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REPORT OF THE NORTH-WESTERN WORKING GROUP 1970

INTRODUCTION

At thé 1970 Council Meeting, it was resolved (C.Res.1970/2:5) that
"The North-Western Vorking Group be re-convened to re-assess in the light
of further data, the assessments previously made concerning Icelandic cod".

The Group met in Lowestoft from 30 November to 6 December 1970, and
the following members participated:-

A. Schumacher Gernany Chairman

J. Jénsson Iceland

S. A. Schopka Iceland

D. J. Garrod TK

B. W. Jones TK

R. Joncs TK

J.M2ller Christensen ICES Sccretary of Liasison Cttce.

In the report of its previous mecting (ICES, 1969) the Group considercd,
amongist other matters, the relative numbers of cod of different ocgee landed
from the vorious fisheries at Iceland. In particular, it was pointed out
that the proportion of fish of 7 years and older in the landings was too
high to be consistent with the previous estimate of the mortality ratc among
fish younger thon 7 years of age. This was believed to be of the order of
60% onnually. It was recognized however that if the entire stock of fish
under 7 years of age was subject to such a rate of mortality, there would
be ingufficient fish of 7 yecars and older left to account for the numbers
actually landed. It was concluded, therefore, that the mortality rate
cnong fish of less than 7 years of age must be considerably less than 607
per year. To account for this, it was suggested that only pert of the
stock of young cod was subject to exploitation at any time. This would
explain how young cod on the trawling grounds could experience o mortality
rate of 60% anmually, and yet the total stock of young cod could expericnce
a lower mortality rate. At its previous meeting, the Group recognized
two oxtreme alternatives:

(a) that there was o continual interchange of young cod
between those on the ecxploited grounds and those in
regions not subject to exploitation;

(b) that the cxploited and wnexploitcd part of the young
cod stock werc completely independent for at lecast
part of their lives. If this were so it was thowht
most likely that any mixing that might occur would
toke place vhen maturity was reached. For cod at
Tceland this occurs over o range of ages from about
6 ycars onwards, the average age of first maturity
being abcut 8 years of age.

During ites previous meeting the Working Group mode assessments of
the effects of changes in effort and mesh size on the basis of the first
of thesec hypotheses. In this report, ncw assessments have been mode on
the basis of the sccond hypothesis with particulor exemination of the
pocseibility that the "unexploited" part of the young cod stock might
occur in Grecnlond waters.

RECINT CHANGES IN CATCHES AND FISHING EFFORT

Landings of cod; catch per unit fishing effort, and cetimated
fishing cffort at Iceland (Division Va) arc listed in Tobles 1-3.
Pishing effort by German and particularly English trawlers has declined
substantially in recent ycars but fishing by Icelandic vessels has
increased. The total fishing effort as estimated in English units has
decreased steadily since 1964, the present (1969) amount of fishing
being about half of that in 1964. Catches of cod recached a low level
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in 1967 (345 000 tons) but in the two most recent yca,rs catéhes have
increased to just over 400 000 tons despite fhe reduced amount of fishing.
This has been possible because of the increaSed abundance of ‘cod as is

~ shown in the toble of catch per unit effort.” The recent increases in

the catch-rates of Frglish ond German trawlers are due, in part at lcast,
to the presence of the 1964 Yedr class which was pa.r’clcularly abundant

at Iceland. Recent Iéelandic catéhes.in the &pawning fishery have
benefited from the immigronts of the 1961 yeor class which was cxcop-
tionally abundant at: Grecnla.nd, 'though the correspondlng year class of
cod of Icelandic or:.gm vas of only a,ver'»ge ﬁbunda.nce.

'4' Y ‘?'~ "~* i ";. R AL S 2

EVIDENCE OF IEGRATIOH OF GREENLAITD COD TO JCTLLAND

It hos been known for many years th J;: fish of Grccnla.nchc origin nmoke

a contrn.but:.on to the stock of c¢od vhich spawns off the uou'th-wc storn
coasts of Iceland. : R Ta.v{;lng e}fperlmen{:° at Greeniand sindé the ea.rly 1920s
have yiclded A high’ propor‘blon of recaptu.reu from ICelo.na, particularly
fron togged fish 1iberated off Enst Greenlond ohd in ICHAF Divisions 1F
and 1E, Adda.t:l.onal evidence comes from the .;tudy of otolith:ﬁ. During the
course of routine age dctez'minatlons fron’ otoliths, many, ‘workers have
observed otoliths mth a’ tructurc characterlstlc of Grcenla.nd fish in
samples ODtulIlcd from Icela.nd a.nd thiu it borné out by a comparison of

q the relative .Jtrengths of yeg.:r: classep in the different fisherics.

