Not to be cited without
permission of the authors!

Canadian Atlantic Fisheries
Scientific Advisory Committee

CAFSAC Research Document 83/56

Ne pas citer sans
autorisation des auteursl

Comité scientifique consultatif des
péches canadiennes dans 1‘Atlantique

CSCPCA Document de recherche 83/56

Status of the 4VsW Cod Stock Complex

by

J.A. Gagné, A.F. Sinclair, and L. Currie
Marine Fish Division
Bedford Institute of Oceanography
Fisheries and Oceans
P.0. Box 1006
Dartmouth, Nova Scotia B2Y 4A2

1Ih1s series documents the scientific
basis for fisheries management advice
in Atlantic Canada. As such, it
addresses the issues of the day in

the time frames required and the
Research Documents it contains are not
intended as definitive statements on
the subjects addressed but rather as
progress reports on ongoing
investigations.

Research Documents are produced in

the official language in which they
are provided to the Secretariat by

the author.

1l Cette série documente les bases
scientifiques des conseils de
gestion des péches sur la cdte
atlantique du Canada. Comme telle,
elle couvre les problémes actuels
selon les &chéanciers voulus et les
Documents de recherche qu'elle
contient ne doivent pas &tre
considérés comme des énoncés finals
sur les sujets traités mais plutdt
comme des rapports d'&tape sur les
études en cours.

Les Documents de recherche sont
publiés dans l1a langue officielle
utilisée par les auteurs dans le
manuscrit envoyé au secretariat.



Abstract

Provisional statistics reveal that the 1982 reported landings from the
4VsW cod stock complex were the same as in 1981 at 56,000 t. Almost 100%
of this total was taken by Canadian vessels. Stock size indices indicate
that the total biomass has stabilised over the last few years. The age
composition data show that the fishery is supported by several year-classes
and suggest that good recruitment can be expected for the next few years.
The population size was estimated from Cohort analyses calibrated with
standardised commerciat catch and effort data. It {s estimated that a
fishing mortality of 0.25 was applied on the fully recruited ages in 1982
and that the total population bfomass at the beginning of that year was
near 400 thousand tons. The projected Fp, 1 catch for 1984 assuming
that the TAC of 64,000 t s taken fn 1983 was calculated at 53,000 t.

Résumé

Les statistiques préliminaires révélent que tout comme en 1981, les
débarquements totaux provenant du complex de stocks de morue de 4VsW a
atteint les 56,000 t en 1982. Les navires canadiens se sont accaparés prés
de 100% de ce total. Selon les indices d'abundance utilisés, 1a biomasse
totale serait demeurée 3 peu prés constante ces dernidres anndes. 11
appert que la péche commerciale dépend actuellement d'un bon nombre de
classes d'dge et que le recrutement 3 court terme sera supérieur 3 la
moyenne. Nous avons estimé la taille de la population au moyen d'analyses
de cohortes calibrées 3 1'aide de données normalisées de prises
commerciales par unité d'effort. Les rd@sultats indiquent que le taux de
mortalité par péche souffert par les classes d'dge pleinement recrutées fut
de 0.25 en 1982 et que 1a biomasse totale en début d'ann&e approchaft les
400 milles tonnes. S{ le TPA de 64,000 t est atteint en 1983, les prises

totales au niveau Fg 1 sont estimées i 53,000 t pour 1984,



The 4VsW cod stock complex represents the major cod management unit on
the Scotian Shelf. 1t was heavily exploited in the early 1970's, mainly by
foreign fleets. High exploitation rates and especially high mortality of
young fish due to the small mesh gear used, brought the complex to a
critical Tow level in the mid-1970s. Stringent regulations were imposed in
1977 to correct this situation. The complex has since recovered and
landings are now over 55,000 t again. We present an analytical assessment

of the current status of that complex.

Nominal Catch

Preliminary figures indicate that the: total nominal catch in 1982 was
the same as in 1981 at 55,800 t (Table 1). These are the highest catches
from the stock complex since 1972 and Canada's total (55,675 t) was the
highest ever.

The TAC for 1982, initially set at 50,000 t, was increased to 55,600 t
in September. This came at a time when the "fixed gear less than 65'"
component of the fishery had already exceeded its initial quota. At year
end, the same component had overrun its final quota by 1,000 t. However,
the catch reported for the other components was generally close to the
permitted level, bringing the total nominal cach for 1982 to within 200 t
of the final TAC. This is the closest match between catch and TAC ever.

The Canadian portion of the total catch has increased from 39% in 1976
to nearly 100% in 1982. Since 1978, the Canadian otter trawlers have, on
the average, taken 70% of the total catch (Table 2). The remainder is

divided among the foreign otter trawler fleet and Canadian longliners,



Danish and Scottish seiners and pair seiners.

The catch in 4W exceeded that in 4Vs from 1969 to 1979, except for
1972 (Table 1). Since 1980 however, the trend has been reversed resulting
in 72% of the 1982 catch coming from 4Vs. The catch in 4Vs has been
continuously increasing since 1977 while that in 4W has fluctuated around
20,000 t. Tables 3 and 4 present the breakdown of the catch by unit area
for otter trawlers (T.C. 2-6) longliners (T.C. 2-4) and seiners. A map of
the unit areas in 4VYsW is shown in Figure 1. Table 3 indicates that the
increase in the 4Vs catch results from higher catches being taken by all
the major gears in that Division, especially in unit area 4VSc. The recent
cod catches in 4Vs are not only higher than those prior to 1980, but also
make up a higher proportion of the total catch by each one of the major
gears in 4VsW. The most noticeable increase in catch in the 4Vs unit areas
was experienced by the longliners. In the years prior to 1980, over 80% of
their catch came from 4W. Since 1980, 52, 54, and 76% of their annual
catch was taken in 4Vs. These vessels are now steaming much longer

distances to the fishing grounds in unit area 4VSc.

Age Composition of Reported Landings
Sampling of the 4VsW cod stock complex was again quite extensive in
1982 and good coverage of the major sectors of the fleet was achieved
{Table 5). A total of 73 samples were processed in time for the May
meeting of the CAFSAC Groundfish Subcommittee. Of these, the only handline
sample as well as seven other samples from which less than 20 otoliths had
been read were not included in our analysis. The 1981 catches at age were

also updated using the additional samples processed after the May 1982



Subcommittee meeting.

To generate age-length keys, the coefficients a and b of the equation
describing the weight-length relationship for the stock complex must be
provided. These coefficients are estimated from the results of the summer
groundfish research surveys and are available either for 4Vs and 4W
separately or for 4VsW combined. A1l the 1982 and seven of the 1981 keys
were calculated from some combination of samples of catches taken in 4Vs
and/or 4W. For these keys, the coefficients for the combined areas were
used (Table 6). The four remaining keys for 1981 were calculated with the
4W parameters since they were associated only with 4W catches. These keys
were used to determine the age composition of 98 and 99% of the non-USSR
catch for 1981 and 1982 respectively. The resulting values were bumped up
to 100%.

The cod catches at age in the USSR silver hake fishery were calculated
as in Maguire et al. (MS 1982) from length frequencies collected by the
International Observer Program and age-length keys from the summer research
surveys in 4W. We recalculated the 1980 and 1981 values using the most
recent catch statistics available (Table 7). The USSR catches at age were
then added to the others to obtain the final matrix presented in Table 8.

The weights at age, shown in Table 9, were calculated without the data
from the USSR catches. The age composition of the commercial catch in
weight is presented in Table 10.

As in 1981, the 1977 year-class was the most important in the catch,
representing 36% of the total in number. Its contribution in weight went
from 20% in 1981 (second) to 28% in 1982 (first). In both years, the 1975

to 1978 year-classes together accounted for over 80% of the catch in number



while the ages 4 to 8 provided more than 80% of the catch biomass.

Stock Size Indices

Groundfish Research Surveys

From 1970 to 1981 the groundfish research surveys on the Scotian Shelf

were conducted by the A.T. Cameron using a Yankee 36 bottom trawl with a

0.6 cm liner over the codend. In 1982, the Cameron was replaced by the

Lady Hammond fishing with a newer Western IIA trawl equipped with a 1.9 ¢m

codend liner. Comparative fishing experiments were carried out with the
two vessels between 1979 and 1981. A preliminary analysis of the results
(Koeller and Smith MS in prep.) was presented at the May meeting of the
CAFSAC Groundfish Subcommittee. The indications were that the catch ratio

(Hammond:Cameron) for cod was generally close to one which suggested that

the Hammond data needed not to be adjusted to produce a consistent time
series.

We compare in Figure 2 the catches at age of cod in 4VsW by both
vessels. Although two of the four graphs show higher catches of younger

cod by the Lady Hammond, no consistent trend emerges. The results of a

much more detailed analysis are required before it can be established if
and how the two data sets can be properly merged together. Since such
results are not available yet, and in agreement with the indications from
the preliminary analysis of Koeller and Smith (MS in prep.), we did not
apply any correction factor to the survey data analysed here. We used the

A.T. Cameron data for the period 1970 to 1981 and the Lady Hammond data for

1982.

We show in Table 11 the average number of fish caught per set in each



stratum of 4Vs and 4W. Two sets in 1973, one in stratum 58 and one in 59,
and one set in 1982 in stratum 55 caught unusually large amounts of cod.
These very high catches resulted in a dramatic increase in the estimated 4W
population size in both years (Table 12). Because these estimates are
unrealistically high when compared to the other years, the data must be
adjusted. One way of doing it is to remove the unusually high catches from
the calculations (Tables 13 and 14). However, to take out these high
numbers is to ignore that very high concentrations of fish were actually
present in the survey area. It is therefore more apprppriate to winsorise
these high values i.e. to replace them with the next highest catch within
the same stratum. Doing this resulted in a marginal increase in the
population estimate for 1973 but in an important one for 1982 (Tables 13
and 14). The data sets with the winsorised values are used in the
following analysis.

