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INTRODUCTION

The Labrador-Northeast Newfoundland cod stock complex is composed
of several substocks intermingling inside the NAFO Divisions 2J, 3K and 3L
(Templeman, 1962). Although the migration patterns were identified (Templeman,

1974), these substocks cannot be separated due to the lack of biological data.

So, for the purpose of managment, it is now usual (Pinhorn and Wells, 1972)
to consider this complex as an homogeneous stock.

Historical catches on this stock complex have greatly changed during
the last twenty years (ICNAF, 1960 to 1979). A progressive increase occurs
from 1958 (217,000 metric tons) to 1968 when a pick is reached at 784,000

tons. After 1968 the catches progressively drop down to the level of

136,000 tors in 1978 (provisional report). The nominal catches of the last

ten years (1968-1977) are given in Table 1 by country and by division. The

average catch of the last five years (1974 to 1978) is about 240,000 tons

when it is about 430,000 tons for the last twenty years (1958-1978).

Due to the importance of this historical fishery many works were
done on this cod stock complex. Among them, the most important and recent

studies were carried out by Fleming (1960) ; Hodder (1965) ; May, Pinhorn,

Wells and Fleming (1965) ; May (1966a); Wells and Pinhorn (1970) ;
Pinhorn (1975).

The present study, based on surveys carried out during five years
(1976 to 1980) involves the analysis of complementary data on the dynamics

of this stock complex and provides a yield assessment from research material
completed by commercial data.



MATERIALS AND METHODS

The material used in this study was collected during five research
surveys in Div.. 2J, 3K and 3L with the-research vessel.Cryos , during.the
winters (January-February) of 1976 to '1980.

The basic biological data were obtained from catches made with
a polyamide research bottom trawl with 31.2 m headrope, 17.7 m footrope,
140 mm mesh in the wings and body and 50 mm mesh in the codend.

The length and age composition of the stock in each year were
determined from 40,524 fish measured (total length). and 3,082 otoliths
sampled at 234 trawling stations occupied during the 1976-1980 period.

Since no consistent trend in growth was observed during the 1976-80
period, the mean length-at-age data for all years were used to calculate
the von Bertalanffy growth curve by the method of Walford (1946). The
length-weight relationship based on the measurement of 952 specimens
collected during the survey or 1980 was used to obtain the corresponding
von Bertalanffy curve of growth by weight.

The mean length at 50 % maturity (L 50) was calculated for both sexes
using the regression of the experiMental probits versus the total length,
on 6,214 fish examined during the 1980 survey.

During the 1980 survey, selectivity studies were carried out in
Div. 2J using the research trawl with alternatively 50 mm mesh and 140 mm
mesh in the codend, at 6 stations each. From the length frequencies of cod
caught per half-hour with each gear, the percentages retained at each length
by the 140 mm mesh trawl were determined using a conversion coefficient
between the two gears. The selection curve was then fitted by the probit
method and the mean length at entry to the catch (L c) was determined from
the 50 % retention length. In addition, From 1,430 cod measured on the
catches of the 140 mm mesh trawl and from the 1980 age-length key, the
length and age composition of the exploited portion of the stock were
determined for 1980.

Catch curves and the calculation of total mortality coefficients (z)
Por fully recruited age-groups were obtained from Frequencies of each
age-group caught during the 1976-1980 priod. The corresponding values of
the fishing mortality coefficients (F) were obtained for each year using
the estimate of the natural mortality coefficient M = 0.18 (Pinhorn, 1975).

The values of the basic paramet?rs, calculated as indicated above,
were used in the Beverton and Holt (1957) yield-per-recruit model. Variations
in yield-per-recruit were studied in reiation to different values of the
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fishing mortality coefficient (F), ani the mean age at recruitment to the
exploited phase (td.

The fishing efforts (f) were calculated for 1958 to 1977 from
commercial data, using the Portuguese trawlers (OTB1-6) as standard
(ICNAF, 1960 to 1979). For 1978, the value of 	 f was derived from data
provided by Wells (1980), by converting Spanish CPUE to Portuguese CPUE.

