian + Bering Sea. Our basic data is 
setup into regions. To get the current 3B find bottom area 
of stat areas 29-34 (=28132), old 3B is stat areas 29-38 
{=33950); thus new 3B is 82.86% of t�e old 3B. The 
remaining 17.14% of old 3B is added to 4 to get the new 
area 4, 

I did a monte-carlo study with data in our latest INPFC 
paper ( Deriso, McCaughran and Hoag, 1987?). I used the 
estimates of survival from birth to age 8. Those were 
selected randomly and entered into a Leslie type model. The 
stationary population abundance from this study occurred 
when the total exploitation fraction was about 0.23 This 
also produces approximate equilibrium in a deterministic 
setting when R/S is 0.556, the average value in the I�PFC 
study. Figure 4 shows the R and S data. The 0.25 
exploitation used in our stock assessment is probably not 

4 

Deriso, R.B., 1987. Stock Assessment Document III. Section 1. Population assessment, 
1986. IPHC Rep., pp. 1–14.

IPHC-2021-SACH-001 

Page 21



sustainable if survival of the young is density-independent 
( see our I�PFC paper ) . On the other hand, MSY analysis 
supports at least a 0.35 exploitation fraction. This year, 
Gilbert's finding of canabilism among juvenile halibut 
gives additional support to density-dependence. 

5 

.. 
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Table 1: Preliminary CPUE estimates. Data are standardized to 
'J' hook equivalence and adjusted to equal catchability 
between Reg. Areas, as described in IPHC Sci. Report 72. 
Area 2A and southern 2B CPUE based on report in this 
document by Deriso and Price. 

CPUE by Regulatory Area (lbs/skate) 

Year 2A 2B 2C 3A 
Chirikof Aleutian 
Shumagin Bering S 

Areas 
Combine 

7 4 
75 
76 
77 
78 

., 79
80 
81 
82 
83 
84 
85 
86 

YEAR

74 

76
75

77 

79
78

80 
81 

 :; 
84 

86
85

59.4 
59.4 
32.6 
82.8 
38.9 
50.0 
37.3 
48.9 
46.2 
46.4 
46.3 
3!L8 
48.1 

6 4 . 1 
67.6 
53.0 
61.5 
62.7 
48.1 
65.3 
79.9 

----�
---
------

--·-

80. 3
82.0
85.8
80.2
70.3

57.2 
53.4 
42.2 
45.2 
56.4 
80.3 
79.4 
99.5 

129.4 
124.7 
119.5 
128.8 
107.8 

64.7 
66.0 
59.7 
61.2 
78.1 
85.9 

118.5 
114.0 
124.6 
158.9 
187.6 
-182.4
187.2

Catch in million lbs. by subarea 

TOTAL 

21.306 
27.616 
27.535 
21.868 
21.988 
22.527 
21.866 
25.736 
29.008 
38.384 
44.970 
56.113 
69.576 

2A 

0.515 
0.460 
0.238 
0.207 
0.097 
0.046 
0.022 
0.202 
0.290 
0.363 
0.430 
0.493 
0.549 

2B 

4.624 
7.127 
7.283 
5.427 
4.607 
4.857 
5.650 
5.241 
5.538 
5.428 
9.054 

10.384 
11. 249

2C 

5.605 
6,243 
5.527 
3,186 
4.316 
4,530 
3.238 
4.495 
3.500 
6.610 
5.857 
9,211 

10.661 

6 

56.7 
67.9 
64.6 
73.3 
52.9 
36.7 

113.4 
133 ._i_ 
136.7 
152.5 
160.5 
191.0c 
146.5 

3A 

8.187 
10.601 
11.044 

8.641 
10.295 
11.335 
11.966 
14.198 
13.499 
15.580 
19.961 
20.852 
32.738 

136.9 
95.8 
83.7 
80.1 
75.7 
66.4 
56.4 

107.6 
--------

78.4 
51.0 
88.0 

.134. 7 
138.4 

62.4 
63.4 
53.8 
60.5 
67.2 
70.1 
89.6 

101.5 
112.4 
120.3 
131.8 
135.8 
127.8 

Chirikof Aleutian 
Shumagin Bering S 

1.834 
2.655 
2.809 
3.323 
1.327 
0.390 
0.277 
0.416_ 
5.766 
8.426 
7.545 

12.464 
11. 196

0.541 
0.530 
0.634 
1.084 
1,346 
1.369 
0.713 
1,185 
0.416 
1.977 
2.122 
2.709 
3,183 
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Table 2. Summary of 1986 population assessment results. The 
range of estimates corresponds to maximum and min. 
of results from three methods of catch-age analysis. 
�ate that range values for Combined is more precise 
than the sum of ranges from individual Reg. Areas, 
with the exception of Preferred Setline CEY (#5.) 

Reg. Area 2A 2B 2C 3A 3B 

1986 Quota 0.50 11. 2 11. 2 28. 1 10.3 
1986 Catch 0.55 11. 2 10.6 32.7 9.0 

1. 
ASP--total annual surplus production (million lbs) 
Range 

Upper 0.59 
Lower 0.52 

''6 

2 • 

Setline ASP--subtract 
Range 

Upper 
Lower 

3. 

0.31 
0.25 

14.5 
11. 3 

other 

12. 5
9. 3

14. 1 
13. 1 

catches 

10. 1
9.1

from 

46.3 
35. 1 

total 

38.1 
26.9 

ASP 

13.0 
6.2 

11.6 
4.8 

• 

CEY--total constant 
.Range 

Upper 
Lower 

exploitation yield (million lbs) 

4 • 

0.42 
0.31 

16.9 
10.0 

(i_ 7 . 9 5 1 . 5 14 .-4------�)

./ 11 . 3 3 3 . 3 ---------iLs�f 
·--------·--- .. - --- - -----

5/ 1 I 

Setline CEY--subtract other catches from total CEY 
Range 

Upper 
Lower 

*********** 

5. 

0.14 
0.03 

15.0 
8.0 

13.9 
7. 4

43.3 

25.1 
12.7 

4.8 

4 

5. 1
5.6

9.5 
4.2 

8.7 
3.5 

10.8 
4.2 

10.4 
3.8 

Combined 

6 6 . -t 
69.6 

84.9 
82.1 

68.4 
65.6 

92.4 
.. 81, 4. 
'-----------

75.9 
64.8 

Preferred Setline CEY--proportional allocation, sums to combined CEY 
Range 

Upper 
Lower 

*********** 

6. 

0.12 
0. 10

11.9 
10.2 

11. 0
9.4 

34.4 
29.4 

10. 1
8.6 

8.3 
7.1 

MSY--maximum sustainable yield, a long-term reference point 

All gear 
Setline 

6 

Other catches 
1985 Sports 
1986 Wastage 

0.80 

0.53 

0.228 
0.0 

1986 Incidental 0. O..J,7 
Total 0.275 

18.6 
16.7 

for in 
0.525 
0.0 
1.422 
1.947 

11.3 
7.3 

reducing 
1.090 
0.650 
2,237 
3.977 

29.2 
21. 0

Totals 
1.492 
1.997 
4.704 
8.193 

10.0 
8.3 

11. 0

10.6 

to Setline 
0.0 0.010 
0.536 o.o

1. 180 0 . .+09 
1.716 0. -1-19

75.9 
64.8 

80.9 
64.4 

3 . 3 -+ 5 
3. 183

10.00() 
16.527 

Notes: Wastage is half of the 12.3% lost or abandoned gear estimate 
for August in 3B. Incidental is apportioned into areas proportional 
to biomass estimates from migratory catch-age analysis. 
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Table 3. E::plo-it_:b�e ___ ,'.?0_llla!?:;) con�tant exploitation yield (CEY), ai:inual 
'surplus pro ucE1.on 1ASP) for setl1.ne, and commerc1.cal catches. Estimates 
based on migratory catch-age analysis. 3B and 4 are old area definitions. 

