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STOCK ASSESSMENT DOCIMENT 11T
SECTION 1. ROPULATION ASSESSMENT, 1987

by
Richard Deriso, Phillip Neal, and Russell Price

Our assessment of the Pacific halibut stock is based on the same three
methods of catch-age analysis as used in the previous three years. The
information used this year for the assesament is camprised primarily of
logbook catch and effort data, port samples of otolith length frequency with
age estimates for a subsample, camercial landings, and habitat size
estimates. In addition, we employ the results of several years of IPHC
sponsored research cruises for standardizing the data which go into cur catch-
age analysis. A

The exploitable biamass of Pacific halibut, cambined over all areas, is
estimated to be slightly less in 1987 than in 1986, although the decrease is
less than 5% overall. The exploitable campanent 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 CPUE reached a peak of 309.6 lbs/skate in 1985 and then declined to
275.8 1lbs/skate in 1987. The changes in CPUE are uneven in the Regulatory
Areas with increases in 1987 CPUE (as aawared to 1986 values) occurring in
Areas 2B, 3A, and 3B, while decreases ocrurred in Areas 27, 2C, and 4.
Estimates of exploitable biamass for each of the Regulatory Areas genearally
follow the trends in CPUE but with a smoother pattern of change fram year-to-
year.

The minor decline of exploitable biamass of Pacific halibut is caused

1

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document I1l.
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by a drop in abundance of young fish. It is still too early for this to cause
serious praoblems to the fishery. Young halibut are not caught frequently in
the commarcial fishery. But they are caught in large enough quantities to
permit us to estimate abundance of year-classes (roughly) by the time they
reach 8 years of age. The recent estimates of biamass 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 biamass of 8 year-olds, adjusted for
incidental catch removals, 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. The adjusted estimates give a clearef
picture of natural fluctuations in year-class abundance. As suggested in the
figure by the dotted sine wave, year-class abundance exhibits an approximate
20 year cycle. Our most recent estimates of 8 year-old abundance suggest the
cycle is intact. We have two leading hyputheses 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 time, 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).

The average size of halibut continues to increase, or at least remain
stable. In Figure 2 smocthed estimates of the average weight of 10 year-old
halibut is shown by year for each of the Regulatory Areas. There are two
distinct sizes of halibut at each given age: amaller halibut in the
Regulatory Areas 2C , 2B, and 2A, and larger halibut in the Areas 3p, 3B, and

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

2

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il . .
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consistent with historical data, although all halibut are much larger now (50%
to 100% larger) than halibut of cawarable ages which lived in the 1950's and
earlier years. The jump in size of halibut, which began in the early 1960’s,
remains a feature of the current stock. In particular, there are no signs of
depressed gruwth of halibut through competition for limited prey.

A summary of stock assesament results are given in Table 2. The ranges
given for each item correspund to the span of estimates from the three catch-
age analyses. ASP (anmual surplus production) is a basic measure of stock
productivity and it is defined as the excess of biamass 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 removals in 1987 were about
86 million lbs (69 camrercial and 17 other sources) which is close to the ASP
of the stock. The similarity of catch to ASP indicates that the halibut stock
is currently fully utilized.

CEY (canstant exploitation yield) estimates have been the preferred
numbers to cansider 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 whble range fram 82 to 94 million 1lbs.
Regulatory Area estimates of CEY are obtained by partitioning the total CEY
amang Regulatory Areas. Technical details were provided in last years stock
assessment docurent. Setline CEY is calculated by subtracting other removals
(item 6 of Table 2) fram the total CEY in a Regulatory Area; please note that
the amourt of by-catch subtracted fram each Regulatory Area is the estimated

impact of incidental catch losses on future recruitment of fish into that

Regulatory Area.

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il
IPHC Rep., pp. 1-23. Page 6
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In Figure 3, we show the range of setline CEY estimates for each

Regulatory Area, which are based on our "preferred" method (Item 5 of Table

‘ 2). The cawbined area CEY estimates range from 65 to 77 million 1lbs with
; about half the CEY occurring in Area 3A. 1987 setline catch quotas fall
within the range of CEY estimates for Areas 2B, 2C, and 4. In Area 2A and 3B,

the 1987 catches exceeded the CEY ranges, and in Area 3A the 1987 catch is

below the CEY range. We should mention that the setline CEY estimate for Area

2A is zero because other removals (sports, incidental, waste) exceed the

estimated total CEY for that area; in 2A the CEY estimates should be viewed

with caution since wvery little usable setline logbook data was available in
1987 for stock assessment (most cammercial fishermen, particularlyv off
; Washington, used black cod fishing gear. At this time, IPBC does not have a
; conversion factor to comvert black cod CPUE to conventional halibut longline
CPUE.

Ttem 6 of Table 2 shows maximum sustainable yield MSY for each
Regulatory Area. MSY is a useful long-term reference point, but it should not

be used to set current catch quotas since MSY does not reflect current stock

conditions.

The last item of Table 2 (item 7) gives our best estimates of other
removals of halibut---from sports, wastage, and incidental fishery sources.
1987 sports catch estimates are not available at this time and so we used the
1986 estimates.

Tables 3 through 5 provide a more detailed break—down of the three

catch-age analyses. Each of the procedures has its own strengths and

weaknesses.

! We find it difficult to choose among tliose three tables for our "best"

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il
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estimate of exploitable biamass in each of the Areas. We recammend using the
mid-point estimate (fram the three methods) provided in Table 7, as our
current best estimate.

One prablem encountered this year in stock assessment is that two new
age readers were employed to read most of the otolith ages in the catch. We
examined the effect these new readers may have had on our estimates of stock
biamass by doing a sensitivity analysis of the results of our closed catch-age
method to an alternative set of age estimates. The altemnative set of age
estimates was obtained by post-multiplying our original age readings by the
irverse of a misclassification matrix. The misclassification matrix was
constructed by camparing 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 biamass estimates, but nothing substantial. We do not
consider the alternative set of age estimates to be as accurate as the
original set and tlms we did not incorporate those results in the range of GSY

estimates given in Table 2.

TECHNICAL MATTERS---INTERNAL OOQIMENTATION

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 fram total CEY. There are several reascons 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 fram setline
exploitation by subtracting the larger incidental catches which

occurred a few years ago.

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il
IPHC Rep., pp. 1-23. Page 8
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Indeed we can argue that this variationvon the CEY scheme is desirable.
When a series of large year-classes are followed by a series of weak
year—-classes, then the large incidental catches which came fram the
large year-classes would be subtracted fram the setline catches of the
weak year-classes, thus affording more protection for those weak year-
classes. Similarly, small incidental catches from weak year-classes

would cause smaller quantities to be subtracted from setline catches of

the strong year-classes.

The age structure of the incidental catch varies fram year to year and
fishery to fishery. We do not have a reliable scheme for determining

exactly how to lag the incidental catch, even if we wanted to.

Halibut biomass is tran.éfe.rable among adults in the population in the
sense that growth equals natural mortality for adults. Thus whether a
pound of 8 year-olds is taken in the catch or a pound of 20 year-olds
is taken in the catch makes no difference as far as it affects changes
in‘the adult biomass of the stock. This means that there is not a
unique lag between incidental catch and equivalent effect on the
adults, again making the choice of a lag to a large extent arbitrary.
The main advantage of increasing the lag by 4 years (from say an 8
year-old) to a 12 year-old (mean age in catch) is that it gives same
econamists ancther 4 years of discount rates to apply to incidental
catch in order to show it doesn’t have as much affect on the catch of

adults.

tDeriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il
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One praoblem with our current method is that we are not really applying
a 0.35 exploitation fraction to the "right" exploitable biamass rmumber.
The "right" mumber should be what the exploitable biamass would have
been if there had been no incidental catches, but instead an equivalent
removal of setline catches. This is a canfusing technical issue, but
it implies that we are using an effective exploitation fraction of
samwething (slightly) less than 0.35.

B. Same graphs for the closed sub-area catch-age analysis: as part of our
analysis of the stocks in 1987 we constructed two graphs which are
shown as Figures 4 and Figure 5. We thought they should be included in
this dooment, primarily to show that the 2B stock doean’t look
particularly over-exploited in camparison to the 2C stock, with closed
sub-area catch-age analysis.

C. No Septamwber data: the last opening in 3A and 3B were fraught with
problems, 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.

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il

IPHC Rep., pp. 1-23. Page 10



IPHC-2021-SACH-001

Table 1: Preliminary CPUE estimates. Data are standardized to
"C" hook equivalence and adjusted to equal catchablity
between Regulatory Areas, as described in IPHC Scientific
Report 72, except that Area 2C has a regional adjustment
factor of 1.0 based on results in 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/akate)

i Areas Chirikof Aleutian

¥ Year Combined 2A 2B 2C 3A Shumagin Bering S
75 147.5 130.6 148.7 146.8 145.3 149.3 210.7
76 124.8 71.7 116.7 116.0 131.4 142.2 184.2
77 138.5 182.2 135.3 124.3 134.86 161.3 176.2
78 155.1 ° 85.5 138.0 155.1 171.9 116.4 166.6
79 159.7 110.0 105.8 220.8 189.0 80.8 146.1
80 204.0 82.0 143.7 218.4 260.6 249.5 124.2
81 231.5 107.6 175.7 273.6 250.8 294.6 236.8
82 -252.5 101.6 176.7 355.9 274.1 300.7 172.5
83 273.7 102.1 180.5 342.9 349.6 335.5 112.1
84 298.4 101.8 188.8 328.5 - 412.8 353.1 193.6
85 309.6 87.5 176.5 354.1 401.2 420.1 296.4
86 291.7 105.9 154.7 296.4 411.9 322.4 304.6

87 275.8 50.3 157.9 244.5 437.0 329.9 276.4

Catch in million lbs. by subarea

Areas Chirikof Aleutian

Year Combined 2A 2B 2C 3A Shumagin Bering S
75 27.616 .460 7.127 6.243 10.601 2.655 .530
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

8

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il
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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.)
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Reg. Area 2A 2B 2C 3A 3B 4 Combined
1987 Quota 0.55 11.5 11.5 31.0 9.5 4.8 68.8
1987 Catch 0.59 12.2 10.7 31.1 10.2 4.5 69.3
1.
ASP--total annual surplus production (million lbs)
Range
Upper 0.57 14.7 11.5 51.1 11.0 6.5 87.7
Lower 0.54 12.3 6.0 46.2 7.3 4.5 82.1
2.
Setline ASP--subtract other catches from total ASP
Range
Upper 0.24 12.5 8.4 42.3 9.4 5.4 70.7
Lower 0.21 10.1 2.9 37.4 5.7 3.4 65.1
3.
CEY--total constant exploitation yield (million 1lbs)
Range
Upper 0.32 17.0 17.3 55.6 12.4 7.4 94.3
Lower 0.23 9.8 3.8 43.0 7.2 4.3 82.2
4.
Setline CEY--subtract other catches from total CEY
Range
Upper -0.01 14.7 14.2 46.9 10.5 6.6 77.2
Lower -0.10 7.5 0.7 34.3 5.4 3.6 65.1
EEXXXXRXXXX
5.
Preferred Setline CEY--proportional allocation, sums to combined CEY
Range : Note-- maximum relative CEY in 4. is the proportion
Upper -0.0 12.2 11.8 39.0 8.7 5.5 77.2
Lower -0.0 10.3 10.0 32.9 7.4 4.6 65.1
LXXXXXXTXXX
6.
MSY--maximum sustainable yield, a long-term reference point
All gear 0.80 18.6 11.3 29.2 10.0 11.0 80.9
Setline 0.47 16.3 8.2 20.5 8.1 10.2 63.8
5.
Other catches accounted for in reducing Totals to Setline
1986 Sport 0.26 0.51 0.73 1.92 0.00 0.01 3.44
1987 Waste 0.03 0.17 0.37 1.58 0.34 0.26 2.74
1987 ByCat 0.04 1.58 2.00 5.22 1.53 0.52 10.87
Total 0.33 2.26 3.09 8.72 1.87 0.79 17.06

Note: By-Catch Mortality is apportioned into areas proportional

to biomas

s estimates from closed subarea catch-age analysis.

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il
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Table 7:

Setline exploitation fraction (

year

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

9.
Midpoint
year

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

Midpoint estimates from the results of the three catch-age

analysis methods.

combined

0.22
0.22
0.17
0.16
0.16
0.14
0.16
0.15
0.18
0.20
0.23
0.27
0.27

estimates of
combined

126.21
126.02
128.43
134.81
142.88
152.12
166.03
189.92
210.45
228.04
248.07
254.46
252.11

'2a

0.31
0.18
0.17
0.08
0.04
0.02
0.23
0.32
0.39
0.41
0.52
0.54
0.76

2b

0.26
0.27
0.20
0.17
0.19
0.22
0.20
0.20
0.19
0.29
0.32
0.34
0.36

2c

0.26
0.24
0.14
0.17
0.16
0.10
0.13
0.09
0.15
0.13
0.19
0.22
0.23

exploitable biomass

'2a

1.47
1.35
1.20
1.16
1.06
0.99
0.90
0.92
0.94
1.04
0.94
1.01
0.78

2b

27.39
27.06
26.71
26.38
26.21
25.96
25.75
27.30
29.11
30.88
32.90
33.57
33.59

18

2c

48.36
45.66

Deriso, R.B., 1988. Population Assessment, 1987. In IPHC. Stock Assessment Document Il
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3a

0.23
0.23
0.17
0.18
0.18
0.18
0.21
0.18
0.18
0.20
0.19
0.27
0.24
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catch lbs / midpt of expl.bio)

old 3b

old 3b

14.22

15.20
15.71
16.01
18.81
22.92
28.51
37.87
40.73
40.43
41.81
37.22
35.54

0.22
0.26
0.37

old

9.95
8.51
7.78
7.12
6.60
6.08
6.05
7.51
8.58
10.11
12.39
12.22
11.96
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AGE 8 BIOMASS ADJUSTED FOR BY-CATCH
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Smoothed weight of 10 year olds

37 Closed sub—areas 1987
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Year
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CONSTANT EXPLOITATION YIELD
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Fishing mortality (per year)
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Fishing mortality rate of exploitables

Closed sub—area 1987
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STOCK ASSESSMENT DOCIMENT III

SECTION 1. POPULATION ASSESSMENT, 1986

by

Richard B. Deriso

Our assessment of the Pacific halibut stock 1is Dbased
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 assessment 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 1in 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 1incidental, 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 1in
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 1levels, 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.

(s}

A summary of stock assessment results is given in Table 2.

1

Deriso, R.B., 1987. Stock Assessment Document IlI. Section 1. Population assessment, b 18
1986. IPHC Rep., pp. 1-14. age
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The ranges given for each 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 90.3
million 1lbs ( 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 19835 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 fractioa (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 1in Alaska.
Setline CEY is found by subtracting other catches
(incidental, sports, wastage) from the total CEY numbers.
There 1is 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 1into the regulatory areas. The
allocation procedure 1is 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 MSY are shown towards the bottcm of
Table 2. After subtracting other catches, the setline MSY

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 MSY in areas 2A, 2B, and 4; CEY 1is
near MSY 1in areas 2C and 3B, while in area 3A it remains
appreciably above MSY.

The bottom of Table 2 gives our best estimates of other
catches of halibut--from sports, wastage, and incidental

fishery sources. We are especially wuncertain about the
amount of wastage, with some estimates ranging as high as
8.2 million lbs. There has always been some wastage. The
effect of such removals, w«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 have
tried to use methods as robust as possible, but I can not,
vyet, develop estimates that are completely free of the CPUE
estimates. My concern 1is 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 Dbecause of it is a rough
indicator of future recruitment of females, which are the
main-stay of the fishery.

PRELIMINARY SURVEY EVALUATION

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 vear)
from catch-age analysis. The area 3A R-square of -0.14
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
3
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results in Table 8 hold pretty much the same when
commercial CPUE 1is regressed against survey legal-size
CPUE. 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 vear 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 1is a constant
whose value 1is the ratio of variance of catch to variance
of the fishing effort-fishing mortality relationship

(Deriso et al., 1985 CJAFS). A lambda of 0.3 was used since
the rss 1is 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 wvalue 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.

Efron’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 1is
setup 1into 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 1is 82.86% of the 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, 19877). I wused 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 0.536, the average value in the INPFC
study. Figure 4 shows the R and S data. The 0.23
exploitation used in our stoclk assessment is probably not

4
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sustainable if survival of the young 1is density-independent

( see our INPFC paper ). On the other hand, MSY

analysis

supports at least a 0.35 exploitation fraction. This year,

Gilbert’s finding of canabilism among juvenile
gives additional support to density-dependence.

Deriso, R.B., 1987. Stock Assessment Document IlI. Section 1. Population assessment,
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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)

Chirikof Aleutian Areas
Year 2A 2B 2C 3A Shumagin Bering S Combine
74 59.4 64.1 7.2 64.7 56.7 136.9 62.4
75 59.4 67.6 53.4 66.0 67.9 95.8 63.4
76 32.6 53.0 42.2 59.7 64.6 83.7 53.8
7 82.8 61.5 45.2 61.2 73.3 80.1 60.5
78 38.9 62.7 56.4 . 78.1 52.9 75.7 67.2
*+ 79 50.0 48.1 80.3 85.9 36.7 66.4 70.1
80 37.3 65.3 79.4 118.5 113.4 56.4 89.6
81 48.9 _79.9 99.5 114.0 133.9 107.6 101.5
82 46.2 80.3 129.4 124.6 136.7 78.4 112.4.
83 46 .4 82.0 124.7 158.9 152.5 51.0 120.3
84 46 .3 85.8 119.5 187.6 160.5 88.0 131.8
85 39.8 80.2 128.8 182.4 191.0 - ,134.7 135.8
86 48.1 70.3 107.8 187.2 146.5 138.4 127.8

Catch in million lbs. by subarea
Chirikof Aleutian

YEAR TOTAL 2A 2B 2C 3A Shumagin Bering S
T4 21.306 0.515 4.624 5.605 8.187 1.834 0.541
75 27.616 0.460 7.127 6.243 10.601 2.655 0.530
76 27.535 0.238 7.283 5.527 11.044 2.809 0.634
77 21.868 0.207 5.427 3.186 8.641 3.323 1.084
78 21.988 0.097 4.607 4.316 10.295 1.327 1.346
79 22.527 0.046 4.857 4.530 11.335 0.390 1.369
80 21.866 0.022 5.650 3.238 11.966 0.277 0.713
81 25.736 0.202 _5.241 4.495 14.198 0.416 1.185
82 29.008 0.290 5.538 3.500 13.499 &3T7§§#v 0.416
83 38.384 0.363 5.428 6.610 15.580 8.426 1.977
84 44.970 0.430 9.054 5.857 19.961 7.545 2.122
85 56.113 0.493 10.384 9.211 20.852 12.464 2.709
86 69.576 0.549 11.249 10.661 32.738 11.196 3.183
6
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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.
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 1 Combined
1986 Quota 0.50 11.2 11.2 28.1 10.3 5.1 66.1
1986 Catch 0.55 11.2 10.6 32.7 9.0 5.6 69.6
1.
ASP--total annual surplus production (million 1lbs)
Range
Upper 0.59 14.5 114.1 46.3 13.0 9.5 84.9
Lower 0.52 11.3 13.1 35.1 6.2 4.2 82.1
2. ]
Setline ASP--subtract other catches from total ASP
Range
Upper 0.31 12.5 10.1 38.1 11.6 8.7 68.4
Lower 0.25 9.3 9.1 26.9 4.8 3.5 65.6
3. :
CEY--total constant exploitation yield (million 1lbs) '
Range ——— e
Upper 0.42 16.9 (17.9 51.5 *_“~14.4,ﬁ 10.8 - 92.4
Lower 0.31 10.0 7711.3 33.3 6.5 4.2 . 81.4
N : S
- s,
4.
Setline CEY--subtract other catches from total CEY
Range
Upper 0.14 15.0 13.9 43.3 12.7 10.4 75.9
Lower 0.03 8.0 7.4 25.1 4.8 3.8 64.8
XXXXXXXXXXX
5.
Preferred Setline CEY--proportional allocation, sums to combined CEY
Range .
Upper 0.12 11.9 11.0 34.4 10.1 8.3 75.9
Lower 0.10 10.2 9.4 29.4 8.6 7.1 64.8
XXXXXXXXXXX
6. .
MSY--maximum sustainable yield, a long-term reference point
All gear 0.80 18.6 11.3 29.2 10.0 11. 0 80.9
Setline 0.53 16.7 7.3 21.0 8.3 10.6 64.4
6.
Other catches for in reducing Totals to Setline
1985 Sports 0.228 0.525 1.090 1.492 0.0 0.010 3.315
1986 Wastage 0.0 0.0 0.650 1.997 0.336 0.0 3.183
1986 Incidental 0.047 1.422 2.237 4.704 1.180 0.402 10.009
Total 0.275 1.947 3.977 8.193 1.716 0.419 16.327

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.

