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Intreoduction

Following a requoest made by thoe Lianison Cormittee at the 1967 Council
Mooting, the North-Wostern Working Group was re-convened undor the chairmanship
of Mr. R, Jones. Theo moeting was held in Copenhagen from Doeccmber 4th to 13th,
1967, end the following membors participated:-

R. Jones (U.K.) Chairman
J. Jénsson (Icoiand)

A. Schumachor (Gommany)
A. Méyor (Gormany)

§ part-timo
H. Knudsen (Dormark)

 Tho primary task of the Group was to furthor assoss tho stato of the fish
stocks in tho arca with particular roforonce to tho dotomination of tho offect
of changeos in fishing effort on tho Icoland cod and haddock fishories.

Icoland Cod

Statistics relating to the landings of Icoland cod have beon brought up
to date in Tables 1-3. Total Yandings have-continuced to declino and in 1966
“amounted to 357,000 tons. Tho catchos por unit effort by both English ond Tcoland
trawlors showoed gn increasc in 1966. The cabtchos por unit offort by German
trawlers decroassed but this was duo to the fact that much of the Gorman trawler
offort was diroctod to catching rcdfish. Esbtimates of total offort in English
trowler units showod a docline in 1966.

Fluctuations in the total yield of Iculand cod cannot bo intorprotoed
dircctly in rolation to Iluctuations in fishing cffort, howover. This is bocauso
‘ landings arc also influoncced by the lovel of rocruitmont. This is illustrated
by tho data in Figure 1. Thesc show tho total landings of Icoland cod for tho
past thirty-five yoars. Also shown arc tho contributions to the landings (in
millions of fish) of tho yoar-classocs spawncd oight years proviously. Tho
agrocment is good. In particular it is soon that the high yiold from 1930 to
1933 was associatod with tho good year-classos of 1922 and 1924. Again, in 1954
landings werc vory high and can bo assoclatod with tho good year-class of 1945,
Sinco thon thero have boon fluctuations duc to fluctuations in tho -levol of yoar-
class strongth, and for tho futurc it is known that all year-classoes aftor 1959
ara poor or very poor in Icoland oxporimontal trowling materiel (Jénsson, unpubl.
data). Theso rosults show that fluctuations in yoar-cless strongth can causec
fluctuntions in the landings largo cnough to mask tho possible  offocts of changos
in fishing offort. Assossmonts of the offccts of changes in fishing offort cannot
therofore be obtained from commercial statistics diroctly, but have to bo obtained
indirectly. This is dono by first cstimating tho level of mortality in the stock
due to fishing. Tho offect of changos in this fishing mortality on the expected
yiocld can thon be calculatod and_this is tho mothod of assossment used in this
report.
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Numbers of Fish Landed

The Icelond cod stock is fished by soveral countries, some of which uso
differont goars. English trawlors land mainly immature cod, i.e. cod scven or
less years of nge. Goman trawlers land proportionately fewor young cod. Of
tho Iceland landings sbout 80% by weight come from a fishery opoerated by wvarious
goars centred on tho spawning concontration of mature cod. This fishery lasts
from January to May. :

Estimatos of the numbers of fish landed at oach age arc givon in Tables
4-6 for tho English and Goman trawl fishorios and for the Icocland spawning
fishories. Theso fishorics account for 83% of tho landings by weight. A further
12% is landed by Icoland vessols not diroctod at the spawning fishory ond 5% by
other countries. The numbors of cod landed by thoso vessels worc estimatod in-
directly. For tho Iceland non-spawning fishory ostimates wore made using tho
ago composition of the landings by German trawlers. For othor countrics, tho ago
composition of tho landings by English and Gorman trawlors combinod was used. In
this woy ostimates of tho numbors lended by all gears wore obtained (Tablo 7).

Mortality Ratoes

Provious cstimates of tho mortality rato of Icoland cod havo suggested
that this might bo quito high and of tho order of 60-70% for all ages. In the
provious roport of the North-Western Working Group a value of 60% among immaturo
cod is quotod, based on the age composition of tho landings by English trawlors.

Among oldor cod a mortality rato of 70% por yoar is roferred to in the
provious report. This was obtainod by dotormining the rato of decline in the
numbers of fish from ono spawning-class to tho noxt in the Icoland spavning
fishery. In this way an estimato of tho mortality rate oporating within that
fishery was derived.

The fact that mortality within tho various fisheries is about 60-70%
annually doos not necessarily mean that it is as high as this throughout tha
entirc stock. In fact, analysis of tho numbors of cod landed at cach age
suggoests that it is not. This is shown by comparing the number of 3-6 yoars
old cod londed, with thoe numbor of 7 yoars and older cod landed., Theso, for
all goars, asmount to 73 and 36 million fish rospectivoly. Calculation shows
that from a stock that experiences a 60% annual mortality, tho number of 3-6
yoeors old and the number of 7 yoars and older fish caught should be in the
ratio. of 1:0.026, i.c. corrosponding to 73 million 3-6 ycars old fish therc
should only bc 2 million 7 yoars and older fish landed. To account for
36 million 7 ycars and older cod it is nocossary to postulato that the mortality
rato on youngor fish as a whole is roally nmuch smallor than this. If, therofore,
some young fish oxporioncc a mortality of 60% within the trawl fisherics thoro
nust be g furthor source of young fish that aro not fully oxploited until thoy
are 7 yoars old., Morc corroctly the timo of transition from boing unoxploited
to boing oxploited is most likoly to occur at the timoe of maturity, rathor than
at o particular ago such aes 7 yoars. It is in fact known that cod go on
maturing up to at loast 10 yoars of ago and that thoro is a roecruitmont of cod
up to at loast this ago to tho Icoland spawning fishory cvory yeoar.