The survey biomass estimate (Figure 3) increased from 37,000 t in 1975
to 115,000 t in 1978. It has since remained fairly stable around 110,000
t. Between 1973 and 1977, the cod biomasses in 4Vs and 4W were similar.
The large difference observed in 1978 is 1ikely to result from some
undetermined sampling problems because it is inconsistent with either the
preceeding or the following trends. Since 1980, the biomass has remained
higher in 4Vs than in 4W which is in agreement with the recent distribution
of the commercial catch locations.

Figure 4 suggests that the number of young fish has been increasing
recently while the abundance of age 3 fish and older has remained fairly
stable. Although the introduction in 1982 of a new survey vessel fishing

with a different trawl complicates the analysis, it appears that good year-



classes are presently recruiting to the 4VsW cod stock complex. Indeed,
Tables 14c and 15 indicate that the 1978, 1979, and especially the 1980
year-classes are at least average if not strong year-classes.

Commercial Catch Per Unit of Effort

The multiplicative catch rate standardisation model (Gavaris, 1980}
was used to generate a commercial catch rate series. Data from Spanish
pair trawlers, T.C. 4 and 5, Canadian (Maritime based) longliners, T.C. 2-4
{combined), side otter trawlers T.C. 4, and stern otter trawlers T.C. 5
were used for the years 1968 to 1982. Semi-annual values of total catch
and tétal effort were entered as observations. The data for Spanish
vessels were the same as used by Maguire et al. (MS 1982) which were taken
from NAFO Statistical Bulletins. The Canadian data were obtained from
summary files produced by the Marine Fish Division from Canadian landings
statistics tapes. The Canadian stern trawlers T.C. 5 in 1968 were used as
the reference.

The resulting standardised catch rate is presented in Figure 5. We
compare it to the original commercial catch rates used as input to the
multiplicative model in Figure 6. The general trends followed by the
individual catch rates are well reflected by our standard which therefore
appears to be a good index of the commercial fleet fortunes over that
period of time. From 0.8 t.n-1 in 1969, the standard dropped to 0.5
t.h‘l in 1975 and 1976 {Figure 5). It then increased rapidly to reach
a maximum of 1.3 t.h~l in 1979. It has since remained quite stable
around 1.1 t.h'l. In Figure 7 we compare our standardised catch rate
to that of Maguire et al. (MS 1982). The two series are in close agreement

except between 1980 and 1981 when the new series shows a decrease rather



than an increase. There are two major causes responsible for the observed
dif?erences; an error in the catch statistics generated by the Marine Fish
Division was detected and corrected in 1983 (Branton and Charlton 1983
unpubl. manuscript). The Canadian statistics that we used were therefore
different than those available to Maguire et al. (MS 1982). The second
reason is that we used semi-annual observations rather than monthly ones as
did Maguire et al.. These differences also explain why unlike last year's
standardised catch rate, the new one does not closely parallel the annual

variations followed by the research survey biomass estimates (Figure 8).

Estimation of Stock Size

We followed as closely as possible the procedure of Maguire et al. (MS
1982) to estimate the size of the 4VsW cod stock complex. However, we used
fishable biomass as a calibration variable rather than total population
biomass as the former is more directly related to commercial catch rates.
Terminal F

Initial Cohort runs (Pope 1972) were carried out with a variety of
terminal F values ranging from 0.150 to 0.350 in 0.025 increments and using
the partial recruitment vector determined by Maguire 33_31. (MS 1982).
Starting F for the oldest age (age 16) was set at 0.250 and iterations were
continued until the difference between F at age 16 and the average F for
the fully recruited ages 7 to 10 was 0.001 or less. Beginning-of-year
fishable biomass and mid-year population numbers were then calculated and
used to calibrate the Cohort estimates against the standardised commercial
catch rate and the summer research survey population estimate respectively.

The partial-recruitment matrix required to calculate the fishable biomass
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was obtained as follows: the F matrix was divided by the weighted-mean of
the F values for ages 5 to 16. All numbers greater than 1.0 in the
resulting array were replaced by 1.0.-

We summarise in Table 16 the results of the regression analyses
between the fishable biomass estimates and the standardised commercial
catch rate. The criteria used to select the best relationship were the
coefficient of determination, the intercept and the ratio between the
predicted and the Cohort values for 1981 and 1982. F values between 0.150
and 0.225 yield the highest rz values but the associated intercepts are
very different from zero. The intercept closest to zero is obtained at F =
0.250 and the differences between the predicted and the Cohort values are
also smaller at that F level than at the lower ones. These differences
keep decreasing as the value of F increases but at the same time, re also
decreases and the intercept becomes increasingly larger than zero. It
therefore appears that the best relationship between fishable biomass and
the standardised commercial catch rate is obtained with a terminal F value
of 0.250 (Figure 9).

A similar calibration procedure was attempted between the mid-year 5+
Cohort numbers and the summer survey 5+ population estimates. It suggested
higher terminal F values around 0.300 or 0.325 but the relationships
obtained were not as good and harder to discriminate among than those with
the commercial catch rate. Because of these differences and of the
uncertainty around the 1982 survey estimate, it was decided not to use the
survey data to calibrate the Cohort analysis. The results of these runs

are nevertheless presented in Appendix 1 for reference purposes.
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Partial Recruitment

A) AGE 4

Using the new results of the commercial catch rate standardisation, we
recalculated the index of year-class size developed by Maguire et al. (MS
1982) by dividing the removals at age (Table 8) by the effort index of
Figure 5. Cohort runs were carried out with F, = 0.250 and Fy g
(fishing mortality at age 4 in 1982) at 0.100, 0.150, and 0.200. The
numbers at age 4 were then calibrated against the index of year-class size.
The intercepts could not be used to discriminate between the three
relationships as they were all similar and positive. We decided to replace
that criterion by a plot against time of the Cohort numbers and the
year-class index, each series being divided by the mean of its first 11
observations. The results of these calibration runs are presented in Table
17 and Figure 10. The r2 value and the proximity of the 1982 point to
the predicted line indicate that Fq g» = 0.150 and 0.200 give a better
relationship than Fq g2 = 0.100. The plots of the scaled variables
show that a better parallelism is achieved for the period 1980 to 1982 if
Fa,82 = 0.150. With Fy = 0.250 a partial recruitment value at age 4
of 0.600 is required to produce Fa,82 = 0.150. Since 0.600 is very
close to the value of 0.556 used by Maguire et al. (MS 1982), 0.556 was
kept for the current assessment.
B) AGES 1 70 3

We could not determine a proper index of year-class size for ages 1 to
3. The partial recruitment of these ages was therefore adjusted to produce
year-class sizes at age 1 approximately equal to the long term geometric
mean, 108 million fish. The final partial recruitment vector is shown on
Table 18. Tables 19 to 21 present the population number, the fishing

mortality and the population biomass matrices resulting from this
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analysis.

Yield-Per-Recruit Analysis and Catch Projections

The new partial recruitment vector and the 1982 commercial weights at
age (Table 22) were used to perform a Thompson-Bell yield-per-recruit
analysis. The results indicate that maximum yield per recruit would result
if F = 0.27 and that F 1 equals 0.16 (Table 23).

In agreement with the current trends in cod stock assessments for the
Northwest Atlantic however, a value of Fy 1 = 0.2 was used to project
the catch levels for 1984. Assuming, as did Maguire et al. (MS 1982), an
incoming year-class size at age 1 of 100 million fish, slightly below the
long term geometric mean of 108 million, and that the 1983 TAC of 64,000 t
will be caught, the projected Fp 1 catch for 1984 is 53,000 t (Table
24).

Discussion and Conclusion

The recovery of the 4VsW cod stock complex initiated in the mid-1970s
now appears to be finished; the research survey biomass estimate (Figure 3)
and the standardised commercial catch rate (Figure 5) indicate a fairly
stable situation for the last few years. The complex looks healthy with
several year-classes supporting the fishery (Tables 8 and 10) and good
recruitment prospects (Tables 14 and 15). Why then a reduction in the
proposed Fy 1 catch from 64,000 t in 1983 to 53,000 t 19842

Prior to the present assessment, an error was detected in the catch
statistics used to generate the catch rate required to calibrate the Cohort

population estimates. The corrected catch rate shows a decrease as opposed
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to an increase between 1980 and 1981 (Figure 7). As a result of this
error, fishing mortality on the fully recruited ages in 1981 was
underestimated by the previous assessment. The required correction
accounts for most of the 11,000 t difference. The remainder is due to
Tower weights at age in 1982 than in 1981.

The projected Fp 1 catch of 53,000 t {s based on the assumption
that the 1979 and 1980 year-classes are of average size., The limited
information currently available however, suggests that these year=-classes
may be better than average. If that were the case, a substantially higher
yield could be harvested from the stock complex. Total annual catches in
the order of 60,000 t can therefore be anticipated for a good part of the
1980s.
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Table 1.

4VsW cod nominal catches by country and NAFO Divisions.