37 4 
75 
i6 
,7 

378 

1
79
80 

381 
82 
83 

384 

1
85
86

'AR 

� 'i 4 
375 

1
76
�-

I I 

378 

1

79 
80 
81 

382 

1
83
84 

385 
186 

i�! 
!1s 

I;�78 
379 
180
81

382 

1:� 
!as
86

Biomass 
TOTAL 

114.221 
117.901 
117.514 
120.212 
125.833 
135.158 
143.919 
154.4'¼4 
175.220 
194.167 
211.120 
229.430 
237.304 

Setline 
TOTAL 

24.986 
27.229 
30.233 
27.489 
31.313 
31.288 
32.391 
46.512 
47.955 
55.337 
63.280 
63.987 
66.183 

CEY in 
TOTAL 

31.982 
33.012 
32.904 
33.659 
35.233 
37.844 
40.297 
43.244 
49.061 
54.367 
59.114 
64.240 
66.445 

in million lbs. by subarea 
2A 2B 2C 

24.693 
23.581 
22.733 
22.931 
25.293 

1.306 23.910 
1.337 
1.182 
1.007 
0.964 
0.943 
0.884 
0.769 
0.801 
0.761 
0.913 
1.040 
0.895 

24.675 
23.541 
23.166 
22.809 
22.879 27.497 
22.608 29.933 
22.164 33.690 
22.436 38.059 
24.362 43.531 
26.846 46.545 
28. 069 L5._o. 129 

I 
. 

.• 28. 400 (�50. 9Q�-�

3A 3B 4 
46.492 10.359 7.461 
50.073 11.033 i.202
52.487 11.126 6.445
55.922 11.352 5.834
60.693 11.128 4.946
64.539 13.907 5.393
67.894 17.224 5.376
71.885 -�{_8 __ 5.088
77.741 29.808 6.375
87.706 31.177 6.630

101.562 28.500 6.754
1 1 3 9 2 7 . 2s--T341 J a . 1 3 1 

-T2s-�1js·---23�-j-sj \ l a. o 11 

A. S. P. in 
2A 

0.546 
0.305 
0.063 
0.164 
0.076 

·-.co,co 
million lbs. 

2B 
5.389 
5.993 
6.908 
5.070 
4.677 
4.586 
5.206 
5.513 
7.464 
7.912 

by subarea 
2C 3A 3B 

2.508 
2.748 
3.035 
3.099 
4.106 
3.707 
3.901 
9.376 
7.135 
5.749 
7.179 
7.683 
6.378 

1qz.,1� 

4 
0.282 

-0.013
-0.093

0.234
0.250
0.515
0.557
0.348
0.299

million 
2A 

0.352 
0.363 
0.329 
0.269 
0.282 
0.265 
0.242 
0.216 
0.245 
0.217 
0.236 
0.321 
0.266 

10.277 
10.715 
10.841 

4.493 
5.395 
5.725 
5.548 
6.520 
6.966 
6.995 
8.864 
8.972 
9.624 
9.441 
9.991 

10,146 

lbs. by subarea when 
2B 2C 

6.684 6.908 
6.900 6.602 
6.581 6.350 
6.496 6.429 
6.377 
6.396 
6.327 
6.227 
6.280 
6.796 
7.507 
7.837 
7.973 

7.082 
7.682 
8.382 
9.427 

10.646 
12.178 
13.005 
14.004 
14.286 

8 

11.768 
13.015 
14.479 
13.412 
14.141 
14.690 
15.957 
20.054 
23.464 
29.436 
32.326 
32.661 
36.046 

exploitation is 
3A 

13.017 
14.030 
14.708 
15.651 
16.982 
18.090 
19.020 
20.109 
21.783 
24.574 
28.434 
31. 927
35.216

3B 
2.910 
3.103 
3.126 
3.164 
3.101 
3.898 
4.836 
5.838 
8.340 
8.753 
7.980 
7.902 
6.512 

-0.227
0.023
0.196
1.793
1.352
0.425
2.472
0.671
2.101
3.499
2.589
2.550

0.28 
4 

2.079 
2.014 
1.810 
1.649 
1.374 
1.514 
1.491 
1.427 
1.766 
1.848 
1.892 
2.248 
2.259 
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"EAR 
19 7 4 
... 975 
1976 
1977
978

1979 1980 
981 

1982 
.983 
,984 
L 98 5 
1986 

EAR 
986 

�AR 
1974 
1975

976 
1977 

1
978

.979
1980 

1

981 
982 
983 

1984 

1
985
986

YEAR l974 
975 
976 

1977 

l
978
979

1980 
f 981 
f-982 
1983 
r.984 

f
985 

1986 

CEY in 
TOTAL 

39.978 
41.265 
41. 130
42.074
44.042
47.305
50.372
54.055
61.327
67.958
73.892
80.300
83.056

million lbs. by subarea when exploitation is 
2A 2B 2C 3A 

0.440 8.355 8.635 16.271 
0.454 8.624 8.253 17.538 
0.411 8.226 7.938 18.385 
0.337 8.120 8.036 19.564 
0.352 7.972 8.852 21.228 
0.331 7.995 9.603 22.612 
0.302 7.908 10.477 23.775 
0.270 7.784 11.784 25.136 
0.307 7.850 13.308 27.229 
0.272 8.495 15.223 30.717 
0.296 9.384 16.256 35.542 
0.402 9.797 17.505 39.909 
0.332 9.967 17.857 44.020 

38 
3.638 
3.879 
3.907 
3.955 
3.876 
4.872 
6.045 
7.297 

10.426 
10.941 

9.975 
9.877 
8. 140

CEY in million lbs. by subarea when 
minus other catches. 

exploitation is 

TOTAL 2A 2B 2C 
66.61 0.057 8.020 13.880 

3A 
35.827 

3B 
6.424 

CEY in million lbs. by subarea when exploitation is 
where partitioning of total CEY is based on subarea ASP 

TOTAL 2A 2B 2C 3A 3B 
31.982 0.704 6.908 5.757 15.064 3.198 
3 3 . 0 1 2- 0 . 3 6 3 °7 . 2 6 3 6 . 5 3 6 1 5 . 7 8 0 3 . 3 3 4 
32.904 0.066 7.502 6.219 15.761 3.290 
33.659 0.202 6.193 6.799 16.426 3.803 
35.233 0.070 5.250 7.329 15,925 4.616 
37.844 0.000 5.563 8.439 17.787 4.466 
40.297 -0.121 6.488 8.704 19.867 4.836 
43.244 0.216 5.146 8.260 18.638 8.735 
49.061 0.245 7.654 9.174 23.991 7.310 
54.367 0.489 7.774 9.460 28.923 5.654 
59.114 0.532 9.576 8.808 30.207 6.680 
64.240 0.321 10.728 10.021 32.762 7.709 
66.445 0.332 10.897 10.166 36.146 6.379 

CEY in million lbs. by subarea when exploitation is 
where partitioning of total CEY is based on subarea ASP 

TOTAL 2A 2B 2C 3A 3B 
39.978 0.880 8.635 7.196 18.830 3.998 
41.265 0.454 9.078 8.170 19.725 4.168 
41.130 0.082 9.378 7.773 19.701 4.113 
42.074 0.252 7.742 8.499 20.532 4.754 
44.042 0.088 6.562 9.161 19.907 5.769 
47.305 0.000 6.954 10.549 22.233 5.582 
50.372 -0.151 8.110 10.880 24.833 6.045 
54.055 0.270 6.433 10.325 23.298 10.919 
61.327 0.307 9.567 11.468 29.989 9.138 
67.958 0.612 9.718 11.825 36.154 7.068 
73.892 0.665 11.971 11.010 37.759 8.350 
80.300 0.402 13.410 12.527 40.953 9.636 
83.056 0.415 13.621 12.708 45.183 7.973 

9 

0.35 

2.599 
2.517 
2.262 
2.062 
1.718 
1.892 
1.864 
1.784 
2.208 
2.311 
2.365 
2.811 
2.824 

0.35 

4 
2.405 

0.28 

4 
0.352 

-0.264
0.033
0.236
2.008
1. 627
0.524
2.292
0.687
2.066
3.251
2.570
2.525

0.35 

4 
0.440 

-0.330
0.041
0.295
2.510
2.034
0.655
2.865
0.859
2.582
4.064
3.212
3. 15 6

... 
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lf:AR 
�86 

'AR
1974

ii;� 
'377 
1978 
�79 
11113 8 0 
1981 
1f82 
�83 
1984 

�85

1f
86

CEY in million lbs. by subarea when exploitation is 
minus other catches 

where partitioning of total CEY is based on subarea ASP 
TOTAL 2A 2B 2C 3A 3B 

66.6 0.140 11.674 8.731 36.990 6.25, 

Catch 
TOTAL 

21.306 
27.616 
27.535 
21.868 
21.988 
22.527 
21.866 
25.736 
29.008 
38.384 
44.970 
.,5 6 • 113 
69.576 

in million lbs. by subarea 
2.-\ 2B

0.515 4.624
0.460 7.127 
0.238 7.283 
0.207 5.427 
0.097 4.607 
0.046 4.857 
0.022 5.650 
0.202 5.241 
0.290 5.538 
0.363 5.428 
0.430 9.054 
0.493 10.384 
0.549 11.249 