The question then is, "Whoro do these fish come from"? In somo years,
naturo cod have boeon known to migrate from Groonland to Iceland. This alnost
cortainly happeoned in tho caso of tho 1966 ycar-class in 1963 and 1964.
Recruitmont from Groonland is not thought to account for tho wholo Icoland
spawning fishery ovory ycar howovor. This moans, thorcfore, that the fishory
is also dopondont on cod that whon immature arc situated around Icoeland in
arcas that arc not nomally oxploited by trawvilors.

Tho mortality rate of tho immaturc cod at Icoland can thon bo asscssed
in oither of two woys according to tho dogroo of mixing of tho oxploited and
uncxploited parts of the stock. In the oxtrome situation whoroe no movemont
occurs at all, the immaturse stock could bo troatod in two parts. Ono part
would oxporicnco o mortality rato of sgbout 60% anmually and tho othor part would
exporience natural mortality only. Tho altornative is that thore is some intor-
chongo of fish botween tho two parts of tho stock possibly coupled with seme
movenont away from the trawling grounds as the fish nmatirs.
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In ordor to dotemine tho mortality rato on tho stock as a wholo in the
caso of tho socond alternative, thoe mothod described in the Appendix was uscd.
This was applied to tho numboers landed in Table 7, oxcluding tho landings of tho
1956 yoar-class, bocause of tho influcnce on this immigration from Groenland.

The mortality rates aro shown in Table 8 for threo valucs of the natural
nortality rate (M) of 0.05, 0.15 and 0.30. Tho valuos givon are for tho total
ins tantancous mortality coofficient (Z) and the valucs of 1.2 shown for cloven
and twolve yoars old fish arooguivalont to 70% annually. It should be noted
that bolow clevon years of ago, the ostimatos which apply to thoe stock as a
whole, aro lowior than tho ostimates obtained within the individual fisheries.
This is cspocially so in tho caso of tho youngor fish.

_ Fishing mortality, and its subdivision into components duo to the
Iceoland spawning fishory and to "othaors" is shovn in Table 9.

Effects of Changos in Growth and Recruitment

Sinco changos in offort would lead to changes in tho size of tho stock it
is possible that this in turn could influeoncc such stock charactoristics as growth,
rocruitment or natural mortality. There are no data on the offoct of changes in
stock donsity on natural mortality but thore aro somo relating to growth and
raocruitnment. :

In tho caso of growth, Jénsson (unpubl. data) has relatod stock donsity
(in terms of landings por unit effort by Iccland trawlers) to the mean length of
the 8-12 yoars old cod in tho Icoland spavning fishory. The mean longths hove
beon converted to weights, and the results are plotted in Figure 2. They show
that thero has beon an incroase in tho mean woights of 8-12 years old cod since
1930. In the poriod 1960-64, for oxample, 8-12 years old cod woro. 31% heavier,
ago for ago, than 8-12 yoars old cod in the period 1930-1934.

In the caso of rocruitment ard stock size, furthor data from the Iceland
spawning fishory suggest that the output from yoar-classes spawned when tho stock
donsity was high, woro highor than thoe cutput whon the donsity was lowor
(J6nsson, 1966). Changing from a low to a high stock donsity could, theroforoe,
bo associsted with changos in growth and rocruitment acting in oppositc dircctions.
Their effocts could partly offsot esach othor, although tho data indicato that tho
goins from increasced recruitmoent could ocasily oxcood tho losses from reduced
growth ratos.

Applying those results is more difficult sinco both the growth and recruit-
ment data have boen collected over a period during which there have boon changos
in, for example, thoe tomporature and salinity of tho Arctic. Thoere is no way of
knowing, therefore, to what cxtont o rovorsal of tho process, i.o. a roturn to
highor stock donsitics, would in fact load to cithor a decrease in growbth rate or
an incroaso in rocruitmont.

No account has therofore baen taken of this factor in the assessments but
it is useful to note the effect this would have if it did occur. TWith a
roduction in effort, tho gains would become highor than thoso shown in the
tables of assossments. With an incroase in effort tho gains would beeccme lower,

Changos in Effort

Assossnonts have boen mado of tho offccts of changos in fishing using tho
mortality ostimates in Table 8 and the mothod of Jones (1961). As a first
approximation, it was supposed that a given chango in offort would affoct the
fishing mortality rato at cach age by thc samo proportion. This is eoquivalent
to making tho sccond of the two hypothescs obove, i.o. that thore is nmixing
botwoon tho cxploited and unoxploited parts of the immature stock.



Assessments

Assessments dopend on the assumptions made about ths distribution of tho
immature fish.

Either (a) thore is mixing betwoen the oxploitad and uncxploited
parts of tho immaturo stock

or (b) tho cxploited and uncxploited parts arc indopondent
until maturity is roachod. (Notc the uncxploited part
of theo immaturo stock may thon bo oither at Iceland
or at Groenland).

In tho timoc availablo to the Group it was only possible to mako detailoed
assossments for altornative (a) and thesc aro describod bolow. Whorover possibloe,
the probablo cffocts of adopting alternative (b) aro also given.

According to altornative (a) tho Iceland cod stock as o wholo is not
subjoct to so high a mortality rate as has bocen supposcd in provious reports.
Tho assossmonts suggest that at tho 1960-1966 lovol of effort, tho yield por
rocruit is much closer tc the theorsetical optimum than would be concluded if
mortality rates of 60-70% wore thought to apply to tho stock as a wholoe.

According to altornative (b) the exploited part of the immature stock
supports a fishery with a relatively high vade of mortality. The yicld por
rocruit in this fishery &s thereforec likely to be lower than the theoretical
noxinum with a lower fishing offort. However, it is quito possible that a
roduction in effort, by allowing more fish to survive to maturity would allow
moro fish to reach tho Icoland spawning fishory.