YEAR CANADA FRANCE PORTUGAL SPAIN USSR OTHERS TOTAL DIV. 4Vs DIV. 4W TAC

1958 17938 4577 1095 14857 - 124 38591 23790 14801 -
1959 20069 16378 8384 19999 - 1196 66026 47063 18963 -
1960 18389 1018 1720 29391 - 126 50645 27689 22956 -
1961 19697 3252 2321 40884 113 42 66309 34237 32072 -
1962 17579 2645 341 42146 2383 60 65154 26350 38804 -
1963 13144 72 617 44528 9505 307 68173 27566 40607 -
1964 14330 1010 - 39690 7133 1094 63257 25496 37761 -
1965 23104 536 88 39280 7856 124 70988 36713 34275 -
1966 17690 1494 - 43157 5473 356 68170 27163 41007 -
1967 18464 77 102 33934 1068 512 54157 26607 27550 -
1968 . 24888 225 - 50418 4865 29 80425 48781 31644 -
1969 14188 217 - 32305 2783 664 50157 22309 27848 -
1970 11818 420 296 41926 2521 446 574217 28632 28795 -
1971 17064 4 18 30864 4506 107 52563 24128 28435 -
1972 19987 495 856 28542 4646 7119 61645 36533 25112 -
1973 15929 922 849 30883 2918 2569 54070 23401 30669 60500
1974 10700 34 1464 27384 3096 1060 43739 19610 24130 60000
1975 9939 1867 546 15611 3042 1512 32517 11694 20823 60000
1976 9567 697 - 11090 1018 2035 24407 11553 12854 30000
1977 9890 68 - - 97 335 10390 2873 7517 7000
1978 24642 437 - 57 218 51 25405 10357 15048 7000}
1979 39219 18 - 2 683 108 40030 15393 24637 30000
19802 48821 17 5 5 338 66 49252 31378 17874 45000
19812 55180 - - - 630 35 55845 345903 21255 50000
1982 55675 - - - 45 34 55754 40112 15642 55600

1 By-catch only

2 Final Maritimes, preliminary Newfoundland

3 Canada only

-9[ -



Table 2. Division 4VsW cod: Canadian nominal catches by otter traw151 and other gear.

Division 4VS Division 4W Totals
Year Trawls Other Gear Trawls Other Gear Trawls Other Gear Tota]s4
19582 4258 2092 4892 5731 9150 7823 16973
1959 4181 1286 7294 7308 11475 8594 20069
1960 1924 750 10228 5488 12152 6238 18390
1961 1135 136 12895 5531 14030 5667 19697
1962 1495 93 11762 4229 13257 4322 17579
1963 1258 34 7779 4063 9037 4097 13134
1964 2059 41 7324 4906 9383 4947 14330
1965 7366 106 10293 5338 17659 5444 23103
1966 6375 156 6614 4545 12989 4701 17690
1967 6729 132 6463 5140 13192 5272 18464
1968 9501 ’ 66 8367 6954 17868 7020 24888
1969 3539 51 4424 6174 7963 6225 14188
1970 3054 22 3596 5146 6650 5168 11818
1971 5826 41 4745 6452 10571 6493 17064
1972 9856 119 4732 5280 14588 5399 19987
1973 6397 77 4723 4731 11120 4808 15928
1974 4640 60 1343 4658 5983 4718 10701
1975 1815 72 3556 4496 5371 4568 9939
1976 3496 301 934 4836 4430 5137 9567
1977 2751 54 1873 8212 4624 5266 9890
1978 9561 313 8037 6731 17598 7044 24642
1979 14853 524 13784 10058 28637 10582 39219
1980 28941 2437 6298 11145 35239 13582 48821
1981 30668 3922 8792 11798 39460 15720 55180
19823 32274 7838 6352 9211 38626 17049 56675

1 Total of OTBL, 0782, OTM, OTB, and BPT

2 Does not include catch reported only as 4V which is included in Table 1.

3 Final Maritimes, Preliminary Newfoundland.

4 Totals may differ from Table 1 due to rounding ervor.
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Otter trawlers
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Percent catch distribution of cod by year and area

for different gears in 4VsU.
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Table 4. Cod catch (t) by year and area in 4Vsy.

a) Otter trawlers

AREA | 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

4nx 7 R ¢ 0 1 44 3 2 g- 101 8 3 183 778 10t
4D 70 5% 44 248 479 A1 86 995 I79 944 292 741 385 221 130
4uE 350 140 139 383 745 477 243 344 159 230 2739 9013 2061 3782 ISe2
4WH | 1048 235 196 349 2764 204 7B gé 19 280 25t S31 1271 1020 403

16 94 129 44 174 386 I53

o 295 100 149 42 29 3 0 i 0 42 234 20 92 1075 45
4WF 3 32 0 ¢ & 0 1 0 9 7 § 706 311 431 581
406 12 0 1 8 2 9 9 ¢ 2 13 81 176 354 374 335
4ve 33 136 549 1 260 194 §73 P81 447 3473

!
}
|
4n ; 1062 770 477 184 46 38 32
!
I
l
!

5 94 404 3048 1397
0 2249 3183 1532 1526 970 18B0 1392 35349 11427 19397 23714 23412
TOTAL 8217 4480 2949 3821 SI77 297 2212 2802 3138 4076 9419 23580 28088 33578 32977
b) Longliners

!
ARER | 1948 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 (980 1981 1982

4wx 2 84 2 3 & & 3 17 281 21 %4 M4 &0 71 88
4¥D % 38 34 203 27 11 0 13 14 158 123 27 128 319 4
4WE 1 9 0 3% 3% & 49 40 112 228 271 A& 25 s 13
4wH 373 499 567 188 288 357 404 177 120 {33 283 1467 382 347 482

|
!
|
e % 244 43 29 27 14 B 82 A3 206 232 349 1200 340 3B 477
|
I
!
!

And 1 118 0 0 27 &0 210 143 413 301 386 729 462 515
4wF 0 3 7 0B X 8 0 0 g X & ¥ 15 S 1
496 S 4 2 3 20 4 1 1 2 4 11 2 29 181 248
4v3 3 0 ] 0 3 Q 0 0 0 20 102 19 419 988 1343
qve 2 18 13 M 13 W31 M4 I8 29 184 290 1497 {890 35044

TOTAL 803 723 492 S33 815 305 4B0 737 S64 1262 1747 2397 4054 5130 8719

¢c) Seiners
UNIT |
RRER | 1948 1949 (970 1971 1972 1973 1974 1975 1976 1977 (978 1979 {980 1981 1982
48K | 9 3 ] 9 ] ] 0 9 ] L 2 0 118 108
4wD | ] 0 12 1 0 ¢ ¢ 0 0 25 7 9 4 10 41
AWE | i 2 2 4 3 3 0 0 3 10 733 3120 3080 1866 1028
4%H | 7 2 0 4 2 4 i 3 2 7 4 2 19 74 2%
] 49 4 4¢ 3 ] 8 ) ¢ 0 ¢ ] 10 0 ¢ 30
48J | ] 0 Q 3 ] g 0 ¢ ] 0 0 0 32 4
AWF | 0 g 0 ] ] 0 0 g 0 3 § 3 0 4 329
4¥G | 9 0 9 9 0 9 0 0 9 7 3 ? 1 ¢ 30
4ve | 18 3 i ] 4 1 ] 0 9 1 4 v 4 3%
¢ 0 % 0 0 0 2 86 0 0 1 15 M @ 1 2
TOTAL 73 i1 N i7 ? 12 i 3 7 38 822 1244 3425 2332 2345



Table 5!, ganadian commercial samples for

cod caught 1n 4Vs and 4W for 1979,

1980, 1981, and 19823,

Yearly total

Year Div. Gear Jan Feb Har Apr May Jun Jul Aug Sept Oct Nov Dec Total all gears
1979 4vs 0718-1 - - - 262/43 335/37 169/67 - - 6§12/103 616/9% 272741  2266/390
0718-2 - - - - 391740 - - - - 360/35 626/110 - 13717185
M 0TB-1 224745 - - - 1015/129 319/49 645/74 616/71 - 765/93 - - 35847461
078-2 - - - - 677/69 - - - - 265/39 9427108
SK4 - - - - 221/32 11641129 491/58 - - 187/107 26637326
tL - - - 360/51 219/50 8707153 8227129 570/70 306/42 - 278/62 223752  3648/611
LHp - - - - 225/34 - - - - - 225734
4Vs¥  OTB-1 - - - - 298738 - - - - - - 298738
018-2 - - - - 805796 - - 304/58 - - 11097154 1611272307
1980 4vs 07B-1 - - 33357238 666/101 - - 267745 338/38 - 17567274 283/34 - 6645/730
018-2 - 9567149 5797106 - - 213733 345/64 296/36 17357281 1691/316 - 68157985
0TB - - - - 200743 - - - - - - - 200743
4 018-1 - 333761 279/49 301/54 - 232/53 - 222738 - - - - 13677255
018-2 - 556/105 319/46 - - - - 154743 - - - 8713/91 16027285
SK4 - - - - - - - 6427104 - 254/36 - - B96/140
L - - ~ 255/56 - - 380/60 208/48 286/58 - - - 11297222
4¥sW  0TB-1 - - 301/59 - - - - - 309/42 - - 610/101
018-2 - - ~ - - - - - - - 259/58 355/56 614/114 1887872875
1981 4vs 07B-1 - - 983/139 - 352/44 481/70 21087334 310/46 - - - - 42347633
0718-2 - - 1411/209 6627124 - 315{67 10007137 - 233/41 8647162 - - 4485/740
Sy - - - - - 253724 ~ - - - - 253724
R - - - - - - 308764 - - - - - 308/64
4 01B-1  298/56 - 6077108 246/38 - - 246729 - - 193731 - - 15907262
org-2 - - 5677109 - - 233/37 - - - - - 800/146
SKu - - - - - - - - 228/28 505774 - - 71337102
tL - - - - - 430/51 611787 1022/177 - 345739 - - 2408/354
Lup - - - - - - 425/83 - - - - - 425/83
4¥sW  0TB-2 - 6297122 605/124 - - - - - - - - 12347246 16470/2654

-61-



Table 5.,(Continued)

Yearly total

Year Div. Gear Jan Feb Mar Apr May Jun Jut Aug Sept Oct Nov Dec Total all gears
1982 4¥s 018-1 - - 676/39 5637101 5787107 574772 - 248736 - - B40/176 - 34797531
018-2 -~ 13707209 1141788 845{138 958/142 820799 472710 - 312746 317/49 - 104870 7283/841
SNU - - - - 460756 - - - - - 460756
it - - - - 544/121 20947503 6847128 - 206/58 - - - 3528/810
AW org-1 - - - - - - 514/56 - - - - - 514/56
0TB-2 257/48 - - - 281731 - - 296721 - - - 834/106
SHY - - - - 1495/187 - - - - - - 14957187
L ~ - - 336/72 427718 1414/312 203/46 205738 1B6/47 - - - 271717593
LHP - - - - 121732 - - - - - - 121732
4VsW  0¥18-2 - - - 302/65 949/170 - 295747 272724 - ~ - - 1818/306 2230373518

2 The first number is

the number of fish

measured and the second, the number of fish aged.

