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A. REGION 1 FISHERIES

A.T Assussuent of statc of Arctic _cod and haddock Tfisheries

In reports presented at recent mectings of this Commission
and of ICNAFZ), it has been shown that in addition to tho
enlorcement of the minimum legal size and nesh~size regula-
tions already employed in the Convention area, there are t-wo
main types of regulatory measure by which contrel of the
fishing mortality rate (as distinct from the age at which
they recruit to the fishery) in fish stocks exploited in
international fisherics may be achinved. These are {a) by
controlling the total catch taken from tho wXploited stock
(cateh quotas), (b) by limiting the total amount of fishing
effort cxpended by the fishery.

At its last mecting the Commission requecsted advice on the
statislics requircd to make asscssments of the state of the
Tish stocks from time to time in view of the possible intre-
duction -of such measurca. In its consideration of Lhis roquest
the Liaison Committee Look as its main Ltausks ;-
(T) to assecss the present state of the exploited stocks
of cod and haddock in Region 1 of the Convention
Arca, relative to the amount of fishing offort and
to estimate the immediate and long=tern cffact:
calel and catch-per-unit-efrort of changes in fishing
- mortality rate, and at the some time to bring up to
date eurlicer assessments of the offects of chinge s
in mesh size,
(2) to examine what statistics and biological dala and

knowledge would be necessary for the cestablishmont

1 Reproduced -in part by_berﬁission of ICkd and NEAFC.
The full Report was presented to the Gth Meating of NEAFC as Document NC6/80.

2) The Following roeports are of special roelovance:

{2) "Review of Possible Concorvation Actions [or Lhe ICNAF Arcav,
ICNAF, Comm. Doc. 65-12,

(b) "Regulation of Fishing Elfort. Memorandum by the United Kingdom
Delegation". NEAFC Doc., N.C. h/51. ICNAT Comm. Doc. 66-17.

{e) "Report of ihe Working Group on Joint Hivlogienl and Economie
Assessmont of Conscrvation Actions", LONAF Comm. Lioc. 67/]9.
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of effective regulations controlling fishing morta-
lity rate and to assess their current availability

for the fisheries on cod and haddock in Region 1.

Arrangements were made for the first of these tasks to be

dealt with by the North-eastern and North-western Arctic Working

Groups for the north-east Arastic and north-west Arctie

(Iceland) cod and haddock stocks respectively. The results of

these assessments arc summarised in Scctionssi.1l.1 and A.1.2

while the detailed reports of the working groups are attached

as Appendices I and TI, The second task was considered

afterwards at a short, joint meeting of these Working Groups,

and the results of these considerations are set out in
Section A.1.73.

A.1.1 North-gast Arctic fisheries (Appendix I)

Arctic cod

Landings and fishing effort (App. I, Tables 1~3)

In the period 1946-1963 the total landings of cod from
the north-east Arctic flnctuated about a mean of ubout
800,000 tons. In the years 1964-1966 however the avo-
rage decreased by 45% from the 1961-63 level to 450,000
tons. The decreasc was greatest in Subarea I and Division
ITb, where the fisherics are based upon both immature
and mature fish, the landings decreasing by 50%, In
Division TIa, where the fishery is based predominantly
on mature fish the landings decreasecd Ly only 15%.

In the period 1964-66 the total Tishing effort
decreased from the 1961-63 level in each of the main
fishing areas. In Subarea I it decreased by approximate-
1y 40%, and in Division IIb by at least 10%. The avail-
able data indicate z decrease of 20% in Division ITa.
These changes represent & decrease of 25% in the effac-
tive fishing effort for the north-ecast irctic cod fishe-
ry as a whole, bringing it to the level of the lat.
1950's. The sharp drop in landings since 1963 is mainly
attributable to this decrease, which, if maintained
will lead to some recovery of the stock, although the
actual yields during tho next few years will be governed
by the strength of the recruit year-classes, which are
known to be poor.

Size and composition of the stock (App. I, Table 4)

Estimates of catch per unit offort show that the stock
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avundance in Subarea I was less in 1964-1966 than irn
the perlod 1961-1963, and that in Division IIb it
remained at its lowest level since 1946, In Division fln
the catch-per-unit-c¢ffort has rcmained almost steady in
recent vears, largely due to the recruitment to th.
spawning stock of the strong 1958 year-class. The
mean age and length of the landings in 1966 were very
low. USSR landings from Subarea I and Division ITb
contained a greater proportion of small fish than those
for Norway and the U,XK. from these fishing arcas. How-
cver, when allowance is made for differecnces in the
rejcetlon rates for the differcnt countries the length
compositions of the catches from thuse areas were
closely comparable for all countrics.

Estimates of total mortality raic (App. T, Table 5)

ﬁatimates of total annual mortality rate were obtailined
from catch-per-unit-et'tort and e composition data

for the fisheries in Subarca I and Division ITb for the
periods 1962-1964 and 1964-1966, Values of approximately
70% (instantancous rate = 1,2) for the ocarlier poriod
and 55% (instantanecous rate 0.7) for the later one, weore
obtained. This decrease roflected the deorease in fishing
effort since 1963, In the asscssments of the effects

of changes in fishing mortallty rate, value of instan-
taneous natural mortality rate of 0.3 for all ago-
groups and instantaneous fishing mortality rates, vary-
ing with age between 0.02 for age 3 and 1.13 for age 10,
were uscd.

