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Abstract 

The 1990 fishery for 4VsW cod took 34,334 t, a shortfall of almost 900 t from the TAC and 2400 
t less than in 1989. The proportion of the catch taken In Subdiv. 4Vs deClined from 87% in 1988 to 77% 
perhaps indicating a return to the more equal division of catches seen prior to the mid-1980's. 

The catch at age In the 101 quarter Indicated a large amount of slow-growing fish from the 4TVn 
stock were being caught in 4Vs. The catch at age and the total catch for both stocks were adjusted by 
7600 t to more accurately reflect the removals from each biological unit. This was not to suggest a problem 
with misreporting, but rather a more extensive migration by the 4TVn stock out of the Gulf of St. Lawrence. 

The SPA was calibrated using both July and March RV indices in ADAPT. However, the calibration 
results were not used as the basIs of the advice because the retrospective trend noted in previous 
assessments had become too severe to accept the results of the SPA as indicative of the stock sIze. 

A biological update of the resource status was based on RV and commercial C/E trends and the 
relative sizes of the 1986 and 1987 yearclasses. The indices were consistent in. indicating that the stock 
size had declined from the mid-1980's but was still at or above the mean since 1971. The 1986 yearclass 
is above average In size and the 1987 yearclass is comparable to the largest yearclasses previously seen. 
As a result CAFSAC advised that continuing the current multiyear plan at 35200 t would not be detrimental 
to the Iongterm health of the stock. 

Resume 

En 1990,les prises de morue de 4VsW se sont etabiles a34 334 t, soit 900 t de molns que Ie TPA 
et 2 400 t de molns qu'en 1989. La proportion des captures provenant de la subdivision 4Vs, qui etait de 
87 % en 1987, est passee Ii 77 %, ce qui pourraH ~tre Ie slgne d'un retour Ii la division plus equitable des 
prises qui exlstait avant Ie milieu des annees 1980. 

Lea donnees sur les prlses salon l'Age du premier trimestre revelalent la presence d'une grande 
quantlte de poIssons acroissance lente provenant du stock de 4TVn parmlles captures reatlsges dans 4Vs. 
On a aJuste de 7 600 ties prises salon ,'Age et les prlses totales des deux stocks, de manlbre ace qu'elles 
reMtent plus preclsement les retralts provenant de chaque unite biologlque. Cette correction a ete apportee 
non acause d'un probleme de fausses declarations, mals plutOt en raison de migrations plus etendues du 
stock de 4TVn hors du golfe du Saint-laurent. 

L'ASP a ete etalonnee au moyen des donnees des campagnes d'evaluation de JuDlet et mars, en 
sulvant la methode ADAPT. Toutefols, on n'a pas tenu compte des resultats alns! obtenus dans la 
formulation des avis, parce que I'aspect retrospectlf des donnees. constate dans les evaluations anterleures, 
etait trop Important pour que I'on pulsse considerer les resultats de I'ASP comme representatlfs de la 
grosseur des stocks. 

On a fait Ie point sur la situation blologique des stocks en se fondant sur les campagnes 
d'evaluatlon, sur les tendances des pnses et de I'effort ainsl que sur la grosseur relative des classes d'Age 
de 1986 et de 1987. Tous les indices ont confirme que I'abondance des stocks a dlminue depuls Ie milieu 
des annees 1980, mals qu'elle reste egale ou superleure a la moyenne depuls 1971. Du pOint de vue de 
la grosseur des classes d'Age, celie de 1986 est superieure a la moyenne et celie de 1987 est comparable 
a Ia plus forte classe d'Age avant exlste anterieurement Par consequent, Ie CSCPCA est d'avis qu'on ne 
nulra pas a la bonne sante du stock a long terme' en malntenant a35 200 t Ie plan pluriannuel actuel. 
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Description of the fishery 

Catches of 4VsW cod (Table 1; Figure 1) ranged from 40,000 t to 80,000 t in the years 1958 to 
1974 and then declined rapidly to a low of 10,000 tin 1977. Subsequent to extension of jurisdiction the 
catches quickly climbed again and were at or above 50,000 t from 1980 to 1986. Under quota 
restrictions, the T AC's have been reduced and consequently the catches have declined in recent years 
to 34,334 tin 1990. Since 1977 the foreign catch has only exceeded 1000 t once and in 1990 was 
less than 200 t, primarily bycatch in the silver hake fishery. 

The total catches (Table 2) and Canadian catches (Table 3) from 1964 to the present, based 
on NAFO data, are broken down by gear type and Division. Prior to 1980, the total catch was nearly 
equally split between SUbdiv. 4Vs and Div. 4W however, since 1980 the percentage of the catch 
coming from Subdiv. 4Vs climbed from 60% to 8~k in 1988 (Figure 2). The percentage has declined 
for the last two years and was 77% in 1990, the lowest since 1983. The proportion of the catch taken 
by each gear type (Figure 3) is essentially unchanged from 1989 with over 70% of the catch taken by 
otter trawls, 25% taken by longline and handline and the remainder taken primarily by seines and 
gillnets. The initial allocations to gears (Table 4), made in January, were adjusted during the year. The 
catches were close to the final allocations for all gears except the FG>45' which was 1250 t over their 
allocation and the vessels >100' which were 660 t short of their final allocation (1400 t short of their 
initial allocation). 

Catch and weight at age 

The 1990 catch at age was constructed by half-year using five separate keys (Table 5). mobile 
gears (trawlers and seines) for Quarter 1, Quarter 2 and Quarters 3+4, and fixed gears (Iongline and 
handline) for Quarters 1+2 and Quarters 3+4. The parameters of the lengthlweight relationships were 
estimated from the 1990 March and July RV surveys and applied to the keys for the appropriate time 
periods (Table 5). The keyed catch accounted for over 98% of the total catch and was pro-rated to the 
total. The catches at age by key (Table 6) were summed and appended to the catch at age for the 
years 1971-89 (half-year in Table 7; full year in Table 8) reconstructed by MacEachern and Fanning 
(1990). The full year catch at age estimated for 1990 (Figure 4) was in close agreement with that 
projected from the previous assessment (Fanning and MacEachern, 1990) except for the presence of 
large numbers at ages 9 and 10 which had not been projected. 

Examination of the age compositions resulting from each key and for each half year (Table 6) 
showed that the mobile gear catch at age for the 111 Quarter (Q1-0TB), which accounted for over half 
the total catch in numbers. had substantially higher proportions of fish at ages 8+ than the other keys. 
Inspection of the mean weights at age for each key indicated that the Q1-0TB key also estimated 
mean weights at age substantially below any of the other keys and which were Inconsistent with other 
years. The Q1-0TB samples were used to construct keys broken down by month (Jan, Feb, Mar) and 
unit area (4Vb, 4Vc). Inspection of the individual month by unit area keys (2 examples are in Table 9) 
revealed distinct bimodality in the length composition of several age groups, particularly ages 6-10, 
indicating that a mixture of populations with different growth rates was present In the 111 quarter. 

The mean size at age in southern Gulf (4TVn) cod is substantially smaller than in 4VsW cod 
and they are known to migrate into 4Vn in the winter to the degree that catches from the 4Vn (Jan.
Apr.) fishery are considered part of the 4TVn spawning group for management purposes. There have 
also been industry reports in the past that indicate parts of the 4TVn migration may extend southward 
into 4Vs, however, as this usually involves small quantities of catch, the impact has been assumed 
negligible. In the period 1977-89 the Q1-0TB catch in 4VsW has ranged from 5% to 24% of the total 
catch (Figure 5). However in the most recent years, the Q1-0TB catch accounted for over 15,000 tout 
of less than 35,000 t (45%) in 1990, and the 1991 quota reports indicate that the Q1-0TB catch was 
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14,500 t (41%) of the 35,200 t TAC. The observed mobile gear catches in 4V. from the International 
Observer Program (lOP). where cod was the main species. were aggregated to 10' squares for the first 
quarters of 1990 and 1991 (Figure 6). The catches on the maps total 4900 t in 1990 (32% of 1" 
quarter) and 5500 t in 1991 (36%). A significant concentration of catch has come from the area 
straddling the 4Vn-4Vs boundary, consistent with a continuous aggregation of fish across the line. The 
aggregation was probably composed of fish from both 4TVn and 4VsW and so it is likely that 4TVn fish 
were abundant in the catch in 4VsW. 

Given that a mixture of stocks was present in the catch, it was necessary to determine the 
separate age composition and total catch from each stock (4TVn and 4VsW). To estimate the catch at 
age from each stock in the 01-0TB catch, the length ranges and modes at age, from uncontaminated 
samples. were plotted on the table of percent at age and length based on the 01-0TB samples from 
4VsW (Table 10). The samples from the 4Vn winter fishery were used to determine the length ranges 
and modes at age for the 4TVn stock. The 1111 Half 4VsW longline samples were used to determine the 
length ranges and modes at age for 4VsW. They were unlikely to be contaminated by 4TVn fish since 
the long liners fished throughout 4VsW and primarily In the 2nd quarter. The lengths corresponding to 
visible separations in the month by unit area keys described above were noted as well. Based on 
these indicators a rut-off length was selected for each age (indicated by the stepped line on Table 10) 
and the length composition at age was partitioned between 4TVn and 4VsW. After the key was 
partitioned the length composition (Table 11). age composition, mean length and weight at age, catch 
at age and total catch (Tables 12 and 13) were calculated for each stock. The 4VsW catch at age, 
after rulling out the component attributed to 4TVn, had significant reductions in the numbers of ages 6 
to 10 although there was little change in the younger ages (Table 14. Figure 7) The partitioned catch 
at age indicated that 7876 t (51 %) of the total 01-0TB catch was from 4VsW and 7627 t was from 
4TVn. Consequently. the total catch from the 4VsW cod stock was only 26.707 t rather than the 34,334 
t reported. This is not an indication of misreporting, but rather migration by the 4TVn fish to an area 
south of the 4Vn-4Vs boundary. 

The commercial mean weights at age (Table 15) in 1990 were lower than in 1989 for all but 3 
ages if the unrulled 01-0TB key was included. The mean weights at age after culling 01-0TB key 
were generally higher than in 1989 at all but the oldest ages (ages 14-16). The commercial mean 
weights at age have increased slightly over the last 3 years for most ages but are still low relative to 
the years 1978-84. 

Commercial catch rates 

As a result of research recommendations made last year the commercial C/E was re
examined in considerable detail. The data for the years 1985-1990 were extracted from the Interzonal 
(ZIFF) database and aggregated into the same the gear/area/month categories previously defined by 
Sinclair and Smith (1987). In the process 2 selection errors affecting different years were identified. In 
the past two years (1988-89) the catch and effort data had been selected regardless of main species in 
the catch. As a consequence the catch rates were artificially deflated by effort that was actually 
directed on another species. In the years 1985-1987 the catch and effort data had been selected 
where main species was cod regardless of whether effort was greater than O. This artificially inflated 
the C/E by including catch with no effort. After both these problems were corrected a new catch rate 
series was calculated however it was apparent that there were still problems, particularly with the 1985 
data. The effort data from Newfoundland vessels in 1985 appeared to be 1-2 orders of magnitude too 
large. The C/E was also recalculated based on NAFO data for all available years (1968-88) with 
Interzonal data being used only in 1989-90. The NAFO data did not contain the erroneous data for 
Newfoundland OTB in 1985 that was observed in the Interzonal data. The C/E standardization was 
done using the STSC APL version of STANDARD (Anon. 1986) and the results are in Table 16 and 
Figure 8. Throughout the 1980's the C/E remained higher than the 1970's and relatively stable. with 
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the exception of 1985-86 which were the highest observed. 

