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INTRODUCTION

In later years there has been an increasing fishing mortdlity on young
Arcto-Norwegian cod and this has caused an increasing concern about

the effect the resulting decrease in the spawning stock will have on ‘
recruitment and future yield. Garrod and Jones (GARROD and JONES, 1973)
'haﬁfe_ studied the stock/recruitment relationship for this stock and estimated
the optimum level of the mature stock and the corresponding annual fishing
mortality and yield, assuming that the selection pattern would be the same

as at present.

However, it is possible that the yield could be: increased by changing the
sclection pattern. The aim of this study is to find how recruitment and
yield varies with fishing mortality on young cod, assuming a stock/recruitment

relationship.

MATERIAL AND METHODS

A Ricker stock/recruitment relationship,

R = a.Se_bS

was assumed. The size of the spawning stock was taken as the mean annual

biomass of 8 year old and older fish,

From R = a S e-bS, we get

_ 1ogeS/R + 1ogea , : | (1)

L =

b*S/R
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For reasons of convenience it was assumed that S= R = S/R= 1 in the equilibrium

state when there is no fishing (this implies that b=.,1'oge,a inR=a65s e_bs).

For given fishing rnortalities on adults (8 year old and older) and juveniles,
S/R was then calculated as the mean annual b;iofﬁass per recrﬁit of the

adult stock, relative to that of the same stock when there is no expioitatidn.
The von Bertalanffy grbwt‘h équ‘a'tion was used. If there is no fishing mortality

on juveniles, S/R for a given F on adults is giv’eﬁ by

S/R = (Y /F)g / lim (¥ /F)
F-0

where Y is the yield per recruit using the age of niaturity as the age of entry

into the exploited phase. S/R may be found directly in the yield tables by
Beverton and Holt (BEVERTON and HOLT, 1966).

If in addition to the fishing mortality on adults there is some fishing mortality

on juveniles, the value found for S/R by the method above have to be reduced.

by | -2 F, ’
i«g * .
e * where 5_— F is the sum of the yearly

i<8
fishing mortalities on the juvenile age groups.
Having found S/R, R was then calculated using expression 1, and the yield
is then given by ‘
' ' Y=R" Y/R
The growth parameters were estimated using 'the‘weigh't at age data given in

Report of the North-East Arctic Fisheries Workmg Group. (ANON 1973),

and the follow1ng values were found:-

K=0.10, t =11, W= 31 34kg.
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RESULTS

The results, using the stOck/recruitment relationship estimated by Garrod
and Jones (GARROD and JONES, 1973) are shown in Fig. 2-5, assuming that
a given set of fishing mortalities has worked for so long that an equilibrium
state is reached. By setting R = S =1 in the equilibrium state when there
is no fishing, the relation between stock and recruitment is expressed by

R =12 164 5- e 2 498%5
The curve is shown in Fig. 1. In calculating recruitment and yield, a value
of M = 0.2 has been used, but some results are also given for M = 0. 3.

Fig. 2 shows how R varies with the fishing mortalify on adults for different

values of 2= F. . If F is higher than a critical value, no equilibrium
i<g 1 adult ‘ v

state is reached and the stock will tend to extinction (From expression 1 we
)

a

see that this happen when - S/RK

P Fi" In Fig. 3 the critical -

The critical value is heavily dependent upon g
‘ i<

value is plotted against ZFi for both M = 0.2 and M = 0. 3.
i<8
Fig. 3 illustrates how the danger of fishing the stock to extinction level
increases rapidly with increasing fishing mortality on juveniles.
If >3 Fi = 2.5, the stock will tend to extinction without any fishing of adults
i<8 : o
at all. This is in agreement with Garrod and Jones (GARROD and JONES, 1973)
- who found that if the sum of the yearly fishing mortalities from recruitment
to the mean age of the spawning stock exceeded 2.5, the stock would tend to

extinction., - 'ZgFi = 2.5 means a yearly fishing mortality on juveniles
1< =

of 0. 625 if the mbr}cality is divided equally over four years,
Fig. 4 shows how the total yield varies with Fadult for different values

of the fishing mortality on juveniles (F, ). In célculating R, nothing had
juvenile

to be assumed about how >’ F. was distributed on the different juvenile age-
i<8 '

groups. In calculating the yield'it has been assumed that the age of recruitment

i

to the fishery is four years and . _Z8F.l is equally divided on the age groups
, i< '

= DF /A

4-7 years old, i.e. F, i
juvenile = ' 2'g
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The values for the fishing mortalities in recent years given in Report of the
'North-East Arctic Fisheries Working Group (ANON. 1973) give a mean

value of 2 F 1. 43 for the years 1968-72, and the yield curve for this

i<8 !

value of the fishing mortalityb on juveniles is given as the dotted line in Fig, 4.

The maximum yield (Y ) decreases rapidly with increasing fishing mortality

max

on juveniles. 'If M = 0.3, the decrease in Ymax with incresing fishing mortality

on juveniles is smaller than if M = 0. 2, but still a considerable gain in yield

could be expegted by decreasing Fjuvenil'é' '

In Fig. 5 the maximum total yield is plotted against yearly F on juveniles for both
M=0.2 and M= 0.3 If F'on juvéniles'is greater thanthevalue indicated by the

broken line, any fishing on adults can only result in a decrease in total yield.