7
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Table 3. Euxploitable Eigmags} constant exploitation yield (CEY), annual
surplus pro uction [ASP) for
based on migratory catch-age

Biomass in million lbs.

TOTAL

374 114.221
75 117.901
76 117.514
T7 120.212
378 125.833
79 135.158
80 143.919
381 154.444
82 175.220
83 194.167
384 211.120
85 229.430
i86 237.304
Setline

AR TOTAL
741 24.986
375 27.229
I76 o 30.233
77 27.489
97 31.313
79 31.288
!80 32.391
81 46.512
382 47.955
83 55.337
84 63.280
385 63.987
I86 66.183

CEY

AR TOTAL
!74 31.982
75 33.012
76 32.904
i77 33.659
78 35.233
379 37.844
80 40.297
81 43.244
382 49.061
83 54.367
!84 59.114
85 64.240
86 66.445

A,

OHOOO0OOOO0OO K - - =

S.

[eNoNeoNoNoNoNoNoNoNoNoNoNe!

[eNeoNoNoNoNoNoNoNoNoNoNoNe!

in million

setline,

analysis.

by subarea

and commercical catches.

Estimates
3B and 4 are old area definitions.

L

2A 2B 2C 3A 3B
.306 23.910 24.693 46.492 10.359
.337 24.675 23.581 50.073 11.033
.182 23.541 22.733 52.487 11.126
.007 23.166 22.931 55.922 11.352
.964 22.809 25.293 60.693 11.128
.943 22.879 27.497 64.539 13.907
.884 22.608 29.933 67.894 17.221
.769 22.164 33.690 71.885 _20.848
.801 T 22.436 38.059 77.741 29.808
.761 24.362 43.531 87.706 31.177
.913 26.846 46.545 101.562 1 28.500
.040 28.069  [50.129 ~ 113.927,  28.134)
.895 *28.400 {QQLQQQF 125.736 23.353i

00,00

P. in million lbs. by subarea

2A 2B 2C 3A 3B
.546 5.389 4.493 11.768 2.508
.305 5.993 5.395 13.015 2.748
.063 6.908 5.725 14.479 3.035
.164 5.070 5.548 13.412 3.099
.076 4.677 6.520 14.141 1.106
.013 4,586 6.966 14.690 3.707
.093 5.206 6.995 15.957 3.901
.234 5.513 8.864 20.054 9.376
.250 7.464 8.972 23.464 7.135
.515 7.912 9.6214 29.436 5.749
.557 10.277 9.441 32.326 7.179
.348 10.715 9.991 32.661 7.683
.299 10.841 10.146 36.046 6.378

lbs. by subarea when exploitation is

2A 2B 2C 3A 3B
.352 6.684 6.908 13.017 2.910
.363 6.900 6.602 14.030 3.103
.329 6.581 6.350 14.708 3.126
.269 6.496 6.429 15.651 3.161
.282 6.377 7.082 16.982 3.101
. 265 6.396 7.682 18.090° 3.898
.242 6.327 8.382 19.020 4.836
.216 6.227 9.427 20.109 5.838
.245 6.280 10.646 21.783 8.340
.217 6.796 12.178 24.574 8.753
.236 7.507 13.005 28.434 7.980
.321 7.837 14.004 31.927 7.902
. 266 7.973 14.286 35.216 6.512

8
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1976
97T
978
1979
980
981
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983
i984
1985
1986

EAR
986

...

1974
975
976

1977
978
979

1980

981

1982
983

1984
985
986

YEAR

974
975
976

1977
978
979

1980

981
982
1983

984
985
986
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CEY in million lbs. by subarea

TOTAL 2A ZB

39.978 0.140 8.355 8
41.265 0.3454 8.621% 8
41.130 0.411 8.226 7
42.074 0.337 8.120 8.
44.042 0.352 7.972 8
47.305 0.331 7.995 9
50.372 0.302 7.908 10.
54.055 0.270 T.784 11.
61.327 0.307 7.850 13.
67.958 0.272 8.495 15.
73.892 0.296 9.384 16
80.300 0.402 9.797 17,
83.056 0.332 9.967 17

CEY 1in million lbs. by subarea
minus other catches.
TOTAL 2A 2B

66.61 0.057 8.020 13.

CEY in million lbs. by subarea when exploitation 1is
where partitioning of total CEY is based on subarea ASP

TOTAL 2A 2B
31.982 0.704 6.908 5
33.012 0.363 7.263 6
32.904 0.066 7.502 6
33.659 0.202 6.193 6
35.233 0.070 5.250 7
37.844 0.000 5.563 8
40.297 -0.121 6.488 8
43.244 0.216 5.146 8
49.061 0.245 7.654 9
54.367 0.489 7.774 9
59.114 0.532 9.576 8
64.240 0.321 10.728 10
66.445 0.332 10.897 10

CEY in million lbs. by subarea

TOTAL 2A 2B

39.978 0.880 8.635 7
41.265 0.454 9.078 8
41.130 0.082 9.378 7.
42.074 0.252 7.742 8
44.042 0.088 6.562 9
47.305 0.000 6.954 10.
50.372 -0.151 8.110 10.
54.055 0.270 6.433 10.
61.327 0.307 9.567 11
67.958 0.612 9.718 11.
73.892 0.665 11.971 11
80.300 0.402 13.410 12.
83.056 0.415 13.621 12.

1986. IPHC Rep., pp. 1-14.
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3B

.638
.879
.907
.955
.876
.872
.045
.297
.426
.941
.975

-

1

. 140

3B
424

2C 3A 3B
757 15.064 3.198
.536 15.780 3.334
.219 15.761 3.290
.799 16.426 3.803
.329 15.925 4.616
.439 17.787 4.466
.704 19.867 4.836
. 260 18.638 8.735
174 23.991 7.310
.460 28.923 5.654
.808 30.207 6.680
.021 32.762 7.709
. 166 36.146 6.379

2C 3A 3B
.196 18.830 3.998
.170 19.725 4.168
773 19.701 4.113
. 499 20.532 4.754
.161 19.907 5.769
549 22.233 5.582
880 24.833 6.045
325 23.298 10.919
.468 29.989 9.138
825 36.154 7.068
.010 37.759 8.350
527 40.953 9.636
708 "45.183 T.973
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CEY

in million lbs.
minus other catches
where partitioning of total CEY is based on subarea ASP

TOTAL 2A
66.6 0.140

Catch in million lbs.

TOTAL 2A
21.306 0.515
27.616 0.460
27.535 0.238
21.868 0.207
21.988 0.097
22.527 0.046
21.866 0.022
25.736 0.202
29.008 0.290
38.384 0.363
44.970 0.430
$56.113 0.493
69.576 0.549

= O WO OO U Ul b s O ~1 =] o
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by subarea when exploitation is

2B 2C
11.674 8.731
by subarea
2B 2C
.624 5.605
127 6.243
.283 5.527
427 3.186
.607 4.316
.857 4.530
.650 3.238
.241 4.495
.538 3.500
.428 6.610
.054 5.857 19.9
.384 9,211 20.8

.249  (10.661
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3B

6.257

3B

.834
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. 809
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.341
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.634
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.713
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!ﬂﬂe 4. Exploitable biomass, constant exploitation yield (CEY), annual
surplus production (ASP) for setline, and commerical catches. Estimates
tsed on closed subarea catch-age analysis with no migration.

ea 3B and 4 are old area definitions. 3B is Chirikof and Shumagin.

Biomass in million lbs. by subarea

YEAR TOTAL 24 ZB 2C 3A 3B 1

1974 122.83 1.43 26.25 26.20 49.29 11.43 8.23
1975 127.55 1.48 27.33 24.92 53.33 12.10 8.10
1976 127.35 1.33 26.47 23.50 56.20 12.57 7.28
1977 129.37 1.12 25.86 23.20 59.85 12.77 6.56
1978 ' 136.64 1.09 25.84 25.36 66.12 12.62 5.61
1979 143.21 1.08 26.06 27.25 70.91 12.91 5.00
1980 152.72 1.01 25.90 29.68 75.22 15.93 4.97
1981 169.07 0.89 25.76 33.20 80.79 22.85 5.58
1982 192.35 0.94 26.39 37.50 88.30 32.31 6.91
1983 214.25 0.90 28.77 43.03 100.41 33.92 7.21
1984 233.52 1.09 32.04 46.02 115.50 31.42 7.45
1985 254.32 1.28 34.44 49.13 129.63 30.91 8.93
1986 264.09 1.13 36.03 49.43 143.24 25.51 8.75

Setline Annual Surplus Production in million lbs

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

1974 26.02 0.56 5.70 4.33 12.23 2.80 0.40
1975 27.42 0.31 6.27 4,83 13.47 2.82 -0.28
1976 29.55 0.03 6.67 5.23 14.70 3.01 -0.09
1977 29.15 0.17 5.40 5.34 14.91 3.18 0.13
1978 28.55 0.08 4.83 6.21 15.08 1.61 0.74
1979 32.04 -0.02 4.69 6.97 15.65 3.41 1.34
1980 38.21 -0.10 5.51 6.75 17.54 7.20 1.32
1981 49.02 0.25 5.87 8.80 21.71 9.88 2.52
1982 50.90 0.25 7.93 9.03 25.61 7.38 0.72
1983 57.65 0.55 8.69 9.60 30.67 5.93 2.21
1984 65.77 0.62 11.45 8.97 34.09 7.04 3.61
1985 65.89 0.35 11.98 9.51 34.46 7.06 2.52
1986 68.42 0.31 12.53 9.57 38.08 5.82 2.47

Total CEY in million lbs when exploitation is 0.35

YEAR TOTAL 2A 2B 2C 3A 3B 1

1974 42.99 0.50 9.19 9.17 17.25 4.00 2.88
1975 44.64 0.52 9.56 8.72 18.66 4.34 2.83
1976 44.57 0.47 9.27 8.23 19.67 4.40 2.33
1977 45,28 0.39 9.05 8.12 20.85 4.47 2.30
1978 47.83 0.38 9.04 8.87 23.14 1.42 1.36

11
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Table 5. Exploitable biomass, constant exploitation yield (CEY), annual
surplus production (ASP) for setline, and commerical catches. Estimates
cased on catch-age analysis for total stock with CPUE subarea partition.
Area 3B and 4 are old area definitions. 3B is Chirikof and Shumagin.

Biomass in million lbs. by subarea

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

1974 117.51 1.53 27.97 18.92 10.19 16.80 12.10
1975 120.71 1.37 28.97 19.07 42.37 17.38 11.35
1976 120.00 1.44 28.68 18.60 43.80 17.40 10.08
1977 120.83 1.21 27.82 18.51 46.93 17.42 8.95
1978 127.71 1.15 27.20 20.18 52.61 18.39 8.17
1979  135.21 1.08 26.23 23.12 57.19 19.88 7.71
1980 142.76 1.00 25.55 .26.33 60.25 22.41 7.00
1981 153.77 0.92 26.60 29.68 64.43 25.83 6.30
1982 174.80 1.05 29.40 33.95 73.67 30.27 6.47
1983 195.66 0.98 31.31 37.18 84.92 34.05. 7T.24
1984 208.06 1.04 30.59 37.45 94.46 35.99 8.33
1985 225.08 1.12 30.36 38.23 105.23 38.90 11.24
1986 232.48 - 0.93 29.55 38.16 110.07 40.03 13.73

Setline Annual Surplus Production in milliorn lbs

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

1974 24.50 0.56 5.63 5.76 10.37 2.141 -0.22
1975 26.91 0.33 6.84 5.77 12.03 2.67 -0.74
1976 28.36 0.01 6.42 5.43 14.17 2.83 -0.50
1977 28.74 0.15 4.81 4.86 14.33 4.30 0.31
1978 29.49 0.03 3.64 7.26 14.87 2.81 0.88
1979 30.08 -0.04 4.18 7.96 14.39 2.93 0.66
1980 32.87 -0.05 6.70 6.36 16.15 3.70 0.02
1981 46 .77 0.33 8.04 8.76 23.44 4.85 1.35
1982 49.87 0.22 7.45 6.73 24.75 9.54 1.18
1983 50.78 0.42 4.71 6.88 25.12 10.37 3.27
1984 61.99 0.51 8.82 6.63 30.73 10.45 4.83
1985 63.50 0.30 9.58 9.15 25.69 13.39 5.20
1986 65.59 0.25 9.33 9.13 26.87 13.98 6.33

Total CEY in million lbs when exploitation is 0.35

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

1974 41.13 0.53 9.79 6.62 14.07 5.88 4.214
1975 42.25 0.55 10.14 6.68 14.83 6.08 3.97
1976 42.00 0.50 10.04 6.51 15.33 6.09 3.53
1977 42.29 0.42 9.74 6.48 16.43 6.10 3.13
1978 14.70 0.40 9.52 7.06 18.41 6.4 2.86
1979 47.32 0.38 9.18 8.09 20.02 6.96 2.70
1980 49.97 0.35 8.94 9.29 21.09 7.34 2.43

13
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POPULATION ASSESSMENT, 1985
by |
Richard B, Deriso

Qurassessment of the Pacific halibut stock is based primarily on
two methods of catch-aée analysis, as in 1984, During the last three
years, we have described those methods during our staff presentation at
the Annual Meetings, Tﬁe information we've used this year for the
assessment is comprised primarily of logbook catch and effort data,
commercial landings, port sampling age and length data, and tagreturn
information, No new problems were encountered in this year's
assessment, although we still observg unusually low catchability of
halibut in the southern end of the range (Areas 2A and 2B) and high
catchability of halibut in the central range.

Overall, the Pacific halibut stock continued to grow in 1985,
increasing coastwide abundance by 8% from 1984, Abundance increases
occurred principally in Areas 2C and 3A, with only a minor increase in
other areas., Age classes of eight- and nine-year-0ld halibut are in
high abundance, which should add support to the exploitable adult stock
over the next three years as they become fully recruited into the
fishery.

A summary of results from the analysis is given in Table 1.
Reéults from the first method of assessment, migratory catch-age
analysis are given in Table 2. In Table 3, results are shown in the
other catch-age method, which uses CPUE partitioning. CPUE estimates,
standardized to J hook and constant catchability between areas, are

given in Table 4,
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Annual surplus production is the excess of biomass above what is
needed to replenish Fhe population each year. A range of estimates for
each Regulatory Area is shown in Figure 1, along with the mid-point (or
median) estimate for each area, The estimated total surplus in 1985 is
75 million pounds-with a range of 56 to 93 million pounds. Even if we
allow for a rather large incidental catch of 10 million pounds we still
have an estimated surplus available to the commercial setline fishery
of 65 million pounds.

Estimates of yield are even higher with our preferred method of
setting quotas, which is the constant exploitation yield (CEY) concept
described last year. That approach is based on taking a fixed

_ percentage of the adult stock each year. A 28% exploitation rate
appears reasonable for the halibut stock for a number of reasons,
including (1) this is the FO.1 rate for halibut, (2) it is within our
range of MSY exploitation rates, and (3) it is 90% of our best MSY
exploitation estimate for the setline fishery (allows for 10 million
pounds incidental catch), A range of estimates of CEY is shown in
Figure 2 for each Regulatory Area, along with median estimates for each
Area, The estimated total setline CEY is 73 million pounds and ranges

from 66 to 80 million pounds.
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Table 1. Summary of 1983 population aszezment results,
Combiined
24 2B 2C 34 3B q Area
1985 Quota _ 0.5 10.0 2.0 23.0 9.0 4.25 55.75
1985 Catch 0.5 9.7 8.7 20.4 10.9 4,39 54.97
1. Annual Surplus Production (106 pounds)
Range of Estimates
Upper 0.é 10.5 17.4 40 .4 14.2 9.4 92.9
Lowwer 0.3 8.7 7.1 30.7 6.9 2.9 56.4
Median 0.4 9.4 13.0 34.3 11.4 4.9 75.6
I1. Setline Conztant Exploitation Yield {108 pounds)
Range of Ectimates
Upper 0.3 9.1 18.5 35.3 13.2 4.4 80.8
Lower 0.3 8.2 12.9 32.2 9.1 3.0 66.4
Median 0.3 9.0 15.7 33.7 it 3.6 73.4
I111. Maximum Sustzined Yield (106 pounds)
All gear 0.9 19.1 11.2 28.1 10.1 1.5 71.4
{a) 10 million
incidental 0.8 16.4 10.2 24.1 8.7 1.3 é41.4
(by» 20 million
incidental 0.7 13.7 8.3 20.2 7.2 1.1 51.4
4
Page 35
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. Table 2, Esploitable biomass, constant exploitation yield (CE(), annual
surplus producticn (ASPY, and conmercial catches. Estimates
are based on migratory catch-age analysis, as described in
IPHC Sci. Rep. No. 72.