The effect of changes in fishing mortality rate (effeg-

tive fishirng: effort (App. I, Table 6, Figs., 1 & 2)

Assessments were made of the effects on long term
catches of changes in fishing mortality rate appliocd
proportionutely in 211 main scctions of the totnl f't she =
ry on north-east Arctic cod. On the assumplion Lhat theo
mesh size in use, the pattern of {ishi ng and the growih
rate of cod remain ns at present, the results of the
assegsments showed tlhiat the maximun equilibrium cateb-~
puer-recruit would he obtnincd by roducing the effect ive
fishing «ffort by onc third Crom its praosent level,

At this level of Ffishing nffort, the cquilibrium coteoli-
per-recruit would be about 5. greater than at prescrd .
Furthor, if the averange level of recrultment romains
the same as in the past, the size of the spawning stock

In Division ITa would be doubled snd ithe dimmature ane



-4 -

non-spawning stocks in Subarea I and Division ITb would
inerease by 50%, resulting in corresponding increases
in the catches-per-unit-effort in the fisheries in
these areas.

Variation in vear-class strength (App. I, Tables 9 & 10,
Figs. 4 & %)

Estimates of the relative strength of cod year-class

prior to thelr recruitment to the exploited stock are
obtained each ycar [rom rescarch vessel trawling sur-
veys carried out in Subarea I and Division IIb. The
¢stimates for the 1965, 1966,and 1967 yeur-olasses, on
which the fisherics in areas I and ITb in thce carly
1970's and in area Ila in the mid 1970's will be mainly
dependent, show thom all to be extremely poor. The pros-
pocts for thesc fisheries are, therefore, not good, and
it is expected that the size of the spawning stoch of
cod will by the mid 1970's decrease, perhaps to as Llittlc
as 5-10% of its average size during the 1950's.

Effects of mesh changes (App. I, Tables 7~-9 and Fig. 2)

Data reported by countries of the mesh sizes in usc

in the north-east Arctic trawl fisheries in 1965 wnd
1966 indicated that in general the mean mesh-sires in
cod-cnds measured in 1965-1966, were in conlormity with
the regulations. However, it is known that topside
chaters of varying designs are in common use in these
fisherices, and that thercfore the effective mesh size
of the trawl fishery as a whole is probably less than
the one prescribed by the convention., In the assessmoent
of the effects of changes in mesh size, @ reduction of
10% in overall sclectivity was ossumed, due to ihe usc
of topside chafers, which gave valucs of 110 mm for
manila/polypropylene and 100 mm for polyamide as the
cffeetive mesh sizes in use . during rocent years,

The results of ithese fassces=monts showard that,
ngsuming the same pattorn of fishing wund ishing morta-
lity rate as at prescnt, equilibrium eatch per recruait
and catch-per-unit-¢ffort for the (ishery as & whole
would increas: Crom the prescnt level with dincereasosin
trawl mesh size up to at least 160 mm. The greatoest
gnins would accrue to the spawning iishery in Division lia,
the gains for which would incrcasce over the whole mesh
size range, buil the trawl [Clshoeries in areang T oand (7L
would not expericence gaing beyond an eftective mesh

size of 130 mm.
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Arctic haddeck

Landings and fishing effort (App. I, Tables 11-13)

The total landings of haddock from the north-east
Arctic dropped from 176,000 tons in 1961-1963 to
125,000 tons in 1964-1966, and as for cod the majority
of the decrease took place in Subarea I. A8 in the cod
fishery the estimated total fishing effort in 1964

and 1965 decreased from the previous high level, but
it increased again in 1966, This may have been due to
a higher proportion of the total effective effort in
1966 being deploved on haddoek, because of low cod
abundance.

The reduced catch since 1963 was due mainly to the
reduction in fishing effort and to relatively poor
recruitment to the exploited stock, The latter has
also prevented any improvement in catch-per-unit-effort
following the reduction in total fishing effort since
1963,

Agsesoment of effects of changes in fighing mortality
rate (offective fishing effort) (App. I, Table 6, Fig. 6)

The results of assessments of the effects of changes
in fishing mbrtality rate in the exploited haddock
stock, assuming the same mesh size and natural popula-
tion paramcters (growth and natural mortality rates)

as at present, indicate that no decrease, and perhaps

a significant increasc in equilibrium calch per recruit
would result from decreases of up to a half in fishing
mortality rate (effcctive fishing effort) from the
present level. Catch -per-unit-c¢ffort would increase
approximately proportionately.

Fluctuations in year-class strength (App. L, Table 14)

Postwar data on the relative strength of year-classes
of north-east Arctic haddock show that their strengths
have fluctuated widely., Although no identifiable trend
in year-class strength has been observed since 1946,
the data show that in recent years there has becn an
anprecedented run of six poor ycar-classes, which will
have an adverse effvct on the fishery in the inmediate
future.

Assessment of eiffects of changes in mesh size {Apbp. I,
Fig. 7)

Assessments of the effects of increases in effective

mesh size on haddock catches and catches-per-unit-effort,
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using the same estimate of the effective mesh size
currently in use as for cod showed that increases in

total equilibrium catch and catch-per-unit-effort by

the haddock fishery as a whole would result from increases
in effective mesh size to 160 mm. The assessments 2lso
show that increases in equilibrium catch, perhaps by

as much as 15% would be achieved by increasing the
effective mesh size currently in use to 130 mm, as

prescribed by the convention.

