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REPORT OF TEE NORTH-vJESTEBN 1'lOBKING GROUP 1970

INTRODUCTIOl'f

At the 1970 Council Meeting, it 'tTas resolved (C.Res.1970/2:5) that
"Tbe Uorth-1'Testem Uorking Group be re-convened to re-assess in the light
of further data, the assessments previously made concon:Ung Icelandic cod".

Tbo Group met in LOl'leStoft from 30 November to 6 December 1970, and
the following membcrs participated:-

A. Sch'UIllllcher
J. J6nsson
S. A. Schopka
D. J. Garrod
B. ",. Jones
R. Jones
J.}wller Christensen

Gemn.ny Chaiman
Iceland
Iceland
UK
UK
UK
ICES Sccretary of Liaison Cttee.

In the report of its previous meeting (ICES, 1969) the Group considered,
amongnt other matters, the relative numbers of cod of different agen lnnded
froDl the vo.rious fisheries o.t Icel:md. In particular, i t 'tm.s pointed out
thn.t the proportion of fish of 7 years and older in the landings 'tms too
high to be consistent "Tith the previous estima.te of the mortality rate nmons
fish younger thon 7 yem-s of o.gc. This "as believed to be of the order of
6a;~ annua1ly. It lms recognized hOl'fOVer that if the entire stock of fish
under 7 years of a.ge 'tms subject to such a rate of mortality, thore "Tould
be insufficient fish of 7 years and older left to o.ccount for the numbers
actuo.lly landed. It "mo concluded, therefore, that the mortality rate
r..mong fish of less thon 7 years of age must be considerably less thon 6~
per year. To o.ccount for this, it was suggested that only p~~ of the
stock of young cod 'tms subjcct to exploitation o.t nny time. This ",ould
explo.in hmv young cod on the tro.l'Tling grounds could experience 0. mortality
rate of 6~ annual1y, nnd yet thc total stock of young cod could o:cperience
a lovTer mortality rate. At its prcvious meeting, the Group recognized
t't'lO extreme alternativeo:

(0.) that there UaB· a continua1 intarcha.nge of young cod
bet'tmcu thooe on the o:q>loited g.rounds Md those in
regions not oubject to exploitation;

(1)) that the CJ..-ploited nnd unexploited part of the young
cod stock were completely independent for at least
po.rt of their lives. If this 't'Tere so i t "ms thoUßht
most like1y that DI1Y mixing that mißht occur 'tTOuld
take place 'Then maturity "as reached. For cod o.t
Iceland this oceurs over c rango of agco from nbout
6 years onwards, the average nge of first maturity
being abcut 8 yeo.rs of nge.

DurinS' i ts previoUlJ meeting the lTorking Group Ill..'\de asseomnents of
the effecto of chanees in effort ['..nd mesh oize on tho bo.sis of the first
of these hypothooeo. In this rcport, nell assessments h..'we bean made on
the basis of tho oecond hypothesis uith particulo.r exc..mino.tion of thc
possibility tho.t the "uno:q>loited" part of the young cod stock might
occur in Green1cnd wators.

RECTI'1T CIWTGES IN CATCHES AlID FISHING m"ORT

L:mdingo of cod, cc.tch per unit fishine offort, :md ostimated
fishing offort at Icolond (Division Va) aro listed in Tablos 1-3.
Fishing' offor-~ by Germ:m :md particularly English trmTlors has declincd
substnntiaJ.ly in recent years but fishing by Ico1:mdic vessels h..'1.s
increo.sed. Thc total fishing effort 0.0 estimated in English units has
decreo.sod stoo.dily since 1964, tho present (1969) amount of fishing
boing about haJ.f of tho.t in 1964. Catches of cod roo.ched 0. 1m" lovel
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in 1967 (345 000 tons) hut· in thc ~"10 most tecont "'yeai~ eat6hcs hnve "
ineroa.sed to just ovor'4öb OOO'tons' doopfte tpG rodueed nmöunt of fishing.
This has bcen possiblc bceausc of the inerenScd abundnnee 'of'edd as is
shown. in thc tc.ble of co.teh per unit e:trorl;-, '~he: reeent mereo.ses in
the eo.teh-rates of English r::.nd Ge:r:man ,troi11ers n.rc due, in part o.t least,
to the presenee of thc 1964 yeD:r 61aco''11iibh uas' po.rtieulo.rI;y' abundant
at Ieelond. Reeent !celo.ridici ctit6hcs',.ih tho spmming fishcry ho.vc
benefited from thc imililgr~ts of thc'i961'ycar eIßss uhieh uas cxeep
tiono.lly abundont o.t· Grcenlond, thougti :the eottcsponding year elass of
eod of Ieelcndie origin \las of only averngc o.bunCinnec.

• ... '. 11'.;(', ': ':; .'~<'''.. : ':.~ :. ,'.: :',,::' ".,~;.,:,::,;; ..: ,,,,"' .. t

EVIDENCEOF 11IGBATIOU O:if GlillENLAlID COD Ta ICELlU'lD

It hes been lo:idi,~ ~~~ ~":';ear~<th~~:'iibhcf G~ecnl6haic origirl ni6.kc
0. eontribution tö 'tho stock cf 6öd ,;1iieh spmms off tho ciotith~\'1este:i:n
eoasts of leeiand. :: Taggtng,cxporimerits~o.tGrecn1nndsindÖ tho earlY 1920s
havc yiclded'b.' high .proportion of rocaptui'os frcini rool6.rld, pb.rtieular1y
froLl tc.gged fishliboro.tod ort East 'GrecrilOiid ahd. in reirAF DiVisions lF
and lD. Additiona.l oviclcneb' cOmes ira,in the studY of ~6tbil.thd. During the
eourse of röuti!ic affe dete:dni!io.ti6ris frbn1'tjto1iths" manY "Törl~ors havc
obocrvcd otolitrio With b. struetm'c cha.ro.ctcristi6 of Grc~rilo.hd fioh in
oamplos obibJ.hed tram ':rb·ela.hä.~-' 6.rid tbis is bdr11~'out by 0. cOnlparison of
tho relative ritrengthsof.yenr clcosce 'in th0'd1fferent fichorics.
For cxa.mp16;',·fo~ yotiX elaoses cf 1959;'65 tlic" oUly abundant ono in the
leolandie' riori-sPavt.ning ,f1s}i6ry 'Üo.o", thb.t of, 1964, . ,-Tith thc 1961 yehr elo.so
being onlY aYoro.ge~.Abt1ndn.hcG,of yenr 'olassoo bascd 011 :do.to. for b.11 thc
fioherieo ,ilhieh .mcludco tho Icolc.ridie opr1i,ming :fiohery, sh6'';s 'thc
1961 yca.r clcss, to .bo' tho most abundn.nt. It "ToUld thoroforc appear tho.t
thero wi:J.s n inrgc~dcnfd immicTütion, lnto thc'spev~ fishcry of,fish
of tho 1961 year cilnss i'1hich "rerc ,not reprcocnted in thc non.;;'spaWn.ing
fioheribd~ 'Other t{cb.:l:- cli:J.ssös uh!6h "ere n'bimclhht ih tho reelnndie spavmiIlß'
fiohory but ~ot irl thc Ieoloiicii.e noh..;spe1,lrrlng fisherico '1-TOrc thöoe of 1956~
1953 ond 1950. ,All thene yoar elndioo arc mallIl to havc' boon vcry abundnnt
o.t Eü.st Greenland, c.nd the iniplieo.tion io that thcir imrnißTo.tiOli from
Grccnland. 0.0 I!1iJ.tu.:t'c fieh o.eeöunted for thcir ineroased nbtindanec in tho
opmmi.rlß fibiicl.({. '

at D.ß~c~b::~~r~n:~at~~i~~~m:~~=~fI~h~~.~li~~~~~:~bt;~h
the spmrn.iri.g f1ohory (FiBU±c 1) ohmr n rcduetiol1 iri tho moc.n la.ngth o.t
['ee of the 1961 ycar elnos nt thc a.go of 7 nnd ,o~.dor~ ,Th1s iTould be eon
sistont ,'Tith tho fnoter-ß'rovHng :fioh of lcelb.hc1ie origin bcing dil'l1.tcd
llith fioh froD Grccnlci.rid 11hieh havc 0. sloiTcr groi-rth rate, eommeneing nt
en c.gc imon thc Grconla.r1d fioh nrc oxpectcd.' to tlD.turc. The 1961 yoar
elo.os at Groonl::md "1hieh \1:lS morc abUndant thc.n usu..'1l eontributcd a hiehor
then nonno.l proportion of ilic opmmi.rlg etoe!:: o.t leelend rcsultinS' in 0.
lowcr th~ evcro.gc menn longth at ('..{je.

Rceo.ptureo of Grconlcnd taggod fish OhOlT tha.t tho mo.jority tokcn et
leoland are eaUßh.t in tho spmming fishory. Tbo numbcr of tags roeo.pturcd
per unit of fiohing effort in the opmming fishcry roaehes a ma..Umum
vcluo in April.

