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Abstract

The 4VsW cod fishery is, since 1977, almost 100% Canadian. Due to
misreporting of catch locations the Canadian mobile fleet catch per unit effort
is believed to be unreliable. Because no other country participated in the
fishery, the Canadian research vessel survey is the only available index of
abundance and was used to find the 1979 fishing mortality. The stock abundance
still appears to be increasing but at a slower rate. Assuming a 1980 catch of
45,000 tons, the 1981 catch at FO.1 would be 49,000 tons.

Resume

Depuis 1977, la presque totalite des captures de morue dans les Divisions
OPANO (Organisation des Pecheries de 1'Atlantique du Nord-Quest) 4Vs et 4W ont
ete effectvees par des bateaux^canadiens. I1 appert que depuis la meme annee la
flotte hauturiere canadienne n'a pas rapporte fidelement la localisation de ses
captures attribuant a d'autres Divisions des captures qui en realite avaient
ete effectuees dans 4VsW. Bien que des mesures aient ete prises pour corriger
les donnees quant a la zone de capture, it fut impossible d'apporter des
corrections semblables aux donnees d'effort, le resultat immediat etant que les
donn4es d'effort, de prise par unite d'effort flotte canadienne sont
inutilisables a des fins devaluations des stocks. 	 Puisqu'aucun autre pays n'a
participe a la peche depuis 1977, l'indice d'abondance calcule a partir des
r4sultats des campagnes d'echantillonnage scientifique est le seul qui soit
disponible et it fut utilise pour determiner la mortal it4 due a la peche en
1979. L'abondance du stock semble continuer a augmenter bien qu'a un taux
moindre. Supposant des captures de 45,000 t en 1980, la prise correspondant a
F0.1 en 198) serait de 49,000 t.



Introduction

The cod fishery in NAFO Divisions 4Vs and 4W is based on a stock complex
(Templeman, 1962; Martin and Jean, 1964) but due to the considerable mixing
among adults of these stocks and given the present state of knowledge it appears
most practical to consider this complex as a single unit for assessment purposes-
(Halliday, 1972). This stock complex first came under quota management in 1973
when ICNAF set the Total Allowable Catch at 60,500 t. 	 The TAC was lowered to
60,000 t in 1974 and 1975 and to 30,000 t in 1976. 	 The TAC was not caught in
any of these years supporting Halliday who had already stated in 1972, based on
yield-per-recruit calculations and recruitment predictions from research vessel
surveys and commercial catch, that the 1973 TAC was higher than desirable for
that stock. 	 Both commercial and research vessel catch per unit effort indicated
an increase in abundance in 1978. 	 The stock now appears to be continuing to
increase in 1979 but at a slower rate than between 1977 and 1978.

Nominal catches

Table 1 shows the nominal catches since 1958 by country and by NAFO Divisions
and associated TAC's. 	 The catches from 1958 to 1972 fluctuated between 40,000
(1958) and 80,000 tons (1968) averaging 61,000 tons. 	 For the period 1958 to
1976 Spain was the main harvester taking 57% of the total catch followed by
Canada (29%), USSR (6%), France (3%), Portugal (2%) while other countries caught
about 2% of the total catch. 	 The average catches for Spain and Canada were
respectively 32,000 and 16,500 tons. 	 The participation of France and Portugal
were highly variable from one year to the next while the USSR showed more
consistency. 	 Since 1977 Canada took almost 100% of the catch. 	 The proportion
of that total catch taken in each Division varied from year to year with the
catches in 4Vs being more variable. 	 During the whole period each Division
contributed about equally to the catch.
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For the first three years of quota management (1973-1974-1975), the TAC
was set at about the average catch for 1958-1972 (60,500 - 60,000 - 60,000 t).
However after the 1975 fishing season, during which only 54% of the TAC was
caught, the 1976 TAC was lowered to 30,000 tons of which only 81% was caught.
As a result of the analyses of the status of the stock that indicated a severe
decline and a 1976 catch still below the allowed levels, the TAC was reduced to
7,000 tons for 1977 and 1978. 	 In both of these years there appeared to be a
problem with the accuracy of catch location reporting for the Canadian mobile
fleet and it is estimated that for both years the catch was above allocations.
The data for 1977 comes from the ICNAF Statistical Bulletin and has not been
corrected while the 1978 figure is the best estimate developed for assessment
purposes through analysis of surveillance data. 	 In 1979 misreporting apparently
was less of a problem. 	 Table 1 shows the corrected figures for 1978 and 1979.
Prior to 1977, there does not appear to be a problem with the reported area of
catch for the Canadian fleet and therefore the Canadian nominal catches are
probably fairly accurate. 	 In spite of low allocations and of a shortage of
fish in most areas, Canada never took its allocation in the years 1973-1976 with
utilization falling to only 41% in 1975.