Summary of Assessments

It is evident from the above that despite a significant
decrease in fishing effort since 1963, both the immature
and adult members of the north-east Arctic cod stock
are heavily exploited, and the number of age-groups in
the exploited stock has been severely reduced, making
the fishery more sensitive to changes in year-class
strength. As indicated above, the available evidence
indicates that the three most recent year-classcs are
very weak ones, with the result that at the present le-
vel of fishing mortality rate, the spawhing stock will
be reduced to a very low level by the mid 1970's. Since
ocn theoretical grounds one has to accept that at least
at some very luw level of spawning stock, recruitment
becomes dlrcctly dependent on spawning stock size, this
raises the important question whether, at this low level
of spawning stock the level of recruitment will be di-
rectly affected. Unfortunately, very little is known
about the relationship between spawning stock size and
the number of recruits in fish, and particularly in
cod, but one might wonder whether the cxpected, excep~
tionally low level of spawning stock size in the 1970's
might lead to another series of poor year-classes. The
Committee wishes to stress that effoctive regulations
introduced now would lessen thc dangers of these possi-
ble serious consequences being realisod,

The prospecis in the immediate Tuture for the haddock
fishery 1s similar to that for the cod. A succession
of six poor year-classcs will lead to & reduction in
catch and catch-per-unit-c¢ffort during the next few
years, but regulations introduced now would result in
higher catches than would be obtained with the conti-
nuation of the present high rate of cxploitation in

the aksence of regulation,
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North-west Arctie Fisheries {4ppendix 2)

Iceland cod

Landings, fishing «ffort and cateh-per-unit-effort

épp. 2, Tables 1-3)

Total landings of cod from Iccland grounds have shown
1 declining troend since the mid 50's to reach 357,000
tons in 1966, comparcd with an avorage of 483,000 tons
in the period 1955-1960. Similarly, the average catch-
Per-unit-effort of the trawl fisheries also declined
during this period while the total fishing effort
inereased, although it declined somewhat in 1966 from
the previous high level. Whilc the decrease in catch-
Per-unit-effort and total vield can be attributed in
part to the increase.in the rate of exploitation of the
cod stock, it is also partly dQue to a decrcase in th.
level of reeruitment to the stock as a result of a
series of poor year-cla‘scs.

Mortality rates (App. 2, Tables 7-9)

In the previous assessmunts made by the North-western
Working Group (Coop., Rus. Rep. Ser. B, 1966), total
annual mortality ratcs of about 60% for immature cod
and 70% for the mature stock (instantaneous rates =
0.92 and 1.2) wecre estimated. A further study of these
and more recent data has shuwn, howcver, that for a
stock which expericnces a 60% annual mortality rate
(and has a constant natural mortality rate) the munbers
of 3-6 year-olds (immature) and mature 7 Year-oldsg

and older (mostly mrature) fish caught should he in the

ratio: 1:0,026. Tho ubsorved ratio of the numbers for

Iceland cod in recent yoars has, however, becn 1:0.5,

indicating a much larger pumber of mature cod than ex-

pPected, on the basis of a constant siortality rate of

60%, This discrcpancy could by cxplained in cither of

the following ways;-

(a) the stock of immature cod fishen at Tecland forms
the main body of Pre-recruits tc the mature stock
and tlielr annunl wortality rate is, in foct, sub-
stantially less than that of the adults,

(b) the purt of the immature stock vxploited at Tea-
land expcriences a mortality rate of about 60%, but

this does not constitute the whole of the immature

stock which subscquently recruits to the mature stock,
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While it is known that, at least in some years mature .
cod migrate from Greenland to Iceland at the onset of
gspawning, thereby providing in thesc ycars, at least
part of the additional supply, its magnitude, and the
variations in it are not known; nor is it known whether
there are stocks of immature cod at Iceland which are
not exploited by the trawl fishcries. In view of these
uncertainties, and in the absence of sufficient pvi-
dence to the contrary, the assessmoents of the offects
on long term cntch and catch-per-unit-e¢ffort in the ccd
fishery of changies in fishing mortality rate and of
mesh size were made on the basis of the first of the
above alternatives, hut the effvcts of the second altece-
native on the results of thesc asscssments were also
considered c¢specially where they were likely to he
substantially changed in direction or magnitude.

The asscssments were made for three values of natu-
ral wortality rate for all age groups (0,05, 0.15 and
0.3) of which the central value of 0.15 is considered
to be nearest to the true average valuc.

Assessment of effects of changes in fishing mortality

rate (effective fisling effort) (App. 2, Tables 10-13 &
Fig. 3).

Different age-groups in the exploited ced stock at

Iceland are fished by different cemponents of the total

fishery. The immoture members (mainly age groups 3-6)

are fished principally by the trawl fisherics (mainly

UK and Germany}, while the mature membors {(mainly age

groups 7 and older) are Fished principally in Lhe

spawning fishery, almost exclusively by Iceland. Since

the effects of changes in fishing mortality rate (effce-

tive fishing effort) will diffor accerding to which cori-

ponent of the total fishery is changed, the asscsshents

were made ou the following three bascos:

(a) proportionale changes in both the immaturce and
maturc (spawning) tisheries,

(b) changes in the spawning fishery ouly, the fishery
on immatures remainirng unehinged,

(¢) changes in the fishery on immaturcs only, the spawn-
ing fishery remaining unchanged.

The results of these assessments. which are set out in

detail in Appendix 2, Tobles 10-12, arce summarised

below, on the assumption that the average level of
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recruitment remains approximately the same as in the
past, and that a constant natural mortality rate of
0.15-0,2 applies throughout the exploited life¢-span,

() Proportionate changes in immature and mature

fisheriecs

A smaller inecrease in long-term average, total catch

for all fisheries combilned would bc expected to result
from a decrease of up to 60% in effective fishing effort,
while it would decrease with increase in fishing

effort. Large gains in average catch and catch-per-
unit-effort would accrue to the fishery on mature

cod, but the fishery on lmmature cod would experience
substantial losses in average catch, although catch-
per-unit-effort would increase.

The changes in catches on the basis of the alter-
native hypothesis regarding the distribution of immaturc
fish cannot be estimated accurately in the absence of
more precise information of the relative sizes of the
exploited and unexploited parts of the stock of immatures,
but the gaina te the spawning fishery would be less than
on the basis of the hypotheses used above.