Bicmazs_ip million Ybe. by subarea

YEAR T0TAL 24 28 2t 3 3B L
1?7? 117.423 1.544 28,425 29,257 40.908 12,249 8,822
1979 121,153 1.587 29.294 24 .,44) 44,451 12,935 8.444
1924 121,044 1.385 27.710 24,242 47,052 13.080 7.577
197 124,422 1.15 26.780 25.142 50.5844 13.320 6.798
1975 130,822 1.108 26.222 28,444 54.140 13.042 5.840
1979 143.273 1.112 26,262 31,814 é1.12% 17.094 5.840
1980 59.841 0.907 256,003 35.784 64,125 21,140 5.980
1981 170.493 0.787 25,728 41,443 71.620 25.184 5.908
1982 197.2%7 0.425 26,289 43.04¢ 78.709 35.724 7.454
1963  219.787 0.314 28.710 55.47% 89.433 36,784 B.171
1954 239.083 0.997 31,911 40,525 103,493 - 32.%97 8,842
1985  258.013 1.088 32.383 64,021 115120 32.504 10.897
Sptline CE7_ in millinn Yhz. by subaces when exploitation ic 0.78
TEAR T0TAL 24 28 2 3 38 4
1974 32.879 0.427 8.022 7.04% 11.442 3.419 2.466
1975 33.923 0.441 8.207 6.852 12.450 3.430 2,373
1974 33.893 0.373 7.741 6.77% 13.184 3.440 2,135
1977 34.726 0.313 7.301 7.04%9 14,238 3.71¢ {.510
1973 36,630 0.293 7.328 7.785 15.714 3,483 1.442
1979 40,114 0.321 7.341 8.906 17.130 4.774 1.445
1980 43,435 0.242 7.287 10,034 18.501 5.934 1.458
1981 47,794 0.23% 7.217 11,414 20.073 7.074 1.673
1982 55,228 0.188 7.400 13.475 22.03% 10.051 2.0%%
1983 é1.540 0.244 8.042 15.576 25.047 10.337 2,277
1984 L 0.248 8.904 17.004 29.054 9,238 2.477
1983 72.244 0.289 9.103  18.4%5  32.22 9.103 3.034

ASP ip million lhe. by subarea {change within areal

YEAR TOTAL A 28 2C A 38 4
1974 25.034 0.538 5.295 4.788  11.730 2.520 0.143
1975 27.509 0.258 5.341 6.045  13.202 2.800 -0.3%
1976 30.511 0.01! 6.333 6.427 14,836 3.047  -0.143
1977 28.448 0.157 4.889 6,508  13.937 3.051 0.126
1978 34.439 0.101 4,447 7,668 15,284 5.373 1,344
1979 35.095 -0.1F7 4.598 8.500  14.331 4.436 1.389
1980 34,718 -0.0%6 5.372 8.917  17.441 4,323 8.741
1981 92.276 0.093 6,318 10.591 21,314 11.194 2,761
1982 51.248 0.340 7.557 1.4 24.23 6.932 1.094
1983 957.482 0.448 8,437 11,348  28.372 5.821 3.054

1984 43.700 0.522 9.526 11,243 31.398 6.975 4,234
1985  68.957 0.578 9.667  12.244  34.838 6.871 5.209
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Table 2. Exploitable biomasz, constant exploitation yield (CEY), annual

(cont.) surplus production (ASP), and commercial catches. Estimates
are based on migratory catch-age analysis, as described in
IPHC Sci. Rep. No. 72.

SP_inmillinn 1hs. by subarea (CPUF pactitioned methnd)

YEAR  TOTAL 24 28 € 3 38 4
1974 25,034 0,325 6.109 5,382 8.712  2.404 1.875
1975 27.509 0,358 6.657 5,557 10.094 2,943 1.924
1974 30,511 0,33 6.937  4.102  11.349 3.295 1.922
1977 28,448 6.258 6,192 5.820 11.754  3.047 1,577
1973 34,439 0.276 4.888 7.508 14.774 3.444 1.550
1979 35095  0.281 6.422 7,791 14986  4.174 1,439
1950  34.713  0.220 6.132 8,445 15,543 4,994 1,395
1981 52.274  0.281 7.8%4 12,703 21,95 7.737 1.830
1982 51.248  0.154 6,870 12,509  20.45 9,331 1,943
1923 57.482  0.23t 7.556 14,594 23.477 9.491 2,19
1984 43.700 0.256 8.499  16.231  27.733  8.318 2,344
1985  48.959 0.274  B8.489  17.854  30.756  B.489  2.8%
. Catch in @illion lhs. hy subarea
YEAR  TOTAL 24 28 2 3 3B 4
1974 21,304 0.515  4.424 5,605 8.187 1,834 6.541
1975 27,6146 0,440 7,127 6,242 10,401 2,655  0.530
1974 27.335 0.228  7.283  5.527  11.044 2,809 0.4
1977 21.848 0.207  5.427 3,186 B.441 3.373 1,084
1978 21988 0,097 4,407 4,316 10.293 1.327 1,346
1979 22.327 0.044 4,357 4,530 11,335 0.39%0 1,347
1980 21.846  0.022  5.450 3.238 1196 0,277 0.713
1981 25732 0.202 5,454 4,010 14,225  0.454 1.185
1982 28.718  0.211 5,236  3.485  13.507  5.872  0.407
1983 38.384 D.265  5.434 4,398 14,112 9.808 2,345
1984 44,970 0.431 9,054  5.847 19971 7.466  2.201
1985 54,353  0.487 9,945  8.902  20.25¢  10.%00 4,362
é
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- Table 3. Exploitable biomass, constant egploitation yield {CEY), annual

syrplus production ¢ASP), and commercial catches. Estimates

are based on catch-age analysis with CPUE partitioning, as

described in IPHC Sci. Rep. No, 72,

Biomass in millign Yhe. by subares
YEA TOTAL 2A 2B 2C 3A 3B 4
1924 121,347 1,578  28.881 19.537 41,501 17,35 12.4%9
1975 125,294 1.429  30.071 19.796  43.978  18.042  11.778
1976 126,243 1915 30,294 19.43% 44,077 18,303  10.403
1977 129.899 1,297 30,007  19.374  50.274 18.833 9.412
1978 136.445 1,248 29.336  22.043  97.130  19.829 8.875
1972 146,059 1,148 27.405 25,998 42,875 21.179 8.033
1950 154.701 0.940 24,733 31,240  64.598  23.819 7.208
1981 170.432 0.853  27.813  35.462  72.177  27.442 4.484
1982 194,143 0.785  30.209  41.194  84.1%4 32,935 4.8¢44
1983 222.00% 0.838  31.303  45.048  98.330  33.186 8.434
1984 241,104 0.944 30,862  45.087 110.443 42,194 11,322
1935 249,430 1,075 31.267 46,204 126.2% 47.279  15.849
YEAR T07AL A 2B 2C »r 38 4
1974 33.977 0.442 8.087 2.470  11.620 4,059 3,500
1975 35,082 0,434 8.420 3.343 12,314 3.032 3,278
1976 36,342 0.424 8,482 5.443  12.700 3.2 2,949
1977 36,372 0.344 B.402 3.963 14,076 5.274 2.492
1978 38.824 0.349 8.270 8,173 15,594 5.392 2,485
1979 40.3%7 0.327 7.729 7.280  17.381 5.930 2,249
1980 43.87 0.243 7.547 8.77% 18,447 6.449 2.018
1981 47,777 0,239 7.788 9.985  20.210 7.740 1.816
1982  54.924 0.220 8.459 11,33  23.543 9.228 1.922
1983 42,143 0,249 8.745 12,419 27.338 10,492 2,342
1984 47.510 0.270 8.441 12,424  30.787  {1.8{4 3173
1985  75.214 0.301 8.95t 12,937 35,352 13.238 4,438
ASP_in.million lhe, by =wbarea (rhange within area pethad)
YEAR T0TAL 24 28 2 R Kh 4
1974 25.252 0.366 5.814 5.86%  10.444 2,524 -0,180
1975 28.547 0.344 7,351 5.885 12,495 2915  -0.445
1976 31,208 0.022 4,996 3.943 15,243 3.342  -0.336
1977 30.435 0.15 4,936 3.359 15,300 4.317 0.344
1978 29.38! 0.917 2,676 8.2672 15,240 2,626 0.305
1979 33.149  -0.182 4.204 9.872  15.838 3.030 0.544
1980 35.797  -0.045 4.510 7,360 17,545 4,101 -0.011
1981 51.243 0.133 8.050 9.542  26.202 3,749 1,347
1982 54.545 0.314 6.330 7,359 22.703  11.102 1.978
1983 57.481 0.34} 4.9%4 6.417 26,430 13.814 5.261
1984 72.494 0.541  10.159 6.963 33,959 12,331 é.718
1985  80.770 0.403  10.523 7.137  40.548  14.064 9.394
continued----==~---~
7
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Table 3. Exploitable biomass, conctant exploitation yield (CEY), annual
(cant.) surplus production (ASP), and commercial catches, Estimates
are baced on catch-zge analyeis with CPUE partitioning, as
described in IPHC Sci. Rep. No. 72,

A58 in million lhs. by suharea (CPUE partitinned method)

YEAR TOTAL 2A 28 20 K 3B 4
1974 25.2%2 0.328 4.010 4.066 8.634 3.611 2,401
197 28.547 0.371 4,851 4.510 10,029 4.111 2.483
1974 31.203 0.37 7.490 4,806 11,391 4.529 2,621
197 30.635 0.304 7.077 4,487 11.9%4 4.442 2.267
1978 29.38! 0.244 4.258 4,672  12.105 4.201 1.830
1979 33.149 0.245 §.249 5.904 14,097 4.810 1.824
1920 35.797 0.215 6.157 7.13% 15.214 5.441 1,447
1981 51.243 0.25 8.354 10,714 21.484 8.305 1,948
1782 54.545 0.218 8.403  11.45%  23.408 9.167 1,910
1983 57.481 0.230 8.105  11.449  25.444 9.857 2.184
1954 72,474 0.290 9.279 13.554 33.273 12.484 3.407
1953 80,770 0.323 9.412 13.872  37.942 14,244 4,74
Catch in millipn lhs. by subarea

YEAR TOTaL % 2B 20 34 3B 4
1974 21,304 0.519 4,524 5.605 8.187 1.834 0.54!
1975 27.416 0.440 7.127 4.243  10.401 2,455 0.330
1974 27.535 0.238 7.283 5.527  11.044 2.309 0.634
1977 21.248 0.207 5.427 3.184 8.441 3.323 1,084
1978 21.988 0.0%9 4,407 4.316  10.295 1.327 1.345
197¢  22.327 0.044 4,857 4,530 11.335 0.390 1,347
1980 21.844 0.022 5.430 3.238 11,944 0.277 0.713
1931 25.732 0.292 5.654 4,010 14.225 0.456 1.185
1952 28.718 0.211 9.234 3.433  13.507 5.872 n.An7
1983  38.384 0.245 5.424 6.398 14,112 9.308 2,345
1984 44.97% 0.43! 9.054 5.847 19,971 7.448 2.201
1985  54.8%3 0.487 2.945 8.903  20.256  10.900 4,342
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Table 4, Catch, standard setline effort, and standard CPUE,
Data are standardized to "J" hook equivalence and
adjusted to equal catchability between Areas 2B, 2C,
3A, and 3B, as described in IPHC Sci. Rep. No. 72.
CPUE Report for Subareas 1980

Subarea Catch(1lbs.) Effort(skates) CPUE(1bs./skate)

2A 22000. 590. 37.3

2B 5650000. 86524, 65.3

2C 3238000, 40776, 79.4

3A 11966000, 101013. 118.5

3B 277000. 2443, 113.4

y » 713000, 12633. 56.4

ALL 21866000. 243979, 89.6

24+2B 5672000, 87114, 65.1

2A+2B+2C 8910000. 127890. 69.7

3A+3B 12243000, 103456, 118.3

3B+ 990000. 15076. 65.7
CPUE Report for Subareas 1981 ) N

Subarea Catch(lbs.) Effort(skates) CPUE(lbs./skate) '

2A 202000. 6177. 32.7

2B 5654000. 74517, 75.9

2C 4010000. 34309, 116.9

3A 14225000, 129130. 110.2

3B 456000. 3375, 135.1

y 1185000, 11296. 104,9

ALL 25732000, 258804, 99.4

2A+2B 5856000. 80694, 72.6

2A+2B+2C 9866000, 115003, 85.8

3A+3B 14681000, 132505, 110.8

3B+4 1641000. 14671, 111.9

CPUE Report for Subareas 1982

Subarea Catch(lbs,) Effort(skates) CPUE(1lbs,./skate)

2A 211000, 5369. 39.3

2B 5236000. 69466. 75.4

2C 3485000. 25625, 136.0

3A 13507000. 100738, 134,1

3B 5872000. hys12, 131.9

y 407000, 5968. 68.2

ALL 28718000, 251678. 14,1

2A+2B 5447000, 74835, 72.8

2A+2B+2C 8932000, 100460. 88.9

3A+3B 19379000, 145250. 133.4

3B+4 6279000. 50480, 124, 4

continuede=——ee- >
9
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Table 4, Catch, standard setline effort, and standard CPUE.

(cont.) Data are standardized to "J" hook equivalence and
adjusted to equal catchability between Areas 2B, 2C,

3A, and 3B, as described in IPHC Sci. Rep. No. 72.

Deriso, R.B., 1986. Population assessment, 1985. IPHC Rep., pp. 1-11.

CPUE Report for Subareas 1983
Subarea Catch(lbs,) Effort(skates) CPUE(lbs,/skate)
2A 265000, quey, 28.0
2B 5436000, 76698. 70.9
2C 6398000. 50939. 125.6
3A 14112000. 89001, 158.6
3B 9808000. 67772, 144 ,7
4 2365000. 29786. 79.4
ALL 38384000. 323660, 118.6
2A+2B 5701000. 86162, 66.2
2A+2B+2C 12099000. 137101. 88.2
3A+3B 23920000. 156773. 152.6
3B+4 12173000. 97558. 124.,8

CPUE Report for Subareas 1984
Subarea Catch(lbs,) Effort(skates) CPUE(1lbs./skate)
2A 431000, 25964, 16.6 -
2B 9054000, 136407. 66.4
2C 5847000. 50755. 115.2
3A 19971000, 109155, 183.0
3B 7466000, 47421, 157.4
4 2201000. 24320, 90.5
ALL 44970000. 394022, 114,1
2A+2B 9485C00. 162371, 58.Uu
2A+2B+2C 15332000. 213126. 71.9
3A+3B 27437000, 156576. 175.2
P+Y 9667000, 71741, 134.7

rPJE Report for Subareas 1985
Subarea Catch(1lbs,) Effort(skates) CPUE(1bs./skate)
2A 487000, 8240. 59.1
2B 9945000, 132379. 75.1
2C 8903000, 6uUuTT. 138.1
3A 20256000, 109991. 184,2
3B 10900000, 58226. 187.2
y 4362000. 23668, 184.3
ALL 54853000, 396981, 138.2
2A+2B 10432000, 140619. 74,2
2A+2B+2C 19335000. 205096, gu,3
3A+3B 31156000. 168217. 185.2
3B+4 15262000. 81894, 186.4

10
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Annual Surplus Production
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Figure 1. Annual surplus production estimates for 1985 by regulatory area,
The upper, lower, and median estimates are based on all analyses
made this year.,
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Figure 2. Constant exploitation yield estimates for 1985 by regulatory

area, The upper,

analyses made this year,
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STOCK ASSESSMENT DOCUMENT III

CONSIDERATIONS FOR DETERMINING CATCH LIMITS

by

Stephen H. Hoag, Richard B. Deriso, and Terrance J. Quinn II

Halibut stocks declined from the early 1960's to the mid=1970's
and IPHC responded by reducing catch limits throughout that period.
Since then, IPHC has attempted to rebuild stocks by setting catch
limits below the annual surplus production (ASP), where ASP is defined
as the change in biomass from one year to the next plus the catch. ASP
has usually been expressed in terms of setline production, although
incidental catches in other fisheries reduce setline ASP and are
accounted for in the estimation of setline ASP,

Recommendations by the IPHC staff were aimed at setting catch
limits at about 75% of the estimated ASP during 1980<1983. Stocks
increased sharply during this period, and catch limit recommendations
in 1984 were based on 90% of ASP in areas where stocks appeared to be
approaching maximum sustained yield (MSY) levels.

Several factors need to be considered before recommending catch
limits for an area. First, estimates of ASP vary depending on the
method of estimation. All methods depend to some degree on CPUE data
which have been subject to serious problems in recent years. Second;
ASP probably is highly variable, particularly among areas, and is
dependent on rates of recruitment, mortality, growth, and migration.
ASP can be very low or negative, even though stock biomass is large.
Therefore, ASP is probably not a good parameter upon which to base
catch limits once stocks are at relatively high levels., Third, the

catches in an area can affect stocks in another area because of

4
1
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migration. This is particularly true for incidental catches, which
tend to consist of smaller fish that tend to have higher rates of
migration,

In years like this one, when the halibut stock is at a relatively
high abundance level, quotas can be based on MSY estimates rather than
being based on ASP estimates. MSY may reliably indicate the long<term
goals of management for maximum yield. However, to set annual quotas
at a fixed amount corresponding to M3SY and leave it there independent
of stock abundance changes can easily cause oversexpioitation. Catches
that rise and fall with the abundance of the stock are better for a
long=term management plan. One such policy is to take a fixed
percentage of the stock each year: the constant exploitation yield
(CEY) is defined as the amount of yield obtained by taking catches
proportional to stock abundance where the proportionality constant is
detérmined so that MSY is taken when the stock is at the level of
abundance that produces MSY.

Table 1 summarizes estimates of ASP, CEY, and MSY by area. For
all areas combined, ASP estimates range from 48.3 to 79.7 million
pounds with a median value of 77.3 million pounds. Median CEY
estimates range from 66.7 to 86,7 million pounds, depending on the
level of incidental catch. The median estimates of ASP and CEY are
higher than the estimates of MSY, suggesting that stock productivity in
recent years is above the long term average.

Estimates of ASP and CEY by area also vary from area estimates of

MSY: MSY estimates in Areas 2A and 2B are higher and the estimate in

~ S

-

Area 4 is lower than ASP and CEY estimates. This difference may

e

TEV wo

reflect an atypical distribution of the halibut stocks in recent years.

MSY estimates by area, however, are based on the historical

2
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distribution of catch and this procedure may refiect economic factors
as well as the distribution of halibut stocks. The fishery first
developed in Areas 2A and 2B and exploitation rates have tended to be
higher in these areas. 1In 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 rebuild 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 suggest that stocks are presently near levels that
produce MSY and the objective of rebuilding may no longer be
appropriate (Areas 2A and 2B may be an exception). Assuming stocks are
at MSY levels, ASP is probably not the best parameter upon which to
base catch limits. Estimates of ASP will probably 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

"
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 907 of the 1984 CEY

(assuming 20 million pounds of incidental mortality) would result in -

the following:

2A 2B 2C 34 3B y TOTAL

90% CEY 0.3 9.5 10.2 25.4 9.4 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. Table 2 shows the estimated effect of 1 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 2B 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. E%idence suggests that

rates of exploitation and tag reporting may be higher in Area 2B;

Y
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hence, the effect of incidental catch in Area 2B may be exaggerated.
Also the effect of incidental catch in the early 1980's may be about
10 million pounds, down substantially from the 20 million pound level

of the 1960's and 1970's.

