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Introduction

At its June 1980 Meeting STACFIS, having discussed the status and recruitment prospects for Subarea 1
cod on the basis of NAFO SCR Doc. 80/VI/72 (hereinafter referred to as Doc. 72), and having pointed out
discrepancies between the size of year-class 1975 as it turns out in the VPA runs and as it is estimated
from observations of catches and discards, requested that further analyses be made. Analyses of present
level of fishing mortality by the upper catch level, and of partial recruitment (partial F) in recent

years were specifically requested.

A small working group consisting of the authors to this paper undertook to make further analyses.
Also, some further material from surveys by the Federal Republic of Germany is presented in this paper.

Analyses of fishing mortality and partial recruitment 

Analyses of total mortality were made mainly by using various catch curves from recent years.

Table 1 lists the numbers landed per unit effort as obtained from Doc. 72, table 6 and table 14a.
The table is used to obtain values of Z for each age-group from one year to the next. It occurs that,
for the major age-group 5, the Z. value in 1977 was about 1.17, and about 0.65 in 1978. The corresponding
total effort figures were 48,048 and 25,927 standard hours (Doc. 72, table 6). Preliminary effort
estimate for 1979 is 31,219 hours. Taking M as = 0.20, the 1979 effort would correspond to Z values of
0.83-0.74 based on the 1977 and 1978 catch/effort data, respectively. If the age-group 4 were to obtain
the same Z values as age-group 5, the number of 4-year-olds caught would have to be raised by a factor of
3.6-3.8, thus indicating that the partial recruitment at this age was about 0.26-0.28 in 1977-78.

Analyses of F were also made on the basis of catch curves over some years. Table 2 gives the sum of
catch per unit effort for the years 1977-79 (see Table 1) when the 1973 year-class is reduced to one-fifth
to minimize year-class fluctuation in the catch curve. The catch curve obtained in this way is illustrated
in Fig. 1. Regression line calculated for ages 5 to 9 gives a Z value of 1.01.

A further approach is illustrated in Fig. 2 giving the catch curve for 1978-79 for age-groups 7-10
(average number caught), thus avoiding disturbance of high year-class fluctuation by omitting year-class
1973. Regression gives a Z value of 1.07. With M = 0.25 (including emigration), F would be 0.82. This
value was considered to be the best estimate of F by 1979.
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Table 2 and Fig. 1 were used to estimate partial recruitment for 4-year-olds. If the plot of these
were to fall on the regression line, the catch figure would have to be 1,588 against the recorded 747.
Partial recruitment is, thereby, 47% for this age in 1977-79. The partial-F values corresponding to this
partial recruitment would be 38%, see footnote. Considering that the partial recruitment for age-group 4
was found to be somewhat lower in Table 1, it is suggested that for forecasts a partial F for age-group 4
could be one-third of that for fully recruited age-groups. In practice, however, the value is likely to
vary between years, depending on the actual stock composition. If a good number of older fish occurs, the

partial F for age-group 4 and younger is likely to be at a minimum. For age-group 3 the catches compared
to estimated number of recruits point to a partial F of about 0.02 (Table 3). It was felt that there was
not sufficient data to suggest possible lower partial-F values for older age-groups, and these were there-

fore given full F value in forecasts. The limited number of older fish in the stock means that the

partial-F values for these age-groups is of little importance for the results.

Analyses of stock 

Estimates of recruiting year-classes were taken as in Doc. 72, page 10, and weight by age as in Doc.
72, table 12. VPA was carried out so that recruitment of year-classes 1975 and 1976 corresponds to the

estimates of these two year-classes. The analyses are presented in Table 3. As will be seen, the
terminal-F value for oldest age-groups is set at 0.82 for all years 1975-79. For the years 1975-77, this
was made just for convenience of calculations, but this has no bearing upon the results so far as the

stock situation by 1979 and 1980 is concerned.

It will be seen that the important 1973 year-class may have been equal to a strength of 211,000

3-year-olds. In practice, it may have been lower but had immigration of fish in its first years in the

fishery, followed by some emigration of mature fish.

