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Abstract

The catch of 4VsW cod in 1989 was 36,662 t., a reduction of over 1500 t. from
1988 but still over the TAC. The catch at age from 1971 to 1989 was
reconstructed on a half-year basis. The management system switched, in mid-year,
to regulating the fishery by condition of license rather, than the previous method
of issuing Variation Orders.

The July surveys and the March surveys were used as the indices of population
abundance for calibration purposes. The commercial catch rates continued to
decline in 1989 to a level inconsistent with other indications of the stock size.

The SPA was calibrated using ADAPT and the half-year catch at age. It had been
suggested that the half-year formulation might have resolved the problems with
the retrospective view of the assessment, however this was not the case.

The 1989 fishery produced a mean fully-recruited F of 0.38, almost double F0•1.
The 1990 and 1991 TAC's of 35,200 t. are projected to generate F's of 0.39 and
0.36 respectively. The F 0 catch in 1991 would be 20,700 t. The population
biomass is projected to grow in 1990 and 1991 even if the catches remain at
35,200 t.

Resume

En 1989, les prises de morue de 4VsW se sont dtablies a 36 662 t, ce qui
represente une diminution de 1 500 t par rapport a 1988, mais reste superieur
au TPA. On a recalcule les prises selon l'&ge de 1971 a 1989, en les compilant
par demi-annee. En cours d'annee, on a modifi6 le regime de gestion, de sorte
que la peche est desormais regie par les conditions des permis plutot que par
des ordonnances de variation.

Les campagnes devaluation de juillet et de mars ont servi a etablir les indices
d'abondance de la population aux fins d'etalonnage. Les taux de prises
commerciales ont continue de flechir en 1989, atteignant un niveau atypique des
autres indications sur la grosseur du stock.

L'ASP a eta atalonnee au moyen de la methode ADAPT et des prises selon l'Age par
demi-annee. Certains pensaient que la formule par demi-annee pourrait permettre
de resoudre les problemes decoulant du caractere retrospectif de 1'evaluation,
mais cela n'a pas et6 le cas.

Dans la p@che de 1989, le plein recrutement moyen F etait de 0,38, soit pres du
double de F0.1 . En se fondant sur un TPA de 35 200 t pour 1990 et 1991, on a
etabli des projections respectives de F - 0,39 et F - 0,36 pour ces deux annees.
En 1991, les prises seraient de 20 700 t a Fo 1 On prevoit que la biomasse de
population augmentera en 1990 et 1991, meme si les prises restent de 35 200 t.

0
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Introduction and Description of the Fishery 

The 1989 total catch of 4VsW cod was 36,662 t., a reduction of over 1500 
t. from 1988, but still 1400 t. over the TAC (Table 1 and Figure 1). The foreign
catch, primarily bycatch in the USSR and Cuba silver hake fishery, increased to 
over 200 t., the highest since 1985. 

Twenty percent of the total catch was taken in 4W (Table 2), the highest 
proportion since 1983. The greatest change was in the OTB gears, dominated by 
the offshore trawlers, which increased the proportion of their catch taken in 4W 
four-fold (3.3% to 12.5%). 

The allocations to each gear sector were adjusted during the course of the 
fishing season (Table 3) and the final allocations were close to the reported 
catches for all gear sectors except FG <45' which had an 1850 t. overrun. 
Management measures employed within season changed in May of 1989 with variation 
Orders, issued by the Regional Director-General being largely superceded by 
Conditions of License issued by local Fisheries Officers. While this change made 
it possible for managers to institute changes in trip limits and by-catch limits 
very effectively, it is much more difficult to determine what management measures 
were in effect at any given time. 

Catch at Age 

The 1989 catch at age was constructed from 6 age-length keys (Table 4), 
quarterly keys for the mobile gears and half-year keys for the longlinelhandline 
gears. The catch assigned to age-length keys accounted for 97.7% of the total 
and the age composition from keys (Table 5) was adjusted upwards by 2.3%. The 
parameters of the length-weight relationship (alb) were obtained from the results 
of the March 1989 and July 1989 research vessel surveys. The 1989 catch at age 
was compared to the projected catch at age from the last assessment (Figure 2) . 
The agreement between the two curves is fairly good although the catch of the 
1983 yearclass (age 6) was not as poor as projected. The 1980 yearclass (age 9) 
still shows up strongly and indeed, better than projected. 

The entire catch at age from 1971 to 1988 was reconstructed, where 
necessary, (MacEachern and Fanning, 1990) on a half-year basis to better estimate 
the mid-year numbers· for calibration purposes. As well several deficiencies 
identified since the last assessment were addressed. The 1984 catch at age was 
recalculated with alb values from the July 1984 RV survey as the parameter values 
used previously generated weights at length substantially below those indicated 
by the July 1984 survey. The 1988 catch at age was also reconstructed to correct 
the alb values and to include 700 t. of additional catch. In the 1988 assessment 
the long term mean values for alb were used (Fanning and MacEachern, 1989) to 
reduce interannual variation, however subsequent investigation has indicated that 
yearly changes in the length-weight relationship are not random but rather show 
distinct trends. Because of this the mean values were not appropriate and the 
annual estimates of alb were used instead. The resulting half-year catches at 
age (Table 6) were compared, by MacEachern and Fanning (1990) to the full-year 
catches at age in the previous assessment (Fanning and MacEachern, 1989). Except 
for the years where the input values (alb or total catch) were changed, the 
differences were minimal. 

The weights at age in the commercial catch (Table 7) have been variable in 
recent years. Ages 3-7 may be showing a slight increasing trend over the last 
3 years, however the weights of the older ages have generally continued to 
decline in the same period. 

Indices 

July Research Vessel (RY) Survey 

The July stratified RV survey from 1971 to the present, has been used as 
the primary index of abundance of this stock. A conversion factor of 0.8 was 
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applied to adjust A.T. Cameron and Lady Hammond (1971-1982) mean catch per tow 
to Alfred Needler (1983-1989) equivalents (Fanning, 1985). The total catch rate 
in numbers has remained constant for the last 3 years however the age 4+ 
population has continued to decline and is now the lowest since 1977 (Table 8; 
Figure 3). The age 2 catch (1987 yearclass) was the largest since 1983 (1981 
yearclass). The coefficients of variation for the July RV survey are given in 
Table 9. 

Spring RV Survey 

A spring stratified RV survey has been conducted in 4VsW from 1979 to the 
present with the exception of 1985. As part of an experiment in survey design
the spring survey strata were changed in 1986 to produce fewer, larger strata 
(Figure 4) and allocation of sets was based on both stratum size and historical 
fish distribution. The new design and allocation scheme has been retained since 
then. Because cod have rarely been caught in strata 60 and 61 in any season these 
two strata were eliminated entirely from the new stratification scheme. As was 
done for the July survey the catches from the years 1978-84 were adjusted by a 
conversion factor of 0.8 to account for the change in RV vessel from A.T. Cameron 
to Alfred Needler (Fanning, 1985). 

The spring survey in 4VsW has been unable to sample the entire survey area 
in several years due to ice, and in three years one or more entire strata were 
unsampled (Table 10). Since the new stratification scheme was adopted in 1986 
there has only been one occasion that a stratum was unsampled. The strata north 
and east of Canso (43,44,45,46 and 401(402) are most likely to be affected by ice 
cover. The mean catch per tow by strata (Table 11) shows that strata 45 and 402, 
which overlap in area, are significant contributors to the overall catch. To 
investigate the magnitude of potential biases introduced by being unable to 
sample all strata, several methods of weighting the available data were examined. 
The first assumption investigated was that the mean in the missing strata was 
equal to the mean in the remaining area, effectively the stratum was removed from 
the survey. The second approach was that the adjacent, sampled strata could be 
used to estimate the unsampled area, effectively pooling strata 43,44,45 in 1980, 
43,44,45,46 in 1982 and 401,402 in 1989. Strata were pooled using unweighted 
means and means weighted by number of samples. The different ways of pooling 
strata had virtually no effect on the survey catch per tow and the difference 
between ignoring missing strata and pooling was minimal except for age 2 in 1989. 
The unadjusted means were used as the index of abundance for the assessment. 

The total catch numbers (Table 12, Figure 5) in 1989 are substantially higher 
than the previous 2 years however the age 4+ numbers are down, ,similar to the 
July survey results (Figure 6). The catch of the 1987 yearclass was the highest 
in the series at age 2, consistent with the indications ofa relatively strong
yearclass from the July RV survey. The coefficients of variation for the Spring 
surveys are given in Table 13. 

Commercial Catch Rates 

Commercial catch rates were estimated using a multiplicative model to 
standardize the otter trawler series from 1968 to 1989. The model and the gear 
categories have been the same since 1987 (Fanning and MacEachern, 1989 and 
references therein) with the addition of each new years data. The APL software 
STANDARD (Anon, 1986) was used to calculate the standardized catch rate. The 
results (Table 14, Figure 7) indicate a continuation of the declining catch rates 
seen since 1986. 

The commercial catch rate was not used as an index of population abundance 
to calibrate this assessment. The catch rates, as calculated from the Fisheries 
Statistics, have apparently declined since 1986 to a degree inconsistent with 
other indicators of population size. One possibility is that increased in-house 
management of Enterprise Allocations by companies has resulted in increased 
effort being expended searching for particular size and species mixes in each 
trip. However, the total fishing effort, for an entire trip, is recorded, by the 
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statistics system, as directed for the main species caught. This will deflate 
the trip-based catch rate for the main species while the set-based catch rate may 
be considerably higher. 

The International Observer Program (lOP) collects catch and effort at sea 
and the data is recorded on a set-by-set basis. A multiplicative model was used 
to analyse the lOP catch and effort data for Maritimes stern trawlers (TC 4-5) 
from 1982 to 1989 (Table 15). Comparison of the two catch rate series (Figure
7) indicates that, in general, the set-based catch rates (lOP) have remained 
relatively high from 1984 while the trip-based catch rates peaked in 1986, and 
have returned to a low level in 1989. 

The difficulties with the commercial catch rates identified above have 
prompted a research recommendation to review the available catch rate data and 
particularly, to examine the effects of aggregation Le. trip-by-trip cf. set-by­
set, on the apparent trends in the catch rate series. Until some understanding 
of these effects is gained the commercial catch rates will be difficult to use 
for calibration purposes. 