{(v) Changes in spawning fishery only

A decrease in effective fishing effort in the fishery
on mature cod, by up to 60% from its present level,
would lead to gaimns in long term average catch and
catch-per-unit-cffort in the fishery on immatures, but
the catcech in the fishery on maturce cod would decreasc.
In fact, the catch in the latter would increase with an
ancreaseg in fishing e¢ffort, although 1o tkat event, the
catch in the fishery on immatures would decrease. There
would be littlc change in the average total catch of all
fisheries combined with either a moderate incrcasc ur
decrease in fishing effort.

These expecled changes would be broadly the sane on
the bagis of the alternative hypothesis regarding the
distribution of immature fish.

{c¢) Changes in the immature fishery only

Decreases in effective fishing effort in the immaturc
cod fishery would lead to large gains in long-term
average catch and catch-per-unit-coffort in the fishory
on mature cod, but the average catch in the fishery un

the immatures would decrease significantly, although its
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catch-per-unit-effort would increase. The average
total catch of all fisheries combined would increasc.
An increase in effective fishing effort would result
in a decrease in average total catch of zll fisheries
conbined and to the fishery on mature cod, but an
increase in tho c¢atch of the fishery on immatures.

The alternative hypothesis regarding the distri-
bution of immature fish would result in smaller losses
to the immature cod fishery and also smaller gains to
the mature cod fishery than on the basis of the hypo-
thesls used in the above assessment. However, the
direction of the changes would be expected to be the
same .

In summary, thercfore, these assessmcuts indicate
that gains in long-term total average catch for all
fisheries combined and in catch-per-unit-effort would
be likely to result fronm moderate properticnate de-
creazses in effective fishing effort in all fisheries
exploiting Iceland cod, or from a decrease in the
fighery on immature cod only. However, the gains would
not be shared equally by all components of the total
fishery. Indeed, they would accrue solely to the mature
cod fishery, which would cxperience large gains, while
the fishery on immatures would suffer losses in total
cateh (although not in catch-per-unit-effort). The catch
in the latter fishcry would increasce Tfrom a decreasc in
fishing effort in the spawning fishoery, but this would
be at the expensc ¢f larger losscs to that fishery and
a small overall loss in the total catch of all fisheries
combined.

In prescnting the results of thesc asscssments,
the Liaison Committee wishes to draw the Commission's
attention once more to the present uncertainty regard-
ing the distribution and movements of immaturce cod,
which subsequently recruit to the mature stock ex-
ploited at Iceland. While new infurmation, follewing
further research, may alter the estimated nagnituwde of
the effects of changes in effective fishing ecffert, the
Committee considers that it wonld be unlikely to change
the direction of changes in average catch given above,

In relation to furthor scicntific study and asscss-—
ment of the eod stock at Tceland, the Linison Committec
endorscs Lhe recommendations of the Merth-Westorn

Working Group {(app. 2, p.7) anl those of the "Icelandic
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propesal” Working Party set up by the Commission at
its last annual mecting.

Assessment of effects of changes in mesh size (App. 2,
Table 14)

The earlier assessients made by the North-western
Working Grewp (Coop. Res. Rep. Scr. B 1966) on the
immediate and long-term effects cf changes in mesh
size in the cod fishery at Iceland showed that long-
térm gains in total catch would be achieved with in-
creages in effective mesh size up to, at least 160 nmm
{(manila); the gains would be greatest for the fishery
for mature cod, pursucd principally by non-trawl gears
and least for the UK trawl fishery based mainly on
immature fish for which no gains would be achieverd at
effective mesh sizes above 130 mm (manila). On the
bagis of the lower cstimates of fishing mortality rate
for the immature cod stock, used in the most recoent
asgesasment, the cxpected gains in catch for increascs
in mesh sige woull be somewhat lower than those esti-
matoed previously, so that, while smaill gains in total
catch would be wxpected to accrue te the Tishery for
mature ced and the total fishery with increases in
efTective mesh size up to 160 mm:, the trawl fishery for
immature cod would be expected to suffer losses in
long term catch f{or e¢ffeeotive mesh sizes above 130 mm.,
As in the nortlicast Arctic the us.e of topside chafers
isg known to be widespread in the trawl fisherics at
Iceland, which therefore reduces the coffective mesh
size in use at the present to below the convention

minimum of 130 mm (manila).

Lcclandg haddock

Landings and catch-per-unit-effort (4App. 2, Tables 15
& 16)

During the years 1960-1965, hadilock landings from Iceland
were the highest on record, avoeraging 103,000 tons, com-
pared with 62,300 tons for the periond i950-1959. In

1966, however, the landings decreasocd sharply te 60,000
tons, the lowest recorded since 1963. & steady de- ’
crease in catch-poer-unit-cffort in the English, German
and Icelandic trawl fisherics has taken place since

1962, to reach its lowest recorded level in 1866,

The relatively very high landings in the years 1961-
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1963 were due mainly to good recruitment from the
strong 1957 ycar-class, and the decrease since then,
and especially in 1966, was due principally to the
reduction in 1ts number. During the years 1960-1963%,
the total fishing effort on haddock remained at a
high level,

Assessment of the effeets of changes in fishing mor-

tality rate {effective fishing orfort} (App. 2,

Tahle 22 and Fig. 5)

Asaessments were made of the effects on the long~term
average catch of haddock, of changes in fishing morta-
lity rate (effective fishing effort), using valucs of
instantaneous natural mortality rate of 0.15 and 0.3,
whithin which range the average valuc for haddock is
conaidered likely to lie, The results of these assess-
ments showed that for the present mesh slize in usc in
the trawl fleets, the fishing mortality rate is closc
te that giviy, the maximam, long-term catch per recruit
and, assuming thc same average level of reeruitment as
in the past, only small chanpges in long-term averape
cateh would result from moderate decreases, of up to
404 in effective fishing «ffort. This indicates that
approximately the same average annual catch could be
obtained at a substantially lowcr level of fishing
cffort than at present, with an assccinted increase

in the catch-per-unit-efiort,.