=~ For example,. for year classeB of 1959-65 the only abundent one in the
Icclandic nohi-spasming fisHcry was that of 1964; with tho 1961 year class
being only average. ‘Abundonce of year cla,.,sem based on.data for 811 the
fisherics, vhich includes the Icolendic spavming fishery, shows the

‘ 1961 year cléss to -be the most abundant. It would thercfore appear that

: there wad o largo-»c.,.ld J.nnnigratlon into thc spovming fishery of fish

| of the 1961 year closs vhich were not repre.,entcd in the non-spawning

fl"hcrlbd. Other ye,..r clagses which were abundaht in the Icclandic spowming

|

|

ishory but hot in the Icolcmdlc non-spz awning fisheries ‘worc those of 1956,
1953 and 1550, - A1l these yeoar classes are known to have Been very abundant
at East Grecnla.nd, and the J.mpllc tion is that their immigration from
Greenland ag mnture fish accounted for their increased abundonce in the

spavning fishoa.v.

Yot anothor md:.catlon of mgratlon is o change in. aversge 1ongth
at age observed in the Iecclandic spavming,fisheéry. Icclaondic'data from
the spawming fishery (I‘igurc 1) show o rcduction in the mean length at
oge of the 1961 yeoar class ot the ago of 7 and older. This would be con-

g sistont with the fastor-groving fish of Tcelhndic origin beoing diluted
with fish from Greenland vhich have a slowver growth rate, commencing at
cn oge vhen the Greenland fish are cxpcctcd to nature. The 1961 year
| class ot Greenlond vhich was more abundant thon usunl contributed o higher
\ thon normal proportion of the spawning ostock at Icelend resulting in a
lowor then oversge mean length at age.

Recaptures of Greenland tagged fish show that the majority taken at
1 Iccland arc cought in the spawning fishery. The number of tags rccapturcd
: per unit of fishing offort in the spawming fishery recaches a maximum
value in April.

Outside the spovming scason small mumbers of fish togsed at Greenland
have been recaptured all around the coocsts of Iccland and this, combined
with the foct that hardly any of the fish tagged in the Icelandic spawming
fishery have been recapturcd at Greenland, suggests that fish from Green-

end vhich migrate to Iceland to spavm remain at Icoland after spavming
rather than returning to Greenland.

Additional information has also been obtained from irmmmogenctic.
studics of cod blood (sce Appendix 1).

Although it has been kmowm that Greenlond cod contribute to the
fisheries at TIceland no previous attompt has been made to obtain a
quentitative estimate of their numbers. This has now been attempted by
the Vorking Group by stock anclysis and an analysis of taogging data.



ESTIMATE OF MEGRATION I'ROM GREENLAND
FROM RESULTS OF TAGGING FDCPERIMEI\I'I‘S

The data used were the unpublléhed results of Danish tagging
experiments at Greenland in the period 1946-65, kindly made available
to the Working Group by Mr. Sv. Aas Horsted. :A full analysis of the
experiments is not yet available'and the aim of :thé present analysis
was to obtain an estimate of the order: of magni‘tudé of fish of Greenland
origin available for capture at Iceland. It. is p08°ible that when a
fuller analysis of the results is completed. it may be necessary to
revise the present conclus:.ons. .;;3",-“ 4 L

Tagging results from three Greenland rcgidrig have been analysed:
ICNAF Divisions 1E and 1F, and Dast Greenland. Only fish that were
70 cm or over at the time of tagging have been included on the assumption
that the majority of fish over 70 cm ate ‘mature. It is believed that
the migration to Iceland is a Spawning m:.gra.tlon and that after spawning
at Iceland, fish of Greéenland origm tend to remain at Iceland rather
than return to Greenla.nd. ¥

Over the whole pcrlod oi‘ 'bhe eriments, the averages of the
percentages of the totals recapturegx?all area,s) in successive annual
time periods have been calculated. Percentage rGCaptures from each
experiment have been used to avoid the, a.veragc fo¥ all experiments com-
bined being weighted by numbers réleased ln individua.l experiments.