The Canadian OTB (TC 4-5) catch rates from the lOP were calculated for the years 1982-1990 
(Table 17 and Figure 8). The observed catch has varied between 7% and 17% of the total OTa catch 
during 1982-89, however, in 1990 the lOP observed 34% of the OTa catch. When standardized to the 
same standards, the C/E based on the lOP was significantly higher than that based on the commercial 
statistics in 1984-89 but nearly equal in 1982, 83 and 90. A possible explanation for this pattern stems 
from the fact that the sudden divergence of the two C/E series in 1984 coincides with the introduction of 
Enterprise Allocations for the offshore industry. This change in the management regime enabled the 
offshore companies to manage their own quota's, and the companies (primarily National Sea Products) 
introduced trip limits and multi-species trips to meet production needs. Under these management 
measures, because the lOP data defines main species on a set-by-set basis, while the commercial 
statistics uses a trip (or sub-trip) to determine main species, it was expected that the lOP C/E would be 
higher in general than the commercial C/E as effort directed on other species was excluded. The 
convergence of the two series In 1990 was consistent with anecdotal reports that the NatSea vessels 
had returned to the more traditional pattern of fishing, i.e. cod-directed trips, in an effort to, reduce costs. 

While the above explanation may account for the differences in the two C/E series, the fact that 
the two catch rate series are showing different trends. and that the potential effects of different 
aggregation levels (i.e. set-by-set compared to trip-by-trip) have not been determined. prevented the 
use of the commercial or lOP C/E as a calibration index for ADAPT. A research recommendation was 
made by the CAFSAC Groundfish subcommittee to investigate the effect of data aggregation on the 
C/E and that the discrepancy between NAFO and ZIF files for the 1985 Newfoundland data be 
resolved. 

Research vessel surveys 

The July stratified random trawl survey of 4VsW has been conducted annually since 1970, 
however the 1970 estimates of abundance are not used in the assessment of this stock because of 
variations in gear and survey protocol. In addition, the survey estimates for 1970 were deemed 
inconsistent with the SPA estimates in previous assessments. The research vessel conducting the 
survey was changed in 1982 and 1983 due to the retirement of the A.T. Cameron, the temporary use of 
the Lady Hammond (in 1982) and the advent of the Alfred Needler in 1983. The catches from the A.T. 
Cameron and the Lady Hammond were adjusted by a conversion factor of 0.8 (Fanning. 1985) to 
account for the change in vessel. Because of differences in age composition, the stratified estimates of 
mean catch per tow (Table 18) and coefficients of variation (Table 19) were calculated for 4Vs and 4W 
separately, and combined by weighting by strata areas. 

A second survey has been conducted in March from 1979 to 1991 with the exception of 1985. 
The same conversion factor was applied to the March surveys for the years 1979-83 when the Lady 
Hammond was the survey vessel. The estimation of abundance from the March survey has been 
complicated by missing strata due to the presence of ice in the survey area. The CAFSAC Groundfish 
subcommittee had previously recommended that methods of adjusting for the effect of missing strata be 
investigated, however this has not been completed and the March survey index (Table 20) assumes 
that missing strata would have been equal to the overall mean of the sampled strata. The CV's 
associated with the March survey estimates (Table 21) are generally larger than in the July survey, 
probably reflecting the patchier, more aggregated distribution of fish in the winter. 

The July survey mean catch per tow (Figure 9) in recent years, 1987-90, was higher than all 
years prior to 1982 except for 1973, but well below the peak of 1982-84. The general trend in the 
March surveys was similar although 1986 and 1990 seemed to be extremely high and low, respectively, 
relative to the July estimates. 
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The July survey mean catch per tow for ages 4+ in 1990 is near the mean for the entire series. 
and well below the peak levels in 1982-85 (Figure 10). The March survey estimate for ages 4+ was 
very low in 1990 however. in 1991 the estimate. which includes the strong 1987 yearclass. is 
comparable to the early 1980·s. 

Both surveys series have Indicated that the 1986 yearclass is above average and the 1987 
yearclass is comparable to the very large yearclasses of 1979 and 1980. The 1987 yearclass has 
constituted 44% to 49% of the mean catch per tow (in numbers) in 4 of the 5 surveys available for 1989 
to 1991, and it was 30% of the total numbers in the fifth survey (July 1989). 

Estimation of parameters 

The half-year ADAPT formulation used in the previous assessment was updated with the new 
catch at age and survey indices. When the unculled catch at age was used, the fully recruited F in 
1990 was estimated at 0.91, well above the F of 0.4 projected for a catch of 35,000 1. in the last 
assessment. The same formulation, when the culled catch at age was used, estimated the fully 
recruited F to be 0.56, however it must be recalled that this corresponds to a 1990 catch of only 26,700 
t. Estimates of population size using several alternative formulations, such as full year SPA or including 
the age 3 numbers in the estimation, were investigated (Table 22). When the 4T-culled catch at age 
was used (Runs 3-6) the mean fully recruited F's ranged from 0.5 to 0.6. Runs 5 and 6 included age 3 
in the calibration to get a direct estimate of the 1987 yearclass. The results of Run 6 are given in Table 
23 and Figures 11. 12 and 13 based on the following formulation: 

Parameters: 

Yearclass estimates -- Ni,19QO' i...3 to 9 

Calibration coefficients -- K1•1• 1=3 to 9 for July RV 

~i' i=3 to 9 for March RV 

Structure Imposed: 

Error in catch assumed negligible 

Partial recruitment fixed for ages 1. 2, and 10+ 

F on oldest age (16) set to weighted mean F from 7 to 9 

No intercept was fitted 

M=0.2 

Input: 

CI•t, 1=1 to 16; t ...1971 to 1990 - Full year catch at age 

Ji,t, i=3 to 9; t=1971 to 1990 - July RV index 

Mi,t. i=3 to 9; t=1979 to 1990 - March RV index (excluding 1985) 
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Objective function: Minimize 

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

Summary: 

Number of observations 137 July RV (140·3) 

77 March RV 


Number of parameters 21 

Retrospective Analysis 

All the ADAPT formulations investigated continue to show the retrospective pattern that has 
been of concern in this assessment for the last few years. Using the same formulation as last year 
(described above) and the 4T-culled catch at age in 1990, the ADAPT run indicates that F in 1989 was 
0.47 rather than 0.37 as estimated last year. Retrospective F's (Figure 14) from a full year SPA 
formulation (Run 4) indicate that, not only do the F's in a given year increase as an additional years of 
data are added, but that the magnitude of the increase has been getting larger since 1987. The lines 
in Figure 14 connect the estimates of mean fully recruited F in a given year (labelled as 'Fishing Year') 
when additional years are added to the input data. The retrospective trends have become too strong to 
use the SPA as a means of determining population abundance and consequently, it is not possible 
to accept the SPA resuHs as the basis of the assessment of this stock. 

Prognosis 

In the absence of an acceptable SPA the advice for this stock was based on the trends 
indicated by the surveys and catch rates. The CtE has declined from the mid· 1980's however it is still 
above the average from 1979 to 1989, a period of high abundance. The July survey indicates that the 
exploited part of the population (ages 4+) is near the series average while the March survey indicates it 
is above average in 1991. 

The 1987 yearclass was identified in the last assessment as being above average. The 
addition of new surveys and the 1990 catch at age 3 enhances this view and indicates that the 1987 
yearclass is comparable to the largest since 1971. The 1986 yearclass is also above average in size 
and these two yearclasses will be important in the 1991 and 1992 fisheries. 

It was noted that the stock is currently under a muHi·year management plan extending to 1993 
at 35,200 t per year and has been fished at that level since 1989. The present assessment does not 
indicate that the resource is being severely reduced by the current catch and so, in spite of the change 
in the basis of the assessment, a TAC of 35,200 t in 1992 should not be detrimental to the long term 
heaHh of the resource. The lack of an analytical assessment of this stock makes quantitative 
projections impossible and so the impact of the present TAC in 1993 or beyond cannot be reliably 
evaluated. 
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Recommendations 

1). Continue examination and comparison of catch rate indices from Interzonal, Regional and 
NAFO commercial statistics and the lOP database. 

2). Evaluate the impact of 4TVn fish In the winter being caught in 4Vs and examine methods of 
distinguishing the stock affinity of sampled catches from that part of the fishery. 
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Table 1. 4VsW cod nominal catches by country and NAFO Divisions. 

YEAR CANADA FRANCE PORTUGAL SPAIN USSR OTHERS TOTAl SUBD/V.4Vs D/V.4W TAC 

1958 17938 45n 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 3n61 
1965 23104 536 88 39280 7856 122 70986 36713 34273 
1966 17690 1494 43157 5473 711 68525 271n 41348 
1967 18464 n 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 
19n 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 
1988 38215 106 35 38356 33729 4627 38000 
1989 365741 1682 492 36791 29330 7461 35200 
1990 34136' 1272 712 34334 26340 7994 35200 
1991 35200 

, Preliminary Catch Statistics (ZIFF) 

2 lOP 
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Table 2. Total catch of 4VsW cod by gear1 and (Sub)Oivision from NAFO. 

4Vs 4W 4VsW 
YEAR TRAWLS LL SON MIS TOTAL TRAWLS LL SON MIS TOTAL TRAWLS LL SON MIS TOTAL 

1964 25452 42 2 0 25496 32855 708 88 4110 37761 58307 750 90 4110 63257 
1965 36607 84 22 0 36713 28931 1416 159 3767 34273 65538 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 2504 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 21946 3567 13 2323 27849 44211 3610 20 2324 50165 
1970 28617 21 1 0 28639 23655 3817 62 1261 28795 52272 3838 63 1261 57434 
1971 24088 40 0 0 24128 22006 4819 26 1584 28435 46094 4859 26 1584 52563 
1972 33570 595 4 2364 36533 15888 3793 7 5424 25112 49458 4388 11 7788 61645 
1973 21654 82 3 1662 23401 25144 3748 20 1780 30692 46798 3830 23 3442 54093 
1974 19105 337 0 169 19611 18931 2969 5 2225 24130 38036 3306 5 2394 43741 
1975 10522 444 0 728 11694 16336 3185 11 1291 20823 26858 3629 11 2019 32517 
1976 10068 68 0 1417 11553 8021 2913 14 1906 12854 18089 2981 14 3323 24407 
1977 2819 50 4 0 2873 2305 3487 68 1657 7517 5124 3537 72 1657 10390 
1978 10044 294 19 0 10357 8277 4552 839 1380 15048 18321 4846 858 1380 25405 
1979 14869 438 86 0 15393 14579 5825 3245 988 24637 29448 6263 3331 988 40030 
1980 28941 2116 321 0 31378 6729 6588 3440 1117 17874 35670 8704 3761 1117 49252 
1981 27662 4274 171 0 32107 9813 8229 2433 1136 21611 37475 12503 2604 1136 53718 
1982 32247 7069 794 0 40110 6431 6655 1943 615 15644 38678 13724 2737 615 55754 
1983 28024 4475 671 0 33170 11555 5052 1936 667 19210 39579 9527 2607 667 52380 
1984 37576 4123 879 0 42578 3839 3512 2144 473 9968 41415 7635 3023 473 52546 
1985 39978 7449 718 44 48189 3768 3386 1229 883 9266 43746 10835 1947 927 57455 
1986 35514 8277 237 0 44028 2758 3075 600 1068 7501 38272 11352 837 1068 51529 
1987 33157 6276 311 11 39755 1803 2666 538 741 5748 34960 8942 849 752 45503 
1988 26964 6097 612 56 33729 1240 2163 382 842 4627 28204 8260 994 898 38356 
19891 22563 6324 402 41 29330 3539 2990 323 609 7461 26102 9314 725 650 36791 
199o1 22272 3840 224 4 26340 2997 4027 532 438 7994 25269 7867 756 442 34334 

Gear designations include the following: TRAWLS - Side/stern bottom, side/stern midwaler, pair trawls and shrimp trawls; LL - Sel/drift longlines, Hand lines, 
jigs, dory vessel lines; SON • &:ollish, danish and pair seines; MIS . Miscellaneous gears not included above. 

Z Preliminary Interzonal and International Observer Program data. 

I 
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Table 3. Canadian catch of 4VsW cod by gear1 and (sub) Division (from NAFO). 