Lssessment of the e¢ffects of changes in mesh size

{(4pp. 2, Table 23)

New asscssments of the effects of changes in mesh size
in the trawl and Danish seine fishery for Iceland
haddock, in the light of the most recent stock compo-
sition data and results, indicated that no gains in
total catch for the haddock fishery as a whole would
acerue from inercases in effegctive mesh size above the
prescribed minimum of 130 mm (manila) in the Iceland
area, While any inecreasc above this lovel would result
in gains to the rishory by gears other than trawl and
Danish seine, the trawl and Danish seina fisheries of

most countries would suffer small losses.

Data required fur reguliations controlling fishing

mortality rate

A, Catch quota repulations

The success with which a cateh guotn regulation
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(assuming it is properly enforced) coii achieve the
control of fishing mortality rate on an exploited
stock at any desircd level is determined by the
acecuracy with which the values of its biological
parameters, governing its abundance and hence the
catch which it can yield at the chosen level of
fighing mortality rate, can bec determined.
The biolegical parameters concerned are; -

a} the magnitude and pattern of recruitment

b) growth rate

¢) natural mortality rate.

Average values of growth and natural mortality
rate for a recent period of years éuring which the
fishing mortality rate is known, provide the necessa-
ry data for determining the differcnce between the
present catch per reeruit and the maximum achievable
at a lower or higher vialue of fishing mortality rate,
and hence the reduction in fishing mortality rate
necessary to achieve the maximum (or any other catch
level). However, the actual catch which can be takoen
from the stock in any year at the desired fishing
mortality is subjcct to variations duc te annual vari-
ations in the biological parameters, aspecially the
magnitude of recruitment, which must therefore bec
allowed for when sctting catelh gquotas. The importance
of thesc factors and the current state of knowledge
regarding them for the Northeast anud WHorthwest arec-

tic cod and haddock stocks are summariscd below.

Fluctuations in recruitment

It is well known that the total abundance of the stocks
of cod and haddock axploited in Hegion I varies {rom
year to year duce tc short-tertn fluctuations in ilhc
strength of successive year-classes rocrulting to the
exploited stock, This ia illustrated in Appendices

1 and 2 for the cod and haddock fisheries in the north-
geet Arctic and at [celand respectively. They show

that annual changes in stock denslty and catch-per-
unit-ef'forrt of up tu 25-~30 per cent, duc to this

cause, ofton occur, i knowledge of the yvear-by-year
fluctuations in rcecruitment in advance of the entry

of the new ycar-class into the cxploited stock is
therefore essential t9 allow c¢stimates to be made of

annual changes in total stock aburdance resulting from
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them and hence of the adjustments to be made to the
tutal catch quutas. With a regulatery system based
on catch quotas alone, failure tc make such adjust-
ments to the total guotas during periods of below
average recruitment would result in the fishing mor-
tality rate increasing above the desired level and the
stock to return towards its pre-regulated state.
Detailed consideration was thercfore given to the
information available at present on the variations in
recruitment to the cod and haddeck stocks in the north-
east Arctic, and at iceland, and for the cod stock at

East Greenland.

{a) North-¢ast irctic cod

Three surveys of O-group cud and haddock are carried
out in the north-east Arctic each ycar at the prescn:
time. One of these, the USSR trawling surveys, includes
data on all pre-recruit agcgroups ¢f cod and haddock.

A cumparison of the relative abundance of 2 and 3

vear old fish of successive year classes from this
USSR survey with the obscerved relative abundance of
year-classes after reeruitment to the fishery shows that
agreenent is quitc guod (Appendix 1, Scetion 6), Thus,
data on relative year-class strengths are available

at lenast a vear before the cod recruit in abundance teo
the commercial trawl fishery in the Darents Sea and the
Bear Island-Spitshergen area, and four to [ive years
belore they recruit to the spawning fishery ofl the

Norwggian coast.

(b) Nerth-east Arctic haddock

As with the coud, data on the relative abundance of

2 and 3 year old pre-reeruit haddock are cullected in
trawling surveys «ver the narsery arcasin the nerth-
enst Arctic by the USSR, end coniparisen of thesc
estimates with the subsequent observed relative
stren;ths of the same yvear-classes in the commorcial
catches shows reasonobly good agreemeyi (Appendix 1,
Section 9). Again, therufure,ddta un the strength

of a yevar class are nvailable a vear in advaunce of

its entry into the commercial fisnery.

(¢) Lceland cod aud hadduck

Trawling surveys have been made by lceland on the

distribution and abundance of young cod and haddock
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and they give evidence of year-by-year changes in

recruitment,

(d) East Greenland cud

Ko data on the sbundance of the year-classes in
cod stocks off East Creenland are cullected for the
periovd prior to their entry into the fishery, but
conmercial catch sampling provides estimates of their
relative strengths follewing their recruitment to it.
It is evident therefore that data on the abundance
of pre-recruits are currently avaiiable¢ {for the north-
east Arctic and Iccland cud and haddock stocks at
least a year befure they recruit to the expleited
stoccks, but no pre-recruit data are available for the
East Greenland ccd stock. In the latter case, adjust-
ments to catch quotas would have to be made in the
light of infermation obtained during the period when

a year-class was recrulting tc the fishery.