There are various ways in which fishing offort may be varied ond four of
those have boon treoated in dstail.

l. Iceland spawning fishery kaept constant.
Changes in offort by othor goars only (Table 10).

2. Effort on tho Icoland spawning fisheory wvariod.
Other goars kopt constont (Table 11).

3. Equal changes in effort by all goars (Table 12 and Figurc 3).

4. An incregssc in tho offort at Icocland due to the
arrivel of trawlers from outside that aroa (Tablo 13).

Asscssmonts for altornative (a) aro given in Tables 10-13. The values
in Tables 10-12 show the expected changos (as percentages) in the yiold per
rocruit in tho various fishories. Theso aro given for various porcontagoe changes
in the moan fishing mortality rate from tho moan lovel oporating from 1960-1966.
For practical purposes theso can bo interprcted as percentagoe changes in fishing
effort from the mcan 1960-1966 value. Asscssments aro givon for three valucs of
natural mortality (M) oqual to 0.05, 0.15 and 0.30. Data suppliod by Jénsson
to the provious North-Westoern Working Group report suggest that the natural
mortality rato of mature cod in the Icocland spavning fishery lies between 0.15
and 0.30. Assossments woro also made for a natural mortality rate of 0.05,
howevor, to allow for the possibility that the natural mortality rate of immature
cod was lowier than that of maturc cod. The valucs given thorefore provide -
a. rango of asgossmonts for cach category of changoe.

1. Icelandic spawning fisheory kecpt constont. Effort changed in all othor gears

Asscssmonts of tho offocts of changes in effort by all goars othor than
thosc ongagod in tho Iceland spawning fishery are given in Teblo 10 for
altornativo (a).

English and Gorman trawlors - altoernative (a). A docroaso in offort would
decroasc tho yiold. An incroeaso in offort would increasc the yiold.
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Altornative (b): o roduction in offort could increasso the yield for
values of ¥ = 0.05 and 0.15. If somothing botween altornatives (a) and (b) is
taken s tho most ronlistic position it can bo concluded that a roduction in
effort would docreaosce the yicld, but not as much as in Tablo 10. Similarly an
increase in offort would not increase the yicld as much as in Table 10.

Icoland spawming fishery: alternative (a): o roduction in offort by
othor goars would incroasc the yield. An incroase in effort would decreasc
tho yield. If alternative (k) is adopted the losses and galns would not be as
groat as thosc shown in Table 10.

All goars: alternative (a). A rcduction in offort would incroasc tho
yield. An incresse in offort would decrcasc tho yisld.

Alternative (b). For a reduction in offort, alternative (b) would reduce
the losses in tho trawl fishory but would also roduco tho gains to tho Iceland
spawning fishory. The offcect on tho valuos in Table 10, for ocither a recduction
or an incrossc in offort can only bo dotermined by furthor assessments.

2., Changos in effort in the Iceland spawning fishory only

Those assecssmonts, for altoernative (a) aro given in Tablo 1l. It is not
likely that altornative (b) will affoct these asscssmonts very much and as a
first approximation the asscssmonts in Tablo 1l can bo used for both altornatives.

For the English and Goman trawlors, o docroase in effort on the ILcoland
spawning fishery would 1ncreaso thoir yield. An incroeassc in offort would
docrogse it.

For tho Icoland spawning fishery, a decrocasc in effort would decroase its
yield. An increaso in offort would incrocase it.

For all goars a reduction in offort on the Icoland. spawning fishory
would lead to very small changos. An incrcaso would load to nogligiblo gains.

3. Changos in effort by all gears cqually

Asscssments for alternative (u) arc given in Tablo 12 and Figure 3.
English and Gorman trawlers: alternative (a)-- o roduction in offort would
reduce the yield. An incroasoe in offort would increaso the yield. The adoption
of altornative (b) would roduce both the losscs and the gains.

Icoland spawning fishory: altornative (a):- o reduction in offort would
inecroasc the yield. An increaso in offort would roduce tho yield. Adoption of
alternative (b) would roduce both tho losscs and the gains.

All goars: altornativoe (a):- tho offoct of changos in effort are critically
affoctod by tho lovel of natural mortality adopted. Eithor increcases
or docreascs in the total yiocld could rosult from a chango of offort in oither
diroction. Tho offact of altornative (b) on thoso assossmonts can only bo
detomined by furthor calculations.

4, An increoso in trawler cffort duc to tho arrival of vessols from
outside Iccland (Tablo 13)

Hore the situation is comsidored in which tho Icoland effort is increased
duc to tho participation in tho fishory thereo of trawlors proviously fishing
olsovhoro, such as in tho north-eastorn Arctic. Adcpting alternative (a) tho
oeffoct on total yiolds can, to a first approximation be socen from the wvalucs
tobulated in Table 10. All vessels proviously fishing at Iceland would howover
oxporience g docreasce in catch per unit offort and the oxtont of this, for the
various classes of vessol, is shown in Table 13.
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If alternative (b) is adopted, English ond- Geman trawlers would cxperionce
groator losscs in catch per unit effort than these shown in the Teblo. Catches
por unit effort in the Iceland spawning fishery would not decline so much
however. »

In these éﬁlculations it has becn assumed that any increase in effort
would be oquivalont to an incroase in both English ond Gorman trawler offorts by
equal amounts. ~ ,

Effeut on Catch por Unit Effort and tho Size Composition of tho Catches

In all casos, the catch por tnit offort would incroase, whon the fishing
offort decreasod and would docroase whon tho fishing offort incroasecd.

In all casos, whore offort was incressed, tho catch would contain rolatively

more young end fewer old fish. Convergoly a decrease in effort would givo
relatively moro old and fewer young fish (Figurc 4).