Abundance indices:

Research vessel surveys

Random stratified surveys have been conducted on the Scotian Shelf in a
standardized manner since 1970 on the A. T. Cameron during the summer months.
In 1978 and 1979 there was also a fall survey by the Lady Hammond. Although
in both years the fall survey appeared to agree quite well with the summer survey
as to age composition and population estimates, the former survey was not used
in this analysis because it is too soon to say whether any differences are due
to the vessel used, the time of year or simply random fluctuations.

The research vessel survey population estimate for 1973 appeared abnormally
high, almost an order to magnitude higher than any of the adjacent years. 	 Gray
(1979) found that this was due to extraordinary high catches of small fish in
strata 58 and 59 (the area on and north of Middle Bank). 	 Although young fish
are known to concentrate in this area it was Gray's conclusion that these two
sets should be removed and the abundance estimated without them to render the
1973 population estimate comparable to other years. 	 Table 2a presents the
population at age estimates from 1970 to 1979 with the two abnormal sets in
1973 excluded and table 2b with these two sets included. 	 Figure 2 shows the
trends in the total population estimates and in the age 4 and older population
estimates. 	 This figure indicates that the age 4 and older data appear to be
less subject to random fluctuations. 	 According to the survey data, the abundance
would have gone from a low value in 1970 to a maximum in 1972 and would have
increased steadily from 1976 to 1978 and would have stabilized at the 1978 level
in 1979.



Commercial catch per unit of effort

The catch per unit of effort of the Spanish pair trawl fleet (tonnage
class 4) was analysed by Gray (1979). 	 He found that the CPUE data was well
correlated with both the It and 4+ biomass. However, this data set is of
no use at this time due to the ending of the Spanish participation in that
fishery in 1977.

Although it was possible to correct for misreporting of catch location for
the Canadian mobile fleet, a realistic correction of effort has proven to be
impossible. 	 The research vessel survey population estimate is thus the only
abundance index used and presented in this analysis. 	 However, it should be
noted that this index agrees fairly well with most of the other indices for
the period prior to 1977.

Catch-at-age

The catch at age data for the period 1966 to 1978 was taken from Gray (1979).
The sampling coverage of the 4VsW cod catches in 1979 was adequat with 54
commercial samples being taken. 	 The temporal and gear coverage has generally.
been acceptable except that only .one _sample (OTB-1)° - has been taken in the first
quarter. 	 For the remainder of the year, the otter-trawl, long-line and seine
catches have been fairly well sampled while no samples for gillnets or traps
were available for any period of the year but these gears did not contribute
significantly to the catch (330 tons or 1% of the total). 	 Thus due to time
and gear type representation it was necessary to combine the catch on the basis
of available samples. 	 Gillnet catches were added to the long-line and hand-line
catches and the quarterly length-frequencies and age-length keys derived were
applied to quarterly catches. 	 Quarter 1 and 2 catches and samples were combined
for these gears since no samples were available for the first quarter. 	 Seine
samples of the third quarter were applied to seines, and trap and shrimp trawl
catches for the first three quarters combined (no samples in quarter one and
two). 	 The fourth quarter for these gears was treated separately.