Outnido the opmmincr ooeoon sooJ.l n-umbcro of fioh tc.ß'ßcd o.t Grocnlnnd
havc bcon rceü.pturod 0.11 around thc eoc.sto of Iecland nnd this, combincd
uith iho fc.et th..'l.t ho.rdly n:ny of the fioh taggod in the lec1nndie opmming
fiohery ho.ve bcon roenpturod o.t Grconlond, oucrgcoto that fish from Grcen
lr-..nd uhieh migro.te to Ieeland to opmm rcmo.i.n o.t leoland o.ftor spo.vming
mther thon roturnirlg- to Grccnland.

Additional infonna.tion ho.o also becn obtained from irnmunogcl1ctie.
otudies of eod blood (see Appendix 1).

Although i t hau boen knOim that Grccn1and eod eontribute tO thc
fioherioe at leelal1d no previouo o.ttcmpt MO bocn no.dc to obtain 0.
qUk~tito.tivc cotimato of thoir numbors. This ho.s nou becn nttoopted by
the llorld.ng Group by etoek on0.1yoio and an analyois of tD.Gging data.
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Tbe data. used were the unpublished reSUlts of Danish tagging
experiments at Greenland in the period 194~65, ki,ridly made available
to the ''lorking Graup by 1'12'. Sv. Aa.. Horsted. ';A füll analysis of the
experiments i8 not yet ava.ila.ble· and t~erom cf :'th~ present analysis
was to obtain an estimatc of thc order :'of: magni.ttide .of fish of Greenland
origin available for capture at ·Icela.riä.~· It.is pdssiblo that when 0.

fuller analysis of tho results is comploted it mny bc necessar,y to
revise the present conclusions. ; '~;,:' :. /,: :'.'. . .~.: '.

. ':'. <"";'i:.:':.:'. ';'"
Tagging results from three Greenland regions· havc becn analysed:

ICNAF Divisions lE and.lF, and East dreenland. Only fish that ",ore
70 cm or over at the tinio of. taggmg hava been included on the assumption
that the majority of fish over 70 cm a:i:ematurc:' It is believcd that
the migration to Ieeland i8 a spawm.ng inigrri,tiön and that after spawning
at Ieeland, fish of GreCmla.rid origin tend tci rCniain at Ieeland rather
than return to Greerila.na.. ..' " .. .

"' ...
. "~" :...\f, ::.,,~: ~<'.'~.':'. _ ~'f

Ovor the whole pcriod of thö ~oririlents,.'tho avero.gcs of the
percentages of thctotals recaptUred {Ollnreas) in successive annual
time periods havo bean calcU1b.ted~ : Perccntrige recaptures from oach
oXJ>oriment havo been usod to o;vöid. tho, a.verage foil.all experiments com
bined being lToighted by numbers relea.Sed .in individUnJ. experiments.

Time Avero.gos of the po:rcentrigo of t6tOls recaptured
period East D~v~s~on D1vision
(Yooxs) Greenland 1F lE

:

0
,

2.17 .3.9-
1 4.8 7~3 Ib.3
2 1'7 4.5 4.6
3 125 2.7 2~7

4+ 0.55 1.7 '.1
Total mortality coefflcients, Z, fortlie triggod pbpulations ho:ve becn
cstimatcd fram the siopcs cif the regressions of Ibge percontage reco.p
tures o.go.inst reco.pture period for periods 1 to 4 in tho table. Tbe
following values of Z were obtained:

Z = 0.77 Eo.st Grecnlond;

0.48 Division lF;

0.41 Division lD.

Tbe intercepts fram tho some regressions were used to estimate the effectivc
number of tD.B'ffGd fish 1ibcro.ted o.s perconto.gcs of tho o.ctual numbers
taggod:

Uumbcr of Effcctivc number
fish tagged Porcontngo of tags liberated

fust Grecnland 1 232 47 579
Division lF 3 575 54 1 931
Division lE 326 71 216

From thc cffectivc number of tags relcased and thc overall total mortality
rate, the numbers of tagged fish surviving in eo.ch population have bcen
cstimated from the relationship:.

-ZtIrt = Hoe
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East Division Division
Greenlo.nd lF lE

Z 0.77 0.48 0.41

Iro 579 ] 931 216

U1 268 1 195 144

U2 124 739 95

N3 57 458 63

N4 27 283 42

The actual numbcrs of recaptures in cach time period at Greenland
rold Ice1o.nd are also known. Average values of the mortality rates in the
Ice1andic spaw.ning fishery are token to be F = 0.7 and M = 0.2. From
these the aotual population of taggod fish aotually o.t Ioe1and in each
time period uas oaloulated from the rolationship:

,.,hore NI = estimated number of tnggod .fiah at Ico1andj

~ = observod number of rocaptures of tngged fioh from Ioe1o.nd.

T"l'lO population of t~ed fish rom.-'1Jning at Greonlo.nd "TaO then obtained
from thc total tO€ß'ed fish surviving, minus tho cstimated population
of tc.ggod fish at Ioe1o.nd.

I A 13 0 D E
Poriod Total Estimated Grcen1o.nc.Ice1o.nd Estimated tnggod tagged tngged reoapturesrocaptures population at Ice1o.nd population population

at Grcenlnnd
(0-13)

(%)
(a) fust Greenland

1 37 81

~!il
268 187 23

2 34 74 124 50 7
3 13 28 57 29 3
4 4 9 27 18 4

(b) Division lF

1 40 87

~~l
1 195 1 108 227

2 47 102 739 637 103
3 33 72 458 386 6f3
4 20 44 283 239 39

(0) Division 1E

1 9 19

~i~l
144 125 31

2 7 15 95 80 11
3 6 13 63 50 5
4 4 9 45 36 6
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1m estimate of thc total morta1ity rate within each of the
GreenIond divisions 't'1D.S calculated from the rate of decline of the tagged
population at Greenland. This mortality coefficient '-Til1 include a
component of 'other 10ss', X, mortality due to emigration to Icelond, 1. e.

ZG = F + 1:1 + X

Vo.lues of ZG were calculated and found to be:

ZG = 0.88 East Greenland;

0.51 Division lF;

0.45 Division Im.

The fishing mortality rate in each Grcenlond division 1-TaS then
estimated from the relationship:

i. "There NGt = number of tagged fish at Greenlond in period t j

number of rccaptures of tc.gged fish from Greenlond in period t j

FGt = fishing mortality coefficient at Greenlond in period t j

ZG = toto.l mortality coefficicnt at Greenlond.

Period ZG F Ji X

(0.) East Grecnlend

1 0.88 0.18 0.2 0.50
2 0.21 0.47
3 0.16 0.52
4 0.33 0.35

(b) Division lF

1 0.51 0.26 0.2 0.05
2 0.21 0.10
3 0.22 0.09
4 0.21 0.10

(c) Division lE

1 0.45 0.31 0.2 0.00
2 0.17 0.08
3 0.12 0.13

:
4 0.21 0.04

Tuking these estimatcs of F end ZG for the Greenlund
divisions the total stock in cach division c::..n be calculated from thc
catch. Für the prescnt purpose it has been assumcd that all thc fish
attain so::::u...'1.l maturity' at the age of 7 years ond thercfore the stock
of 7 year old fish in each division haß bcen calculated. Hext, using
the pcrcentnoO"Os of Greenlond fish at Icelond (co.lculated above), on
estimate i'TaS made of the numbcr of 7 year old fish migrating onnual1y
from Greenlond to Icelond.



Bast
Grecnland

Division
lF

Division
lE

Average
n.nnual
cutch

7·years old
(thousands)

1 235

1 799

2 021

F

0.22

0.22

0.20

- 6 -

0.88

Stock

7 years old
(millions)

Average
percentage

at
Iceland

45

12

17

I
Number. 1

1

(million:::)
migro.ting I

to Iceland

1.2

~ FISHERY AT ICEIJIlilD

Thc fishcr,v for cod at Iceland cwn~ for convenience~ be divided into
t1'l0 eomponents:

(1) a fislmr,v in tho spring off tho south-vTOSt eOJ:ner
of Ieeland for most\"maturo spmming cod. This fishcr,v
is prosocutcd muinly by Icelandie vessolsj

(2) u gonera.l fishcry for cod arolUld tho ''lholo Icolandic
coast at ull times of thc year. This fishcry is mostly
for immuture cod and is proseeuted by English, German
nnd Icelandic vessels.

These ,üll be referred to as the Ispmmingl and the Inon-spmmingl
fisheries, hut it should be understood, houever, that a smull proportion
of immature fish are to1wn in the spmming fisher:r and that a small
proportion of muture fish are token in tha non-spmming fishcr,v. The
ralutionship be~Tecn the stocks of fish and these fisheries is roprosontod
diagramrnatieally in Figura 2.

Thc numboro of cod tukan am1unlly in each of thesc fisherios for
thc period 1960-69 ure shmm in Tables 4-6, ,'lith the annuaJ. a.vorages
shOlm in Ta.blo 7.