Mesh Assessmonts

Mosh assossments for Icoland cod wers made in the provious report of the
North-Western Working Groups Thoso doponded on cstimates of thoe paramotor E that
moasurcs tho proportion of the fish roloasod by a largor mosh that would
subsoquontly bo rocapturod in tho fishory. Bocausc of tho much lowor wvalucs of
nortality calculatod in this roport for tho young cod, cstimatos of E have had to
be rovised and have boeon found to bo about 0.25, 0.5 and 0.8 according to tho
values of natural mortality adopted (0.30, 0.15, 0.05 rospectively). In the
provious roport, values of E of 0.6 and 0.8 woro used., If valuces of M of 0.15
or 0.30 arc adopted, tho valuos of E aro lowor than the provious oncs, and this
nears that the small gains prodicted in tho previous report will boe toc large
and that tho correct values will be a fow porcent lower. Similarly, any long-
toem losses would becomo a fow percent greator. Only if ono accopts tho very
low valuo of M = 0.05 doos E boccmo 0.8 pomitting the ostimatos in the provious
roport to romain unchangod. Mesh asscssments from the preovious roport aro
shovn in Table 14.

Tcoland Haddock

The basic data relating to tho landings of Iccland haddeck and the fishing
offort to which it is subjoct have boen brought up-to-date in Tables 15 and 16.
Estimatos of tho numbers of haddock landed at cach age are given in Tables 17-19
for tho landings by English, Gorman and Scottish trawlors. The numbers landed
by all other gears have had to bo ostimated from these. This was done by using
the German trawler ago-caiposition data to estimate the numbors landed by Icoland
trawlers ond Jong-liners, and by using tho English trawlor data to ostimate the
numbors landod by Icoland Danish scino and all other countrios. In this way
ostimates of tho total numbors landed at cach age werc obtained (Tablo 20).

Mortality Estimates

Mortality ostimatos wore detomined from the estimated total numboers
landod at cach age using tho samo mothods as wore used for cod. Total mortality
ostimates (Z) wore dotormined for two valuos of M (0.15 and 0.30), and tho results
arc shown in Tablo 21. Thoso aro highor at all agos than thoso obtainod for cod.

Changoes in Effort

The offocts of various porcontaogo changes in offort from tho moan 1960-66
lovol werc dotormined, assuming that the changes in cach case affocted all goars
oqually. Tho rcsults are shown in Tablo 22 and Figuro 5 for English and Gemman
trawlors. The results dopoend on tho valuc of natural mortality adeptod. Vith a
valuc of 11 = 0.30, the yiocld appears to bo closo to its meximum valuc at the
1960-66 lovol of eoffort. For M=0.15 gains up to 4% aro predicted for 40%
roduction in eoffort. Tho actual valueo of the natural mortality rate is not knowm,
but it was felt that this valuo should lie somowhoro botweon 0.15 and 0.30.
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As in the caseo of cod any changes in stock density resulting fram a change
in effort could influence tho growth rate, and recruitment. The magnitude of such
of focts cannot be computed oxactly, but they should nevertheless be kopt in mind
as factors that could influonce tho cstimates in Iable 22, As was found for cod,
fluctuations in rceruitment can influoncc tho landings of haddock vory considorably.
Tho high yicld from 1961-63 for oxample (Tablo 15) was duo to the influcnce of tho
vory good yoar-class of 1957, and tho subscquont declinc in landings is mainly
duc to the gradual dissppoaranco of this yoar-class from tho fishery.

- Another factor that must bo takon into acocount is that direct ostimatos of
tho numbers landod at cach ago werc only available for about 50% of the total
londings. Estimation of Icoland long-1lino catches of haddock using German trawler
ago-composition data, for oxemplo, may have led to bias in tho estimatos. These
cstimatos, thorofore, should bo revised onco moro oxtonsive data can bo obtained.

Mesh Assessments

Mesh asscssments for Icoland haddock wore made in the previous roport of
tho North-Westorn Working Group. As in tho caso of cod, theso dopend on the values,
0.6 and 0.8, uscd for tho parametor E. Roviscd ostimates suggost that for 2-3
yoars old fish, E should not differ much from.0.6. Mosh asscssments in the previous
roport for valucs of E = 0.6 aro likely thereforc to be the more eppropriate ones
to tako and these are shown in Table 23.

Rocommendations

_The_North?Wbstern Working Group recommendod that further effort should be
mado to colloct ngo-composition data from tho landings of Icoland haddock and cod
from tho Icoland non-spawning fishory.

. The Group furthor recommondcd that after theso data have boen colloctod for
ot loast two yoars, that tho offort asscssments for the Icoeland cod and haddock
should bo ro-assessod.
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APPENDLX

For detemining mortality rates whoen F varies with age, a modification of tho
method doscribod by Jonos (1961) and by Gulland (1965) has boen used. The mothod
described by Gulland (1965) for determining the fishing mortality rate makes uso of
the ratios of the numbors of fish caught at a particular age to the mumbers subse-
quently caught at older ages.

i.e. If COn is tho catch of a particular yoar-class at ago n
ond V., is tho mumber caught ot age n+l and all subsequent ages

it is the ratio

or nmore conveniently its reciprocal
n+l

Vn+l

Cn

that is used as the basis for the gssessments.

This is incorporated in the rolationship,

n e—Zn Vn+l

-Zn =
Fn (-0 ) Gn E_,

P ¢ )

1

to detemmine values of Fn and Zn for any value of M.
In this equation tho paramoter En is defined by

Fn (1-0"%%) -7n

En= +o E ® 0 96 ® 0" B O OO BOE TS OO S SOEREE (2)
in

n+1

Givon E ., Equation (1) can bo solvod for Fn nnd Zn and then Egquation (2) can

be used to give En and so on.