The catch at age for 1979 is similar to that of 1977 and 1978 with few young
fish caught, reflecting the closure of the Spanish fishery in 1977. 	 The fishery
concentrated on age 4, 5 and 6 fish. 	 Table 3 shows the 4VsW cod catch at age
since 1966.

Assessment Parameters

Partial recruitment multipliers

Partial recruitment multipliers were calculated by taking the ratios of the
percent catch at age (ages 2 to 10) in the commercial fishery to the percent
catch at age (same age groups) in the research vessel survey and then dividing
this vector by the highest ratio to obtain a maximum of 1 (table 4), 	 In 1979
fishes appeared to be fully recruited at age 6 and to be recruited at 93% at
age 5. 	 The partial recruitment multipliers dropped after age 6 to reach 28%
at age 10. 	 Such a vector may seem surprising when the selectivity of the
different gears are considered. The drop in partial recruitment multipliers
after age 6 is probably due to the distribution characteristics of older fish.
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These are probably present in a smaller proportion in the areas or depths
where most of the fishery occurs as they grow older. 	 These partial recruitment
multipliers are given in table 4 and were used in trial runs of virtual population
analysis.

Fishing mortality

Age 2 to 12 were used to run virtual population analysis. 	 Age 1 was
excluded because no age one fish were caught in 1979 and the table was chopped
after age 12 because of the presence of zero catches in several instances.

With the partial recruitment multipliers given in table 4, trials were
made to find the final F that gave the best agreement between estimates of the
age 4 and older population size from the research data and from virtual population
analysis.

The research vessel surveys are conducted in July and thus estimate the
population abundance in the middle of the year while the virtual population
analysis estimates the population abundance at the beginning of the year. 	 In
order to make things comparable the VPA population corresponding to the middle
of the year was estimated by taking the year-class specific averages of VPA
population abundance estimates for year t and year t + 1. 	 The value for 1979
was calculated by projecting to 1980 the population estimates from known catches,
fishing mortality and natural mortality.

The process was started with an arbitrarily chosen fully recruited F of 0.1
with F being increased by 0.05 after. 	 After a few runs were made it became
obvious that the 1970 point was out of line and could not be brought into line
whatever the 1979 starting F was. 	 Although the relationship was good, the 1970
point was causing aTi'gh intercept value. In that year the research vessel survey
indicated a low population abundance while VPA suggest that the stock was then
at its maximum for the period considered. 	 Since 1970 was the first year of the
survey and as minor gear modifications were made for 1971 and subsequent surveys
which, despite their minor nature, may have affected the catchability of cod by the
gear (Halliday, pers. comm.), the 1970 point was not included when the regressions
were calculated. The best relationship was then found for a fully recruited F of
0.25 (r 2 = 0.81). 	 However, the 1979 value was not well predicted by earlier points.
At a fully recruited F of 0.30, the correlation between the two sets of numbers
gave a r 2 = . 79 and the difference between the 1979 point from VPA and that
predicted by earlier points was about 5%.

This method of adjusting the VPA only considered ages 4+ and this is not
affected by the size of the 1976-1977 year-classes. 	 When the research vessel
estimated abundance at age 2 and 3 for these year-classes were compared to previous
year-classes abundances, it appeared that these were underestimated in the VPA.
The same appeared to be true for the 1975 year-class. 	 The 1979 partial recruitment
multipliers at age 2 - 3 - 4 were consequently adjusted in the manner described
below. 	 The first step was to calculate the average population abundance for ages
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2, 3 and 4 during the period 1970 to 1975 for both the VPA and the research
data. 	 Then the ratios of the population estimates at age to the mean (1970-75)
for the 1975 to 1977 year-classes were calculated again for both the VPA and the
research data. 	 This provided one or more ratios for each year-class and the average
was taken for each year-class. The ratio of research to VPA is then the correction
factor that should be applied to VPA year-class size estimate. 	 This ratio was
used to correct the partial recruitment multipliers in 1979. 	 This procedure is,
for all practical purposes, identical to correcting the year-class sizes and then
calculating the F's at age in 1979 from known catches. Table 5 shows the details
of the calculations and tables 6 and 7 the resulting population and fishing
mortality at age tables.