5
Hoag, S.H., Deriso, R.B., Quinn II, T.J., 1985. Stock Assessment Document IlI:
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Table 1. Summary of 1984 stockK assecssment estimates of annuai surplus
preduction, optimum exploitation vield, and maximum sustained
- vield «Quinn Il and Ceriso document available upon request).
: Combined
2A 2B - oliiniiatue s thiiaiaiaine |~ it 4 Areas

.
[ R

Annual Surplus Produéctioh 'C(10° pounds)

________________________ _-—t S i ————

Rarge nf¥ Estimates

Upper 0.57716.5 20.3 38.7 17.1 6.9 79.7
Lower 0.2 7.3 6.4 19.4 6.4 1.3 48.3
Median 0.3 “11.8 1.7 33.0 8.747% 4.3 77.3
« Constant Exploitation Yield 108 pounds)
Range of E<fimates
AJL Gear
Upper 0.3 14.1 15.6 39.8 14.4 8.3 92.4
. Lower . 0.2 12.2 13.6 34.4 12.6 7.2 30.3
Median ™~ 0.3 13.8 14.7 36.54 13.6 2.7 36.7
Setline onlv
(a) 10 million incidental
Upper 0.3 12.46 13.9 35.5 13.0 7.4 82.6
Lower 0.2 10.7 11.9 30.1 11.0 6.3 70.3
Median 0.3 12.2 13.0 32.4 12.0 6.8 726.7
(by» 20 million incidental
Upper 0.3 11.1 12.2 31.2 11.4 6.5 72.%
Lower 0.2 9.2 10.2 25.8 9.4 5.4 60.3
Median 0.3 10.6 11.3 28.2 10.4 5.9 66.7
Maximum Sustained Yield ¢10%® pounds)
A11 gear 0.9 192.1 11.8 28.1 10.4 1.S 71.4
Setline only:
(a) 10 million 0.8 16.4 10.2 24.1 8.7 1.3 é61.4
incidental
(b) 20 million
incidental 0.7 13.7 8.5 20.2 7.2 1.1 51.4
b
6
Hoag, S.H., Deriso, R.B., Quinn II, T.J., 1985. Stock Assessment Document IlI:
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Table 2. Effect of | million pounds of cetline catch in an area on
setline vield in other areas, based on tag recauecties <Deriso,
unpublished). ‘

Lo o e 2 e

One million 1bs
qu_af ‘seitl ine icatch

{

:il .in Areas: . __. Setline Yield Loss (thousands of lbs)
2A 28 2C 3a 38 . 4
2 Y sna 57 29 0 0
28 2 984 8 4 0 0
2C 0 51 944 5 0 0
A 3 16 21 947 13, 0
38 5 17 40 190 %ﬁ%;ﬁhggw
4 2 33 55 163, 170 62 682
B e t-rsre-n SO S S

~1
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Table 3. Estimated annual vield loss by area from incidental mortality
levels of the 1940°s and 1970°s {millions ot lbs).

- ot s i ettt - - = = = - A ———— —— ———— = = %8 = = -~ - - —————

Annual Yield Loss#*

- i o e - = - i — - —— " . - — - = —— - T ———— - - -

Area Mortality 2A 2B 2C 2A 3B 4 TOTAL
2A trace - - ~- - - - --
2B 2 0.01 2.97 0.02 0.00 0.00 ~— 3.00
2C 1 - 0.18 1.3t 0.01 - - 1.50
34 3 0.08 0.77 0.24 3.37 0.04 - 4.50
38 3 0.03 0.42 0.25 0.48 3.04 0.06 4.50
4 3 - 0.24 0.73 0.65 0.40 5.48 7.50
TOTAL 14 0.12 4.58 2.55 4.71 3.50 5.54 21.00

-~ e oy D B o ik o e - o ———— ————— i — — ————— — . " — ——— ———

*Aassumes percent recoveries for tagged fish <80 cm is came as
relative yield loss; assumes 350 increase in loss due to growth.

Hoag, S.H., Deriso, R.B., Quinn II, T.J., 1985. Stock Assessment Document IlI:
Considerations for determining catch limits [1984 stock assessment]. IPHC Rep., pp.
1-8.
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STOCK ASSESSMENT DOCUMENT III

Section 1. BIOMASS AND ANNUAL SURPLUS PRODUCTION (ASP)

ESTIMATES FOR REGULATORY AREAS

by

Terrance J. Quinn II, Richard B. Deriso, and Phillip R. Neal

In 1982, biomass of the total halibut pooulation was obtained from
catch-age analysis of age-structured commercial catch data, with cétch—
effort data used as a stabilizing influence. Biomass and ASP estimates
for regulatory areas were obtained by partitioning total biomass and
ASP with a combination of CPUE and relative habitat information. This
analytical method is called the CPUE-partitioning method. Current
investigations suggest that there are substantial problems with CPUE
comparisons between areas. A new analytical method, called migratory
catch-age analysis, has been developed to provide biomass estimates for
regulatory areas that are independent of CPUE partitioning.

Migratory catch-age analysis uses age-structured commercial catch
data for 4 regulatory area groups with sufficient data (2A + 2B, 2C,
3a, 3B + 4)., Area 3B is defined for historical consistency as the
combination of the Chirikof and Shumagin regions and differs somewhat
from the Area 3B in the 1983 regulations. Each group is analyzed
separately but is linked to other groups with migration rates and
population abundance information. CPUE data is used only to stabilize

"estimates, not to partition biomass. The analysis of groups is
iterated until the estimates converge.

The major assumptions of the method are:

1. Catch-at-age can be modelled with a lognormal distribution.

Quinn T.J. Il, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section
1. Biomass and annual surplus production (ASP) estimates for regulatory areas
[1983 stock assessment]. IPHC Rep., pp. 1-11.
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2. Fishing mortality can be partitioned into yearly full-
recruitment fishing mortality and age selectivity 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 @.2 for all ages and years.

For each regulatory area group, estimates of year-class strength,
full-recruitment fishing mortality, and age selectivity are obtained,
which result in population abundance estimates.

Exploitable biomass can be expressed as

By = azsa Nat Wat
where B, is exploitable biomass in year t, s; is selectivity of age a
fish, N4, is population abundance, and W,y 1s average fish weight.
After this process is completed, the 4 requlatory area groups are
partitioned into the 6 main regulatory areas. This requires
partitioning 2A + 2B and 3B + 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, ASP is then smoothed to remove extraneous
variability.

Three data sets were analyzed using migra{:ory catch-age analysis
to examine the sensitivity of fhe 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 CPUE data, as described in another document. The

Quinn T.J. Il, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section
1. Biomass and annual surplus production (ASP) estimates for regulatory areas
[1983 stock assessment]. IPHC Rep., pp. 1-11.
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third analysis (Table 3) used no CPUE data from 1983.

The preliminary analysis had some convergence problems, probably
due to the little fishing in combined area 3B + 4 between 1979 and 1981
and the large change in CPUE in that area in the past five years.
Also, the third analysis required more iterations to converge, because
there were no CPUE data in 1983 to stabilize the estimates. The
overall residual sum of squares was lowest for the second analysis
(80.05), followed by the third analysis (80.08), followed by the
preliminary analysis (87.62). Thus, the results from the second
analysis will be considered as best estimates for populaton parameters
excluding annual surplus production, which will be considered
separately.

Biomass estimates of thé total population and Area 2 among the
three analyses are fairly close. For Area 3 and Area 4, biomass
estimates from the second and third analyses are similar. Both sets of
estimates differ from estimates from the preliminary analysis,
presumably due to its convergence problems noted above. Using the
estimates from the second analysis, biomass increased in all regulatory
areas from 1982 to 1983.

Annual surplus production estimates from migratory catch-age
analysis and CPUE-partitioning are shown for the three analyses in
Tables 1-3. The range of 1983 surplus production estimates for each
requlatory area, shown in Table 4, is not large, indicating reasonable
agreement among the partitioning methods and among the data sets used.
The mid-range will be used as the best estimate of 1983 surplus
production. The 21.4 million pound surplus in Area 2 is partitioned
into 400 thousand pounds in Area 23, 8 million pounds in Area 2B and 13

million pounds in Area 2C. The 28 million pound surplus in Area 3 is
3
Quinn T.J. Il, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section

1. Biomass and annual surplus production (ASP) estimates for regulatory areas
[1983 stock assessment]. IPHC Rep., pp. 1-11.
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Quinn T.J. I, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section 1. Biomass and annual surplus
production (ASP) estimates for regulatory areas [1983 stock assessment]. IPHC Rep., pp. 1-11.

Table 1. PRELIMINARY ESTIMATES
Biomass in million lbs. by subares
YEAR TOTAL 2A 2B 2C dA 3B 4
1967 222. 060 3. 22 59. 084 36. 912 2. 764 45 B61 24. 312 -
1948 202. 155 3. 636 6. 22 34. 674 50. 418 37. 540 19. 664
1969 192. 869 4. 062 54. 970 35. 751 53. 559 29. 221 15. 306
1970 171. 850 3. 724 43. 406 31. 989 2. 485 22. 9897 2. 259
1971 157. &72 3.415 457490 28. 615 49. 720 18. 842 10. 320
1972 153. 101 3. 059 47 1C& 27. 148 49 454 16. 695 9.619
1973 121. 019 1.720 29. 365 22,168 47, 693 12. 579 7. 456
1974 119. 431 1. 534 28. 560 22. 474 47. 086 2. 4953 7. 924
1975 127. 5936 1. 569 29. 321 Q2. 998 2. 231 13 zZ28 8. 089
17976 131 164 1.27 27.783 23, &65 £5. 777 13. 4835 8. 183
1977 135. €56 1 161 26. 594 25. 432 b1. 694 12, 46686 7.707
1978 146. 351 1.147 26. 6350 292. 710 70559 11 261 & 948
1979 158. 268 1. 054 27. 093 34. 400 80. 120 ?. 712 5. 909
1980 175 531 0. 939 27. 600 40. 309 ?0. 542 10. 311 5. 8C4
1581 195 751 1152 27. 647 47611 99.72 2.919 5. 457
1582 219, 221 1. 396 28. 751 946, 211 108. 736 146. 350 7.777
1582 242. 399 1. 660 31. 537 &5. 925 117.7%92 17. 418 8. 057
A .S P. in million lbs. by subaresa ASP = C + AB
YEAR TOTAL 2A 28 ac 3A 3B 4
19457 37.312 0. 531 8. 408 7,25 17. 448 &. 0&0 -2. 8443
1968 37. 957 D. 241 8. 411 6. 722 17. 648 7.353 -2. 233
1959 38 &39 -0. 008 8. 436 5. 950 17. 622 e. 390 -1. 532
197 38 791 -0. 121 8. 318 5. 287 17. 330 3. 753 -Q. 937
1971 37. 029 -0 121 7.724 5. 222 16195 8. 198 -0. 400
1972 33 451 -0. 097 & 730 5. 329 14 699 & 573 0. 14¢%
157 31. 063 0 047 5 929 5. 652 14 071 4. 538 C.ag
1974 30. 621 0. 123 5 647 5. 247 14133 3 3&0 O. 53
1975 20 80C8 0. 143 5. 591 6. 781 19. 672 2. 538 O. 463
1976 31.434 c. 132 5 S04 7 2465 15 994 1. 977 0 397
1977 32 750 G 104 5 397 7.937 17.747 1. 547 0. 389
1973 35 191 0. 083 5. 313 8. 950 19 494 1. 397 C. 583
1397% 38 8957 0. 109 5 385 10. 0&0 20 913 1. 623 1.015
“30 473 437 0. 222 5. 860 11.109 21. 902 2. 552 1. 422
121 45 473 0 383 6. 338 12 317 28672 4 1G3 1. 651
1782 22 4wl 0 494 7. 933 13 647 23 292 5. 543 1. 753
1533 55 &% 0. 242 a 738 14 3C0 3 700 & 494 1 7793
A S P in m:1Yiun lbs by subareas,partitioned with CPUE data
“EAR TOTAL 2A 2B jale Gh Ch 3
&7 37 312 C 448 7. 5G0 5. 933 13 917 & 174 3283
Ak 37 %57 0. 493 7629 & 073 14 044 & 377 3 240
o7 36 439 0 580 7. 844 6 182 14 181 5 491 Z 400
70 38 751 0. 621 8 049 6. 245 14, 081 L 401 3 414
71 37 029 0. 592 8. 109 6. 036 13 219 5. 8e= 3 2z&
72 23451 0 502 7.727 5 553 11.708 S 051 Z 910
73 J1. 043 0. 435 7.424 5. 188 10.779 4 535 2 702
74 30. 621 0. 398 7.410 5. 022 10. 687 4 409 2. 664
75 30. 808 0. 401 7. 486 4. 868 10. 904 4 467 2 711
76 31. 434 0 346 7. 544 4.778 11.411 4. 558 2. 766
77 52. 750 0.327 7467 4. 912 12. 510 4 4683 2 849
78 35. 191 0.317 7.285 5 419 14 147 4 962 3.0&
79 28. 857 0.272 7. 033 6. 606 15. 970 S 557 3 381
80 43 437 0.217 6. 993 B. 296 17. 549 b 646 3779
81 48. 473 0 194 7.271 9. 985 18. 759 B 047 4 217
82 52 891 0. 212 7 963 11,424 19. 728 9. 309 4 4654
g3 55 949 0 224 7.612 iz 425 20. 653 i0. 074 4 525
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2. ADJUSTED CPUE
Biomass 1n million lbs. by subarea
YEAR TOTAL 2A 2B 2C 3A 38 4
19467 217. 160 3. 514 o8. B58 36. 260 52. 561 43 112 22. 855
19468 200. 4618 3. 629 56. 105 34. 4626 50. 000 36. 9219 19. 339
1969 194. 347 4 058 54. 914 35. 853 52. 895 30. 599 16. 028
1970 174. 499 3 720 48. 364 32. 139 51. 194 25. 488 13. 594
1971 160. 453 3 413 465. 717 28. 766 47. 436 22. 054 12. 067
1972 156. 320 3. 055 47. 048 27. 326 45. 948 20. 888 12. 035
1973 130. 651 1.712 29. 222 22. 218 445 118 20. 917 12 464
1974 129. 492 1. 526 28. 406 22. 579 42. 138 21. 720 13 123
1975 139 090 1. 561 29. 174 23. 206 45.774 24. 504 14. 871
197646 143. 802 1 270 27. 706 24. 022 48. 957 26. 042 15. 805
1977 147. 770 1 167 26. 612 23. 950 52. 070 26. 095 15. 876
1978 157. 118 1. 164 26. 772 30. 420 58. 553 24 866 15. 343
1979 164. 141 1. 058 27. 367 35. 238 65 028 22. 041 13. 409
1580 178. 121 0. 870 28.018 41. 148 71. 234 23. 480 13. 351
1981 195. 685 0. 757 28. 393 48. 544 74. 933 28. 250 14. BO&
1982 217. 724 0. 832 29. 730 946. 751 77. 902 35. 006 17. 503
1983 239. 834 0. 9463 32. 747 b6, 293 81. 681 39. 056 19. 094
A.S. P. 1n million lbs. by subarea asr = ASP = C + AB
YEAR TOTAL 2A 2B 2C 3A 3B 4
19467 40. 501 0. 535 8. 493 7. 498 17. 408 8. 220 -1.678
1948 40. 501 0 245 8. 493 6. 855 17. 378 ?.116 -1.409
1969 40. 378 -0. 006 8.-502 6019 17.173 9. 903 -0. 951
1970 39. 513 -0. 120 8. 343 5. 402 16. 643 10. 196 -0. 226
1971 36. 988 -0. 121 7.703 5. 229 15. 549 ?. 928 0. 965
1972 33. 546 -0 058 6. 707 9. 345 14. 066 8.725 1. 098
1973 31 399 0O 048 5. 944 5.749 13. 101 &L 659 1. 304
1974 30. 966 0 127 5. 676 6. 353 12. 883 4 819 1. 322
159795 31. 098 0. 150 5. 624 6. 923 13. 224 3. 606 1 156
1976 31. 193 0. 140 5. 582 7. 430 14. 210 2. 681 0. 879
1977 31. 502 0. 083 9. 523 8. 098 15. 357 2. 097 0.738
1978 32. 906 -0 003 5. 4464 9. 059 16. 185 1. 935 0. 850
1979 36. 045 -0 041 5. 573 10. 0469 16. 753 2. 604 1. 322
1980 40. 933 0 015 6. 090 11. 013 17. 138 4. 636 2. 101
1981 465. 739 0 173 7. 079 12. 150 17. 372 7.128 2. 795
1982 51. 676 0 329 8.178 13. 443 17. 579 8. 875 3. 134
1983 S54. 792 0 397 9. 004 14. 573 17. 812 ?. 859 3. 206
ASP - CPUE PARTTTIONING [ASP = (% biomass) x ASP total]
67 40. 501 O 486 8. 141 6. 440 15.107 6. 723 3. 564
68 40. 501 0 527 8 141 6. 480 14,985 6. 804 3. 564
69 40. 378 0 606 8 197 6. 460 14, 819 6. 784 3. 553
70 39. 513 0O &32 8 219 6. 362 14, 343 h. 520 3.477
71 36. 988 0 592 8 100 6. 029 13. 205 5. 881 3.218
72 33 5446 O 503 7 749 5. 969 11. 741 5. 065 2.919
73 31. 399 0. 430 7. 504 5. 244 10. B95 4. 584 2.732
74 30. 966 0. 403 7. 494 5. 078 10. 807 4. 459 2. 694
75 31. 098 0. 404 7.557 4 913 11. 009 4. 509 2. 737
76 31 193 O 343 7. 486 4. 741 11. 323 4. 523 2.74%5
77 31. 502 0 315 7. 182 4.725 12. 034 4. 505 2. 741
78 32. 906 0 296 & 812 5. 068 13. 228 4. 640 2. 863
79 36. 0465 0. 252 6. 528 6. 131 14 823 5.157 3.138
80 40. 933 0 205 6. 590 7.818 16. 537 6. 263 3. 561
81 446 739 0. 187 7.011 9. 628 18. 088 7.75%9 4 066
82 51. 676 0. 207 7. 390 11,162 19. 279 ?. 095 4. 547
83 54. 792 0. 219 7. 452 12. 164 20 218 Q9. B863 4 872
Quinn T.J. Il, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section
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Table 3. NO 1983 CPUE
Biomass in million lbs. by subarea
YEAR TOTAL 2A 2B 2C 3A 3B 4
1947 217. 160 3 507 58. 748 36. 253 852. 558 43. 195 22. 899
19468 200 342 3. 621 59 981 34 6500 49 888 36. 915 19. 337 ..
1969 193 731 4. 048 54.778 35. 807 52. 656 30. 478 15 964
1970 173. 356 3 710 48. 224 32. 0B2 50.811 25. 258 .13 471
1971 159. 191 3 401 44 9551 28. 699 46. 891 21. 749 11. 200
1972 154 4654 3. 041 446. B35 27. 246 45. 246 20. 484 11. 802
1973 128. 528 1 708 29 160 22. 155 42. 958 20. 394 2. 153
1974 127. 000 1. 520 28. 298 22. 497 40. 749 21. 155 12. 781
1975 135. 937 1 552 29 003 23. 100 43. 967 23. 844 14. 471
1976 139 886 1. 258 27. 455 23. B89 46. 635 25. 297 15. 354
1977 142. 896 1.152 26. 265 25. 769 49. 043 25. 284 15 383
1978 151. 040 1. 144 26. 301 30. 169 54. 609 24. 005 14. 812
1979 156. 812 1. 034 eb. 737 34 200 60. 041 21. 201 12. 899
1980 169. 073 0. B44 27. 181 40. 727 65. 024 22. 502 12. 795
1981 184. 469 0.727 27. 253 47. 980 &7.337 27.014 14. 158
1982 203. 825 0.787 28. 147 56. 021 &8. 726 33. 429 16. 715
1983 223. 145 0. 901 30. 634 45. 333 70. 677 37. 343 18. 257
A S P. in million lbs. by subarea ASP = C + AB
YEAR TOTAL 2A 2B 2C 3A 3B 4
1967 40. 193 0. 534 8. 481 7.477 17. 292 8. 120 -1.732
1968 40. 193 0. 244 8. 480 6. 838 17. 255 Q. 008 -1 4463
1969 40. 090 -0. 007 8. 488 6. 005 17. 029 ?.791 -1 005
1970 39. 263 -0 121 8. 324 5. 390 16. 459 10. 083 ~-0. 284
1971 36. 774 -0 123 7.676 5.217 15 293 9. 822 0. 503
1972 33 256 -0 060 b. 661 5. 331 13. 696 8. 633 1 034
1973 30. 887 0. 046 5. 878 5.732 12. 630 b. 575 1 243
1974 30. 228 0 125 5. 609 6. 330 12. 375 4. 737 1. 267
19795 30. 163 0. 147 5. 556 6. 892 12. 668 3. 536 110 .
1976 30 151 0 137 5. 482 7. 384 13. 514 2. 617 0. 835
1977 30. 408 0 079 5. 385 8. 033 14. 474 2.016 0. 695
1978 31 603 -0 007 5. 303 8. 975 15 116 1. 841 0. 803
1979 34. 368 -0 0446 5. 348 9. 964 15. 485 2. 464 1. 263
1980 38. 787 0 009 5. 788 10. 881 15. 655 4. 396 2. 028
1981 44 169 0 161 6. 647 11. 975 15. 481 4. 858 2. 726
1982 48 744 0. 311 7. 624 13. 212 15. 674 8. 679 3. 080
1983 51. 589 0. 375 8. 359 14. 292 15. 680 9. 750 3.159
ASP - CPUE PARTITIONING [ASP = (7 biomass) x ASP total]
b7 40 193 0. 482 8. 079 6 391 14. 992 b. 672 3. 537
68 40. 193 0. 523 8. 079 6. 431 14. 871¢ 6. 752 3. 537
69 40 090 0. 401 8 138 6.414 14. 713 6.735 3. 528
70 39. 243 0 428 8. 167 6. 321 14. 252 6.478 3. 455
71 36 774 0. 588 8. 054 5. 994 13. 128 5. 847 3.199
72 33. 256 0. 499 7. 682 9. 320 11. 640 5. 022 2. 893
73 30. 887 0 432 7. 382 5.158 10. 718 4. 510 2. 687
74 30 228 0 393 7.315 4. 957 10 550 4. 353 2. 630
75 30. 163 0. 392 7. 330 4. 766 10 478 4. 374 2. 654
76 30. 151 0 332 7. 236 4 583 10 945 4 372 2. 653
77 30. 408 0. 304 6. 933 4. 561 11. 616 4, 348 2. 64%
78 31. 603 0. 284 &. 542 4. B&67 12. 704 4. 456 2. 7-
79 34. 348 0. 241 6. 221 5. B43 14129 4 915 2 990
80 38. 787 0. 194 6. 245 7. 408 15. 670 5. 934 3. 374
81 44 149 0 177 6. 625 9. 099 17. 093 7. 332 3. 843
82 48 744 0. 195 6 970 10. 529 18. 182 8. 579 4 289
83 51 589 0 206 7 016 ) 11.453 19. 036 Q. 286 4 540
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Table 4. Range, midrange, standard error, and approximate 957 confidence interval
for the 1983 estimate of annual surplus production by regulatory area.