If a yoaf—class has not passed complctoly through a fishery, or if it is
appropriate to use the data from a yoar-class in two successive years only, tho
values of Vn will be unknown. In that caso it is appropriate to considor the ratio

of tho catches of a year-class in two successive years (i.c. Cn and Cn+l)° Then
lot Cn = iZ- (l-o_zn) Nn
Zn

where Nn is the number alive at tho beginning of age n, and similarly

Fn+l Z L
2 e——— —-a +
let O ., = (1-e “n+lk) N1
n+l
_ ; =In
but Nn+l =Nn'o
so thqt Cn+l — _ntl (1 Zn+l) -Zn No
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Now, consider thoir ratio

Cn+l - A'n+l e-Zn
Cn An
thOrO An = Fh (l-o—zn) ® 008 09 03000060000 (3)
in
or on ro-arranging toms
- c .
ezn = n+l L2 B R B BN BN I N NE B B AR BU NN BN OBE BN BN BN AN BN B AR ) (4)
An Cn *

Thus given A ., Equation (4) can bo solved for Fn and Zn, and Equation (3)

cen bo used for dotormining An and so on.



Years | Iceland | England |Germany FaroesIScotland France | Norway Holland | Belgium Denmark | Sweden Total
1923 106,391 - 15,450 | 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 2,805 391 018 25 344,312
1928 177,328 |101,066 (33,330 |49,563 |1,328 3,667 322 841 677 17 368,039
1929 201,074 | 98,240 37,467 | 54,223 {2,642 2,812 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 4 805,375
1933 247,329 |157,639 [49,935 |46,148 (4,174 15,271 (16,163 - 1,204 67 - 537,920
1934 223,729 (145,597 28,442 |28,028 1,289 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 {1,985 11,727 1,180 - 1,395 47 327,901
1938 114,359 (128,160 42,136 |22,405 |1,9%0 6,070 5,180 60 1,860 25 322,205
1946 199,165 | 26,846 |[11,011 | 15,000%|4,756 188 27 ‘894 267,887
1947 200,242 | 52,369 |10,817 | 15,000%(4,068 1,906 57 - 5,180 289,608
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 | 15,000%*}4,954 1,538 108 - 4,387 16 362,667
1980 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 237,314 | 94,568 {41,808 | 15,014 (1,560 4,108 99 4,940 16 16 399,943
1953 263,516 |173,798 |656,005 | 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 |20,071 | 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 - 5,586 465,023
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 4,700 453 8,199 386,342
1563 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
19656 233,483 128,136 | 15,274 5,246 16,781 419 512 3,747 333,508 .
1966 223,974 1109,038 9,851 3,414 |4,849 469 .78 2,987 356,66 %

S

% Bstinmated.

L5 Including 1’995 - UoSoSoRt

Teble 1. Total landings of cod from Iceland (Round fresh weight in metric tons)




Table 2 . Catches per unit effort of Iceland cod.

Years A B C Relative C.P.U.E.

England Germany Iceland England Germany
1924 1,337 2.5 1,096 10,746
1925 1,559 2.2 1,278 0,657
1926 1,327 2.6 1,088 G, 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 0,985
1931 1,328 345 1,C89 1,045
1932 1,635 4.7 1,340 . 1,403
1933 1,562 4.3 1,280 1,284
1934 1,390 2.6 1,139 0,776
1935 1,416 3.2 1,161 0,955
1936 1,398 3.0 1,146 0,896
1937 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
1928 1,527 3.0 1,252 0,896
1949 1,397 3.3 1,145 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
1955 1,272 4.5 1,043 1,343
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
1965 567 1.5 475 0,465 0,447
1966 604 1.0%) 517 0,495 0,299

'.' Az
B:
C:

Tons per million ton hours (Steam trawlers)

Tons per day fished

Tons per million ton hours.

effort mainly directed

X
) German value low because
|

towards redfish.




Table 3. Estimates of fishing effort

on Iceland cod.

A B C
Years England Germany Iceland 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 14,526 327,449
1929 91,540 14,055 373,2C9
1930 85,773 - 13,833 357,698
1931 103,807 14,003 360,833
1932 99,717 11,726 305,732
1953 100,325 11,691 342,309
1934 104,202 10,840 328,549
1935 lo7,724 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
1944 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 13,3549 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 75795 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
3965 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 = English effort x

Total catch

English catch




Table 4. Numbers of cod landed (millions)
from Iceland by English trawlers.
A;E\ziér 11960 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 0.42 043 0.12 0.15 0.07 0.04 0.06 1.3
12 0.18 0.34 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 35343
Equivalent
weight 109.4 96.5 |105.1 [123.2 122.2 {128.1 109.0
landed

(000! tons)