-02-.
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Table 6. Data used to generate the age-length keys for 1981 and 1982.
Keys number 1, 2, 3, 4, and 8 for 1981 were updated while the
others remained as calculated by Maguire et al. (MS 1982). For
1981, some samples were used in two keys as described by Maguire
et al., but not for 1982.

Period No. of Coefficients
Key Gear Covered Samples a b area Catch
-1981 -
1 Otter trawls Jan.-March 15 012 2.937 4VsH 8782
2 Otter trawls  April-June 11 012 2.937 4ysW 9858
3 Otter trawls  July-Sept. 15 012 2.937 4VsW 4211
4 Otter trawls  QOct.-Dec. 21 012 2.937 4vsW 16644
5 Seines Sept.-Dec. 3 011 2.976 4w 1013
6 Seines Jan.-Aug. 4 011 2.976 4W 1586
7 Longlines July-Sept. 8 012 2.937 4VsW 4319
8 Longlines July-June 9 012 2,937 4vsW 5106
9 Longlines Oct.-Dec. 4 011 2.976 4u 1962
10 Handlines Jan.-Dec. 3 L11 2,976 4y 569
-1982-
1 Otter trawls’ Jan.-March 8 010 2.985 4VsW 13123
2 Otter trawls  April-dune 18 .010 2.985 4vsW 13197
3 Otter trawls. July-Sept. 9 010 2.985 4VsW 3168
4 Otter trawls  Qct.-Dec. 4 .010 2.985 4VsW 8905
5 Longlines Jan.-June 14 010 2.985 4VsW 6108
6 Longlines July-Dec. 6 010 2.985 4VsW 7595
7 Seines Jan.-Dec. 6 .010 2.985 4VsW 2796
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Table 7, 4VsW cod catch at age in the 1978-1982 USSR silver hake fishery.

YEAR
AGE 1978 1979 1980 1981 1982
1 28669 12344 31016 2996 4624
2 62548 45994 25245 62732 1389
3 151536 105752 83462 301853 11651
4 177662 213731 72590 280809 16255
5 27081 181317 91791 40672 10223
6 3162 42341 45250 24624 2734
7 1026 5085 16605 7924 1166
8 - 466 1070 1337 160
9 - 129 526 - 369
TOTAL 451654 607159 367555 722947 48571
NO. MEASURED 890 2504 6508 4730 1519
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Table. B .

JYSH COD) REMOVALS AT AGE, 7/ %/
| 1958 1959 1960 1941 1942 1943 1944 1965 1966 1957 1548 1989 1970 1971 1972 U973

g 9 o) ] 45 935 I730 2799 3083 2806 S48 495 1424 1293 M1 2383 1413

1
1113 9 9 283 S942 2I782 17955 19448 17891  42IT L4045 9097 2431 15213 (70I3 12142
31 2854 2499 7014 3447 5025 18949 14731 18721 17493 5047 17411 QiB4 9886 2537 14207 14631
§ 1 3534 9887 5119 9588 10335 12247 3930 12497 13973 7909 {7733 13724 14802 314k 133a1 S
S 2533 8811 4655 9340 4372 10916 (1779 534S 10577 9456 15433 10248 13473 39909 9441 7755
51 I72%  S490 4525 8475 7987 542 4494 4130 4461 4338 2297 5071 4537 H282 9780 182
71 1410 4384 2811 2885 2744 4875 7874 1135 I2TE 1467  T487 2144 1942 S140 43 200%
3| {ass 1447 1837 1882 /I 2iE3 2345 4477 1590 1239 Taes  T8p0 759 1349 ild I
91 2014 973 290 1212 486 346 1047 2127 855 s&4 318 737 23 4% 1B 11i6
101 8% 1101 133 19 428 134 312 1583 496 &7 Il 0 72 14 W3 3
11 543 Mg 2 147 189 2 14g 172 446 IS 120 9% 1y Lt 9 %9
124 e 3% 73 o8 75 50 7 7 TS S S SR - BE-7 S 4 2 1
31 58w { & &8 2% S0 % 1 5 o} 12 ERE - v/ 7
14 | 11 LI 3 5 4 0 s8 0 s 17 71212 3 %
15 1 1% n 9 0 5 ) 0 183 2 7 1 2 § st ! <
Bt 52 5 9 3 S| 7 i B U 3 317 i
141 19459 35134 29594 33825 44279 30803 7749 77384 74106 I7770 33444 SLIi9 55034 46320 72377 SROM4
24| {9450 IS134 20594 5787 33344 J7073 44950 74301 71300 34707 21040 49943 SITAL A4017 59989 Siéos
I 19321 19134 20594 IS499 37333 53291 14595 54413 SI409 32487 s3iod s0846 35130 4@790 SDOSL 1ddad
44 14447 32835 20578 32056 313T7 36342 32264 ITOLZ 3T914 28120 a7891 3312 18244 34207 28074 29m93
zq gﬁggwm 16460 22468 21022 74075 2334 23414 21943 18231 29908 19433 21442 27071 28443 22075
+ 134

1327 443 a1t M0 M3 I 1066 1455 1489
EER AN -V B {- B B £ VN S B X S !
WY &0 49 IS 80 23 88 126 201

15 157 2 @ % 0 47 8143
1% 107 55 e SRR S B
53 S i A T
3 9 i3 9 g { i
) 9 12 4 3 4 I
oot 17 2 9 3 &

PPN

£ LI B Ld B D 44 €D ~OUO d O K18 e Cad 13 r
P A - . PO 4



Table 9,

4VSH CDD; WEIBHTS AT AGE

1958 1939 1960 1961 1962 1963 (%44 1 1966 1967 1968 1969 1970 1971

&

058 0,058 0.058 0,058 0.058 0.058 0.038 0,020 0.020 0.020 0.020 0.020 ¢.010
276 0,276 0,278 0,276 0,276 0. 276 0.276 0,130 0.160 0,150 0.140 0.130 0.110
365 0,383 0,385 0,365 0,363 0,565 0.368 0,450 0,470 0,430 0,420 0,450 0.320
943 0,943 0,943 0,943 0,943 0,943 0,943 0.900 0.960 0.870 0.850 0,910 0.440
485 1,465 1,485 1,465 1,465 1,485  1.465 1,490 1,590 1,440 1,410 1.500 1,070
097 2,097 2,097 2,097 2,097 2,097 2.497 2,180 2,330 2,100 2,070 2,190 1,580
827 287 2,877 2,827 2.827 2827 2827 2,940 1,130 2,820 2.780 2,940 2,090
871 30871 34671 34671 34871 3871 3671 3720 3.960 3.570 3,520 3.730 2,650
4,335 4,335 433F 433 4TSS

. . 4,500 4,790 4,330 4,260 4,510 3.210
2263 50253 5.263 50263 5,263 5.283  5.243 3.270 5.610 S5.060 4.990 35.280 3.750
5,936 5.956 5,956 5.996 5,936 5.9%6  3.936 8,000 6,390 5,770 5.680 6.020 4.280
6,845 6,045 4,843 46,843 46,845 6,843  6.840 6:690 7,120 4,430 6,340 6,710 4770
7,500 7,500 7,500 7.500 7.500 7.%0¢ 7,300 7:340 7.810 7.050 4.950 7,380 95,230
8.000 8,000 8,000 8,000 8,000 B.000 B,000 7,930 8,440 7.620 7,510 7.950 35.630
9,025 9,025 9,025 9.025 9.025 9.025 9.025 8,020 84490 4.040
10,014 10,014 10.014 10,014 10,014 10.014 10,014

8.480 8.980 46,380
1974 1975 1976 1977 1978 1979

0,080 0.130 0,100 0.100 0,100 0.200 0,000 0.000 0.000 0,000
0,220 0,330 0.270 0,280 0.280 0,620 0,330 0:370 0,816 0.376
0,450 0,820 0.530 0,570 0.810 0,930 0.760 0.800 0.833 0.743
0,790 1,020 0.890 0.940 1.090 1.230 1.060 1,150 1,139 1.045
1,210 1,330 1.340 1,460 1.470 1.480 1,700 1,400 1.493 1,377
1,720 2,130 1,870 2,030 2,380 2,470 2.3%0 2,210 2.133 2,389
2:280 2,820 2.470 2,480 T.470 3,610 3,130 3,080 2,945 2,708

34580 3,120 3.350 4.3B0 5.230 3,710 4,310 3.941  3.69%5
3,540 4,410 3 810 4,070 4,140 3,370 4,770 5,250 5.498 35,019
4,220 5.280 4,330 4.800 5.330 4.540 4,840 6,520 7.183  7.0F7
4,900  6.190 5,270 5,550 4,830 7,920 7,960 7,360 7.473 8796
5:5%0 7,130 46,010 4,290 4,910 9.210  9.410 10.1%0 9.281 9.107
6.280 8.090 4,760 7.020 7,140 10,400 10.630 7.920 11.848 11,397
6,960 9,030 7,510 7.740 8,590 9.750 10,030 8,130 8.454 10,914
7,620 10,010 8.240 8,430 10,600 8.680 11.430 14,40 9.836 12.3514
8,270 10,760 8,980 9.100 14,940 12,210 12,510 14,030 14.107 13.878
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Table

10.

4¥YSM COD§ CATCH RIDMASS (T

1983
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Table 11.