The stock biomass clearly improved when the 1973 year-class recruited in 1976 with some further

improvement in 1978 when the 1975 year-class recruited. The spawning biomass showed continuous decline
in the years 1975-78 but had some improvement in 1979 when the residuals of the 1973 year-class recruited
to the spawning component of the stock. In practice, this recruitment started already in 1978 but, for
analysis purposes, maturation is regarded as knife-edge 100% at age 6. It will further be seen that
spawning biomass decreased again in 1980 to a level as in 1975 but, as will be seen in the forecasts, it
is supposed to increase again in 1981, provided the 1980 catch is not exceeding the supposed 55,000 tonnes.

The spawning biomass was at an extremely low level in 1976-78.

Forecasts 

Based on the residuals by 1980 given in Table 3 of the present paper and on number of recruits as
estimated in Doc. 72 (page 10), forecasts for catches up to 1983 and for spawning biomass by the beginning
of 1984 are given for various options of fishing mortalities and for a constant catch level around 55,000
tonnes. Catch in 1980 is estimated to be about 55,000 tonnes. The F corresponding to this is equal to
0.35. The results are set out in Table 4 and illustrated in Fig. 3. The strong dependency of catches
upon the estimates of forthcoming recruitment should be recalled (see Doc. 72, page 13, last line). This
dependency is relatively high when recruitment has failed over a period and/or when a stock is fished

down to a depressed state.

Yield and spawning biomass per recruit 

On the basis of the various parameters referred to in this paper and Doc. 72, a yield-per-recruit

curve was constructed.	 The curve is shown in Fig. 4 together with the curve for spawning stock biomass

per recruit. The F	 is at 0.48, while the F 0.1 value is 0.25. For these two reference points the

contribution to them awning stock for each recruit decreases from 3.8 kg to 1.9 kg or by 50% by increas-

ing F from F 0•1 to F	 . While Table 4 and Fig. 3 are influenced by the actual stock composition and

expected recruitmentTahe curve in Fig. 4 will show the long-term difference in catch and spawning stock

size between the various options of future F under the assumption that the actual level of spawning stock
does not influence recruitment. Since this assumption is unlikely to hold for low levels of spawning
biomass, the difference between options is, at present, likely to be more pronounced than indicated by

Fig.	 4.

Recent observations on stock composition 

Results from groundfish surveys conducted by R/V Walther Herwig and Anton Dohrn in autumn 1976-79,
as well as in spring 1979 and 1980 in Subarea 1, confirm the major role of the 1973 year-class in the
West Greenland cod stock until the end of 1979. This is clearly illustrated by the percentage age

Footnote: Calculation of partial F 

F	 -Z
-
Z 

(1 - t ) = 0.510 when M = 0.20 and Z.= 1.01. To obtain value of 0.47 x 0.510 = 0.240, F

has to be 0.305. Partial F - 0.305 = 0.376.
0.81
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compositions shown in Fig. 5. The corresponding length frequencies are given in Fig. 6, where the main
peaks of the curves represent the outstanding 1973 year-class from ages 3 to 6. As an example, this is
shown in detail for spring 1979 in Fig. 7. However, the predominance of this year-class in the relative
age composition of the stock did not continue into 1980 due to increased abundance of younger cod of
ages 3-5 (year-classes 1975-77), as illustrated in Fig. 8 by length frequencies and corresponding age
compositions from research catches obtained by R/V Anton Dohrn in April/May 1980 in Div. 1C-1E. The age
compositions were derived by applying the combined age-length keys given in tables 7 and 8 of Doc. 72.

Table 1. Subarea 1 coda Numbers landed per unit effort for
1977-79 used to estimate Z for each age-group
between pair of years.

Age-group	 1977	 1978	 1979	 Z 77-78	 z78-79

3	 13	 11	 9	 -2.79	 -3.43

4	 971	 212	 341	 -0.18	 -0.64
5	 126	 1159	 401	 1.17	 0.65
6	 32	 39	 608	 0.47	 0.53
7	 13	 20	 23	 1.40	 0.43
8	 8.8	 3.2	 13	 1.70	 0.25
9	 9.3	 1.6	 2.5	 -	 -

Numbers of age-group 4 in 1977 to give Z = 1.17 would be 3734.
Partial recruitment = 971 = 0.26.3734

Numbers of age-group 4 in 1978 to give Z = 0.65 would be 768.
Partial recruitment = 212 = 0.28.768 

Table 2. Subarea 1 cod. Catch per unit
effort by age summarized for
the period 1977-79 when the
1973 year-class is reduced to
20% to minimize year-class
fluctuations in the catch
curve. See Table 1 and Fig. 1.