STABLE .li.GE COHPOSITIONS OF THE WIDINGS

Estimatas of tho moan ago corapositions of tho landings havo boen
dotorminod using thc mothod for dctermining u Istable nge compositionl
dooeribod by Jonos 1961. Tho mcthod is intondcd to ostimatc moan ngo
compositions, ''lith tho offoet of yonr cluss fluctuntions removed, nnd
tho vaJ.uos obta.inod aro shov1!l in Tablo O. Tho stablo D.[!o compositions
of tho numbors landod \Toro obta.inod uoing tho duta on numbors Inndod
ut oach ago in Tables. 4-6. The corrcsponding agc compositions by
,-roight woro obtainod by multiplying tho numbcrs a.t oach a.ge by tho
monn lTOight at the corresponding ages givel1 in Table 9.
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nORTALITY BATES

At tho previous meeting, ostimates of the totD.l instn.ntn.neous
mortoJ.ity rate, (Z), vTOro mo.do o.t eo.ch agc bo.sed on dato. for tho period
1960-66. These 'loro o.pplico.blo to tho cntirc, stock: i. o. to both the
mq>loited ond uncxploited parto of the stock on which the Icelondic
fisheries '\Tere dependent considered 0.0 a single unit. At tho presont
meeting these values vTore recalculo.ted, using do.to. for the poriod 1960-69,
n.nd assuming values of natural morto.lity of 0.2 n.nd 0.3. The estimatcs
of thc fishing mortality rate at cach age so obto.incd are shmm in Table 10.

HOi'lOVer, for assossment purposes, estimo.tos of thc fishing mortality
rates llithin cach of tho spmming n.nd thc non-spawning fisheries "TOro
also required. Thc method of doing this, lThich is cxplained in Appendix 2,
gavc cstimatcs of fishing mortality rato lTithin oach component of thc
stock, "Thich are 0.100 show in Table 10.

ESTJllliTES OF STOCK SIZE

Dstimatos of thc numboro of fish in the soa necesso.r,y to account for
the o.ctunl numbors lo.nded ho.vo beon made by tho virtual population mothod.
AllollonCO for deo.ths duo to natural Co.uscs as 'tfcll o.s to fiohi~ ho.s bcen
mado, using vo.lucs of tho instantaneous natural mortality rD.te (l!) of
0.2 and 0.3. Estimo.tes have been made to account for the numbers londed
from the total nnd from tho non-spc.'tming fishcrics on the basis of
different o.ssumptions. These are givon in To.bles 11 o.nd 12. Tbe values
obtainod dopond to some extent on the mortality rate on thc o!dest fish
in tho population, estimo.tes of ,~hich cnnnot be made ond that have had
to bo o.saumed. Estimo.tcs ho.ve theroforo been mado assumip~:

(0.) that the total instontoncous mortality rate (Z) is
equ0.1 to 0.8 in the oldest aeo-g:roup in each year
class,neglecting the fact that the oldest fish in tho
different year classos sampled were not nocessarily
the same;

(b) tImt Z = 0.7 in 12 year ond older fish, but mcldn[;
al10't'lonce for tho fact that for fish 10ss thn.n 12
years old vo.luos of Z lovlOr thon 0.7 may be more
approprio.te.

Thc results aro givon in Tables 11 o.nd 12. These alternatives ho.d little
effect on the numbors obtained ond these 't'Terc therefolblwernged so 0.0 to
o.rrive at mean eotiDo.tcs of tho numbero of fioh in the stock noceoso.r,y
to account for tho landings from tho totalond from tho non-spallning
fisherios (TabIo 13). Estimo.ten for tho opmming fishe:ry 'TOre thon
o.rrivod o.t from thc differencen bet't-10011 theso estimo.tos (To.ble 13).

'110 account for tho Ico1andic non-spmvning fisho:ry for 0::::a.mp1e,
165-237 million 2 yenr old cod aro required deponding on whether 0.
natural mortality rate of 0.2 or 0.3 is adoptod. In addition, to account
for tho spmming fishc:ry, 0. further 75-151 million 2 year old fish are
required.

ASSESSl1ENTS OF CHANGES nr FISHING EFFORT

Asoeosments have been made of tho effect of chonges in fishing'
cffort by applying the mothod of Jones (1961) to tho stablo ago com
positions of tho landings (by ueight) in Table 8, using iho fishing
rlortality ostimaten in Tablo 10. Assossmonts can bo madc for 1imiting
poosibi1ities:

(0.) that tho spa't'1!ling o.nd non-spo.'t'ming fioherios aro basod on
0. oil1ß1c stock botvTocn thc componont parts of 'Vlhich thero
in 0. continual interchangc of fish;

(b) that the spo,vming ond non-spmming fisheries aro based on
stocks that are independent at least unti1 the o.gc of
mo.turity.



- 8 -

Acsessmcnts under (a) 't'fere carried out in the previous meeting ond
the results have been carried over; at this meeting new assessments
have boen mado under (b), '\fhich is itself subdivided into two alto:t::'!Ul.tives:

b (1) On tho asuumption that tho spa;wning ond non
spmlIling fishories are basod on completely
independent stocks, so that chonges in fishing
effort in one stock would have no effect 't'ntat
over on landings from the other stock.

b (2) Bocause a roduction in offort on the non
spmming fisheries 'tfould load to on increaso
in the numbers of old, end mature fish, some
of these llould emigrate to tho spmming fishory
and honco not be availablo to the vessels
ongaged in the non-spmming fishery. To allo",
for this, the offocts of reductions in effort
on tho non-spmming fishery llore doterminod for
fish groater thon ond loss thon 8 years of agc
separately. It ,ms then 'assumed that the
landings of 8 year ond older fish in tho non
spmming fishery 'tTould romain the same ond that
any potential llOUld simply be tronsferred to
tho spmming fishery.

T"nose alte:t::'!Ul.tives "lill be roforred to as hypothoses bel) and b(2),
respoctivoly.

RESULTS OF l"SSESffirrINTS

Assessmonts of tho offects of chongos in effort have been made
for various combinations of changes in effort in tho non-spmming
ond spa,,~ fichorios rospectivoly.

Changes in effort by all gears equally

Tbe non-spmming fishery (Table 14)

U.K. Trm'1lers

Reduction in effort ",ould lead to roduction in yiolds per
rocruit for oll hypotheses and for both values of natural mortality.

Others (mainly Germon ond Icolandic vessols)

Reduction in effort could lead to either gains or losses
in thc yields per rocruit depending on the assumptions made. If
hypothesis bel) is rogarded as, biologically, the least likely,
rcductions in effort "lould probably cause roductions in the yields
per recruit (soe (a) ond b(2).

Increases in effort 'tlould givo incroases in yield per
recruit on hypothesis (a) but reductions in yield per recruit on
hypotheccs bel) and b(2). In this instonce, }~othesis b(2) coems
more applicable thon hypothesis (0.).

Total non-spawning fisheries

Estimatos of tho offects of effort changes on tho total
non-sp~,~ fishcries according to ~'Pothesis (a) are not availablc,
as these llero not calculatod as such in the proviouc report. According
to hypothosio b(l), a roduction in effort of up to 40}; could load
to oither lossos 01' gains. A roduction to 6Q1; would lead to lossos.
According to hypothesis b(2), a reduction in offort "Tould lead to
lasses.

In the case of rol increaso in offort, tho 'cffocts on the yiold
per rocruit "Tould lie in tho range from +1% to -7% for both hypothesos
bel) and b(2).
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Tbe opmming fishery (To.blo 15)

Reduction in effort would lead to on increasc in yiclds per recruit
on hypothesis (e), but n decrease in yields per recruit on hypothesis bel).
In the case of hypothesis b(2) the decreaB8s would not bc so great because
of the possible immigration of fish from the non-spa,ming f±sheries. To
calculate this effect precisely would necessitate consideration of all
possible combinations of effort change in the spa,~ ond non-spa~lrling

fisherieo individually• This· has only been done in the special case of
the effect of 0. reduction of effort in the non-spa,~ fishery due to the
clocrure of tho north-east corner of Iceland. This is dealt ,dth in 0. Inter
oection.

Increases in effort could lead to 0. decrease in tho yield per recru1t
in tho spavlrling fishery on hypothesis (a), but on incrcase on hypotheses
bel) ond b(2).

All fisheries (Table 15)
.A reduction in effort would tcnd to reduce the yields per recruit

from all fishorieo combined, for both hypotheoes (0.) ond bel).

An increase in effort 'tTould affect the yields per recruit by somcthing
of tho order of leso thon 5~ on 0.11 hypothoscs.

ASSES8r1ENT BY SJJ<1ULl\TIOU

Tbc ovidence that 0. proportion of thc fishery o.t Ieeland is bo.sod
upon fish from Grecn1and indicatcs a complex rcsource situation of three
fisherios, i. o. tho non-spavr.ni.n.e' ond spmming fisheries o.t lecland ond the
fishery at GrGenlond, based upon t"TO mixing stocks. A socond method 't'IUS
thercfore uoed for confirmation, based upon a rcconstruction of thc fisllery
from recruits "Thich aro asoumed to originate from East Greenland and in
Divisions lE and lF at \'Test Greenland.

