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Introduction

•

Following 0. requost made by tho Liaison Conmittoe at tho 1967 Council
Meeting, tho Uorth-Wostorn TIorking Group v;us re-convonod undor tho chuinnunship
01' Mr. R. Jones. Tho moeting was hold in Coponhagen from Docamber 4th to 13th,
1967, und the fo~lowing membors participated:-

R. Jones (U.K.) Chairm~n

J. J6nsson (Icolund)

A. Schwnuchor (Gonnany)

A. Moyor (Gormany) ~ par1:i- t imo
H. Knudson (Don~ark)

, Tho primnry tnsk 01' tho Group wns to furthor nssoss tho stato 01' tha fish
stocks in tho aroa with particular reforonca to tho dotermination 01' tho offect
01' cho.ngos in fishing cffort on tho Iceland cod and ho.ddock fishories.

I colo.nd Cod

Sto.tistics relo.ting to tho lnndings 01' Icoland cod huvo beon brought up
to date in Tnblos 1- 3. Totnl l:undings hnve -continuod to doclino o.nd in 1966
ronountod to 357,000 tons. The co.tcholJ por unit cffort by both English o.nd Icolnnd
trnwlors showod an incroo.so in 1966. Tho co.tcholJ por unit offort by Gennun
trawlers decreo.sod but this was duo to tho fuct that much 01' the Gonnnn trnwlor
offort was diroctod to catching redfish. Estimatcn of totaloffort in English
trawler units showod 0. doclino in 1966.

Fluctuations in tho toto.l yiold 01' ICl:l.land cod cannot bo intarpratod
diroctly in relation to ;luctuo.tions in fishing cffort, howovor. This in bocuuso
Inndings nro o.lso influoncod by tho lovol 01' rocruitmont. This is illustrntod
by tho dnto. in Figuro 1. Thoso sho" tho total lundingn 01' Icoland cod for tho
pnst thirty-fivo yoo.rs. Also shown o.ra tho contributions to the landingn (in
millions 01' fish) 01' tha your-Clo.SS03 spu,mod oight Y0o.rn proviously. Tho
o.groomont is good. In pa~ticular it is soon that the high yiola from 1930 to
1933 Wo.s associatod with tho good year-clussos 01' 1922 und 1924. Again, in 1954
lo.ndings woro vory high and co.n bo o.ssoointod with the good yoo.r-clo.ss 01' 1945.
Since thon thoro ho.vo bean fluctuations duo to fluctuations in tho -levol 01' yoar
clo.ss strongth, and for tho futura it is known that all yoar-classos aftor 1959
o.ro poor or vory poor in Icolund oxporimontal trawlin~ matorial (Jonsnon, unpubl.
duta). Thoso rosults show tho.t fluctuo.tionn inyoo.r-class strongth cun causo
fluctuations in tho lo.ndings Inrgo onough to mo.sk tho posniblo offocts 01' ~hangcis

in fishing offort. Assossmonts 01' tho offocts 01' cho.ngos in fishing offort cannot
thoroforo bo obtainod from commercio.l statistics diroctly, but havo to be obtuinod
indiroctly. This is dono by first cstinating tho levol 01' mo~tali~J in tho stock
duo to fishing. Tho offect 01' changos in thin fishing Dorto.lity on tho cxpactcd
yiold can thon bo co.lculntod o.nd this in tha mothod 01' assossmont usod in this
roport.
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Numbers 01' Fish Lnnded

The Icolnnd cod stock is fishod by sovornl countries, somo 01' which uso
differont gc~rs. English tra~lors land mainly imoa~~ro cod, i.o. cod sovon or
loss yoars 01' age. Gonnan trawlers land proportionataly fower young cod. 01'
tho Icoland lnndings nbout 80% by weight como fram a fishc~ operated by vnrious
goars centred on tho spawning concontrntion 01' mnture eod. This fishery lnsts
fron J anuo.ry to Mo.y.

Estiontos 01' tho numboI'S 01' i'ish la.ndod nt oo.ch o.go a.ro givon in TablclJ
4-6 for tho English nnd Gormo.n trawl fishorios a.nd for tho Ieoland spnwning
fishoriea. Thoso fishorics nccount for 83% 01' tho landings by woight. A furthor
12% is Inndod by Icolo.nd vossols not dirootod nt tho apawning fishory o.nd 5% by
other eountrios. Tho numbors oi' cod lnndod by thoso vossols wero ostioa.tod in
directly. For tho Icolnnd non-spnvming i'ishory ostioatos wore made using tho
ngo composition 01' the Inndings by Gorman trawlors. For othor countrics, tho Dogo'
compos i tion 01' tho Innd:i..ngs by English und Gonnun trawlers combinod was us cd. In
this VJo:y ostimatos 01' tho nU:i1bors landod by 0.11 goara woro obtained (TabIo 7).

Mortality Rntoa

Provioua cstimatos 01' tho mortality rato 01' Icoland cod ho.vo suggostod
tho.t this might bo quito high and 01' tho ordor 01' 60-70% for all o.ges. In tho
provious roport 01' the North-Vlestern Uorking Group n valuo oi' 60% Q'Jong in'Jnturo
cod is quotod, basod on tho ngo composition 01' tho landings by English trnwlors.

Among oldor cod a mortality rate 01' 70% por yoo.r is roforrod to in tho
provious roport. This wo.s obto.inod by dotormining tho rato 01' declino in tho
nu::lbers 01' fish i'rom ono spnwning-clo.sa to tho noxt in tho Icoland spmming
fiahory. In this VJD.y nn ostimnto 01' tho morto.1ity rato oporating within thnt
i'ishory was dorivod.

Tho fo.ct that nortality wtthin tho vo.rious i'isherios is about 60-70%
o.nnuo.l~ doos not nocessnrily moan tho.t it is as high as this throughout tho
ontiro stock. In fnct" o.nalysis 01' tho nUI:lbors 01' cod lnndod a.t Oo.ch aga
suggosts that it is not. This is shorm by conpnring tho nu.'ilbor 01' 3-6 yonrs
old cod landod, with tho numbor 01' 7 yoa.rs o.nd oldor cod landcd. Thoso, for
all goars, nmount to 73 and 36 million fish rospootivoly. Calculation shows
tho.t fram a stock that oxperioncos a 60% annual nortnlity, tho nU'ilbor 01' 3-6
yoars old und the numbor 01' 7 yoo.rs and older f'ish caught should be in tho
rntio. 01' 1:0.026" i.o. corrosponding to 73 million 3-6 yoars old fish thoro
should only bo 2 million 7 yoars and oldor f'ish Inndod. To account for
36 million 7 yoars nnd oldor cod it is nocossary to postulate tho.t tho mortality
rnte on youngor fish as n whole is real~ much snaller than this. Ii'" thoroi'oro,
some young f'ish oxporionco n mortnlity of' 60% within the trawl fishorics thoro
must bo a furthor source of' young f'ish thnt aro not fully oxploitod until thoy
nre 7 yoars old. Moro corroctly tho t:bo 01' transition froo boing unoxploitod
to boing oxploitod is most likoly to oceur nt tho timo 01' oaturity, rnthor tha.n
at a partieular ago such nS 7 yoars. It is in f'not known that cod go on
mnturing up to at loast 10 yoars 01' ago and thnt thoro is n rocruitmont of' cod
up to at loo.st this age to tho Ieolnnd spalv.ning f'ishory evory yoar.

Tho quostion thon is, llVihoro do thoso f'ish cooo from ll ? In sooo yonrs"
oaturo cod havo beon known to migrnte froo Groonland to Icolnnd. This al.-nost
certainly hnppcnod in tho ca:::;o of' tho 1956 yoar-class in 1963 und 1964.
Recruitnont i'roo Groonland is not thought to aocount for tho r;holc Icoland
spo.wning i'ishfJry evory yoar howovor. This monns" thorci'oro" that the f'ishory
is nlso dopondont on cod thnt whon :i.r.L":laturo aro situatod around Iceland in
aroo.s that are not nonna.lly exploitod by trawlors.