Age-group	 Number

3	 33
4	 747
5	 759
6	 193
7	 56
8	 25
9	 13

10	 15.5



C)

r-
R3

LL

O
(4-

(cS
E

Cn
C)

O

0
O

cts

L
cn

0

4)

L
e)

C

C

_CD

0
"II
Cn

O
CO
1-0
r•-•
0,

cr.

U
0

Cy
4)

+3

0

.-
U,̀

C

-rs
O
U

(T5
CL

co
0

(I)

C;)
CL
r--
-CD
F-

- 4 -

CD
CO
0)
r--

..C
U	 •
0 0
4) =
C/1

cp
0
CD
0
01

,--
N.
LO
ct
r--

cp
LL)
01
Q)
LC)

N.
N.
N.
CO

N.
,j-
al
CV
r---

cO
co
.,t-

CV
N.
N

0")
LC)

Lc)
co

N.
co

N.
ko 01

r-..
C\J
CO
CV

(3)
N.
0)
r--

LL

...0
U	 •
-P 0
rel =

C...)

-14
U	 •
0 0

4, Z
(1)

N
r-
CD•
0

LCD
00
CV

CD
0
0
0
CV

LC)
r--•
CD

LID
LO
LCD
C:)
r--

r,
ci-
01
. ::1-co

C\J
CO•
0

LC)
P
LO
(N.1
r---

N.co.)
cO

zt-c.)

CV
CO•
CD

0
1,
0,
CO
r---

Ch
c)
N.
N.CV)

CV
CO0
0

CY)
0N..

COc)
nzt-
r-

CV
CO•
CD

0
CD,j-

::1-
cnN.

CV
CO

•
CD

CO
N-

i.f)LC),-

C\J
CO

•
0

C \J
LO

cO
c)
r-

(\.1
CO

•
0

LC)
LO

0)
cs,-

CV
00

•
CD

0
CO

01
LOF.._

CV
CO6
0

,..0
CV

cr
cY)

<0,--
r-.-

,t.
CO
CV

CO
I,
01
r--

Li...

_c
U	 •
4, 0
(ts Z(-)

_le
U	 •
00
4-) =
(r)

co
O
CD•
0

N-
CO
CV

CD
CD
CD
L0
r-
r--

c:n
r--•
0

. :i-
0)
1 1-Ls-)

01
LC)
1--,
LC)
co

cr
1.110
0

01
CO
0c)
00

CV
CD
al
CO
N.

oo
ct-•
0

d-
0
0
.--

LO
,i-
CII
CV

LO
..:I-•
0

01
CD
LC)

N.
01
LC)
r.-.

CT
CY)•
0

CY)
CO

cO
01
C\I

CD
cr)0
CD

r-.-
d"

cp
N.
1--

0
r---.•
0

CO
r-

LC)
LC)
r-

. 1-
0•
0

N.

CY
r-
CV

r,
r--0
0

N.

r--
if)

CV
CO0
CD

N.

os) CD
CV

LO
CD
CO

N.
N.
01
r--

Li-

_c
(..)	 •
4, 0
MS =

L.)

....Y
U	 •
0 0
4-, =
Cl)

L0
r---.
CD•
C:)

,:;:t
CY,
VD

CD
CD
CD
01
d'

CO
d-•
C;)

01
d-
LO
LO
d-

01
LO
1::::r
Is,
d'
r--

L.c)
0•
r-

CO
L))
CD
LO

CO
CO
C \J
C)
r-

r-
LO•
C)

LC1
r-
Lt)
r-

N.
LO
N-
CO

LO
CD

.
r-

CO
r-
10

LO
r,
CD
r--

CO
r-•
r---

LC)
CV
,:t-

c\I
r--
N-

LC)
CV•
r-

krD
.,1-
d-

if-
CD
1,.

CO
L.0•
C:)

CO
LO
-•

co)
VD
ccf-

t.CD
CO•
CD

CI
N.

up
LC)r-

LC)
CNJ•
C■1

CO
CO

r-
r-,--

Cs.)
CO•
C)

CV
CV

0)
CV

01
CV

L.0
lC)
CV

L0
I,
0)
r--

Li.