Table 5. Numbers of cod landed (millions) from
Iceland by German trawlers.
pgoYear | 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{91
6 0.66 0.56 1.47 | 0.95 | 0.92 |[0.35 0.11 | 290
7 0.98 0.28 0.79 1.85 0.41 0.41 0.05 | 4.77
8 0.72 0.85 0.19 | 0.35 1.60 | 0.19 0.51 | 4.41
9 0.60 0.29 1.01 0.11 | 0.12 |0.74 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 |o0.01 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
o Total 9.43 4.89 9.18 | 9.78 | 5.52  |3.81 2.65 [45.26
“Equivalent
Ygég?ttiigged 37.9 21.8 34.2 | 33.0 |19.4 15.3 9.9
Table 6. Numbers of cod landed (millions) from
Iceland by the Iceland spawning
fishery. '
Nr 1960 | 1961 1962 | 1963 | 1964 | 1965 | 1966 | potaa
5 - - - _ - - _ -
3 0.2 - - 0.4 0.8 5.7 0.6 77
® 4 1.4 0.4 0.4 1.0 2.3 3.6 2.2 11.3
5 6.2 1.7 1.2 1.4 1.6 3.0 2.8 17.9
6 3.9 5.5 2.6 2.2 2.9 2.4 4.6 24.1
7 4.3 3.9 7.0 6.3 4.4 3.6 3.5 33.0
8 4.3 4.5 2.6 5.3 12.5 3.8 6.5 39.5
9 4.7 3.0 6.5 2.0 7.3 7.9 1.9 33.3
10 8.1 2.5 2.1 5.4 1.6 1.0 5.2 25.9
11 2.5 5.7 1.6 1.4 2.9 0.82 | 0.28 | 15.2
12 0.48 0.94 2.9 0.86 0.72 0.59 | 0.14 6.63
13+ 0.04 0.31 0.37 1.5 1.7 0.56 0.14 4.62
_ Total 6.1 28.4 27.3 | 27.8 38,7 33,0 | 27.9 |%%72-15
Equivalent
_f?é%g?sliﬁii% 029.2 179.3 176.6 |176.9 240.9 195.2 |168.1




Table 7. Numbers of cod landed (millions) from
Iceland by all cuuntries.
\X;g\\333f 1960 1961 1962 1963 1964 1965 1966 | motal
2 0.8 1.9 0.6 0.9 2.0 1.7 2.0 9.9
3 8.6 13.9 9.2 | 14.5 13.0 22.9 13.9 96.0
4 25.7 17.5 27.4 | 26.3 23.2 32.0 29.6 181.7
5 25.3 17.1 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 8l.1
7 8.9 7.6 12.0 | 16.8 8.1 8.6 5.9 67.9
8 6.8 8.8 4¢3 7.6 19.5 5.8 10.5 63.3
9 7.0 4.7 10.2 2.9 5.3 12.4 2.7 45.2
10 14.7 3.9 3.5 T4 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
Toble 8. Icoland cod. Showing estimates of the total
ins tanteneous mortality rate (2) at different
8ges.

Age 2 3 1 4 5 6 7 e 9 10 11 12

( 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 E 0.15 <0.16 [0.25 |0.41/0.44 |0.40 | 0.44 |0.54| 0.71|0.88 | 1.2 1.2

g 0.30 <0.31 | 0.36 |0.46/0.49 | 0.47 | 0.5L | 0.60 | 0.75|0.91 | 1.2 1.2




Table 9, Iceland Cod.
Estimates of fishing mortality (F) due to various gears.
(N = Negligible) :

M= .05 M = 0.15 M= .2 |
' Icoland Iceland Iceland ,
Ago spawning | Others | Total| spawning | Others|Total ||spawning! Others|Total
2 - 01 Ol - N N - N N
3 .011 .129 .14 .008 .092 .10 .008 .055 .06
4 .021 .319 o34 .016 .244 .26 | .010 . . 150 .16
5 050 . 330 + 38 .038 .252 .29 | .025 .165 .19
6 085 .225 «32 074 .176 .25 |} .061 .119 .17
7 «170 .180 «35 . 141 .149 .29 |/ .102 .108 .21
8 «280 .170 .45 . 242 .148 .39 || 186 <114 « 30
9 .421 .209 .63 | +375 .185 .56 1} .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 | .625 .275 .90
13+ .850 . 300 1.15 || .776 .274 |[1.05 || .665 .235 .90
Toble 10. Iceland Cod., Effect of changes in effort by all
gears other than those ongaged in the Icelandic
spawning fishery.
‘ % change from 1960-1966 fishing mortality rate
Gear M -60 -40 -20 +20 +40
Englond .05 ~37 -20 -8 +5 +11
«15 -44 -26 -11 +8 +15
.30 -5 -31 -14 +11 +23
Gormany .05 -31 -14 -8 +2 +2
.16 -39 ~-22 -10 +6 +10
«30 =47 -27 -14 +10 +18
Iceland 085 +136 +76 +32 -24 ~41
spawning .15 +97 +56 +24 -19 -34
« 30 +59 +35 +16 ~13 -25
All gears .05 +47 +27 +12 -10 -16
.15 +25 +14 +0 -5 -13
. « 30 +3 +2 0 -1 -1




Table 1l. Icoland Cod. Effect of changes in offort by the
Iceland spawning fishery only.

% change from 1960-1966 fishing mortality rate
Gear M =60 -40 -20 +20 +40
England .05 +17 +10 +4 -3 -7
.15 +13 +8 +3 -3 -6
« 30 +9 +5 +3 -2 -4

Gemany .05 +26 +15 +7 -5 -10
«15 +20 +12 +5 -4 -9

+30 +15 +9 +4 -4 -7
Icoland .05 -24 -11 -5 +3 +5
spawning «15 ~-31 - 16 -7 +6 +10
.30 -40 -23 -10 +8 +15

All goears .05 -1 +1 0 -1 -2
.15 -7 -3 -1 +1 +1

.30 ~-13 -8 -3 +2 +4&

Table 12. Iceland Cod. Effect of changes in effort by
all goars cqually.

% change fram 1960-1966 fishing mortality rate

Goar M -60 -40 ~20 +20 +40
Englond .05 -18 -9 -3 +1 +2

.15 -32 . -18 -7 +6 +10

o3 -44 -26 -1z +10 +19

Gormany .05 -2 +2 +2 -2 -6

»15 -18 -10 -2 +2 +2

« 30 ~39 -24 -6 +6 +10

Icoland .05 +72% +BB%* +28 -20 -34
spawning .15 +52% +36% +17 ~13 -25
« 30 +5 +9 +5 -6 -11

All goars .05 +37 +23 +10 =8 -14
.15 +4 +5 +3 -3 -5

«30 -24 -12 -5 +3 +6

¥ Those valuss computed approximately.