4Vs 4W 4VsW 
YEAR TRAWLS LL SON MIS TOTAL TRAWlS II SDN MIS TOTAL TRAWLS LL SON MIS TOTAL 

1964 2056 42 2 2100 7324 708 88 4110 12230 9380 750 90 4110 14330 
1965 7366 84 22 7472 10290 1416 159 3767 15632 17656 1500 181 3767 23104 
1966 6374 143 14 6531 6614 1472 38 3035 11159 12988 1615 52 3035 17690 
1967 6735 99 27 6861 6460 2405 71 2667 11603 13195 2504 98 2667 18464 
1968 9501 48 18 9567 8360 2970 89 3902 15321 17861 3018 107 3902 24888 
1969 3540 43 7 3590 4695 3567 13 2323 10598 8235 3610 20 2323 14188 
1970 3054 21 1 3076 3602 3817 62 1261 8742 6656 3838 63 1261 11818 
1971 5827 40 5867 4768 4819 26 1584 11197 10595 4859 26 1584 17064 
1972 9856 115 4 9975 4732 3793 7 1480 10012 14588 3908 11 1480 19987 
1973 6392 82 3 6477 4723 3748 20 961 9452 11115 3830 23 961 15929 
1974 4644 56 4700 1335 2969 5 1691 6000 5979 3025 5 1691 10700 
1975 1824 63 1887 3566 3185 11 1290 8052 5390 3248 11 1290 9939 
1976 3755 42 3797 937 2913 14 1906 5770 4692 2955 14 1906 9567 
1977 2751 50 4 2805 1873 3487 68 1657 7085 4624 3537 72 1657 9890 
1978 9561 294 19 9874 7997 4552 839 1380 14768 17558 4846 858 1380 24642 
1979 14853 438 86 15377 13742 5825 3245 988 23842 28637 6263 3331 988 39219 
1980 28941 2116 321 31378 6298 6588 3440 1117 17443 35239 8704 3761 1117 48821 
1981 27662 4274 171 32107 9148 8229 2433 1136 20946 36810 12503 2604 1136 53053 
1982 32247 7069 794 40110 6352 6655 1943 615 15565 38599 13724 2737 615 55675 
1983 26817 4475 671 31963 11280 5052 1936 667 18935 38097 9527 2607 667 50898 
1984 37290 4123 879 42292 3683 3512 2144 473 9812 40973 7635 3023 473 52104 
1985 39098 7449 718 44 47309 3746 3386 1229 883 9244 42844 10835 1947 927 56553 
1986 35482 8277 237 43996 2728 3075 600 1068 7471 38210 11352 837 1068 51467 
1987 33139 6276 311 11 39737 1748 2666 538 741 5693 34887 8942 849 752 45430 
1988 26959 6077 612 56 33704 1124 2163 382 842 4453 28083 8240 994 898 38215 
1985Z 22563 6324 402 41 29330 3322 2990 323 609 7244 25885 9314 725 650 36574 
199<t 22272 3840 224 4 26340 2799 4027 532 438 7796 25071 7867 756 442 34136 

Gear designations include the following: . Sidefstern baHam, side/stern midwater, pair trawls and shrimp trawls; II - SeVdrift longlines, Hand lines, 
jigs, dory vessel lines; SON - Scottish, danish and pair seines; MIS - Miscellaneous gears not included above. 

2 Preliminary Interzonal data. 
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Table 4. Resource management of 4VsW cod • 1990 domestic allocations and catches from quota reports. 

Allocations at S~ecific Dates Total Catches to SQecific Dates 

Gear Sector Jan 1 May 15 July 1 Oct 15 Dec 31 May 15 July 1 Oct 15 Dec 31 

Vessels >100' 23160 22470 22420 22320 22444 15873 16193 17141 21782 

MG 65-100' 625 1148 1198 1298 1152 598 668 769 881 

FG 65-100' 520 687 687 687 709 445 435 600 697 

MG 45-64' 
Eastern N.S. 
tan-APr)
May-Aug) 
sep-Dec, • 

SW N.S. SW N.B. 
(Jan-Dec) 

2835 

945 
945 
945 

709 
709 
708 

709 

709 
709 
708 

709 

709 
709 
708 

709 

1103 
215 

782 
350 

565 

661 
1076 
197 

695 

661 
923 
325 

683 

MG <45' 
Eastern N.S. 
tan-APr)
May-Aug) 
sep-Dec, • 

SW N.S_ SW N.B. 
(Jan-Dec) 

1215 

405 
810 

304 
304 
304 

303 

304 
304 
304 

303 

304 
304 
304 

303 

421 
151 

309 
230 

181 

311 
450 
68 

238 

311 
437 

72 

197 

FG 45-64' 
tan-MarlApr-Aug 
Sap-Dec) 

1985 
250 

1400 
335 

250 
1400 
335 

250 
1400 
335 

250 
1400 
335 

83 
361 

87 
581 

100 
671 
197 

101 
664 
280 

FG <45' 
Eastern N.S. 

tan-MarlApr-Aug 
S~Dec, • 

SW .S. SW N.B. 
(Jan-Dec) 

4860 

185 
3510 
1165 

157 
2983 
990 

730 

157 
2983 
990 

730 

157 
2983 
990 

730 

350 
375 

373 
751 

121 

384 
3250 

561 

296 

391 
3757 
1730 

233 

Totals 35200 35200 % of TAC 56.7 61.4 78.6 
• 

Prior to June 1, <65' gear sectors were given 3 partial year allocations. As of June 1, Southwestern Nova Scotia and Southwestern New Brunswick vessels were 
given a seperate allocation versus Eastern Nova Scotian vessels within these gear sectors and time frames. catches made prior to that lime were re-assigned 
accordingly. 

96.9 
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Table 5. Data used to calculate 4VsW cod commercial catch at age. 

Year Half Key Gear Period 
Lengthtweiqht coefficients 
a b Source Lengths Aged Catch 

1990 1 
2 
3 

OTB, PTB,SNU 
OTB, PTB,SNU 
Ll., LHP 

01 
02 
H1 

.0054 

.0096 

.0096 

3.1062 
2.9863 
2.9863 

March 4Vs 
July 4VsW 
July 4VsW 

11753 
3134 
6948 

1218 
285 
923 

15532 
3564 
2833 

2 1 
2 

OTB,PTB,SNU 
Ll., LHP 

H2 
H2 

.1347 

.0096 
2.2864 
2.9863 

July 4Vs 
July 4VsW 

4780 
4939 

489 
586 

6730 
5034 

Table 6. 4VsW cod catch at age ('000) by key for each half of 1990. 

First half 

~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

01 
-0 

0 
14 

464 
1583 
2252 
1433 
2054 
1074 
1383 
183 
60 
19 
1 
3 
5 

OTB, PTB, SNU 
02 
-0 

0 
5 

64 
194 
218 
184 
344 
180 
135 
44 
24 
6 
1 
1 
1 

LL. LHP 
H1 
-0 

0 
2 

55 
181 
180 
98 

147 
83 
85 
41 
20 
17 
4 
4 
3 

Total
-0 

0 
21 

583 
1958 
2650 
1715 
2545 
1337 
1603 
268 
104 
42 
6 
8 
9 

Total 10528 1401 920 12849 

Second half 

~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

OTB, PTB,SNU 
H2 
-0 

0 
277 

1514 
1398 
669 
369 
303 
183 
165 
36 
22 
8 
8 
5 
2 

LL, LHP 
H2 
0 

0 
24 

404 
715 
379 
178 
376 
148 
118 
26 
11 
5 
3 
2 
2 

Total
-0 

0 
301 

1918 
2113 
1048 
547 
679 
331 
283 
62 
33 
13 
11 
7 
4 

Total 4959 .2391 7350 
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Table 7. 4VsW cod commercial catch at age by half years. 

71.0 71.5 72.0 72.5 13.0 73.5 74.0 14.5 75.0 75.5 76.0 76.5 77.0 77.5 78.0 78.5 79.0 79.5 80.0 80.5 
---+----------------------------------------------------------------------------------------------------------------------------------- 

1 1472 512 710 1336 623 595 787 486 945 593 363 150 0 1 8 26 3 9 15 16 
2 9514 3310 6651 9214 5231 4990 4518 2803 5267 3304 2029 837 4 19 20 74 10 83 15 77 
3 7133 2510 5458 6343 4196 3805 8011 5313 4543 2859 1922 938 91 441 96 1072 545 1217 341 1424 
4 3746 1379 8390 3599 3144 2659 6906 4789 1908 1255 2416 2291 239 990 834 3244 3586 2913 1176 3697 
5 4811 1801 5343 2041 5264 4370 4033 2821 2858 1930 1943 1957 516 1075 1473 3344 5198 4327 3201 3736 
6 3725 1403 4906 1621 1822 1502 1323 924 1967 1330 1038 1047 483 362 1011 1571 2465 2591 3669 2508 
7 2484 935 2486 822 1846 1524 393 276 1755 1188 637 650 297 193 372 395 612 598 1692 1358 
8 1426 537 1413 467 2593 2139 592 416 371 252 222 225 136 63 127 120 153 224 748 373 
9 511 193 261 86 923 761 115 81 296 201 67 69 III 7 66 41 30 46 193 120 

10 267 100 350 116 213 176 90 63 409 277 26 27 29 4 42 33 4 19 50 42 
11 116 43 51 17 302 249 8 5 103 69 6 6 39 3 18 13 1 9 30 20 
12 126 47 6 2 4 4 1 1 73 50 23 24 41 3 14 13 1 3 23 3 
13 113 43 27 9 12 9 0 0 24 17 0 0 11 0 15 13 1 2 2 2 
14 58 22 0 0 12 9 0 0 4 2 2 2 3 0 5 5 0 0 0 0 
15 29 11 2 1 10 8 0 0 4 2 0 0 2 0 1 0 0 0 1 0 
16 38 14 5 2 26 21 0 0 11 8 1 1 6 0 2 0 0 0 7 0 
---+----------------------------------------------------------------------------------------------------------------------------------- 

3+1 24583 9038 28698 15126 20367 17236 21472 14689 14326 9440 8303 7237 2004 3141 4076 9864 12596 12009 11133 13283 

4+1 11450 6528 23240 8783 16171 13431 13461 9376 9783 6581 6381 6299 1913 2700 3980 8792 12051 10792 10792 11859 

5+1 13704 5149 14850 5184 13027 10772 6555 4587 7875 5326 3965 4008 1674 1710 3146 5548 8465 7819 9616 8162 

6+1 8893 3348 9507 3143 7763 6402 2522 1766 5017 3396 2022 2051 1158 635 1613 2204 3267 3492 6415 4426 


81.0 81.5 82.0 82.5 83.0 83.5 84.0 84.5 85.0 85.5 86.0 86.5 87.0 87.5 88.0 88.5 89.0 89.5 90.0 90.5 
---+--------------------------------------------------------------------------------------------------------------------------------------- 

1 2 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 41 217 1 137 2 4 0 1 0 4 0 3 0 0 0 8 7 0 0 0 
3 882 2318 705 1768 1898 1609 71 359 68 88 74 50 34 4 22 163 120 551 21 311 
4 4239 4897 3582 4085 5007 3672 2527 3251 968 1285 1675 2535 411 466 234 1278 488 2056 590 1979 
5 3406 3875 7150 2913 4320 3164 3977 5124 3996 4155 3266 4374 2863 2831 834 1565 1439 2672 1981 2181 
6 2496 2155 2733 948 4210 2068 3328 2350 4495 3028 5405 3816 2574 3311 1880 2651 1495 1839 2682 1082 
7 1533 1424 1976 592 1097 808 2498 1331 3005 1279 2281 1308 3379 2670 2487 1588 2404 1265 1736 565 
8 706 715 884 431 653 359 698 552 1692 738 978 593 1514 1219 1897 1398 994 802 2576 701 
9 213 184 437 242 362 263 316 228 795 268 719 404 579 526 1162 569 1289 729 1353 342 

10 55 80 158 160 83 141 110 180 278 174 276 171 319 285 383 243 372 218 1622 292 
11 38 31 94 59 54 95 41 112 183 101 178 107 102 131 191 69 138 113 271 64 
12 13 19 37 28 22 30 17 46 123 50 50 55 54 77 85 68 104 52 105 34 
13 8 14 30 24 10 14 13 21 26 42 38 28 30 31 47 17 16 13 43 13 
14 1 1 9 46 11 4 6 11 12 8 7 4 4 7 7 2 6 9 6 11 
15 2 3 13 6 4 2 7 1 6 11 13 6 8 6 8 2 31 27 8 7 
16 2 0 3 16 2 9 0 5 13 2 13 5 6 6 6 5 2 33 9 4 
---+--------------------------------------------------------------------------------------------------------------------------------------- 

3+1 13594 15716 17811 11378 17133 12238 13609 13571 15660 11229 14973 13456 11877 11570 9243 9618 8898 10379 13003 7586 
4+1 12712 13398 17106 9610 15835 10629 13538 13212 15592 11141 14899 13406 11843 11566 9221 9455 8778 9828 12982 7275 
5+1 8413 8501 13524 5525 10828 6957 11011 9961 14624 9856 13224 10871 11432 11100 8987 8177 8290 7772 12392 5296 
6+1 5067 4626 6374 2552 6508 3793 7034 4837 10628 5701 9958 6497 8569 8269 8153 6612 6851 5100 10411 3115 
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Table 8. 4VsW cod commercial full year catch at age. 