Tho oortality rato 01' tho imoaturo cod nt Icolnnd can thon bc nssossod
in either of' two ~ays according to tho degroe of' mixing of' tho oxploitod and
uncxploitod parts oi' tho stock. In tho oxtro:::lO Bituation l~horo no novenont
00 curs o.t nIl, tho ix:.no.turo stock could b 0 troa.tod in two parts. One part
would oxporionco a mortnlity rnto 01' nbout 60% nnnually and tho othor part would
exporionco naturnI oortality only. Tho altornntivo is that thoro is 0000 intor
chango oi' f'ish botwoen tho Wo pa.rts oi' tho stock possibly conpled wi th somo
movo:ilont awo:y from tho trawling grounds o.s tho f'ish oa inro.
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In ordor to dote~ino tho oortali~ rato on tho stook as a wholo in tho
oaso of tho socond alternative, the mothod doscribod in the Appendix Was used•
This was appliod to tho numbars landod in Tablo 7, oxcluding tho landings of tho
1956 year-class, bocaus 0 of tho influonco on this imr.ligro.tion from Groonland.

The r.:J.ortali~ ratos aro shown in Tablo 8 for threo valuos of tho natural
r.:J.ortali~ rato OX) of 0.05, 0.15 and 0.30. Tho valuos givon ara for tho toto.l
insto.ntanoous r.:J.orto.lity coofficient (Z) und the vo.luos of 1.2 shown for elovon
and tWelve yeo.rs old fish arooq,uivo.lont to 70'10 annuo.lly. It should bo notcd
that bolt:tw eloven ycars of ago, the ostir.:J.ates which o.pply to the stock as 0.
whol0, aro lowor thun tho estir.:J.atos obto.inod within tho individual fisherios.
This is ospocially so in tho Co.so of tho youngor fish.

Fishing r.:J.ortali~, o.nd its subdivision into cOr.:J.poncnts duo to tho
Icolo.nd spawning fishory and to "othors" is shoi':n in Tablo 9.

Effects of Cho.ngon in Gro\'Vth mid Rocruiment

Sinoo ohangos in offort would load to changos in tho sizo of tho stock it
is possiblo tho.t this in turn could influonco such stock cho.ro.cteristics as growth,
rocruitoont or natural morto.lity. Thoro ara no data on tho offoct of changas in
stock donsity on no.tural r:lortali~ but thoro o.ro S0::10 rolo.ting to groi'/th und
rac ruitocnt.

In tho caso of growth, Jonsson (unpubl. duta) has rolatod stock donsity
(in tanns of lo.ndings per unit affort by Icoland tro.wlors) to the mao.n longth of
tho 8-12 yoo.rs old cod in tho Icoland spo:wning fishory. Tho r.:J.3an longths ho.va
bocm convortad to waights, and tha rasults o.ra· plotted in Figura 2. Thcy show
that thora hus boan un incrao.so in tho r.:J.onn woights of 8-12 years old cod sinoo
1930. In tha poriod 1960-64, for ox~~plo, 8-12 yoo.rs old cod woro. 31% hoo.vior,
ago for o.go, than 8-12 yoo.rs old cod in tho poriod 1930-1934.

In tho caso of rocruiiznont und stock size.. furthor data fron tho Icolo.nd
spo.i'ming fishory suggest tho.t tho output from yoar-classos spo.vmod whon tho stock
donsity was high, werG highar tho.n tho output whon tha donsi~ Wo.s 10i'JOr
(Jonsson, 1966). Cho.nging fron a 10w to 0. high stock donsi~ could, thoroforo ..
bo assooio.tcd with changos in growth and rocruitmont aoting in oppositc dirootions.
Thair effoct8 could po.rtly offnot each othor, o.lthough tho data indicato tho.t tho
gains from inoroascd rocruitment could oasily oxoood tho lossos fron roduood
growth ro. tos.

Applying those results is r.:J.ore diffioult sinoo both tho grov/th und rooruit
ment dato. ho.ve boen collaotcd ovor 0. period during which thora havo beon oho.ngos
in, for o.."'tomplo, tho tornporo.turo and so.linity of tho Arotio. Thora is no wny of
knowing, tharafora, to who.t oxtont 0. rovcrso.l of tho procoss, i.o. 0. roturn to
highor stock densities, would in fo.ct loo.d to oithor 0. dacroo.so in growth ro.to or
o.n incroaso in rocruitmont.

No o.ocount ho.s thoroforo boon takon of this faotor in tho o.ssessoonts but
i t is us eful to noto tha offoot this "Jould ho.vo if i t did occur. Vii th 0.
roduction in offort, tho gains would booono highor than thos a shown in tho
tables of o.ssossmonts. Viith an incroase in cffort tho go.ins would bocone 10war.

Chan~os in Effort

ASSOSSI:lOnts ho.vo beon made of tho offocts of cho.nges in fishing using tho
mortality ostimatos in To.bl0 8 and tho mothod of Jones (1961). As 0. first
approximution, it was supposod that 0. given cho.ngo in offort wou1d affoct tha
fishi~g mort0.1i~ rute at aach aga by tho Gamo proportion. This is oquivo.lont
to mo.king tho socond of tha two hypothosos o.bovo, i.o. that thora is mixing
botwoen tho exploited und unoxploitod par-ro of the innaturo stock.



•

- 4 -

Assessmonts

Assessmonts dopend on the nssumptions mnde nbout ths distribution of tho
imonture fish.

Either (0.)

or (b)

thera is o1X~ng be~voon tho oxploitad nnd unoxploited
pnrts Of tho im.":lnturo stock

tho exploitod nnd uncxploitod pnrts are indepondent
until mo.turity is roo.chod. (!Toto the u-l'loxploitod part
Of tho iroJ:::laturo stock oay thon bo oithor o.t Icolnnd
or nt Groenlo.nd).

In the timo nvo.ilo.blo to tho Group it was only possiblo to mnkodota.ilod
nssossoents for nlternntive (0.) o.nd theso nro doscribod bolow. Vfuorevor possiblo,
tho proba.ble offects of adopting nltornative (b) nre nlso given.

According to alternative (0.) the Icola.nd cod stock ns 0. wholo is not
subjoct to so high 0. mortality ro.to ns ha.s boen supposod in provious reports.
The nssossments suggcst tho.t at the 1960-1966 lovol of offort, the yield por
recruit is much closer to tho thoorotical optimum tha.n would bo concludod if
morto.li ty ra.tes of 60-70% were thought to npply to tho stock ns 0. wholo.

According to o.ltornative (b) the oxploited port of tho ir:lmnture stock
supports 0. fishory with 0. rolntivoly high ~nt~ of mortnlity. Tho yiold por
rocruit in this fishory lis thoroforo likely to bo lower thnn the thooretica.l
maximum with a. Im'Jor fishing effort. HOi'lever, it is quite possible tho.t 0.
roduction in effort, by o.llowing ooro fish to survive to ma.turity would nllow
moro fish to rao.ch tho Icolond spnwning fishery.

There nro vnrious ways in which fis hing effort may bo vnriod ond four of
these ho.ve beon treo.ted in detnil.

1. Icolo.nd spo.wning fishory kopt cons tant.
Cho.ngos in effort by other genrs only (Tnble 10).

2. Effort on tho Icela.nd spo.wning fishory vo.riod.
Other goo.rs kept constnnt (To.bl0 11).

3. Equo.l cho.nges in effort by 0.11 gonrs (Tnb1e 12 nnd Figure3).

4. An incroaso in the offort o.t Ico1nnd duo to tho
nrrivnlof tro.wlers from outsido tho.t area (Tnble 13).

Assessmonts for nlternntivo (0.) nro givon in Tnblos 10-13. The vn1uos
in Tnbles 10-12 show tha expected chnngos (ns porconto.gos) in the yiold por
rocruit in tho vo.rious fishorios. Theso nro given for vnrious porcentngo cho.ngos
in tho monn fishing mortnli ty ro.te from the monn lovel opern ting froo 1960-1966.
For prncticnl purposos these can bo intorprotcd ns porcentago cho.nges in fishing
offort from tho moo.n 1960-1966 vnluo. Assossmonts nro given for threo vnluos of
no.turnl.mortnlity (M) equnl to 0.05, 0.15 ond 0.30. Do.to. supplied by Jonssen
to the provious Uorth-Ylostern Vlorking Group repert suggost that tho nnturnl
mortnlity rnte of mo.turo cod in the Icolo.nd spnwning fishery lies be~':eon 0.15
and 0.30. Assossment::J wore nlso oado for u no.turnl mortality ro.to of 0.05,
howevor, to nllow for tho possibility tha.t the nnturnl morto.lity ro.to of immnturo
cod was lowor than tho. t of mnturo cod. Tho vnluos givon theroforo provid:o .
0. rango of nssessments for each catogory ef chango.