Tbo virtual population estimatc of the stock of 2 ycar 01d fish nt
Ieeland. neccsoDXy to provide ~he observed eateh of fish of Imown Ieeland
origin at Iceland is 217 x 10 fioh. It has been ealeulatod. that a balaneo
of 100 x 106 fish not available to the Ieelondie non-opawning fiohery muot
ey..iot to gcncrate the observed cc.teh at Grconland and in the Ieclandie spmming
finhory follm-Ting their emigration from Grecnlond. These are assumed to be at
Ec.ot Greenland, ond in Divisiono 1E nnd lF at \'lest GrGCmland. Fishin[j
mortality in the non-spmlrling fiohery at Icoland is taken to be that ohmm
by the virtual population analysis (Table 10); that in the Icelond opmming
fishery is talcon as Z = 1.4, from recent Ice10ndic data, ond that for tho
fishery o.t Greenlnnd in tho relevant areas as F = 0.2. Recruitment from
the non-spmming fishery to tho spmming fiohery at Ieeland is governed. by
tho Immm rate of maturation uith o.ge, nnd the proportiOl'~ of mature fish
at GrGenlo.nd available to emigratc to Icelnnd is determinod by the oome ogive.
Tbo o.ctual proportion of mature fioh at Greenlnnd emigrating to Icolcnd is
taken 0.0 2510 per yeax, ao implied by tho nnalysio of tagging dnta. All
calculatiol1o "TOre carried out 't'Tith a valuo of natural mortality, H = 0.2.

Tbe simuletion io earricd out by applying tho appropriato ootimaton of
mortality to the I iI:JIJature I fisherien at Icelund ond Groenlond. Survivors
't-Tore thon rccruitod. to tho opm'lrling fÜlhory at Icolond by maturation at
Icelund und by maturation ond emigration from Greenlcnd. Tbe mature fish
were thon subj ect to the mortality in tho Icelund opawning fishery, ond
survivoro 't'Tithin tImt finhery returl10d to it in suboequent years. Thio
procedure then simulates the cc.tch in numbers of each ngo bI'oup in each
fishery "hich "TaS rainod to the total catch by the knmm averc.ge "Toight at
D,ße.

Tbc dCbTCC of correspondcnce betuoon the sctusJ. and simulated catcholJ
io tabulated in Tablc 16. In addition the model suggoot that the stock uf
mature fieh of Grcenlc.nd origin emigratill.g' to Ieeland in about 10 million,
"Thich corrclJponds reaconably 't-TOll 't'Tith the onalynis cf thc
tngging data. Tbc simulation aloo estimo.tcs the opmming fioh •••••
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01' Greenlond origin to eontribute about one-third 01' the eateh by
't'1Cight 01' mature fish in the Ieelondie spn.'\-ming fishery ond this
eorresponds uith thc adrnittedly tcnuous 'estimateo that ean be
derived from the analysio 01' otolith typeo and the deeren.se in mean
length per age 01' fish in the Ieelond spm-ming fishery.

The Group eonsidered that this model provides 11 tolerable
eompoxison 't·Tith tho biologien.l do.ta and shows that this n.lloeation
01' otoeks to Ieeland nnd Greenland is eonsistent 'tTith the ob'scrved

eo.tehes at Ieelnnd. Tbe model '\Tas then usod to eonotruet a number
01' o.ssessments as set out in Table 17. These eonfirm tho first
method 01' o.ssessment in ShOfTing that variation 01' fishing effort
uithin tlio Ieelandie non-spmming fishory will not make 0. si{;L1ifieant
difforcnee to the total yield 01' eod at Ieelm1d, as implied by the
flat-topped yiold per reeruit eurve eharaetoristie. 01' eod stocks
at anything but vcry lau or vcry high levels 01' oxploitation. HO't'lOver,
the yic1d '\-lould be distributed betuo011 the eomponent fisheries in
a diffcrent uay, the eateh 01' thc non-spa'tming fichery dcercl1sing
end that 01' the spallriing fishery inereasing uith a dcerol1se in fishing
morto.lity in the non-opmming fishory.

~ne assossmoIlt 01' m1 effect 01' c doubling 01' fishing effort
o.t the relevant parts 01' Greenland indieatcs thc cffoet this vlould
have upon the eo.teh 01' fish 01' Greenland origin in the spmminB'
fishery at lecland. In this partieulo.r c:::onple the total yield ct
lecland 't'Tould bc redueed by 20 000 tons end this is equivn.l6Ilt to
the gain in the fishery for mature fish o.t lecland aehieved by a
20;; reduetion in the fishing morto.lity in the non-spmminG fishery
at Ieelend. This implics tImt any diversion 01' fishing from lecland
to these parts 01' Grccnlend (fust Grecnland and Divioions IJJ o.nd
lF) 'tTill tend to negatc the potentin.l benofits 01' the roduetion at
leeland to tho total yield there.

THE EFJi']XjT OF A PROPOSED CLOStJRE OF THE HORTH-111ST

COillOO OF ICJJU.JID TO TRA'HLIlTG

Thio present reo.ppraisal 01' the cffeet 01' fishin.g upon tllo
yield 01' eo<l a.t Ieela.nd 'tros requested by NE:\FC in 1968 (HC6/98,f..nnex D)
a.nd arose from the ComrJisoionts eonnideration 01' an carlier proposn.l
by lecland that a.n area off the north-eaot eoast 01' Ieclnnd be elosed
to all traulirlß during the montho July-Deeomber for a.n m:perimental
period 01' 10 yea.rs (HC5/59 , lTC6/86). AlthoU,ßh :NThlFC requeotcd [l.,

re~aosossmcnt 01' thc O11tire eod ond haddoek fisheries at Ieoland, a
re-evn.luatd.on 01' the original proposal for a elooure romnins relevant.

Tbc infoInk~tion eonsiderod by the Commission ineluded
estinn.tes 01' the proportion 01' the fishing effort in the llon-spm·mincr
fishery lTllieh ta.ken plaee uithin thc proposed area 01' elosure. This
informa.tion hm:: bOO11 updatcd and io found in Ta.blc 18. Thone data.
aro ineonplete in that they ma.y m:elude smn.ll qUt.'lXltities 01' trm'1line
by eountries other than UK and Ieeln.nd, ond they c:::eludo fishing by
gcars other than trm·11ing. Thore has becn a. rcduetion in the trml1
fishery in -i;l10 a.r,o. sinee 1967 ineluC'..ing that by Ieelendie vesscls,
but m...'\inly duc to thc ovcrall dcelinc in fiohing by UK trml1s at
lecland (Tab1c 3). As an average for the 1965-69 period, tra.uling
off north-oast lecland neeounted for 6.1% 01' the total 1nndings in
the non-spmming fishery; tbis eon be uoed a.s an index 01' tlle
roduetion 01' thc fishing cffort if the aren lms elosod to trau1inG
throuGhout tho year. The pereentn.ge for thc July-Dceombor period
l[ould bc ro.ther lcss tho.n this.

To.blc 19 summa.rizeo the effeet on the va.rious fisheries 01'
0. reduetior. of 20/; in tho fishing mortnlity in 0.11 ocetors (Gecre)
01' the non-spmminB' finhery. Depending upon tho vo.lue of no.t-urn.l
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morto.1ity 9 in thc non-spmming fishe~r i~~'~~~ from the UK traul fishery
~lOuld ro.ngo from 7 to 117; (15 000 toIiS), p.hd f~.r other components of
tha.t fishcry catches might rangc'± 3%J, OOo..t.ons) from their current
level giving a decrease of from. 4 to' 8.; per' ceri.i:.-on thc toto.l non..spo.wning
fishery. In the spn:wning fishers itself yiEilei"'is osti.mD.ted to increo.so
from 4 to 7% (10 000 tons) 1eo.ving theoroticnJ. y-ie1d from thc totnl
fisbory at Ice1end 'uithin 2% cf i ts present yield~ ,

" "1".

Tbe altemative method of o.ssesomcnt by simulation of thc
catches of immature end m6.ture fish suggcst rather biggcr changes but the
actuo.l non..spawning end spmming compononts of thc. fishery o.re not· pure
1y of immature end mature fish~' .Thus the 10ss of 9~3% !rom the immature
fishery (To.b1e 19) should bci cif'fset by co.ptli.re of 'n"proportion of mo.ture
fioh, if i t io to be equo.ted ,,,1th .tho non:';spmm.ihg' fishery end converse1y
the inereo.oed yie1d of mature fiah ~10U1a: 'Be decreased by the loss of
a proportion of tho cateh of immature fiah if tho.t is to be equo.ted
~Tith the spmming fishery. Theseo.djui3tments bring the wo methods of
asseosment within close agreement. Tbc esti.mD.ted proportion of the non
spmming fishery which takeo. p1aeo ~in. the proposöd areo. of elosure
(6.1%) lies weIl within the 20,% reductionused as'h oasia for Table 19
and the effect of sueh a closu.re ~16tild thorofore ba proportiono.te1y
less.

.. , .' '~ .

This assessment p~~S~6~' timt in the o~eHt' cr hclosure a1l
trml1ing within the aren. \-lould be dep10ycd onfishi1'lg8'rounds other
tha.n at Icehmd. If tho. aispln.cod fislii.l'ig moved to other areas of
Icelend the chenges woUld be eVbn 10\.foJ:·~ ',.AltbJ:nb.tively, the results
of the simulation modc1,asaessment (To.b~e17) suggest that if the dis
p1aced fishing '\'Tore dcp~oycd.. o.t, South dr,Eo.st Grdon1Q.Ild i t ",ould con
tinuo to exen en offoct 'b.pon tho, catclios cf cod in tho spm·ming
fishory nt Icelend. llowovert o.t tho presenttimc it iS'not possiblo
to ostimo.te the actual efrect df phrticulnrlevcls'of fishing offort
rodcp1oyod !rom tho aren of closurc to South nnd Elast Grcen1end.