These values of f , with the corresponding values of total catches, were
included in the Schaefer (1957) general production model. In addition,
the relationship between Z and f was established from the values
calculated for 1976, 1977 and 1978, taking M	 0.18.

CALCULATION OF PARANETERS

Length and age composition.

The length and age composition of the Labrador-Northeast Newfoundland
cod stock complex in 1976-1980 are shown in Fig. 1.

The polymodal length distribution in 1976 (modes at 35 cm, 50 cm
and 64 cm LT) is very different From distributions observed in the following
years where one main modal length is dominant : 40 cm LT in 1977 and 1978

and 50 or 52 cm LT in 1979 and 1980. The age composition in the research
catches of 1976 indicates the presence of several equivalent year-classes
From the 1967 to the 1973 ones. After this year, the relatively abundant
1972 and 1973 year-classes are still present in the catches followed by
the relatively good 1974 and 1975 year-classes which both appear at age 3

and dominate in 1980.

These results indicate that if' the medium level of the 1974 and
1975 year-classes has insured a fair recruitment, the relatively poor 1976

and 1977 year-classes (as shown at ace 3 in 1979 and 1980) may provide a
very bad recruitment in the next two years. The weakness of the 1976

year-class, already noted last year (ICNAF, 1979), is also indicated by
Postolaky (1980). The weakness of the Following year-class (1977), as
shown here, can only contribute to this decrease in the recruitment level.

The same general trends in the age composition of commercial
catches from 1976 to 1979 are observed by Postolaky (1980) : in 1976,
presence of almost equivalent 1967 to 1973 year-classes and in the
1977-79 period a predominance of the 1972 and 1973 year-classes and
a relative strength of the 1974 flie. However his results indicate a
relatively poor 1975 year-class.

The length and age compositios of the catches obtained in 1980
respectively with a 50 mm and a 140 mm codend mesh are shown in Fig. 2.
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The modal length at 52 cm LT and the 1975 dominant year-class observed
with the small mesh gear, is replaced by a mode at 63 cm LT and a corres-
ponding 1974 dominant year-class with the large mesh gear which is more
comparable to the commercial trawls used in the fishing area.

Growth.

From analysis of mean length-At-age data (ages 3-17) for the.
1976-80 period, the von Bertalanffy growth curve.(Fig. 3) is expressed
by the equation

88j
tL = 111.7	 [	 e-0.151 (t	 0.88)1

The length-Weight relationship (Fig. 4), as determined from the
Tog-log regression of mean weight (grams) on total length (cm), is expressed
by the equation :

log W = 3.146 log LT - 2.336

This relationthip, when (applied to the growth-in-length equation,
leadt to the following equation for the growth-in-weight curve (Fig. 5) :

Wt = 12,783
e-0.151 ( t - 0.88) 	 3.1 46

These results on growth-in-length are difficult to compare with
those given by May et al. (1965) for the 1960-62 period, by May (1966a)
for 1963 and by Wells and Pinhorn (1970) for the 1964-68 period, since
provided for divisions 2J, 3K and 3L separately. Also, the length-weight
relationships calculated by May (1966b) concerned only division 2J.

Length and age at sexual maturity.

The sigmoid curves, fitted to the proportions of mature males and
females at each length in 1980 samples are shOwn in Fig. 6. The mean length•
and the corresponding mean age at which 50 % of the male and female cod
become mature are as follows :

Parameters	 Male	 Female	 Combined
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Here again, the values provided by Fleming (1960) for the 1947-1950
period are difficult to compare to the results of this study since they
are separated by division. However, the four values of t50 given, ranging
between 5.4 and 6.3 years, are slightly larger than ours.

Length and age at entry to the fishery.