Standard Confidence 75% 907%

Area Range Midrange Error Interval of ASP of ASP
24 .2 - .6 0.4 0.60 (-0.8,1.6) 0.3 0.4
2B 7-9 8.0 1.35 (5.3,10.7) 6.0 7.2
2¢C 11 - 15 13.0 2.85 (7.3,18.7) 9.8 11.7
28 18 - 24 21.4 3.20 (15.0,27.8) 16.1 19.3
34 16 - 24 20.0 2.45 (15.1,24.9) 15.0 18.0
3B 6 - 10 8.0 2.15 (3.7,12.3) 6.0 7.2
3% 25 - 31 28.0 3.25 (21.5,34.5) 21.0 25.2
4 1.8 -~ 4.9 3.4 1.20 (1.0,5.8) 2.6 3.1
TOTAL? 51 - 56 52.8 4.75 (43.3,62.3) 39.7 47.6

a . e e
Except for the range, estimates are calculated from individual areas.

Quinn T.J. Il, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section
1. Biomass and annual surplus production (ASP) estimates for regulatory areas
[1983 stock assessment]. IPHC Rep., pp. 1-11.
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partitioned into 20.4 million nounds in Area 3A and 8 million pounds in
Area 3B. The Area 4 surplus is 3.4 million pounds. This results in a
total surplus production available to the commercial fishery of 52.3
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 CPUE. These error estimates were
applied to 1983 estimates of surplus production and approximate 95%
confidence limits were constructed (Tahle 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 requlatory area, shown in Table 5, was
used to calculate ASP. In Table A, the estimated abundance of fish in
the ponulation is shown for each regulatory area. All areas have had
increases in the number of fish over the last five ?ears. In Table 7,
estimates of year-class strength parameters are shown for combined
areas 2A + 2R, 3A, and 3B + 4, Age 8 fish is defined as the index of
year-class strength, and population parameters oresented are average

weight, abundance, biomass, selectivity, and catch. The most recent

Quinn T.J. Il, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section
1. Biomass and annual surplus production (ASP) estimates for regulatory areas
[1983 stock assessment]. IPHC Rep., pp. 1-11.
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1. Biomass and annual surplus production (ASP) estimates for regulatory areas
[1983 stock assessment]. IPHC Rep., pp. 1-11.

Table 5. Catch in million 1lbs. by subarea.
“EAR TOTAL 04 a8 2C 3A 38 4
1967 55. 222 O 199 10 252 Y 1068 19 657 13. 436 < 410
1968 48. 594 Q. 138 10 579 5 &77 14774 16. 096 1. 330
19569 58. 2795 0 230 13 1&2 8 785 20. 081 14. 495 1. 322
1970 54. 938 0. 159 16 &3¢9 g. 087 12 906 13. 206 1. 241
1971 46 654 O 3186 10. 0G2 & 9953 17. 761 11, 252 0. g&B
V272 42. 884 0 3o6% 10 280 5. &34 16. 299 2. 538 G 764
V273 31 740 o 200 & 974 5. 730 13 498 4. 980 G. 333
1974 21. 306 O 5thH 4 524 5. 605 8 187 1. 834 0. 541
192795 27. 6146 0 450 7127 & 243 10 4601 2. 455 0. 530
1?76 27. 935 0 218 7283 9 927 11. 044 2. 809 0. 634
1977 21. 8466 Q0 207 5427 3.186 8. 641 3. 323 1. G684
178 21. 988 Q. 047 3 &07 4 316 10. 2995 1. 327 1 346
1979 22. 527 0. C4d& 4. 3957 4. 330 11. 3395 0. 390 1. 349
1980 21. Bbo 0. o2 5 450 3.238 11, 9466 0. 277 0 713
1981 25. 732 0. 202 5 694 4 010 14, 22 0. 456 1.1895
1982 28. 718 0 211 9 234 3. 4895 13. 507 4 837 1. 442
19283 37. 420 Q. 207 5 400 & 200 14. 000 9. 482 2. 131
‘lable 6. Abundance (millions of fish) by subarea from migratory catch-age analysis.
rear 24 <R 2C JA 3B 4 Total
1967 0 1223 2 059 2 196 4 30t 2. 046 1.085 11 770
17468 0 116 1 79 I 903 3 8&3 1.525 0 799 9 997
1969 0 132 1 76Bo 1. 993 4 286 1.399 0.733 10 312
1970 0 119 1 Dal 1 480 3 831 1.074 0. 573 8 821
1971 0.115 1 a9 1496 3. 30% 0. 905 0O 495 7 889
972 O 102 1 S8% t 397 3J 021 0. 847 0. 488. 7.441
F973 0 085 1 44210 I 400 Q724 0.725 0 432 & 8609
1?74 O 073 S ) 1 419 s 778 0. 627 0 379 6 632
1975 0 0&9 | SN 1 501 3 230 0. 632 0 383 7108
i 776 0 5% I 20 1 973 3 822 0. 617 0 374 7 4649
277 O 091 Loiéae 1 489 4 174 0. 579 0 352 g Ol1l
" 478 0 052 ISR L2080 NI 0 501 0 30v Y &7
Y79 O 049 1 2 U475 & 007 O 447 0 272 10 430
+ r30 o 043 S TR 3 250 &H405 0 398 0 2246 11 &95
D 0 040 1 D1o 3 894 &OBYE Q. 626 0 2328 12 978
782 0 044 1 t 4 043 & 2ve D. 722 0 46l 13. 099
653 0 GS3 1 7w 4 19570 & 441 0. 726 0 355 13 518
9
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Table 7. Year-class strength (Age 8) Parameters by area from migratory catch-age analysis
(analysis with adjusted CPUE data).

Al A

AGE YEAR WE [ KT L [INDANCE L INMAGS SELECTIVITY CATCH
8 1967 16 129 S 1.077025 59864
8 19¢8 16 640 5 1. 077026 48302
] 1549 16 540 3 1077026 108334,
8 1770 16 550 5 ° 1.077026 36877
) 1971 17 110 5 1.077026 110706
8 1572 17 24¢ & 1 077G26 S01C2
3} 1577 17 920 JE 0 5B2B&6 42121
8 1,73 18 670 el C 382866 18759
g 1475 19 159 Sq 0 582866 20479
] 1976 19 366 55 0 382866 338353
3 197 19 320 &G 0 382866 25207
a 1978 19 €30 65 0. 382866 19917
8 V977 18 £50 & 0 382866 22339
2] 1960 15 B70 57 0 382866 24453
] 19€1 16 28O 79 0 382866 Jldus
2] 1982 16 150 1 0 382866 268559,
3 1963 15 1€4 as 0 382866 30332

AHLA

AGE YEAWK WETGMT B [CMASS SELECTIVITY CATCh
8 1967 15 230 6378036 312 0 419831 50424
e 1948 16 24) 5875992 «.d 0 419831 25640
5 1969 16 48R0 F067¢37 BUE 0 419831 59559
2 1970 15 250 5017230 578 C 419831 32005
8 171 15 9490 5850753 QU9 0 419831 32905
3 1972 15 =20 S7B6L57 04é 0 419831 29768
2} 1973 16 330 6037051 004 0 132843 12737.
[Z] 1774 17 250 £31913% 041 G 132843 11506.
Z] 1975 18 CSO 7804951 S£8 0 132843 16746
[Z] 197> 18 610 04723345 ass 0. 132843 ) 14204
8 1917 18 950 9372635 514 0 132843 7130.
2] 1573 19 000 14305037 000 0.132843 12409
8 1S 7 18 140 13085022 103 0.132843 9605
2] 1940 16 520 22720942 3é&5 0. 132843 17347
2] 1og1 15 6£0 20414279 143 0 132843 15318
£ HE ) 15 £10 14846797 769 0 132843 5374
e 1783 15 510 14477417 070 0 132843 10842

ffa A

ACe YEAR AUl ~NCE L ILMASS SELECTIVITY CATCH
e 1767/ LSESS134 407 O 202552 61091
& 193 147.9243 23e3 0 202552 45522
8 1769 ! 25701329 41 0 202552 1017957
e 1973 14392005 44 0. 202552 L6697
8 vl 122506504 327 0 202552 47C35
& 1372 11777916 702 G 202%5%2 42297
1 1573 11579 Toe 0 1244%6 21301
] LTa 1373%32% 35¢: 0 123436 137436
6 A 16773555 344 G 124436 23030
= vy 22754997 262 0 124436 28:°4
=} 1977 16 12 sacadn 29 0. 124436 15419
9 1673 1550773 371 la501 912 0 124436 223¢6
8 1979 1195 70z LAt de 211 0 124436 SO75)
Iz} 1900 1136555 21560451 871 0 124436 27237
2] 1991 1G4 201ube1d 029 0 124436 27524
3] 1782 RO 4N 15792292 100 0 124436 14034
& 1-83 1191hce 23110603~ 79y 0 124436 237?16

Aitk A 3E 4

AGE vElw abut.IAnCE G IGMARS SELECTIVITY CATCH
2 1747 5%:117 10545309 293 G 270374 39474
3 1923 11374 962470 60 0 270374 VAR
e 1959 90319 17603bc5 Y06 F 0 270374 TS5eed
8 V79 934772 10059313 301 0 270374 cacel
& 117 37 12055700 051 0 270374 46620
o 1972 16272677 258 0 270374 44351
) 1572 142028235 Sé&2 0. 210069 15858
[ 17974 11408873 354 0 210069 556465
2 1975 14998248 399 0 210069 5812
£ TYTA 12373000 791 0 210069 10az2
3 1=77 12917970 ¢ 0 210069 11733
: L TZ.wss Az 0 210069 6403
i 1s77 0 210069 36243
3 Ve D 0 210069 §37
& PEl 0 2100&9 181
-3 =M 0 2100&5 13208
= (533 - z 0 210089 25684
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estimates of year-class strength are generally higher than those in the
=arly 1970's, but recent estimates are based on limited observations in
the fishery. If Area 2A + 2B needs to be partitioned, 5% and 95% can
be allocated to 2A and 2B, respectively, based on l7-year average
relative biomass. Similarly, Area 3B + 4 may be partitioned with 64%

to Area 3B and 36% to Area 4.

11

Quinn T.J. Il, Deriso R.B., Neal, P.R., 1984. Stock Assessment Document IlI: Section
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Page 66



IPHC-2021-SACH-001

STOCK ASSESSMENT DOCUMEMT III

Section 2: EVIDENCE OF DENSITY-DEPENDENCE IN SURVIVAL AND

GROWTH OF PACIFIC HALIBUT*

by

Richard B. Deriso

ABSTRACT
Previous management goals at IPHC to rebuild stock sizes are
examined in light of new evidence presented on density-dependence in
the production 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 appear to come from
low mature stock sizes, as indicated by both the age-structured and the

CPUE methaods.

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. 1In this
paper 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 ESTIMATES FROM CATCH-AT-AGE ANALYSIS
Commercial catch, annual surplus production, and incidental catch
(largely by-catch from trawlers) are shown in Figure 1 for the years

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

*Based on a 1983 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 esztimated by two
different methods, one wusing catch—-age data and the other .using
catch-per-unit—-effort (CPUE) data. Analysis of catch-age data 15 4
combination of cohort analysis for historical estimates of population
abundance and an updating procedure for rTecent years. Analysis of CPUE
data involves the use of a population model to relate CPUE as an index

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

Both methods show the same trends in biomass estimates: an
increase in the population from 1930 to 1940, 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 19&0. Biomass estimates from
analysis of CPUE data are uniformly higher than those from analysis of
catch—age data. The reasons for this, 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 wsed to
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calculate surplus production are similar for both methods
These biomass estimates. along with the amount of commercial
setline catch, are vused to estimate annual surplus production (ASP),

which is the excess over what is rTequired 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 AGP avaiiable
to the commercial setline fishery (Figure 2). Catch was -below ASP from
1930-1960 when the population was rebuilding. Catch greatly exceeded
ASP during the population decline in the 1946075, As a Tezult, 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 and method, or a phenomenon with some

biological explanation

The decline in setline surplus production can be explained 1in
large part by the removal of millions of pounds of small fish annually
as incidental catch in trawl and pot fisheries since the late 1950°’s
Although information on incidental catch is limited except for recent
data from National Marine Fisheries Service observer trips, it is
possible to estimate the effect of incidental catch on the surplus
available to the setline fishery. With the use of the model wused 1in
the analysis of CPUE data, each pound of incidental <catch 1loss

Quinn I, T.J., Deriso, R.B., 1983. Stock Assessment Document IlI: Biomass and
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contributes an estimated loss of 1. 58 pounds to the setline fishery.
The total ASP made wuvp of the setline ASP plus this adjusted loss, 1is
reflective of the productivity of the halibut resource. This total ASP

is indicative of what would be available to the setline fishery 1f no

incidental catch was taken. Total ASP has ranged between 60 and 80
million pounds since 1929 (Figure 3). The total catch exceeded total
ASP in the 1960’s when incidental catches became prominent Total

catch has been held below ASP since 1973 because of restrictions on the
commercial setline fishery. The current total surplus production of &2
million pounds 1s made up of 40 million pounds available to the setline
fishery and 22 million pounds of adjusted 1losses due to incidental
catch. Although these estimates of 1incidental catch are subject to
revision, they show the major impact of incidental catch in reducing

setline surplus production.

In order to set catch limits by IPHC regulatory areas. estimates
of biomass and surplus production 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, 247 for Area &B, 0% for Area 2C, 35% for Area 3A, 147 for
Area 3B, and 6% for Area 4 (Figure 4a). Relative biomass is estimated
annually vuvsing CPUE data to adjust the habitat values up or down. Data
are meager 1in Areas 2A and 4 for the breakdown and should be viewed
with cavution. 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 &C,

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 rtesults 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 39

years, biomass has increased 2&% in Area 2, 91% in Area 3, and between

O and 577 in Area 4. The best estimates of surplus production are 13
million pounds 1in 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 1limits be *near 754 of surplus production to provide for
population rebuilding. as 1n previous years. Recommended catch 1limits
are 9 million pounds in Area 2, 19 million pounds in Area 3, and 2 2
million pounds 1n Area 4, with 10 million pounds set aside for stock
rebuilding (Figure 95) The catch limit in Area & is the same as last
year because Areas 2A and 2B have shownh no improvement, and is slightly
below 75% of surplus production. The catch limit in Area 3 1s slightly
larger than 75% because the population appears to be growing rTapidly.