HlJ>DOCK

In Tablos 20 end 21 do.ta on nominal eo.tch end catch per unit of
effort arc givon for the poriod 1946 to 1969 for ha.ddock in Ice1endic
\-rators.

Chonges in landings end fishing effort

To.blo 22 gives tho nunber of fish 1ended of tho various yoo.r
classes end from thom it is evident thc.t in tho period 1951-69 on1y the
yoo.r classes from 1956 end 1957 have contributcd nny considerable
Mount to thc haddock fishc~"Y.

Thore has boon a considorab1e docron.se in tho Eng1ish fishing
effort for h..'1.ddock in Ico1andic wnters in rcccnt years end this io
rosponsible for tho dcclino in thc English haddock Inndings. Ico1nndic
fishing orfort increo.sod in tho poriod 1967-69 ond this ho.s monngod to
keep tho lendings on 0. stco.dy level although much lower thon thc 1962-65
ttVernce.

Tho m...-un Co.usc for the doc1ine in tho total ho.ddock fishory in
Ico1endic wcters must be conoidored to be the absence of ony good
yeo.r classes since 1960.
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Mortnlity cstimntes

Ex...'l.lIlina.tion of the estima.tes of fishing morta.lity on leeland
lmddock indicates that 9 as might be expected from the decline in fishing
effort, fishing mortality has fallen slightly since 1965. However, the
current level of fishing mortality does not differ significa.nt~ from
the va.lue of fishing morta.lity which provided the basis for the 1968
assessment which rema.ins valid a.nd is reproduced in Table 23.
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APPENDIX 1

con STOCK IDENTIFICATIOn STUDIES AT ICELAIID USTIJG

SEROLOGICAL, :BIOCHJ11f11ICAL Alm GJ:ill'.I'ETIC TECBNIQUES

Contributcd by A. Jomicson (Fieherice Laboro.to:t'Y, LOllcstoft)

Informntion on the frequcncy occurrences of recogniznble genes in cod
stocks can bo used o.s motnphorico.l tags cnpable of defining a pool of genes
perpotun.ted in each genetic isolate or contemporo.ry unit of stock. The
available datn about genes in cod ShovT that this approach is pOIticulOIly
rolovant to this opccics. Isolates of cod stocks OIe lQlo~m to ho.vo
differentiated gcnetico.lly allover the range of this species. Tho fell
marker genes knmm to characterize the stocks can be put to Hork in those
stock idcntification problems that are bcdovillod by the phenotypic bias
in the more fnmiliOI morphometric data. Genetic ano.lyses should supplement
the lo.tter also.

The past 10 yeo.rs have llitnessed 0. grndunJ. incrense in the number of
genotic vcriants in cod. Although few ho.ve been o.pplied in the present
contoxt their potentio.l vo.lue is undeniable, hut practico.l application of
the o.vnilable methods to do.te has been confined to the i'TOll-tried variants
at ti'TO independent gcnetic loci called Rb rold Tf. Ae the symbole sU,ß'B'est,
the alleles at those loci control hnemoglobin vOIiants in cod or,ythrocytes
and transferrin variants in cod blood plasma.. The seriee of o.lleles ct
both these polymorphie loci occur in cleo.rly different proportions in
certo.in stocks of cod.

An inteIDationoJ. cod blood s::unpling progrc.mme in Iceland aren. ho.s
produced several thoueand blood compleo 'liThich hnve been tested nt LOi'TGstoft
ond c.t Roykjavik. The greatest numbers of samples i-Tere from spmminG cod
o.t south-i'lest Icela.nd during the spring of 1969 ond o.go.in in 1970. Snmples
llere also token a.nd tented in different parts of the Icelrold cod fishery
thrOUC;l different seasons, a.lso at Greenla.nd.

A preliminar,Y o.na.lysis of this blood do.to. suggest the follolTing:

1. Pluro.lity of stocks in the Icelend o.rea. T"nis is evident in
the erratic differences in allele frequencies o.t Icelrold,
pOIticulo.rly during the spmrning sec.son.

The differences in allele frequencies did not ShOi'T consistellt
regiono.l effects. This ims presumo.bly due to migrations in
end out of the Icelend o.reo. giving what IIL..V be described o.s
n moso.ic effect.

3. llixing of stocks "1D.S occlJ,si6no.lly evident uithin single
haulo of cod. Genetic imbala.nco in hc.uls vmo interpretod
o.s evidenco for mixing.

4. A gonotic cha.nge in tho composition of tho spm'1Iling aggreB'ate
of cod at south-west Icela.nd occurred about co.rly April.
Thio cha.ngo ims exprcsscd as a conspicuous drop in tho
frequency of the o.llelo HbIl during the 1969 spmming soason
end 0.B'a.in in 1970.

5. The Elast Greonla.nd cod 0.11010 frequoncies wero closo to the
o.vero.ge valuoo for tho same a.lloleo o.t Icelond 0.0 a i'Thole.
lIore East Greenlond cod blood snmples ~Tould be i'1elcome o.t
LOiTOstoft.

6. The tr'"'~sferrin allele frequencies c.t Host Groenla.nd i'TOre
ropresented in occasional haule at south-~Test Icolond o.t
spmming time.
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APPENDIX 2

STIBDIVISION OF FISHING HORTALITY RATES

Estimates 01' totaJ. and fishing mo:ttality rates 'we~e obtained in the
't'lay described in the Appendix to thlil pr~v:totis \vorking Group Report for va1ues
01' 11 = 0.2 end 0.3, using Ca) the numbers 1anded at successive ages in the
cmtire fishe:r:y and (b) the numbers ianded at successive ages in the non-
spawning fishery aJ.one. '-'.

These provide respective1y (0.) estimates 01' fishing mortality (:FT),
on the entire stock at each age, and (b) est~tes 01' fishing mortality
(:FIT), "Tithin the stock suppol'ting the non-spamling fishery at each age.

The assumption '-tas then made that

i'Thcre p = the proportion 01' the stock supporting the non.;.spmming fishc:r:y
at rm:y particular age

and Fs= thc filJhing morta1ity rate vithih the stock supporting thc
spawning fishery at the same age.

" Va1ues 01' p ~Tere estimatcd dlrect1y from the values in Tab1e 10
relaiihg to the numbers 01' fi8h in tho sea ih the non-spalining and total
fisheries at each nge~ These ahd other values required for calculating
F8 ht each age are shown in Table 10•

..._----



Table 1. Nominal catch in oetric tons of cod from Icelan~ grounds,
Division Va, according to Bulletin Statistique1)

·' .'

Years Ieeland England Germany Faroes Scotland France Norway Holland Belgium Denmark Sweden Tot a 1

1946 199 165 36 846 11 011 15 0002) 4 756 - 188 27 894 - - 267 887
1947 200 242 52 369 10 817 15 0002) 4 068 1 905 57 - 5 150 - - 289 608
1948 213 177 ~O 702 11 193 15 0002~ 4 147 2 830 13 242 3 184 8 - 340 496
1949 221 419 91 125 24 120 15 0002 4 954 1 530 108 - 4 387 16 - 362 667
1950 197 433 108 901 30 327 15 0002~ 5 218 90 892 970 4 249 267 - 363 355
1951 103 252 103 485 33 805 15 0002 2 652 '·'579 3 831 342 5 591 45 - 348 482
1952 237 314 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 306 191 165 694 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 6 748 - - 451 909
1958 284 407 150 517 37 849 17 875 1 204 - 6 829 - 9 946 - 56 508 683
1959 284 259 112 740 35 562 7 680 1 347 - 5 460 - 5 456 - 452 504
1960 295 668 109 414 37 939 11 781 1 236 - 3 429 - 5 556 - USSR 465 023
1961 233 874 96 539 21 776 10 602 2 066 77 4 214 70 5 427 - 374 645
1962 221 820 105 144 34 157 8 657 3 112 100 4 70.0 453 8 199 - - 386 342
1963 232 639 123 105 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 - - 393 598
1966 223 974 109 038 9 851 3 414 4 849 100 469 78 2 987 - 1 995 356 155
1961 193 449 126 566 15 397 2 174 3 607 375 185 - 2 367 - 302 345 022
1968 227 594 111 571 29 569 4 259 2 832 124 277 - 3 488 - 1 356 381 070
1969 281 680 95 306 19 368 2 579 3 996 124 363 22 2 716 - 171 406 411

1) Geroan figures according to national statistics from'Bundesforschungsanstalt für FischereirHamburg.,
2) Estimated.
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Table 2. Catohes per unit effort of Ioeland cod.

Years A B C
England Germany Iceland

1946 2 310 5.1 -.
1947 1 766 3.8 -
1948 1 527 3.0 -
1949 1 397 3.3 -
1950 1 190 3·3 _.
1951 1 155 3.2 -
1952 1 116 3.2 -
1953 1 353 4.0 -
1954 1 237 3.2 -
1955 1 272 4.5 -
1956 1 249 3.5 -.
1957 993 2.6 -.
1958 980 3.8 -
1959 822 4.2 -
1960 701 3.8 1 185
1961 569 2.7 663
1962 611 4.3 462

1963 626 4.0 365
1964 546 2.1 411

1965 567 1.5 475
1966 604 1.0x ) 517
1967 686 1.5 483
1968 921 3.3 650

1969 1 035 2.3 617

A: Tons per million ton hc~s (steam trawlers)

B: Tons per day fished

C: Tons per million ton hours

X)German value low because effort mainly directed
towards redfish.
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Table 3. Estimates of fishing effort on Iceland cod.