71 72 73 74 75 76 77 78 79 80 81 82 83 
---+----------------------------------------------------------------------------------------- 

1 1984 2046 1218 1273 1538 513 1 34 12 31 3 3 0 
2 12824 15865 10221 7321 8571 2866 23 94 93 92 258 138 6 
3 9643 11801 8001 13324 7402 2860 532 1168 1762 1765 3200 2473 3507 
4 5125 11989 5903 11695 3163 4707 1229 4078 6559 4873 9136 7667 8679 
5 6612 7384 9634 6954 4788 3900 1591 4817 9525 6937 7281 10123 7484 
6 5128 6527 3324 2247 3297 2085 845 2582 5056 6177 4651 3681 6278 
7 3419 3308 3370 669 2943 1287 490 767 1210 3050 2957 2568 1905 
8 1963 1880 4732 1008 623 447 199 247 377 1121 1421 1315 1012 
9 704 347 1684 196 497 136 118 107 76 313 397 679 625 

10 367 466 389 153 686 53 33 75 23 92 135 318 224 
11 159 68 551 13 172 12 42 31 10 50 69 153 149 
12 173 8 8 2 123 47 44 27 4 26 32 65 52 
13 156 36 21 0 41 0 11 28 3 4 22 54 24 
14 80 0 21 0 6 4 3 10 0 0 2 55 15 
15 40 3 18 0 6 0 2 1 0 1 5 19 6 
16 52 7 47 0 19 2 6 2 0 7 2 19 11 
---+-----------------------------------------------------------------------------------------

3+1 33621 43824 37603 36161 23766 15540 5145 13940 24605 24416 29310 29189 29971 
4+1 23978 32023 29602 22837 16364 12680 4613 12772 22843 22651 26110 26716 26464 
5+1 18853 20034 23799 11142 13201 7973 3384 8694 16284 17778 16974 19049 17795 
6+1 12241 12650 14165 4288 8413 4073 1793 3877 6759 10841 9693 8926 10301 

84 85 86 87 88 89 90 
---+------------------------------------------------

1 0 0 0 0 0 0 0 
2 1 4 3 0 8 7 0 
3 430 156 124 38 185 671 332 
4 5778 2253 4210 877 1512 2544 2569 
5 9101 8151 7640 5694 2399 4111 4162 
6 5678 7523 9221 5985 4531 3334 3763 
7 3829 4284 3589 6049 4075 3669 2300 
8 1250 2430 1571 2733 3295 1796 3276 
9 544 1063 1123 1105 1731 2018 1695 

10 290 452 447 604 626 590 1914 
11 153 284 285 233 260 251 335 
12 63 173 105 131 153 156 139 
13 34 68 66 61 64 29 56 
14 17 20 11 11 9 15 17 
15 8 17 19 14 10 58 15 
16 5 15 18 12 11 35 13 
---+------------------------------------------------

3+1 27180 26889 28429 23447 18861 19277 20586 

4+1 26750 26733 28305 23409 19676 18606 20254 

5+1 20972 24480 24095 22532 17164 16062 17685 

6+1 11871 16329 16455 16838 14765 11951 13523 
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Table 9. Sample keys highlighting the presence of 4T cod in 4Vs. 

ARU: I,V8 SPeCIESI COD(ATLAHTIC' IiEUI OH-1 DATA' CO""ERCUl START D4Tf' FeB. 1.199l
OTa-2 

SEX' COl't81NEO P18 E~D DATEI FEa.ZB.19~0 

PERCENT BY NUhBERS 
AGE I" YUItS

lGTH GR? 1 2 3 4 , 6 7 8 9 10 11 12 13 lit 15 16 LGTH FREQ ~ST"O C4~GHr 

34.0 0.00 0.00 .n.o • • •• •• • • ••• • • • • • 0.00 0.00
0\0.0 • • • .70 .35 • 

• 

•••• 
•• •• • ••• • • • • 1.05 1151.70

1,3.0 3.,.0 1.13 2.26 
•• 

••• 

• 6.79 7lt63.31 
"0.0 • • • '.• 2.1,8 7.1,3 2.".6 2.".8 • • • • • 10\.85 16319.77 
49.0 3.13 'i."c. 6.26 8.79 20653.02
52.0 • • • • 2.96 2.96 •• 5.93 5.93 • • • •• 17.78 U5l7.U 
5~.0 • • • •• • • • 1.90 3.60 5.71 

• 
•• 

•• • 
• • .! lI.U 1251t1.62,e.o • • • • 1.7,. 3.0\7 1.7It 1.1'9 •• •• • 

• 
• 8.68 9""0. CIS

61.0 • • .97 .97 •• 1.9'" .97 .97 • • •• 5.el 61n.12
6lt.0 

• 
•• • 

.71 .71 1: ItZ •• 1t.26 "6U.O"• • • • 71 • 71 • •67.0 • • 2."5 1.63 •• • •• It.oa o\ItB9.09 
70.0 •• • • • • •• •• 1.8" :"0 .92 • 

• 
•• • • • •• 3.2Z 35"0.71 

73.0 .81 .n .it1 1.63 17i18.1t1
76.0 .60 :20 .ao• • • • • • • • 876·1'74i.0 • • •• •• • • .0\2 • • • • •• • •• • 

•• ."2 ft56. 3 
82.0 

• 
••• 0.00 0.00 

85.0 • • • 
•• • • .21 •• • • • ••• 

•• •• • .ZI ZU·S788.0 .21 .z ZU. 7
91.0 '.• 

•• •• •• 0.00 0.00
9"..0 0.00 0.00

rOTAl fREQUENCY 100.00 1098U.3B 

AilEl..1 "VC SPiCIES' CODCATlANTIC, Gi;Alt1 OTB-1 DATA' COltHERCUl START D4TEI J4N. 1,1990
019-2

S!:U . CD"B1I4Ei) PTe END DATE. JAM.31.1990 
PERCENT BY HU"BERS

AiiE n. Y: ARS
LGTH GP.P 1 Z 3 I, , 6 7 8 9 10 11 12 13 10\ 15 1b lGTH FREQ EST ~o CAUGHT 

!7.0 • • 0.00 0.004C1.0 • • • • • • •• •• • 
• • • • • • 0.00 0.00It" .0 • • • o.Ut • •• • • •• • •• • • •• 8.18 161H.07"'6.0 .' • 5.83 7.77 1.9". 1.9'" • •• •• • 17.491,<;.0 •• 10.09 2.1". • • • • • H"97.97• • ".28 • • • • • • 17.10 3371t1.0Z.. 2.0 • b.~d 3.".9 1. tit 1:• tit !.tIt • 

~! .0 • • • • • • • 15.69 3096tt.0~ 
!lo.O •• • !.z) 3.!>O 3.!.0 1-75 •• • • ••• 

•••• • lit. 00 2702,..122:96 1.~n :99 1097 :99
b1.0 • • • • • • • 8.88 1751.5.121.29 .65 1.296...0 • • • • • 1.~" • • • • • • 5.18• • • • • ."9 1-"3 1."3 .95 • ".Z967.U • • • .37 .75 1:"9 • .75 • • • • • ••• 3.36 l:UI:U71,.0 .26 1.1Z .26 .53 • •• • 
7;.0 • • • • • • • • •• 2.37 ~b75.50• 1.30 .32 .32 1.90\76.0 • •• • •

• • •• .18 .0" • ••• • • •• 
•• .2Z 

3U7.0e 
79.J • • • • Ut>.17 
fi2.0 • • • • • • .12 .Ob :O!> • • • • • .23 ,.58.31 
e~ .0 • • • • • • • .20 • .10 • • •• • .30 59... 78 
St.o • •• • 

.19 •.00 
.19 .19 • • • •• • .58 1HO.BIt• • • • .00 .00 .01 25.98

91. " • •• .01 .00 • 
Il'it.u • • • • • • •• .01 23.09 
97.0 • • •• • • .13 •• • • •• • • .13 261.11 

leo.o • •• • • • • .00 .00 • • • • .00 8.66 
103.0 • • • • • • • • .01 • • .01 17.32 
10!>.O • 

•• • • • • • • .01 •• • 
•• • .01 H.~3• • • • • .00 :00 .00 ••• 

• 
.01 11.55109.0 

llZ.O • • • • • • •• • .00 • • .00 2..cH 
11:>.0 • • • • • • • .1 0.00 2.69 
11o.i> • •• •• • •• •• 

• • • • • 0.00 0.00• • • • • • • • 0.00 0.00
TDUl FAEQUcHCY 100.00 197302..9", 

http:1751.5.12
http:3371t1.0Z
http:1098U.3B
http:o\ItB9.09
http:1251t1.62
http:20653.02
http:16319.77
http:7lt63.31
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Table 10. Size ranges of 4T and 4VsW cod during January to March, 1990. 

PERCENT BY ~U"BeRS
4GE 114 YE All)

LGTH GRP 121 It 5 6 1 

2.:,0 , 
z~.o , • , • • • • 
28.0 •• .03 • • • •31.0 
34.0 • O~.1531·8 •1tC/. 

• 
• •• 

• 
1t3.0 .. :10
4b.O 
1t9.0 
52.0 •• •• • 
H.O •• 58.0 •• ,•61.0 
blt.O 
61.\) • •• • •70.0 

••••73 .0?e.g , •79. 
••• ••bZ.O • •• • •• ••85.0 

88.0 
91.0 
91t.0 • •• • •• •• •• ••91.!)

100.0 • •• •
• 

• 
•• 103.0 

106.0 •• •
• •• •• 

• 

• 

••• 
•• •• 

• 
t~~:8 •• •• 

• • •, 
• •IH.O • • • •• •lllt .0 

121.0 • , • • • ••12 It .0 • • •• • •IH.O 
130.0 • • •• •• • •• 

• 
133.0 
136.0 , 

• 
•• 
• 

139.0 • • • •• •• •
• 

H2.0 

q8 10 11 12 13 H 15 

• • • ,• • • 
•• •• .10 • • • • 

.96 •• • • • •1.00 • • • •2.20 .18 
1.51 .55 ••.le .09 .091~"'''.56 iJJl.09 .23.68 

1.90 .Q •2.11 .05 
1.29 

.83 

.69 

.35 •.12 

.07 •.Olt • I .01 :01 

.01 .00 I • •.01 I • 
.01 ••G).

•• •• .00 .00 : . ••• 

• .01 .00 I • t.:01 
• •• • .00 •• • •• , • .02 

.03 

tl 
fOTAI. ... hEQUcNCY 100.00 HlItuH.ll 

16 LGTH FRE:I EST 'Ill C lUGriT 

• ·00 0 • .:10 
• 8.00 o.ao 

.03 611.16• 0.00 0.00 

.Ob 1l25.01 

.1 tl 3976.39 
.711 17356.28,.u 1180~1.2' 

3 • bl 301200.1t1t•• 111.22 1t033\)oi.09
16.U 3,H"H.13• 
U.~3 Z96ZU.1t5 a•.n Id9741.36 

• 
•
• lItdH5.1J5 
• ':H 119747.05 

4.21 932,,0.d6•.OJ 2.55 '6'tl9.-\4
ln15.Hi:n l5315.d2 

•• .n 151H.29 
.1t2 U09.lJ7 

991t0.21 
•• .It'.20 4H8.5d 
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Table 11. Reallocation of observed length frequency from Q1-0TB fishery in 1990 between 
4VsW and 4T stocks. 