4VS COD} AVERAGE MUNBER PER SKT PER STRATUN IN RV, SURVEYS &/ /83
I 19720 {1 1972 1973 1974 1975 1978 1977 1978 199 1980 1981 1992

31 20,37 831 12,88 %4 393 1410 117 289 403 12,32 38.47 39.02  19.83
44| 2072 110,85 123,97 20,29 13.43 6036 14:21 46,69 18,79 25.28 23.76 82.59 44,70
451 0,85 81,84 7.1 25,98 2,05 2,75 382 17,95 3.3 34l 4016 27,08 43.43
1 1,50 350 292 078 1.1 1,08 3.8 0.31 0,00 1,90 5.90 12,35 23.98
471 K15 1,89 29,99 8,03 20,45 64,06 69,61 SA94 21,49 S2.91 75,22 118,88 222,40
B B2 T4 452 1272 A3 32T 12,55 SL2 37,89 50046 6ok 13,29 48,53
491 59,68 287 049 13,13 0,39 073 4483 0,32 0,00 7.1 1847 0,00 14,38
SO 1 1.09 1,52 338 1477 .96 129 423 474 1341 2,86 0,00 1571 11,59
SLI 000 L7 244 0,55 0,92 7,40 0,55 0,00 0,00 5.83 1,03 4,08 10.87
S21 0,00 1,52 1,84 0,38 72,36 17.01 9,04 3.83 1,94 13.07 0.7 8.8 9.14
4% COD§ AVERAGE NUMBER PER SET PER STRATUN IM RV, SURVEYS &/ 5/83
| 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
ST 0,00 0:00 0,00 0,00 0,00 0.00 0,00 0,00 0,32 0,00 0,00 2.7
541 0,00 0.0 5.8 213 073 082 10,50 2.5 0.5 1413 451 1,27
51 4l 895 270 24,25 13544 3831 2,50 ALER 45,69 67,53 35.10 55043 ‘1964.67
S5 1 15.94 17,34 15,82 42,64 18.08 26,50 8.4l 53.30 18.48 190.23 27.81 9842
571 1,52 102 L3 20,07 17847 L4 0,00 2,39 459,53 0,00 99.30 0.5
58] 20,20 18.88 105.00 281,08 10.54 45,21 37,54 100,55 61,54 43,13 186,90 42,74
591 11,34 54,49  3.40 34064 11,06 7,50 39,15 18,70 978 (3.2 1,08 1%.15
801 403 175 0,00 1S4 0,00 1,25 0,49 0,00 1.9 0,00 1.1 0,49
B 0.0 0,00 000 0,00 0,00 0,00 00 0,00 1.5 0,00 0,00 0.00
20 8 LB 292 0,00 024 242 356 0.5 0,00 073 0.1 0,00
G 1 (343 13,60 18,69 12,59 4228 1432 423 4335 2B 175 266 43S
841 L9 526  8.84 89,18 47,35 20,61 20,13 143 2806 3.5 202 1339
851 392 30l 019 012 1,86 147 588 0 7,29 10,05 2,06 0,29
881 0,00 0,00 0,00 0,00 0.28 0,00 0,00 0,00 0,00 0.0 0.5 0,00
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Table 12. Research survey population estimates (000's).

l el ned

‘ a) 4vs, 13/10/93
L1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
6f o ¢ ©0 0 0 o 0 0 0 0 o o 0
10 12 0 181 30 1277 171 185 48 200 89 414 T 72
31 11995 1438 5189 4317 3450 2989 5735 4365 3137 3107 1415 935 21216
$1 75 30138 9550 6266 3503 4881 44A3 14393 6964 4152 4150 11568 51602
31 SIA2 4448 20774 3240 1151 2575 2104 8030 5418 6526 4811 23083 11178
S| 2730 12129 43635 4835 1112 1805 2019 6014 1151 6218 11017 934k 4920
S 547 242 1458 W6 09 280 2 532 8705
71 260 1541 736 151 649 294 523 {08 1A74 730 2539 345
BI 278 1062 513 262 340 235 1308 404 47 848 955 933 1719
$1 % 70 X ¥m i %5 M & %7 W I
01 2 7 1m0 ks T e S0 2w 83 s s@ a9
11 209 1% 43 0 81 0 45 3 ¥ 2%
21 ¢ o o o 0 o 0 0 0 5 0 7 o
0+l 2MZ3 5044 ST149 20451 12890 16078 19564 36907 17417 78410 34226 42579 74386
1+ 2M473 54044 57149 20451 12390 14078 19564 34907 17617 IBA10 A28 52579 74386
24| 24261 54044 S6TSB 20091 11413 15907 19379 34426 17417 28121 IAL12 62249 74014
3ol 12069 54406 51799 15774 8143 12918 13643 12061 14280 7S014 32697 S3v4 S2798
I+l 10050 DA268 42289 9508 A4e0 4037 7000 17663 7314 18862 38547 42356 31196
Se| 4908 (9800 19475 4268 3509 JAe2 4896 9438 1398 12335 53736 19973, 30618
B) 4¥; HOY CORREUTED FOR UNUSUALLY HIGH CATCHES, 13/10/83
| 1570 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
01 0 0 0 e o 0 0 0 174 1017 S0 74 ?
9 4029 15768 3897 1201 2057 327 2833 24 576 4259 228
1 M R NE ildae 29511 a3 630 STE0 9938 705 o9 AMS 20810
$1 331 o526 T3 9899 15743 A119 9aSS 11979 24281 9B92 1433  734B 167290
3| e 59 1742 54708 4472 IS96 8083 9029 285B7 10049 5449 7670 54798
1O M D7 e wS UM @ gm0 sy G 7 T
61 M I W wA W OM O3 | % g fzﬁf zgi; 1223 igg
s M3 4 &% 173 0 o0 m 18 1t
31 W8 MY ol w4 B om0 o 24 14 ! {129
w1 2 % ‘% s 3 o o0 0 5 o 0o 48 0
1“0 1w o 6 2% o ® 0 0o 0 0 &8 0
21 14 S 0 o 59 & o e ™ o 0 0 0

| 242 2483 35717 20137 13845 36149 78179 48448 3BSBZ 32547 479729
?Ia gggg 23%% %2;33 %%2?}83 55717 20137 33BAS 18149 78204 47431 IBS32 32473 439220
24| 12772 72742 10720 294915 SIB20 18936 31788 G822 75371 46507 37956 18214 436957
BOE R GRSl o e el

79733 4568
§i} ;5’;%3 1%%%% %?22 23045 2094 1798 5920 9034 12575 19041 1252¢ 8731 10059
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Table 13. Research survey population estimates (00Q's).
A) 4W; UNUSUALLY HIGH CATCHES OF {973 AD {982 RENOVED, 13/10/83
| 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
rrrrrerErErErErYT
3 3332 2 4485 4@ 2511 EFbe] 5%33 s%o 3% 7%%5 s G 1§38
31 3031 9526 2331 0 7495 15743 &i19 9455 11979 24281 9892 (4338 7368 12052
41 2572 IS99 1762 7S50 M7 3596 9083 9029 78587 10049 S449 7570 S709
S| 1012 3474 1447 1963 905 1154 4402 5339 9310 11857 4348 2711 2543
51 8L 1S4 40 187  SB& 210 918 201 30 SeB7 373 3 T
71 755 1199 80 24 21 M3 342 558 781 (22 2074 1865 402
8] 188 M3 3 44 17 0 0 T4 18 141 7 &0 135
91 79 Se8 241 70 &5 148 0 0 M 114 78 1 107
01 27 0 ¢ 24 115 ¢ o0 & 53 o o &8 0
M1 "0 1 ¢ "o & 0 W/ 0 o 0 o & 0
21 11 58 0 0 5% 48 8 & 0 9 0 0 0
0+l 14038 24781 16749 24564 55697 20137 3I3845 36149 78319 48448 38582 32547 33490
14 14038 24281 16749 24564 55497 20137 33845 34149 7B14S 47431 38532 32473 ISé6l
212772 23747 10720 22629 51800 14935 31788 ISB22 75292 46507 I7956 28214 33545
Iei 8324 16700 4235 18147 20789 11513 23458 10042 45344 39002 32307 23749 21891
4+ 5295 {1174 3904 10672 4546 5394 14003 19063 41083 29110 17969 1sd01 9439
SHo 2723 7413 2142 3122 2074 1798 S920 9034 12496 19041 12520 8731 3930
B) AW UNUSUALLY HIGH CATOHES OF {977 MWD {982 WINSORISED, 13/10/83
|1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 {981 1982
01 0 o 37 0 06 0 0 174 1017 S0 4 9
1] 1316 1539 4029 848y 3897 3201 2057 327 2833 92 576 4259 2072
21 4396 4042 4485 9455 29511 5423 8330 780 9928 7S0S  Sh49 4445 15830
31 3031 SI26 2331 4447 15743 M1 4SS 11979 24281 982 14338 738 17073
A EEEEEELE RSN
31O O MEONE I U W R B N OB S Mu
71 755 1199 80 2% 24 MR 32 SB 781 1272 274 1885 i)
g1 188 A3 M4 155 13 0 0 T4 118 181 M7 420 140
91 79 548 241 2H &5 148 0 o0 24 114 78 141 102
101 27 0 0 186 115 0 0 0 53 9 0 &8 0
it o0 13 0 “1é6 20 ¢ B 0 0 0 0 48 9
21 1 s 0 102 9 48 0 &2 0 0 0 0
0+ 14038 20291 14749 25099 55717 20137 33BAS 34149 79373 48448 39532 32547 48998
14] 14038 24281 18749 22792 55717 20137 33845 36149 78204 47431 18532 32473 46989
240 12772 22742 10720 14293 51820 14935 31788 35822 75371 44507 37956 28214 44917
T+ B35 16700 6235 4838 22309 11513 734SE 30047 45443 39002 32307 23749 28087
Wi 5295 11174 1904 191 6566 5394 14003 18043 41142 29110 17989 14401 (1014
SH 2723 7615 2142 TIAI3 2094 1798 V20 9034 12575 {90A1 12520 673% 4174
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Table 14. Research survey population estimates (000's).