Years A B C
England Germany Iceland Total effort

1946 15 952 2 174 - 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 - 300 030
1952 83 825 11 732 - 354 496
1953 128 143 13 349 - 387 889
1954 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
1960 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

1965 225 425 9 965 43 609 694 095

1966 181 784 9 630 . 38 708 591 717
1967 184 548 10 143 45 997 503 088

1968 127 965 8 839 61 788 437 063

I 1969 91 571 8 581 61 871 390 156

I

A: Thousand ton hours. Motor and steam trawlers combined.

B: Days fishing.

C: Thousand ton hours.

Total effort = English effort x Total catch
English catch
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Table 4. Cod. Ieeland. Total landings in No x 10-6•.

1J.~
I

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969
~

2 0.7 1.7 0.6 0.9 1.9 1.6 1.9 6.2 3.2 0.2

3 7.9 12.5 8.4 14.3 12.4 22.2 13.2 26.9 13.1 10.3

4 24.1 15.9 25.5 25.9 22.4 30.6 28.2 25.0 44.1 21.8

5 24.4 15.9 14.4 19.5 18.3 19.1 18.3 23.4 19.8 35.6

6 10.7 12.7 13.3 10.2 11.8 9.6 11 .1 11.7 15.4 14.0

7 9.0 7.6 12.2 17.1 8.1 8.5 5.9 9.0 16.0 12.8

8 7.0 9.0 4.3 7.9 20.0 5.9 10.7 2.8 5.5 19.0

9 7.2 4.8 10.6 3.0 5.4 12.7 2.8 7.2 1.9 2.1

10 15.0 4.0 3.6 7.7 1.8 1.5 7.2 1.8 3.3 0.6

11 4.9 8.9 2.2 1.9 3.4 0.9 0.4 2.6 0.9 0.6

12 0.8 1.8 4.3 1.1 0.9 0.8 0.2 0.1 0.7 0.1

13+ 0.7 0.5 0.8 2.1 2.1 0.7 0.2 0.2 0.4 0.2
I I I I

Tnble 5. Cod. Icelan~. Non-spawning fishery landings
in No x 10- •

~arl 1960 1961 196211963 1964 1965 1966 1967 11968 1969

2 0.7 1.7 0.6 0.9 1.9 1.6 1.9 6.2 3.2 0.2

3 7.8 12.5 8.4 13.9 11.6 16.5 12.6 26.3 12.2 9.2

4 22.8 15.5 25.1 24.8 20.0 27.1 26.0 23.4 42.6 18.6

5 18.1 14.2 13.2 18.2 16.7 16.2 15.6 19.8 17.2 32.8

6 6.8 7.2 10.7 8.1 8.9 7.3 6.5 8.1 10.4 10.4

7 4.7 3.7 5.3 10.7 3.7 4.9 2.4 4.9 7.9 5.3

8 2.7 4.6 1.7 2.3 7.5 2.2 4.2 0.8 2.3 3.8

9 2.5 1.9 4.0 1.0 1.1 4.8 0.9 1.4 0.5 0.7

10 6.9 1.5 1.5 2.2 0.2 0.4 2.0 0.3 0.5 0.1

11 2.4 3.3 0.6 0.6 0.5 0.1 0.1 0.3 0.1 0.1

12 0.3 0.8 1.4 0.3 0.1 0.2 0.1 0.03 0.1 0.03

13+ 0.1 0.2 0.4 0.6 0.4 0.1 0.1 0.03 0.1 0.1
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" Table 6. Cod. Ieeland.

No x 10-6•
Spa\ining fishery landings in

,

11~G~ar /1?60 1961 1962 1963 1964 1965 1966 1967 1968 1969---
2 - - - - - - - - - -
3 0.2 - - 0.41 0.8 5.7 0.6 0.6 0.8 1.1

4 1.4 0.4 0.4 1.0 2.3 3.6 2.2 1.6 1.4 3.2
5 6.2 1.7 1.2 1.4 1.6 3.0 2.8 3.6 2.6 2.8
6 3.9 5.5 2.6 2.2 2.9 2.4 4.6 3.6 5.0 3.6

7 4.3 3.9 7.0 6.3 4.4 3.6 3.5 4.1 8.1 7.5
8 4.3 4.5 2.6 503 12.5 3.8 6.5 2.0 3.2 15.2

9 4.7 3.0 6.5 2.0 7.3 7.9 1.9 5.7 1.4 1.4
10 8.1 2.5 2.1 5.4 1.6 1.0 5.2 1.5 2.8 0.5
11 2.5 5.7 1.6 1.4 2.9 0.82 0.28 2.3 0.8 0.5
12 0.48 0.94 2.9 0.86 0.72 0.59 0.14 0.08 0.. 6 0.1
13+ 0.04 0.31

0. 37
1

1.5 1.7 0.56 0.14 0:'15 0.27 0.1

, I

To.b1e 7. I1ean numbers (mil1±.on) of -cod 1anded
from leeland (period 1960-1969).

Non-spmming SpD.\'1l1ing
Age fishery fishery Total

2 1.9 - 1.9
3 13.0 1.0 14.0

4 24.6 1.7 26.3
5 18.2 2.7 20.9
6 8.4 3.6 12.0

7 5.4 5.3 10.7
8 3.2 6.0 9.2
9 1.9 4.2 6.1

10 1.6 3.1 4.7
11 0.8 1.9 2.7
12 0.3 0.7 1.0
13+ 0.2 0.5 0.7
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Table 8. Icelnnd Cod. Stnbl0 o,ge compositions of Inndings (bnsed on

1960-1969 Inndings).

I Numbers lrolded (million) I
Spnwning fishery

I

Non-spmming fishery
I--

Age U.K. Others Total Tota.l

2 1.2 0.5 1.7 0.2 1.9 l

3 7.6 I 3.3 10.9 2.6 13.5 I
4 14.1 5.8 19.9 4.9 24.8

5 9.9 4.4 14.3 4.6 18.9
6 5.0

I
2.5 7.5 4·4 11.9

7 2.6 2.3 4.9 5.9 10.8
I

8 1.2 1.8 3.0 6.8 9.8 I
9 0.6 1.1 1.7 5.1 6.8

10 0.3 0.5 0.8 3.1 3·9
11 0.1 0.2 0.3 1.5 1.8

12 0.04 0.06 0.1 0.6 0.7 i
13+ 0.04 0.06 0.1 0.4 0.5 I

Corresponding vleights londed (thousonds of metric tons) I
2 0.7 0.2 0.9 0.1 1.0 I
3 11.3 4.8 16.1 3.9 20.0

4 34.1
I

13.9 11.8 59.848.0

5 34.1 15.3 49.4 15.7- 65.1
6 21.6 10.6 32.2 19.1 51.3

7 13.6 11.6 25.2 30.6 55.8
8 6.7 10.5 17.2 39.1 56.3

9 4.1 6.8 10.9 31.8 42.7
10 1.8 3.8 5.6 20.4 26.0

11 0.8 1.5 2.3 10.8
I

13.1
12 0.4 0.5 0.9 4·3 5.2

13+ 0.2 0.4 0.6 3.1 3.7

Tnble 9. Monn 't'1Oight (round fresh) of a.ge-groups
of cod at leeland (Ge:rmo.n ond leelondie
Dntn) •

I
Age (yenrs) "leight (leg)

1 0.10
2 0.54
3 1.48
4 2.41
5 3.45
6 4.32
7 5.16
8 5.72
9 6.29

10 6.73
11 7.19
12 7.58
13 8.00
14 8.47
15+ 8.90
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Table 10. Icelo.nd Cod. Esti.mo.tes of thc fishing mortality

rate (F) within the vD.rious components of the stock
(based on 1960-69 dD.ta). .

I

Age P ZT FT Flif Fs

1I = 0.2

3 0.55 0.27 0.07 0.11 0.02
4 0.48 0.37 0.17 0.31 0.04
5 0.41 0.39 0.19 0.39 0.05
6 0.34 0.38 0.18 0.36 0.09
7 0.29 0.45 0.25 0.43 0.18
8 0.26 0.58 0.38 0.50 0.34
9 0.23 0.70 0.50 0.62 0.46

10 0.21 0.80 0.60 0.70 0.57
11 0.17 0.83 0.63 0.64 0.63
12 0.21 0.72 0.52 0.55 0.51

N: = 0.3

3 0.44 0.34 0.04 0.08 I 0.01
4 0.43 0.42 0.12 0.24 0.03
5 0.37 O.M 0.14 0.31 0.04
6 0.33 0.44 0.14 0.29 0.07
7 0.28 0.50 0.20 0.35 0.14
8 0.24 0.61 0.31 0.43 0.27
9 0.24 0.72 0.42 0.54 0.38

10 0.21 0.81 0.51 0.62 0.48
11 0.16 0.85 0.55 0.58 0.54
12 0.21 0.78 0.48 0.51 0.47

...

p = the number of fish in the non-spaw.ning fishery as a
proportion of the totnJ. numbor in thc see.
(calculated from date. in Tab1c 13).