1. Icolandic spawning fishory kopt constnnt. Effort changod in 0.11 ether genrs

Assessments of tho offects of oho.nges in offort by all gonrs other thnn
thoso ongagod in tho Icoland spuwning fishory o.ro given in Tnblo 10 for
alternntivo (0.).

English nnd Geroan trmüera - altornative (0.). 11. decreaso in effort would
docreaso tho yiold. An inc~oaso in offort would incroaso tho yiold.
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Altornativo (b): a roduction in offort could incronso·tho yield for
valucs uf M ::I 0.05 and 0.15. If somothing botl'loon alternatives (a) und (b) is
takon os tho most roalistic position it c~ bo concluded that a roduction in
effort would docronso the yicld, but not ns much ns in Tablo 10. Similn.rly un
incronso in offort would not increaso tho yiold as much as in Tablo 10.

Iocland spa\1ning fishery: altornative (a): a roduotion in offort by
other goars \'Iould inoroas 0 the yiold. An inorons e in effort \'Iould decrens 0

tho yield. If nlternntive (h) is ndopted tho lassos and gains would not be ns
gront ns thoso sho\'ln in Tnblo 10.

All gonrs: nlternntivo (0.). 11. roduotion in offort would incroaso tho
yiold. An increnso in offort would docrcnse tho yield.

AltC3rnntivG
tho lassos in tho
spnwning fishory.
or o.n incrous 0 in

(b). For a reduction in offort, alternativo (b) would roduco
trawl fishory but would nlso roduco tha gnins to tho Icelo.nd

Tho offoct on tho valuos in To.blo 10, for oither 0. roduotion
effort co.n only be detonnined by furthor assossmonts.

••

2. Changos in effort in tho Icelnnd spo.\m~ fishory only

Those assossments, for nltornative (0.) ure given in Table 11. It is not
likely that alternative (b) will affect these Ußsossmonts very muoh and ns 0.
first npproximo.tion tho nssossmonts in Tnblo 11 Can bo used for both nltorno.tivos.

For tho English and Gemo.n tro.wlors, a docrons e in cffort on tho Ioolo.nd
spawning fishory would increas 0 thoir yiold. Än ino re us einoffort ,,,ould .
docrens e i t.

For the Icoland spnwning fishery, 0. decrenso in offort ,vould decrenso its
yie ld. An incrons 0 in offort 'would incroo.s 0 i t.

For all goars a reduction in offort on the Ieeland . spnwning fishory
\vould lend to very small changos. An incronso would load to nogligiblo gains.

3. Chnngos in offort by 0.11 ~oars ogually

Assessments for alternntivo (0.) aro givon in TabIo 12 nnd Figuro 3.
English and Gomo.n trawlers: o.ltornntivo (0.):- a roduction in offort would
reduce tho yiold. An incroaso in effort would incronso tho yiold. Tho ndoption
of alternative (b) would roduco both the lasses and the gains.

Icolnnd spawning fishory: altornativo (a):- a roduction in offort would
incrense tho yield. An incroaso in offort would roduco tho yield. Adoption of
o.lternativo (b) would roduce both the lassos und tho gains •

All geo.rs: o.ltar~utiva (a):- tho offoot of chnngos in offort nre critico.lly
nffoctod by tho lovol of nntural mortality adoptod. Eithor increasos
or docroascs in tho total yiold could rasult fron 0. cho.ngo of offort in oithor
diroction. Tho offoct of altorno.tivo (b) on thoso assossmonts cnn only bo
dotonninod by further oo.lculo.tions.

4. An incrons 0 in trnwlor cffort due to tho arrival of vossols from

outsido Icoland (TabIo 13)

Horo tho situation is considorod in which tho Ioeland offort is incrcns cd
duc to the partioipation in tho fishory thoro of trawlors proviously fishing
olso\';haro, such as in tho north-cnstern Arctio. Adopting altornative (a) tho
offoct on toto:! yiolds oan, to a first approximation bo seen from tho valucs'
tabulated in Table 10. All vossels proviously fishing at Ioolnnd would howevor
oxporionce a daoreaso in co.tch per unit offort and tho oxtont of this, for tho
vo.rious classes of vosool. is shoTIn in Tablo 13.
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If ulternutive (b) is udoptod, English und'Ge~un truwlers would ~~orionce

groutor losses in c~tchpor unit effort tr~ theso sho\vn in the Tnblo. Cutches
per unit offlort in tho I celo.nd spnvming fishery would not decline so muoh
howover.

In theso ~ulculutions it has beon usoumed thut uny incrouse in effort
would bo oquivulont to un incrouso in both English und Gonnun truwler offorts by
oquul omounts.

Effoct on Cutch por Unit Effort nnd tho Size Composition of tho Cutches

In 0.11 cuses, the cntch por tinit oiiort would incronso, whon the fishing
offort decronsod nnd would docronse whon tho finhing offort incrousod.

In 0.11 cusos, whoro effort wus incfoasod, tho cutch would contuin rolutivoly
more young und fower old fish. Conversoly 0. deoronse in offort would givo
relutively moro old nnd fewor young fish (Figuro 4).

Uosh AssessI:1orits

Mosh nssossmonts for Iceland cod wore mude in the previous report of tho
North-Westorn 110rking Group. These dopondod on cstimo.tes of tho po.rn..''lleter E thnt
moasuros tho proportion of the fish roloo.sod by 0. lurger I:1osh tho.t would
subsoquontly bo rocupturod in tho fishory. Bocuuso of the I:1uch lowor vuluos of
mortuli~ culculntod in this roport for tho young cod, estimo.tos of E ho.vo hud to
bo rovisod und ho.vo boen found to bo nbout 0.25, 0.5 nnd 0.8 uccording to tho
vnluos of nuturul mortulity ndopted (0.30, 0.15, 0.05 rospoctivoly). In tho
previous report, vnluos of E of 0.6 und 0.8 woro usod. If vnlues of M of 0.15
or 0.30 nre udopted, the vo.lues of Euro lowor thon tho previous onos, nnd this
meum thut tho smull gnins prodicted in tho provious roport will bo too lurgo
und thut tho corroct vnlues will be 0. few porcent lower. Similnrly, nny long
tenn loso os 'I'Iould beco::lo 0. fovi porcent groo.tor. Only if ono nccepts tho very
10'1.'1 valuo of M: ::: 0.05 doos E boccmo 0.8 po~itting tho ostir:mtos in tho previous
raport to ro:nuin unchungod. Uosh o.ssossmonts from tho previous roport aro
shown in !ablo 14.

I colnnd Haddock

Tho bnsic do.tn. rolnting to the hndings of Icelo.nd hnddock und the fishing
effort to which it is subjoct huve baon brought up-to-do.te in Tnblos 15 nnd 16.
Estimutas of the nu::J.bors of hnddock lunded o.t eo.ch nge o.ro given in Tnblos 17-19
for the Inndings by English, Gonnnn nnd SODttish trawlers. Tho nu:nbers lundod
by 0.11 other gonrs hnvo hnd to bo ostimutod fro::l theso. This Wns dono by using
tho Gennnn trnwler ngo-ca:lposi tion dntn to ostimato the ntlr.lbors landed by Icoland
trawlors nnd ~ong-linors, und by using tho English trnwler data to ostimo.to tho
ntlr.lbors lnndod by I coland Dunish s oino o.r..d nll other countrios • In this way
ostimntos of the totnl n~~bors lundod nt ouch ugo wero obtained (Tablo 20).