2C 3A 3B 
5.605 8.187 1.834 
6.243 10.601 2.655 
5.527 11.044 2.809 
3.186 8.641 3.323 
4.316 10.295 1.327 
4.530 11.335 0.390 
3.238 11.966 0.277 
4.495 14.198 0.416 
3.500 13.499 5.766 
6.610 15.580 8.426 
5 . 8 s ; 1 9 . 9 6 1 7 :.iR 

\' g � 211 2 o . ·as z ___ · -
1
r2

1
=.· 4

1
· _
9
6 

6
4 J

�. -�-�"1. ---··· ,3"2-:13'a'�_ 
.. ----····-·) 

10 

0.35

4
2. i 3 i

4 
0.541 
0.530 
0.634 
1.084 
1.346 
1.369 
0.713 
1. 18 5
0.416
1.977
2. 12 2
2.709 
3.183 
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lble 4. Exploitable biomass, constant exploitation yield (CEY), annual
;urplus production (ASP) for setline, and commerical catches. Estimates
lt,.sed on closed subarea catch-age analysis with no migration. 
It-ea 3B and 4 are old area definitions. 3B is Chirikof and Shumagin.

Biomass 

YEAR TOTAL 

1974
1975
1976
1977 
1978 '
1979 
1980 
1981
1982
1983
1984
1985 
1986 

122.83
127.55
127.35
129.37
136. 6-1
143.21
152.72
169.07
192.35
214.25
233.52
254.32 
264.09 

in million lbs. by subarea 

2A 

1. 43
1. 48
1. 33
1. 12
1.09
1.08
1.01
0.89
0.94
0.90
1.09
1.28 
1. 13 

2B 

26.25
27.33
26.47
2 5 •ta 6
25.84
26.06
25.90
25.76
26.39
28.77
32.04
34.44 
36.03 

2C 

26.20
24.92
23.50
23.20
25.36
27.25
29.68
33.20
37.50
43.03
46.02
49.13 
49.43 

3A 

49.29
53.33
56.20
59.85
66.12
70.91
75.22
80.79
88.30

100.41
115.50
129.63 
143.24 

Setline Annual Surplus Production in million lbs 

YEAR
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984 
1985 
1986·

TOTAL 
26.02
27.42
29.55
29.15
28.55
32.04
38.21
49.02
50.90
57.65
65.77
65.89
68.42

2A
0.56
0.31
0.03
0. 17
0.08

-0.02
-0.10

0.25
0.25
0.55
0.62
0.35
0.31

2B
5.70
6.27
6.67
5.40
4.83
4.69
5.51
5.87
7.93
8.69

11. 45
11.98
12.53

2C
4.33
4.83
5.23
5.34
6.21
6.97
6.75
8.80
9.03
9.60
8.97
9.51
9.57

3A
12.23
13.47
14.70
14.91
15.08
15.65
17.54 
21. 71 
25.61 
30.67
34.09 
34.46
38.08 

3B 

11.43
12.40
12.57
12.77
12.62
12.91
15.93
22.85
32.31
33.92
31.42
30.91 
25.51 

3B
2.80 
2.82
3.01
3.18
1. 61
3.41
7.20
9.88
7.38
5.93
7.04 
7.06
5.82

Total CEY in million lbs when exploitation is 0.35 

YEAR
1974
1975
1976
1977
1978

TOTAL 
42.99
44.64
44. 57
45.28
47.83

2A 
a.so

0.52 
0.47
0.39
0.38

2B
9.19
9.56
9.27
9.05
9.04

11 

2C
9.17
8.72
8.23
8.12
8.87 

3A
17.25
18.66
19.67
20.95
23.14

3B
4.00 
4.34 
4. -t 0
4.47 
4. 4 2

-t 

8.23
8. 10
7.28
6.56
5.61
5.00
4.97
5.58
6.91
7.21
7.45
8.93 
8.75 

4 
0.40

-0.28
-0.09

0.13
0.74
1. 34
1. 32
2.52
0.72
2.21
3.61
2.52
2.47

4 
2.88
2.83
2.55
2.30
1. 96 
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1979 5 0. 12 0.38 9. 12 9.54 24:82 4.52 1. 7 5
1980 53.45 0.35 9.06 10.39 26.33 5.58 1.74
1981 5 9. 17 0.31 9.02 11. 6 2 28.28 8.00 1. 95
1982 67.32 0.33 9.24 13. 13 30.91 11. 31 2.42

1983 74.99 0.31 10.07 15.06 35.14 11.87 2.52

1984 81,73 0.38 11 . 21 16. 11 40.42 11.00 2.61

1985 89.01 0.45 12.05 17.20 45.37 10.82 3. 13

1986 92.43 0.40 12. 61 17.30 50.13 8.93 3.06

Setline CEY after sutracting other catches from total CEY 

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

1986 75.90 0.12 10.66 13.32 41.94 7.21 2. 6 4

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 
1974 42.99 0.93 9.41 7. 15 20.20 4.63 0.67 

1975 44.64 0.50 10.22 7.86 21. 94 4.59 -0.46

1976 44.57 0.05 10.06 7.89 22.17 4.54 -0. 13
1977 45.28 0.27 8.39 8.29 23.17 4 .iH 0.21

1978 47.83 0. 14 8.10 10.40 25.26 2.70 1.24
1979 50.12 -0.03 7.34 10.90 24.48 5.34 2.09
1980 53.45 -0. 14 7.71 9.44 24.53 10.06 1.84
1981 59.17 0.30 7.08 10.62 26.21 11. 92 3.04
1982 67.32 0.33 10.48 11. 94 33.87 9.76 0.95
1983 74.99 0.72 11. 31 12.49 39.89 7. 71 2.87
1984 81.73 0.77 14.23 11.14 42.36 8.74 4.48
1985 89.01 0.48 16.18 12.85 46.56 9.53 3.41
1986 92.43 0.42 16.93 12.93 51.45 7.87 3.34

Setline CEY after sutracting other catches from total CEY 
where partitioning of total CEY is based on subarea ASP 

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

1986 75.90 0. 15 14.99 8.95 43.25 6. 15 2.92 
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rable �. Exploitable biomass, constant exploitation yield (CEYl, annual 
3urplus production (ASP) for setline, and commerical catches. Estimates 
oased on catch-age analysis for total stock �ith CPUE subarea partition. 
Area 3B and 4 are old area definitions. 3B is Chirikof and Shumagin. 

YEAR 

1974 
1 9 i 5 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

YEAR 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985. 
1986 

YEAR 
197-l 
1975 
1976 
1977 
1978 
1979 
1980 

Biomass in million lbs. by subarea 

TOTAL 

lli.51
120. i 1
120.00
120.83
127.71
135.21
142.76
153.77
174.80
195.66
208.06
225.08
232.48

2A 

1. 5 3

1. 44
1. 21
1. 15
1.08
1.00
0.92
1.05
0.98
1.04
1. 12
0.93

2B 

27.97 
28.97 
28.68 
27.82 
27.20 
26.23 
25.55 
26.60 
29.40 
31. 31 
30.59 
30.36 
29.55 

2C 

18.92 
19.07 
18.60 
18. 51
20.18
2 3. 12

- 26. 5 5
29.68
33.95
37.18
37.45
38.23
38.16

3A 

40. 19
42.37
43.80
46.93
52.61
57.19
60.25
64.43
73.67
84.92
94.46

105.23 
110.07 

Setline Annual Surplus Production in million lbs 

TOTAL 
24.50 
26.91 
28.36 
28.74 
29.49 
30.08 
32.87 
46.77 
49.87 
50.78 
61. 99
63.50
65.59

2A 

0.56 
0.33 
0.01 
0.15 
0.03 

-0.04
-0.05

0.33
0.22
0.42
0.51
0.30
0.25

2B 
5.63 
6.84 
6.42 
4.81 
3.64 
4.18 
6.70 
8.04 
7.45 
4. 71
8.82
9.58
9.33

2C 
5.76 
5.77 
5.43 
4.86 
7.26 
7.96 
6.36 
8.76 
6.73 
6.88 
6.63 
9. 15
9.13

3A 
10.37 
12.03 
14.17 
14.33 
14.87 
14.39 
16.15 
23.44 
24.75 
25.12 
30.73 
25.69 
26.87 

3B 

16.80 
17.38 
17.40 
17.42 
18.39 
19.88 
22.41 
25.83 
30.27 
34.05 
35.99 
38.90 
40.03 