ZT = total morto.lity on thc totnl stock.

F = fishing nortality on thc total stock (:F'T), within thc
non-spmming fishery (FN) ,and withm thc spmming
fishory (Fs )'

Tablc 11. Estimatos of tho total numbcrs of cod in thc sea
(mi11ions) ncccssary to accoUllt for tho total
landings from Iceland.

:r.r 0.2 O.~

Age A I B A B

2 216 264 317 460
3 182 205 267 324
4 147 163 204 242
5 96 109 128 153
6 61 65 78 88
7 44 46 55 59
8 28 29 3'~ 36
9 16 16 19 20

10 12 12 15 15
11 6.2 6.5 7.6 8.3
12 3.2 3.5 3.9 4.5
13 1.9 2.2 2.3 2.8
14 0.3 0.3 0.4 0.4
15+ 0.3 0.3 0·3 0.4

A Ca1culated on thc assumption that Z = 0.8 in the oldest ago
b'TOUP in each yoar c1ass, irrespccti:.ve of actu.'Ü agc.

B Co.lculatcd on thc assumption the.t Z = 0.7 in 12 year and older
fish, but mnking nJ.I0't'lo.nCO for thc fact the.t for fish less thnn 12
years old valuos of Z other than 0.7 mn:y be more approprie.te.
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Table 12. Estimates of the total numbers of cod in the sea
(millions) necessary to account for the total
landings at Iceland from the non-spawning fisheries
only.

11 0.2 0.3 IAge A :B A :B

2 161 169 223 251
3 129 131 172 171
4 96 98 122 125
5 55 56 67 69
6 26 26 31 32
7 15 15 18 17
8 7.7 7.5 9.1 8.8
9 3.9 4·0 4.6 5.0

10 3.1 3·4 3.7 4.5
11 1.4 1.6 1.7 2.3
12 0.7 0.9 0.8 1.4
13 0.4 0.6 0.5 0.9
14 0.07 0.08 0.09 0.1
15+ 0.06 0.07 0.07 0.09

A Calculated on thc assumption that Z = 0.8 in the oldest age group in each
year class, i~respective of actua1 ago.

n Ca1culated on thc assumption that Z = 0.7 in 12 year and older fish, but
making al10wance for the fact that for fish less than 12 years old values
of Z other than 0.7 may be more appropriate.

Tablc 13. Estimates of the numbers of cod in the sea necessary
to account for the Ice1andic fisheries.

I H 0.2 ---, 0.3

I Non-spawning Spawning N"on-spmming Spmming
I fishery fishery Total fishcry fishery Total
! Age (A) (:B-A) (E) (A) (B-A) (B)

2 165 75 240 I 237 151 388
3 130 64 194 'I 174 122 296
4 97 58 155 124 99 223
5 55 48 103 68 72 140
6 26 37 63 31 52 83
7 15 30 45 18 39 57
8 7.6 20 28 9.0 26 35
9 4.0 12 16 4.8 15 20

10 3.2 9 12 4.1 11 15
11 1.5 4. 8 6.3 I 2.0 6 8
12 0.8 2.6 3.4 1.1 3 4.1
13 0.5 1.5 2.0 0.7 1.8 2.5
14 0.07 0.23 0.3 0.1 0.3 0.4
15+ 0.06 0.24 0.3 0.08 0.2 0.3
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Tab1e 14. Percentage changes in yie1d per recruit due to changes in
fishing effort*.

I Non-Spmming Fisheries "1
H 10.2 I 0.3 0.2 0.3 0.2 I. 0.3 I

~o change
in
offort~~ UK Others Total

I "-37 I ~44 -25 -39 II a - -
-60

~g~ -1.7 I -30 +16 -" 8 - 4 -21
S -34 I -40 - 8 .21 -24 -33

8
r~=1 P:: -21 I

-26 -17 -24-wal a I - -
~~I -40 ~g~ - 6 -12 +16 + 3 +3 ..; 6

-18 -20 +1 - 7 -11 -15o ,
~ I a - 9 -12 - 3 - 6 - -I -20

~g~ -" 2 -" 6 + 8 + 2 + 2 - 3

I - 7 -11 + 2 - 3 - 4 - 8

~----~-------------- -------- ---------- ---------- ----------- ...---------------------
~

D. + 8 +10 + 3 + 6 - -
8 +20

~g~
0 + 5 - 8 - 3 - 3 + 1

r:.:1i=t:i 0 + 5 - 8 - 3 - 3 + 1wo
~~ ~
~ ~: a +14 +19 + 6 +10 - -
r2 +40 ~g~ - 2 + 5 -15 - 7 - 7 + 1
l=t - 2 + 5 -15 - 7 - 7 + I

Nore precise1y this refers to the percentage change in the fishing
morta1ity rate at each D.o~ in relation to the average va1ues for
the period 1960-1969.

a Assumine that the spawning and non-spavming fishories are based on
a single stock of cod. Va1uos taken from report of the previous
Uorking Group.

b(l) lI.ssuming tImt the spmming and non-spo.wning fisheries are based on
h,O completely independent stocks of cod.

b(2) Assuming that the spavming and non-spmming fishories arc bo.scd on
stocks that o.re independent ll.'1ti1 they arc 8 yoars of age. After
this ago, it is assumod that potential gains to tho non-spavming
fishory "of fish older than 8 yoars of agc aro transforred to the
spavming fishery by thc migration of theso fish.
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Table 15. Percentago changes in yield per rocruit due
to chanu~s in fishing effort-l~.

I
~;

H 0.2 I 0.3 0.2 I 0.3,
-Total .Total

change Spawning fishery All fieheriesin
effort ~~

1-60
a +39 + 5 .; 6 I -24

~g~
-24 -33 -14 -28

f.:3E-t - - - -
p:;

PilO

~~
a +28 + 9 - 2 -12

-40 b(l~ -18 -17 - 8 -12
~ b(2 - - - -
A

a +13 + 5 0 - 5
-20

~g~ - 4 - 7 - 1 - 5
- - - -

1------+---------- ---------- l------------- ------------------ ----------------
Jö:l a -10 - 6 - 1 + 3
0 +20

~g~
+ 2 + 5 - 1 + 2

f;rl~
(/)0 + 2 + 5 - 1 + 2

M~ a -20 -11 - 2 + 6
~
I=l +40 ~g~ + 3 + 9 - 3 + 4

+ 3 + 9 - 3 + 4

-l~ l-1oro precise1y this rofors to tho percentage change in the
fishing mortality rato at oach age in relation to the average
values for the period 1960-1969.

a Assuming that the spmming and non-spawning fisheries are
based on a single stock of cod. Values talcen from raport
of the previous \,jorking Group.

b(l) Assuming that thc spmming and non-spmming fisheries are
based on t"t'ro completely independent stocks of cod.

b(2) Assuming that the spmming and non-spmming fisheries are
based on stocks that are independent until thcy are 8 years
of nge. Aftor this ag09 i t is assumed that potential gaiI1S

to the non-spavming fishcry of fish older th..'Ul. 8 years of
ngo are transferred to the spmming fishery by the migration
of these fish.
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Table 16. Summary of l::mdings predicted by thc simulc.tion model.

Fishery at Ieeland Eoth Fisherios liature Fish

Age HOl1- Total Total of Total Total
spav1l1ing Spavming immature mature Greenland Origin l'Iature All Fish

(0.) Stc.b1e aco composition of l::mdings of cod at Ieeland (mi11ions)

2 1.8 I 0.2 2.0 - I - 2.0
3 10.9

I
2.6 13.5 - I - 13.5

Li, 19.9 4.9 24.8 -
I

- 24.8
5 14.3 4.6 18.9 - - 18.9
6 7.5 4.4 7.5 ~l.4 !'Tot 4.4 11.9
7 4.9 5.9 4.9 5.9 separated 5.9 10.8
8 3.0 6.8 3.0 6.8 6.8 9.8
9 1.7 5.1 1.7 5.1 5.1 6.8

10 0.8 3.1 0.8 3.1 3.1 3.9
11 0.3 1.5 0~3 1.5 1.5 1.8
12 - 0.6 - 0.6 0.6 0.6
13+ - O.!;. - 0.4 0.4 0.4

Totallrumber
77.4

..
27.8 105.2(mi11ions) -

Total 'Vleight
239 159 398(thousand tons)

(bjSimul'a:tlon of stable age composition and catches of cod at Ieeland
2 - - - - -
3 17.1

I
- - - I 17.1

4 31.6 - - - 31.6
5 23.2 - - - 23.2
6 10.3 3.6 1.0 4.6 14.9
7 4.8 4.9 1.6 6.5 11.3
8 1.3 4.0 1.9 5.9 7.2
9 0.2 1.9 1.7 3.6 3.8

10 - 0.6 1.3 1.9 1.9
11 - 0.1 0.8 0.9 0.9
12 - - 0.4 0.4 0.4
13+ - - 0.3 0.3 0.3

. - -
Total Number 88.5 15.1 9.0 24.1 _ 112.6 _jU.mi1lions)

Total \vGight I I
I 259 80 54 J 134

I

393LlthQusqrrci to_~~
I
I

I ! I I-_._--_._._- _.-. I

• I

I\)
0\

I
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Tab1e 17. Summar,y of assessments based upon simulation of thc fishcry.
I

II FO hing Lnndings (thousand tons)~s 0'

Effort on Total }bturo FisheryIeo1and Immature
Irrnnaturo Fish of Mature Fish Nature Fish Total
Fishery as Ieo1andie of Iee1andie of Greenland

10 of presont Origin Origin Origin

50 148 187 54 3ß9
80 235 106 54 396

100 259 80 54 393
125 277 58 54 389

. Grcen1and
fishing 259 80 33 372
doub1od

NE. Ca1eulations ehceked only by graphiea1 methods.