Sequential Population Analysis (SPA) 

One problem which arises when calibrating an SPA is to estimate the size 
of the population at the time of year appropriate to the calibration index. In 
the case of RV surveys they are generally conducted in the same month each year. 
Since the major RV survey for Scotia-Fundy stocks is in July (i.e. midyear) the 
practice has been to "fish down" the SPA population by applying half of the 
estimated annual total mortality to the beginning of year numbers. This assumes 
that a greater proportion of the catch is taken in the first half of the year. 
Deviations from this assumption can introduce a misalignment of the SPA 
population and the calibration index which may vary from year to year depending 
on the seasonal distribution of catches. With the catch at age available with 
an appropriate seasonal breakdown, half-yearly in this case, it was possible to 
estimate the midyear population size directly from the catch without assuming a 
specific seasonal pattern of catches. The underlying SPA model equation is 
unchanged when using the catch at age on a half-year basis. 

Calibration 

The ADAPT software used to estimate the population size in 1989 is given 
in Appendix 1. There were several changes in the ADAPT formulation (Table 16) 
from the previous assessment (Fanning and MacEachern, 1989). The SPA was 
calibrated using the July and March RV mean catch per tow rather than the July 
RV population numbers and the standardized com:nercial catch rates. All residuals 
were given equal weight and were calculated as differences of logarithms, rather 
than arithmetic differences weighted by the standard error of the respective
index. The ages in the calibration block were changed from 3-8 to 4-9 and the 
fully recruited age groups were assumed to be 7-9 rather than 7-10. The value 
of natural mortality was 0.1 per half-year. There were several revisions to the 
ADAPT software required which were complicated by the fact that some operations
require the full-year catch 'at age and others operate on the half-year catch at 
age. This is done by shifting the rows in the various matrices between full-year 
and half-year intervals (see Appendix 1, Table 1 for an example) • 

Results 

The results of the ADAPT formulation used in this assessment are comparable 
to those of the last assessment. The calibration statistics (Table 17A) show 
significant estimates for all ages and all slopes in the calibration. The 
parameter correlation matrix has the typical blocked pattern with negative 
correlations between the population estimates and the slope estimates for 
corresponding ages. The correlations are all small in absolute value (maximum 
absolute values observed were -.24 and -.18 between the youngest age and the two 
corresponding slopes). The residuals (Table 17B) continue to show strong "survey 
effects" with the residuals for all ages having the same sign in a given year 
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e.g. July RV 1974, 1985, 1986, 1987 and March RV 1979, 1981, 1986. Further work 
to examine, and possibly correct for, the survey effect was recommended. 

Although a half-year catch at age was used to calibrate the SPA from 1971­
1989, only a full-year catch at age was available for long-term (1958-1989) 
perspective. The beginning of year numbers and total annual F from the half-year 
ADAPT analysis were used as inputs into a full-year SPA to estimate the longterm 
population numbers and fishing mortality. The biomass (Figure 8) and population
numbers (Table 18, Figure 8) have both continued to decline from their high 
values of 1985-1986. The fishing mortality (Table 19, Figure 9) continued to 
vary between 0.3 and 0.5 as it has since 1980. The variation in fishing mortality 
has been greatly reduced relative to the years prior to the extension of 
jurisdiction by Canada (1977). The recruitment at age 1 (Figure 10) shows the 
83, 84, and 85 yearclasses to be the smallest in the available time series. The 
1986 yearclass was not calibrated with ADAPT but estimates using mean PR at age 
3 range from the largest in the time series (mean PR from 1986-88) to 90 million 
(mean PR from 1983-88) which is still above the geometric mean (GM) of 77 
million. 

Retrospective 

The assessment of this stock has produced a strong trend in the 
retrospective view of the stock status. As additional years of data are added 
to a given model formulation the population size estimated for preceding years
has been consistently smaller than was estimated without the additional data 
(Figure 11). This problem has existed in all the model formulations examined and 
is still unresolved. This is particularly concerning as the estimate of fully 
recruited F in 1989 (0.38) is the highest terminal year estimate since 1982 in 
the retrospective series. 

Yield per Recruit 

No new yield per recruit was estimated for this assessment and the Fo.lvalue 
from previous assessments of 0.2 was retained. 

Prognosis 

Catch projections were made based on 1990 beginning of year numbers, mean 
weights at age from 1986-89 and mean PR from 1986-88. The 1988-90 year-classes 
were assumed to be the GM of the 1970-85 year-classes (77 million fish). The RV 
surveys indicate that the 1986 year-class is comparable to the 1981 or 1982 year­
classes which average 90 million fish. The 1987 year-class appears to be even 
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larger than the 1986. For projection purposes the 1986 and 1987 year-classes 
were set to 90 million fish. The projection input data are: 

Age 
January 1990 
Population 
numbers (000) 

Average Weight 
(kg) 

Partial 
Recruitment 

1 77,000 0.067 0.0001 
2 63,042 0.279 0.001 
3 60,323 0.593 0.01 
4 48,787 0.949 0.16 
5 20,714 1.289 0.53 
6 15,098 1.688 0.81 
7 6,944 2.197 1.00 
8 10,924 2.622 1. 00 
9 2,170 3.317 1.00 

10 2,251 4.353 1.00 
11 1,167 5.502 1.00 
12 607 6.199 1.00 
13 278 8.054 1.00 
14 70 11. 809 1.00 
15 49 12.000 1.00 

If the 1990 catch is equal to the TAC of 35,200 t. it will generate a 
fishing mortality in 1990 of 0.39 and the projected 1991 catch at FQ.lwill be 
21,000 t. There are several alternatives for 1991 catches given below. 

Option 1: Fc.lin 1991: 

Option 2: 50% rule (F£0.3) in 1991: 

Option 3: Constant catch at 35,200 t. in 1991 


Option 
F 4+ Biomass ('000 t) I Catch (' 000 t) 

1990 1991 1990 1991 I 1990 1991 

1 .39 .20 139 162 35.2 20.7 
2 .39 .30 139 157 35.2 30.0 
3 .39 .36 139 154 35.2 35.2 

The assessment of this stock indicates a substantial decline from the 
population size indicated in the last assessment (Fanning and MacEachern, 1989). 
There were several corroborative indications in the 1990 fishery, the fixed gear 
sector had considerable difficulty catching cod in 4vsW, and the offshore had 
very poor catches in the fall. There have also been reports of substantial 
numbers of small fish discarded in the mobile gear fishery which would support 
the view of one or more good year-classes beginning to recruit. 

Management Con.i~ration. 

Multiyear Management 

The current prognoses assume that the 1986 and 1987 year-classes are 
comparable to the very large 1981 year-class. This assumption is based on survey 
estimates as these two year-classes have not yet recruited to the fishery. 
Whether they are as large as assumed or are only above average will have little 
effect in the 1991 fishery, however the size of those year-classes will be the 
major factor affecting fishing mortality in 1992 and 1993. Because of these 
concerns reliable estimates of the effects of 2 or 3 year management plans cannot 
be made. It is assumed that, given the current estimates of biomass, the current 
catch continued for 3 years would not present an undue risk of stock collapse or 
fishery failure. There is a chance, if the 1986 and 1987 year-classes are not 
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as large as presently estimated, that the biomass will decline and a significant 
reduction in catches will be needed by 1993. 

Alternative Advice 

The three options presented in the Prognosis section are just three points 
on a curve defined by fishing mortality and catch. The entire curve (Figure 12a) 
shows the individual points in context with the change in biomass projected to 
occur. As the stock is not considered to be at a critical biomass level the 
change in biomass is adequate to evaluate the consequences of a particular catch 
level. When a stock is critically low the total biomass, rather than the change 
in biomass, would be more useful to evaluate catch advice. An alternative view 
of the same information (Figure 12b) uses the catch as the independent axis, 
which may be more useful from a fisheries managers perspective. 
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Table 1. 4VsW cod nominal catches by country and NAFO Divisions. 

YEAR CANADA FRANCE PORTUGAL SPAIN USSR OTHERS TOTAL SUBDIV.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 122 70986 36713 34273 
1966 17690 1494 43157 5473 711 68525 27177 41348 
1967 18464 77 102 33934 1068 513 54158 26607 27551 
1968 24888 225 50418 4865 32 80428 48781 31647 
1969 14188 217 32305 2783 672 50165 22316 27849 
1970 11818 420 296 41926 2521 453 57434 28639 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 2592 54093 23401 30692 60500 
1974 10700 35 1464 27384 3097 1061 43741 19611 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 
1980 48821 17 5 5 338 66 49252 31378 17874 45000 
1981 53053 630 35 53718 32107 21611 50000 
1982 55675 45 34 55754 40110 15644 55600 • 
1983 50898 1230 190 62 52380 33170 19210 64000 
1984 52104 303 110 29 52546 42578 9968 55000 
1985 56553 870 21 11 57455 48189 9266 55000 
1986 51467 28 34 51529 44028 7501 48000 
1987 45430 25 48 45503 39755 5748 44000 

892 1921988' 38101 38209 33648 4561 38000 
1989' 36445 1682 492 36662 29323 7339 35200 
1990 35200 

, Preliminary Interzonal 

2 lOP 



Table 2. Total catch of 4VsW cod by gear1 aJ)d (Sub)Division from NAFO. 