Length Observed 4VsW 4T 
Group Length Freq. -------------------- -------------------

Proportion Numbers Proportion Numbers 
25 0 .000 0 .000 0 
28 677 .000 0 1.000 677 
31 0 .000 0 .000 0 
34 1225 .000 0 1.000 1225 
37 3876 .000 0 1.000 3876 
40 17356 .000 0 1. 000 17356 
43 118061 .185 21888 .815 96173 
46 301200 .141 42522 .859 258678 
49 403309 .264 106309 .736 297000 
52 361555 .157 56936 .843 304619 
55 286214 .383 109656 .617 176558 
58 189741 .458 86891 .542 102850 
61 148596 .753 111834 .247 36761 
64 119747 .582 69723 .418 50024 
67 93261 .818 76244 .182 17017 
70 56419 .744 41981 .256 14438 
73 39276 .938 36835 .062 2441 
76 25376 .948 24052 .052 1324 
79 15799 .986 15574 .014 226 
82 9310 .975 9077 .025 233 
85 9940 1.000 9940 .000 0 
88 4439 1.000 4439 .000 0 
91 1310 1.000 1310 .000 0 
94 1901 1.000 1901 .000 0 
97 1541 1.000 1541 .000 0 

100 681 1.000 681 .000 0 
103 809 1.000 809 .000 0 
106 807 1.000 807 .000 0 
109 100 1.000 100 .000 0 
112 357 1.000 357 .000 0 
115 760 1.000 760 .000 0 
118 183 1.000 183 .000 0 
121 45 .000 0 .000 0 
124 74 .000 0 .000 0 
127 15 .000 0 .000 0 
130 30 .000 a .000 0 
133 0 .000 0 .000 0 
136 59 .000 0 .000 a 
139 0 .000 0 .000 0 
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Table 12. Reconstructed age-length key for 4VsW cod after culling 4T cod from the key and length frequencies. 

Age 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Length 
compostion Numbers 

43 
46 
49 
52 
55 
58 
61 
64 
67 
70 
73 
76 
79 
82 
95 
88 
91 
94 
97 

100 
103 
106 
109 
112 
115 

.0027 .0237 
.0511 
.0266 

.0037 

.1012 

.0684 

.0439 

.0096 

.0090 

.0941 

.0607 

.0301 

.0080 

.0056 

.0008 

.0005 

.0341 

.0282 

.0253 

.0232 

.0035 

.0075 

.0011 

.0003 

.0682 

.0506 

.0562 

.0344 

.0221 

.0184 

.0093 

.0032 

.0019 

.0011 

.0003 

.0069 

.0117 

.0088 

.0048 

.0035 

.0032 

.0037 

.0019 

.0001 

.0005 

.0005 

.0059 

.0043 

.0045 

.0029 

.0021 

.0008 

.0003 

.0008 

.0005 

.0003 

.0003 

.0001 

.0008 

.0005 

.0029 

.0008 

.0003 

.0003 

.0003 

.0005 

.0005 

.0001 

.0005 

.0008 

.0003 

.0005 

.0003 

.0003 

.0001 

.0003 

.0001 

.0008 

.0003 

.0001 

.0003 

.0003 

.0001 

.0001 

.0005 

.0003 
.0003 
.0003 

.0003 

.0003 

.0003 

.0264 

.0511 

.1278 

.0684 

.1318 

.1044 

.1345 

.0839 

.0919 

.0503 

.0442 

.0290 

.0184 

.0104 

.0120 

.0053 

.0015 

.0024 

.0021 

.0008 

.0010 

.0009 

.0001 

.0005 

.0008 

21888 
42522 

106309 
56936 

109656 
86891 

111834 
69723 
76244 
41981 
36835 
24052 
15574 

9077 
9940 
4439 
1310 
1901 
1541 

681 
809 
807 
100 
357 
760 

Age Compo .0027 .1052 .2311 .1899 .1230 .2655 .0456 .0227 .0070 .0039 .0017 .0003 .0008 .0005 1.0000 

Numbers 2211 87448 192273 157955 102310 221027 38085 19028 5848 3403 1258 222 695 404 832168 

Mean 
Lnth em. 43.00 46.40 51. 82 57.76 63.06 67.23 74.88 79.90 88.27 95.66 100.00 88.00 93.00 95.50 

Mean length 1n catch 
60.10 

Mean 
Nt. kg. .640 .820 1.157 1. 619 2.139 2.632 3.683 4.492 6.099 8.247 8.904 5.920 7.410 7.622 

Mean weight in catch 
1.997 

Biomass 
(Tonnes) 1.42 71.66 222.24 255.55 218.85 580.38 139.92 85.15 35.74 26.48 12.48 1. 31 4.82 3.38 

Sample catch 
1659.39 

Number in this key: 
Number in unculled key: 

931376 
2214051 (37.55' 4VsW by numbers) 

Sampled catch in this key: 
Sampled catch in unculled key: 

1659.38 
3272.43 (50.71' 4VsW by weight) 

Total landings in unculled key: 
Total 4VsW landings 1n th1s key: 

15532 
7876 
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Table 13. Reconstructed age-length key for 4T cod culled from 4VsW Q1-0TB keys for 1990. 

Length 
Composition Numbers 

Age 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

25 .0000 o 
28 .0005 .0005 664 
31 .0000 o 
34 .0010 .0010 1328 
37 .0024 .0003 .0027 3764 
40 .0040 .0066 .0010 .0010 .0125 17270 
43 .0332 .0301 .0032 .0016 .0016 .0697 96311 
46 .0616 .0539 .0231 .0257 .0154 .0077 .1873 258601 
49 .0996 .0353 .0353 .0160 .0289 .2150 296904 
52 .0441 .0441 .0353 .0353 .0588 .0029 .2205 304432 
55 .0375 .0242 .0242 .0330 .0088 .1278 176460 
58 .0306 .0175 .0205 .0029 .0014 .0014 .0744 102732 
61 .0109 .0120 .0037 .0266 36753 
64 .0152 .0181 .0029 .0362 50038 
67 .0091 .0024 .0008 .0123 17048 
70 .0085 .0014 .0005 .0104 14391 
73 .0013 .0005 .0018 2435 
76 .0006 .0003 .0010 1328 
79 .0002 .0002 221 
82 .0002 .0002 221 
85 

-------------------------------------------------------------------------------------------------------------------
Age compo .0005 .0074 .1017 .2286 .1441 .1526 .1361 .1967 .0232 .0066 .0019 .0000 .0000 .0005 1. 0000 

Numbers 677 10208 140389 315775 199135 210898 188057 271800 32118 9085 2669 0 0 666 1381477 

Mean Mean length in catch 
Lnth cm. 28.00 38.27 44 .60 48.04 50.81 51.88 54.23 55.58 59.86 62.40 63.07 70 51.33 

Mean Mean weight in catch 
wt. kg. .169 .450 .721 .914 1.090 1.172 1.360 1. 480 1.869 2.076 2.248 2.908 1.16 

Biomass 
(Tonnes) 1.42 71.70 222.40 255.67 218.88 581.69 140.27 85.411 35.67 28.07 11.20 1.31 5.15 3.08 

Sampled catch 
1603.53 

Number in this key: 1381477 
Number in uncu1led key: 2214051 (62.40\ 4T by numbers) 

Length-weight parameters: a .. 0.0054 b = 3.1062 

Sampled catch in this key: 1603.53 
Sampled catch in uncul1ed key: 3272.43 (49.13' 4T by weight) 

Total landings for unculled key: 15532 
Total 4T landings for this key: 7627 
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Table 14. Comparison of 1st quarter and full year catch at age for 4VsW cod before and after 
culling 4T fish from samples. 

Unculled samples 4T culled samples 
Age ---------------- ----------------

Q1 Full year Q1 Full year 

1 0 0 0 0 
2 0 0 0 0 
3 14 332 11 329 
4 464 2569 415 2520 
5 1583 4162 913 3484 
6 2252 3763 750 2243 
7 1433 2300 486 1342 
8 2054 3276 1049 2259 
9 1074 1695 181 791 

10 1383 1914 90 606 
11 183 335 28 178 
12 60 139 16 95 
13 19 56 6 43 
14 1 17 1 17 
15 3 15 3 15 
16 5 13 2 10 
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Table 15. 4VsW cod commercial mean weights at age. 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
---+--------------------------------------------------------------------------1 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2 .53 .79 .49 .43 .00 .00 .00 .61 .57 .59 .60 
3 .76 1. 01 .96 .79 .71 .79 .80 .97 .69 .81 .81 
4 1. 08 1.15 .94 1.19 .85 1.05 1.11 1.21 .96 1.16 1.12 
5 1. 45 1. 39 1.17 1.74 1.36 1. 50 1.72 1.63 1.57 1.60 1. 68 
6 1. 80 1. 84 1. 64 2.17 1.88 2.26 2.40 2.33 2.30 2.22 2.13 
7 2.28 2.29 2.29 2.59 2.34 3.33 3.15 3.39 3.08 3.10 2.96 
8 3.50 2.88 2.28 2.47 2.94 4.37 4.48 4.76 3.72 4.26 3.90 
9 4.87 4.82 2.64 3.24 3.69 4.85 4.05 5.34 4.90 5.38 5.69 

10 5.70 4.56 4.27 3.62 3.72 5.57 5.29 6.19 6.39 6.96 7.02 
11 5.70 7.57 3.85 4.87 4.79 7.39 4.73 7.91 7.25 7.42 7.68 
12 8.74 11.56 9.48 9.58 5.46 3.38 4.92 8.57 10.11 10.01 9.45 
13 6.77 6.31 7.05 .00 8.24 14.23 6.57 9.61 13.95 8.75 12.05 
14 5.92 .00 9.06 .00 12.10 11.54 8.85 10.30 10.26 10.53 8.48 
15 9.27 14.49 10.98 .00 12.78 22.97 10.52 8.37 11. 97 13.97 9.80 
16 6.03 8.73 9.61 .00 8.13 15.50 12.27 12.04 12.89 17.80 17.77 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1990 (1) 

---+-------------------------------------------------------------------------1 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
2 .55 .47 .54 .68 .27 .00 .35 .29 .00 .00 
3 .77 .78 .74 .71 .68 .48 .63 .77 .78 .79 
4 1. 04 1.04 1.06 1.03 .95 .93 .97 1.01 .97 1.00 
5 1. 53 1.53 1.50 1.45 1.26 1.28 1.26 1.28 1.18 1.29 
6 2.33 2.13 2.06 1. 97 1.65 1.54 1. 73 1.56 1. 35 1.65 
7 2.73 3.09 2.69 2.39 2.38 1.88 1.92 2.19 1. 62 1. 97 
8 3.99 3.55 3.64 3.10 2.74 2.61 2.37 2.21 2.21 2.68 
9 5.34 4.38 4.03 3.84 3.67 3.58 2.79 2.50 2.10 2.85 

10 6.84 5.79 5.19 5.03 4.99 4.31 3.67 3.93 2.11 3.39 
11 8.53 6.84 7.09 6.32 5.30 6.49 4.92 5.10 4.15 6.15 
12 8.88 9.16 8.44 6.13 6.87 6.32 7.06 5.16 5.65 7.13 
13 10.90 10.64 9.28 9.88 10.18 7.23 7.65 8.55 7.73 9.46 
14 10.43 11. 73 10.58 11.12 9.57 11.68 11.17 12.28 9.56 9.58 
15 13.34 14.07 12.63 11.12 11.89 12.69 12.16 7.87 8.96 9.29 
16 14.92 13.55 13.21 14.49 14.52 13.19 14.76 15.38 10.03 12.85 

(1) Weights recalculated after culling 4T fish from Q1-0TB key 
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Table 16. Standardized commercial CtE for mobile gears in 4VsW using NAFO data for 1968-88 and 
Interzonal data in 1989-90. 