Time Averages af the perccntage of tota.ls recaptured
period East Division Division
(Years) Greenlond 1r 18

0 - 2.17 3.9

1 4.8 7.3 1035

2 it? 4.5 4.6

3 825 2.7 2.7

4+ . 0i55 1.7 3.1

Total mortality cocffic:.en{;s, Z, for the '!;agged pEpulat:.ons have been
cstimated from the slopes of the regressions of loge percentage recap-
tures ogainst recapture period for periods 1 to 4 in the table. The
following values of Z were obtaincds

Z2 = 0.77 East Greenland;
0.48 Division 1T;
0.41 Division 1L.

The intercepts from the same regressions were used to cstimate the effective
number of tagged fish liberated as percentages of the actual numbers

tagged:

Number of Bffective number

fish tagged Percentage of tags liberated
Tast Greenland 1 232 47 . 579
Divigion 1T 3 575 54 1 931
Division 1B 326 TL 216

From the cffective number of tags released and the overall total mortality
rate, the numbers of tagged fish surviving in each population have been
estimated from the relationships:

I

~Z
= Noe t
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Bast Division Division
Greenland 1r 1E

2 0.77 0.48 0.41
No 579 1 931 216
Iy, 268 1195 144
No 124 739 95
N; 57 458 63
N4 27 283 42

The actual numbers of recaptures in cach time period at Greenland
and Iceland are also known. Average values of the mortality rates in the
Icelandic spawning fishery are taken to be F = 0.7 and M = 0.2. From
these the actual population of tagged fish actually at Iceland in each
time period was calculated from the rclationship:

PO Tl
It~ A
(1 - o™ I)pryg
where NI = estimated number of tagged fish at Icecland;

n

"

The population of tagged fish remaining at Greenland was then obtained
from the total tagged fish surviving, minus the estimated population
of togged fish at Iceland.

observed number of recaptures of tagged fish from Iceland.

C D B
. A B -

Poried | yoo1ang Estimated togged igzgid ﬁi;é@gted ggizg}an98

recaptures population at Iceland population | population

at Greenland
(c-B)
(%)

(a) Bast Greenland
1 37 81 30 268 187 23
2 34 74 60 124 50 7
3 13 28 49 57 29 3
4 4 9 33 27 18 4

(b) Division 1F
1 40 87 7 1195 1 108 227
2 47 102 14 739 637 103
3 53 72 16 458 386 68
4 20 44 16 283 239 39

(¢) Division 1E
1 g 19 13 144 125 31
2 7 15 16 95 80 11
3 6 13 21 63 50 p)
4 4 9 20 . 45 36 6
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An estimate of the total mortality rate within each of the
Greenland divisions was calculated from the rate of decline of the tagged
population at Greenland. This mortality coefficient will include a
component of 'other loss', X, mortality due to emigration to Iceland, i.e.

ZG = P+ M+ X

Values of Zg were calculated and found to be:

ZG = 0.88 East Greenland;
0.51 Division 1F;
0.45 Division 1E.
The fishing mortality rate in each Greenland division was then
estimated from the relationship:
n Z

T = Gt . G
Gt NG‘b (l - e"ZG)

vhere th = number of tagged fish at Greenland in period t;
nGt = number of recaptures of tagged fish from Greenland in period t;
Fﬁt = fishing mortality coefficient at Greenland in period t;
ZG = total mortality coefficient at Greenland.
Period ZG P M X
(a) East Greenland
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 IF
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 1B
1 0.45 0.31 0.2 0.00
2 0.17 0.08
3 0.12 , 0.13
4 0.21 0.04

Taking these estimates of F and Zg for the Greenland

divisions the total stock in cach division can be calculated from the
catch. For the present purpose it has been assumed that all the fish
attain scxunl maturity at the age of 7 years and therefore the stock
of 7 year old fish in each division has becen calculated. Next, using
the percentages of Greenland fish at Iceland (calculated above), an
estimate was made of the number of 7 year old fish migrating ammually
from Greenland to Iceland.
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Average
am-guil Stock Average Number.
cate percentage (millions)
7 years old 7 years old at migrating
(thousands) | T Za (millions) Iceland to Iceland
East -
Greenland 1235 ]0.22 0.88 8.4 45 3.8
Division 179 [0.22 | 0.51| 10.4 12 1.2
Division 2020 |0.20 | 0.45] 12.5 17 2.3
{3