4Vs 4W 4'IJsW 
YEAR TRAWLS LL SON MIS ToTAL TRAWLS Ll SON MIS TOTAL TRAWLS LL SON MIS iOiA[ 

1964 25452 42 2 0 25496 328S5 708 88 4110 37761 58307 7SO 90 4110 63257 
1965 36607 84 22 0 36713 28931 1416 159 3767 34273 65S38 1500 181 3767 70986 
1966 27006 143 14 14 27177 36460 1474 38 3376 41348 63466 1617 52 3390 68525 
1967 26481 99 27 0 26607 22407 2405 71 2668 27551 48888 2S04 98 2668 54158 
1968 48715 48 18 0 48781 24686 2970 89 3902 31647 73401 3018 107 3902 80428 
1969 22265 43 7 1 22316 21948 3561 13 2323 27849 44211 3610 20 2324 S0165 
1910 28617 21 1 0 28639 23655 3817 62 1261 28795 52272 3838 63 1261 57434 
1911 24088 40 0 0 24128 22006 4819 26 1584 28435 46094 4859 26 1584 52563 
1972 33570 595 4 2364 36533 15888 3793 1 5424 25112 49458 4388 11 7788 61645 
1973 21654 82 3 1662 23401 25144 3748 20 1780 30692 46798 3830 23 3442 S4093 
1974 19105 331 0 169 19611 18931 2969 5 2225 24130 38036 3306 5 2394 43741 

.......
1975 10522 444 0 128 11694 16336 3185 11 1291 20823 26858 3629 11 2019 32517 0 
1976 10068 68 0 1417 11553 8021 2913 14 1906 12854 18089 2981 14 3323 24407 
1977 2819 so 4 0 2873 2305 3487 68 1657 1517 5124 3537 12 1657 10390 
1978 10044 294 19 0 10357 8277 4552 839 1380 15048 18321 4846 858 1380 25405 
1979 14869 438 86 0 15393 14519 5825 3245 988 24637 29448 6263 3331 988 40030 
1980 28941 2116 321 0 31318 6729 6588 3440 1117 17874 35670 8704 3161 1117 49252 
1981 27662 4274 111 0 32101 9813 8229 2433 1136 21611 31475 12503 2604 1136 53718 
1982 32247 1069 794 0 40110 6431 665S 1943 615 15644 38678 13724 2731 615 55754 
1983 28024 4475 671 0 33170 11555 S052 1936 661 19210 39579 9521 2601 661 52380 
1984 37516 4123 879 0 42518 3839 3512 2144 413 9968 41415 1635 3023 413 52546 
1985 39978 7449 718 44 48189 3768 3386 1229 883 9266 43746 10835 1941 921 57455 
1986 35514 8271 237 0 44028 2158 3015 600 1068 lS01 38212 11352 831 1068 51529 
1981 33157 6216 311 11 39155 1803 2666 S38 741 5148 34960 8942 849 152 45503 
1988' 26888 6092 612 56 33648 1218 2155 383 805 4561 28106 8247 995 861 38209 
1_ 22560 6320 402 41 29323 3503 2920 323 S93 1339 26063 9240 725 634 36662 

! Gear designations indude the following: 	 TRAWlS - Sidelstem bottom, side/stern midwater, pair Irawls and shrimp Irawls; 
LL - Set/drift Iongllnes, Hand Rnes, jigs, dory vessel lines; 
SON • Scottish, danish and pair seines; 
MIS • M"lSCeIlaneous gears not included above. 

Preliminary Interzonal and International Observer Program data. I 
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Table 3. 4VsW cod - 1989 allocations and catches. 
'i 

Allocations at Sgecific Dates Total Catch 
Gear Sector Jan 1 May 15 July 1 Oct 15 Dec 31 (Quota Report)" 

Vessels >100' 23160 22960 22890 22840 22935 23002 

MG 65-100' 625 738 738 824 479 401 

FG 65-100' 520 607 677 641 891 813 

MG 45-64' 
(Jan-Apr) 945 1145 1145 1145 1145 1362 
(May-Aug) 
(Sep-Dec) 

945 
945 

945 
745 

945 
745 

945 
745 

945 
745 

706 
792 

MG <45' 
(Jan-Apr) 
(May-Aug) 
(Sep-Dec) 

305 
610 
300 

455 
460 
300 

455 
460 
300 

455 
460 
300 

455 
460 
300 

602 
271 
437 

FG 45-64' 
(Jan-May) 
(Jun-Aug) 

250 
1455 

250 
1455 

250 
1455 

250 
1148 

250 
1148 

371 
668 

(Sep-Dec) 280 280 280 280 280 613 

FG <45' 
(Jan-Mar) 185 185 
(Apr-May) 490 490 
(Jan-May) 600 600 600 1505 
(Jun-Aug) 3195 3195 3350 3350 3350 3796 
(Sep-Dec) 990 ~90 910 1217 1217 1716 

Totals 35200 35200 37055 

.. - preliminary 
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Table 4. Data used to generate 1989 age length keys for 4VsW cod. 

Period Length-Weight Coefficient Number 
Key Gear Covered a b Source Measured Aged Catch 

1 OTB,OTM,PTB,SNU a, ­ Jan-Mar 0.0068 3.0601 Mar 4Vs 3375 413 7741 
2 OTB,OTM,PTB,SNU a2 - Apr-June 0.0096 2.9867 Jul 4Vs 5165 435 5939 
3 OTB,OTM,PTB,SNU as -July-Sept 0.0060 3.1075 Jul4VsW 2833 189 3314 
4 OTB,OTM,PTB,SNU a4 - Oct-Dec 0.0096 2.9867 Jul4Vs 6370 517 9576 
5 LL, LH H, - Jan-June 0.0060 3.1075 Jul4VsW 4531 747 3630 
6 LL, LH H2 - July-Dec 0.0060 3.1075 Jul4VsW 3609 542 5611 

Table 5. 4VsW cod catch at age ('000) by key in 1989. 


OTB10TM1 PTB1SNU LL, LHP 
Age 0, O2 0 3 O. H, H2 Total 

1 0 0 0 0 0 0 0 
2 0 7 0 0 0 0 7 
3 1 115 152 380 3 6 657 
4 90 369 667 1276 24 63 2489 
5 343 986 747 1603 96 257 4032 
6 711 596 311 1232 173 251 3274 
7 1308 774 182 721 298 331 3614 
8 564 285 42 551 135 189 1766 
9 769 321 40 433 186 238 1987 

10 204 80 10 114 84 89 581 
11 76 22 0 47 39 63 247 
12 67 12· 0 14 24 37 154 
13 2 4 0 0 10 13 29 
14 2 0 0 1 4 8 15 
15 27 0 0 0 4 26 57 
16 0 1 0 7 1 25 34 

Total 4164 3572 2151 6379 1081 1596 18943 
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-t Table 6. 4VsW cod catch at age by half year intervals in thosands of fish. 

71.0 71.5 72.0 72.5 73.0 73.5 74.0 74.5 75.0 75.5 76.0 76.5 77.0 77.5 
---+------------------------------------------------------------------------------------------- ­

1 I 1472 512 710 1336 623 595 787 486 945 593 363 150 0 1 
2 I 9514 3310 6651 9214 5231 4990 4518 2803 5267 3304 2029 837 4 19 
3 1 7133 2510 5458 6343 4196 3805 8011 5313 4543 2859 1922 938 91 441 
4 I 3746 1379 8390 3599 3144 2659 6906 4789 1908 1255 2416 2291 239 990 
5 I 4811 1801 5343 2041 5264 4370 4033 2821 2858 1930 1943 1957 516 1075 
6 I 3725 1403 4906 1621 1822 1502 1323 924 1967 1330 1038 1047 483 362 
7 I 2484 935 2486 822 1846 1524 393 276 1755 1188 637 650 297 193 
8 1 1426 537 1413 467 2593 2139 592 416 371 252 222 225 136 63 
9 1 511 193 261 86 923 761 115 81 296 201 67 69 III 7 

10 1 267 100 350 116 213 176 90 63 409 277 26 27 29 4 
11 1 116 43 51 17 302 249 8 5 103 69 6 6 39 3 
12 1 126 47 6 2 4 4 1 1 73 50 23 24 41 3 
13 I 113 43 27 9 12 9 0 0 24 li 0 0 11 0 
14 I 58 22 0 0 12 9 0 0 4 2 2 2 3 0 
15 1 29 11 2 1 10 8 0 0 4 2 0 0 2 0 
16 1 38 14 5 2 26 21 0 0 11 8 1 1 6 0 
---+------------------------------------------------------------------------------------------- ­

3+1 24583 9038 28698 15126 20367 17236 21472 14689 14326 9440 8303 7237 2004 3141 
4+1 17450 6528 23240 8783 16171 13431 13461 9376 9783 6581 6381 6299 1913 2700 
5+1 13704 5149 14850 5184 13027 10772 6555 4587 7875 5326 3965 4008 1674 1710 
6+ I 8893 3348 9507 3143 7763 6402 2522 1766 SOli 3396 2022 2051 1158 635 

78.0 78.5 79.0 79.5 80.0 80.5 81.0 81.5 82.0 82.5 83.0 83.5 84.0 
---+---------------------------------------------------------------------------------------- ­

1 1 8 26 3 9 15 16 2 1 3 0 0 0 0 
2 1 20 74 10 83 15 77 41 217 1 137 2 4 0 
3 1 96 1072 545 1217 341 1424 882 2318 70S 1768 1898 1609 71 
4 1 834 3244 3586 2973 1176 3697 4239 4897 3582 4085 5007 3672 2527 
5 I 1473 3344 5198 4327 3201 3736 3406 3875 7150 2973 4320 3164 3977 
6 I 1011 1571 2465 2591 3669 2508 2496 2155 2733 948 4210 2068 3328 
7 I 372 395 612 598 1692 1358 1533 1424 1976 592 1097 808 2498 
8 I 127 120 153 224 748 373 706 715 884 431 653 359 698 
9 1 66 41 30 46 193 120 213 184 437 242 362 263 316 

10 1 42 33 4 19 50 42 55 80 158 160 83 141 110 
11 I 18 13 1 9 30 20 38 31 94 59 54 95 41 
12 1 14 13 1 3 23 3 13 19 37 28 22 30 17 
13 1 15 13 1 2 2 2 8 14 30 24 10 14 13 
14 1 5 5 0 0 0 0 1 1 9 46 11 4 6 
15 I 1 0 0 0 1 0 2 3 13 6 4 2 7 
16 I 2 0 0 0 7 0 2 0 3 16 2 9 0 
---+---------------------------------------------------------------------------------------- ­

3+1 4076 9864 12596 12009 11133 13283 13594 15716 17811 11378 17733 12238 13609 
4+1 3980 8792 12051 10792 10792 11859 127.;1.2 13398 17106 9610 15835 10629 13538 
5+1 3146 5548 8465 7819 9616 8162 8473 8501 13524 5525 10828 6957 11011 
6+ 1 1673 2204 3267 3492 6415 4426 5067 4626 6374 2552 6508 3793 7034 