Table 13. Iceland Cod. Effect on the existing fisheries of increaso
in effort duc to the arrival of trawlers from outside
the Icoland aroca.
(expressed as percontages docline in the landings per
unit effort by boats fishing at Iceland beforo tho chango)
% chango from 1960-1966 fishing mortality rate
Goar M +20 +40
England .05 -13 -23
015 "'lo -18
o3 -7 -12
Gormany .05 -16 -28
.15 -12 -22
.30 -8 -15
Iceland .05 - 24 -41
spawning .15 -19 -34
.30 -13 -25
All gears .05 -17 -31
.15 -14 -25
.30 -10 -18
Table 14, Percentago change in yield per recruit for
various changes in mesh-siza.
Goar Changing offcctive mosh-sizc from 100 m to
Group E 110 120 120 140 160
England (Immediate loss 0.7 1.8 3.8 6.2 13.3
Long-torm 0.6 0.4 0.8 0.8 0 -2.8
Gain 0.8 0.5 1.7 2.4 2.1 0.7
- Germany |Immodiatc loss 0.1 0.3 0.7 1.3 3.3
Iccland |Long-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}
Icoland |Immediato loss - - 0.1 0.2 0.5
spawning ; Long=-tom 0.6 1.1 2.7 4.7 6.4 11.6
fishery {Gain 0.8 1.5 3.6 6.3 8.6 15.8
Other Inmediate loss - - - - -
(non- Long-term 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
Total Immediato loss 0.3 0.7 1.4 1.9 4,2
Long-term 0.6 0.8 2.0 3¢ 4.6 7.4
Gain 0.8 1.2 2.9 4.9 6.7 11..3




Yzsars Icoland Erglsnd Gernaony Faroes Scotland Franco Norway 10lland Belgium Dermark Sweden Total
1923 10,000% 5,729 5,986 -3 21,718
1924 10,000% 20,131 7,777 294 267 58:469
1925 10,000% 20,317 6,821 70 9 272 37,489
1926 3,260 23,240 9,136 12 9 213 28,870
1927 9,834 36,2056 11,824 168 - 226 10 58,265
1928 11,088 37,38 10,901 349 - 229 234 80 4 60,235
1929 13,0556 22,963 10,313 1 427 45 257 426 42 23 57,552
1930 10,863 20,125 9,584 75 468 - 7 365 . 304 100 - 51,891
1931 7,118 27,446 8,062 45 438 17 51 148 119 210 - 43,654
1932 4,933 22,409 7,124 96 478 264 82 140 296 30 35,852
1933 4,683 16,824 6,284 29 220 242 - 225 341 10 28,858
1934 5,937 17,777 4,724 51 256 174 6 206 545 29,676
1935 6,313 18,762 4,037 35 275 99 . - 342 569 30,432
1936 4,206 17,428 4,866 118 364 49 - 366 840 28,363
1687 4,053 17,470 5,146 134 379 71 - 372 695 28,320
1938 4,609% 17,780 4,608 115 301 75 6 442 644 285580
1946 14,120 12,078 4,601 150%* 1,679 45 472 33,145
1947 18,601 14,901 3,762 150% 2,246 - 2,019 , 41,679
1948 24,862 23,610 7,553 150+ 2,907 380 1,314 57 21 60,824
1949 30, 264 28,683 10,499 150% 3,960 - 2,120 96 176 75,951
1950 27,099 26,886 7,300 180% 2,271 759 1,640 603 £1 66,749
1951 22,173 21, 576 7,326 150% 1,365 220 2,857 362 56,029
1952 15,166 18,571 7,734 168 660 41 4,063 84 46,487
1953 14,954 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 7,153 359 683 - 7,105 6 64,945
1956 22,054 23,748 8,780 610 980 - 6,147 62,289
1957 31,302 28,663 7,796 1,168 1;137 29 6,631 76,726
1958 28,624 27,433 6,311 1,376 966 5,738 70,498
1959 26,534 70,002 3,794 1,025 811 2,412 64,578
1960 41,988 31,803 6,238 1,330 ‘936 5,198 87,493
1961 51, 360 47,164 3,087 770 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
1934 56, 586 33,269 2,077 1,200 4,877 181 857 99,047
1965 53,806 37,643 1,753 1,006 3,761 40 89 1,235 99, 127
1966 36,028 19,706 1,139 968 1,498 676 - 60, 141%%*
Table 15, Landings of haddock from Iceland (Round fresh weight in metric tons).
*  Estimated

#*  Including 69 m.tons -~ USSR.




Tablelf, Landings per unit effort of
haddock from Iceland.

A B c Relative C.P.U.E
Years England Germany Iceland England Germany
1924 373 0.6 1,323 0,870
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 1,241 1,014
1931 264 0.6 0,936 0,870
1932 224 0.6 0,794 0,870
1933 167 0.5 0,592 0,724
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
1946 757 2.2 2,684 2,899
1847 496 1.3 1,759 1,884
1948 393 2.0 1,393 2,899
1949 435 1.4 1,543 2,029
1950 288 0.8 1,021 1,156
1951 238 0.5 0,844 0,724
‘ 1952 220 0.6 0,780 0,870
195% 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 0,825 1,595
1957 201 0.7 C,713 1,014
1958 178 0.6 0,631 0,870
1959 219 0.5 0,777 0,724
1960 211 0.3 221 0,748 0,435
1961 260 0.5 212 0,922 0,724
1962 268 0.5 274 0,950 0,724
1863 152 0.4 223 0,539 0,580
1964 111 0.2 227 0,354 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. Numbers of haddock landed (millions)
’ ] from Iceland by English trawlers.