THE FISHERY AT ICELAND

The fishery for cod at Iceland cam, for convenience, be divided into
two components:

(1) a fishery in the spring off the south-west corner

of Iceland for mostlymature spawning cod. This fishery
is prosecuted mainly by Icelandic vesscls;

(2) o general fishery for cod around the whole Icelandic
coast ot all times of the year. This fishery is mostly
for immaturc cod and is prosecuted by Inglish, German
and Icelandic vesscls.

These will be referred to as the tspawming! and the !non-spavning!?
fisherics, but it should be wnderstood, however, thot o small proportion
of immature fish are token in the spawming fishery and that 2 small

proportion of mature fish are taken in the non-spawming fishery. The

relationship between the stocks of fish and these fisherics is represented

diagrammaticolly in Figure 2.

The numbers of cod taken amnually in cach of these fisheries for
the period 1960-69 arc shown in Tables 4-6, with the annual averages
shownn in Table 7.

STABLE AGE COMPOSITIONS OF THE LANDINGS

Istimates of the mecan age compositions of the landings have beecn
determined using the method for determining a 'stable age compositbiont
described by Joncs 1961. The method is intended to cstimate mecan age
compositions, with the effecet of year class fluctuations removed, and
the values obtained are shown in Table 8. The stable age compositions
of the numbers landed were obtained using the data on numbers landed
at cach age in Tables 4-6. The corresponding age compositions by
weight wore obtained by multiplying the numbers at cach age by the
mean weight at the corresponding ages given in Table 9.
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MORTALITY RATLS

At the provious meeting, estimates of the total instantaneous
nmortality rate, (Z), were made at each age based on data for the period
1960-66. These were applicable to the entire.stocks i.c. to both the
exploited and unexploited parts of the stock on which the Icelandic
fisheries were dependent considered as a single unit. At the present
meeting these values were recalculated, using data for the period 1560-69,
and assuming values of natural mortality of 0.2 and 0.3. The cstimates
of the fishing mortality rate at each age so obtained are showm in Table 10.

However, for assessment purposcs, cstimates of the fishing mortality
rates within each of the spavning and the non-spawning fisheries were
also required. The mothod of doing this, vhich is oxplained in Appendix 2,
gove estimates of fishing mortality rate within each component of the
stock, which are algo shown in Table 10.

ESTIMATES OF STOCK SIZE

Dstimates of the numbers of fish in the sea necessary to account for
the actual numbers landed have been made by the virtual population method.
Allowvance for deaths due to natural causes as well as to fishipg has been
made, using values of the instantoncous natural mortality rate (M) of
0.2 and 0.3. Estimates have been made to account for the numbers landed
from the total znd from the non-spovming fisheries on the basis of
different assumptions. These are given in Tables 11 and 12. The values
obtained depend to some cxtent on the mortality rate on the oldest fish
in the population, cstimates of vhich cannot be made and that have had
to be assumed. Estimates have therefore been made assuming:

(a) that the total instantancous mortality rate (Z) is
cqual to 0.8 in the oldest age-group in cach yeor
class,neglecting the fact that the oldest fish in the
different yecar classes sampled were not necessarily
the samo;

(b) that 2 = 0.7 in 12 yecar and older fish, but moking
allovance for the fact that for fish less than 12
years old values of Z lower than 0.7 may be more
appropriatec.

The results arc given in Tables 11 and 12, These alternatives had little
effect on the numbers obtained and these were thercfomaveraged so as to
arrive ot mean estinmates of the numbers of fish in the stock neccasary
to account for the landings from the total and from the non-spawming
fisheries (Table 13). Estimates for the spawning fishery were then
arrived at from the differcnces between these cstimates (To,ble 13).