MULTIPLE R.......•..•.. .600 MULTIPLE R SQUARED ..... .360 


ANALYSIS 01' VAR.IANCE 


SOURCE OF SUMS OF MEAN 

VARIATION DF sgUARES sgUARES F-VALUE 


INTERCEPT 1 1.337EOO02 1.337EOO02 

REGRESSION 44 3.097EOO02 7.039EOOOO 20.105 
Gear 10 1.355EOO02 1.355EOOOl 38.709 
Area 1 6.606EOOOO 6.606EOOOO 18.869 
Month 11 7.880EOOOl 7.164EOOOO 20.461 
Year 22 1.387EOO02 6.306EOOOO 18.011 

RESIDUALS 1571 5.500EOO02 3.501E-00l 

TOTAL 1616 9.935EOO02 

PREDICTED CATCH RATE 

STANDARDS USED : Can(M) TC5 OTB2, 4Vs, January 

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

68 68279 0.861 1.229 0.141 55562 
69 40540 0.854 1.382 0.164 29341 
70 48582 0.900 1.370 0.160 35469 
71 41495 0.807 0.893 0.100 46461 
72 42805 0.803 1.010 0.106 42360 
73 41087 0.900 1.027 0.101 39991 
74 32848 0.969 0.774 0.073 42451 
75 20982 0.935 0.557 0.056 37673 
76 15520 0.925 0.739 0.073 20999 
77 4597 0.659 0.724 0.082 6345 
78 16135 0.300 1.184 0.136 13630 
79 28501 0.297 1.507 0.173 18916 
80 35244 0.846 1.288 0.119 27359 
81 36810 0.863 1.346 0.120 27346 
82 38380 0.937 1.664 0.146 23068 
83 37853 0.909 1.589 0.142 23827 
84 40768 0.931 1. 759 0.162 23170 
85 41568 0.849 2.165 0.196 19198 
86 36979 0.809 2.266 0.207 16322 
87 34147 0.798 1.578 0.148 21634 
88 27399 0.829 1.451 0.135 18879 
89 25605 0.797 1.493 0.142 17155 
90 24510 0.759 1.865 0.177 13145 

AVERAGE C.V. FOR THE MEAN: .101 
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Table 16 Continued. 

REGRESSXON COEFFXCXENTS 

CATEGORY CODE VARIABLE COEFFICIENT STD. ERROR NO. OBS. 

Gear 	 5 INTERCEPT 0.338 0.088 1616 
Area 1 
Month 1 
Year 82 

Gear 	 0 1 -0.057 0.069 131 
1 2 -0.275 0.056 280 
2 3 -0.877 0.073 101 
3 4 -0.403 0.061 168 
4 5 -0.176 0.060 169 
6 6 -0.365 0.083 74 
7 7 -0.068 0.097 47 
8 8 -0.023 0.067 127 
9 9 0.388 0.072 191 

10 10 0.699 0.086 93 

Area 	 2 11 -0.143 0.033 616 

Month 2 12 0.124 0.073 161 
3 13 0.026 0.070 204 
4 14 -0.250 0.071 195 
5 15 -0.426 0.073 168 
6 16 -0.557 0.079 120 
7 17 -0.567 0.084 94 
8 18 -0.419 0.081 108 
9 19 -0.403 0.080 113 

10 20 -0.407 0.079 123 
11 21 -0.077 0.079 118 
12 22 -0.058 0.082 100 

Year 	 68 23 -0.300 0.111 45 
69 24 -0.183 0.116 42 
70 25 -0.192 0.114 44 
71 26 -0.620 0.109 48 
72 27 -0.497 0.102 64 
73 28 -0.481 0.095 83 
74 29 -0.765 0.093 83 
75 30 -1. 093 0.099 67 
76 31 -0.810 0.095 76 
77 32 -0.829 0.113 38 
78 33 -0.338 0.108 46 
79 34 -0.096 0.106 47 
80 35 -0.255 0.087 83 
81 36 -0.212 0.082 103 
83 37 -0.046 0.084 94 
84 38 0.056 0.086 85 
85 39 0.264 0.086 88 
86 40 0.309 0.086 87 
87 41 -0.052 0.090 77 
88 42 -0.136 0.090 75 
89 43 -0.108 0.093 67 
90 44 0.115 0.093 67 
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Table 17. 4VsW cod lOP catch rate standardization for trawlers (Te 4-5). 

MULTIPLE R............. .655 MULTIPLE R SQUARED ...... 429 

ANALYSJ:S OF VAlUANCE 

SOURCE OF SUMS OF MEAN 
VARIATION OF SQUARES SQUARES F-VALUE 

INTERCEPT 1 2.077EOOOO 2.077EOOOO 

REGRESSION 20 5.789EOOOI 2.894EOOOO 5.794 
Year 8 1.189EOOOI 1. 487EOOOO 2.976 
Month 11 4.452EOOOI 4.047EOOOO 8.102 
TC 1 6.785E-001 6.785E-001 1.358 

RESIDUALS 154 7.693EOOOI 4.996E-001 

TOTAL 175 1.369EOO02 

PREDJ:CTED C1TCB RATE 

STANDARDS USED: January, TC 5 

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

82 
83 
84 
85 
86 
87 
88 
89 
90 

38380 
37853 
40768 
41568 
36979 
34107 
27399 
25605 
24510 

0.109 
0.112 
0.161 
0.140 
0.074 
0.098 
0.172 
0.164 
0.337 

1.507 
1.377 
2.568 
2.911 
2.529 
2.359 
1.932 
2.633 
1. 674 

0.354 
0.311 
0.585 
0.661 
0.598 
0.553 
0.440 
0.620 
0.382 

25473 
27480 
15878 
14281 
14623 
14459 
14185 

9726 
14640 

AVERAGE C. V . FOR THE MEAN: .231 

REGRESSJ:ON COEFFJ:CJ:ENTS 

CATEGORY 
Year 
Month 
TC 

CODE 
82 

1 
5 

VARIABLE 
INTERCEPT 

COEFFICIENT 
0.187 

STD. ERROR 
0.237 

NO. OBS. 
175 

Year 83 
84 
85 
86 
87 
88 
89 
90 

1 
2 
3 
4 
5 
6 
7 
8 

-0.092 
0.531 
0.657 
0.518 
0.448 
0.247 

,0.558 
0.104 

0.221 
0.223 
0.226 
0.244 
0.240 
0.226 
0.245 
0.229 

23 
22 
21 
16 
17 
21 
16 
20 

Month 2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

0.459 
0.427 

-0.437 
-0.499 
-0.813 
-0.892 
-0.682 
-0.844 
-1.092 
-0.251 
-0.111 

0.236 
0.236 
0.243 
0.253 
0.259 
0.265 
0.272 
0.265 
0.243 
0.243 
0.274 

18 
18 
16 
14 
13 
12 
11 
12 
16 
16 
11 

TC 4 20 -0.130 0.111 73 
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Table 18. 4VsW cod July RV survey mean catch per tow at age. 

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 
---+---------------------------------------------------------------------------------------

0 .028 .007 .000 .000 .248 .020 .000 .000 .050 .292 .014 
1 .424 .441 1.780 1.943 1.494 .949 .675 .213 .975 .349 .199 
2 4.732 2.202 2.773 12.595 9.452 2.430 3.703 2.754 3.745 3.042 2.013 
3 1.662 10.223 3.405 19.795 5.529 3.763 4.222 6.970 9.956 4.599 5.312 
4 2.576 2.301 9.039 16.073 1.616 1.764 2.602 4.527 9.905 4.757 2.941 
5 1. 277 4.530 1. 666 6.444 .579 .959 1.645 2.921 2.712 5.181 4.977 
6 .424 1. 655 1.717 .535 .642 .199 .321 1.239 1.000 2.595 3.469 
7 .500 .992 .465 .933 .107 .230 .154 .267 .255 .773 1.374 
9 .159 .423 .157 .259 .133 .061 .259 .177 .053 .299 .373 
9 .030 .183 .142 .123 .064 .117 .000 .042 .026 .119 .097 

10 .070 .020 .044 .147 .046 .005 .179 .000 .023 .024 .076 
11 .080 .039 .000 .049 .019 .000 .024 .029 .000 .013 .027 
12 .029 .017 .000 .000 .017 .020 .000 .019 .000 .001 .000 
13 .051 .059 .000 .000 .000 .000 .041 .000 .000 .005 .000 
14 .000 .000 .000 .059 .000 .000 .000 .000 .000 .000 .000 
15 .000 .000 .000 .009 .016 .000 .000 .000 .000 .000 .000 
16 .000 .000 .000 .000 .000 .000 .000 .000 .015 .000 .000 
---+---------------------------------------------------------------------------------------

0+1 12.040 23.090 21.198 58.740 19.951 10.405 13.925 19.054 27.514 22.036 20.969 
1+1 12.013 23.094 21.199 59.740 19.703 10.385 13.925 19.054 27.464 21.744 20.855 
2+1 11.599 22.642 19.408 56.897 18.219 9.435 13.150 18.940 26.599 21.397 20.657 
3+1 6.857 20.441 16.635 44.311 9.767 7.006 9.447 16.097 22.844 18.355 19.644 
4+1 5.195 10.219 13.229 24.526 3.239 3.243 5.225 9.117 13.998 13.756 13.333 

1991 1982 1983 1984 1985 1986 1997 1999 1989 1990 
---+---------------------------------------------------------------------------------

0 .024 .003 .020 .070 .000 .027 .044 .069 .029 .ooa 
1 1. 329 .733 13.721 .406 1.297 .357 .645 .059 .246 .128 
2 3.653 62.940 13.307 7.272 1. 693 1.325 1.506 4.703 8.960 5.063 
3 5.531 52.596 44.468 12.817 7.991 1.532 4.974 7.291 7.384 18.222 
4 8.444 18.371 19.253 19.094 9.564 6.164 4.826 5.895 5.012 8.636 
5 3.217 4.125 9.894 12.938 9.319 3.886 8.858 3.267 3.473 3.927 
6 2.309 2.229 4.423 6.005 5.117 3.256 3.608 3.412 1.350 1.408 
7 1.186 1.201 .988 4.128 2.561 1.146 2.712 1.953 2.000 .601 
8 .437 .512 .551 .407 1.009 .548 1.474 .976 .474 .298 
9 .144 .114 .140 .332 .494 .241 .341 .219 .324 .106 

10 .162 .116 .076 .099 .115 .154 .024 .052 .013 .071 
11 .042 .063 .039 .234 .111 .035 .090 .116 .003 .000 
12 .007 .000 .019 .006 .069 .000 .043 .016 .019 .000 
13 .007 .000 .018 .006 .000 .023 .009 .000 .009 .000 
14 .000 .005 .000 .009 .000 .000 .000 .019 .000 .000 
15 .007 .000 .000 .000 .013 .000 .026 .000 .000 .000 
16 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 
---+---------------------------------------------------------------------------------

0+1 26.497 143.007 106.906 63.924 39.211 19.694 29.170 28.043 29.194 38.352 
1+1 26.473 143.004 106.986 63.754 39.211 18.667 29.126 27.975 29.166 39.350 
2+1 25.145 142.271 93.165 63.349 37.924 18.310 28.481 27.916 28.920 38.222 
3+1 21.493 79.331 79.858 56.076 36.241 16.985 26.975 23.213 20.059 33.159 
4+1 15.962 26.735 35.390 43.259 29.360 15.453 22.001 15.923 12.676 14.937 
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Table 19. 4VsW cod July RV survey coe'fficients of variation. 