3) 4VSH§ NOT CORRECTED DR UNUSUALLY MIGH CATCHES, 3711733
107 rd 197" 107 1‘3"& 1078 199¢ 4377 1079 k37 dnded <324 109 12€N
27 1971 } S 4 19073 el aslae ol 7.0 aiiw 2107 LT0w - Pt
0 0} ] D) { 3 2 2 174 1917
i 1479 1539 5210 15139 174 32 2292 508 03T 1213
2 *5328 7480 %474 1””733 ;2251 2412 }4066 101435 13§65 81
3 S200 ISE64 11381 10494T 19244 13000 15089 24372 11245 1304l
4 7714 3027 Z1S3& 9948 S423 A171 18137 L7ASR 4208 1i%9%
3 3792 13803 3812 22804 2017 C95® el 11353 9441 LEQ7S
8 1228 775 3999 1870 2244 375 1254 4397 490 9053
7 1532 343 132t 2997 372 3467 856 1031 389 21493
g 468 1475 547 201 44 23 1308 278 135 1009
9 104 338 - 49S 131 224 433 ] 244 70 411
10 249 70 153 314 151 23 929 9 79 3;
i1 207 137 9 185 53 D) 3 151 9 ™
i2 101 3 0 0 39 48 b 82 79 S
0t IB44L 9032° 73018 333134 58207 4215 TI409 7308& 959935 71858
1+#) IB4&1 90135 73918 333134 18807 E215 S2409 TI0SE 99321 TEd4e
2+ 38983 iE/Ja 57778 a:;906 43 UE 32843 S1187 72048 92732 7448
20595 21108 SBOIA 194225 30472 4431 IPAAL 52103 90T L4943
15343 3544C 38133 9924t 1&329 11431 21003 5751 48473 47972
7831 741S 1441 29317 E803 5230 10815 18677 14271 11IN7
3) 4VSH; UNUSURLLY HIGH CATTHES GF 1973 &ND {9§D SEMOVED, 4711732
1970 1971 1972 1973 1974 1975 197& 1977 1978 1979 1980 is8! 1382
0 9 b 0 0 b 0 ! 9 174 817 0 24 2
i 1479 1839 5230 229%  sSi74 3377 242 08 3033 124 190 4789 432
21 15388 7iB0 2474 3779 GZSAL S41T 14084 19148 12045 108312 D&Y 12770 IGGS%
3 S250 35834 11881 {3781 19245 13000 15099 2472 T124T 1044 13488 19978 IIiTY
4 7 8027 Ii536 10790 T42T  s17Y 10197 17059 34205 14S§S 19230 IpUSc 14897
3 3742 10803 812 4799 2017 298¢ 3601 1i3ST P44l 18075 17%:R 1208 2488
§ 1228 5775 z98¢ 27 224 75 1254 4BFI 3490 05T 12099 ST 7429
7 1832 I45% 1428 79 72 367 &5 1084 889 2895 4774 344 1347
3 466 1475 547 575 463 235 1308 379 189 1009 1302 1333 1954
9 104 438 49% 7 24 43 ) 244 20 a4l 138 o33 94
10 249 70 153 274 13 39 0 7 33 23 35 319
- - - d - -~
1 209 137 90 158 43 ? Kt:) 1581 2 45 3 183 238
12 101 <8 9 3 50 : 0 42 79 3 0] 74 o
39451 320225 73913 JTIS 58807 38215 IIAL9 TILT4 FOIIT TABTR OTIEN9 PELZL LDV
12481 20325 73213 4501T 58407 3S2:T 33409 TI0SS 9SB2L TSE4l 7S NIl
T49BT 78798 57708 42720 52433 32947 1147 72238 92788 48T 7042 FGéél
A 3 feets IS (Hoce soebs TeRLe
20595 71106 T90I4 13741 30472 24411 17101 42103 VAT 3401f £3004 TTEOD
15345 I0442 44153 20130 11228 11431 003 ISTIL 48473 47977 48315 337TT
7631 27415 14417 7370 SE03 5240 10818 18872 14273 GiI77 GAITS Z3004
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Table 14. (Cont'd)

Cy 4YSW} UMUSUALLY HIGH DATTHES OF 1977 OHD 1997 WIMSORISED, 4711792

Poo1970 1971 1972 1973 1974 1973 1978 1977 1979 197%  1%¢¢ (%@L 9|2
g1 J] 9 ¢ 2217 V) 2 0 9 174 1017 30 74 ?
L1 1478 1339 4210 3849 S174 1572 2242 208 3033 1213 430 4389 244
20 15388 7430 9474 13772 2941 3412 14066 10143 1304 10412 7084 12778 40044
I0 2200 35434 L1591 10913 19248 {3000 15098 28377 31243 15044 18483 13935 3347S
¢ 1 7714 3027 31534 4844 S82T 4171 10187 17059 34Z0% 18593 10240 3Q7I 0 18013
S 13742 12803 SB12 4Sd 2017 2939 4AdLl 11333 9441 180T 17385 12087 248t
51 1228 5775 5989 %81 2244 475 1244 4893 J490 9033 (2099 570 T4
70 1832 3459 1821 765 372 367 436 1081 289  24%§F 4794 4404 315
31 466 1475 47 107 483 233 1iG8 7§ i8S 0% 130T 138 1857
20 104 438 493 28 24 43 0 244 g i ;38 338 84
01 249 70 153 186 14l 23 22 79 83 285 &30 419
S5 U s E A X 9 53 9 3 181 0 43 2 183 2%
21 101 8 102 39 58 0 2 79 3 0 74 9

3]

0

8 43250 4B807 Z6213 SI4Q9 73036 9CT93 74BC3 72908 Si2s 13334
< 718 43333 43407 38210 33409 73034 93821 7S84l 7T 0TI LI
2+ 38983 79798 57708 34184 514337 32841 S1147 72248 927S3 74628 72048 70443 120911
J+120595 71106 SBOZ4 20812 30472 24431 37101 62103 79727 44018 43004 77491 20283
d+1 15347 35442 44133 9499 11225 11431 21003 33731 48479 47972 4415 CEVCT 42210
S+ 7831 27413 14617 2835 3403 3280 10818 18672 14273 1377 I&ZSH 28004 4192
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Table 15. 4VsW cod; R.V, paopulation estimates ('000) from Lady
Hammond summer surveys. The age-length keys used to
generate the 1980 and 1981 estimates come from the
A.T. Cameron comparative surveys.

12/10/83
| 1980 1981 1982
-t o o e o s -
0 | 0 9
i 581 7518 2444
2 | 14783 15196 40046
3 | 44538 25472 38475
4 ] 16584 33830 18013
S 1 10704 10560 9681
61 5074 7219 7445
7 | 2434 3905 4136
8 1 450 1961 1859
$ 1 240 54 386
10 | 164 353 419
t 35 152 226
12 | 0 37 0
0+ 95767 106348 123384
1+4] 93747 106548 123375
2+] 95186 99030 120931
I+( 80403 83834 80185
4+] 33BET  $83I82 42210
S+ 19321 24732 23192



Table 16a. Results of calibration of fishable biomass against the standardised commercial catch rate.

COHORT

YEAR  STD. COMM, COHORT PRED. P/C  COHORT PRED. P/C PRED. P/C
CATCH RATE

1968 - .741 160488 156703  0.98 159971 143301 .90 159796 138829 .87
1969 .788 143966 171934  1.19 143685 154497 1.08 143531 148682 1.04
1970 .736 206454 155083  0.75 205893 142110 .69 205705 137780 .67
1971 .685 134488 138556  1.03 133903 129961 .97 133709 127088 .95
1972 .702 142995 144065 1.01 140819 134011 .95 140093 130652 .93
1973 .693 113932 141148  1.24 111454 131867 1.18 110629 128765 1.16
1974 .549 127875 94483  0.74 122801 97564 .79 121109 98576 .81
1975 .485 87333 73743 0.84 82034 82319 1.00 80267 85158 1.06
1976 .508 68987 81197  1.18 63419 87798 1.38 61569 89980 1.46
1977 611 79375 114575  1.44 70175 112333 1.60 67040 111574 1.66
1978 .914 149650 212766  1.42 133266 184511 1.39 127814 175098 1.37
1979  1.249 195609 321327  1.64 173042 264312 1.53 165537 245331 1.48
1980  1.109 247186 275958  1.12 209141 230962 1.10 196480 215980 1.10
1981  1.079 345322 266237  0.77 278154 223816 .81 255792 209690 .82
1982  1.165 438222 294106 0.67 335906 244302 .73 301834 227720 .75
r .79 .78 .17

re .62 .61 .59

Bo -83427 -33213 -16522

Ft 0.150 0.200 0.225

-z -


http:standardis.ed

Tabie 16b.

YEAR COHORT PRED. P/C  COHORT PRED. P/C COMORT PRED. P/C

1968 159655 135254 .85 159539 132332 .83 159441 129897 .82
1969 143407 144034 1,00 143305 140235 .98 143219 137071 .96
1970 205554 134320 .65 205430 131491 .64 205327 129134 .63
1971 133553 124791 .93 133427 122914 .92 133321 121349 .91
1972 139513 127967 .92 139039 125773 .91 138644 123944 .89
1973 109968 126286  1.15 109428 124259 1.14 108954 122570 1.13
1974 119755 99383 .83 118647 100043 .84 117724 100590 .85
1975 78852 87427  1.11 77695 89280 1.15 76730 90820  1.18
1976 60092 91724  1.53 58886 93148 1.58 57883 94331  1.63
1977 64533 110966  1.72 62484 110470 1.77 60778 110053  1.81
1978 123457 167574  1.36 119897 161425 1.35 116935 156304  1.34
1979 . 159542 230161  1.44 154644 217761 1.41 150569 207440  1.38
1980 186364 204005  1.10 178097 194218 1.09 171218 186070  1.09
1981 237918 198400 .83 223308 189173 .85 211147 181491 .86
1982 274597 214467 .78 252331 203635 .81 233792 194618 .83
r .76 74 .71

re .57 .54 .51

Bo -3183 7718 16788

Ft 0.250 0.275 0.300

- £t -



Table 16¢c.