3B 
2.41 
2.67 
2.83 
4.30 
2.81 
2.93 
3.70 
4.85 
9.54 

10.37 
10.45 
13.59 
13.98 

Total CEY in million lbs when exploitation is 0.35 

TOTAL 
41.13 
42.25 
42.00 
42.29 
44.70 
47.32 
49.97 

2A 

0.53 
0.55 
a.so

0.42 
0.40 
0.38 
0.35 

2B 
9.79 

10.14 
10.04 
9.74 
9.52 
9. 18 
8. 9-l

13 

2C 
6.62 
6.68 
6.51 
6.48 
7.06 
8.09 
9.29 

3A 
14.07 
14.83 
15.33 
16.43 
18.41 
20.02 
21.09 

3B 
5.88 
6.08 
6.09 
6.10 
6. 44
6.96
i . 3 -t

4 

12. 10
11 . 3 5
10.08

8.95 
8. 17
7.71
7.00
6.30
6.47
7.24
8.53

11.24 
13.73 

4 

-0.22
-0.74
-0.50
0.31
0.88
0.66
0.02
1. 35
1. 18
3.27
4.83
5.20
6.35

4 
4.24 
3.97 
3.53 
3.13 
2.86 
2.70 
2 . 4 5 
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1981 
1982 
1983 
1984 
1985 
1986 

YEAR 
1986 

YEAR 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

YEAR 
1986 

53.82 0.32 9.31 10.39 22.55 9.04 2.21 
61.18 0.37 10.29 11.88 25.78 10.59 2.27 
68.48 0.34 10.96 13.01 29.72 11.92 2.53 
72.82 0.36 10.70 13.11 33.06 12.60 2.99 
78.78 0.39 10.62 13.38 36.83 13.62 3.93 
81. 37 0.33 10.34 13.36 38.52 1-L O 1 4. 81 

Setline CEY after sutracting other catches from total CEY 

TOTAL 2A 2B 2C 3A 38 
64.84 0.05 8.40 9.38 30.33 12.29 -l . 3 9 

Total CEY when exploitation is 0.35 
where partitioning of total CEY is based on subarea ASP 

... 

TOTAL 2A .. 2B 2C 3A JB 4 
41,13 0.93 9.44 9.66 17.40 -L05 -0.36
42.25 0.52 10.74 9.06 18.89 4.20 -1.16
42,00 0.01 9.51 8.04 20,99 4.18 -0. 73
42.29 0.22 7.07 7.15 21.08 6.32 0.-! 5
44.70 0.05 5. 51 11. 00 22.54 4.26 1. 33
47.32 -0.06 6.58 12.53 22.63 4.61 1.04
49.97 -0.08 10.18 9.67 24.55 5.62 0.03
53.82 0.38 9.25 10.08 26.97 5.59 1. 56
61.18 0.27 9.14 8.26 30.37 11.71 1.45 
68.48 0.57 6.35 9.28 33.88 13.99 4.41 
72.82 0.60 10.37 7.79 36.10 12.28 5.68 
78.78 0.37 11.89 11. 35 31.87 16.86 6.45 
81.37 0.31 11.57 11. 33 33.33 17.34 7.87 

Setline CEY after sutracting other catches from total CEY 
where partitioning of total CEY is based on subarea ASP 

TOTAL 2A 2B 2C 3A 3B 4 
64.84 0.03 9.63 7.35 25.14 15.63 7.45 

14 
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distrib ution of catch and this procedure may reflect economic factors 

as well as the distrib ution of halibut stocks. The fishery first 

developed in Areas 2A and 28 and exploitation rates have tended to be 

higher in these areas. In contrast, the fishery in Area 4 did not 

develop until the 1960's, and has been impacted to a greater degree by 

incidental catches. 

Setting catch limits requires a clear statement of IPHC 

objectives. If the objective is to reb uild stocks, then the catch 

limit should be set below ASP. The probability of rebuilding and the 

rate of rebuilding increases the farther the catch limit is set below 

ASP. IPHC's policy of setting catch limits at 75% of ASP during the 

1980's appears to have been successful in accomplishing the objective 

of rebuilding the resource. 

CPUE data su ggest that stocks are presently near levels that 

produce MSY and the objective of reb uilding may no longer b e  

appropriate (Areas 2A and 28 may be an exception). Assuming stocks are 

at MSY levels, ASP is probably not the best parameter upon which to 

b ase catch limits. Estimates of ASP will probab ly vary greatly and 

could be low or negative, even though stocks are large. CEY or MSY are 

probably the best parameters upon which to base catch limits. An 

advantage of CEY is that it is proportional to current estimates of 

biomass whereas MSY reflects long�term conditions. 

Setting catch limits at MSY or CEY may result in achieving 

maximum yield, but there may be some advantage in keeping catch limits 

slightly below this level. Stock size will fluctuate over time due to 

'..I 

varying environmental conditions, and keeping catch limits below MSY 

, levels may result in more stable yields over time. Stable yields may 

3 
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be advantageous both to the harvesting and the marketing sectors of the 

industry. As an example, setting catch limits at 90% of the 1984 CEY 

(assuming 20 million pounds of incidental mortality) 

the following: 

2A 2B 2C 3A 3B 

90% CEY 0.3 9.5 10.2 25.4 9.4 

would result in 

4 TOTAL 

5.3 60.0 

Because halibut are migratory, the catch limit in one area will 

affect future yield in other areas. However, most halibut caught in 

the setline fishery are over 80 cm and migration rates are relatively 

small. Ta ble 2 shows the estimated effect of million pounds of 

setline catch in an area on setline yield in other areas based on the 

distribution of tag recoveries. The results suggest very little impact 

on yield, e.g., 1 million pounds of catch limit in Area 3A reduces the 

yield in Area 28 by only 16,000 pounds. The largest effect occurs 

with catches in Area 4, where almost a third of the yield is 

potentially lost to other areas, 

Incidental catches have a greater impact on yield among areas 

because incidentally caught halibut tend to be small. Hence, they have 

a greater tendency to migrate and have greater growth potential, Table 

3 illustrates the yield loss that may have occurred as a result of 

incidental catches during the 1960's and 1970's. For example, a 3 

million pound incidental catch in Area 3A causes 0.77 million pounds of 

yield loss in Area 2B, The analysis assumes constant rates of 

exploitation and tag reporting among areas. Evidence suggests that 

rates of exploitation and tag reporting may be higher in Area 28; 

4 
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hence, the effect o f  incidental catch in Area 28 may be exagge rated, 

Also the effect of incidental catch in the early 1980 1 s may be abou t 

10 million pound s, down su bstantially from the 20 milli on pound level 

of the 1960's and 1970 1 s. 

5 
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Table 1. Summary ,Jf l984 stocK assessment estimates o-f annuai surplus 
production, optimum exploitation :,,1eld, and maximum sustained 
Yield (Quinn II and Der1s� document available upon request). 

- ���!����--�-----------------------------------------------------------------

R�nge of Estimates 
Upper 
Lower 
Med, an 

;-LL r: 

Range of E�timates 
All Gear 
�L 

- Upper
Lower 

" Hedian t-

2A 28 
Comb I ned 

Areas 

' .. 
I ) ;' '1 : .J 

Annual Surplus Prodlk-"t i"'oh '(1�"6 ��'ounds) 
________________________ _;..,,i;...-:-:::1i� -�------

o.5 --·r6.5
0.2 7.3
0.3 :. 11.8

~20 .-3 
6.4 

(r. 7 

38.9 
19.4 
33.0 

17.1 6.9 
6. 4 1. 3 
8.7,':C 4.3 

_ Constant Exploitation Yield <10 6 
pounds)

0.3 
0.2 
0.3 

14. 1

12.2 
13.8 

15.6 
13.6 
14.7 

39.8 
34.4 
36.6 

14.6 
12.6 
13.6 

8.3 
7.2 
7.7 

79.7 
48.3 
77 .3 

92.6 

80.3 
86.7 

Setl ine onlv 
(a) 10 m, 1 1 i on

Upper 
Lower 
Median 

< b) 20 mi 11 ion
Upper 
Lower 
Median 

All gear 

Setline onlv: 
< a) 10 m111 ion 

incidental 

< b) 20 mi 11 ion 
incidental 

incidental 
0.3 
0.2 
0.3 

incidental 
0.3 
0.2 
0.3 

0.9 

0.8 

0.7 

12.6 13.9 35.5 13.0 7.4 82.6 
10. 7 11. 9 30.1 11. 0 6.3 70.3 
12.2 13.0 32.4 12.0 6.8 76.7 

11. 1 12.2 31.2 11. 4 6.5 72.6 
9.2 10.2 25.8 9.4 5.4 60.3 

10.6 11. 3 28.2 10. 4 5.9 66.7 

Maximum Sustained Yield ,: 10 "- pounds)
------------------------------------

1 9 .1 11.8 28 .1 10 • 1 1. 5 71. 4

16.4 10. 2 24.1 8.7 1. 3 61.4 

13.7 8.5 20. 2 7.2 1.1 51.4 

-------------------------------------------------------------------
----------

6 
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Table 2. Effect ot I m1I1 ion pounds of setl ine catch in an area on 
setline yield 1n other areas, based on tag rec.ove.c:1es (Deriso, 
unpublished). 