Yield per recruit

The corrected set of partial recruitment multipliers derived above and
mean weights at age of table 8 were used, with an M = 0.2, to run a Thompson-
Bell yield per recruit analysis. 	 This gave a maximum yield per recruit of
0.83 kg at a fishing mortality of 0.56 and a F0 1 of 0.33 with a yield per
recruit of .78 kg.

Catch projections

The estimated VPA population abundance corrected by the research cruise
data estimates of the sizes of the 1976-77 year-classes were projected to 1981
assuming a 1980 catch of 45,000 tons. 	 The 1978 and 1979 year-classes at age 2
were set at 85 million fish, the geometric mean of the 1964 to 1974 year-classes.
The results are presented in table 9. 	 This analysis implies that fishing at
F01 in 1981 would result in a yield of 49,000 tons.

Conclusion

This analysis shows an increased abundance in 1979 over 1978. 	 However, the
rate of increase appears to be slower than during the period 1975 to 1978. The
long term predictions would indicate that a yield of 65,000 tons can be attained
if average year-class sizes are produced. 	 But these predictions are built on a
weak basis due to the uncertainties about past year-class sizes. 	 If the
historical. catch of young fish was different than estimated by Gray (1979), the
estimated year-class strengths presented in this analysis will be in error. 	 The
low variability of year-class strengths at age 2 since 1969 is very striking and
suggest some misassignment of catches to year-classes. The extent to which these
potential errors affect the prognosis can only be ascertained after several years
of data are obtained for which all removals are accurately accounted.
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Table 2a. 4VsW cod
anomalous

research
sets in

9

vessel 	 survey population
1973 removed.

estimates with two

AGE 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

0 97 23 0 0 866 69 0 0 174 1017

1 1273 1539 6210 2295 5174 3372 2242 808 3053 1213

2 16123 7680 9674 8778 32961 8412 14066 10145 13065 10612

3 5196 35664 11881 13760 19246 13000 16098 26372 31245 16044

4 7682 8027 31536 10788 5623 6171 10187 17059 34205 16595

5 3734 15803 5812 6799 2017 2959 6621 11353 9461 18075

6 1227 5775 5989 428 2244 675 1264 4893 3490 9053

7 1532 3459 1621 951 372 867 656 1081 889 2696

8 466 1475 547 676 463 235 1308 878 185 1009

9 104 638 495 96 224 433 0 244 90 411

10 701 471 153 534 340 91 1180 223 158 152

UK 274 112 0 202 44 74 36 114 53 253

Table 2B. 4VsW cod research vessel survey population estimates with the two

anomalous sets 	 in 1973 included.

AGE 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

0 97 23 0 0 866 69 0 0 174 1017

1 1273 1539 6210 16128 5174 3372 2242 808 3053 1213

2 16123 7680 9674 122780 32961 8412 14066 10145 13065 10612

3 5196 35664 11881 104965 19245 13000 16098 26372 31245 16044

4 7682 8027 31536 59948 5623 6171 10187 17059 34205 16595

5 3734 15803 5812 22524 2017 2959 6621 11353 9461 18075

6 1227 5775 5989 1870 2244 675 1264 4893 3490 9053

7 1532 3459 1621 2907 372 867 656 1081 889 2696

8 466 1475 547 901 463 235 1308 878 185 1009

9 104 638 495 431 224 433 0 244 90 411

10 701 471 153 910 340 91 1180 223 158 152

UK 274 112 0 202 44 74 36 114 53 253
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Table 4. 	 Partial recruitment multipliers derived from the comparison
of percent catch at age in the research vessel surveys and
the percent catch at age in the commercial fishery.