84.5 85.0 85.5 86.0 86.5 87.0 87.5 88.0 88.5 89.0 89.5 
---+------------------------------------------------------------------------- ­

1 1 0 0 0 0 0 0 0 0 0 0 0 
2 I 1 0 4 0 3 0 0 0 8 7 0 
3 I 359 68 88 74 50 34 4 22 163 120 551 
4 I 3251 968 1285 1675 2535 411 466 234 1278 488 2056 
5 1 5124 3996 4155 3266 4374 2863 2831 834 1565 1439 2672 
6 I 2350 4495 3028 5405 3816 2574 3311 1880 2651 1495 1839 
7 1 1331 3005 1279 2281 1308 3379 2670 2487 1588 2404 1265 
8 1 552 1692 738 978 593 1514 1219 1897 1398 994 802 
9 1 228 795 268 719 404 579 526 1162 569 1289 729 

10 I 180 278 174 276 171 319 285 383 243 372 218 
l1 I 112 183 101 178 107 102 131 191 69 138 113 
12 I 46 123 50 50 55 54 77 85 68 104 52 
13 I 21 26 42 38 28 30 31 47 17 16 13 
14 1 11 12 8 7 4 4 7 7 2 6 9 
15 1 1 6 11 13 6 8 6 8 2 31 27 
16 1 5 13 2 13 5 6 6 6 5 2 33 
---+------------------------------------------------------------------------- ­

3+1 13571 15660 11229 . 14973 13456 11877 l1570 9243 9618 8898 10379 
4+1 13212 15592 11141 14899 13406 l1843 11566 9221 9455 8778 9828 
5+1 9961 14624 9856 13224 10871 11432 11100 8987 8177 8290 7772 
6+1 4837 10628 5701 9958 6497 8569 8269 8153 6612 6851 5100 
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Table 7. 4VsW cod mean weights at age in the commercial catch. 20/ 2/91 

70 71 72 73 74 75 76 77 78 79 80 81 82 B3 
---+-------------------------------------------------------------------------------------------­1 I .02 .01 .05 .08 .13 .10 .10 .10 .20 .07 .07 .07 .07 .12 

2 I .15 .11 .18 .22 .33 .27 .28 .28 .62 .53 .57 .62 .58 .39 
3 I .45 .32 .44 .45 .62 .53 .57 .81 .95 .76 .BO .B3 .81 .81 
4 I .91 .64 .81 .79 1.02 .89 .96 1.09 1.25 1.06 1.15 1.14 1.07 1.0B 
5 I 1.50 1.07 1.29 1.21 1.53 1.34 1.46 1.67 1.68 1.70 1.60 1.69 1.5B 1.55 
6 I 2.19 1.56 1.85 1.72 2.13 1.87 2.03 2.36 2.47 2.39 2.21 2.13 2.39 2.10 
7 I 2.94 2.09 2.48 2.28 2.82 2.47 2.66 3.17 3.61 3.13 3.08 2.97 2.7B 3.10 
8 I 3.73 2.65 3.14 2.90 3.58 3.12 3.35 4.58 5.23 3.71 4.31 3.94 4.07 3.53 
9 I 4.51 3.21 3.83 3.54 4.41 3.B1 4.07 4.14 5.59 4.77 5.26 5.70 5.49 4.38 

10 I 5.2B 3.75 4.52 4.22 5.28 4.53 4.80 5.33 6.54 6.84 6.92 7.16 7.08 5.76 
11 I 6.02 4.28 5.20 4.90 6.19 5.27 5.55 4.65 7.92 7.96 7.56 7.67 8.74 6.99 
12 I 6.71 4.77 5.87 5.59 7.13 6.01 6.29 4.91 9.21 9.41 10.19 9.26 9.10 9.04 
13 I 7.36 5.23 6.52 6.28 8.09 6.76 7.02 7.14 10.40 10.63 7.92 11.87 11.43 10.63 
14 I 7.95 5.65 7.14 6.96 9.05 7.51 7.74 8.59 9.75 10.03 8.13 8.65 10.59 11.71 
15 I 8.49 6.04 7.73 7.62 10.01 8.24 8.43 10.60 8.68 11.45 14.45 9.84 12.4B 12.69 

84 85 86 87 88 89 
---+-----------------------------------------­1 I .07 .07 .07 .07 .07 .07 

2 I .54 .64 .26 .21 .36 .29 
3 I . 77 • 70 • 69 • 50 . 53 • 65 
4 I 1.08 1.04 .96 .95 .91 .97 
5 I 1.51 1.46 1.27 1.33 1.31 1.24 
6 I 2.12 1. 98 1. 68 1. 61 1. 85 1.61 
7 I 2.77 2.49 2.42 1.97 2.10 2.29 
8 I 3.64 3.17 2.77 2.76 2.60 2.36 
9 I 4.01 3.93 3.40 4.07 3.21 2.59 

10 I 5.09 5.11 5.02 4.32 4.24 3.83 
11 I 6.84 6.37 5.29 6.75 5.33 4.64 
12 I 7.81 6.12 6.84 6.64 6.03 5.29 
13 I 10.53 9.94 10.05. 7.54 6.51 8.12 
14 I 10.08 11.17 9.42 12.59 12.02 13.21 
15 I 13.10 11.26 11.73 13.11 8.45 7.99 
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Table 8. 4VsW cod mean catch per tow at age in the July survey. 20/ 2/91 

iO il i2 i3 i4 is i6 ii i8 i9 80 81 
---+----------------------------------------------------------------------------------------------- ­

0 1 .028 .00i .000 .000 .248 .020 .000 .000 .050 .292 .014 .024 
1 1 .424 .441 1. i80 1. 843 1.484 .949 .6i5 .213 .8i5 .348 .198 1.328 
2 1 4.i32 2.202 2. li3 12.585 9.452 2.430 3.i03 2.i54 3.i45 3.042 2.013 3.653 
3 1 1.662 10.223 3.405 19.i85 5.529 3.i63 4.222 6.9iO 8.956 4.599 5.312 5.531 
4 I 2.5i6 2.301 9.039 16.013 1. 616 1. i64 2.602 4.527 9.805 4.757 2.941 S.444 
5 I 1.277 4.530 1.666 6.444 .578 .858 1.645 2.821 2.712 5.181 4.977 3.21i 
6 I .424 1.655 1. il7 .535 .642 .188 .321 1.239 1.000 2.595 3.468 2.309 
7 1 .500 .992 .465 .833 .107 .230 .154 .267 .255 .ii3 1. 374 1.186 
8 I .159 .423 .157 .258 .133 .061 .258 .li7 .053 .289 .313 .437 
9 I .030 .183 .142 .123 .064 .ll7 .000 .042 .026 .ll8 .097 .144 

10 1 .070 .020 .044 .147 .046 .005 .118 .000 .023 .024 .076 .162 
II I .080 .039 .000 .048 .018 .000 .024 .028 .000 .013 .027 .042 
12 1 .029 .017 .000 .000 .01i .020 .000 .018 .000 .001 .000 .007 
13 1 .051 .059 .000 .000 .000 .000 .041 .000 .000 .005 .000 .007 
14 I .000 .000 .000 .058 .000 .000 .000 .000 .000 .000 .000 .000 
15 1 .000 .000 .000 .008 .016 .000 .000 .000 .000 .000 .000 .00i 
16 1 .000 .000 .000 .000 .000 .000 .000 .000 .015 .000 .000 .000 
---+----------------------------------------------------------------------------------------------- ­

0+1 12.040 23.090 21.188 58.i40 19.951 10.405 13.825 19.054 2i.514 22.036 20.869 26.497 
1+1 12.013 23.084 21.188 58.i40 19. i03 10.385 13.825 19.054 2i. 464 21. i44 20.855 26.4i3 
2+1 11.589 22.642 19.408 56.89i 18.219 9.435 13.150 18.840 26.589 21.39i 20.65 i 25.145 
3+1 6.85i 20.441 16.635 44.311 8.i6i i.006 9.44i 16.08i 22.844 18.355 18.644 21. 493 
4+1 5.195 10.218 13.229 24.526 3.239 3.243 5.225 9.11 i 13.888 13.i56 13 .333 15.962 

82 83 84 85 86 8i 88 89 90 
---+------------------------------------------------------------------------- ­

0 I .003 .020 .0iO .000 .02i .044 .069 .028 .003 
1 I .733 13.721 .406 1.287 .357 .645 .059 .246 .128 
2 I 62.940 13.30i 7.212 1.683 1.325 1. 506 4.703 8.860 5.067 
3 I 52.596 44.468 12.811 7.881 1.532 4.9i4 i.291 7.384 18.240 
4 I 18.371 19.253 19.094 9.564 6.164 4.826 5.895 5.012 8.644 
5 I 4.125 9.884 12.938 9.319 3.886 8.858 3.26i 3.473 3.867 
6 1 2.228 4.423 6.005 5.117 3.256 3.608 3.412 1.350 1. 408 

7 I 1. 201 .988 4.128 2.561 1.146 2. il2 1. 953 2.000 .602 

8 1 .512 .551 .40i 1.008 .548 1.4i4 .9i6 .4i4 .288 
9 1 .114 .140 .332 .484 .241 .341 .218 .324 .106 

10 1 .116 .076 .099 .115 .154 .024 .052 .013 . Oil 
11 1 .063 .039 .234 .111 .035 .080 .116 .003 .000 
12 .000 .018 .006 .068 .000 .043 .016 .019 .000 
13 .000 .018 .006 .000 .023 .009 .000 .008 .000 
14 .005 .000 .009 .000 .000 .000 .018 .000 .000 
15 .000 .000 .000 .013 .000 .026 .000 .000 .000 
16 .000 .000 .000 .000 .000 .000 .000 .000 .000 
---+-------------------------r-----------------------------------------------­