------- .. ------i.,�-----------------------------------------------------------

One mi 1 l I on l bs 
( E � · 1 L' _o.f .:.s:e1t 1 i:ft?1 tC:� tc h 
·---·- ·--� _Ar_e_a_t_ ___ --- .

,1 
' :_• '. 

�· 

2A. 

28 

2C 

3A 

38 

4 

- . 

\ ! 

2A 

914 

2 

0 

3 

5 

2 

Setline Yield Loss (thousands of lbs) 

28 

57 

986 

51 

16 

17 

33 

2C 

29 

8 

944 

21 

40 

55 

3A 

0 

4 

5 

38.c

0 

0 

190 -�
E

:-�� 

163 . 51 

.'.!- 62 
·""!,�- l W ,;" r, 

4 

0 

0 

0 

0 

682 

---------------------------------------------- -- .------ , -

- - - - -

n,:, �r, � 

.., 
I 
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2. Fishing mortality can be partitioned into yearly full

recruitment fishing mortality and age se lecti vi ty factors. 

3. Migration rates are constant over time, and the population can

be modelled with migration occurring at the start of the year. 

4. Natural mortality is equal to 0.2 for all ages and years.

For each regulatory area group, estimates of year-class strength, 

full-recruitment f ishin<J mortality, and age selectivity are obtained, 

which result in population abundance estimates. 

Exploitable biomass can be expressed as 

where Bt is exploitable biomass in year t, sa is selectivity of age a

fish, Nat is population abundance, and Wat is average fish weight. 

After this process is completed, the 4 regulatory area groups are 

p arti tione d i nto the 6 main regul atory are as. This requires 

partitioning 2A + 28 and 38 + 4 into individual areas with CPUE and 

habitat information. 

Finally, ASP for each area is calculated as the sum of catch and 

change in biomass. ASP in 1983 is then projected from the ratio of ASP 

to biomass in 1982. 

variability. 

ASP is then smoothed to remove extraneous 

Three data sets were analyzed using migratory catch-age analysis 

to examine the sensitivity of the method to CPUE data. For each data 

set, biomass and ASP estimates are presented for regulatory areas and 

for the total population. In addition, corresponding ASP estimates 

from the method of CPUE-partitioning are presented. A preliminary 

analysis (Table 1) used standard CPUE data. The second analysis (Table 

2) used adjusted CPUC data, as described in another document. The 
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partitioned into 20.0 million pounds in .Zl,rea 3A and 8 million pounds in 

Area 3B. The Area 4 surplus is 3.4 million pounds. This results in a 

total surplus proouction available to the commercial fishery of 52.8 

million pounds. Incidental mortality in 1983 was about 12 million 

pounds. Because of evidence supporting density-dependence, the 

current adjustment to the commercial fishery is a factor of 1. Thus, 

our estimated total production, including adjusted incidental 

mortality, is 64.8 million pounds. 

Preliminary estimates of the standard error of surplus production 

estimates were obtained for the method of CPUE partitioning. These 

error estimates included intermediate amounts of variability in 

estimates of relative habitat and Cl?UE. These error estimates were 

applied to 1983 estimates of surplus production and approximate 95% 

confidence 1 im its were constructed (Table 4). These estimates show the 

uncertainty of estimation for regulatory areas. Also shown in Table 4 

are values of 75% and 90% of 1983 surplus production, which will be 

used in another document to construct estimates of total allowable 

catch (TAC). 

Other pertinent information about halibut population parameters is 

also of interest. The catch by regulatory area, shown in Table 5, was 

used to calculate ASP. In Table h, the estimated abundance of fish in 

the population is shown for each regulatory area. All areas have had 

increases in the nu�ber of fish over the last five years. In Table 7, 

estimates of year-class strength parameters are shown for combined 

areas 2A + 2R, 3A, and 38 + 4. Age 8 fish is defined as the index of 

year-class strength, and population parameters 9resented are average 

wei,Jht, abundance, biomass, selectivity, anrl catch. The most recent 

8 
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Table 7. Year-class strength (Age 8) Parameters by area from migratory catch-age analysis 
(analysis with adjusted CPUE data). 
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STOCK ASSF.SSMENT ocnJMilJ'I' I I I 

Section 2: EVIDE�JCE OF DENS ITY-DEPFNOFNCE IN SURVIVAL ANO 

GROWI'H OF PACIFIC HALIBUT* 

by 

Richard B. Deriso 

ABSTRACT 

Previous management goals at IPHC to rebuild stock sizes are 

examined in 1 ight of new evidence presented on density-dependence in 

the prod uction of halibut. Results are interpreted to suggest that 

there is little advantage to any additional rebuilding of halibut 

stocks. Higher levels of production of recruits aprear to come from 

low mature stock sizes, as indicated by both the age-structured and the 

CFUE methods. 

INTRODUCTION 

Management goals to increase stock size could actually decrease 

the productivity of the resource if density-dependent mechanisms act to 

decrease recruitment or growth when stock sizes increase. In this 

P3per I present some of the data available on density-dependence in the 

population dynamics of halibut and examine what consequences this has 

on current catch quotas. 

RESULTS AND DISCUSSION OF ESTIMATF.:S FROM CATCH-AT-AGE ANALYSIS

Commercial catch, annual surplus production, and incidental catch 

(largely by-catch from trawlers) are shown in.F igure 1 for the years 

1929 through 1982. Historical changes in stock biomass (Figure 2) can 

*Based on a 1981 Sea Grant Lecture Series manuscript (in press).

12 
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STOCK ASSESSMENT DOCUMENT III: 

BIOMASS AND ANNUAL SURPLUS PRODUCTION 1982 

by 

Terrance J. Quinn II and Richard B. Deriso 

SYNOPSIS 

Biomass of the total halibut population was estimated by two 

different methods, one using catch-age data and the other using 

catch-per-unit-effort (CPUE> data. Analysis of catch-age data lS a

combination of cohort analysis for historical estimates of population 

abundance and an updating procedure for recent years. Analysis of CPUE 

data involves the use of a population model to relate CPUE as an 

of biomass to survival, growth, catchability, and recruitment. 

Both methods show the same trends in biomass estimates: 

index 

an 

increase in the population from 1930 to 1960, a decrease in the 

population until 1975, and an increase in the population since 1975 

(Figure 1 )_ The current population size is similar to those of the 

early 1940's, which was also a time of population rebuilding, but below 

the peak population size reached in 1960. Biomass estimates from 

analysis of CPUE data are uniformly higher than those from analysis of 

catch-age data. The reasons for th j_ s I though not completely 

understood, involve the definition of the population. For CPUE 

analysis, the population is made up of all fish between ages 6 and 20. 

For catch-age analysis, the population is the exploitable component of 

ages 8 to 20. Nevertheless, yearly 
-. 

changes in biomass used to 

Quinn II, T.J., Deriso, R.B., 1983. Stock Assessment Document III: Biomass and 
annual surplus production 1982. IPHC Rep., pp. 1–13.

IPHC-2021-SACH-001 

Page 69



calculate surplus production are similar for both methods. 

These biomass estimates, along with the amount of 

PAGE 4 

commercial 

setline catch, are used to estimate annual surplus production (ASP), 

which is the excess over what is required to replenish the population 

each year. If other conditions in the population and the fishery 

remain constant, the population increases when catch is held below ASP, 

and vice versa. 

Both methods produce the same long-term estimates of ASP available 

to the commercial setline fishery (Figure 2). Catch was �elow ASP from 

1930-1960 when the population was rebuilding. Catch greatly exceeded 

ASP during the population decline in the 1960's. As a r·esult, ASP 

decreased from 65 million pounds in 1960 to 30 million pounds in 1973. 