Mortality Estimntos

Uortali~ ostimntes were datonnined from tho ostimntod total nurnbers
lnndod ut auch nge using tho soma mothods aS ware usod for cod. Totul mortnli~
ostimatos (Z) wore dotenninod for ~vo vnluos of M (0.15 nnd 0.30), nnd the results
nro sho~n in Tuble 21. Those nre higher nt nll nges tho.n thoso obtnined for cod.

Chungos in Effort

Tho offocts of vnrious porcontngo ohangos in effort fram tho menn 1960-66
lovol ware detonninod, nssuming thnt tho chunges in ench oase nffocted all gonrs
oqunlly. Tho rosults nro shown in Tublo 22 und Figuro 5 for English und Gonnun
trnwlors. The results dopond on the vuluo of' naturnl mortuli~ o.dcp ted. 'VIith 0.
vnluo of VI = 0.30, the yiold npponrs to bo oloso to its nnximum vn1uo nt tho
1960-66 lovel of offort. For M=0.15 gnins up to 4% nro prGdicted for 40%
roduction in offort. Tho nctunl vnluo of tho naturul nortnli~ rnto is not knovm,
but it wus felt thnt this vnluo should lio somowhore bo~~oon 0.15 nnd 0.30.
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As in the Oo.so of ood any ohanges in stoolcdensity rosulting fran u ohunge
in effort oould influenoe the growth ruto, and recruitmont. Tho magnitudo of such
offects cannot bo computod oxactly, but they should nevortholess bo kopt in mind
as factors that oould influonco tho estimutos in Tablo 22. As was faund for cod,
f1uctua.tions in recruitment can influonco tho landings of ha.ddock vory considera.bly.
Tho high yiold trom 1961-63 for oxamp1o (Ta.b1e 15) was duo to tho influonco of tho
vory good Y0a.r~01n.ss of 1957, and tho subsequent declino in landings is mainly
duo to the gradua.1 disappoaranco of this year-01a.ss from tho fishery.

Anothor faotor tha.t must bo taken into aooaunt is tha.t direct estima.tes of
tho nurnbers landed at ea.ch age were only o.vailo.ble far o.bout 50% of tho tota.l
lo.ndings. Estimatian of Icolo.nd lang-lino oo.tohos of ho.ddock using Gcnna.n trawler
ago-oomposition do.ta., far oxomplo, na.y ha.vo Iod to bia.s in tho estimatos. Thoso
cstimatos, thoroforo, should bo rovisod onco moro oxtonsive do.ta. can bo obtainod.

Mesh Assessmonts

Mcsh assossmonts i'or I coland haddook wore ma.do in. tho previous roport of
tho North-Western Working Group. As in tho caso of cod, theso dopend on the values,
0.6 und 0.8, uscd for tho parametor E. Rcviscd cstioates suggost tha.t far 2-3
yoars old i'ish, E should not dii'i'er much trom. 0 .. 6. Mosh asscssmcnts in tho prcvious
report for valuos of E =0.6 a.re likoly thoroforc to be tho moro appropri~to ones
to take und these aro shown in Table 23 ..

Rocommendations

.Tho Nort~Westorn Work:1.ng Group rocommondod that further cffort should bc
mado t6 colloct ago-composition data. fron tho landings of Icola.nd haddock a.nd cod
i'rom tho Icolrind non-spawninb i'ishory•

. Tho Group i'urthor rocammondod tha.t aftor theso data havo bocn collootod i'or
at loast twa yoars, that tho offort a.sscssmonts for tho Icola.nd cod a.nd haddock
should bo rc-o.ssessod.

Roforonoos

Gu1lo.nd, J. A..

Jones, R.

J6nsson, J.

1965

1961

1966

tI Es timation of morto.1ity ratos t1. Annox to
Arctic Fisherios Working Group. Report of Moeting
in Ho.mburg, 18.-23.Janua.ry 1965. Council Meeting,
Int.Counoil i'or Explor.Mor, 1965 (3). (Mimoo.).

t1Tho a.ssessmont of tho long-tonn oi'fects of changes
in goo.r seloctivity and fishing effortu • Mo.r.Ros.,
No.2.

UAbundanco, rocruiimont und growth in tho Ioolandic
stock of codtl

• lCES, C.M.1966, Doc.G:13.
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APPENDIX

•
For dotermining mortali~ rates whcn F varies with aga, a modification of tha

metho&dascribod by Jonas (1961) und by Gulland (1965) hns boen usod. The mothod
described by Gulland (1965) for determining the fishing morto.li~ rate makes uso of
the ratios of tho numbors of fish caught at a particular o.ge to the:--.numbers subse
quently caught at older agos.

i.e. If Cn is the co.tch of 0. particulo.r yoo.r-class o.t o.ge n

o.nd V
n

+
l

is tho numbcr caught at aga n+l and all subsequent ages

Cn
it is thEi ratio V-

n+l
or more conveniently i ts reciproco.l

thnt is us od as the bns is for the ass essments.

This is incorporo.ted in the relationship,

In this equation tha paramotor En is dcfined by

to dotormine values of Fn and Zn for nny value of M••
Vn+l= -....;;..;.----

On E 1n+

................................. (1)

Zn

-Zn E ••••••.••••••••••••••••• (2)
+ 0 n+l

•

Givon E l' Equo.tion (1) can bo solvod for Fn nnd Zn and thon E~uation (2) cann+
bo us od to give En and so on.

If a yaar- class ho.s not pass cd complotoly through a fishory, or if i t is
appropriato to uso the data from a yoar-clo.ss in two succcssivo years only, tho
values of Vn will be unknown. In that caso it is apprcprio.te to considar the ratio
of tho catchos of a year-class in two successive years (i.o. Cn and Cl). Thonn+

lot Cn =~ (l_e- Zn) Nn
Zn

whoro Nn is the number alivo at tho beginning of o.go n, o.nd s imilarly

let 0n+l =
Fn+l

Zn+l

but Nn+l
, -Zn= Nn 0

F
so tho.t Cn+l _ n+l

Zn+l
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Now, considor thoir ratio

A -Zn
:: _n;;;;+....;l~_o__

Cn An

AppendL-v:: (continuod)

'whoro

or on ro-arranging torms

An Fn
:: --

Zn
.................... (3)

-Zn
e

An

C
n+l

:: -_......-
Cn • A

n+l

........................

•

Thus givon A l' Equation (4) CnTI bo solvod for Fn and Zn, nnd Equntion (3)
n+

CnTI bo us od for dotormining An nnd so on~
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Yeo.rs Icoland IJngland 'Gemarw Fo.roes Is cotland France Norway Holland BelgiUl:l Denlna.rk S\1cden Tot a 1

1923 106,,391 - 15,,4EO 35,,868 26,882 2,,862 287 801 188,541
1924 146,,237 75,120 32,,662 31,481 2,,448 2,841 468 1,315 292,,572
1925 159,,030 86,,414 30,,980 29,,185 1,,402 3,487 445 1,593 312" 536
1926 126,,890 81,,347 37,,292 38,608 1,997 3,967 519 1,308 291~928