0+1 143.007 106.906 63.824 39.2ll 18.694 29.170 28.043 29.194 38.424 

1+ I 143.004 106.886 63.754 39.211 18.66i 29.126 27.975 29.166 38.422 

2+1 142.271 93.165 63.349 3i.924 18.310 28.481 27.916 28.920 38.294 

3+1 i9.331 79.858 56.0i6 36.241 16.985 26.975 23.213 20.059 33.227 

4+1 26.i35 35.390 43.259 28.360 15.453 22.001 15.923 12.6i6 14.987 
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Table 9. 4Vsw cod coefficient of variation in the July survey. 20/ 2/9: 

70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 

---+-----------------------------------------------------------------------------------------------­o I .514 1.000 .000 .000 .000 1.000 .000 .000 .471 .552 .644 .760 1.0001.000 .534 .000 
1 I .277 .363 .747 .649 .135 .341 .370 .276 .147 .226 .292 .395 .299 .905 .563 .667 
2 I .063 .303 .295 .771 .032 .266 .165 .174 .425 .257 .397 .316 .854 .395 .285 .326 
3 I .210 .589 .661 .622 .073 .347 .119 .197 .396 .260 .368 .385 .822 .501 .566 .:75 
4 I .097 .466 .844 .785 .080 .253 .252 .247 .230 .220 .243 .293 .744 .424 .478 .262 
5 I .078 .582 .677 .708 .313 .187 .227 .397 .292 .191 .233 .256 .362 .390 .491 .341 
6 I .105 .549 .820 .775 .384 .236 .216 .504 .172 .164 .266 .224 .076 .221 .481 .337 
7 I .251 .520 .B06 .679 .269 .333 .198 .514 .097 .169 .256 .269 .046 .135 .540 .263 
8 I .291 .344 .624 .327 .457 .402 .000 .492 .318 .177 .339 .271 .025 .184 .357 .214 
9 I .768 .695 .633 .784 .355 .464 .000 .421 .263 .187 .484 .450 .097 .214 .526 .198 

10 I .536 .730 .781 .523 .190 1.000 .000 .000 .670 .522 .6ll .518 .000 .000 .311 .242 
11 I .000 .600 .000 .443 1.000 .000 1.000 .471 .000 .404 .68B .662 .000 .000 .713.469 
12 I 1. 000 1. 000 .000 .000 .000 1.000 .000 .541 .000 1.000 .000 1.000 .000 .000 1.000 .290 
13 I .000 .723 .000 .000 .000 .000 .000 .000 .000 .885 .000 1.000 .000 .000 .740 .000 
14 I .000 .000 .000 .676.000.000.000 .000.000.000 .000 .000 .000 .000 .736 .000 
15 I .000 .000 .000 .713 1.000 .000 .000 .000 .000 .000 .000 1.000 .000 .000 .000 1.000 
16 I • 000 .000 .000 .000 .000 .000 .000 .000 1. 000 .000 .000 .000 .OCO .oeo .oeo .000 

86 87 88 89 90 
---+-----------------------------­o I .69B 1. 000 .588 1.000 1.000 


1 I .368 .346 .449 .226 .548 

2 I .490 .293 .458.620.514 

3 I .286 .376 .509 .485 .373 

4 I .341 .274 .319 .325 .29B 

5 I .347 .240 .307 .241 .346 

6 I .312 .286 .4B3 .233 .307 

7 I .290 .304 .444 .267 .301 

8 I .286 .2B1 .393 .250 .30B 

9 I .300 .257 .26B .285 .388 


10 I .291 .394 .347 .676 .351 
11 I .542 .395 .35B 1.000 1.000 
12 I .000 .531 .425 .631 1.000 
13 I 1. 000 1. 000 .000 .733 1.000 
14 I .000 .000 .638 .000 1. 000 
15 I .000 .585 .000 .000 1. 000 
16 I .000 .000 .000 .000 1. 000 
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Table 10. Number of samples in each stratum in 4VsW Spring surveys. 

79 80 81 82 83 84 I 86 87 88 89 
---+-----------------------------­
43 2 0 6 0 3 4 

----+-------------------­
401 I 7 7 1 0 

44 3 4 3 0 2 3 402 I 13 14 6 8 
45 4 0 3 1 4 5 403 I 8 9 4 9 
46 3 2 3 0 3 3 404 I 1 1 1 2 
47 4 4 4 3 4 3 405 I 2 6 4 6 
48 4 3 4 4 3 4 406 I 8 11 11 10 
49 2 2 2 2 2 2 407 I 8 8 6 8 
50 3 3 3 3 3 3 408 I 14 13 15 12 
51 2 2 2 2 2 2 409 I 8 14 11 15 
52 2 2 2 2 2 2 410 I 7 7 7 7 
53 3 3 3 3 3 3 411 I 1 2 2 2 
54 3 3 3 3 3 3 
55 7 5 6 7 7 7 
56 6 4 7 6 6 4 
57 2 0 2 2 3 1 
58 3 0 3 3 2 3 
59 1 4 4 1 4 4 
60 2 2 2 2 3 2 
61 2 2 2 2 2 2 
62 4 4 4 2 5 4 
63 2 2 1 2 2 2 
64 5 5 5 5 5 5 
65 2 4 5 5 7 5 
66 3 3 3 3 2 3 
---+-----------------------------­ ----+-------------------­
43+i 74 63 82 63 82 79 401+ I 77 92 68 80 

Table 11. Mean catch per tow in each stratum in 4VsW Spring surveys. 

79 80 81 82 83 84 86 87 88 89 
----+----------------------------------------­ ----+---------------------------­

43 I .5 .0 13.3 .0 1.3 36.0 401 I 1.0 16.5 2.2 .0 
44 I 14.9 15.2 80.7 .0 37.1 62.7 402 I 105.2 166.8 23.2 ll5.8 
45 I 8.3 .0 122.7 35.0 154.0 53.7 403 I 47.9 1.2 17.1 1.5 
46 1 3.4 17.5 9.7 .0 1.8 9.3 404 I 123.0 1.9 4.1 48.4 
47 1 .3 2.0 13.2 .7 26.5 5.2 405 I 25.0 29.0 21.1 30.3 
48 I 1.0 .2 9.6 99.5 17.0 3.3 406 I 3.9 2.4 12.4 63.0 
49 1 3.4 3.9 .0 7.1 31. 2 58.1 407 I 51.2 11. 0 2.1 7.2 
50 '1 15.6 54.1 .0 46.1 52.4 70.5 408 I 73.6 2.1 181.3 50.7 
51 1 1.0 1.6 .0 269.3 60.6 1.1 409 I 839.0 3.4 12.8 66.6 
52 1 33.5 77.0 20.6 8.0 11.5 2.7 410 I .3 10.3 23.1 5.0 
53 I .0 .5 .0 2.1 .0 .0 411 I .0 .0 .0 14.3 
54 I 37.5 16.9 17.3 27.4 195.8 9.6 
55 I 13.9 23.4 138.2 384.6 273.3 128.7 
56 I 1.7 3.2 18.0 210.1 46.4 .3 
57 I 8.7 .0 4.4 96.9 1491.3 2.1 
58 I .0 .0 .0 24.7 .0 5.4 
59 1 9.2 60.3 17.4 145.0 6.4 7.7 
60 I 1.0 1.1 6.3 12.1 3.4 1.0 
61 I .0 .3 .0 .4 .0 .5 
62 I 2.2 .4 .2 1.9 .2 .8 
63 I 6.3 3.B .0 1.0 11. 9 10.2 
64 I 12.B 16.4 193.0 10.2 11. 6 14.2 
65 I 2.6 5.4 2.3 8.1 1.0 .4 
66 I 1.0 .0 .0 4.3 .5 .0 
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Table 12. 4VsW cod mean catch per tow in Spring surveys Ino 1985 survey) • 

79 80 81 82 83 84 85 86 87 88 89 
---+------------------------------------------------------------------------------------ ­
a 1 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 
1 1 .260 .863 8.249 2.646 .851 .217 .000 .188 .346 .601 .578 
2 1 2.123 2.709 3.801 22.224 3.169 1.490 .000 10.877 .919 7.965 17.957 
3 1 .892 2.042 5.293 17.907 42.138 1. 846 .000 19.439 2.874 9:490 10.396 
4 1 .597 1. 665 7.787 11. 836 25.520 9.367 .000 23.579 4.496 4.262 4.228 
5 I 1.372 2.518 4.869 7.241 4.960 6.212 .000 11.666 10.138 4.325 4.796 
6 1 1.020 2.900 5.765 1. 989 5.846 2.918 .000 13.128 4.818 4.880 1.680 
7 1 .473 1.426 3.205 1.363 1.316 2.535 .000 6.272 3.324 1. 434 .704 
8 I .286 .304 1.532 1.082 .618 .774 .000 1.331 1.204 1.870 .224 
9 1 .065 .064 .177 .280 .289 .504 .000 .735 .237 .463 .255 

10 I .099 .025 .135 .143 .096 .195 .000 .279 .105 .186 .048 
11 I .077 .015 .027 .063 .037 .017 .000 .044 .036 .178 .027 
12 I .022 .002 .023 .031 .043 .OB6 .000 .050 .029 .041 .017 
13 I .027 .009 .000 .011 .015 .000 .000 .007 .029 .024 .003 
14 I .009 .005 .000 .000 .045 .006 .000 .007 .010 .000 .010 
15 I .010 .000 .000 .005 .000 .000 .000 .000 .000 .033 .020 
16 I .000 .000 .000 .007 .000 .021 .000 .008 .000 .000 .000 
---+------------------------------------------------------------------------------------ ­

1+1 7.332 14.548 40.864 66.828 84.941 26.188 .000 87.616 28.564 35.750 40.945 
2+1 7.072 13.685 32.615 64.182 84.089 25.970 .000 B7.428 28.21B 35.149 40.367 
3+ I 4.949 10.975 28.814 41. 957 BO.920 24.480 .000 16.552 27.299 27.185 22.409 
4+1 4.057 8.934 23.521 24.051 38.783 22.634 .000 57.113 24.425 17.695 12.014 

Table 13. 4VsW cod coefficients of variation in Spring surveys. 