Since 1973, catch has been below ASP and the population has increased. 

Current ASP is about 40 million pounds. Both methods show short-term 

oscillations in surplus production. It is not known if these are due 

to limitations in the data 

biological explanation. 

and method, or a 

The decline in setline surplus production 

phenomenon with some 

can be explained 1n 

large part by the removal of millions of pounds of small fish annually 

as incidental catch in trawl and �ot fisheries since the late 1950' s.

Although information on incidental catch is limited except for recent 

data from National Marine Fisheries Service ob serve1· trips, it is 

possible to estimate the effect 

available to the setline fishery. 

the analysis of CPUE data, each 

of incidental catch on the surplus 

With the use of the model used in

pound of incidental catch loss 

Quinn II, T.J., Deriso, R.B., 1983. Stock Assessment Document III: Biomass and 
annual surplus production 1982. IPHC Rep., pp. 1–13.

IPHC-2021-SACH-001 

Page 70



PAGE 5 

contributes an estimated loss of 1. 5B pounds to the setline fishery 

The total ASP made up of the setline ASP plus this adJusted loss, is 

reflective of the productivity of the halibut resource. This total ASP 

is indicative of what would be available to the setline fishery if no 

incidental catch was taken. Total 

million pounds since 1929 (Figure 3). 

ASP in the 1960's when incidental 

ASP has ranged between 60 and 80 

The total catch exceeded 

catches became prominent 

total 

Total 

catch has been held below ASP since 1973 because of restrictions on the

commercial setline fishery. The current total surplus production of 62

million pounds is made up of 40 million pounds available to the setl1ne

fishery 

catch. 

and 22 million pounds of 

Although these estimates 

ad Justed losses 

of incidental 

due to incidental

catch are subJect to

revision, they show the maJor impact of incidental catch 1n reducing

setline surplus production.

In order to set catch limits by 

production 

IPHC regulatory areas, estimates 

of biomass and surplus for the total population are 

partitioned into regulatory areas using a combination of CPUE data and 

the amount of halibut habitat, which is the bottom area occupied by the 

halibut population. Estimated habitat expressed as a percentage is 1% 

for Area 2A, 24'%. for Area 2D, 20'%. for Area 2C, 35% for Area 3A, 14'1/. for 

Area 38, and 6% for Area 4 (Figure 4a). Relative biomass is estimated 

annually using CPUE data to adJust the habitat values up or down. Data 

are meager in Areas 2A and 4 for the breakdown and should be viewed 

with caution. Relative biomass in 1970 was similar to habitat for each 

subarea (Figure 4b). Since then, there has been a gradual shift in the 

population away from Area 2B, with increasing pecentages in Area 

3A, and 3B (Figure 4c ). Reasons for the Area 2 shift will be discussed 
-. 
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in another document. 

These annual percentages of biomass are multiplied by total 

biomass and surplus production to get biomass and surplus production by 

regulatory area. These results are more reliable by Areas 2, 3, and 4 

rather than their finer subdivisions, which stretch the accuracy of the 

data. Since 1974, when biomass was at its lowest point in at least 35 

years, biomass has increased 26'1/. in Area 2, 911/. in Area 3, and between 

0 and 571. in Area 4. The best estimates of surplus production are 13 

million pounds in Area 24 million pounds in Area 3 and 2 to 3 

million pounds in Area 4 (Figure 5). The IPHC staff has recommended 

that catch limits be \near 75'1/. of surplus production to provide for 

population rebuilding, as in previous years. Recommended catch limits 

are 9 million pounds in Area 2, 19 million pounds in l\rea 3, and 2. 2 

million pounds in Area 4, with 10 million pounds set aside for stock 

rebuilding (Figure 5) The catch limit in Area 2 is the same as last 

year because Areas 2A and 2B have showh no improvement, and is slightly 

below 75% of surplus production. The catch limit in Area 3 is slightly 

larger than 75% because the population appears to be growing rapidly 

The catch limit in Area 4 is designed to spread effort in the Bering 

Sea to p1·ovide better information on relative abundance. 

ESTIMATION OF BIOMASS AND SURPLUS PRODUCTION 

Estimation of 

operation. First, 

halibut population 

biomass and 

estimates for 

are obtained. 

surplus 

the 

production is a two--part 

entire North American Pacific 

Two independent methods are used 

analysis of catch-age data and analysis of CPUE data. f3econdly, the 
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total population estimates are partitioned into regulatory areas 

estimates of relative halibut habitat and relative density. 

using 

Total Population Density 

Analysis of Catch-age Data 

This method is a combination of cohort analysis for historical 

estimates of population abundance (Hoag and MacNaughton 1978) and an 

application of non-linear least squares to catch-age data with the use 

of catch-effort data as a mi l:d stabilizing influence. A more detailed 

description of this method and its assumptions will be published in the 

near future (Proceedings of the INPFC Special Scientific Sessions, 

1981 >. 

Substantial research efforts 

resulting in 

in 1982 

increased 

were dedicated 

confidence in 

to the 

the most updating procedure, 

recent estimates. This new method is based on regression of a two-part 

sum of squares criteria: the first part contains observed and 

predicted catch-at-age; the second part uses observed fishing effort 

�nd predicted fishing mortality. The relative importance of the second 

component of this sum of squares to the first part is controlled by a 

parameter L. As seen in Figure 6, similar predictions are obtained for 

L values away from the extreme assumptions of either no relation 

between observed fishing effor·t and fishing mortality ( L=O), or that 

the two are exactly related (L=lOO) Results presented in this section 

use L=O. 5 1n the estimation 

investigation include the 

procedure. 

incorporation 

Further 

of 

refinements under 

a spawn er-recruit 
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relationship and a method of determining variance 

production estimates, details of which will 

PAGE 8 

estimates for surplus 

be submitted for 

publication in 1983. 

Updated cohort analysis produces estimates of population numbers 

by age from 1935 to the most recent year. Exploitable biomass of fish 

is estimated by multiplying population number, average weight by age,

and gear selectivity in order to adJust for fish not yet recruited to 

the fishery. Estimates of gear selectivity, average weight, and 

biomass are smoothed over time using a procedure of Velleman (1981) to 

prevent extraneous fluctuations from affecting 

numbers and average weight at age for the years 

the an�lysis. Catch 

1978-1982 were adjusted 

to correct for a preliminary indication that average weight of sampled 

fish is underestimated by 10% (McGregor and Quinn, in prep. J. 

Annual surplus production <ASP) 1s estimated by the sum of catch 

and change in exploitable biomass. The most recent year's ASP is 

projected from the previous year's by the change in biomass. fh e 

estimates of ASP are then smoothed, which tends to reduce surplus 

estimates when the population is increasing 

declining, 

and increase surplus 

estimates when the population is thus reducing wild 

fluctuations in catch. If factors affecting the population and the 

fishery are constant, then biomass increases when catch is below ASP, 

and vice versa. 

Two types of surplus production are of interest. First, 

available to the commercial setline fishery is calculated. 

the total ASP adjusted for incidental halibut loss by other 

the ASP 

Secondly, 

fisheries 
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is calculated. The incidental catch 

recruited to the fisheru. Each pound of 

is primarily small 

halibut killed 

PAGE 9 

fish not yet 

incidentally 

contributes an estimated loss of 1. 58 pounds to the commercial fishery. 

The total ASP, including this adJusted 10 55' is reflective of the 

productivity of the halibut resource. 

Estimates of exploitable biomass, setline catch and ASP, and total 

catch and ASP adJusted for incidental catch are shown in Table 1. 

Biomass of the population has increased at a rate of 5 to 10% each year 

for the last five years bec:ause catches from the setline fishery dnd 

total removals including incidental c:atch have bPen 

production The current setline surplus production 1s 

below surplus 

estimated at 40 

million pounds, up from 36 million pounds last year. 

production is estimated at 62 million pounds, with 

The total surplus 

22 million pounds 

lost to the setline fishery due to incidental catch. 

Analysis of CPUE Data 

This method is an application of a delay-difference population 

model to setline CPUE data from Areas 2 and 3, details of which are 

summarized in Deriso 

Quinn, Deriso, Hoag, 

Sessions, 1981).