YEAR COHORT PRED. P/C  COHORT PRED. P/C

1968 159358 127832 .80 159287 126061 .79
1969 143147 134391 .94 143085 132094 .92
1970 205239 127134 .62 205164 125419 .61
1971 133232 120016 .90 133155 118873 .89
1972 138311 122389 .89 138025 121055 .88
1973 108550 121133 1.12 108204 119900 1.11
1974 116943 101037 .86 116274 101416 .87
1975 75905 92105  1.21 75172 93201 1.24
1976 56957 95315  1.67 56164 96153 1.71
1977 59336 109689  1.85 58101 109374 1.88
1978 114432 151974  1.33 112290 148267 1.32
1979 147127 198725  1.35 144182 191268 1.33
1980 165406 179188  1.08 160432 173297 1.08
1981 200869 175001 .87 192070 169447 .88
1982 218121 187003 .86 204704 180486 .88
r .69 .66

rl .48 .44

Bo 24421 30946

Ft 0.325 0.350

_bs -



Table 17. Results of the calibration of beginning-of-the-year numbers at age 4 against the standardised
CPUE at age 4.

CPUE at

Year age 4 COHORT Pred. P/C COHORT Pred. P/C COHORT Pred. P/C
1978 0.13 48996 44363 0.90 . 48996 42757 0.87 48996 41956 0.86
1979 0.19 49954 62787 1.26 49954 61063 1.22 49954 60203 1.20
1980 0.12 44031 39530 0.90 44031 37956 0.86 44031 37170 0.84
1981 0.19 70829 61579 0.87 70829 59863 0.84 70829 59006 0.83
1982  0.14 76267 46477 0.61 52061 44858 0.86 39972 44050 1.10
v 0.78 0.86 0.86

r2 0.60 0.74 0.74

Bo , 4796 3445 2770

F4,82 0.10 0.15 0.20

—98-



Table 18.
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Final partial recruitment vector.

Age

WO~ O F WD -

P.R.

0.0002
0.0020
0.1200
0.5560

b ok ik fock pouh ok o ek b ok ek ek
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Table 19,  4VsW cod population numbers (000's).

I 1958 1959 1960 1961 1982 1983 1964 1945 1966 1967 1948 1969 1970 197t
11 105349 94741 107781 93135 140315 190438 151974 1852222 147116 135859 92774 111200 97119 94425
21 92283 86249 77987  SB244 74229 114198 123903 121893 121840 113448 110734 73499 §°7‘3 78143
31 4BBAS 75430 70631 63507 71992 S7018 71979 93197 32001 BITES 108245 74145 TRI09 45674
41 38783 S3I793 59494  S1479 48879 53490 J1J45 45803 52814 S1308 42747 71230 55390 344622
S 1 23192 283EF 35993 43173 33472 30448 32894 17SBT 24008 30597 34779 IGI82 45900 J19%4
§ 1 17919 18496 15404 23447 24898 21639 15232 14109 9959 11740 18495 14329 19614 25208
71 3781 11300 7797 3519 13156 14884 12810 3222 7642 1790 586 2997 237 1495l
§1 4326 1280 5285 . 3Bl 4384 8288 7774 7887 3899 I3 1775 1905 2970 3349
91 4314 M5 1341 U7 141 1377 4811 445 405 1750 1590 L4417t 1S

101 175 1709 1020 838 1092 559 732 2991 1555 1194 sgz 563 32 43
111 949 sl 403 715 531 482 33 37 18 S S -7 S -7 S 5 P S -1
121 125 302 253 220 432 282 249 143 104 3 173 183 204 KX
131 56 30 20 139 100 302 184 182 14 54 129 119 99 117
14 1 45 ¢ 17 13 54 21 24 107 3 17 38 74 g6 73
15 | 83 27 0 0 10 45 17 183 8 k| 9 15 55 $0
16 1 134 43 ] ] ] 4 37 14 3 3 19 7 i1 42
1+] 363938 375041 382033 379965 419187 458594 454323 442869 476257 ASQ7I0 434425 I91IS0 371046 350590
2+ 258549 290301 275251 284810 278672 301136 302349 310547 08940 127871 341851 290150 273928 253943
341 1446286 194032 197484 199%44 202444 1898938 178444 188754 187101 198423 2I111g 204451 184174 17562
441 97440 118402 127053 135040 130432 131922 104467 101557 105100 104857 124870 120306 132065 109947
S+|  SBASB 44818 67957 33580 81577 73432 75123 57954 52786 SIS49 42193 50074 78876 751I%
54) 35465  Ia282  I1555 40405 48100 47784 42439 30372 2&DSB 32952 273N AIv94 30775 43389

! 1972 1973 1974 1975 1974 1977 1979 1979 1980 1984 1982
11 735794 47255 84483  9737&  9I515  B3L124 133717 0B 103204 (10834 110338
21 77019 59899 S37BL 47828 78103 75905  ABOSS 108499 38598 84470 90495
I OS0373 47008 389054 63BS 46503 80271 42124 35500 8€7IE 72401 4BS43
41 42384 28369 25022 19498 21207 14823 48994 49954 44011 70829 T8¢
51 20071 FA12 TA434 11488 13035 14003 27944 Zepiz 35331 {418 491l
§ 1 1B193 7491 9584 7004 5287 5494 10054 {8370 21865 22483 19139
71 11383 3950 2838 5428 1387 2147 370 4023 10633 12339 14013
31 5118 4190 2980 1449 2047 1483 1304 2343 1880 4055  739%

P 1049 2432 1598 1242 649 1139 1015 875 1382 2 3841
191 980 551 953 1017  S&7  38S 817 730 448 1007 145
11 ! U9 447 204 446 5 42 7 %6 577 450 710
12 | 12 95 1S4 227 173 304 195 479 430 U3
134 112 39 99 73 12 8% 92 24 155 369 3
141 7 5 17 81 2 9 LXS 31 180 i2 32
131 49 4 43 14 o8 19 4 43 41 145 99
15 ! 3 3 0 35 4 47 14 ] 35 300 1

141 302798 249479 2383186 24955 253884 279515 3I7080 IBOS24 399990 415297 422248

227004 130424 [S1904 152159 170369 196391 204383 280094 294784 304745 111912

Il 149985 {22979 99123 G4331 92266 120486 1S4108 171797 208136 220291 221417

99502 TEEI7 a004% 47944 45763 30215 HAI94 118217 119479 137897 15sh

S+ 57“°3 7189 J5047 29443 04556 OSI87  ASISR  Le262 TSI97 77064 74edd

&+ 157 24537 18613 (4943 12520 11383 17444 29450 40076 45446 47492
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Table 20. 4VsW cod; fishing mortality.

I9E8 IPE? 180 IFSL 1542 1943 1954 IFAT 1988 19i7

.
“43
v
£13

1949 1978 1

oiie

€ €11 o G2 0403 ~GILAD “of $os C 1Y Ko Cod 10 o>

Pdpspoh gy g

5,000 1.000 2,900 4001 0,007 0,027 0,021 0,623 0.01% 9,004 0,030 9,084 2,013 0,027 .43
2000 2,000 000 0004 2,090 0,282 0,175 %IR8 0,177 40030 0.A7T 2,047 S, U2 9,242
20047 0,037 9,188 0,062 2.097 0,398 0,286 0,279 9,229 9.387 4,000 0112 2,209 £.7I§
2,104 5,202 0,121 0,238 0,286 0,292 2,372 2,351 2,248 0,129 2,378 0,237 40350 2.IaE
2129 94417 0,239 0,277 £.218 9,300 9,308 2.409 0,304 0,413 2,237 0.387 hIFY 0.3E5
0,251 9,381 0,392 0,379 9.392 4,324 9,417 0.388 0,725 0,325 9,812 0,832 0,278 4.5%¢
0,389 0,550 0,308 0,469 0,252 9,447 0,238 0347 0.£38 0.ZI8 1.12F 0,307 0,422 {448
9,469 9,488 0.481 0,780 1.029 2,344 0.405 9,797 0,300 0,324 0813 0.44% 2,332 2,342
0735 0,378 0,273 0,693 0,746 9,336 2,273 0,307 9,499 0044 2,318 0,323 24L% 437
9,778 4,244 0,155 2,283 0881 9,307 0,637 0.379 9,435 0711 0,853 0,193 9,294 9,33
2988 0,758 0,407 0,208 0,437 0,342 2,846 0,914 1,287 9,370 0.357 2,301 94433 LL,42
9,747 2,817 0,395 0,385 9,203 0,219 5,34 1.i30 0,294 8,373 0,757 Q423 %241 0,48
2,397 0,706 0,057 0,740 1,334 0,100 9,333 1,197 0,582 0,328 5.331 0,147 0,104 Z.i42
2:3:34 0,192 5,175 9,242 2,000 9,000 2,200 2,408 0,000 9,399 J.iF4 9,107 .17 9.2C1
2192 2000 9,30¢ 0,341 0,515 2,000 2,000 4,982 2,330 0,289 9,137 4,158 2,082 2,244
0,388 9,747 0,355 0,549 04878 0,384 9,400 2,30 2,543 4,837 0,252 9,399 2,38 4.I82