The catch 1imit in Area 4 is designed to spread effort in the Bering

Sea to provide better information on relative abundance

ESTIMATION OF BIOMASS AND SURPLUS PRODUCTION

Estimation of biomass and surplus production 1is a two-part
operation. First, estimates for the entire North American Pacific
halibut population are obtained. Two independent methods are wused

analysis of <catch—-age data and analysis of CPUE data. Hecondly, the
Quinn Il, T.J., Deriso, R.B., 1983. Stock Assessment Document III: Biomass and
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total population estimates are partitioned into regulatory areas using

estimates of relative halibut habitat and relative density.

Total Population Density

Analysis of Catch—aqe 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 thé use
of catch—-effort data as a mild 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 1in 1982 were dedicated to the
vpdating procedure, resulting in 1increased confidence 1in the most
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
and 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 &, similar predictions are obtained for
L. values away from the extreme assumptions of either no relation

between observed fishing effort and fishing mortality (L=0), or that

the two are exactly related (L=100) Results presented in this section
vse L=0.9 1in the estimation procedure. Further refinements under
investigation 1include the incorporation of a spawner-recruit
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relationship and s method of determining variance estimates for surplus
production estimates, details of which will bhe submitted for

publication in 1983.

Updated cohort analysis produces estimates of population numbers
by age from 1935 to the most rTecent year. Exploitable biomass of fish
1is estimated by multiplying population number, averege 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 prucedure of Velleman (1981) to
prevent extraneous fluctuations from affecting the analysis. Catch
numbers and average weight at age for the years 1978-1982 were adjusted
to correct for a preliminary indicatien that average weight of sampled

fish 1s underestimated by 10% (McGregor and Quinn, 1in prep. ).

Annual surplus production (ASP) 15 estimated by the sum of <catch

and change 1n exploitable biomass. The most rtecent year’s ASP is
projected from the previous year’s by the «change 1in biomass. The
estimates of ASP are then smoothed. which tends to reduce surplus

estimates when the population 1s increasing and 1increase surplus

estimates when the population 1is declining, 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, the ASP
available to the commercial setline fishery is calculated. Secondly,

the total ASP adjusted for incidental halibut loss by other fisheries

Quinn I, T.J., Deriso, R.B., 1983. Stock Assessment Document IlI: Biomass and
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is calculated. The 1ncidental catch is primarily small fish not yet
recruited to the fishery. Each pound of halibut killed incidentally
contributes an estimated loss of 1. 58 pounds to the commercial fishery.
The total ASP, including this adjusted loss, 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 because catches from the =zetline Fishefg and
total removals including incidental catch have been below surplus
production The current setline surplus production 15 estimated at 40
million pounds, up from 36 million pounds last year. The total surplus

production 1s estimated at 62 million pounds, with 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 (1981) and compared to catch-age analysis 1n
Quinn, Deriso, Hoag: and Myhre (Proceedings of INPFC Special Scientific
Sessions, 1981). The model incorporates survival, growth.
catchability, and a time—-lag for recruitment and assumes explicitly
that catchability 1is a rtandom variable. . The model that fit the CPUE
data best has average catchability parameters for three time periods:
1929-1972, 1973-197%9, and 1980-1982. Application of the model produces
estimates of yearly exploitable biomass and the setline yield under

Quinn I, T.J., Deriso, R.B., 1983. Stock Assessment Document IlI: Biomass and
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conditions of equilibrium exploitation. The biomass estimates are used
to produce estimates of annual surplus production wusing the method
outlined in the analysis of <catch--age data. Biomass estimates are

ad justed vpward by B. 8% to include the Area 4 population.

Estimates of exploitable biomass, setline catch, equilibrium
yield, and ASP, and total catch and AS5P are shown in Table 2. The
results indicate a larger total biomass and lower exploitation Trate
compared to catch—-age analysis. However, the estimated <change 1in
biomass is similar for both methods, resulting in similar estimate§ of
ASP. Biomass of the population has increased at a rate of 3 to Y% each
year for the last five years, because total removals have been below
suTrplus 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 &3 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. Equilibrium wyield 1is higher than ASP, because
current survival of recruits is high. Furthermore, surplus production
tends to 1lag behind equilibrium yield when the population isg

increasing, and vice versa

Estimates by Requlatory 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 The habitat

information comes from a procedure that incorporates <catch-age data.
Quinn Il, T.J., Deriso, R.B., 1983. Stock Assessment Document III: Biomass and
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migration estimates and CPUE data. described in detail 1n last year’s
cstock assessment documents. Although the habitat estimates are
variable over time, the wvariability may be induced by the procedure
rather than showing a true phenomenon. The average of the 1935-1970
estimates is wused for all years as an index of relative halibut
habitat: 1% for Area 2A, 247 for Area 2B, 20% for Area 2C, 35% for
Area 3A, 147 for Area 3B, and 6% for Area 4. These values are similar
to the average relative catch over the last 25 years (1% for Area 2hA,

227% for Area 2B, 17% for Area 2C, 37% for Area 3A, 19% for Area 3B, 5%

for Ares 4), lending credence to their vuse.

Relative habitat estimates are multiplied by yearly CPUE
estimates, assumed 1indicative of halibut density, and expressed as
percentages to produce estimates of yearly relative biomass. The
estimates are smoothed over time by Velleman’s procedure, because
regqulatory area CPUE is quite variable on a yearly basis. Area 4 CPUE
data 1s only available since 1954 consistently, because there was
little fishing before then. Average rtelative biomass in Area 4 between
1954 and 1970 is estimated at 8.8%Z and 1is wused for all years to

overcome the data limitations.

The basis of this method of partitioning 1is 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 1in catchability of fish: but is sensitive to changes
in catchability between areas. The smoothing of the data 1s 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 bilomass by area
Annual surplus production estimates are obtained by multiplying yearly
estimates of QSP of the total population and relative biomass by area,
assuming that the population 1is fluid encugh 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 1in biomass. Although the
latter approach is the correct definition of surplus production: its
estimates are more variable than the former and even negative
sometimes. These problems are due to poor information in some
requlatory areas 1n <certain periods when either no fishing occurs, or
when catchability appears to change. Thus, estimating surplus

production as a proportion of biomass 1s a more stable approach.

Biomass ectimates for Areas 2A, 2B, 2C, 3A, 38, 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 1s wused

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

earlier years. Although CPUE 1n those areas has not changed, the CFUE
in other areas has 1increased greatly, causing a shift in relative
biomass. Recent estimates in Areas 2C, 3A, and 3B have 1increased
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 constant percentage of currently increasing total
biomass. These rTesults are summarized by principal Areas 2, 3, and 4

in Table S for <catch-age analysis and Table & for <catch-effort
Quinn II, T.J., Deriso, R.B., 1983. Stock Assessment Document llI: Biomass and
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analysis. Since 1974, e«timated biomass has increased 30% in Area 2,
907 in Area 3, and 60% in Area 4. The results by 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 1in
Table 7 (catch—age by subareal. 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 thed came
method. Recent estimates of surplus production _by subarea are 0.2
million pounds (Area 2A), 4.0 million pounds (Area ¢&B), 9.0 million

pounds (Area 2C)., 155 million pounds (Area 3A), 8.0 million pounds
(Area 3B), and 3.5 million pounds (Area 4). Grouped by areas, the
estimates are 13.2 million pounds (Area &), 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 1in Area 2, 17.5 million pounds 1in 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 projects 1982 biomass from 1974 biomass by area
(Table 3) using the ratio of smoothed CPUE data in 1982 to that in 1974
(Table 11) For example, 1974 biomass in Area 2C was 25. 5 million
pounds, and thg ratio of smoothed CPUE in 1982 to CPUE in 1974 is 3. 0,
resulting in a projected biomass of 76. S5 million pounds. The resulting
biomass projections (Table 11) sum to a total of 334 million pounds.
32% 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 rTecent years. The
projections show declines 1in biomass in Areas 2A, 2B, and 4., and
substantial increases in other areas. Correcting these projections to
the 1982 estimated total b:omass of 254 million pounds (Table 11) gives
remarkably similar results to the previpus partitioning procedure, with
one exception: Area 4 biomass is 50% less than previously, because the
previous method wused 8.8%4 for Area 4 biomass for all years. The ASP
projections, which are based on a rtate of 15 8% of the corrected
biomass projections, are 0.1 million pounds in Area 2A. 4.0 million
pounds in Area 2B, 9.0 million pounds in Area &C, 1695 million pounds
in Area 3A, 2.0 million pounds in Area 3B, and 1.5 million pounds in
Area 4. By principal area, the estimates are 13. 1 million pounds 1in
Area 2, 25.5 million pounds in Area 3, and 1.9 million pounds in Area
4, for a total of 40.1 million pounds. These results suggest that the
partitioning procedure 1is not sensitive +to relative <changes in
catchability between areas, as 1long as the biomass and production
estimates for the entire population are obtained independently

Specifically, the results suggest that the Area 4 estimate is not knouwn
with confidence, and part of its large surplus may actually belong in

Area 3. The recent estimates of production 1in 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 in Area &, 24 million pounds in Area 3, and 3 million

pounds in Area 4. The Area 4 estimate should be wused with caution
because of data limitations. The IPHC staff recummends a catch limit
of 9 million pounds for Area &, slightly below 75%Z of surplus

production, because the populations in Areas 2A and 2B have not shown
any increase. It recommends 19 million pounds in Area 3, slightly
above 75% of surplus production, becausze of T1apidly 1ncréasing
population. A split of 14 million pounds for Area 3A and 5 million
pounds for Area 3B 1is 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 twe years in recent times
and more fishing information would be desirable to determine the split.
The catch 1imit for Area 4 is recommended to be 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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Table 4 (cont'd)
Area 2 Area 3
Year <10 >10 Total <10 >10 Total
1970 16.6 13.8 30.4 14.2 19.9 34.1
1971 27.3 14.2 41.5 8.4 19.4 27.8
1972 19.5 13.4 32.9 8.5 15.6 24.1
Size limit increased to 32 inches
1973 8.4 12.8 21.2 4.0 11.7 15.7
1974 5.4 11.5 16.9 3.1 11.3 14.4
1975 4.8 11.7 16.5 4.3 10.7 15.0
1976 5.6 9.6 15.2 4.4 9.8 14.2
1977 4.9 10.4 15.3 3.9 10.9 14.8
1978 6.9 10.7 17.6 5.6 12.9 18.5
1979 7.8 12.3 20.1 6.1 15.9 22.0
1980 9.9 16.4 26.3 7.2 26.1 33.3
1981 14.6 19.3 33.9 8.6 27.1 35.7
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1981 STOCK ASSESSMENT Doc. No. 8%

ANALYSIS OF CATCH-AGE DATA
—

This document provides biomass and annual surplus production estimates
from catch—age data for the entire North American Pacific halibut population.
A summary of the method used for analyzing catch-age data is given in the
recent paper presented at the INPFC Special Scientific Sessions (Quinn et al.
1981). Briefly, the method involves the use of non-linear least squares for
catch-age data to obtain estimates of fishing mortality and gear selectivity for
recent year—-classes. These estimates are used with cohort analysis to ob-
tain estimates of population numbers by age. Finally, population numbers

are multiplied by average weight for ages 8 to 20 to obtain biomass. Also,

the exploitable biomass is estimated by the multiplication of population numbers,
gear selectivity, and average weight, in order to adjust for fish mot yet
recruited to the fishery.

A summary of year class indicators since 1973 from the method is shown
in Table 1. Effort and fishing mortality have been cut in half over the
period. The number of fish per skate of ages 8, 9, and 10 has doubled since
1973, but some of the increase may be an increase in catchability. Corres-
pondingly, the estimated number of fish in the population of ages 8, 9, and
10 has increased. It will be interesting to see if in the next few years
the pulses of young fish continue to show strength in the fishery or are just

an aberration of catchability factors.

*Prepared by Terrance J. Quinn, II
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Current biomass is estimated to be between 400 to 460 million pounds
(Figure 1) which is a large increase due to the presence of a large number
of 8- to 1l0-year-olds. The exploitable biomass does not show nearly so
large an increase because thse ages are not fully recruited to the fishery.
Current exploitable biomass is about 250 million pounds, which is about
60% of the maximum exploitable biomass observed in the early 1960's.

Annual surplus production (ASP), formerly called equilibrium yield (EY),
is estimated by the smoothed sum of catch and change in exploitable biomass.
If catch is below ASP, the biomass should increase, and vice versa. Details
of this procedure are given in Quinn et al. (1981). Exploitable biomass,
catch, ASP, and the ratios of ASP and catch to biomass are shown in Table 2
for 1935-1981. Catch was generally below ASP between 1935 and 1960, above
ASP between 1960 and 1972, and below ASP after 1972. Current ASP is 14.67%
of current biomass, or about 36 million pounds.

Part of the reason for the decline in halibut abundance is the level of
incidental catch. It is estimated that each pound of incidental catch con-—
tribute a loss of 1.58 pounds to the commercial fishery. This loss is added
to the commercial catch and ASP's are recalculated to show the amount of
commercial catch that could be taken in the future if incidental catches are
removed (Table 3). Annual surplus production including the effect of inci-
dental catches has been between 60 and 80 million pounds and is cu:rently
near 60 million pounds. Of this value, about 25 million pounds is deleted
by fisheries with incidental catches, leaving about 35 million pounds for

the commercial fishery.
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Table 1. Fishing effort, fishing mortality of older fish, and estimates
of number of fish/skate and abundance for ages 8, 9, and 10.

YEAR-CLASS STRENGTH

Age 8 Age 9 Age 10
Fishing Millions # Millions # Millions it

Effort/10" mortality of per of per of per
Year Skates of older fish fish Skate fish Skate fish Skate
1973 49 .13 2.2 .19 1.8 24 1.5 .26
1974 34 .10 2.2 .16 1.7 .21 1.4 .23
1975 44 A1 2.7 .16 1.8 .21 1.4 .22
1976 51 .10 3.2 .17 2.2 21 1.4 .19
1977 36 .08 3.4 .16 2.5 .22 1.7 .25
1978 33 .07 4.5 .24 2.8 .25 2.0 .27
1979 32 .07 4.0 .21 3.6 .31 2.2 .30
1980 24 .07 5.4 .32 3.2 .36 2.9 .45
1981 22 .07 5.2 .38 4.3 .55 2.6 .48
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Figure 1. Estimates of biomass and exploitable biomass, 1935-1981.
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Table 3. Estimates of exploitable biomass, annual surplus production (ASP),
and ratios of ASP and catch to exploitable biomass for the commer-
cial fishery plus adjusted incidental catch using catch-age analysis,

1935-1981.

CATCH ASP CATCH
B + INC RI0 B

33 1% 472473, 0. 2082 0.2371
5s 19340 4ABea3. 0. 2283 0. 2530
37 18900 49539, 0. 2577 0. 2621
a8 188048 49553 5551 1. 0. 2957 0. 2635
39 193223 50503. 43178, 0. 2270 0. 2434
40 206691 53381. &B734. 0. 3325 0. 2583
41 224074 52231 71761 0. 3200  0.2331
42 242310 5038 73233 0. 2022 0.2079
A3 262929. 534699, 73750. 0. 2B05 0. 2042
44 284311, 53435. 72842, 0. 2544 0. 18&&
45 308348, 53395, 68985, 0. 2236 0.1732
46 321929 50284, £2027 0. 1927 0.1872
47 325229 55700. 55752. °  0.1711 0. 1709
42 223302 55544 . 52075, 0. 1632 0.1708
49 3222059 55025. 524698, 0. 1636 0. 1709
50  318106. 57234, 54427 0.1711 0. 1799
51 314352 54045. 60391. 0. 1908 0.1770
5o 318488 62252, 68716, 0.2158 0. 1955
53 3244056 59837. 75091, 0. 2299 0.1832
s4 341428 72321. 78074. 0. 2285 0.2117
55 339099 55259, . 78261, 0.2179 0. 1650
55 373105, 6B484. 77331, 0. 2062 0. 1826
57 2881237. 52750, 77005, 0. 1984 0.1817
58 398341. 56562 77420, 0. 1944 0. 1471
59  40&4280. 75154, 78065, 0. 1921 0. 1850
&0 A410820. 91243 78275, 0. 1905 0. 1978
&1 4i17iz §3494. 75411, 0. 1834 0. 2028
&2 4GAHILG. 91294, 71113, 0. 1751 0. 2248
&3 38599B. SRO57. L4480 0. 1670 0. 2341
&4 0351317 89762, 50175, 0. 1713 0. 25&1
&5 310599 101094. 58944, 0. 1898 0. 3255
&6 269714, 91562, 55742. 0.2215 0. 3395
&7 235511, 8324&. £2500. 0. 2654 0. 3539
&2 215129 75454, 66900 0.3110 0. 3507
&9 205004, 854977, 705773 0. 3443 0. 4145
70 194573 g9274&. 71816, 0. 3453 0. 4209
71 186825 g1256. 71204, 0. 2811 0. 4349
72 175187, 90&46. 48151, 0. 3848 0. 4577
73 168289 44448, 53052 0. 3747 0. 3829
74 165830. 54544 59561 . 0. 3592 0. 3295
75 169454, 48156, 58729. 0. 3466 0. 2842
76 120091, 51077. 591469, 0. 3236 0. 2834
7 194128. 43514, 60095, 0. 3096 0. 2242
208563, 44424, 606562 0. 2909 0. 2130
224042, 49071 £0852. 0.2716 0. 2190
2 49410 51103 0. 2540 0. 2028
53245 o 0. 0000 0.2131
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1981 STOCK ASSESSMENT Doc. No. 9%
METHOD OF ESTIMATING SUBAREA BIOMASS

A new method of estimating biomass by regulatory subareas was developed
this.year. First, biomass of the entire population is estimated by two
methods, delay-difference CPUE analysis (Doc. No. 6) and catch-age analysis
(Doc. No. 8). Secondly, total biomass is partitioned into subareas with

CPUE data using a method which is now derived.
RELATIVE HABITAT

The estimation of subarea biomass from CPUE data requires additional

information about halibut habitat or bottom area. From Gulland (1969), the

relationship between abundance N and catch-per-unit—-effort CPUE is

E(CPUE ) = q N /A, (1)

where q is fishing effectiveness for an area (related to catchability), A

is population area, and subscript r is geographic unit (such as regulatory
subarea). CPUE and N may be in either numbers or biomass of fish. From Quinn

et al. (1981), the theoretically proper way to combine CPUE data over geographic

units assuming fishing effectiveness is constant is to weight by bottom area, i.e.
CPUE = L a_ CPUE_,
T r

where a_ = Ar/A is relative bottom area and the lack of a subscript implies

summation over the subscript. Then, relative abundance is estimated by

P =a, CPUEr/CPUE =a, CPUEr/Z a_ CPUE_. (2)

*Prepared by Terrance J. Quinn, II

IPHC, 1982. Stock assessment and data analysis 1981. IPHC Rep., pp. 1-14.
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Bottom area estimates from planimeter tracings of the area between 0 and
150 fathoms have been made by IPHC and are shown in Table 1. These areas
define the range where halibut could conceivably occur. Bottom areas in
Areas 2A and 3B are much larger than would be expected from where the fish-
ing takes place.