The selection curve (Fig. 7) was derived from the 1980 selectivity
experiment of the research trawl with a codend mesh size of 140 mm. The
mean length (L c) at which 50 % of the fish are retained is 53.4 cm total
length and the corresponding mean age at entry to the fishery (t c) is
5.2 years. The selection factor (b) for cod taken by this trawl is therefore
3.81. The application of this selection factor to the mean length at 50 %

maturity for both sexes (L50 = 49.1 cm) indicates that a minimum mesh size
of 130 mm would be necessary to avoid the capture of many immature cod.

This value of t c is very similar to the results of Pinhorn and
Wells (1972) who found t = 5.4 years For Div. 2J-3KL.

Fishing mortality and effort.

Calculation of the fishing mortality coefficient (F).

The five catch-curves based or data for the years 1976 to 1980
(Fig. 8) yielded values of the total mortality coefficient (Z) of 0.60,
0.78, 0.65, 0.69 and 0.54 respectively. Using the calculation of /I= 0.18

(Pin_horn, 1975) these values lead to tie following values of F :

1976 - F . 0.42
1977 - F = 0.60
1978 - F	 0.47
1979 - F = 0.51
1980 - F . 0.36

The F-values obtained by Wells (1978, 1980) for the years 1976, 1977, 1978
in Div. 2J-3K-L from other methods, are different from these results.

Correlation between F and the fishing effort (f).

The regression of the Z-values on the corresponding f-values
calculated for 1976, 1977 and 1978, is shown in Fig. 9 and expressed by
the equation

Z = 1.39 . 10 -6 . f + 0.18



The value of N	 being taken, thi regression shows a very good
correlation. between the values of F calculated in 1976, 77 and 78 from
our research material and the values of f obtained from the commercial
data.

RESULT OF THE ASSESSMENT

The calculated parameters are introduced in the Beverton and Holt
(1957) yield-per-recruit model, as follows :

K = 0.151	 tr = 2.00 years
111.7 cm	 t c = 5.20 years

W,..= 12,783 g	 b = 3.81
to = 0.88 year	 tx = 18 years

'where t is the age,at recruitment to the fishing area and t;N the estimated
last age or contribution to the fishery..

Taking the value of M = 0.18 ir the yield equation, the resulting
yield-per-recruit curve is shown in Fig. 10. The maximum yield-per-recruit
is obtained at F	 0.37, and the optimum at F. = 0.20. So :

F	 =0.37
Max

FO.1 = 0.20

These values are very close from those Pound by Pinhorn and Wells in 1972
(F 

max 
= 0.40 and FO®1 = 0.23). Also, sdnce • 1976, F0.1 = 0.20 is the usual

value taken in the stock assessments. These results indicate however that
in the past four years (1976 to 1979) this cod stock complex has been
exploited over the Fmax level and that in 1980, even if the F-value (0.36)
is sligthly lower than Fmax , the stock is still exploited over the F001
level, which was recommanded as a management strategy for this particular
stock.

The effects of simultaneous changes in fishing mortality and in
mesh site (and consequently in age t c at first capture) on the yield-per-
recruit are expressed in Table 2 and Fig. 11. From these results, it is
obvious that there is no significant advantage to increase the fishing
intensity over Fmax , even with trawl mesh size up to 200 mm : a long-term
increase in yield of 15 % from F0®1 (0.20) to Fmax (0.37) and only 8 % from

Fmax to F = 1.20.



The yield isopleth diagram for tlis cod stock complex is shown in
Fig. 12. The point corresponding to the level of exploitation in 1980 is
plotted on this diagram (F = 0.36, t c = 5.20).

CONCLUSION AND DISCUSSION

The yield assessment presented above allows to draw conclusions
on the status of the Labrador-Northeast Newfoundland cod stock complex,
in recent years.

The yield-per-recruit analysis indicates that the stock was
exploited during the 1976-80 period at a level superior or close to
Fmax (0.37). The model indicates that no biological and economic benefits
could be obtained from this stock by increasing the fishing intensity
over Fmax On the contrary, it shows that the status of the stock could
improve by an exploitation at the F0.1 level (0.20).