Pattern uof recruitment to fisheries

Information is alsu required of the pattern of recruit-
ment te the different sections of the total fishery,
with particular rcference to the range ¢f ages bo-
tween the first appearance of a year-class in the
fishery and their becoming fully recruited {(termed,
"rearuttwent range"), and their percentage recruitment
at each age within this range. This requirement is of
wajor importance fur the north-east Lrctic and Iceland
cuod because not unly is the "recruitmeut range" rela-
tively large, but it differs substantially between
different sections of the tetal fishery. Thus, re-
cruitment of cod to the nen-~spawning, trawl f£isherics
in both areas takes place at a lewer age than to the
spawning fishery conducted mauinly with other gears,
and the "recruitment range" to the latter is larger.
Whilst the pattern ¢f recruitment tu the trawl fishceries
in buth areas varies between guite narrow limits from
yYear tu year, that of the spawning fisheries, based on
the older age-groups is much less well defined, es-
pecially as regards the percentage rTecrultment at
successive ages within the "recruitment range", This
aplics particularly tc the stock of spawning cod at
Iceland, which in ascme yvears reoceives recruits from
vther areas (e¢.g. Greonland) the guantities of which

cannut be predicted in advance.
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As a consequence of the marked differences between
the age-compositions of the "nen-spawning® and
"spawning" components of the total cud stoeck in the
ncrth~east Lrctic and at Iceland, fished by trawlers
and other gears respectively, a catch quota regulaticn
fuor these fisheries wuuld necessitate the fixing of
separate quotas for cach ¢f thesc components of the
tutal fishery. In the absence of separate quutas
fighing would, at times of above average recruitment,
tend to be direected tuwards the smaller fish, resulting
in a too high fishing mortality rate on them,

4 detailed study of the available data on the
paltterns of recruitment tc the mailn parts of the total
cod fisheries in these arcas is required. The same
holds for the haddock fisheries although the diffe-
rences in the recruitment patterns to different compo-
nents of the total fishery are less marked than in
the cuvd fisheries.

Rclationghig between stock and recruitment

Uncertainty regarding the degree f dependence of
recrultment upon spawning stock size may seriously
affect the accuracy with which the nagnitude of the
effects of a regulatory measure can be estimated, hut
it does not prevent accuraté catch-quutas being fixed
provided ¢stimates of ycar—class strength are made
during the pre-recruit phase. In fact, the importance
of knuwing the form of the relationship between stock
and reeruitment ariscs in asscssing the potential painsg
in total yield frum o catch-quota regulation, rather
than in determining the accuracy with which catch

quotas can be fixed.

Density~deptendent changes in srowth and natural

murtality rate

Short-tera changes in growth rate and/or natural
mortality rate will affect the fccuracy with which

catch quetas can be sct. Donsity~dependent changes,
resulting in a decrense in growth rate or an increasec

in natural mortality rate, with incroose in stock
abundance, are of partioular importance in this regard
in that, unless allowed Tor, they would tend to lead

to overestimaiion of the global guota for the f'ish stock
in question, resulting in o tendenecy for the fishing

mortalily rate to¢ increasc above the desired level.
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Growth data for the nori-east Arectic cod stock

show that the mean weight of adult coo has increased
by about 30% between 1950 and 1965 in association
with a decrense in slock-desity {scv appendix 1,
Section 5). Changes of somewhal siwmilar mapgnitude

have been observed in the Iccland cod stock since

the mid=-1930's (see Appendix 2, Sceciion 3d). Fatilure
to take account of changes in growth of this magnitude
could lead to quite serivus errors in the estimntion
of the total catch quota requirecd io maintain the
fishing nwrtality rate at the desircd level.

It is evident, thercfore, that the routine coullec-
tion of data on the moan welght-at-age of the year-
classes within the expluited stock would alsc be 1re-
quired together with detailed studies of the pattorn
of growth within successive year-clusses, to provide
a basis for predicting the weight-at-age of the pest-
recruit phases from the pre~racruits.

No firm evidence is available of density-dependent
changes in the nntural mortsalily rate of the Arctic
cod and haddock stocks, but tho information which is
availablc suggestis that they are likely to be small and
therefore, if igncred are not likely to result in
serious crrors in the estimation of catch quutas,
based on average values. Of much Sreaticer importance
is the accuracy ot the acan cstimales uscd in arriving

ot the quutas.

Summary of re¢quirements fur setting cantch quotas

a} Year-by-year estimotecs of the relative abundance
of recruits cvntering each distince! component of
the total fishery, sufficiently in advance of
their entry inte the fishery to allow annual
quutas tuv be fixed.

b) The pattern of recrultment of year-classes to
zach distinet component of the tishery.

¢) The fishing nnd natural mortality rates for each
year-class at succesaive ages within the exploli-
ed stock.

d) The increasc in weilght ana thie mean weipht at
age of ciach year-class fron yeur to year during
its passnge through the fishory,

At present tle avedilable dota on these itoems are

mosat adequatc For Lhe nnrth-east Arctic cod, and least

for the FEast Greonland cod stocks.
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Variations in catchalility

There remains one further scource of ~ariatien in catceh
causcd by changes in vulnerabiility, availability,
weather conditicns ¢te., all of which may be zrouped
undcer the term “catchability" ., This fliuctuates Trom
yvear Lo year in a way which 1s not yet predictabls,
but changes in 1t may affect the catch that can be
achicved by a gpiven amount of {ishing effort. The main
¢ffect which variations in this factour woeuld have on

a catch quuta system would he that

(a) in years of low "catchability" the total annual
quota for the fishery in question might not be achieved
by the size of fishing fleet operating in the fishery,
which would result in the fishing mortality rate in
that year falling below the control value, and

{b) in years of high "catchibility", the quota might

be achieved more quickly than expected during the yeas.

B. Fishing effort regulations

The esscntial item of informatior required for a re-
gulativn badgded on rdirect control of fishing effort is
& measurce of the total amount ofi offective fishing
«ffort for the fishery as a whole, and the respective
contributions Lo it of the different main components
«.f the fishery.