Recently a different measure called habitat was defined by Gilbert
St-Pierre to be areas where halibut fishing has occurred historically and
is shown in Table 1 for Area 2. Area 2 bottom areas were also recalculated.
The differences are prominent, especially in Area 2A which has a lot of
bottom area but little habitat. Habitat estimates are not yet available
for Areas 3A, 3B, or 4. :

An alternative indirect means of determining halibut habitat can be

developed from abundance and CPUE data. The concept is to determine

coefficients Qr for each regulatory area r, such that
QrCPUEr/ZQrCPUEr
is equal to estimated relative abundance Nr/N' The choice of Qr to be

Q = Nx
CPUE
r

satisfies this concept. From (1), Qr may be written approximately as

N A
S S
r = E(CPUEr) 4,

o]

Thus Qr is a measure of habitat that refers to bottom area corrected for
fishing effectiveness. The estimated relative habitat expressed as a per-

centage of the total is then

Q Nr/CPUEr

=-Lf-F I | (3

Q =
Q XNr/CPUEr

*
r

IPHC, 1982. Stock assessment and data analysis 1981. IPHC Rep., pp. 1-14.
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Relative habitat for halibut regulatory areas is estimated as follows.
Abundance Nr of 8- to 20-year-olds from open-population cohort analysis
(Deriso and Quinn 1981), catch Cr in numbers of 8- to 20-year-olds, and
effort Er were compiled from regulatory subarea. CPUE is then calculated
as Cr/Er' The age range 8 to 20 years was used to remove chicken halibut,
which are no longer a component of the fishery. For each year and regula-
tory subarea, Q? was estimated from equation (3). A plot of Q; in Figure
1 for each regulétory subarea illustrates the changes over time between
subareas. The mean and median habitat percentages over the years 1935-

1970 in each subarea (Table 1) were calculated adjusting for the Bering Sea,
which only had catches since 1952. The means and medians are close; how-
ever, the median is considered more reliable because of skewness in the
distributions.

Complimentary analyses were made with catch and abundance in weight (Table
1). The major differences from values obtained from catch in numbers are that

Area 2B is higher and Area 3B is lower. The median values from catch in weight
will be used to partition total habitat biomass into regulatory subareas in

subsequent sections.
RELATIVE BIOMASS

The estimated relative biomass of each subarea is

P = Qf CPUEI/EQ; CPUE_. (4)

The median values of Q§ from catch in weight were combined with CPUE data
each year using equation (4) to estimate relative biomass. Because few
landings have occurred in Area 4, the median relative biomass, .088,

was used for all years, and other values were adjusted

IPHC, 1982. Stock assessment and data analysis 1981. IPHC Rep., pp. 1-14.
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accordingly. The estimates are plotted in Figure 2 for each subarea and are
highly variable. The estimates were émoothed with a robust non-linear pro-
cedure and are plotted in Figure 3.

Relative biomass in Area 2A is generally 1% or less of the total popu-
lation. Relative biomasses in Areas 2B and 2C are fairly close and oscil-
late between 10 and 207 of the total population. Relative biomasses in

Areas 3A and 3B are somewhat variable but are near 407% and 207, respectively.

TOTAL BIOMASS

Delay-Difference CPUE Analysis

Biomass estimates for the total population for 1929-1981 from the delay-
difference analysis (Document No. 6) were used to project relative subarea

biomass to total subarea biomass. These estimates account for Area 2 and Area

3 combined biomass; these estimates were adjusted upward by the proportion of
Area 4 biomass to obtain total population biomass. The resultant subarea

estimates are given in Table 2 and show similar trends to overall biomass.

Catch-age Analysis .

Biomass estimates for the total population for 1935-1981 from catch-age
analysis (Document No. 8) were also used to project relative subarea bio-
mass to total subarea biomass. The resultant subarea estimates are given

in Table 3. -

IPHC, 1982. Stock assessment and data analysis 1981. IPHC Rep., pp. 1-14.
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STOCK ASSESSMENT Coc. No. 1%

SYNOPSIS

Assessment of halibut stocks in 1980 was based on a variety of
techniques and relied on several sources of data. The analyses were
based on CPUE, catch, and age composition data from the setline fish-
ery, as well as results from IPHC surveys and estimates of incidental.
catches from other fisheries. A wide range of results were obtained
regarding the condition of halibut stocks. Although some of the
methods produces results which contradicted previous conclusions or
appeared to be unrealistic, they are included in the documents to
indicate the uncertainties associated with the assessment of stocks.

In general, the results indicate an increase in Area 3 stocks and
little change in Area 2 stocks. Information on Bering Sea stocks is

limited, but does not indicate any major improvement.

Abundance of Adult Halibut

In Area 2, abundance has been relatively stable since the early
1970's. The estimates of biomass averaged about 100 million pounds in
1980, well below the 200 million pound peak level of the 1950's. CPUE
in the commercial fishery increased in 1980, but the increase apparent-
ly was the results of higher availability of fish, not greater abundancce.
IPHC's adult halibut survey in Hecate Strait indicated a slight increase
in abundance in 1980, but overall the trend has been relatively level

since the surveys begain in 1976.

*Prepared by S. Hoag
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In Area 3, abundance has increased since the early 1970's. The
estimates of biomass in 1980 averaged about 250 million, and were
generally higher than the biomass estimated for the early and mid-
1970's (about 200 million pounds), but well below the peak level of
the 1950's and 1960's (350-450 million pounds). CPUE of the commer-
cial fishery increased sharply in 1979 and 1980. However, one analy-
sis suggests that the increase was due to higher availability of £fish
rather than higher abundance. Conversely, availability may have been
below normal dﬁring the mid-1970's, making stock abundance appear lower
than it was. IPHC's adult halibut survey also indicated an increase in

: abundance: CPUE averaged 98 pounds per skate in 1980, the highest since
“the survey began in 1976 and well above the 57 pounds per skate in 1979.
Data from the commercial fishery continues to indicate a low abun-

dance of adult halibut in the Bering Sea.

Juvenile Halibut

Cohort analysis suggests that the abundance of juvenile halibut has
been relatively stable in recent years, but CPUE data from IPHC's juve-
nile surveys and from the commercial fishery indicate that juvenile
abundance has increased. 1In the juvenile survey, the CPUE of juvenilesrﬁ
was 50.1 fish per hour in Area 3, the highest in any year since the sx.ti;"*"lf
vey begain in 1963, and well above the low of 18.6 fish per hour in 197@}

CPUE in the Bering Sea was 28.8 fish, the highest since 1966 and above

the low of 3.1 fish in 1972. 1In the commercial fishery, the CPUE.of_fish

LEar
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less than 10 years of age has increased in both Areas 2 and 3 since
the mid~1970's, although the increase may be partly due to availa-

bility rather than abundance.

Effect of the Setline Fishery

Setline catch and effort has declined steadily in Areas 2 and
3 since the early 1960's. Estimates of fishing mortality by set-
lines have also declined. 1In 1980, the setline catch was only 5% to
10% of the estimated biomass of adult halibut in Areas 2 and 3. This

exploitation rate is below that which maximizes yield per recruit.

Effect of Incidental Catches

The most recent estimates indicate an incidental catch of about
7.6 million pounds in the Bering Sea and 11.0 million pounds in Areas
2 and 3 combined. The highest catch occurs in the foreign trawl fish-
eries, followed closely by the domestic crab fisheries. The total in-~
cidental catch for all areas is nearly as high as the directed catch
by the setline fishery. Although the total incidental catch has de-
clined moderately from the peak level of the 1960's and early 1970's,

the proportion of the total removals attributed to incidental catches

has increased.

Fquilibrium Yield for the Setline Fishery

Estimates of equilibrium yield for the setline fishery are very

e ;
sensitive to small changes in the biomass of adult fish and, therefore,

IPHC, 1981. Stock assessment and data analysis 1981 [1980 stock assessment]. IPHC Rep., pp. 1-20. Page 102
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are not considered precise. Most 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 estimates 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.

IPHC, 1981. Stock assessment and data analysis 1981 [1980 stock assessment]. IPHC Rep., pp. 1-20. Page 103
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STOCK ASSESSHENT Doc. No. 2%

COHORT ANALYSIS

Cohort analysis is a catch-all term used to describe methods of deter-
mining population size from catch data in numbers of fish broken down by
age. Two methods have been investigated for this year's stock assessment:
(1) a non-linear least squares approach which jointly estimates population
size, age-selectivity, and fishing mortality under the assumption that age-
selectivity is constant over time, (2) cohort analysis, which in this docu-
ment refers to a method which performs back-calculation of population size
for each year-class from age 20 to age 3 using catqhes, estimates of termi-
nal fishing mortality (F) from the non-linear approach and an assumed
natural mortality (M) of 0.2. The assumptions, advantages, and disadvantages
of both ﬁethods are elaborated upon later in the do;ument.

The procedure used to obtain estimates of biomass and equilibrium yield
from catch by age data is shown schematically in Figure 1. First, the non-
linear method is used to obtain estimates of terminal fishing mortality for
recent times and ages. Secondly, cohort analysis is used to estimate the
numbers of fish and fishing mortality for all ages over the time period
1935-1980. Thirdly, estimates of abundance are multiplied by average weight
of fish by age to obtain biomass estimates and finally equilibrium yield
estimates.

In order to use this procedure, the total catch by age of all fish-
eries affecting halibut must be determined, because the value fof natural
mortality is defined only for causes other than-fishing. This total catch

is made up of the commarcizl setlinz catch and incidental catches from

*Prepared by T. Quinn
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donestic and foreign trawl fisheries. In additiqn, preliminary estimates

of incidental catch from the crab pot fishery are available this year. The
main approach does not use these estimates for Area 3 because they include
catches from the Aleutian region, which is no longer a part of Area 3, but
they are included in an analysis later in the document to provide an upper

bound for the equilibrium yield for Area 3.

Non-linear least—squares approach

The Method

This method uses the basic catch equation with fishing mortality and
population size as functions of age and time. Natural mortality is assumed
equal to 0.2 for all ages and years. Fishing mortality is partitioned into
full-recruitment fishing mortality (ages 17-20) for each year and selectivity
as a function of age. Because age-selectivity is assumed independeﬁt of

time, only data between 1967 and 1980 are used, when the representative pro-

portions of the setline and incidental catches are similar over time.

Advantages

The number‘of parameters is 59; the number of observations is 252 (18
ages x l4 years), so that the estimate of variability about the parameter
estimates can be obtained. The method does not require the assumption of
constant catchability over time. The method provides estimates of terminal
fishing mortality that can be used for cohort amalysis. The method esti-
mates population size, age selectivity, and fishing mortality jointly

rather than in piecemeal fashion.

Disadvantages .

The assumption of constant age selectivity may not be satisfied when
incidental catches go up and setline catches go down, and vice versa. The

use of many parameters in a sinzle model may lead to distorted estimates
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when correlations between the parameter estimates are high. Estimates for

recent years are highly variable.

Area 2 Estimates

The estimates of full-recruitment fishing mortality, assumed to be at
ages 17-20, are shown in Table 1 for all years. In addition, fishing mor-
tality estimates for all ages in 1979 and 1980 are shown. The Area 2 catch
estimates include crab pot catch, which is an insignificant portion of
the total catch. The estimates for this year's analysis are similar to
last year's. The estimate for 1980 is .117 and is higher than .099 in
1979. As effort was similar for the two years the increase is attributed
to an increase in catchability. The relation between fishing mortality
and effort is linear (Figure 2), with some tendency for catchability to
be higher than expected in the period 1969-1974 and year 1980 and lower
in the period 1975-1979.

The estimated number in the population is shown in Table 2, broken
down by ages under 10, greater or equal to 10, and total. The table shows
the decline in both younger and older fish from 1967 to 1977 and a modest

increase since 1977.

Area 3 Estimates

The estimatés of full-recruitment fishing mortality are shown in
Table 3 for all years. In addition, fishing mortality estimates for all
ages in 1979 and 1980 are shown. Two sets of estimates are presented. The
first set assumes full-recruitment fishing mortality between ages 17 and
20, the second between ages 16 and 19 with a separate parametef for age
~20. Although the second s=t fits the data better, the jump in wmortality

from age 19 to 20 is unrealistic. The estimates are siwmilar to those

IPHC, 1981. Stock assessment and data analysis 1981 [1980 stock assessment]. IPHC Rep., pp. 1-20. Page 106 ‘



IPHC-2021-SACH-001

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. WNatural 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

least-squares procedure.
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Advantages

This method can be carried out easily and inexpensively over a long
time period. The estimates make no assumption about catchability or selec-
tivity. After a year-class has experienced a cumulative mortality of 1.0
to 2.0 the choice of terminal F becomes insignificant.

Disadvantages

Because the number of parameters and observations are equal, there is
no measure of variability for parameter estimates. Individual estimates
are unstable due to oscillations in catch. Estimates of the oldest ages
for all years and all ages of the latest years (5 years, say) are highly
sensitive to the choice of terminal F. The method is based on an approxi-
mation to the catch equation which assumes all fishing is done in the mid-
dle of the year.
éesults

The estimated values of total fishing mortality are shown in Tahles 1
and 3 for 1979, - the first year where values are not identical to the
terminal F values. The values are quite similar to the non-linear estimates.

Abundance of Adults (Ages 8 to 20)

The estimated numbers of adults for each of the years 1935 to 1980 are
obtained by summing the individual estimates. The biomass of adults is
" obtained by multiplying the individual estimates by the average net weight
by age and year obtained from ageing samples from the commercial setline
fishery. The resultant estimates of number and biomass of adults for the
years 1935 to 1980 are shown in Table 5 for Area 2 and Table 6 for Area 3.
Only the first set of non-linear terminal F's is used. The decline iin bio-
mass in both areas in the period 1978 to 1980 iS'due to declin;s in the
average weight by aga. This declire may be due to sampling variability, a

change in the s2i composition, or differences in ageing.
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Abundance of Juveniles

The estimated 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 estimates because not all juveniles stay imr 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 1967-1977. 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 equilibrium 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

24%.1 miliion.
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Setline, Trawl, and Full-Recruitment Fishing Mortality

The mean setline mortality and mean trawl mortality for ages 8-15 are
shown in Table 12 for Area 2 and Table 13 for Area 3. ¥For both areas there
has been a substantial reduction in fishing mortality in recent times due
to lower quotas and a larger minimum size limit. The fishing mortality due
to the incidental crab pot catch in Area 2 is very small. Crab pot catch
for Area 3 is discussed later.

Spawning Stock Size

Estimates of the number and biomass of spawners, number of resultant
three-year-olds and production are shown in Table 14 for Area 2, Table 15
for Area 3, and Table 16 for combined areas. The combined estimates are
_obtained by pooling the estimates for each area. The spawning stock is
defined as ages 12 to 20 for Area 2 and Area 3 before 1960, and ages 11

to 20 in Area 3 for 1960 and later. The change in Area 3 is due to a change
in maturity. fhe production is defined as the number of three-year-olds
divided by spawning stock biomass. If it is assumed that fecundity is pro-—
portional to fish weight, the sex composition in the population has not
changed, and the defined spawning stock accounts for most of the eggs pro-
duced, then the production values are proportional to early life survival.
The combined values are more reliable than the individual values because of
juvenile migration. Production has decreased substantially since tﬁe late
1930's, but has been fairly stable in recent times. The decline represents
a change in the mode of recruitment independent of both the fishery and
population size. The decline in production is ré5ponsible for thé continued

low levels of juveniles.
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Sensitivity Analysis

The use of cohort analysis in either of its two versions requires an
accurate accounting of the total catch broken down by age for each year. All
other losses such as death or emigration make up the category of natural mor-
tality. This requires estimation of the total natural mortality for each
vear and age which is beyond the range of current estimation methods. Thus
to use cohort analysis effectively, it is desirable to accumulate as much of
the incidental catches as possible into the total catch matrix, so as to mini-
mize the error associated with using a constant value for natural mortality.
This year IPHC has attempted to estimate halibut incidental catch of the crab
pot fishery. Although these estimates are preliminary, they serve to show
the impact of underestimating the catch on fishing mortality, population size
and equilibrium yield estimates.

The total catch in numbers of fish by each of the gear types is shown in
Table 17 for Area 2 and Table 18 for Area 3. In Area 2, the combined foreign
and domestic traﬁl catches have been at most 50% of the setline catch, while

the crab pot catch is insignificant. 1In Area 3, the trawl catches alone have

occasionally exceeded the setline catch and the crab pot numbers are as
large as the trawl catches in recent times. - The average age of catch by
each gear type is shown in Table 19 for Area 2 and Table 20 for Area 3. For
both areas the average age of the trawl catch is smaller than that of the crab
pot catch, which is smaller than that of the setline. The inclusion of crab pot
catch is 1likely to have a large impact on adult biomass, because of the rela-
tively high average age. However, the estimated crab pot catch should be con-
sidered an upper bound, because a large part of the catch is taken .in the
Aleutians, which is no longer a part of Area 3.

This section repeats the analysis of the previous sections with the in-

clusion of crab pot catches. Tlie analysis is done only on Area 3, because
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there is no significant crab pot fishery in Area 2. Both the non-linear and
the cohort analysis approaches are used. This analysis is termed a sensitivity
analysis, because parameters and data are altered to explore the effects on
estimates of fishing mortality and abundance.

Estimates of Fishing Mortality

The first set of fishing mortality estimates involves the non-linear ap-
proach with the assumption that full-recruitment fishing mortality occuré be-
tween 17 and 20. Tﬂese estimates are similar to those obtained in the previous
section, which is surprising considering the 10 to 50% increase in total catch
each year. However, thz full-recruitment f£ishing mortalify estimates should
be less affected by incidental catches than for lower ages, and this is indeed
the case in 1979. The estimates of fishing mortality from cohort analysis in
1979 are similar to these values.

The second set of estimates uses the same data as before but treats
age 20 as a separate parameter. These estimates are slightly higher for early
years but are qﬁite similar for recent times (Table 21). The cohort analysis
for 1979 based on thasa non-linear estimates are also quite similar.