1927 164,783 96,517 40,,071 37,,651 1,,451 2, E05 391 918 25 344,312
1928 177" 328 101,066 33,,330 49" 563 1,328 3,567 322 841 677 17 368,,039
1929 201,,074 98,,240 37,,467 54,,223 2,642 2,,81Z 1,085 746 2;106 22 65 400,483
1930 261,278 119" 120 45,,034 53,,002 3,403 5,,230 6,691 1,444 1,,581 15 - 496,798
1931 224" 504 140,,898 49,345 53,670 2,,830 8,,739 7,,339 1,339 1,,082 36 - 489,782
1932 208,,081 164,,837 55,,413 48,387 5,741 17,623 3,,476 605 1,035 173 4 505,375
1933 247,,329 157,639 49,935 46" 148 4,174 15~271 16,163 - 1,204 67 - 537,930
1934 223,729 145,597 28,442 28,028 1,259 16,413 14~899 45 626 77 - 459;115
1935 182,926 153,444 36,440 28,776 1,819 6,218 15,284 - 1~283 130 - 426,320
1936 102,354 140,639 39,184 13,866 2,248 5,156 8,310 - 1,511 49 1 313,318
1937 111,285 144,312 36,294 19,706 1,955 11~727 1;180 - 1.. 395 47 327,901
1938· 114,359 128,160 42,136 22,405 1,9EO 6,070 5,180 60 1,860 25 322,205

1946 la9 .. 165 36,846 11,011 15;000~~ 4,756 188 27 ·894 267,887
1947 200,242 52,369 10,817 15,,000{~ 4,068 1,905 57 - 5,150 289 ~608

1948 213,177 90,702 11,193 15,000~~ 4,147 2,830 13 242 3,184 8 340,496
1949 221,419 91,125 24,120 19,000* 4,954 1,538 108 - 4,387 16 362;667
19EO 197,,433 108,901 30,327 15,000* 5,218 98 892 970 4,249 267 363,355
1951 183,252 103,485 33,805 15,000~~ 2,652 579 3,831 342 5~591 45 348,482
1952 237, 3M: 94,568 41,808 15,014 1,560 4;108 99 4,940 16 16 399,943
1953 263" 516 173,798 56,005 16,215 1,418 7,465 - 7~634 - 10 526,061
1954 ZD6,191 165,694 45;253 15,365 1,467 7,224 116 6,220 - 547,530
1955 315,438 138,705 48,236 18,667 1,028 7,053 - 9,002 1 538; 130
1956 292,586 127,786 30 ,071 16,187 2,529 4; 575 - 6,,975 480,709
1957 247,087 144,,265 23,292 20,924 1,360 8,231 2 0,748 451 .. 909
1958 284,,-107 100,517 37,,849 17,875 1,204 6,,829 - 9,946 56 008,683
1959 284,,259 112,740 35" 562 7,,680 1,347 5,460 - 5;456 452,004
1960 295,,668 109,,414 37,939 11,781 1,,236 3,429 - 5" 556 465,023
1961 233,874 96,559 21,776 10,,602 2,066 77 4,214 70 5,,427 374,645
1962 221,,820 105,,144 1 34,,157 8,,657 3,112 100 4,700 453 8,199 386" 342
1963 232,839 123,,185 33,034 6,,254 3,180 3,510 402,002

1964 273,584 122" 207 19" 336 6,887 4,,582 2,688 429,284

1965 233,,483 128,136 15,274 5,246 6,781 419 512 3,747 393,,998
1966 223,,974 109,038 9,851 3,,414 4,849 469 . 78 2,,987 356 ,,66If.-*

Table 1. Total landings of cod from leeland (Round ~resh weight in notric tons)

{~ Estimated.
i~{~ Including 1,995 - U.S.S.R.

..



Table 2. Catches Iler uni t effort of Iceland cod.

I Years A B i C Relative C.P.U.E. I
England Germany Iceland England I Germany

t-
I

192/1, 1,337 2.5 1,096 . 0,746
1925 1,559 2.2 1,278 0,657
1926 1,327 2.6 1,088 0,776
1927 1,209 2·9 0,991 0,866
1928 1,073 2.3 0,880 0,687
1929 1,021 2.7 0,837 0,806
1930 1,343 3.3 1,101 Oj985
1931 1,328 3.5 1,C89 1,045
1932 1,635 4.7 1,340 1,4°3
1933 1,562 4.3 1,280 1,284
1934 1,390 2.6 1,139 0,776
1935 I

1,416 3.2 1,161 0,955
1936 1,398 3.0 1,146 0,896
1937 I 1,088 3.2 0,892 0,955
1938 1,361 3.4 1.115 1,015

1946 2,310 5.1 1,893 1,522
1947 1,766 3.8 1,448 1,134
1948 1,527 3·0 1,252 0,896
1949 1,397 3.3 1,145 I 0,985
1950 1,190 3·3 0,975 0,985
1951 1,155 3·2 0,947 0,955
1952 1,116 3·2 0,915 0,955
1953 1,353 4.0 1,109 1,194
1954 1,237 3·2 1,014 0,955

I 1955 1,272 4.5 1,043 1,343I

II
1956 1,249 3·5 1,024 1,045
1957 993 2.6 0,814 0,776
1958 980 3.8 0,803 1,134
1959 822 4·2 0,674 1,253
1960 701 3.8 1,185 0,575 1,134
1961 569 2·7 663 0,466 0,806
1962 611 4·3 462 0,501 1,284
1963 626 4·0 365 0,513 1,194
1964 546· 2.1 411 0,448 0,624

I 1965 567 1.5 ) 475 0,465 0,447
1966 604 1.0x 517 0,495 0,299

I
I

A: Tons per million ton hours (steam trawlers)

B: Tons per day fished

C: Tons per million ton hours.

x) German value low because
cffort mainly directed
towards redfish.



Tab1e 3. Estimates of fishing effort
on Ice1and cod.

I A B I C II

Yearo I
England Germany Ice1and Total effort

1924 53,599 12,962 208,768
1925 53,553 13,899 194,183
1926 59,178 14,617 212,390
1927 76,918 13,834 274,367
1928 89,909 Lj.,526 327,449
1929 91,540 14,055 373,209
1930 85,773 13,833 357,698
1931 103,807 14,003 360,833
1932 99,717 11,726 305,732
1933 100,325 11,691 342,309
1934 104,202 10,840 328,549
1935 107,724 11,278 299,257
1936 100,420 12,966 223,736
1937 132,650 11,432 301,381
1938 94,167 12,274 236,736

19+6 15,952 2, 17l~ 115,971
1947 29,543 2,858 163,373
1948 59,306 3,725 222,635
1949 65,202 7,117 259,504
1950 91,510 8,851 305,369
1951 89,109 9,957 300,03°
1952 83,825 11,732 354,496
1953 128,143 13,349 387,889
195!~ 133,521 13,546 441,153
1955 108,789 10,442 422,101
1956 101,840 8,307 383,122
1957 144,229 8,375 451,725
1958 153,601 9,865 519,171
1959 137,455 8,683 551,744

I
196o· 157,309 9,731 38,300 668,563
1961 171,282 7,795 46,139 664,745
1962 177,962 7,938 28,038 653,832
1963 210,897 8,371 39,116 688,157
1964 234,447 9,185 36,735 823,612
~965 225,425 9,965 43,609 694,095
1966 181,784 9,630 38,708 591,717

A: Thousand ton hours. Motor and steam trawlers combined.
B: Days fishing.
C: Thousand ton hours.

Total effort = Eng1ish effort x Total catch
English catch



Table 4. Numbers of cod landed (millions)
from Iceland by English trawlers.

A~ar 1960 1961 1962 1963 1964 1965 1966 Total

2 0.7 1.6 0.5 0.8 1.7 1.2 1.7 8.2

3 6.7 10.8 7.1 8.8 10.6 13·4 9.6 67.0

4 16.6 12.4 16.7 18.0 16.6 22.0 20.1 122·4

5 12·5 10.1 8.8 11. 7 12.9 13.4 12·9 82·3

6 4.4 4.5 6.4 5.1 5·9 5·4 5.5 37.2

7 1.5 2.2 2.6 4·9 2·3 3.0 1.8 18.3

8 0.40 1.0 1.0 1.3 2.3 1.2 1.0 8.2

9 0·52 0.60 1.0 0·57 0·58 1.3 0.27 4.8

10 0.41 0.33 0.23 0.53 0.09 0.23 0.43 2.2

11 0·42 0"143 0.12 0.15 0.07 0.04 0.06 1.3

1:2 0.18 0.~4 0.25 0.11 0.07 0.06 0.04 0.8

13+ 0.06 0.07 0.12 0.12. 0.08 0.08 0.02 0.6

Total 44·4 44.2 44·8 52.1 53.2 61.4 53.4 353.3

Equiva1ent
weight 109.4 96.5 105·1 123.2 122.2 128.1 109.0
landed
(000' tons)



Tab1e 5. Numbers of cod 1anded (mi11ions) from
leeland by German trawlers.