All these estimates are based on the hypothesis of a constant
recruitment, but it was clearly indicated that the recruitment in this
stock complex is irregular and seems to be poor for the next two years.
It was also shown how a minimum trawl codend mesh size of 130 mm could
improve the recruitment by decreasing substantially the capture of
immature fish.

In order to allow the stock complex to recover and to obtain a
sustainable yield, it is • necessary that the spawning biomass can reach
a satisfactory level. The following calculations may lead to estimate
this level.

The Schaefer (1957) production model, established from the
standard efforts calculated above from 1958 to 1977 and from the corres-
ponding total catches during this period, is expressed in Fig. 13. With
a stock at the equilibrium level, this production model indicates a
MSY 470,000 metric tons for an effort of 280,000 hours fished. Using
the F - f relationship calculated in this study

F	 1.39 . 10-6	f,

the value of FMSY = 0.39 is obtained, which is very close to the value
of Fm  = 0.37 found with the yield-per-recruit model. These results
indicate a 000d correlation between the two models and consequently
between the biolo g ical and the commercial data.

Because of this agreement between the values of F msy and Fmax,
it is possible to obtain an estimation of the average level of recruitment•



in this stock complex, at the level of Fmax , for t c	5.2 years. At Fmax'
the yield-per-recruit value is :

= 1069 g

and the average recruitment at age	 r = 2 years) is :

IT
- 

470,000
2

At age 4 (with M = 0.18)
4 = 304.10 `' 	which is very close to

the results given by Wells (1980) : average recruitment of 332.10 6 fish at
age 4 during the 1972-78 period.

From the average number of recruits at age 2, the spawning biomass
of the cod stock complex was estimated at the Fmax and FO®1 levels (Table 3).

The target values found range between 1500.103 to 2400.103 metric tons which
is slightly over the values (1200 to 1800.10 3 ) usually taken (ICNAF, 1977)
as a target in the assessments. Results by Wells (1980), assuming a poor
1976 year-class but a relatively good 1977 year-class, indicate that this
objective could be achieved in 1982. However, taking into account the
apparent weakness of the 1977 year-class, as shown in this study, it seems
difficult to reach this target within the next two years.
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Fig.	 Length and age compositions of cod from research trawl
(50 mm codend mesh catches in Div. 2J + 31CL, 1976-1980.
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Fig. 2 Length and age compositions of cod from research trawl
(50 mm and 140 mm codend mesh) catches in Div. 2J + 3KL,
1980.
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Fig. 3 Von Bertalanffy growth-in-length curve for the cod stock complex
in Div. 2J + 3KL, 1976-1980 (Dots are actual mean length-at-age
values).
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Fig. 4 Length-weight logarithmic relationship for the cod stock complex
in Div. 2J + 3KL, 1980.
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in. Div. 2J + 3KL, 1976-1980 (Dots are actual mean weight-at-age
values).
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observed values).
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Catch curves (logarithm of_ the age compositions) for cod from
researcn trawl catches in Div. ').3.	 3KL, 1976-1980.
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Fig. 9	 Fishing effort-total mortality (z) relationship for the cod stock
complex in Div. 2J + 3KL for the 1976-78 period, at M = 0.18.
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Fig. 10 Yiell-per-recruit curve for the cod 'to. ck .complex in Div. 2J + 3KL
at M = 00:8. (Values of F for the 1976-80 period are indicated by
arrows).
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Fi . 11 Yield-per-recruit curves For the cod stock complex in Div. 2J +
in relation to fishing mortality (P) and to age at recruitment to
the fishery (t ).
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Fig. 12 Yield isopleth diagram for the col stock complex in Div. 2J + 3n.
(The 1980 position is indicated by a dot).
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Fig. 13 Equilibrium yield curve from the Schaefer production model for
the cod stock complex in Div. 2J + 3KL, 1958-1977.
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