The following major problems arisce in obtaining these
(stiﬁates:—

(a) in standamduig and cowrbining the effort data

for the fisheries of different countries and
methods of fishing,

(b) in making allowance for changes in the efficien-

cy of # unit c¢f fishing effort for ecach group «f
vessels both within a year, due to seasonal
changes in the availabiliiy of fish and other
factors, and from vear tc year through changes
in fishing power due, for exmnple, to changes

in technuloegical de%olopments.

At present o complete study of these problems cannot
be made because ol the abseuce of infarmation on fishing
effort for som: of th.e impoertant components of the total
fisheries in the nerth-rasi Aretic and at Ieeland. This
applies especially te fishing by loupg-line, gill-nct
and purse~scino. For such o s3ttudy the following items

of information are required for cach component {defined

in terms of country, method of fishing, size of veossels
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and, where ncocessary season) of the total fishery:-

{a) measures of fishing effort in suitable units,

for small arcas {c¢.g. fishing grounds or stati-
stical squares) and time intervals (c.g. weeks
or months),

(b) corresponding data on the catches associated

with the fishing effort for each component in
each area and period of time,

{(c¢) data on the size and age composition of the

catches.

It is also cssential to specify the degree of refine-
ment of tlie measurcs of f{ishing effort subject to roegu-
lation, necessary te egusure that the fishing wortalily
rate in the exploited stock is maintained at the desisred
level. For the present purpese fishing effort can be
defined as the product of the {ishing puwers of the indi-
vidual fishing vesscls and the tine they spend [fishing.
and it is necessary to determine the appropriate measvros
of fishing-power and time which are required to ecffec-
tively control the fishing mortality rate. Analyscs
of this problem for a nunber of trawl fisheries have
shown that fishing power is associated with a number of
facturs relating tu the {ishing vesscl, of which its
size (tonnage) and cngine power arc impurtant, and that
For trawlers a reascnably efficicnt index of rishing
power within a mational fishery is the gross tonnage of
the vessels upurating. Huwever, no information on
fishing power [acturs is available for the other methods
of fishing employcd in the fisheries under consideration
(e¢.g. long-line, gill-net and purse-sclne). Similarly,
whercas for the trawl fisheries, the mosi efficient
measure of time is the number of hours sponit fishing,
in the case of purse-seine fishing, there is uncertain-
ty regarding the proportion ol the toial time spent on
the fishing grounds which should Le ineluded as "fisning
timet".

In the Liaison Cuwtmiitee's viow, the grentest ro-
fincment of the fishing cffort measures for any nic thod
of fishing which could be handled prracticably in a
regulation of fishing offurt, cstiblished by the Commis-—
sion, would probally be the aumbors oF "doys Uished®.
The principal question then is whethoer, in the fisharies
operating in Regien 1 ©f the Convention area, effective

control ot fishing mortality ratoc could be achieved by
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a regulation based on the total number of standard
“days fished" by all components of the fishery com-
bined. As mentioned above a full anssessment ol this
question cannot he made until fishing effort, and
assvciated catceh data, for apprupriate small area and
time period, are availabhle for all cumponents of the
total fisheries based on the ccd and haddock stucks
in Reglon 1. These are required especially for non-
trawl fisheries fur doud in the nerth-east Arctic and
at Iceland. Periodic re-assessment of the relative
efficiencies of their respective fishing-effurt units
would be necessary in order that account could be
taken of the effects of advances in technological
efficiency.

€. Cuncluding remarks

In the preceding paragraphs attention has becn confired
to the comsidevration of the kinds of scientific and
technical data required, and their current availalility,
for the establishment of a system of regulations crn-
trelling fishing mortality rate, based on eitther c:tch-
quutas or diroct limitation of fishing effurt. Ne
attempts have boeon made at this stapge to draw conclu-
sions regarding thelr relative merits and demerits,
which are governed by political, social and economic
factors, additional to the sclentific and technical

ones dealt with aliove. The latter mainly determine the
feas¢bility and accuracy with which c¢ither type of re-
gulatory systen can, if properly enforced, achieve effi-
cient controul of fishing mortality ratce, and the conse-
quent benefits to the fishcries. It is evident that fur
both types of regulatery measure, the demands ovn scien-
tific data and particularly on their accuruacy arce cGri-
siderable. This applics particularly to & cateh quotn
system applied by itself, in which il the quutas are

set only slightly too high (duc te crrors in cstimation)
during the transition period and after the new equilivrium
stage is reachcd, nu effective reduction in Cishing mor-
tality rate is likely to be achieved, In a direct fishing
cffoert regulatiun, on the vther hand, thoere is a greater
degree of tulerance on the accuracr of cstimation, pro-
vided sume reduction in effective {ishing cffort is
achieved, However, it should be noted that the kinds

of data required for monitering the suscessful appli-
cation of a fishing effort regulation on the basis of
catch are essentially the snme as those required for set-

ting catch guutas,
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D SELECTIVITY ANWTX RELATED JTEMS

D.1 Codoend mesh sisca in usc

bDatn on mesh-sizes in use ia the trawl and Danish scine-net
fishiries of KEAFC Regions !, 2 and 3 in 1967 have been ro-
ceived from thirteen countries and are summarised in Table 7.
As in previous years the interprotation of thesc data has

Leen complicated by the use of differcnt mash gouges giving
measitrenents which are not immediately comparable wilh thosoe
taken wiihh an ICES gauge., Tu countries A, (i, I and M measurc-
rents were tiaken with both the wedge nmd ICES gauges. Thelr
dnta showed that the wedge giange did not always give higher
reidings than the ICES gralge, as has Loen fonerally obsorved
in tite puast, comparative tests with the two gouges. The datn
roported by country K were in the form of measurencnts taken
with a wedge gouge, converted to an ICES gnuge basis, using
conversion luctors: obtained Trom varlicr comparative tests
with the two gnuges,