Tab1e 18. leeland Cod. Total 1n.ndings of different fisheries,
1965-1969. (Thuusand of tons).

I . Hon-Spmming

North-East Fishing Area. Total Overall
Spmming Total

m< Iee1n.nd Total non-spmming
Year troll1 trml1 trm'11 Fishery

1965 16.9 1.7 18.6 206 195 401
1966 18.1 2.3 20.4 175 168 343
1967 5.6 1.5 7.1 205 151 356
J.968 8.5 1.1 9.6 230 159 399
1969 5.5 1.5 7.0 213 198 411

-
Hcon 10.9 1.6 12.5 206 174 380

?~ of the
--

Total 2.9 0.4 3.3 54 46 100
Lcndings

%of tho - -Inmature 5.3 0.8 6.1 100
Fishory

Tab1e 19. Porecntago ehn.nge in yie1d for 20a;'0 reduetion in fishing
effort in the non-spmming fishory. (Equiva1ent
thousand tons in braekets).

---iASSeSSIllGl:Lt
Assossment (Hypothesis b(2)) by Simulation

Non-spmming Fishery, UK -7.4 ( 9.6) -10.6 (13.6) -
Others +1.7 ( 1.4) - 2.6 ( 2.1) -
Total -3.9 ( 8.1) - 7.5 (15.7) -

Spal~ Fishery +6.5 (12.5) + 4.6 ( 8.8) -
Total Fishery· +1.1 ( 1.0) -1.7 (6.9) .. -
Fishery for Immature Fish - - ~ 9.3(23)
Fishe1"lJ far Mature Fish - - +19.6(26)

Total Fishery - - + 0.8( 3)



Tab10 20. Nominal catch in metric tons of hr1doCk from Ico1and grounds, Division Va,
ßccording to Bulletin Statistiquo •

Yoars Ico1and England IGerman;)~ I Faroes Scotland Franc0 Non'my Holland Bolgium Denmark Sweden Tote1

1946 14 120 12 078 4 601

gi 1 679 - - 45 472 - - 33 145
1947 18 601 14 901 3 762 2 2/r6 - - - 2 019 - - 41 679
1948 24 862 23 610 7 553 1502 2 907 - - 350 1 314 57 21 60 824
1949 30 264 28 683 10 499 1502 3 960 - - - 2 120 96 170 75 951
1950 27 099 26 886 7 300 1502 2 271 - - 759 1 6/~0 603 41 66 749
1951 22 173 21 576 7 326 1502 1 365 - - 220 2 857 362 - 56 029
1952 15 166 18 571 7 734 168 660 - - 41 4 063 84 - 46 487
1953 1L~ 954 28 268 6 384 219 708 - - - 4 295 - - 54 828
1954 21 322 28 872 6 133 435 611 - - 89 5 187 3 - 62 652
1955 21 703 27 936 7 153 35~ 683 - - - 7 105 6 - 64 945
1956 22 05L~ 23 748 8 750 610 980 .- 6 147 62 289- - - - -
1957 31 302 28 663 7 796 1 168 1 137 - - 29 6 631 - 1---.... 76 726
1958 28 624 27 483 6311 1 376 966 - - - 5 738 - USSR 70 498
1959 26 534 30 002 3 794 1 025 811 - - - 2 412 - - 64 578
1960 L~l 988 31 803 6 238 1 330 936 - - - 5 198 - - 87 493
1961 51 360 47 164 4 067 770 2 314 125 49 4 237 -- 110 086- - -
1962 54 288 51 862 3 965 919 4 024 164 - 204 4 189 - - 119 615
1963 51 834 39 538 3 064 2 108 3 818 - - 198 1 884 - - 102 444
1964 56 586 33 269 2 077 1 200 4 877 181 857

.
99 047- - - -

1965 53 506 37 643 1 753 1 006 3 761 - 40 89 1 235 - - 99 033
1966 36 028 19 706 1 139 968 1 498 10 - 6 676 - 69 60 100
1967 37 997 17 409 1 517 L~8!;. 1 Oll 916 - - 897 - 194 60 425
1968 34 014 11 906 2 558 277 1 358 6 - - 1 073 - - 51 192
1969 35 036 7 806 1 626 20 1 138 - - 26 961 - - 46 610

1) German figures according to national statisticB from "Bundesforschungsanstalt für Fischerei", Hamburg.

2) Estimates.

I\)
Q)

I

-

I

• I
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Table 21. Landings per unit effort of
haddock from Iceland.

Years A B C

England Ge:rmany Iceland

1946 757 2.2 -
1947 496 1.3 -
1948 393 2.0 -
1949 435 1.4 -
1950 288 0.8 -
1951 238 0.5 -
1952 220 0.6 -
1953 220 0.1}. -
1954 216 0.5 -
1955 258 0.6 -
1956 233 1.1 -
1957 201 0.7 -
1958 178 0.6 -
1959 219 0.5 -
1960 211 0-3 221
1961 260 0.5 212
1962 268 0.5 274
1963 152 0.1}. 223
1964 111 0.2 227
1965 126 0.2 201
1966 74 0.1 158
1967 64 0.1 195
1968 49 0.3 166
1969 38 0.2 166

A - Tons per million ton hours (steam trawlers)

Il - Tons per day fished

C - Tons per million ton hours
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Table 22. Icelond Haddock. Total landings (thousands of
fish) of the various year classes.

j •
I Ycar Classes

Aga 1948 I 1949 1950 I 1951 I 1952 1953 1954 1955 19-56
I

1 - -

I
- - - - _. --

2 - - - - - - - - 7 936
3 - - - - -200 57 423 12 306 28 263
L~ - - - 2 524 2 598 2 332 6 5L~6 13 093 37 735
5 - - 10 641 10 386 8 228 5 351 3 101 13 317 23 067
6 - 13 546 9 859 14 979 3 955 1 083 2 046 4 370 11 884
... 209 5 489 7 037 5 301 1 250 999 395 2 001 5 216I

8 85 1 565 1 619 1 116 653 335 222 424 3 574
9 69 651 ~90 1 098 282 148 37 217 1 621

4-6 - - - 27 889 14 781 8 766 11 693 30 780 72 686

L1·-9 - - - 35 404 16 966 10 248 12 347 33 i~22 83 097

ITotal 363 21 251 29 546 / 35 404 17 166 10 305 12 770 45 728 119 296

Tabl0 22 (continued)

I Year Classes I

Ager 1957 i 1958 1959 1960 1961 I 1962 1963 1964 1965 1966 1967 I1968
1 I - - - 31 34 JI,5 14 27 98 - - 3
2 3 604 3 531 5 800 1 959 2 331 2 391 1 312 2 012 6 140 2 397 2 045 -
3 32 260 9 615 9 288 19 790 7 088 13 316 1 3 734 23 124 8 051 D 361 - -·.4 35 783 14 509 7 582 16 938 7 745 5 540 8 604 10 044 3 811 - - -
5 '~1 3!~0 9 493 6 920 21 055 4 683 4 268 3 578 11 935 - - - -
6 26 635 4 251 3 410 11 992 1 735 1 646 1 490 - - - - -
7 14 118 2 4!~5 1 131 2 419 983 538 - - - - - -
8 7 235 618 234 1 167 386 - - - - - - -
9 1 063 105 129 507 - - - - - - - -

I
..

4-6 103758 28 253 17 912 49 985 14 163 11454 J3 672 - - - - -
LI Co 12617"r 31 421 19 406 54 078 - - - - - - - -r-'/

·Total: .l~038 LJ.:~ 567 34 49,~ 75 858 24 985 27 74,l 18 7?f2. 47 142 181a:> 13298 20~5 3



L

·'-------

•

- 31 -

Table 23. Iceland Haddock. Effect of yield in
percent of changes in effo~"t by all
gears equally.

%Change in Fishing l-iortality Rate from
the 1960-1966 Level

Gear N -60 -40 -20 +20 +40

English 0.15 -4 +4 +3 -5 -10
and
German 0.30 -20 -8 -2 +0.4 + 0.2
Trmfl

I

(1) Estimates for English and German trawlers were
similar and so mean values are given in the Table.

(2) Owing to the lack of comprehensive age composition:
data the trawl estimates above must also be used
as the best estimates for "all gears" •
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Figure 2 Diagrammatic representation of the inter-relationships between the
fisheries at Iceland and the stocks which contribute to them.
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Figure 3 Diagrammatic representation of the assumptions made about the
inter-relationships of stocks and the fisheries according to
hypotheses A, BI and B2.