1974 197 1978 1977 1978 1977 193¢ 1981 17€2

S Bl E D F > a2 QLT g UNCA B Cod T 20

G 4ot fnb gk b § e

PRI KDEI I ED 2D

20 0,521 2,009 0,000 0,001 0,000 9,000 9,000 9,000
9L 00177 0405F 2,000 0,002 2,001 2,302 0,005 2,000
449 0,340 0,089 0,007 0,013 9,033 0,025 2,059 2,030
vo7? 0.282 0,213 0,035 0.086 0.147 0,138 0,183 0,13

23 04575 2,584 0,131 9,205 2,331 9,232 0,294 9.250
379 0,827 9,761 0,195 0,312 0,347 0,372 2,272 0. 220
ASE 9,788 0.524 0,299 0,250 0,240 0,383 0,312 2,230
75 04817 9,375 5,177 2,199 0,192 9,382 2,309 9,250
3212 0,384 9,374 9,133 0,130 9,181 2,282 9,217 3.280

9,359 1,084 0,100 2,112 4,115 0,035 0,182 0,149 2,230
P 0,085 0,475 9,109 0,123 0.114 0,018 0,994 2,155 2,200
5.980  2.35% €,737 0,434 0,107 3.029 0,042 9,488 2.220

8,000 0,792 0.099 0,147 0,377 0,420 0.939 2,045 4,250
2,000 0,131 94173 0,478 0,172 9,021 0,005 0,018 9.2E1
3,000 1,200 0,819 0,123 3,079 0.000 0,117 9,046 9,220
0,380 0.808 0,374 0,181 0,174 0,142 5,735 0.247 2,230

v e e
T e
[P TR X 3. T R RN T O TN

B .
[ LR TRLE 2% TN Y L3N L0 Dby Y ENLF T 0% S euy N

.3

wa
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b CNETD K SO0 Kw LY e A SN

SAFC QIR CACHT Ko L
AR LD L B $
-

R e I TLY 6 W S IR S PRSI PR

ks ke

e R R R T P R T R DA P OO PR e
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http:O.0330.02

-39 -

Table 21. SPA nopulation biomass (t).
9/ 5/
| 1958 1959 1960 1941 1962 1983 1944 1945 1944 1947 1948 1949 1970 {91
11 8111  S495 4251 3403 8IS0 9017 8814 BRI 1346 2717 1855 2224 1942 984
21 X470 21810 21409 24355 21039 IiS19 34197 Tl442 (8276 24812 14610 10318 13443 8418
31 38899 42518 19908 INBBL 40475 12214 40448 4B1JE  J4700 39274 45585 31981 2449 21014
41 J6572 0718 56105 48545 493 29958 43003 47332 49256 SASI0 40940 0405 2218
S 1 W77 41833 52729 83282 49037 44928 47896 25759  IB782 48649 50081 49748 48BSO 14193
&1 37577 38012 32307 49148 SA405 45377 J1941 13781 20838 4 34439 298461 42954 3934
71 18286 31945 22043 24084 37192 42082 38213 23242 22449 11841 16036 14472 18136 24978
81 13879 11966 19400 14099 146022 30426 28547 28954 14488 11111 6338 5298 11078 8875
91 1869% 9606  SBIS 11590 4249 5535 20854 18402 10829 4382 4883 2742 W76 SA01
10 | 9244 9996 5387  A39® MY 944 3854 15743 BI73 4708 4209 2810 1430 1386
11 | 5749 936 2401 4254 TAT 730 2006 1890 100 D246 2271 2013 2503 816
121 58 2066 17 1504 3094 1932 1838 989 897 1836 2431 (121 1371 W3
131 423 176 150 1044 752 87 1393 1140 264 494 11 824 728 810
14 ] 380 0 13 123 434 14 19 895 298 142 284 571 486 411
151 971 243 ] 9 8% 403 152 1833 &7 277 73 1233 74 351
16 | 1310 428 2 ] kS 344 {38 23 4 143 34 97 289
1+1 248004 269047 265971 287705 294147 02035 290090 284158 229083 234847 243044 214738 2414460 170794
2¢1 241893 263552 289720 282302 285998 293018 28127% 277329 225737 233950 241208 214334 219518 149828
I 216422 239742 238311 257947 264959 251500 247079 243486 207461 212438 2245989 204214 226055 141210
44| 177525 197124 198405 222046 224283 B4 206410 199530 170560 1731462 178913 172235 202806 140194
SH 140953 146406 142300 173521 178190 178845 176852 152547 123028 123907 124323 111490 152202 118036
&+t 106974 104373 89571 110289 129153 133917 128934 124788 84246 75257 74241 41942 83351 93843
7+ 69399 49581 57284 41101 48 88540 97015 93007 43408 47904 19403 32280 40397 44519
| 1972 1973 1974 1975 1976 1977 1918 1979 1980 1981 1982
11 790 5380 10983 9738 9352 8312 24543 0 0 0 0
21 1388F 13178 17748 18313 21849 21233 42194 §7R05 30501  S034 S2144
It 22184 2115T 23594 19284 28507 48820 59018 42241 71007 50310 51148
41 R 2412 202 17383 033 379463 41246 52952  S0&35 80474 5BA22
S 28891 27360 25144 15391 17572 23385 44274 428B1 54514 53190 77571
&1 33836 13229 20432 13097 10734 12966 24834 43904 48321 47957 AS722
71 28156 15847 9002 13406 9009 6805 13394 18852 2749 34586 17999
g1 14064 17950 10447 4584 6924 4790 4B B&91 14722 23843 27341
71 4094 8481 7489 4733 2642 717 5673 4174 8321 12504 1B/
101 429 2326 5030 405 274 1945 5343 4990 4483 7212 10242
111 1241 2188 1264 2351 1305 1954 2115 4748 4381 45% 4248
121 2 493 478 923 147 847 2802 1836 4886 3980 2850
131 731 182 799 495 83 833 952 23N 123¢ 4380 1480
41 48 406 157 507 213 73 412 514 1460 1069 30%0
15 | 376 £ 4R 147 489 200 1§ 496 5% 1438 1243
16 1 23 32 ] 317 32 597 167 0 497 125 138
1+ 189078 151348 158141 125315 131237 (77364 298025 305843 352285 389180 397482
24 185289 145948 147158 115579 121886 149051 271482 105843 352285 189180 1397482
Il 171425 132790 129410 97264 100017 147798 229288 248359 301784 1337144 345368
& 149261 111837 105817 77980 73510 98979 170270 206118 230778 274834 294220
S+i 114930 89225 80294 40427  S3IS 61014 109025 153146 180142 194142 235798
&+ 89038 41B6S  S5IS1 45237 358B0 37431 82751 90585 1234628 143971 158227
7+¢1 55382 48436 34519 32140 24846 24444 I7917 44481 75307 95015 112505
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Input variables for yield-per-recruit analysis and
catch projection.

Table 22.
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that

the 1983 TAC of 64,000 t is caught and FO " 0.20.

Py

, assuming

Table 24. Projected Fb 1 catch biomass for 1984
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Results of commercial catch rate standardisation.
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Table Al. Result? of’the calibration of cohort 5+ numbers (mid-year) with R.V. 5+ population estimates (high catches of 1973 and 1982
winsorised}.

R.Y. 5+

Population )
Year Estimates COHORT Pred. P/C COHORY Pred. P/C COHORT  Pred. ¢/C COHORY Pred. P/C COHORY Pred. P/C
1971 27621 54198 60929 1.12 §3898 53681 1.00 53698 48850 0.91 §3621 46992 (0.88 53555 45400 0.85
1972 14617 38932 39467 1.01 38527 36007 0.94 38256 33701 0.88 38152 32814 0.86 38063 32054 0.84
1973 3037 31336 20358 0.65 30647 20268 0.66 o187 20211 0.67 30011 20188 0.67 29860 20169 0.68
1974 5660 25759 24684 0.96 24876 23833 0.96 24287 23266 0.96 24060 23048 0.96 23867 22861 0.96
1975 5260 20364 24024 1.18 19373 23290 1.20 18711 22800 1.22 18456 22612 1.22 18237 22451 1.23
1976 11029 18398 33545 1.82 17109 31130 1.82 16248 29521 1.82 15917 28902 1.82 15633 28371 1.82
1977 18672 23122 46159 2.00 21294 41518 1.95 20078 38424 1.91 19610 37235 1.90 19210 36215 1.88
1978 14273 39882 38899 0.98 36755 35539  0.97 34673 33300 0.96 33874 32439 0.96 33189 3170t 0.96
1979 31396 57344 67159 1.17 §2056 58812 1.13 48533 53247 1.10 47180 51108 1.08 46020 49274 1.07
1980 36256 67824 75180 1.11 §9272 65417 1.10 §3572 58909 1.10 51380 56406 1.10 49502 54262 1.10
1981 28016 727199 61581 0.85 61094 54218 0.89 53288 49310 0.92 50286 47422 Q.94 47713 45805 0.96
1982 24208 97320 55296 0.57 77856 49042 0.63 64880 - 44874 0.69 59889 43271 0.72 55611 41897 0.75
v 0.74 0.77 0.78 0.79 0.78
r2 0.55 0.60 0.62 0.62 0.61
B, 15342 16140 16672 16877 17052
Ft 0.200 0.250 0.300 0.325 0.350

-gs-
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Table A2. Research survey biomass estimates (t). The very high catches &f
: 1973 and 1982 have been winsorised.

Year 4Vs 4w 4VsW

A.T. Cameron

1970 19919 23798 43717
1971 48893 26986 75879
1972 .- 58389 13842 72231
1973 ' 20634 23007 43641
1974 12808 30418 43226
1975 17589 14766 32355
1976 24893 27303 52196
1977 45274 44227 89501
1978 20269 - 94318 114587
1979 45252 50768 96020
1980 64982 37631 102613
1981 : 96762 33016 129778

Lady Hammond
1982 79299 28096 107395