Iegion 1 As from 1st Joanuary 1967 the minimun, moesh-
size of irawls uged 1ln Region 1 cast of 0Y meridian wis in-
crensedt to 120 mm for crdendd made of pelyamide, polyost.r,
colion and henp, and to 13¢ mm for all othee miterinls. This
regulation was extended to the part of itegion 1 to Lhe west
af 0° meridion as from 18t June 1967. The diata have, therefors,
been divided into those moeisurements thken hefuoure or aftoer
18t June 1967, and the comments below relate Lo tlie s eoll
haalt of the year, sinece i1 was not alwoys clonr from the ropurts
in whiech part of Heglon 1 ¢ endend hiwd beon us-d during tha
firstilf of the vear,

', is evident, from the data for Uhe seeond ball of
Lhi: yenr thal, witoreas tLhe meat mesh sizes ot polyamide cod-
ends woers Tor wost eountrics slightly above the regulition
siz of 120 mu, Lthose f'or Lhe polycthylene/polypropylene cod-
end- were mosbly below L regulation sigc ol 1730 imn Fopr v, -
mat. rials, They were, however, Tor the most poarl lacger thie

the mialiwn prescribed for tho westeorn part of Rigian Toup 1o

1st June 1967,
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Region 2 The data for trawl codends indicate that in
most countrics a proportion of the codends had mean mesh-
sizes below the prescribed minimum for nets used in the
fisheries for Amnex IT speeies. However, for most countries
the overall average mesh sizc was clouse to the Convention
mesh-size,

The data for scvine-ncts indicate that in rmost countrics
the average mesh-size was greater than the prescribed mini-
mum, although the data for country ¥, convoerted from wadge
to ICES gnuge readings, gave an overall mean mesh size below

the regulation mesh sizao.,

Rogion Only one country subritted mesh size dola for
figherlces for Anmex II specics in Regiocn 3, and these indi-
catcd a mesh-size near the prescribed minimum of 60 wum.

The Liaison Committee wishes to stress once more the
importance c¢f dala on mesh-size in usc for stock assessn nt
work and reiterates its recommendatioin of last Year con-
cérning the need for all countries to report, on a regular
basis, data on mesh size in use taken with the ICES gOUEC,
according to the Convention Region, type of fishery wund cod-
end nmaterial, Hithoerto the data bhave bheen submitted by theo
countries In different ways, and they are not nlways compar=
able. The Committec therefore recommends that the data on
tiesh-size in use should in future be reported on a standard
form, oFf the type shown in annex T,

The Committes wishes to peint out that, on the basis
of the mesh size data I'vr the differont materials in usc, it
is evident that the use of codends made from natural fibres
has ceased in most member countries. Synthetic Cibres, prin-

- eipally polyamide, polyecthylene and pulyporpylene are now

in gencral use.,

e Codend meosh selectivity

A Hourwoglion drvawlemesh sceleection experiment carriced outl in
the north-¢ast Atlanlic with a codond mde of polyprupy long
splitfibre resulted dn selectlon foactors of 3,7 Tor cod,

3.4 tor hiddock and 3.8 for saitthe. These valucs are not
significantly differenk Trom the selection factors, obiained
previously for polypropylene multi-tilsmoent, Since similar
German cxperiments repurted recently to ICNAF, ilso showed
no significant difference between polypropylenc multifila-—
ment and polypropylene monofilament the evidence available

does not indicate a sigrnifieont influcnce of the kind of
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polypropylene fibre on codend selectivity.

A joint report by France, Spain and Portugal on the
selection of hake by trawls with polyamide codends in Region
3 gave selecction factors ranging from 3.2 to 4.2 with the
covered codend technique. Data from more recent experiments
by Spain, submitted to the Liaison Committee gave selection
factors of 3.7 and 4.0 for hake and 3.8 for blue whiting
for polyamide codends, again using the covercd codend method.
There is renson to bellieve that this metheod underestimates
the sclection factor for hake, and further research is in
progress tu glve greater precision to the cstimates,

The Committec wishes to inform the Commlssion that
ICES decided at its last Annual Meeting tc explore the
possibility of publishing jointly with ICNAF a summary of
codend selectivity data obtained from experiments conducted
in the ICHNAF and ICES area. The Committee also intends to
initiate a comprehensive analysis of selectivity data from
past experiments, with particular rcfleredce to its variabi-
lity.

Toupside chafers ‘

Further expoeriments with a Polish-type chafer, with mesh-
sigcs approximately double that of the codend, have been
carried nut in both the ICNAF area and in Region 1 of the
NEAFC arca. Data from experiments carriced out in the DBarents
Sea and at Farve were presentoed at the ICES meeting in 1960
showing that this type of chafor reduced the selectivity

of cod and haddoek by ilcss Lthan 10% in both arcas. A furthe®
English experiment on Faroce haddock in 1%67, in which a
Polish-type chafer covering the full length of codend was
uscd gave sclection factors which woeve sinilar to Lhose

from carlier cxperimcenis without & chafor. These resultis

are in hread agreenent with previous chscervations, that the
Polish-type chafer has no large effecl on selcetivity.

The Committec wishes to point out that it has reccived
very little InFormation on the types c¢f chafers at present
in use¢, in response Lo the Commission's rocommepdation st dits
last Annual Mecting thot such information shiculd boe reportod
cach vear by 2ll moember countrics, Four countrics have
reported the use of chafers of an authorizoed design and it
appears {rom verbal reports that the use off n Polish-type
chafer is becoming more widespread. The Comnmission's atten-
tion is drawn te the entry relating to teopside chafers in
the proposed mesh size nad tepside chafer reporting forms

shown in Annex I,