79 80 81 82 83 84 85 86 87 88 89 
---+----------------------------------------------------------------- ­

0 I .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 
1 1 .305 .306 .932 .038 .402 .491 .000 .338 .288 .288 .582 
2 1 .160 .451 .542 .271 .580 .259 .000 .788 .306 .705 .758 
3 1 .570 .400 .274 .607 .709 .266 .000 .656 .451 .805 .489 
4 1 .285 .307 .278 .601 .516 .409 .000 .419 .555 .509 .484 
5 1 .221 .316 .301 .352 .368 .481 .000 .322 .549 .542 .440 
6 1 .232 .485 .274 .261 .309 .501 .000 .300 .536 .455 .380 
7 1 .389 .550 .228 .242 .297 .429 .000 .311 .451 .430 .338 

B 1 .387 .639 .240 .196 .296 .3B7 .000 .323 .452 .438 .578 

9 1 .375 .343 .245 .225 .364 .551 .000 .345 .428 .501 .381 

10 1 .438 .769 .345 .409 .641 .414 .000 .260 .538 .495 .293 
11 1 .385 .401 .630 .477 .888 .527 .000 .464 .682 .592 .438 
12 .500 1. 000 .455 .617 .492 .463 .000 .765 .468 .715 .651 
13 .702 .826 .000 .461 .768 .000 .000 .534 .468 1.000 1.000 
14 .612 1.000 .000 .000 .564 1.000 .000 .534 1. 000 .000 .851 
15 1.000 .000 .000 1.000 .000 .000 .000 .000 .000 .777 .857 
16 .000 .000 .000 .650 .000 1. 000 .000 .622 .000 .000 .000 
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Table 14. 4VsW cod commercial catch rate standardization for OTB in TC 1-5 . 

MULTIPLE R••••••••••••• • 641 

MULTIPLE R SOUARED ••••• • 410 


ANALYSIS OF VARIANCE 

SOURCE OF 
VARIATION 
--------­

DF 
SUMS OF 
SQUARES 
------­

MEAN 
SQUARES 
------­

F-VALUE 
------­

INTERCEPT 1 7.535EOOOI 7.535EOOOI 

REGRESSION 
TYPE 1 
TYPE 2 
TYPE 3 
TYPE 4 

42 
9 
1 

11 
21 

2.588EOO02 
9.085EOOOI 
2.209EOOOO 
5.957EOOOI 
1. 426E0002 

6.162EOOOO 
1.009EOOOI 
2.209EOOOO 
5.415EOOOO 
6.788EOOOO 

20.177 
33.053 

7.232 
17.731 
22.227 

RESIDUALS 1217 3.717EOO02 3.054E-001 

TOTAL 1260 7.059EOO02 

PREDICTED CATCH RATE 

STANDARDS USED VARIABLE NUMBERS: 1 1 1 

TOTAL CATCH RATE 

YEAR CATCH PROP. MEAN S.E. EFFORT 


68 68279 0.760 1. 360 0.196 50206 
69 40540 0.786 1.328 0.184 30516 
70 48582 0.795 1.185 0.168 40989 
71 41495 0.719 0.838 0.116 49508 
72 42805 0.637 0.797 0.095 53676 
73 41087 0.762 0.771 0.087 53276 
74 32848 0.940 0.574 0.056 57203 
75 20982 0.884 0.425 0.043 49314 
76 15520 0.909 0.567 0.055 27383 
77 4597 0.647 0.566 0.065 8126 
78 16135 0.018 0.624 0.125 25854 
79 2B501 0.093 1.394 0.257 20445 
80 35244 0.835 1.069 0.104 32974 
81 36810 0.857 1. 043 0.098 35302 
82 38380 0.934 1.256 0.116 30557 
83 37853 0.866 1.216 0.118 31134 
84 40768 0.921 1.342 0.128 30379 
85 41568 0.815 1.688 0.164 24627 
86 36979 0.841 2.039 0.197 18132 
87 34107 0.829 1.298 0.129 26268 
88 27399 0.876 1.156 0.112 23703 
89 25346 0.805 1.155 0.114 21936 

AVERAGE C.V. FOR THE MEAN: .116 
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Table 14. continued 

REGRESSION COEFFICIENTS 

CATEGORY 	 CODE VARIABLE COEFFICIENT STD. ERROR NO. OBS. 

gear 1 INTERCEPT 0.165 0.145 1260 
area 1 
month 1 
year 68 

gear 	 2 1 -0.709 0.080 83 
3 2 -0.179 0.067 143 
4 3 -0.029 0.064 159 
5 4 0.144 0.059 216 
6 5 -0.211 0.085 68 
7 6 -0.052 0.102 41 
8 7 0.139 0.072 106 
9 8 0.487 0.079 189 

10 9 0.882 0.086 93 

area 2 10 -0.095 0.035 450 

month 2 11 0.130 0.077 122 
3 12 0.084 0.074 157 
4 13 -0.176 0.075 148 
5 14 -0.383 0.077 132 
6 15 -0.477 0.084 90 
7 16 -0.564 0.091 67 
8 17 -0.322 0.085 85 
9 18 -0.374 0.084 90 

10 19 -0.394 0.081 106 
11 20 -0.035 0.082 96 
12 21 0.032 0.087 78 

year 	 69 22 -0.024 0.156 27 
70 23 -0.138 0.157 26 
71 24 -0.485 0.158 26 
72 25 -0.537 0.144 45 
73 26 -0.571 0.140 54 
74 27 -0.868 0.135 79 
75 28 -1.167 0.138 61 
76 29 -0.881 0.136 73 
77 30 -0.881 0.159 35 
78 31 -0.769 0.223 9 
79 32 0.031 0.207 12 
80 33 -0.247 0.144 75 
81 34 -0.272 0.141 96 
82 35 -0.086 0.140 103 
83 36 -0.118 0.146 74 
84 37 -0.019 0.144 79 
85 38 0.210 0.145 77 
86 39 0.399 0.144 78 
87 40 -0.052 0.145 70 
88 41 -0.168 0.146 70 
89 42 -0.169 0.146 67 
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Table 15. 4VsW standardized catch rate from lOP for OTB (TC 4-5). 

MULTIPLE 
MULTIPLE 

R............. .623 
R SQUARED ....•. 389 

ANALYSIS OF VARIANCE 

SOURCE OF 
VARIATION DF 

SUMS OF 
SQUARES 

MEAN 
SQUARES F­ VALUE 

INTERCEPT 1 3.016EOOOO 3.016EOOOO 

REGRESSION 
TYPE 1 
TYPE 2 
TYPE 3 

19 
7 

11 
1 

4.449EOOOl 
1.l02E0001 
3.240EOOOI 
3.366E-001 

2.342EOOOO 
1.574EOOOO 
2.945EOOOO 
3.366E-001 

4,514 
3.034 
5.677 
0.649 

RESIDUALS 135 7.003EOOOI 5.187E-001 

TOTAL 155 1.175E0002 

REGRESSION COEFFICIENTS 

CATEGORY CODE VARIABLE COEFFICIENT STD. ERROR NO. 08S. 
year 82 INTERCEPT 0.117 0.250 155 

month 1 
TC 5 

year 	 83 1 -0.093 0.226 23 
84 2 0.528 0.227 22 
85 3 0.657 0.230 21 
86 4 0.532 0.249 16 
87 5 0.459 0.244 17 
88 6 0.250 0.231 21 
89 7 0.574 0.250 16 

month 2 8 0.380 0.255 16 
3 9 0.439 0.255 16 
4 10 -0.355 0.264 14 
5 11 -0.452 0.270 13 
6 12 -0.699 0.284 11 
7 13 -0.822 0.293 10 
8 14 -0.572 0.292 10 
9 15 -0.811 0.283 11 

10 16 -0.957 0.264 14 
11 17 -0.154 0.264 14 
12 18 -0.031 0.294 10 

gear 4 19 -0.097 0.121 65 

PREDICTED CATCH RATE 

STANDARDS USED VARIABLE NUMBERS: 1 5 

TOTAL CATCH RATE 
YEAR CATCH PROP. MEAN S.E. EFFORT 

82 38380 0.109 1.414 0.349 27142 
83 37853 0.112 1.291 0.307 29316 
84 40768 0.161 2.402 0.577 16973 
85 41568 0.140 2.733 0.654 15212 
86 36979 0.074 2.408 0.596 15357 
87 34107 0.098 2.238 0.550 15242 
88 27399 0.172 1.818 0.435 15067 
89 25346 0.166 2.511 0.618 10096 

AVERAGE C.V. FOR THE MEAN: .243 
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Table 16. Summary of the ADAPT framework used to estimate the stock parameters for 
4VsW cod in 1989. 

Framework: Assumptions and Structure Imposed 

The for.mulation used in this assessment combines July and Spring survey 
indices using log residuals to estimate the population numbers by half 
years. The structure imposed is as follows: 

Error in catch assumed negligible 

Partial recruitment fixed for ages 1 2 3 10+ 
.0001 .0001 .012 1.0 

F at the oldest age assumed equal to the mean F for ages 7-9 weighted by
population numbers 

No intercept was used in the relationship between population numbers and 
survey indices 

Natural mortality was set at 0.2 (0.1 per half year) 

Parameters of the ADAPT framework 

Yearclass estimates 9 ; t c 1989.5 i.e. midyear numbers 

Survey coefficieants K1•1I 
K2• if 

i=4, 
1=4, 

5, 
5, 

9 
9 

July RV 
Spring RV 

Input 
Catch at age Ci.t' i=l, 2, •.. 15 ; t= 1971, 1971.5, •.. 1989.5 

July RV CPUE RV1.i.t' i=4, 5, 9 t-1971.5, 1972.5 ... 1989.5 

Spring RV CPUE RV2,i.tI i=4, 5, 9 : t-1979, 1980, ... 1989 
except 1985 

Objective Function 

Minimize 

Note: 3 July residuals given 0 weight (1974 age 5; 1975 age 6; 1976 age 9) 

Summary 

Number of observations 111 July RV (114-3) 
60 Spring RV 

Number of Parameters 18 

http:RV2,i.tI


--------- --------- -----------
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Table 17A. 4VsW cod ADAPT summary statistics from half-year SPA. 

ESTIMATED PARAMETERS AND STANDARD ERRORS 
APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION 

ORTHOGONALITY OFFSET ••••••••. 0.043892 
MEAN SQUARE RESIDUALS 0.356224 

AGE PAR. EST. STD. ERR. T-STATISTIC C.V. 