- $;;;;\;z?ar 1960 1961 1962 1963 1964 1965 1966 Total
1 0.02 | 0.06 0.08
2 2.7 2.12 0.76 1,06 1.08 0.82 | 0.77 9.31
3 24.69 5.23 3.45 8.32 3,22 5.24 | 1.8l | 51.96
a 16.69 | 18.67 6.67 2.64 9.14 3.51 | 2.5 | 59.82
5 2.95 6.94 18.55 5. 71 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 | 0.24 6.68
8 0.06 0.06 0.03 0.13 | 0.61 |. 1.09 | 0.15 2,13
9 0.0¢ | 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 |26.94 | 21.42 24.42 |11.95 | 200.04

Teblels. Numbers of haddock landed (millions)
from Iceland by Geman trawlers.

A;;\Xfar 1960 1961 1962 1963 1964 1965 1966 Total |
2 0.21 0.02 0.02 0.25
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
5 1.20 1.04 1.18 0.26 0.12 0.18 0.03 4,01
6 0.20 0.19 0.80 | 0.9 0.08 0.06 0.20 2.13
_ 7 0.10 0.0z 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
9 0.13 0.01 0.00 0.00 0.00 0.05 0.02 0.31
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
LEooors tons)




Table 19. Numbers of haddock landed (millions) from
Iceland by Scottish trawlers,
“Year 1960 1961 1962 1963 1964 1965 1966 Total
Age\
1 - 0.03 ]0.03 0.04 0.01 0.07 0.02 0.20
2 - 0.25 10.90 0.87 0.57 0.22 0.19 3.00
3 0.01 0.8 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
5 0.13 0.60 1.35 0.29 0.23 0.74 0.10 3.44
6 0.02 0.08 0.50 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
Equivalent
weight 0.79 2.01 | 3.50 3.32 4,25 3.28 1.30
landed
(000! &ons)
Tablo 20. Numbers of haddock landed (millions) from
Iceland by all countrics..
) Year
Ags 1960 1961 1962 1963 1964 1965 1966 Total
1 0.03 0.04 0.01 0.03 | 0.10 0.21
2 3.27 5.28 1.86 2.23 2.32 1.28 1.95 | 18.19
3 29.89 8.37 8.84 18.92 6.89 12.94 3.63 | 89.48
4 34.96 33.21 13.82 7.25 |16.46 7.53 5.38 |[118.61
5 12.34 21.39 39.36 9.08 6.72 20.47 4.55 |113.91
6 1.90 4.09 11..32 25.46 4.13 3.32 |11.65 | 61.87
7 0.93 0.34 1.90 4.99 13.72 2.538 1.10 | 25.36
8 0.59 0.32 0.20 0.39 3.35 6.82 0.57 | 12.24
9 0.99 0.27 0.13 0.03 0.20 1.55 1.02 4.19
10+ 0.34 0.27 0.13 0.15 0.22 0.28 0.25 1.64
Total 85.21 73.54 77.59 68.54 | 54.02 55.60 | 30.20 4.45.70l
\




Table 21. Icelandic haddock. Showing estimates of the
total mortality rate (Z) at different ages.

Age 2 3 4 5 6 7 8 9

0.15 0.19 | 0.40 | 0.64 | 0.85 |0.85 | 0.80 | 0.96 1.17
M

0.%0 0.33 | 0.49 | 0.69 | 0.86 |0.87 | 0.86 | 1.02 1.28

Table 22. Iceland Haddock.

by all gears equally.

Effect of changes in effort

llsnln%"
% change from 1960-196€ mortality rate

Gear M -60 -40 -20 +20 +40
Fnglish (| 0.15 -4 +4 +3 -5 -10
and ( .

German (| o.= ~20 -8 -2 +0 44 +0.2
trawl (

(1)
(2)

Estimates for English and German trawlers were

similar and so mean values are given in the Table.

Owing to the lack of comprehensive age composition
data the trawl estimates above rust also be used
as the best estimates for "all gears'.




Table 23.

Iceland Haddock.

Percentage change in yield per

recruit for variocus changes in mesh-size.

Changing effective mesh-size from 100 m to
Gear Group B 110 120 130 140
England Immediato loss 2.5 8.0 15,9 25.1
Long-tem 0.6 | -0.9 -2.6 -6.7 ~-12,3
Gain
Gemany Immediate loss 0.6 4. 6.9 12.5
Long~term 0.6 1.1 1.6 3.2 2.5
Gain
Scotland Immediate loss 3.1 8.2 14.5 21.5
Long~tem 0.6 ] -2.4 -2.8 ~-5.2 -8.1
Gain
Danish Immediate loss 0.3 3.5 8.2 16.4
seine Long-~term 0.6 1.4 2.2 .7 -2.1
Gain
O ther Immediate loss - - - -
(non-trawl)| Long-term 0.6 1.7 5.9 10.9 17.1
gears Gain
Total |Immediate loss 1.5 4.7 9.6 15.3
Long-term 0.6 0.2 0.9 0 -0.8
Gain
Table 24. Age/length/Weight relationship of Iceland cod
and heddock - fresh guttod woights (Germon and
Icoland dede ).
Age oD HADD(CK
(years)*® Longth (cm) Toight (g) |/Length (cm) Teight (g)
1 20.0 80 25.0 180
2 3T.2 450 36.0 420
3 50.7 1235 46.0 975
4 60.9 2005 52.0 1410
5 69.2 2875 55.0 17€0
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 o835
11 92.4 5990 72.0 2770
12 94.2 6320
13 96.0 6670
14 98.0 7060

* data given for sbout July-September in each case
and averagoed for all areas.
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