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Introduction \
At ite 1;968; meeting the Subcommittee for Assessments prepared
a review of the state of the *isheries in the ICNAR area, and, with
- regard To Subares 1 cod, it was concluded that this stook. 18’ demon~
-strably overex;ploited /Redbook, pert I, p. 30, 1968/. 'I!h:l.s conclu-
slon was drawn from assessments summarized under Appendix 1 Axmex 1
/Dedil of that Redbook/ which were baaed en a constant parameter mode}
- using the. parametars listed /N = 0.2/ end assuning ‘knife~edge” recru~
itment at speciﬂed levels 1,/L - Taking the 'bhreahold e =35
‘ 1ndioated. 'bhat yield. per reorua.t would inerease with up to 60 per
cent raduotion in fishing. mortality /F/ 1 the alterna'biva caleula~
- tion using. 1, 45 cm suggested that the level of F in 1965/66 /='0.6/
wag cloae to the optimnn for the meah slze in use, In no case was
the atoct underexploited and the present situation was consigered
‘Ito lie within the ranga givem. An alternative empirical analysis
of the catoh sts.tis_tica for Subarea 1 cod- also :Lnd.ica'bed the level
of f:tshing to: ba close to the opt:l.mum and hence conformed more
closely to the rigorous asaesament using 1g = 45 om /Garrod 1968/ .
At :l.'bs mid—tem meeting in Ionden in January 1969 the Sub-
Gommittea made provisional est:l.mates of the cateh quotas that should

be set to achieve specifiad reductions in fisning mortal:l.ty in 1969,
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though these were not related to sbtipulated menagment objectives,
These quotas wers based on calculations prepared by ane of us
JHoreted 1969/. The form of these calculations ﬁrovided further
information on the pattern of recrultment to this fishery, and so
permits the assumption of knife—edge selectlon to be replaced by
variation of fishing mortelity with age. A yield per recruit curve
hag therefore been re-cmlculated to include thia extra information

in order to confirm the earlier conclusions of the Subcommittee,

The estimation of partial recrultment values

The working paper referréd GO calcu}ated Ghe numericel
abundance of each age-group at the beginning of each year using
a defined value of F for all age-groups snd years. For each age-
group estimates were made in two ways:

/i/ was the survivors from the stock in year x;

/ii/ as the number of fish at the beginning of year x + 4
necessary to generate the catch. observed in that yeawn,

The difference between these estimates representé the
nunber of _new recrults /immigranté ?/ entering the age;group x + 1,
and the ratio between this and the number in the stock of a year-
class et the beginning of year x measures these new recrults as a
proportion of the previous stock of that yesr-class, These propor-
tione are shown for palrs of age-groups in Table 1.

The ratio for age=groupa 9/8 is negative in all cases and
could be interpreted in terms of emigration of older fish /to Hast
Greenland and Teslend/ or in verms of the varisnce of the estima-
tes of mortality. It seems reasonsble to assume from the ratios
of 8/7 that recruitment is complete in the eighth yeaf‘and from

this the proportion of total recruitment can be computed for
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. earlier ages. Thus, for example, if the ratio of new recruits
st 8/ rNa/ to the stock of 7-year-olds /N7/, rNa/N.? = 0,104,

and _Ng + N.? = 100, then N,? + 0,104 N.? = 100 and N.? = 0,906,
The estimated proportions of the total year class recruited st
each age-group aré shown in Table 2, the value for 3~year-olds
having been interpolated from the illustration of these results
in Figure 1. They are underestimates to the extent that rnx has
not beenh corrected for paturel mortality during the year prior
to recrultment.

The origlral derivation of these stock estinates Mm a
oonstant value of ¥ for all age~groups within one ‘year implies
that all members of each age-group are equally availlable to the
!iaher:y,'_ The new recruits must therefore be immigrating into the
aresa of the fishery., However, by definition, population models
should consider a ‘unit stock’ which would initially contein
all potential reorults to the fishery, but at varying degrees
of availability, That means that the size of a year-class is
determined before recrultmeat, and its rscrultment over a range
of ages ‘18 expressed in variations of the catchabllity coeffi
clent giving a proportion of ]‘m, the fishing mortality to
which fully recruited age-groups are exposed. This dpproach to
partlal recruitment has been checked /Garrod, unpublished/ by
calculating veriations of F-wlth age from the same original catch
data using Gullend’s modification of the “virtual population’
technique /Gulland 1965/. The estimates so derived are compcied
with those estimated by assuming immigration of new recruits in
Table 2. |

In effect this comparison does no more than check the .
accuracy of the arithmetic, but it does 1llistrate the dual inter-
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pretation of the ssme figures, neither of which can e incorporated
in the constsnt parameter model. Nole however that 50 per cent
recruitment occurs at about five years of age, corresponding to

an 1c 50-60 cm, This seems absurdly bigh in terms of the size of
figh caught ' one would expect all cod over 50 cm
to be available to all gears. However, we are considering varia-
tions of F with age and this ie not only a functlon of size, butb
also of the concentration of fleetas on particular parts of the
stock. Thus, if immature and mature cod are intermingled in the
autumn they will be subject to the same ¥ in that part of the

year; but, if fleets concetrate on prespawning or spawning aggrega-
tlious of mature fish earlier in the year, cne msy suspect these
older fish to suffer a higher mortality irrespective of thelr

8ize in relat{on to a barticular type of gear. The effectively
high 1c may therefore not be unrealistic,

Results

These estimetes of fishing mortellty, varied with age,
have been incorporated in a population model which givee the
variaetion ln yleld per recruit illustrated in Figure 2. Taking the
leval of fishing mortality tec have remained at F = 0,6, the same
as in 1965/66 /the moat recent yeara'fbr which eatimates are
available at the time of writing/, this ocalculation suggests thet
the upper limit of recruitment 1, = 45 cm used in the 1968 assessment 1
wag the more nearly correct. It appesrs that the the level F = 0.6
is close to that giving the maximum sustaelned yield: it is equally
true that some reduction in effect would not have an spprecishle
effact on the total yield, except for the immediate losses in the
years immedlately following regulations. The connotation that
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could attach to the phrase 'demonstrably overexploited’ does seem
to overestate the situation in this fishery as it was in 1966,
especially since no evidence has been présented to show that fish-
ing may bave had & significant effect upon recruitment in this
stock, .
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Tabla 1 New rucroits per rgeeproup as n proportion of the =t wik of the preceding

age=group
Yeareglass Calendar year Mean Age=roups
in ratio
1463 1964 1965 1966 1967
19454 x B
1955 (.26 x
1856 m 0.029  x
1957 0.04% n.nol G130 x
1954 L0470 €200 a3l oo x x 9/8
1954 U.590 0,190 - 0.264 | 0.095 0.104 8/7
19606 0.647  0.267  0.180 0.136 1/6
1961 0.%32  0.638 0.268 6/5
1662 : 1,241 1,351 5/4
Legative ration rﬁx . T/ZIK For e roups 9/3 denoted X, and negustive ratios

for other ayew-iroup3 aze arsuwmd to b Zarc,

Yable 2 setimates of racraitment to the exploited steek

Age burtinl recruitment Variation of Fy,
{lisnuble proportion owing to partia
al eaul ngeegroup) recrai tment

3 . 160 +

4 Ul G. 1

Y U,ue8 NNV

[ U.-{tjl . Y |’C‘l

v U6 . 0.74

H 1.000 1.00
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