( 1981 ) and compared to catc:h-age analysis ln

and Myhre (Proceedings of INPFC Special Scir0 ntific 

The model incorporates survival, 

catchability, and a time-lag for recruitment and assumes 

growth, 

explicitly 

that catchability is a random var·iable. The model that fit the CPUE

data best has average catchability parameters For three time periods: 

1929-1972, 1973-1979, and 1980-1982. Application of the model produces 

estimates of yearly exploitable biomass and the setline yield under 
-. 
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conditions of equilibrium exploitation. 

to produce estimates of annual surplus 

outlined in the analysis of catch ·-age 

PAGE 10 

The biomass estimates are used 

production using the method 

data. Biomass estimates are 

ad Justed upward by 8. 8% to include the Area 4 population. 

Estimates of exploitable biomass, setline catch, equilibrium 

yield, and ASP, and total catch and ASP are shown in Table 2. The 

results indicate a larger total biomass and lower exploitation rate 

compared to catch·-age analysis. 

biomass is similar for both methods, 

However, the 

resulting in 

estimated change 

similar est i n1a t es 

in 

of 

ASP. Biomass of the population has increased at a rate of 3 to �% each 

year for the last five years, because total removals have been below 

surplus production. The current setline surplus production is 

estimated at 41 million pounds, up from 36 million pounds last year. 

The total surplus production is estimated at 63 million pounds, with 22 

million pounds lost to the setline fishery due to incidental catches. 

The current estimate of equilibrium yield from the setline fishery is 

48 million pounds. is higher than ASP, because 

current survival 

Equilibrium yield 

of recruits is high. Furthermore, surplus production 

tends to lag behind equilibrium yield when the population is 

increasing, and vice versa. 

Estimates by Regulatory Area 

The biomass and ASP estimates for the total halibut population are 

partitioned into regulatory areas with information about the relative 

habitat and density of halibut among the areas 

information comes from a procedure that incorporates 
-. 

The habitat 

catc h·-ag e data, 
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migration estimates and CPUE data, described 

stock assessment documents. Although the 

1 n de ta i 1 

habitat 

PAGE 11 

in last year 's 

estimates are 

variable over time, the variability may be induced by the procedure 

rather than showing a true phenomenon. The average 

estimates is used for all years as an index 

of the 1935-1970 

of relative halibut 

habitat: l'l. for Area 2A, 24% for Area 2B, 20% for Area 2C, 35% for 

Area 3A, 14% for Area 38, and 6% for Area 4. These values are similar 

to the average relative catch over the last 25 years (1% for Area 2A, 

22% for Area 2B, 17½ for Area 2C, 37% for Area 3A, 19% for Area 3B, 

for Area 4), lending credence to their use. 

Relative habitat estimates are multiplied by yearly CPUE 

estimates, assumed indicative of halibut density, 

relative 

and expressed as 

percentages to produce estimates of yearly biomass. The 

estimates are smoothed over time by Velleman 's procedure, because 

regulatory area CPUE is quite variable on a yearly basis. Area 4 CPUE 

data is only available since 1954 consistently, because there was 

little fishing before then. Average relative biomass in Area 4 between 

1954 and 1970 is estimated at 8. 8% and is used 

overcome the data limitations. 

The basis of this method of partitioning 

for all years to

is that relative 

differences in CPUE between areas are more accurate than yearly 

differences in CPUE within an area. Thus, the method is not sensitive 

to yearly changes in catchability of fish but is sensitive to changes 

in catchability between areas. The smoothing of the data 1 S designed 

to reduce the sensitivity of changes between areas. 

-. 
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Biomass estimates by area are obtained by multiplying yearly 

estimates of total population biomass and relative biomass by area 

Annual surplus production estimates are obtained by multiplying yearly 

estimates of ASP of the total population and relative biomass by area, 

assuming that the population is fluid enough that the same proportion 

of surplus production can be taken from all areas without changing 

biomass by area. This estimation of surplus production differs from 

the procedure of adding catch to change in biomass. Although the 

latter approach is the correct definition of surplus production, jts 

estimates are more variable than the former and even negative 

sometimes. These problems are due to poor information in some 

regulatory areas 1n certain periods when either no fishing occurs, or 

when catchability appears to change. Thus, estimating surplus 

production as a proportion of biomass is a more stable app1·oach. 

Biomass e'::timates for Areas 2A, 2B, 2C, 3A, 30, and 4 are given 

using total population estimates from catch-age analysis in Table 3 and 

from catch-effort analysis in Table 4. Changes is biomass are similar 

for both methods, because the same partitioning procedure is used. 

Recent estimates of biomass in Areas 2A and 2B have decreased from 

earlier years. Although CPUE in those areas has not changed, the CPUE 

in other areas has increased greatly, causing a shift in relative 

biomass. Recent estimates in Areas 2C, 3A, and 3B have increased 

because of increasing total population biomass and high CPUE's. Recent 

estimates in Area 4 have also increased, because biomass in Area 4 is 

estimated as a con� .. tant percentage of currently increasing total 

biomass. 

in Table 
-. 

These 

5 for 

results are summarized by principal 

catch-age analysis and Table 6 

Areas 2, 3, and ,q. 

for catch-effort 
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anal4sis. Since 1974, e�,timated biomass has increased 301/. in Area 2, 

90% in Area 3, and 60% in Area 4. The results �y principal area are 

more likely to be accurate than estimates by subarea, because smaller 

areas are more likely to be affected by changes in catchability. 

Corresponding annual surplus production estimates are shown in 

Table 7 (catch-age by subarea), Table 8 (catch-effort by subarea), 

Table 9 (catch-age by principal area), and Table 10 (catch-effort by 

principal area). Recent estimates from catch-age and catch-effort 

analysis are nearly identical, both being partitioned by the same 

method. Recent estimates of surplus production 
0

by subarea are 0. 2 

million pounds (Area 2A), 4. 0 million pounds (Area 2B), 9. O million 

pounds (Area 2C), 15. 5 million pounds (Area 3A), 8. 0 million pounds 

<Area 38), and 3. 5 million pounds (Area 4). Grouped by arPas, the 

estimates are 13. 2 million- pounds (Area 2), 23. 5 million pounds (Area 

3), and 3. 5 million pounds (Area 4), for a total of 40. 2 million

pounds. If 25% of the surplus is used for population rebuilding as in 

the past few years, then the total allowable catch (TAC) would be 10 

million pounds in Area 2, 17. 5 million pounds in Area 3, and 2. 5 

million pounds in Area 4. 

To explore the sensitivity of this method of partitioning biomass, 

an alternate method of proJecting current biomass and surplus 

production is examined. Generally, CPUE statistics between areas are 

highly correlated, but recently differences in CPUE have been quite 

large between areas. For example, CPUE in Areas 2A and 2B have changed 

little in the past five years, while CPUE in Area 2C has doubled. 

Also, CPUE in Area 3B has increased dramatically in the last two years. 
-. 
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The alternate method p1·0Jects 1982 biomass from 1974 biomass by area 

(Table 3) using the ratio of smoothed CPUE data in 1982 to that 1n 1974 

< Ta b-1 e 1 1 ) For example, 1974 biomass 1n Area 2C was 25. 5 million 

pounds, and the ratio of smoothed CPUE in 1982 to CPUE in 1974 is 3. 0,

resulting in a projected biomass of 76. 5 million pounds. The resulting 

biomass proJections <Table 11 ) sum to a total of 334 million pounds, 

32Y. higher than the estimated 254 million pounds from catch-age 

analysis. Thus, changes in CPUE have been greater than changes in 

biomass, suggesting increased catchability in recent years. The 

proJections show declines in biomass 

substantial increases in other areas. 

in Areas 2A, 2B, and 4, and 

Correcting these proJections to 

the 1982 estimated total biomass of 254 million pounds (Table 11) gives 

remarkably similar results to the previous partitioning procedure, with 

one exception: Area 4 biomass is 50% less than previously, because the 

previous method used 8. 8% for Area 4 biomass for all years. The ASP

projections, which are based on 

biomass proJections, are 0. 1

a rate 

million 

of 15. 8% of the corrected 

pounds in Area 2A, 4. 0 million 

pounds in Area 2B, 9. 0 million pounds in Area 2C, 16. 5 million pounds 

in Area 3A, 9. 0 million pounds in Area 3B, and 1. 5 million pounds in 

Area 4. Dy principal area, the estimates are 13. 1 million pounds in 

Area 2, 25. 5 million pounds in Area 3, and 1. 5 million pounds in Area 

4, for a total of 40. 1 million pounds. These results suggest that the 

partitioning procedure is not sensitive to relative changes in 

catchability between areas, as long as the biomass and production 

estimates for the entire population are obtained independently 

Specifically, the results suggest that the Area 4 estimate is not known 

with confidence, and part of its large surplus may actually belong in 

Area 3. 
-. 