.
A~r 1960 1961 1962 1963 1964 1965 1966 Total

2 - - - - 0.04 0.08 0.01 0.13

3 0.25 0.27 0.30 1.63 0.19 0.54 0.44 3.62

4 1.81 0.63 2.90 2.08 0.91 0.94 0.84 10.11

5 1.63 0.90 1.46 2.04 1.14 0.49 0.35 8.01

6 0.66 0.56 1.47 0·93 0·92 0.35 0.11 5.00

7 0.98 0.28 0.79 1.85 0.41 0.41 0.05 4.77

8 0·72 0.85 0.19 0035 1.60 0.19 0.51 4.41

9 0.60 0.29 1.01 0.11 0.12 0.7~ 0.09 2.96

10 2.10 0.27 0.44 0·49 0.02 0.03 0.22 3.57

11 0.62 0.65 0.15 0.12 0.09 0.01 0.01 1.65

12 0.04 0.17 0·37 0.04 0.01 0.02 0.01 0.66-
13+ 0.02 0.02 0.10 0.14 0.07 0.01 0.01 0.37

Total 9.43 4·89 9.18 9·78 5·52 3·81 2.65 45. 26

Eqo.ivalünt
[5.3weight 1anded 37.9 21.8 34.2 33.0 19.4 9.9

(000' tons)

Tab1e 6. Numbers of cod 1anded (mi11ions) from
leeland by the leeland spawning
fishery.

~I 1960 1961 1962 1963 1965 1966 Total

2

3

4

5

6

7

8

9

10

11

12

13+

0.2

1.4

6.2

3·9

4·3

4·3

4·7

8.1

2·5

0·48

0.04

0·4

1.7

5.5

3·9

4·5

3·0

2·5

5·7

0·94

0.)1

0.4

1.2

2.6

7·0

2.6

6.5

2.1

1.6

2·9

0·37

1.0

1.4

2.2

6.3

5·3

2.0

5·4

1.4

0.86

1.5

0.8

2·3

1.6

2.9

4·4

12·5

7·3

1.6

2·9

0·72

1.7

5·7

3.6

3.0

2.4

3.6

3·8

7·9

1.0

0.82

0·59

0.56

0.6 7.7

2.2 11.3

2.8 17.9

4.6 24.1

3.5 33.0

6.5 39.5

1.9 33·3

5.2 25.9

0.28 15.2

0.14 6.63

0.14 4.62

219.1533.0 27.9

1
195 •2 Il68~~J

27 .827·3

176.6

28·4

179.3
'Equivalont I
~leight 1n.nded f29.2

.1 _C9_QD_'_SJ~2nsJ. __-l-__--l -.!~__-+- ....L..-. _
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Table 7. Numbers of cod landed (millions) from
leeland by all cuuntries.

~
I

I1960 1961 1962 1963 1964 1965 1966 Total
I

2 0.8 1.9 0.6 0.9 2.0 1.1 2.0 9.9

3 8.6 13·9 9.2 14.5 13·0 22.9 13.9 96.0

4 25·1 11.5 21.4 26.3 23·2 32.0 29.6 181.1

5 25.3 11.1 15.3 "19.8 18.9 19.9 19.2 135.5

6 11.0 12·9 13·8 10.2 12.0 9·9 11.3 81.1

1 8·9 1.6 12.0 16.8 8.1 8.6 5.9 61.9

8 6.8 8.8 4-3 1.6 19.5 5.8 10.5 63-3

9 1.0 4.1 10.2 2.9 5.3 12·4 2.7 45.2

10 14·7 3·9 3.5 7·4 1.8 1.4 7.0 39.7

11 4·8 8.6 2.1 1.8 3.3 0·9 0.4 21.9

12 0.8 1.7 4.1 1.1 0.8 0·7 0.2 9.4

13+ 0·7 0·5 0·9 2.0 2.0 0·7 0.2 7.0

Total 115.1 99.1 103.4 111.3 109.9 116.9 102.9 758.6

Tab1e 8. Ice1and cod. Showing estimates of the total
instantaneous morta1i~ rate (Z) at different
ages.

I i I 4
I ,

I iAge 2 3 I 5 6 7 e 9 10 I 11 I 12

1
( 0.05 0.06 0.19 0.39 0.43 0.37 0.40 0.50 0.68 0.86 1.2 1.2
(

M ( 0.15 <0.16 0.25 0.41 0.44 0.40 0.44 0.54 0.71 0.88 1.2 1.2
(
( 0.30 <0.31 0.36 0.46 0.49 0.47 0.51 0.60 0.75 0.91 1.2 1.2

I



Tab1e 9. Ice1nnd Cod.
Estimatos of fishing mortali~ CF) duo to various gears.

(N = Negligible)

I 111: = ,05 M = 0.15 li M "" .30 I
I

Total I Iceln.nd I i
I

Iceland Iceland I

Ago spawning Others Total spawning Others spo.wning
l Others I'fatal

I 2 - .01 .01 - N N - I N N

.129 •.14 .008 .092 .10
I

.005 1.055 .063 .011

4 .021 .319 .34 •016 .244 .26 .010 . .150 .16

I
,

5 .050 .330 .38 .038 .252 .29 11. 025 .165 .19

6 .095 .225 .32 .074 .176 .25 .051 .119 .17

7 .170 .180 .35 .141 .149 .29 .102
,

.108 .21

8 .280 .170 .45 .242 .148 .39

I
.186 .114 .30

9 .421 .209 .63 .375 .185 .56 .301 .149 .45:

10 .532 .278 .81 .479 .251 .73 .401 .209 .61

11 .798 .352 1.15 .729 .321 1.05 .625 .275 .90

12 .799 .351 1.15 .729 .321 1.05 1.625 .275 .90

13+ .850 .300 1.15 .776 I .274 1.05 I .665 .235 .90 II I, I d I

!

•

•

To.ble 10. Icolo.nd Cod. Effect of cho.nges in effort by all
geo.rs other than those ongo.gcd in tho Ioelandio

spawning fishery.

%change from 1960-1966 fishing mortali~ rate I

Goar
,

M -60 -40 -20 +2~_
Englo.nd .05 -37 -20 -8 +5 +11

.15 -44 -26 ..11 +8 +15

.30 -50 -31 -14 +11 +23

Gonno.ny .05 -31 -14 -6 +2 +2
.:16 -39 -22 -10 +6 +10
.130 -47 -27 -14 +10 +18

Iceland .05 +136 +76 +32 -24 -41
spo.wning .15 +97 +56 +24 -19 -34

.30 +59 +35 +16 -13 -25

All geo.rs .05 +47 +27 +12 -10 -16
.15 +25 +14 -t6 -5 -13
.30 +3 +2 0 -1 -1



Table °ll. Icoland Cod. Effect of changes in offort by tho
Iceland spawning fishory only.

%change from 1960-1966 fishing morta1ity rate
, I i I i IGear M

,
-60 -40 -20 +20 +40I I

England .05 I +17 +10 I +~1 -3 , -7
.15 +13 +8 I +3 -3 -6
.30 +9 +5 +3 -2 -4

Germany .05 +26 +15 +7 -5 -10
.15 +20

I
+12 +5 -4 -9

.30 +15 +9 +4 -4 -7

Icoland .05 -24

I
-11 -5 +3 +5

spawning .15 -31 -16 -7 +6 +10
.30 -40 -23 -10 +8 +15

All gears .05 -1 +1 0 -1 -2
.15 -7 -3 -1 +1 +1
.30 -13 -8 -3 +2 +4

Table 12. Icoland Cod. Effect of changes in effort by
0.11 goars cqual1y.