NUMBERS 
4 2. 686E0004 1.195EOO04 2.248EOOOO 4.447E-001 
5 2.097EOO04 7.063EOO03 2. 969EOOOO 3.368E-001 
6 1.045EOO04 3.285EOO03 3.181EOOOO 3.144£-001 
7 1.525EOO04 4.417EOO03 3.453EOOOO 2.896E-001 
8 3.970EOO03 1.526EOO03 2.602EOOOO 3.844E-001 
9 4.233EOO03 1.612EOO03 2. 625EOOOO 3.809B-001 

JULY 	 RV 
4 2.133E-004 3.025E-005 7.051EOOOO 1.418E-001 
5 2.207E-004 3.183E-005 6. 933EOOOO 1.442E-001 . 
6 1.880E-004 2.709E-005 6.942EOOOO 1. 440E-001 
7 1. 579E-004 2.223E-005 7.103EOOOO 1. 408E-001 
8 1.351E-004 1.911E-005 7.071EOOOO 1. 414E-001 
9 1.072E-004 1. 563E-005 6.859EOOOO 1.458E-001 

SPRING 	 RV 
4 1.554E-004 3.112E-005 4.993EOOOO 2.003E-001 
5 1. 926E-004 3.768E-005 5.111EOOOO 1. 957E-001 
6 2.210E-004 4.292E-005 5.149EOOOO 1.942£-001 
7 1.924E-004 3.742£-005 5.142EOOOO 1.945E-001 
8 1. 778E-004 3.480E-005 5.110EOOOO 1.957E-001 
9 1.043E-004 2.041E-005 5.108EOOOO 1.958E-001 

Parameter Correlation Matrix 

1 2 3 4 5 6 7 8 9 10 11 12 13 
---+------------------------------------------------------------------------------------------­1 I 1.000 .062 .051 .048 .016 .023 -.182 -.020 -.015 -.012 -.010 -.012 -.239 

2 I .062 1.000 .072 .071 .031 .029 -.136 -.147 -.022 -.018 -.016 -.017 -.179 
3 I .051 .072 1.000 .091 .046 .041 -.112 -.117 -.139 -.024 -.022 -.023 -.145 
4 I .048 .071 .091 1. 000 .045 .059 -.110 -.124 -.145 -.180 -.105 -.153 -.136 
5 I .016 .031 .046 .045 1.000 .076 -.058 -.067 -.088 -.129 -.194 -.079 -.031 
6 I .023 .029 .041 .059 .076 1.000 -.053 -.061 -.077 -.103 -.144 -.215 -.064 
7 I -.182 -.136 -.112 -.110 -.058 -.053 1.000 .045 .035 .030 .027 .029 .086 
8 I -.020 -.147 -.117 -.124 -.067 -.061 .045 1.000 .038 .034 .031 .033 .055 
9 I -.015 -.022 -.139 -.145 -.088 -.077 .035 .038 1.000 .041 .039 .041 .041 

10 I -.012 -.018 -.024 -.180 -.129 -.103 .030 .034 .041 1.000 .052 .053 .032 
11 I ~.010 -.016 -.022 -.105 -.194 -.144 .027 .031 .039 .052 1. 000 .055 .026 
12 I -.012 -.017 -.023 -.153 -.079 -.215 .029 .033 .041 .053 .055 1.000 .033 
13 I -.239 -.179 -.145 -.136 -.031 -.064 .086 .055 .041 .032 .026 .033 LOOO 
14 I -.023 -.181 -.146 -.147 -.077 -.035 .053 .058 .044 .037 .031 .032 .065 
15 I -.016 -.024 -.160 -.156 -.092 -.079 .038 .042 .051 .044 .OU .043 .045 
16 I -.013 -.019 -.025 -.190 -.129 -.106 .031 .035 .043 .056 .054 .055 .034 
17 I -.010 -.016 -.022 -.103 -.207 -.154 .028 .032 .040 .054 .066 .057 .026 
18 I -.012 -.018 -.024 -.153 -.079 -.219 .029 .033 .041 .053 .055 .070 .034 

14 15 16 17 18 
---+----------------------------------­1 I -.023 -.016 -.013 -.010 -.012 

2 I -.181 -.024 -.019 -.016 -.018 
3 I -.146 -.160 -.025 -.022 -.024 
4 I -.147 -.156 -.190 -.103 -.153 
5 I -.077 -.092 -.129 -.207 -.079 
6 I -.035 -.079 -.106 -.154 -.219 
7 I .053 .038 .031 .028 .029 
8 I .058 .042 .035 .032 .033 
9 I .044 .051 .043 .040 .041 

10 I .037 .044 .056 .054 .053 
11 I .031 .041 .054 .066 .055 
12 I .032 .043 .055 .057 .070 
13 I .065 .045 .034 .026 .034 
14 I 1.000 .049 .038 .032 .032 
15 I .049 1.000 .046 .042 .043 
16 I .038 .046 1.000 .056 .056 
17 I .032 .042 .056 LOOO .058 
18 I .032 .043 .056 .058 1.000 
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Table 17B. 4VsW cod residuals from half-year SPA model with July and Spring surveys. 

MEAN SQUARE RESIDUALS : 0.3562239745 
MEAN RESIDUAL: 4.452536411E-3 

SUM OF ALL RESIDUALS: 0.7613837263 

Log residuals from the July RV survey 

71.0 72.0 73.0 74.0 75.0 76.0 77.0 78.0 79.0 80.0 81.0 82.0 
---+----------------------------------------------------------------------------------------­4 I -.527 .521 1.377 -.873 -.419 -.384 -.248 .204 -.279 -.758 -.124 .767 

5 I .170 -.143 .853 -1.286 -.798 .025 .027 -.468 .026 .200 -.194 -.339 
6 I -.456 .116 -.279 -.542 -1.334 -.993 .468 -.436 .225 .435 .218 .256 
7 I .012 -.996 .400 -.904 -.459 -.426 -.489 -.519 -.020 .468 .161 .4B1 
8 I .611 -.968 -.470 -.248 -.560 .796 .694 -1.621 .190 -.056 .160 .116 
9 I .065 .536 .000 -.536 .920 3.152 -.152 -.569 -.316 -.194 -.352 -.218 

83.0 84.0 85.0 86.0 87.0 88.0 89.0 
---+------------------------------------------------­4 I .633 .450 .219 -.444 .140 .051 -.036 

5 I .567 .602 .052 -.342 .226 .005 -.179 
6 I .438 .747 .408 -.338 .292 -.195 -.255 
7 I .093 1.126 .734 -.362 .228 .584 -.087 
8 I .385 -.113 .542 -.103 .596 -.019 .003 
9 I -.472 .604 1.034 -.028 .185 -.360 -.218 

SUM OF RV RESIDUALS: 1.09019994 MEAN RESIDUAL: 9.82162108E-3 

Log residuals from Spring RV survey 

79.0 80.0 81.0 B2.0 83.0 84.0 86.0 87.0 88.0 89.0 
---+-------------------------------------------------------------------------­4 I -2.142 -1.0B3 .018 .554 1.140 -.008 1.154 .339 -.002 .054 

5 I -1.327 -.487 .204 .197 -.113 -.110 .773 .409 .344 .188 
6 I -1.037 -.098 .797 -.190 .386 -.287 .742 .271 -.091 -.335 
7 I -.815 .107 .787 .194 .043 .263 .996 .066 -.136 -1.450 
8 I -.188 -.695 .956 .427 .072 .107 .369 -.052 .185 -1.208 
9 I -.928 -.706 -.213 .510 .154 .912 .927 -.309 .199 -.633 

SUM OF RV RESIDUALS: 0.2034114428 MEAN RESIDUAL 3.390190713E-3 
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Table 18. 4VsW cod population numbers from longterm SPA. 

58 59 60 61 62 63 64 65 66 67 68 
---+---------------------------------------------------------------------------------------­1 1 105745 95815 108304 93543 141167 159009 153142 145910 154128 121467 75721 

2 I 92880 86576 78446 88672 76546 114732 126811 122849 116672 123650 98953 
3 1 68352 75919 70883 64227 72342 57276 72416 87577 82784 79335 97404 
4 1 38694 53380 59896 51685 49469 53776 31557 45961 54763 51949 59283 
5 1 23145 28483 35662 43503 33641 31150 32929 17757 26321 32193 35304 
6 1 17851 16657 15347 23176 27166 21777 15627 16301 9701 11980 17801 
7 1 5749 11244 7766 8471 12934 15106 12923 8545 7800 3906 5883 
8 1 5420 3250 5239 3814 4325 8107 7956 7980 4159 3440 1871 
9 1 4258 3112 1334 2636 1420 1244 4662 4392 2482 1967 1695 

10 I 1635 1664 1754 830 1061 542 706 2870 1671 1258 1009 
11 1 978 562 366 1315 526 437 322 295 917 920 444 
12 1 125 309 172 189 944 278 248 133 86 148 459 
13 1 56 50 26 73 75 705 182 135 26 49 63 
14 1 12 0 17 20 0 0 554 104 24 9 26 
15 1 28 0 0 0 14 0 0 453 6 19 3 
---+---------------------------------------------------------------------------------------­1+1 364929 377020 385210 382154 421632 464139 460034 461263 461541 432289 395918 

2+1 259184 281205 276906 288611 280464 305130 306893 315353 307413 310822 320197 
3+1 166304 194629 198460 199939 203918 190398 180082 192503 190741 187172 221244 
4+1 97952 118710 127577 135713 131576 133122 107666 104926 107957 107837 123840 

69 70 72 73 74 75 76 77 78 79 
---+---------------------------------------------------------------------------------------­1 1 99494 85062 84866 67306 61887 74357 86392 72141 67928 107119 96802 