To account for the Icelandic non~spawning fishery for example,
165-237 million 2 year old cod are regquired depending on whether a
natural mortality rate of 0.2 or 0.3 is adopted. In addition, to account
for the spawming fishery, a further 75-151 million 2 year old fish are
reguired. -

ASSESSHMENTS OF CHANGES TN FISHUIG IFFORT

Assessments have been made of the effeet of changes in fishing
effort by applying the method of Jones (1961) to the stable age com-
positions of the landings (by weight) in Table 8, using the fishing
nortality cstimates in Table 10. Assecscments can be made for limiting
possibilities:

(a) that the spavming and non-spawning fisheries are based on
a single stock between the component parts of which there
is a continual intcrchange of fish;

(b) that the spavning and non-spavming fisheries arc based on
stocks that are independent at least until the age of
maburity.
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Assessments under (a) were carried out in the previous meeting and
the results have been carried over; at this meeting new assessments
have been made under (b), which is itself subdivided into two altcrnatives:

b (1) On the assumption that the spawning and non-
spavning fisheries are bascd on completely
independent stocks, so that changes in fishing
effort in one stock would have no effect vhat-
ever on landings from the other stock.

b (2) Because a roduction in effort on the non-
spavning fisheries would lead to an increase
in the numbers of o0ld, cnd mature fish, some
of these would cmigrate to the spawming fishery
and hence not be available to the vessels
engaged in the non-spavning fishery. To allow
for this, the effects of reductions in effort
on the non-spawvning fishery were determined for
fish greater than and less than 8 years of age
separately. It was then assumed that the
landings of 8 year and older fish in the non-
spawvming fishery would remain the same and that
any potential would simply be transferred to
the spawming fishery.

These altcrnatives will be referred to as hypotheses b(1l) and b(2),
respectively.

RESULTS OF ASSESSMENTS

Asscssments of the offcets of changes in effort have been made
for various combinations of changes in effort in the non-spawming
and spavming fishorics respectively.

Changes in effort by all gears equally

The non-spavning fishery (Table 14)

U.K. Trawlers

Reduction in cffort would lead to reduction in yields pecr
recrm.t for all hypotheses and for both values of natural mortality.

Others (mainly German and Icclandic vessels)

Reduction in effort could lead to cither gains or losses
in the yiclds per xecruit depending on the assumptions made. If
hypothesis b(l) is rcgorded as, biologically, the least likely,
reductions in effort would probably causce reductions in the yields
per recruit (see (a) and b(2).

Increases in effoxrt would give increases in yield per
recruit on hypothesis (a) but reductions in yield per recruit on
hypotheses b(1) and b(2). In this instance, hypothesis b(2) sccus
more applicable than hypothesis (a).

Total non-spawning fisheries

Bstimates of the cffecto of effort changes on the total
non-spawning fisheries according to hypothesis (a) arc not available,
as these vere not calculated as such in the previous report. According
to hypothesis b(1), a reduction in effort of up to 40% could lezd
to either losses or gains. A reduction to 60% would lead to 109»09.
According to hypothesis b(2), a reduction in efi‘ort would lead %

losses.

In the cage of an increasc in effort, the ei‘fectu on the yicld
per reeruit would lie in the range from +1% to -7% for both hypotheses
b(1) and b(2).
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The spawning fishery (Table 15)

Reduction in offort would lecad to an increase in yields per recruit
on hypothesis (a), but a decrcase in yields per recruit on hypothesis b(1).
In the cose of hypothesis b(2) the decreames would not be so great because
of the possible immigration of fish from the non-spawning fisheries. To
calculate this effect precisely would necessitate consideration of all
possible combinations of effort change in the spawning and non-spawning
fisheries individually. This has only been done in the special casc of
the offeet of a reduction of effort in the non-spawning fishery due to the
closure of the north-east corner of Iceland. This is dealt with in a later
section.

Increases in offort could lead to a decrease in the yield per recruit
in the spawning fishery on hypothesis (a) but an increase on hypotheses
b(1) and b(2).

A1l fisheries (Table 15)

A reduction in effort would tend to rcduce the yields per recruit
from all fisherics combined, for both hypotheses (a) and b(1).

An increase in effort would affect the yields per recruit by something
of the order of less than 55 on all hypotheses.

ASSESSMENT BY SIMULATION

The cvidence that o proportion of the fishery at Iceland is based
upon fish from Grecnland indicates a complex resource situation of three
fisheries, i.c. the non-spavmning and spavning fisheries at Iceland and the
fishexry at Greenland, based upon two mixing stocks. A second method was
therefore used for confirmation, based upon a reconstruction of the fishery
from recruits vhich are assumed to originate from East Greenland and in
Divisions 1E and 1F at West Greenlaond.