•

•

I %change fran 1960-1966 fishing mortality rate
I, I !

I I +~~~-Gcar I
M -60 -40 -20

I

England .05 -18 -9 I -3
I

+1 +2
.15 -32 -18

I
-7 +6 +10

.30 -44 -26 -12
I

+10 +19

Gormony .05 -2 +2 ! +2 -2 -6
.15 -18 -10 I -2 +2 +2
.30 -39 -24 -6

I

+6 +10
I

Icoland .05 +72~< +5g~~ +28 -20 -34
spawning .15 +52{< +3€'3{< +17 -13 -25

.30 +5 +9 +5 I -6 -11
I

I

All gears .05 +37 +23 I +10 .. 8 -14I.15 +4 +5 +3 -3 -5
.30 -24 -12 l -5 +3 +6

* Those values computod approximately.
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Table 13. leeland Cod. Effect on the oxisting fisheries of increase
in effort due to the arrival of trawlers from outside
the Icoland area.

(expressed aS percontages doclino in tho landings per
unit effort by boats fis hing 0.t I c-ela.nd beforo tho chang e)

j
%chango from 1960- J.966 fis hing mortality ratC3

1

Goar i 111 +20 I +40
I

Eng land 1- .05 -13 -23

I
.15 -10 -18
.30 -7 -12

Gonnany I .05 -16 -28
.15 -12 -22
.30 -8 -15

Iceland .05 ··24 -41
spavming .15 -19 -&1

.30 -13 -25

All goars .05 -17 -31
.15 -14 -25
.30 -10 -18

Tab10 14. Percentago change in yio1d per recruit far
various changes in IDesh-sizC3.

I
, Changing effective mesh-sizo from 100 m to IGea.r I

II Group ! E 110 I 120 130 I 140 160 ,

England Immediato lass I 0.7 1.8 3.8
-\

6.2 13.3
ILong-tonn I0.6 0.4 0.8 0.8 0 -2.8
Gain I0.8 0.5 1.7 2.4 2.1 0.7

Immodiato lass I I
Gonnany 0.1 0.3 0.7 1.3 3.3
Icoland Lang-term 0.6 1.0 2.4 4.1 5.2 8.4
(non- Gain 0.8 1.4 3.3 5.7 7.3 12.4
spawning~

~ leerend IImmediate

--
I

10ss - - 0.1 0.2 0.5
spawning Lang-tenn 0.6 1.1 2.7 4.7 6.4 11.6
fishery Gain 0.8 1.5 3.6 6.3 8.6 15.6

Other Immediate lass - - - - -
(nan- Lang-tenn 0.6 1.1 2.7 4.8 6.6 12.1
trawl) Gain 0.8 1.5 3.6 6.4 8.8 16.2
goars

Immediate lass 0.3 I 0.7 1.4 1.9 4.2
Total Long-tarm 0.6 0.8 2.0 3.3 4.6 7.4

Gain 0.8 1.2 2.9 4.9 6.7 11.3



tland i F:::-a.nco i I : jNorv:a.y I frolla.nd I Belgiu:n I Dernur!c SVJoden I Total
I I
I

I

I
986 I 3 21,718
294

I
267 38,469

70 9 272 37,489
12 9 213 I 38,870

166 - 226 10 58,265
349 - 229 234 80 4 60,235
427 45 257 426 42 23 I 57,552
468 - 7 365 304 I 100 - 51~891

138 17 51 148 119 210 - 43,654
478 264 82 14D 296 30 35,852
220 242 - 225 341 10 28,858
256 174 6 206 545 29,676
275 99 " - 342 569 30,432
364 49 - 366 840 28,363
379 71 - 372 695 28,320
301 75 6 442 644 28~580

679 45 472 33,145
246 - 2,019 41,679
907 350 1,314 57 21 60,824
960 - 2,120 96 176 75,951
271 759 1,640 603 41 66,749
365 220 2,857 362 56,029
660 41 4~063 84 46,487
708 - 4,295 - 54,828
611 89 5,187 3 62,652
683 - 7,105 6 64,945
980 - 6,147 62,289
137 29 6,631 76,726
966 5,738 70,498
811 2,412 64,578
936 I 5,198 87,493
314 125 49 4,237 110,086
024 164 204 4,189 119,615
818 198 1,884 102,444
877

I

181 857 99,047
761 40 89 1,235 99,127
498 676· 60,14r:a

5,

2,
4,
3,
4,
3,
1,

1,
2 ,
2,
3,
2,
1,

Seo
.-

Yza.rs I001und Eng;lo.nd Gem,:my Faroe3

1923 10 ,OOO';~ 5,'729
).921 10,000::· 20;131 7,777
1925 }.Q,OOO';~ 20,317 6,821
1926 8,260 23,2~ 9,136
1927 9,834 36,205 11,824
1928 J.l,088 37,350 10,901
1929 13,055 32,963 10,313 1
1930 10,863 30,125 9,584 75
:!o931 7,118 27,«6 8,062 45
1932 4,933 22,~9 7,124 96
1933 4,683 16,824 6,284 29
1934 5,937 17,777 4,724 51
1935 6,313 18,762 4,037 35
1936 4,205 17,428 4,866 118
IGE'Z 4,053 17,470 5,146 134
1938 4,609';~ 17,780 4,608 115

1946 14,120 12,078 4,601 150';~

1947 18,601 14,901 3,762 150';:
1948 24,862 23,610 7,553 150';:
1949 W,264 28,683 10,499 15O';~

1950 27,099 26,886 7,300 150';:
1951 22,173 21,576 7,326 150';~

1952 15,166 18,571 7,734 168
1953 14,954 28,268 6,384 219
1954 21,322 28,872 6,133 435
1955 21,703 27,936 7,153 359
1956 22,054 23,748 8,750 '610
1.957 31,302 28,663 7,796 1,168
1958 28,624 27,483 6,311 1,376
1959 ?6,534 W,002 3,794 1,025
1960 41,988 31, e03 6,238 1,330
1961 51,3GO !'",7,164 -1,067 770
1962 54,288 51,862 3,965 919
1963 51,834 39,538 3,064 2,108
19(14 56,586 30,269 2,077 1,200
1965 53,506 37,543 1,753 1,006
1966 36,028 19,706 1,139 968

~~ Estimo.ted
iH~ Including 69 m. tons - USSR.

Table 15. Landings of haddock from Ice1nnrl (Round fresh weight in metric tons).
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Tab1e 16 • Landings per unit effort of
haddock from leeland.

i

I
Relative

!
A B C C.P.U.E

yea~ England Germany leeland England Germany

I 1921;- 373 I 0.6 1,323 0,870I 1925 -378 0·5 1,340 0,724
1926 391 ! 0.6 1,387 0,870
1927 469 0.9 1,663 1,304
1928 414 0.8 1,468 1,159
1929 359 0·7 1,273 1,014
1930 350 0·7 1,21;.1 1,014
1931 264 0.6 0,936 0,870
1932 224 0.6 0,794 0,870

I 1933 167 0·5 0,592 0,724
I 1934 170 0·4 0,603 0,580

1935 173 0·4 0,613 0,580
1936 172 0·4 0,610 0,580
1937 131 0.5 0,464 0,724
1938 189 0.4 0,670 0,580

I
1946 757 2.2 2,684 2,899
1947 496 1.3 1,759 1,884
1948 393 2.0 1,393 2,899
194? 435 1.4 1,543 2,029
1950 288 0.8 1,021 1,159
1951 238 0.5 0,844 0,724
1952 220 0.6 0,780 0,870
1953 220 0·4 0,780 0,580
1954 216 0·5 0,760 0,724
1955 258 0.6 0,915 0,870
1956 233 1.1 0,826 1,595
1957 201 0·7 0;713 1,014

,

1958 178 0.6 0,631 0,870
1959 219 0·5 0,777 0,724

I1960 211 0·3 221 0, 7,~8 0,435
1961 260 0.5 212 0,922 0,724
1962 268 0·5 274 0,950 0,724
1963 152 0·4 223 0,539 0,580
1964 111 0.2 227 0,39/r 0,290
1965 126 0.2 201 0,446 0,290
1966 74 0.1 158 0,262 0,145

A: Tons per million ton hours (steam trawlers)

B: Tons per day fished

C: Tons per million ton hours



Table 17. Numbors of haddock landed (oillions)
from Iceland by English trawlers.