The third set of estimates are developed to explore the Qariability of
the incidental catches at later ages. The crab pot data catch for age 20 was
much higher than for ages 15-19, dué to variability in the age composition
estimates based on a small sample size. Similar variability is observed in
the trawl catch. In this set all incidental catches past the age of 15 are
truncated (i.e. set to 0). The estinates of fishing mortality are slightly
higher but the effect is minor for recent years (Tgble 21). Finally, all data
from the year 1980 were excluded to see if a given year has any effect on the

estimates. The estimares of fishing mortality ave virtually identical to the

previous estimates (Table 21), suggesting that the results are independent of

o
o

any change in catchabilitv or selectivicy in 1980.
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These results suggest that the crab pot catches have little eﬁfect on
the full-recruitment fishing mortality estimates in Area 3. The estimates
for younger ages are slightly larger since the crab pot catch is selective
for younger ages. The impact of crab pot catch in recent times is less, be-
cause of the overall reduction in mortality from setline, trawl, and crab pot
catches. |

Estimates of Abundance

The estimates of terminal fishing mortality from the first set of the
non-linear least-squares procedure (Table 21) are used in cohort anmalysis to
estimate abundance for all ages between 3 and 20 and all years between 1935
and 1980. The estimates of adult abundance (Table 22) and juvenile. abun-
dance (Table 23) may be compared to estimates in Tables 6 and 8, respectively,
to show the impact of the crab pot fishery catches on abundance. The esti-
mates of the adult-numbers are one to two million fish higher and the esti-
mates of adult giomass are from 30 to 60 million pounds higher for all years
since 1958 with crab pot catch included. The estimated number of 3-year-olds
is 1 to 2.5 million fish greater and the estimated number of juveniles is 4
to 8 million fish greater. The resultant equilibrium yield is shown in
Table 24. The five-year averages range from 13 to 33 million pounds over the
last 14 years. The negative equilibrium yield of =-28.7 million pounds in
1979 is due to the drop in average weight by age in 1980. Assuming this is
a spurious value, the three-year average is 16.9 million pounds and the five-
year average is 27.4 million pounds.

Thus, the effect of crab pot catch is to have little effect b; terminal
fishing mortality but a large effect on numbers of fish. The increase in num—

bers also creates an increase in equilibrium yield. These estimates must be
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regarded with caution because the catches are probably overestimates and are
based on a limited data set. They are useful in providing an upper bound on
the numbers of fish and equilibrium yield in the Area 3 population.

Effect of Average Weight

As mentioned previously, there has been a decline in average weight by
age in the past two years that affect biomass estimates substantially, which
in turn affect estimates of equilibrium yield. By examining average weight
by age for the last 14 years (Table 25) for both areas, it is clear that there
has been an overall increase since 1967 with the decrease coming in only the
last two years. The average weight of fish in the setline catch since 1964
has increased markedly in both areas (Table 26), with a major decline only in
the last two years. Average weight in the stock assessment surveys since
1976 mimic the decline in average weight by age but are far more variable
(Table 27). The average weight of fish in the surveys appears poorly corre-
lated with that in the setline catch, but average weight of older ages, which
influences average fish weight, is quite variable.

There are many possible explanations for changes in average weight.
Other than random variation in catch statistics, there are three major
hypotheses that deserve attention. The first is that the sex composition
of the catch changed which would affect average weight by age, since fe-
males weigh more than males at the same age. This hypothesis does not ex-—
plain the decline since 1978, because the proportion of females in the
stock assessment survey increased, while the average weight decreased
(Table 27).

The second hypothesis is that there are diffepences in ageinébe dif-
feren: readers. Among I[PHC staff, there does appear to be consistent dif-

ferences in ageing, especially for oldar ages: Examination of average

woight by age (Table 25) suggests that in 1980, average weight is shifted

IPHC, 1981. Stock assessment and data analysis 1981 [1980 stock assessment]. IPHC Rep., pp. 1-20. Page 114



IPHC-2021-SACH-001
- 'L 6 —
by exactly one year older for older ages than in 1979 for both areas. The
effect of ageing differences on equilibrium yield is probably minor in the
long run, since most of the IPHC ageing has been done by one or two people.
Discrepancies in average weight by age do not affect the total number in
the catch, siﬁce average weight is calculated from all otoliths, not just
those aged. The age composition would shift somewhat, which would have
some influence on estimate of abundance and mortality. However, the major
effect would be on biomass estimates, where average weight by age is multi-
plied by estimated abundance of fish. Year—to-year fluctuations are balanced
out in three-— and five-year-averages of equilibrium yield. For Area 3, the
median weight by age for the period 1970-1980 was calculafed and biomass esti-
mates of equilibrium yield were recalculated. This procedure forced biomass
to ;imic changes in abundance and made the equilibrium yield estimates smoother.
Thé three- and five-year average equilibrium yields were 22 and 26 million
pounds, respectively, slightly highexr than before. This‘modification, how-
ever, assumes no change in average weight by age over the last 11 years, which
1s probably not accurate.
The third hypothesis is that changes in average weigh; are due to

changes in the method of calculating average weight from otoliths. It is

intriguing that 1978 was the first year that otolith weight rather than oto-
lith length or radius was used to predict fish length, which corresponds to

the period of decline in average weight. This hypothesis is likely to have
greatest impact on stock assessment estimates, as it affects both the esti-
mated number of fish in the catch and the average weight of fish. If the
average weight of fish in the catch is underestimated, then the numper of
fish in the catch is overestimated, which creates overestimates of ébundance

and fishing mortality. The average weight by age, however, 1s underesti-

nated, creating a compensatory mechanism in biomass estimates.
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To determine the amount of compensation, the following procedure was
constructed to explore the effect of errors in average weight. Multi-year
averages of average weight of fish in the catch (Table 26) were used to re-—
estimate the numbef of fish in the catch. Five-year averages were used in
the period 1935-1964 and four-year averages were used in the period 1965-
1980. The same age-cozmposition was applied to the total catch in numbers.
Average weights by age were adjusted by the ratio of the mulﬁi—year avefagé
of average weight and the year's average weight, as shown in Table 28. This
procedure accounts for the change in the minimum size I1imit in 1973, which
may account for the increase in average weight since 1973. For Area 2, the
non-linear least~squares procedure failed to converge to .reasonable values

for the revised data set. Alternatively, the non-linear least-squares

estimates from the previous section, used in the cohort analysis the abun-
dance of adults (Table 29), juveniles (Table 30), and equilibrium yield
(Table 31) were calculated and are similar to previous estimates. The bio-
mass of adults stabilizes at 110 million pounds for the last 8 years, rather
than 125 million pounds in the previous section, and shows no substantial
drop in 1980. The latest equilibrium yield is 8.7 to 9.4 million pounds,
similar to the unsmoothed estimates with 1980 deleted.

For Area 3, the non-linear procedure converged to reasonable estimates
and the fishing mortality estimates were used in cohort analysis to produce
estimates of adult abundance (Table 32), juvenile abundance (Table 33), and
equilibrium yield (Table 34). This procedure creates slightly higher adult
and juvenile abundances than previcusly. The latest equilibrium;Yield is

13.7 to 18.5 which is pore stable than the unsmoothed estimates with 1980

deleted. Alchough changes in biomass have been erratic, the values have
stabilized nezr 225 million, which wmakes the 3-year average equilibrium yield
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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 summary, 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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SUADARY

A summary of estimates of key population parameters for the various
catch by age approaches used in this document is shown in Table 35 for
Area 2 and Table 36 for Area 3. For Area 2, the estimates are in accord
with last year's results. Best estimates are considered to be the average
of the main and the smoothed approach. Best estimates of the number of
adults, number of juveniles, and number at age three are 4 million, 9 mil-
lion and 3 million, respectively. The best estimate of adult biomass is
115 million pounds, far less than the maximum of 230 million pounds in
1950. There has been little change in biomass over the last five years,

which means that recent catch limits have been close to the equilibrium

_yield. Thus, the best estimate of equilibrium yield for Area 2 is 9 mil
lion pounds.

For Area 3, several approaches were used to provide estimates of
population parameters. The major differences between analyses from this
year and last year are that this year the assumption of constant catch-
ability was not made and this year crab pot catches were examined for the
first time. Analyses were made with and without the inclusion of inci-
dental catches from the crab pot fishery to provide a range of possible
estimates and to show the sensitivity of the method to the data set used.
Two methods of smoothing out variability were attempted: the first used
median weight-by-age for the period 1970-1980; the second used the average
weight of the catch smoothed by five-year averages to reconstru;t‘the data
base. Because the unsmoothed approach and thertwo smoothed a?p;oach
each have limitaticns, no single approach is preferred and the average of

the estimates is considevrcd the best estimate.

IPHC, 1981. Stock assessment and data analysis 1981 [1980 stock assessment]. IPHC Rep., pp. 1-20. Page 118



IPHC-2021-SACH-001

With the crab pot incidental catch excluded, the estimates from the
three approaches are similar. The estimated number of adults, number of
juveniles and number of three-year-olds are 7 million, 14 million, and 4
million, 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 estimated number of
adults, number of juveniles, and number of three—year—olds_gre 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 determinad
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 cautién, 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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1979 STOCK ASSESSMENT Doc. No. 1

SYNOPSIS

Stock assessment indicators provide conflicting interpretations of
etnrl ~randition din 1979. CPUE data from the 1979 fisherv suggested an over-
all increase in stocks, but conclusions were complicated by a sherp reduction
in CPUE in the western Gulf of Alaska and in British Columbia. Znalysis of
catch and age data (cohort analysis) indicated a slight increas: in Area 2
mbmale kit a madiar Aacline in Area 3. (Onhort analvsis indicata a continu-
ino Adanlina 4n daveniie abundance in both areas, whereas CPUE axw IFIC survey
data suggest that juvenile abundance has been stable or even increasing
slightly in recent years.

Estimates of equilibrium yield varied substantially, depending on the
the source of data used. Again, cohort analysis predicted poorai stock cou-
ditions than did CPUE data. All of the estimates showed that racent catches
in Area 2 were at or below equilibrium values. Some of the estinates in
Area 3, however, indicated that the catch was above the equilibr:um and that
the atocks will decline unless catches are reduced. Explanations for these

conflicting results are not available at this time.

Abundance of Adult Halibut

Information on adult abundance was available from cohort unalysis

MAar Na 2V ~Aammarerial OPITRE data (Moe. No. 3). and stock assessment sur—
vev data (Doc. No. 6). The stock assessment survey data, howeve:, was
discounted because the survey has only been conducted since 1976 and stock

trends are not yet evident.
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but appears to be independent of the fishery. The biomass of spzwners
declined steadily from the 1950's to the early 1970's, and then remained
relativelv stahle.

Other indicators provide a more optimistic picture of juvenile
abundance. In the fishery, the CPUE of halibut less than 10 years of age
has increased since 1975 by about 80Z in Area 2 and about 607 in Area 3
(Doc. No. 4). The CPUE of 9-year~olds, which provides an index ¢f recruit-
ment to the fishery, was higher in 1979 than in any year since i¢72 (Doc.
No. 3). IPHC juvenile surveys indicate that abundance has declired slightly
since the late 1960's: the abundance index in 1979 declined in Hcth the

Bering Sea and the Gulf of Alaska but this followed a general iicrease

~YVae 1TATE /TNA A AT~ N\

Fishing Mortality

Both cohort analysis and setline fishing effort data show a major
reduction in mortality by setlines sincé the 1960's (Doc. No's. : and 3).
Fstimates of setline mortality in 1979 ranged from .07 to .09 ia Area 2 and
from .09 to .12 in Area 3.

The decline in fishing mortality is a direct result of rediced catches
in recent years. The 1979 catch was about 9.3 million pounds ia Area 2,
12.2 million pounds in Area 3 and 0.9 million pounds in the Bering Sea.

The 1979 total catch (22.4 million pounds) is less than half of that taken

in 1971 (46.7 million pounds).

Incidental Catches by Other Fisheries

Estimates of incidental catch for all relevent fisheries are given in

Doc. No. 8. Estimates are only available through 1978,
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1979 STOCK ASSESSMENT Doc. No. 2%

COHORT ANALYSIS

The successful utilization of cohort analysis for the estimetion of
numbers of fish by age depends on the choice of values for natuczl mor-
tality for all ages, and values for fishing mortality at the ter:nrinal age
(age 20 for halibut) for all years and for all ages at the last jear.
Natural mortality is assumed constant at 0.20 for all ages and all years.

The effect of the choice of fishing mortality values decreases ac. the

year-class passes through the fishery. Thus, the estimates of fishing mor-
tality and population abundance are likely to be less reliable :cr the
recent past years and the latest year-classes.

The use of cohort analysis in past years was based on the cltoice of
0.20 for terminal fishing mortality for all years and for all azes at the
last year (Hoag and McNaughton 1978). The overestimate of termiral fish-
ing mortalitv created underestimates of abundance and the cohor: estimates
since 1971 were deemed unreliable. The estimates since 1971 we ¢ nro-
jected with CPUE data. However, CPUE is variable in time and spzce, which
causes the projected abundance estimates to be quite variable in recent
times. A similar argument applies to the corrections for juveniles from
trawl surveys. Thus, it is desirable to have an alternative procedure.

This year, a new method has been developed to allow the colwrt esti-
mates to be computed up to and including the year of assessment. The
principle shortcoming of the present method is that the estimata2s have a
hioch wariahilityv for the Tagt 3 vears. whieh means that tha rersrt occtri-e
mates are verv sensitive to chaneges in the choice of terminal fiching

mortality values.

*Prepared by T. Quinn
Quinn 11, T.J., 1979. Stock assessment data and analysis 1979. IPHC Rep., pp. 1-6. Page 123
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However, the catch in numbers is estimated from the average weight, so that
an underestimate of average weight may be compensated by an overestimate of

the number of adults.

Abundance of Juveniles

Tho act+imatad nimher of iﬁveniles (ages 3 to 7) and the numter at age
three are shown for Area 2 (Table 3), Area 3 (Table 4) and the ccmbined
areas (Table 5). The combined estimates are more reliable than the indi-
widnal catimates hecause it is unlikely that all juveniles grow vp in
their regulatory area »f origin. Not much weight can be placed (n recent
years because these values represent a very small amount of tim: in either
the trawl or setline fisheries. Irregardless, both areas have bHeen sub-
jected to a long-term decline in the production of young and thzre is no

L ddmanrtiAan AfF varnavarv atr the T}TPSE"nt.

LQULLIDL UM Iieid

The equilibrium yield calculations are shown for Area 2 (Table 6) and
Area 3 (Table 7). The change in biomass ("biochange') from one rear to
the next is added to the year's catch as an estimate of equilibrium yield.
Thyane and fivoe-vaar mavine averages of eguilibrium vield are also
presented to smooth out variability.

In Area 2, the equilibrium yields in the last 15 years have been be-
#erman 10 and 20 millian ﬁnnndn- while the catches have been abcu:c b mil-
lion pounds larger con the average. The recent equilibrium yield estimates
mve bntrrann O 5nAd 19 milldian nomnda. which would be the vield 10hiC wouid

keep the biomass constant. A conservative policy would set the juota at

least one or two million pounds below equilibrium yield.

Quinn 11, T.J., 1979. Stock assessment data and analysis 1979. IPHC Rep., pp. 1-6. Page 124
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biomass of spawners has declined steadily since the 1950's but zppears to
have either leveled off or increased slightly in the last seven yzars
(Tahla 12)Y. The earresnondineg number of three-vear—-olds produced three
years later has declined steadily since 1961. Of major interest is a
drop in production per pound of spawners from around .14 in the period
1935-1945 to about 0.04 in the past twenty years (Table 12). This drop
way represent a Cudilge Lil Le mode 0L TeClusiluclle Lfuuepeluelit ve —uc
fishery that has been partially responsible for the decline in the num-

ber of juveniles.

Quinn 11, T.J., 1979. Stock assessment data and analysis 1979. IPHC Rep., pp. 1-6. Page 125
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1978 STOCK ASSESSMENT Doc. No. 1%

ADUNDANCE OF ADULT BALIBUT

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, 1$78). Estimates
of abundance and CPUE show similar trends, suggesting that both provide a
similar indication of changes in halibut stocks (r = 0.80 in /Zr=a 2 and
0.71 in Area 3). However, there is an advantage in using absolute abun—
dance rather than relative abundance hecanse the affort Af favasy e ~enot
size can be evaluated more directly. This document presents ectimates of
both abundance and CPUE. However, CPUE is considered as auxilia:y infer-
mation except that CPUE during 1965-1971 was used to determine ¢ constant
of proportionality between CPUE and number of fish. This factor ‘ras used to
project abundance from CPUE after 1971. Abundance estimates from cohort
analysis since 1971 were 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 ages in the set!ine catch.
Abundance was expressed in terms of both numbers and biomass. B:omass was
estimated by multiplying the number of fish at each age by the coiresponding
average weight (heads off - dressed) of fish in the setline catch. 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. (hanges in
biomass after 1971 do not correspond exactly to changes in CPUE fcr all ages
in the fishery. This is because biomass was first estimated for ¢ach age and
then summed. Ages that are not fully recruited to the setline {ishery con-
tribute more to the biomass estimates than to CPUE. This account: for nuch
of the difference between changes in biomass and CPUE. Table 3 shows CPUE

for 8- to 20-yecar-olds and for all ages in the setline fishery,

*Prepared by S. Hoag and C. Schmitt
IPHC, 1978. Stock Assessment Data 1978. IPHC Rep., pp. 1-4. Page 127
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ESTIMATES OF EQUILIBRIUM YIELD, AREAS 2 AWND 3

The annual equilibrium yield was estimated for Areas 2 and 3 from 1935
to 1978. The estimates were obtained by adding the annual change in biomass
(from one year to the next) to the annual setline catch. The b-cnass from
Doc. No. 1 was smoothed by using moving 5-year-averages before calculating
the annual change. The results are given in Table 1. The estinated equi-
librium yleld is for the setline fishery only; the incidental catch by other

fisheries was treated as part of the natural mortality,

#*Prepared by S. Hoag and C.
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SPAWNING STOCK SIZE

Estimates of the biomass of spawners and resulting number of progeny are
presented by area and year in Table 1 and in Figure 1. The biomass of spawvners
indicates potential egg production by the population (Schmitt anc Skud 1978)
and the resulting progeny are represented by the number of 3-year-nlds din the
population, three years later. The number of 3-year-olds indicates year-class
strength before the juveniles enter the trawl and setline fisheries and the
appropriate adjustment in time to year of birth has been made. Tcr exanple,
the total biomass of spawners in 1935 was 132,078,800 pounds, whict gave rise
to the 1935 year class of juveniles, 18,726,000 three-year—olds.

The estimates of biomass of spawners since 1935 are based on -ltree assump-—
tions: (1) the sex composition of the adult population has not charged signi-
ficantly since 1935; (2) spawners are 12— to 20-year-old halibut but include
l1l-year-olds in Area 3 after 1959; and (3) fecundity is proportioral to fish
weight., Until 1972, numbers of halibut by age were estimated by =zchort analy-
sis (Hoag and McNaughton 1978) and represent the numbers in the jopulation
at the beginning of the year. Thus, it is assumed that the matuze figh in a
given year spawned early in the same year to produce that year's conplement of
young. After 1971, the numbers of 3~year-olds were projected fron the index
of abundance in the juvenile surveys in the Gulf of Alaska (See 1978 Stock
Assessment Doc. No. 2). Numbers of spawners after 1971 were projected from
CPUE as described in 1978 Stock Assessment Doc. No. 1. To estimet: biomass,
the numbers of spawners by age were multiplied by the corresponling mean

weights (heads-off, dressed) from commercial samples.

*Prepared by C. Schmitt
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