AGE 	 % SURVEY 	 % COMMERCIAL 	 COMMERCIAL/SURVEY 	 P.R.%

2 13.804 0..153 0.011

3 20.870 6,641 0.318

4 21.587 25.938 1.202

5 23.512 39.071 1,662

6 11.776 21.045 1.787

7 3.507 5..042 1.438

8 1.313 1.617 1,232

9 0.535 0.329 0.615

10 0.198 0.099 0.500

0.616

17.8

67.3

93,0

100.0

80.5

68,9

34.4

28.0
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Table 5. 	 Corrections to partial recruitment multipliers to adjust the 1975
to 1977 year-classes strengths.

Average R. V.

	

Survey population 	 Population estimate R.V. survey in the year
AGE 	 estimate (1970-75) 	 1977 	 1978 	 1979

2 	 13,938 	 10,145 	 13,065 	 10,612

3 	 16,458 	 - 	 31,245 	 16,044

4 	 11,638 	 -	 - 	 16,595

Ratios of the 1975 to 1977 R.V. surveys year-classes population estimates to
the average (1970-75.

AGE	 1977/MEAN 	 1978/MEAN 	 1979/MEAN

2 	 .73 	 .94 	 .76

3 	 - 	 1.90	 .97

4 	 - 	 - 	 1.43

Average VPA VPA 	 Population estimate 	 in the year
Age population estimate 1977	 1978 1979

2 70,550 55274 	 39993 21304

3 46,954 - 	 45233 32605

4 32,988 - 	 - 36127

Ratios of the 1975 to 1977 VPA population estimates to the average (1970-75).

Age 1977/MEAN 1978/MEAN 1979/MEAN

2 .78 .57 .30

3 - .96 .69

4 - - 1.10

Year-class Average ratio research Average ratio VPA

1975 1.35 .95

1976 .96 .63

1977 .76 .30

Year-class ratio research/ratio VPA Age 	 Old P.R. Old P.R./(RES/VPA)

1977 2.533 2 	 .00616 .0024

1976 1.524 3 	 .17800 .1168

1975 1.421 4 	 .673 .4736

New partial recruitment

AGE 	 2 	 3 	 4

P.R. % 	 .24 	 11.68 	 47.36
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Table 8. 	 Yield per recruit calculations, partial recruitment multipliers and
and mean weights at age (1979 fishery).

FISHING
AGE 	 Weights (kg) 	 P.R. % 	 MORTALITY 	 YIELD

2 .53 .24 .05 .249

3 .76 11.68 .10 .428

4 1.06 47.36 .15 .557

5 1.70 93.0 .20 .649

6 2.39 100.0 .25 .713

7 3.13 80.5 .30 .758

8 3.71 68.9 F0.1 	 .328 .776

9 4.77 34.4 .350 .788

10 6.84 28.0 .400 .807

11 7.96 25.0 .450 .818

12 9.41 25.0 .500 .824

13 10.63 25.0 .550 .826

14 10.03 25.0
Fmax 	

•563 .827

15 11.45 25.,0 .600 .826

16 12.51 25.0 .650 .823

Table 9. 4VsW cod oro.iection results

YEAR 	 POPULATION BIOMASS (t)
	

CATCH BIOMASS (t)

Age 2+

1980	 308747
	

45,000

1981 	 337707
	

49,140
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Figure 1. 	 4VsW cod nominal catches by NAFO Division.
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Figure 2. 	 4VSW Cod Research Vessel surveys population estimates
(1973 value corrected).
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Figure 3. 	 4VsW cod VPA age 4 and older population estimates versus research
vessel survey age 4 and older population estimate.
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Figure 4. 	 4VsW cod population biomass.
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