I
I I~ear
I

1965 1966 Total1960 1961 1962 1963 1964
Igo ',-

1 I 0.02 0.06 0.08

2 2.70 2.12 0.76 1.06 1.06 0.84 0.77 9.31

3 24.69 5.23 3.45 8.32 3.22 5.24 1. 81 51.96

4 16.69 18.6'1 6.67 2.64 9.14 3.51 2.50 59.82

5 2.95 6.94 18.55 3.11 2.78 11.63 2.44 49.00

6 0.35 1.42 3.88 8.28 1.32 1.22 3.55 20.02

7 0.16 0.09 0.38 1.76 3.15 0.70 0.44 6.68

8 0.06 0.06 0.03 0.13 0.61 1.09 0.15 2.13

9 0.04 0.08 0.09 - 0.09 0.12 0.15 0.57

10+ 0.06 0.13 0.06 0.04 0.05 0.05 0.08 0.47

Total 47.70 34.74 33.87
1
25

•
94 21.42 24.42 11.95 200.04

• Tab1e 18. Numbers of haddock 1anded (millions )
from Ice1nnd by Gennan trawlers.

1
A~ear

!

i r1965
I I I1960 1961 1962 1963 1964 I 1966 Total

I
,

2 0.21
I
/ 0.02 0.02 0.25

I
3 0.13 0.35 0.38 0.08 0.21 0.03 1.18
4 2.00 0.73 0.38 0.24 0.15 0.10 0.05 3.65 I5 1.20 1.04 1.18 0.26 0.12 0.18 0.03 4.01
6 0.20 0.19 0.50 0.90 0.08 0.06 0.20 2.13
7 0.10 0.02 0.11 0.16 0.37 0.05 0.02 0.83
8 0.07 0.02 0.01 0.01 0.10 0.19 0.01 0.41

I
9 0.13 0.01 0.00 0.00 0.00 0.05 0.02 0.21

10+ 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.10
-

Total 3.74 2.36 2.54 1.96 0.93 0.85 0.39 12.77

Equivalent
weight landed 6.24 4.07 3.97 3.06 2~08 1.75 1.14 22.31

I(OOOfs tons)
!

•
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Tab1e 19. Numbers of haddock 1anded (mi11ions) from
Ieeland by Scottish trawlers.

A~~rzar i 1

1962
1 I I

I

r1960 1961 1963 1964 1965 1966 I Total,

1 - 0.03 0.03 0.04 0.01 0.07 I 0.02 0.20

2 - 0.25 0.90 0.87 0.57 0.22 0.19 3.00

3 0.01 0.80 0.22 2.24 0.64 0.54 0.24 4.69

4 0.40 0.90 0.65 0.12 0.96 0.40 0.26 3.69

I
5 0.13 0.60 1.35 0.29 0.23 0.74 I 0.10 3.44

6 0.02 0.08 O.&> 0.61 0.43 0.09 0.22 1.75

7 0.01 0.04 0.04 0.14 0.43 0.17 0.01 0.84

8+ 0.05 0.01 0.03 0.03 0.15 0.27 0.05 0.59

Total 0.62 2.71 3.52 4.34 3.42 2.50 1.09 18.20

Equiva1ent
weight 0.79 2.01 3.50 3.32 4.25 3.28 1.30
1anded

I(000' ~ons) I

•
Tab10 20. Numbers of haddock landed (millions) from

leeland by all countrios.·

25.36

12.24

4.19

1.64

89.48

118.61

113.91

61.87

3.63

5.38

4.55

11.65

1.10

0.5-7

1.02

0.25

56.60 30.20 445.7068.54 54.0277.59

5.28

33.21

21.39

4.09

0.34

0.32

0.27

0.27

73.54

3.27

29.89

34.96

12.34

1.90

0.93

0.59

0.99

0.34

85.21

2

3

4

5

6

7

8

9

10'"

IA~r 1960 1961 1962 i 196~ 1964 I 1965 1 1966 [at'l
t------t-----+------f------+i-- 1------+-----+-----+--,---1

1 0.03 0.04 0.01 0.03 0.10, 0.21

1.86 2.23 2.32 1.28 1.95 18.19

8.84 18.92 6.89 12.94

.13.82 7.25 16.46 7.53

39.36 9.08 6.72 20.47

11.32 25.46 4.13 3.32

1.90 4.99 13.72 2.38

0.20 0.39 3.35 6.82

0.13 0.03 0.20 1.55

0.13 0.15 0.22 0.28

LTa~nl

•
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Table 21. Ieelandie haddoek. Showing estimates of the
total mortali~ rate (Z) at different ages.

I
I

I
I T

Age 2 3 4 5 6 7
I 8 9

0.40 I !
0.15 0.19 0.64 0.85 0.85 I0.80 0.96

l~M I I0.87 I0.860.30 I 0.33 0.49 I 0.69 0.86 1.02 1.28

Table 22. Ieeland Haddock. Effeet of ehanges in effort
by all gears equally.

t flSIflD5:,
%ehange from 1960-19611 morta i ty rate

Gear M -60

I
-40 I -20 I +20 I +40

r
I

English ( 0.15 -4 +4 +3 -5

r:~and (

I
Gennan ( 0.30 ~20 -8 -2 +0.4

L trawl (
i

(1) Estimates for English and German trawlers were
similnr nnd so monn vnluos are givdn in the Table.

(2) Owing to the lack of comprehcnsivc aga composition
data the trawl estimates above ~ust also be used
as the best estimates for "all gears" •



Table 23. Iceland Haddock. Percent~ge change in yield per
recruit forvarious changes in mesh-size.

iChanging effective mesh size from 100 m to- I

1
i I I [Gear Group IE 110 120 130 140

!
-

i England Immediate 10ss 2.5 8.0 15.9 25.1
Long-tenn 0.6 -0.9 -2.6 -6.7 - J.2. 3
Gain

Gennany Irn:.'1lediate 10ss 0.6 4.1 6.9 12.5
Long-tenn 0.6 1.1 1.6 3.2 2.5
Gain

I Scotland Immediate 10ss 3.1 8.2 14.5 21.5

I Leng-tenn 0.6 -2.4 -2.8 -5.2 -8.1
Gain

Danish Immediate 10ss 0.3 3.5 8.2 16.4

seine Long-tonn 0.6 1.4 2.2 .::':7 -2.1
Gain

Other Irn:.'1lediatc 10ss - - - -
(non- trawl) Lang-tonn 0.6 1.7 5.9 10.9 17. J.

gears Gain
.

Tot a 1 Immediate 10ss 1.5 4.7 9.6 15.3
Lang-tenn 0.6 0.2 0.9 0 -0.8
Gain

•

•

Table 24. Age/length/weight relationship of Iceland cod
and haddook - fresh guttod VJoights (Gorman and
I 0 0 land Ci e,d::t. ) •

'I HADDOCK
Age

COD I,
(years )~~ Length (em) Weight (g) Length ( crn) VTeight (g)

1 20.0 80 I 25.0 180

2 37.2 450 I 36.0 430

3 50.7 1235

I
46.0 975

4 60.9 2005 52.0 1410

5 69.2 2875 I 56.0 17CO

6 75.7 3600 60.0 2220

7 81.2 4300 64.0 2705

8 85.2 4770 67.0 3075

9 88.2 5240 69.0 3325

10 90.4 5610 70.5 0535

11 92.4 5990 72.0 '{-.770

12 94.2 6320
13 96.0 6670

11
14 98.0 7060

-l~ daiÄ.'\ giuen for about Ju1y-S eptomber in each oase
and averaged for a11areas.
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Figure 1. Ioeland cod. Relationship betWeen total yield and
year-class'strength.
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