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

---+-----------------------------------------------------------------
0 I .514 1.000 .000 .000 .000 1. 000 .000 .000 .471 .552 
1 I .277 .363 .747 .649 .135 .341 .370 .276 .147 .226 
2 I .063 .303 .295 .771 .032 .266 .165 .174 .425 .257 
3 I .210 .589 .661 .622 .073 .347 .119 .197 .396 .260 
4 I .097 .466 .844 .785 .080 .253 .252 .247 .230 .220 
5 I .078 .582 .677 .708 .313 .187 .227 .397 .292 .191 
6 I .105 .549 .820 .775 .384 .236 .216 .504 .172 .164 
7 I .251 .520 .806 .679 .269 .333 .198 .514 .097 .169 
8 I .291 .344 .624 .327 .457 .402 .000 .492 .318 .177 
9 I .760 .695 .633 .784 .355 .464 .000 .421 .263 .187 

10 I .536 .730 .781 .523 .190 1.000 .000 .000 .670 .522 
11 I .000 .600 .000 .443 1. 000 .000 1. 000 .471 .000 .404 
12 I 1.000 1.000 .000 .000 .000 1.000 .000 .541 .000 1.000 
13 I .000 .723 .000 .000 .000 .000 .000 .000 .000 .885 
14 I .000 .000 .000 .676 .000 .000 .000 .000 .000 .000 
15 I .000 .000 .000 .713 1. 000 .000 .000 .000 .000 .000 
16 I .000 .000 .000 .000 .000 .000 .000 .000 1. 000 .000 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

---+-----------------------------------------------------------o I .760 1.000 1.000 .534 .000 .698 1.000 .588 1.000 1.000 
1 I .395 .299 .905 .563 .667 .368 .346 .449 .226 .548 
2 I .316 .854 .395 .285 .326 .490 .293 . 4 5 8 . 620 . 514 
3 I .385 .822 .501 .566 .175 .286 .376 .509 .485 .373 
4 I .293 .744 .424 .478 .262 .341 .274 .319 .325 .298 
5 I .256 .362 .390 .491 .341 .347 .240 .307 .241 .346 
6 I .224 .076 .221 .481 .337 .312 .286 .483 .233 .307 
7 I .269 .046 .135 .540 .263 .290 .304 . 444 . 267 . 301 
8 I .271 .025 .184 .357 .214 .286 .281 .393 .250 .308 
9 I .450 .097 .214 .526 .198 .300 .257 .268 .285 .388 

10 I .518 .000 .000 .311 .242 .291 .394 .347 .676 .351 
11 I .662 .000 .000 .713 .469 .542 .395 .358 1.000 .000 
12 I 1.000 .000 .000 1.000 .290 .000 .531 .425.631.000 
13 I 1.000 .000 .000 .740 .000 1.000 1.000 .000 .733 .000 
14 I .000 .000 .000 .736 .000 .000 .000 .638 .000 .000 
15 I 1. 000 .000 .000 .000 1. 000 .000 .585 .000 .000 .000 
16 I .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 

.644 

.292 

.397 

.368 

.243 

.233 

.266 

.256 

.339 

.484 

.611 

.688 

.000 

.000 

.000 

.000 

.000 
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Table 20. 4VsW cod Spring RV mean catch per tow at age. 

1979 1980 1981 1982 1983 1984 1985 1986 
---+------------------------------------------------------------ 

0 1 .000 .000 .000 .000 .000 .000 .000 .000 
1 I .260 .863 8.249 2.646 .851 .217 .000 .188 
2 I 2.123 2.709 3.801 22.224 3.169 1. 490 .000 10.877 
3 .892 2.042 5.293 17.907 42.138 1.846 .000 19.439 
4 .597 1.665 7.787 11.836 25.520 9.367 .000 23.579 
5 1.372 2.518 4.869 7.241 4.960 6.212 .000 11.666 
6 1.020 2.900 5.765 1.989 5.846 2.918 .000 13.128 
7 .473 1.426 3.205 1.363 1.316 2.535 .000 6.272 
8 .286 .304 1.532 1.082 .618 .774 .000 1.337 
9 .065 .064 .177 .280 .289 .504 .000 .735 

10 .099 .025 .135 .143 .096 .195 .000 .279 
11 .077 .015 .027 .063 .037 .017 .000 .044 
12 .022 .002 .023 .031 .043 .086 .000 .050 
13 .027 .009 .000 .011 .015 .000 .000 .007 
14 .009 .005 .000 .000 .045 .006 .000 .007 
15 .010 .000 .000 .005 .000 .000 .000 .000 
16 .000 .000 .000 .007 .000 .021 .000 .008 
---+-------------------------7---------------------------------- 

1+1 7.332 14.548 40.864 66.828 84.941 26.188 .000 87.616 
2+1 7.072 13.685 32.615 64.182 84.089 25.970 .000 87.428 
3+1 4.949 10.975 28.814 41. 957 80.920 24.480 .000 76.552 
4+1 4.057 8.934 23.521 24.051 38.783 22.634 .000 57.113 

1987 1988 1989 1990 1991 
---+--------------------------------------- 

0 I .000 .000 .000 .000 .000 
1 I .346 .601 .578 .124 .022 
2 I .919 7.965 17.957 1.603 3.500 
3 I 2.874 9.490 10.396 5.075 12.148 
4 I 4.496 4.262 4.228 2.562 21. 917 
5 I 10.138 4.325 4.796 .864 5.091 
6 I 4.818 4.880 1. 680 .308 1.490 
7 I 3.324 1.434 .704 .193 .348 
8 I 1.204 1. 870 .224 .362 .023 
9 I .237 .463 .255 .128 .099 

10 1 .105 .186 .048 .123 .003 
11 1 .036 .178 .027 .037 .014 
12 I .029 .041 .017 .025 .003 
13 I .029 .024 .003 .012 .020 
14 I .010 .000 .010 .000 .006 
15 1 .000 .033 .020 .000 .000 
16 I .000 .000 .000 .000 .000 
---+--------------------------------------- 

1+1 28.564 35.750 40.945 11.418 44.685 

2+1 28.218 35.149 40.367 11. 294 44.663 

3+1 27.299 27.185 22.409 9.691 41.164 

4+1 24.425 17.695 12.014 4.616 29.016 
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Table 21. 4VsW cod Spring RV survey coefficients of variation. 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
---+-----------------------------------------------------------------------------

0 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 
1 .287 .306 .000 .000 .402 .208 .000 .000 .201 .153 .582 .375 .543 
2 .142 .457 .528 .000 .580 .166 .000 .000 .081 .700 .758 .408 .672 
3 .181 .400 .200 .000 .709 .140 .000 .000 .038 .804 .489 .444 .915 
4 .250 .307 .198 .000 .516 .259 .000 .000 .011 .508 .484 .471 .888 
5 .174 .376 .266 .000 .368 .389 .000 .000 .011 .541 .440 .340 .740 
6 .166 .485 .245 .000 .309 .455 .000 .000 .018 .434 .380 .314 .573 
7 .383 .550 .192 .000 .297 .380 .000 .000 .104 .368 .338 .334 .519 
8 .309 .639 .223 .000 .296 .370 .000 .000 .129 .392 .578 .. 647 .453 
9 .088 .343 .174 .000 .364 .549 .000 .000 .172 .434 .381 .468 .483 

10 .274 .769 .333 .000 .641 .400 .000 .000 .094 .355 .293 .516 1.000 
11 .275 .401 .630 .000 .888 .527 .000 .000 .000 .050 .438 .526 .407 
12 .211 1.000 .455 .000 .492 .315 .000 .000 .000 .426 .651 .000 1. 000 
13 .702 .826 .000 .000 .768 .000 .000 .000 .000 .000 1.000 .407 .597 
14 .000 1.000 .000 .000 .564 1.000 .000 .000 .000 .000 .857 .000 .029 
15 .000 .000 .000 .000 .000 .000 .000 .000 .000 .273 .857 .000 .000 
16 .000 .000 .000 .000 .000 1.000 .000 .000 .000 .000 .000 .000 .000 
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Table 22. Summary of ADAPT Formulations. 

Mean fully Age 1 Numbers 
recruited F 86 y.c. 87 y.c. 

* 1. Half year SPA • no cull of 4T. 0.91 	 49890 149236 

1.17 	 49872 392942. Full year SPA - no cull of 4T. 

0.56 	 48603 1770043. Half year SPA - 4T cLllied in Q1. 

0.59 	 48905 769984. Full year SPA - 4T culled in Q1. 

0.50 	 65670 942565. 	 Half year SPA - 4T culled in Q1, 
age 3 estimated. 

0.53 	 65891 941616. 	 Full year SPA - 4T culled in Q1, 
age 3 estimated. 

* • same as last assessment. 
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Table 23. ADAPT (3 INDEX) TUNING MAY 1991 - 4VsW COD 

POPULATION NUMBERS (OOOS) 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
---+---------------------------------------------------------------------------------------

1 85607 67144 61957 75861 84586 72028 67612 105314 93677 109311 123265 
2 68865 68294 53121 49624 60958 67861 58507 55355 86193 76685 89469 
3 57857 44778 41559 34244 34004 42153 52967 47881 45236 70495 62701 
4 25391 38644 25993 26786 15980 21143 31924 42884 38145 35442 56111 
5 25946 16151 20791 16022 11349 10221 13051 25025 31421 25295 24608 
6 20390 15260 6542 8305 6916 4959 4840 9246 16130 17107 14433 
7 10173 12054 6588 2349 4766 2679 2174 3198 5234 8631 8416 
8 3623 5236 6876 2345 1318 1239 1029 1336 1924 3190 4307 
9 2477 1190 2585 1348 1008 515 610 662 871 1234 1597 

10 619 1391 661 593 926 375 299 393 446 644 727 
11 249 175 717 189 347 138 259 215 254 344 444 
12 347 60 82 89 143 129 102 174 148 199 236 
13 202 128 42 60 71 6 63 43 118 117 139 
14 205 24 72 15 49 21 5 41 10 94 92 
15 73 96 20 40 12 35 13 1 25 8 77 
16 136 23 76 '0 33 5 28 9 0 20 6 
---+---------------------------------------------------------------------------------------

1+1 302162 270648 227672 217869 222466 223506 233483 291779 319830 348808 386630 

1982 1983 1984 1985 1986 1987 1988 1989 1990 
---+-----------------------------------------------------------------------

1 72785 71879 34504 34612 45651 65891 94161 0 0 
2 100918 59588 58849 28250 28338 37376 53947 77093 0 
3 73017 82500 48781 48181 23125 23199 30601 44161 63112 
4 48440 57544 64372 39550 39306 18821 18959 24887 35549 
5 37673 32722 39260 47475 30342 28372 14616 14154 18074 
6 13559 21685 20019 23908 31494 17929 18077 9796 7869 
7 7608 7771 12073 11252 12767 17442 9354 10700 5003 
8 4215 3906 4638 6420 5336 7206 8807 3971 5441 
9 2241 2261 2282 2667 3058 2947 3426 4229 1626 

10 949 1220 1286 1376 1221 1487 1413 1239 1636 
11 473 489 796 790 718 595 671 591 481 
12 301 249 266 513 390 330 277 314 257 
13 165 188 157 160 264 224 151 88 116 
14 94 86 132 98 70 156 129 66 46 
15 74 27 57 93 62 47 118 97 41 
16 59 43 17 39 60 33 26 88 27 
---+-----------------------------------------------------------------------

1+/ 362571 342157 287489 245385 222203 222056 254733 191473 139276 
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Table 23 (continued). ADAPT (3 INDEX) TUNING MAY 1991 • 4VsW COD 

FISHING MORTALITY 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 
---+---------------------------------------------------------------------------

1 I .026 .034 .022 .019 .020 .008 .000 .000 .000 .000 .000 .000 .000 
2 I .230 .297 .239 .178 .169 • 048 .000 .002 .001 .001 .003 .002 .000 
3 I .204 .344 .239 .562 .275 .078 .011 .027 .044 .028 .058 .038 .048 
4 I .252 .420 .283 .659 .247 .282 .043 .111 .211 .165 .198 .192 .182 
5 I .331 .704 .718 .640 .628 .548 .145 .239 .408 .361 .396 .352 .291 
6 I .326 .640 .824 .355 .748 .625 .214 .369 .425 .509 .440 .357 .386 
7 I .464 .361 .833 .378 1.147 .757 .287 .308 .295 .495 .491 .467 .316 
8 I .913 .506 1.430 .645 .739 .509 .240 .229 .244 .492 .454 .423 .337 
9 I .377 .389 1.272 .175 .788 .345 .240 .197 .101 .329 .321 .408 .365 