2 1 59738 80168 68473 67687 53254 49566 59726 69340 58600 55614 87671 
3 I 66498 40678 57827 44457 41062 34353 33957 41144 54177 47957 45448 
4 1 63992 47491 25264 38619 25721 26379 16069 21104 31098 43875 38207 
5 I 32446 39974 25489 16047 20770 15807 11015 10295 13020 24349 32232 
6 I 14759 17292 20356 14886 6457 8288 6740 4686 4900 9220 15577 
7 I 7067 6588 10050 12026 6281 2279 4753 2535 1950 3247 5212 
8 I 1666 3846 3637 5135 6853 2094 1260 1228 911 1153 1964 
9 1 722 902 2462 1202 2503 1329 802 468 601 566 721 

10 1 650 377 525 1379 670 526 911 207 260 385 367 
11 1 500 487 243 98 707 196 292 125 121 183 248 
12 1 226 323 274 55 19 80 149 83 91 61 122 
13 1 185 133 214 68 38 8 64 11 26 35 26 
14 I 21 140 101 34 23 12 7 15 9 11 3 
15 ! 6 11 104 10 28 0 10 0 9 4 0 
---+---------------------------------------------------------------------------------------­1+1 347968 323472 299885 269009 226273 215274 222147 223383 233702 293780 32459B 

2+1 248474 238410 215019 201702 164386 140918 135756 151242 165773 186661 227797 
3+1 188736 158242 146546 134016 111132 91351 76029 81902 107174 131048 140126 
4+1 122239 117564 8B720 B955B 70070 56999 42072 4075B 52996 B3091 94678 

BO B1 82 83 84 85 B6 87 BB 89 
---+-------------------------------------------------------------------------------­1 1 114406 126890 75264 94518 40408 53121 49747 471671 16051 2 

2 1 79244 93640 103886 61618 77385 33083 43492 40729 386172 13141 
3 1 71695 64796 76432 84930 50443 63356 27083 35605 33346 316163 
4 I 35615 57101 50155 60340 66361 40910 51731 22061 29117 27134 
5 1 25346 24750 38484 34126 41549 49104 31456 38544 17269 22471 
6 1 17771 14475 13675 22348 21168 25782 32827 18841 26405 11968 
7 1 8178 8960 7643 7866 12617 12193 14302 18533 10101 17519 
8 I 3173 3936 4661 3934 4716 6865 6107 8462 9700 4583 
9 I 1267 1583 1937 2626 2305 2730 3422 3578 4455 4961 

10 1 521 754 937 971 1584 1395 1274 1786 1930 2081 
11 1 279 344 495 479 593 1035 733 638 915 1014 
12 I 194 183 219 267 258 347 590 342 312 514 
13 1 96 135 121 120 172 154 127 388 162 117 
14 I 18 75 91 50 77 110 65 45 263 74 
15 I 3 15 60 24 28 48 72 43 27 207 
---+-------------------------------------------------------------------------------­1+1 357806 397638 374059 374218 319663 290234 263027 661267 536223 421948 


2+1 243400 270748 298795 279700 279255 237113 213279 189596 520173 421946 

3+1 164157 177108 194910 218082 201870 204029 169788 148867 134001 408805 

4+1 92462 112312 118477 133153 151427 140673 142705 113262 100655 92642 
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Table 19. 4VsW cod fishing mortality from longterm SPA. 

58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 
---+------------------------------------------------------------------------------------------­1 .00 .00 .00 .00 .01 .03 .02 .02 .02 .00 .04 .02 .02 .03 .03 .02 

2 .00 .00 .00 .00 .09 .26 .17 .19 .19 .04 .20 .18 .13 .23 .30 .24 
3 .05 .04 .12 .06 .10 .40 .25 .27 .27 .09 .22 .14 .2B .20 .35 .24 
4 .11 .20 .12 .23 .26 .29 .3B .36 .33 .19 .40 .27 .42 .25 .42 .29 
5 .13 .42 .23 .27 .23 .49 .50 .40 .59 .39 .67 .43 .47 .34 .71 .72 
6 .26 .56 .39 .3B .39 .32 .40 .54 .71 .51 .72 .61 .34 .33 .66 .84 
7 .37 .56 .51 .47 .27 .44 .28 .52 .62 .54 1. 06 .41 .39 .47 .36 .90 
B .35 .69 .49 .79 1. 05 .35 .39 .97 .55 .51 .75 .41 .25 .91 .52 1.44 
9 .74 .37 .27 .71 .76 .37 .29 .77 .4B .47 .76 .45 .34 .38 .3B 1. 36 

10 .87 1.31 .09 .26 .69 .32 .67 .94 .40 .84 .50 .09 .24 1. 48 .47 1.03 
11 .95 .9B .46 .13 .44 .37 .69 1. 03 1. 62 .50 .47 .24 .37 1.28 1. 45 1. 97 
12 .72 2.2B .66 .72 .09 .22 .41 1.42 .37 .66 .71 .33 .21 1.19 .17 .64 
13 9.24 .91 .04 9.49 9.52 .04 .36 1.54 .B8 .45 .88 .07 .08 1.64 .88 .95 
14 8.18 .2B 8.49 .18 .28 .28 .00 2.73 .00 .97 1.33 .45 .10 2.11 .00 8.77 
15 .50 .50 .50 .50 .50 .50 .50 .50 .50 .50 .50 .50 .50 .54 .40 1.20 

74 75 76 77 78 79 80 81 B2 83 84 85 86 87 88 89 
---+----------------------------------------------------------------------------------­1 .02 .02 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2 .18 .17 .05 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
3 .56 .28 .OB .01 .03 .04 .03 .06 .04 .05 .01 .00 .01 .00 .01 .00 
4 .67 .25 .28 .04 .11 .21 .16 .19 .19 .17 .10 .06 .09 .04 .06 .11 
5 .65 .65 .54 .15 .25 .40 .36 .39 .34 .28 .28 .20 .31 .18 .17 .22 
6 .36 .78 .68 .21 .37 .44 .48 .44 .35 .37 .35 .39 .37 .42 .21 .36 
7 .39 1.15 .82 .33 .30 .30 .53 .45 .46 .31 .41 .49 .32 .45 .59 .26 
8 .76 .79 .51 .28 .27 .24 .50 .51 .37 .33 .35 .50 .33 .44 .47 .56 
9 .18 1.15 .39 .24 .23 .12 .32 .32 .49 .31 .30 .56 .45 .42 .56 .59 

10 .39 1. 79 .33 .15 .24 .07 .22 .22 .47 .29 .23 .44 .49 .47 .44 .37 
11 .08 1. 05 .11 .48 .21 .05 .22 .25 .42 .42 .34 .36 .56 .52 .38 .32 
12 .03 2.43 .98 .76 .67 .04 .16 .21 .40 .24 .31 .80 .22 .55 .78 .40 
13 .00 1.23 .00 .64 2.14 .14 .05 .20 .68 .25 .25 .67 .85 .19 .58 .32 
14 .00 7.83 .34 .48 7.56 .00 .00 .03 1.11 .40 .28 .22 .21 .32 .04 .25 
15 .46 1.07 .70 .28 .28 .26 .50 .45 .43 .31 .38 .50 .34 .44 .53 .31 
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Figure 1. Nominal catch and TAC for (X 1000) 4VsW cod. 
100 


-e- Catch 
·e· TAC 

•80 


o 
Q) 60
c: 
c: 
o 
I-

o 
'':: 
Q) 40 

::! 

20 


e ·e 

o~~~~~~~~~~~~~~~~~~~~ 

1955 1960 1965 1970 1975 1980 1985 1990 


Year 



28 


Figure 2. Comparison of projected and 
observed catch at age for 4VsW cod 1989.
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Figure 3. July RV survey mean catch per 
tow for 4VsW cod.
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Figure 4. Stratification schemes used in surveying 4VsW cod. 
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Figure 5. Spring RV survey mean catch 
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Figure 6. Comparison of ages 4+ catch 
per tow in July and Spring surveys. 
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Figure 7. Standardized commercial and 
lOP catch rates for 4VsW cod. 
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Figure 8. Age 4+ SPA numbers and biomass (X 1000) Numberswith projections to 1991 for 4VsW cod. - ­
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Figure 9. Mean fully recruited fishing 
mortality (Ages 7-9) in 4VsW cod. 
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Figure 10. Age 1 recruitment from SPA (X 1000) 
In 4VsW cod. 
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Figure 11. Retrospective fishing mortality in 4 VsW cod. 
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CatchFigure 12A. Graphical presentation of (X 1000) alternative fishing mortality options. PCo~. Biomass50 :hange 
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Figure 12B. Graphical presentation of (X 10000)
alternative catch options for 1990. 50.5 
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Appendix 1. .. 

Table 1. Half-year to full-year shift needed for half-year SPA 
calculations in ADAPT. 

Assume Y is an age by half year ..tria where each element Cab) 
represents the cohort number (a) and the balf of the year (b) •. Zt 
can be 8een that each cohort goe8 down the matria in steps i.e. it 
goes across two columns before going down a row. 

y 
11 12 21 22 31 32 

41 42 11 12 21 22 

51 52 41 42 11 12 

61 62 51 52 41 42 

71 72 il 62 51 52 

81 82 71 72 61 62 


The APL function HYSHIFT aligns the cohorts along diagonals and 
fills the intervening "cohorts· with O's. 

H~SHIFT y 


1! 0 21 0 31 0 

o 12 0 22 0 32 


41 0 11 0 21 0 

o 42 0 12 0 22 


51 0 41 0 11 v 

o 52 0 42 0 12 


61 0 51 0 41 0 

o 62 0 52 0 42 


71 0 61 0 51 0 

~ ~2 0 62 C 52 


81 0 71 0 i1 0 

o 82 0 12 0 i2 .. 

The APL function FYSHIFT performs the complementary./ ·tunction and 
removes the half-year ·cohorts·. 

X rYSHlrT X 
11 0 21 0 31 0 11 12 21 22 31 32 
o 12 0 22 032 41 42 11 12 21 22 

41 0 11 0 21 0 51 52 41 42 11 12 
o 42 0 12 0 22 61 62 51 52 41 42 

51 0 41 0 11 0 71 72 61 62 51 52 
o 52 042 0 12 81 82 71 72 61 62 

61 0 51 0 41 0 
o 62 0 52 0 42 


71 0 61 0 51 0 . 

on 062 0 52"' 


81 0 11 0 61 0 

o 82 0 ~2 0 62 

.
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