The recent estimates of production in other areas are 
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considered stable, insofar as CPUE data are used for partitioning_ 

In summary, the best estimates of surplus production are about 13 

million pounds 1n 

pounds in Area 4_ 

because of data 

Area 2, 24 million pounds 

The Area 4 estimate should 

limitations. 

f\rea 

The IPHC staff 

slightly 

in Area 3, and 3 million 

be used tu it h caution 

recommends a catch limit 

below 75'1/. of surplus of 9 million pounds for 

production, because the populations in Areas 2A and 2B have not shown 

any increase. 

above 75%

popl:llation. 

It recommends 19 million pounds in 

of surplus production, because of 

A split of 14 million pounds for Area 

Area 

rapidly 

3A and 

3, slightly 

increasing 

5 million 

pounds for Area 3B 1s recommended based on last year 's catch split. 

The split provides more catch for Area 3A and less for Area 3B than 

provided from estimates of surplus production, because the fishery in 

Area 3B has been prominent for only the last two years in recent times 

and more fishing information would be desirable to determine the split. 

The catch limit for Area 4 is recommended to be 2. 2 million pounds, 

with some mechanisms for spreading the effort across the area to obtain 

more precise information on relative density within Area 4. 
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are not considered precise. Host of the estimates suggest an equili

brium yield of about 10 million pounds in Area 2, 20 million pounds 

in Area 3 and between 1 and 2 million pounds in the Bering Sea. The 

estimates for Area 2 and the Bering Sea are similar to those pre

sented last year, but estiraates for Area 3 are substantially higher. 

The increase in Area 3 estimates is primarily due to improved methods 

of estimating equilibrium yield rather than to an actual increase in 

yield. 
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obtained in the 1979 analysis, except they are lower for recent times. The 

discrepancy in last year's analysis is due to the extrapolation of fishing 

mortality using effort. This assumes constant catchability, which is 

apparently not a reasonable assumption. Also last year's analysis used 

data between 1963 and 1976, where there were more changes in the amount of 

trawl catch. This year's estimates do not involve the constant catchability 

assumption and are better correlated with effort (Figure 3). The figure 

shows some tendency for catchability to be higher than expected in 1967-

1968, 1974, and 1980, and lower in 1973 and 1975-1977.

The estimated numbers in the population are shown in Table 8 for two 

cases of full recruitment in Table 3. The number of young fish is fairly 

stable with some declines in 1979 and 1980, which are subject to high varia-

bility however. The number of older fish showed a large decline between

1967 and 1975 but also a rapid increase since then. 

Cohort Analysis 

The Method 

This method has an equal number of parameters and observations in the

catch equation relating catch to fishing mortality and population size for 

each year-class, because fishing mortality and population size are both 

functions of age and time. Natural mortality is assumed to be 0.2 for all 

ages and times. This method requires values of fishing mortality in all 

years for age 20 and in 1980 for all ages. These values, called terminal 

F's, are obtained from Tables 1 and 3 using the results of the.non-linear 

l22.st-sq11ares procedure. 
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Abund2�ce of Juveniles 

The estirnated numbers of juveniles (ages 3 to 7) and the numbers at 

age 3 are shown in Table 7 for Area 2, Table 8 for Area 3, and Table 9 for 

the combined areas. The combined estimates are more reliable than the indi

vidual esti��tes because not all juveniles stay ifr the same regulatory area. 

Estimates since 1975 are unreliable because the year classes have been present 

in the trawl, crab, or setline fisheries only a short time. Recent estimates 

of juvenile abundance remain at low levels. 

Equilibrium Yield 

The equilibrium yield calculations for the setline fishery are shown in 

Table 10 for Area 2 and Table 11 for Area 3. The change in biomass ("bio

change") from one year to the next is added to the year's catch to estimate 

equilibrium yield. Three- and five-year moving averages of equilibrium yield 

are necessary to smooth out variability in average weight. 

The five-year averages of equilibrium yield for Area 2 have ranged from 

6. 3 to 15. 6 million pounds over the period 19 6 7-19 77. The drop in average

weight in 1980 creates a negative equilibrium yield of -11.3. Assuming this 

is a spurious value, the three-year average equilibril.lfil yield is 10.1 and the 

five-year average is 9.0. 

The five-year averages of equilibrium yield for Area 3 have ranged from 

13 to 30 million over the period 1967-1977. Recent equilibrium yields in 

Area 3 have been quite variable. The drop in average weight in 1980 creates 

a negative equilibrium yield of -22.4 million. Assuming this is a spurious 

value, the three-year average is 15.4 million and the five-year average is 
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close to the catch. When crab pot catches are included and the entire pro

cedure repeated the equilibrium yield ranges from 19.9 to 25.1. 

In sUDmary, the smoothed data base has little effect on the stock assess

ment estimates. The major change was for recent estimates of biomass,' which 

were smoother than previously. The equilibrium yield estimates for both 

areas are in accord with previous estimates where 1980 was not included in 

averaging. 
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With the crab pot incidental catch excluded, the estimates from the 

three approaches are simil2r. The estimated number of adults, number of 

juveniles and number of three-year-olds are 7 million, 14 million, and 4 

nillion, respectively. The current biomass is about 235 million pounds, 

less than the maximum 375 million pounds in 1949, and has increased over 

the past few years. The equilibrium yield is 23 million pounds. 

With the crab pot incidental catch included, the estimates are higher 

than before, because the population is back-calculated from the catches 

which are discounted for natural mortality. The estiw�ted number of 

adults, number of juveniles, and number of three-year-olds are 9 million, 

23 million and 7 million, respectively. The current biomass estimate is 

300 million, less than 420 million in 1949, and has increased over the past 

few years. The average equilibrium yield from these 3 approaches is 

27 million. 

These two sets of estimates with and without crab pot incidental catch 

show the range of estimates of population parameters. The best estimates 

lie within this range, and until the magnitude of crab pot catch is determined 

more precisely, is taken as the average of the two. Thus the best estimates 

of number of adults, number of juveniles, and number of 3-year-olds is 

8.2 million, 18.5 million, and 5.4 million, respectively. The current biomass 

estimate is 270 million with an equilibrium yield of 25 million. These 

values must be treated with caution, however, because the most recent 

estimates are the most variable. Only when the increasing trend is_ evident 

over many years can these estimates be accepted with total confidence. 
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1978 STOCK ASSESSMENT Doc. No. l* 

ABUNDANCE OF ADULT HALIBUT 

IPHC traditionally has relied on CPUE in the setline fishery as an 

abundance index of adult halibut. Recently, absolute abundance Las been 

estimated using cohort analysis (Hoag and McNaughton, 1978). Es1imates 

of abundance and CPUE show similar trends, suggesting that both provide a 

similar indication of changes in halibut stocks (r = 0. 80 in J.r2a 2 and 

0. 71 in Area 3). However, there is an advantage in using absolute abun-

s:i.ze can be evaluated more directly. This document presents ec t i__mates 0£ 

both abundance and CPUE. However, CPUE is considered as auxilj a �y inf or-

mation except that CPUE during 1965-1971 was used to determine r constant 

of proportionality between CPUE and number of fish.  This factor 1 ras used to 

project abundance from Cl>UE after 1971. Abundance estimates frl)n cohort 

analysis since 1971 _.,ere not used because each year class must be observed 

in the fishery for several years before the estimates are reliabl,:. 

The estimated abundance of adults since 1935 is shown in Tab.e 1. Adults 

are defined as 8- to 20-year-olds, the dominant aees in the set: ine catch. 

Abundance ·was expressed in terns of both numbers and biomass. B:.orr.ass was 

estimated by multiplying the number of fish at each age by the co1responcling 

average weight (heads off - dressed) of fish in the setline catc�. The esti

mated abundance at each age in 1977 and 1978 is given in Table 2. As previ

ously mentioned, CPUE was used to project abundance after 1971. Changes in 

bionass after 1971 do not correspond exactly to changes in CPUE Ecr all Dges 

in the fishery. This is because biomass was first estimated for 1ach age and 

then sumr::ed. Ages that are not fully recruited to the setline f i ;hcry con

triliute more to the biomass estimates than to CPUE, This accoun�c for nuch 

of the difference between changes in biomass and CPUF.. Table 3 shows CPUE 

for 8- to 20-year-olds and for all ages in the setline fishery. 

*Prep�rcd by S. Hoag and C. Schmitt
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