By computer simulation, starting from the stock situation as in 1971 and
exploiting the stock over a pAeriod of 25 years 'using the established stock/
recruitment relation, Garrod and Jones (GARROD and JONES, 1973) found

that an increase in mesh size from 130 mm (present mesh size) up to at least
160 mm would give a long term increase in yield for all levels of F above 0. 2.
This is in general agreement with the results found here: A decrease in fishing
mottality on juveniles will inc‘reasg Ymax' |
In Table 1 are ».su‘mma;riz{ed»the values. of maX1mum total yield, corresponding.
fishing mortality on adults and the critical F-values for different fishing

mortalities on juveniles,

DISCUSSION

In this study.constant growth paramaters have been uséd. There are, however,
strong indications that growth is density-dependent in the Arcto-Norwegian

cod stock (SATERSDAL and CADIMA, 1960). If growth is increasing with
decreasing stock size, the method used in this study gives underestimates

of both the yield under high exploitation rate and the critical F-values. It would
certainly be of great interest to take into account the density dependent growfh.
H¢ wever, it seems unlikely that such an approach would lead to conclusions

significantly different from those obtained here.

The fishing

[vd

mortalities have for a long period exceeded the critical values

estimated in the present in’irestigation. One may therefore ask why the stock




has not already completely collapsed. There ‘ax.'e two ‘main reasene for this:

(i) For long-living species where the age of recruitment to the adult
stock is high, a relatively 1ong period'is needed before the full effect
of overexploitation becomes clear under a stock/recrultment relation- -

ship.

(ii) The recruitment is not determined from fhe size of the ‘épa\'}vn‘in‘g stock

alone. Individual yearcl‘asses show a great variation about the stock/ -
recruitment curve,. and this is not taken into" account in the estimation

of the critical .'F—values. The variation increases with decreasing '
stock size (GARROD and JONES, 1973). Strong year- classes may
appear at very low stock levels (example: The 1963 and 1964 year-
classes), and this is sufficient to delay for may years a drastic decline .
in stock size or a total collapse. The stock/recruitment curve cannot.
therefore be used to predict what will happen under low stock levels,
it can only tell us when the danger for collapse or a drastlc decline in
recruitment and yield becomes imminent. It is in this way the estimated.

critical F—Valuesl should be interpreted.

CONCLUDING REMARKS

(1)

The results pi‘e‘sented here ‘show that the Arcto-Norwegian cod stock is
at present exploited at a level which will result in a further decline in
stock size or possibly a total collapse if the stock/recruitment relationship
used in the analysis is actually a true functional reletio'hship in the stock.
This is in agreement with the conclusions drawn by Garrod and Jones

(GARROD and JONES, 1973)..

The present investigation furfher' shows that the exploitation‘rate the eteck

is able to withstand is strongly dependent on the fishing mortality on fhe
juvenile age-groups. The maximum equlhbrlum yield increases with
decreasing fishing mortality on the young cod. Garrod and Jones (GARROD
and JONES, 1973) estinmated the maximum equilibrium yield to be about

800. 000 tons, with the selection pattern as at present. This yield can prebably
be increased coneiderably by changing the selection pattern. The order of

increase is strongly dependent on the value of M.
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Table 1, Maxinmum eguilibrium %wowmfNWonﬁM4m.«W .:v@ corresponding @m&ﬁwnuwb& the
critical value of ﬁJQSH# for QH%%@&@W&.HPW@WSN mortalities on juveniles.
For further explanation see text.
(i) M = 0.2
ﬁu.zﬁ_wsﬁm 0 0.1 G.2 G.3 Coh 0.5
v 1,0 0.864 0.737 0.626 0,530 0.440
max S .
Frax (adult) 0.h43" 0.28 0.18 0.09 0.03 0
. 0. - 0.70 0.4 0.30 0.17 0.08
Fesitical (adult) 99 7 7 3
(ii) ¥ = 0.3
F. . o 0.1 0.2 0.3 0.4 0.5
juvenile
%3)% 1.0 0.950 0.876 0.814 0,752 0,636
: 0. . . . .
Fax (adult) 75 0.45 0 NV. O.1l4 0.03 0o
Feritical {adult) i.84 1.22 0.79 0,48 0,27 0.12
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Stock/recruitment curve for Arcto—Norwegian cod.

- 2,4984 5

R=12,164S e (GARROD and JONES, 1973).
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Fig. 2. Recruitment against fishing mortality on adults (Fadult)

for different values of the sum of the fishing mortalities on the

juvenile age-groups 2/F: ), M=0.2. a ‘,Z F: =0, b) 22 F.= 0.4,
] e-g! (i<81). | ) ZeFi 70 )i<81

c) L F;=0.8, d) F; = 1.2, ) ¥Ry~ 1.6, f)i%Fi——‘ 2.0.
1

i<8 i<
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Fig. 3. Critical value of the fishing mortality on adults (Fcritical (adult)‘)

against the sum of the fishing mortalities on the juvenile age-graups

( '§8F:i) for M= 0.2 and M= 0, 3. For further explanation see text.
1
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Fig., 4. FEquilibrium yield (Y) against fishing mortality on adults (Fadult)

for different values of the yearly fishing mortality on juveniles

(4-7 years old), M= 0.2, a)F, ., =0, b) F, ., =0.1,

. R juvenile juvenile
) thivenilez 0.2, d) Fjuvenile: 0.3, e) Fjuvenile: 0. 36 (approximation
to present sﬁuatxon)‘, _f})_.Fjuvenile:: 0.4, g) Pjuvenile: 0.5.
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Fig. 5. Maximum equilibrium yield (Ymax) against yearly fishing

mortality on juveniles (4-7 years old) for M = 0.2 and M = 0. 3.