10 I 1.064 .462 1.052 .336 1.707 .170 .130 .237 .059 .172 .230 .463 .227 
11 I 1.227 .561 1.890 .079 .793 .101 .197 .174 .045 .175 .188 .442 .411 
12 I .799 .160 .114 .025 3.022 .518 .650 .18S .030 .156 .162 .273 .262 
13 I 1.918 .372 .815 .000 1.020 .000 .215 1.243 .028 .038 .192 .450 .152 
14 I .563 .000 .388 .000 .146 .238 1.240 .311 .000 .000 .024 1.040 .214 
15 I .938 .035 99.990 .000 .770 .000 .179 99.990 .000 .141 .074 .335 .279 
16 I .551 .404 1.159 99.990 1.020 .640 .267 .273 99.990 .479 .461 .444 .330 
---+------------------------------------------------------------------------------------------

1+1 .551 .404 1.159 .436 1.020 .640 .267 .273 .262 .479 .461 .444 .330 

1984 1985 1986 1987 1988 1989 1990 
---+----------------------------------------------

1 .000 .000 .000 .000 .000 99.990 99.990 
2 .000 .000 .000 .000 .000 .000 99.990 
3 .010 .004 .006 .002 .007 .017 .006 
4 .104 .065 .126 .053 .092 .120 .082 
5 .296 .210 .326 .251 .200 .387 .240 
6 .376 .427 .391 .451 .324 .472 .378 
7 .432 .546 .372 .483 .657 .476 .352 
8 .354 .542 .394 .543 .534 .693 .614 
9 .306 .581 .521 .535 .817 .749 .771 

10 .287 .451 .518 .596 .672 .747 .526 
11 .239 .506 .578 .566 .559 .634 .526 
12 .304 .466 .353 .578 .944 .796 .526 
13 .274 .632 .324 .357 .630 .452 .526 
14 .154 .257 .191 .081 .081 .289 .526 
15 .169 .227 .415 .398 .098 1.080 .526 
16 .397 .549 .399 .505 .632 .583 .526 
---+----------------------------------------------

1+1 .397 .549 .399 .505 .632 .583 .526 
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Table 23 (continued). ADAPT (3 INDEX) TUNING MAY 1991 - 4VsW COD 

MEAN SQUARE RESIDUALS 0.4271814099 
MEAN RESIDUAL -5.883669677E-4 

SUM OF ALL RESIDUALS -0.1259105311 

LOG RESIDUALS FROM JULY RV INDEX 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
---+------------------------------------------------------------------------------------------

3 .087 -.674 1.099 .206 -.340 -.554 -.320 .041 -.559 -.868 -.693 1.395 
4 -.696 .350 1.243 -.865 -.502 -.372 -.370 .147 -.401 -.835 -.220 .701 
5 -.051 -.359 .749 -1.446 -.714 -.005 .054 -.581 -.063 .087 -.302 -.505 
6 -.643 -.134 -.345 -.674 -1.491 -.695 .440 -.331 .099 .379 .102 .080 
7 -.194 -1.181 .281 -1.009 -.498 -.552 -.068 -.486 .123 .315 .190 .289 
8 .429 -1.168 -.402 -.451 -.603 .775 .427 -1. 049 .293 .187 .022 .185 
9 -.146 .339 -.061 -.700 .548 3.104 -.308 -.891 .298 -.ll4 .020 -.498 

1983 1984 1985 1986 1987 1988 1989 1990 

---+---------------------------------------------------------
3 1.111 .370 -.107 -1.010 .162 .271 -.078 .462 
4 .570 .404 .177 -.221 .228 .444 .026 .191 
5 .475 .564 -.004 -.363 .484 .120 .322 .089 
6 .313 .693 .386 -.363 .338 .200 -.028 .178 
7 -.014 1.042 .702 -.330 .284 .680 .464 -.050 
8 .284 -.181 .510 -.001 .776 .157 .325 -.534 
9 -.332 .491 .872 .003 .394 -.037 .108 -.038 

SUM OF RV RESIDUALS -0.08976971828 MEAN RESIDUAL : -6.552534181E-4 

LOG RESIDUALS FROM MARCH RV INDEX 

1979 1980 1981 1982 1983 1984 1986 1987 1988 1989 1990 
---+--------------------------------------------------------------------------------

3 -1. 859 -1.478 -.401 .661 1.397 -1.215 1.885 -.031 .888 .615 -.462 
4 -2.214 -1.126 -.035 .529 1.123 -.Oll 1. 411 .472 .421 .148 -.719 
5 -1.312 -.500 .196 .156 -.097 -.053 .843 .750 .549 .731 -1.264 
6 -1.020 -.013 .827 -.195 .420 -.197 .857 .433 .406 -.010 -1. 510 
7 -.581 .072 .906 .146 .051 .295 1.131 .212 .037 -.853 -1.418 
8 -.089 -.472 .835 .501 -.004 .054 .470 .102 .339 -.945 -.800 
9 -.443 -.752 .007 .147 .158 .690 .829 -.263 .327 -.497 -.224 

SUM OF RV RESIDUALS : -0.03614081282 MEAN RESIDUAL : -4.693612054£-4 
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Table 23 (continued). ADAPT (3 INDEX) TUNING MAY 1991 • 4VsW COD 

ESTIMATED PARAMETERS AND STANDARD ERRORS 
APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION 

ORTHOGONALITY OFFSET ......... 0.008330 

MEAN SQUARE RESIDUALS ........... 0.427181 


PARAMETER AGE ESTIMATE STD. ERR. T-STAT C.V. 
-------- -------- --------- -----
NUMBERS 

3 63112 30373 2.078 0.481 
4 35549 12228 2.907 0.344 
5 18074 5453 3.314 0.302 
6 7869 2548 3.088 0.324 
7 5003 1658 3.018 0.331 
8 5441 1920 2.834 0.353 
9 1626 674 2.412 0.415 

JULY RV 
3 2.05E-004 3.10E-005 6.606 0.151 
4 2.37E-004 3.53E-005 6.707 0.149 
5 2.50E-004 3.81E-005 6.571 0.152 
6 2.10E-004 3.19E-00S 6.S71 0.lS2 
7 1.74E-004 2.S9E-00S 6.736 0.148 
8 1.4SE-004 2.16E-00S 6.720 0.149 
9 1.20E-004 1.83E-005 6.S43 0.lS3 

MARCH RV 
3 1.34E-004 2.81E-00S 4.783 0.209 
4 1.59E-004 3.24E-00S 4.900 0.204 
S 1. 89E-004 3.81E-00S 4.954 0.202 
6 2.05E-004 4.HE-005 4.9S3 0.202 
7 1. 83E-004 3.70E-00S 4.941 0.202 
8 1.82E-004 3.69E-00S 4.919 0.203 
9 1.26E-004 2.SSE-00S 4.916 0.203 
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Table 23 (continued). ADAPT (3 INDEX) TUNING MAY 1991 - 4VsW COD 

Parameter Correlation Matrix 

2 3 4 5 6 7 8 9 10 11 12 13 
-+--------------------------------------------------------------------------1 1.000 .060 .050 .040 .037 .018 .014 -.176 -.017 -.012 -.009 -.007 -.005 

2 .060 1.000 .069 .055 .051 .032 .016 -.136 -.130 -.017 -.013 -.010 -.008 
3 .050 .069 1.000 .067 .061 .042 .021 -.114 -.108 -.116 -.016 -.013 -.010 
4 .040 .055 .067 l. 000 .073 .055 .028 -.092 -.087 -.092 -.123 -.016 -.013 
5 .037 .051 .061 .073 1.000 .053 .045 -.084 -.081 -.083 -.096 -.136 -.039 
6 .018 .032 .042 .055 .053 1.000 .067 -.064 -.063 -.069 -.084 -.108 -.165 
7 .014 .016 .021 .028 .045 .067 1.000 -.033 -.032 -.034 -.043 -.059 -.098 
8 -.176 -.136 -.114 -.092 -.084 -.064 -.033 1.000 .041 .029 .023 .019 .015 
9 -.017 -.130 -.108 -.087 -.081 -.063 -.032 .041 1.000 .028 .022 .018 .015 

10 -.012 -.017 -.116 -.092 -.083 -.069 -.034 .029 .028 l.000 .023 .019 .016 
11 -.009 -.013 -.016 -.123 -.096 -.084 -.043 .023 .022 .023 1.000 .023 .019 
12 -.007 -.010 -.013 -.016 -.136 -.108 -.059 .019 .018 .019 .023 1. 000 .026 
13 -.005 -.008 -.010 -.013 -.039 -.165 -.098 .015 .015 .016 .019 .026 l.000 
14 -.005 -.007 -.009 -.011 -.055 -.079 -.177 .013 .013 .014 .017 .023 .029 
15 -.231 -.177 -.148 -.118 -.108 -.036 -.040 .086 .051 .035 .026 .019 .012 
16 -.023 -.172 -.143 -.115 -.106 -.082 -.021 .054 .051 .036 .028 .023 .017 
17 -.015 -.021 -.151 -.118 -.103 -.082 -.040 .037 .035 .037 .029 .023 .019 
18 -.012 -.017 -.021 -.159 -.122 -.105 -.053 .029 .028 .030 .037 .028 .024 
19 -.009 -.013 -.017 -.021 -.177 -.139 -.076 .024 .023 .025 .029 .040 .033 
20 -.006 -.010 -.013 -.017 -.048 -.215 -.128 .020 .019 .021 .025 .033 .046 
21 -.006 -.009 -.011 -.014 -.069 -.098 -.227 .017 .016 .017 .021 .029 .037 

14 15 16 17 18 19 20 21 
---+-------------------------------------------------------1 -.005 -.231 -.023 -.015 -.012 -.009 -.006 -.006 

2 -.007 -.177 -.172 -.021 -.017 -.013 -.010 -.009 
3 -.009 -.148 -.143 -.151 -.021 -.017 -.013 -.011 
4 -.011 -.118 -.115 -.118 -.159 -.021 -.017 -.014 
5 -.055 -.108 -.106 -.103 -.122 -.177 -.048 -.069 
6 -.079 -.036 -.082 -.082 -.105 -.139 -.215 -.098 
7 -.177 -.040 -.021 -.040 -.053 -.076 -.128 -.227 
8 .013 .086 .054 .037 .029 .024 .020 .017 
9 .013 .051 .051 .035 .028 .023 .019 .016 

10 .014 .035 .036 .037 .030 .025 .021 .017 
11 .017 .026 .028 .029 .037 .029 .025 .021 
12 .023 .019 .023 .023 .028 .040 .033 .029 
13 .029 .012 .017 .019 .024 .033 .046 .037 
14 1. 000 .014 .014 .017 .021 .030 .038 .048 
15 .014 1. 000 .066 .044 .033 .025 .015 .017 
16 .014 .066 l.000 .045 .036 .029 .023 .017 
17 .017 .044 .045 1.000 .037 .030 .025 .021 
18 .021 .033 .036 .037 1. 000 .037 .032 .027 
19 .030 .025 .029 .030 .037 1.000 .043 .038 
20 .038 .015 .023 .025 .032 .043 1. 000 .048 
21 .048 .017 .017 .021 .027 .038 .048 1. 000 
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Figure 1. Nominal catch and TAC for 4VsW cod. 
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Figure 3. Catches of 4VsW cod by gear sectors. (X 1000) 
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Figure 4. Comparison of observed and projected catch at age in 4VsW cod for 1990 
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Figure 5~ Proportion of total4VsW catch taken in 4Vs by OTB's in the first quarter. 
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Figure 7. Comparison of original and 4T-culled catch at age for 4VsW cod in 1990 
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Figure 8. Standardized 4VsW cod trawler catch rates. 
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Figure 9. RV survey mean catch per tow for 4VsW cod (all ages). 
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Figure 10. RV survey mean catch per tow for 4VsW cod (ages 4+). 
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Agure 11. Fully recruited fishing mortality in 4VsW cod. 
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Figure 12. Population numbers and biomass for ages 3+ in 4VsW cod. 
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Figure 13. Age 1 recruitment in 4VsW cod. 
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Figure 14. Retrospective fishing mortality in 4VsW cod. 
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