..0
U	 •
4) 0
(a =

L.)

_.,c
U	 •
0 0
4-, =
(C)

r--
LC)
CD
C)

CD
LC)
N-
CDr--

0
0
L)
r--.
1.-
C \.I

C)
CO
0

LO
CV
CD
::r

LC)
r---
0
N-
,...

CO
ct
CD

ce)
d-
cv
CV

CD
CO
CD
1,.

al
CO
CD

t.0
r-
cY
r-

CD
LO
N-
CV

CV
CY)
0

CV
0co

k•O
LC)
cv
r-

CD
r-
r-

d-
0)
LOr-.

r-
r--
N.
CV

Ct
CV
0

01
ce)
t---

r-
LC)N.

r-
tQ

0

CO
c:/-
r-

CO
LOco

L.0
CO
0

CO
LC)

CO
CO(NI

CD
LO
0

N.
c‘.1

r-,
Lo

CV
CO
0

N.
1.0

ci-
N.

LO
co

c:1-
cV
CV

It
N•
01
r-

LL

_C
U	 •

4--)	 0
(15 Z

C-D

_se
U	 •
0 0
4) Z
(/)

r-
CD
C)

Lo
N.
CV

r---
CO
CV
CO
C \I

CO
(o)
0

LC)
01
Lo
CO

r--
CV
U:D
CV
r-

Cv)
LO
C)

N-
N-
It
CV

CD
CY,
CO
l0

0.1
CO
C)

00
CD
CO
r-

LO
LC)
L.0
CY1

1---.
CD
r--

LO
LO
CO
Lf)

LO
r-.
r-
CD
I-.

N.
01
0

CO
CO
C?)
r-

CO
CO
L0
Cv

r-
01
CD

01
r---
‘C)

CO
N-
r-
r-

CV
CO
C:)

r-
01
C\J

r-
01
LO

,:t.
N-
C:)

:)"
CO

CV
CO
r--

N-
CY,
CD

CO
CO

01
CO
r-

CV
CO
C:)

,---
CO

CV
LCD

C,0 r--
C\I
r-

C)
01

.:C
CO d- LO LO 11 00 01 CD

r-
r-
r-

CV
r-

-F
CO
r-

(1)
CD
(1) .....,

I0)
C	 v) 0
.--	 tn CD
C -N4 rti C)
3 0 E-
(CS CD 0
C1- 4-, • r- -F
(/) V) -CD LO

(1)
CO
(CS ....-....

•C) 
-0	 ,	 4-,
4-, N O
,-.	 v) CD

r---	 =	 (cl CDits	 s,...	 E ..-..
4--) U 0
0 Q) •,-• +
F-	 s... ..0 co



5

Table 4. Subarea 1 cod. Catch, stock, and spawning biomass (tonnes x
10-3 ) projections for 1981-83/84 by various fishing strategies.
Option 1: F = 0.1 in all years
Option 2: F = 0.2 in all years
Option 3: F = 0.6 in all years
Option 4: F = F 0 , 1 = 0.25 in all years
Option 5: Catch level about 55,000 tonnes in all years;

F value in brackets.

0.tion
1 2 3 4 5

Stock biomass 268 268 268 268 268
1981 Spawning biomass 151 151 151 151 151

Catch 17 33 83 40 55 (0.36)

Stock biomass 344 325 263 316 297
1982 Spawning biomass 165 150 100 142 127

Catch 24 42 81 50 55 0.304)

Stock biomass 384 343 233 325 300
1983 Spawning biomass 256 216 110 198 174

Catch 26 43 64 49 55 (0.325)

1984 Spawning biomass 262 202 74 178 147
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Fig. 3. Projected catches (lower curve) and spawning biomass (upper curve) by various fishing strategies and by catch in 1980
assumed to be 55,000 tonnes. The figure corresponds to Table 4. Catches are for first year, spawning biomass at the
beginning of the following year, as indicated by the coupled years at the bottom of the figure.
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Fig. 4. Subarea 1 cod. Yield and spawning stock biomass per recruit.
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Fig. 8. Cod length frequencies and age compositions of research catches obtained by R/V Anton Dohnn
in April/May 1980 in Div. 1C-1E.
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