The virtual population estimatce of the stock of 2 yecar old fish at
Iceland necessary to provide the observed catch of fish of known Iceland
origin at Iceland is 217 x 10° fish. It has been calculated that a balance
of 100 x 100 fish not available to the Icelandic non-spavming fishery must
cxist to generate the observed catch at Greenland and in the Icelandic spawning
fishery following their cmigration from Greenland. These are assumed to be at
Bost Greenlond, and in Divisions 1E ond 1F at West Greenland. Fishing
nortality in the non-spawning fishery at Iceland is taken to be that showm
by the virtunl population analysis (Table 10); +that in the Iceland spawming
fishery is token as Z = 1.4, from recent Icelandic data, and that for the
fishery at Grecnland in the relevant arcas as F = 0.2. Recruitment from
the non-spavming fishery to the spavming fishory at Iceland is governed by
the kmowm rate of maturation with age, and the proportion of mature fish
at Greenland available to emigrate to Iceland is determined by the same ogive.
The actual proportion of mature fish at Greenland cmigrating to Icelend is
taken as 25% per year, as implied by the analysis of tagging data. All
calculations were carried out with a value of natural mortality, M = 0.2.

The simuletion is carried out by applying the appropriate estimates of
mortality to the 'immature! fisheries at Iceland and Greenland. Survivors
were thon recruited to the spowning fishery at Iceland by maturation at
Icecland and by maturation and cmigration from Greenlend. The maturce fish
were then subject to the mortality in the Teeland gpawning fishery, and
survivors within that fishery returned to it in subscquent years. This
procedure then simuiates the catch in numbers of cach age group in each
fishery which was :ca.l.,ed to the total catch by the knowm average weight at
agcc

The degrec of correspondance between the sctusl and simulated catches
is tabulated in Table 16. In addition the model suggest that the stock of
mature ficsh of Greenland origin emigrating to Iceland is about 10 million,
which corresponds rcagsonably well with the analysis of the
togeing data. The simulation also cstimates the spavming fish ceees
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of Greenland origin to contribute about one-third of the catch by
weight of mature fish in the Icelandic spawming fishery and this
corresponds with the admittedly tenuous estimates that can be
derived from the analysis of otolith types and the decrease in mean
length per age of figh in the Iceland spawming fishery.

The Group considered that this model provides a tolerable

comparison with the biological dota and shows that this allocation

of stocks to Iceland and Greenland is consistent with the observed

catches at Iceland. The model was then used to construct a number
of assessments as set out in Table 17. These confirm the first
nmethod of assessment in chowing that variation of fishing effort ’
within the Icelandic non-spawning fishery will not mcke o significant
difference to the total yield of cod at Iceland, as implied by the
flat-topped yicld per recruit curve characteristic. of cod stocks

at anything but very low or very high levels of exploitation. However,
the yield would be distributed between the component fisheries in
a different way, the catch of the non-spawning fishery decreasing

and that of the spawming fishery incrcasing with o decrease in fishing
nortality in the non-spawming fishery.

The assessment of an offect of o doubling of fishing effoxrt
at the relevant parts of Greenland indicates the cffect this would
have upon the catch of fish of Greenland origin in the spawning
fishery at Iccland. In this particular exomple the total yicld at
Iceland would be reduced by 20 000 tons and this is cquivalent to
the gain in the fishery for mature fish ot Iccland achicved by a
2075 reduction in the fishing mortality in the non-spowming fishery
at Icecland. Thig implics that any diversion of fishing from Iccland
to these parts of Greenland (East Grecenland and Divisions 1L and
1F) will tend to negate the potontial benefits of the reduction at
Icecland to the total yield thoere.

THE EFFECT OF A PROPOSED CLOSURE OF THE NORTH-IAST
CORNER OF ICELAID TO TRAVLING

This prescent rcappraisal of the effeet of fishing upon the
yicld of cod at Iccland was requested by NEAFC in 1968 (IHC6/98,Amncx D)
and arose from the Comnission!s consideration of en carlicr proposa
by Iccland that an arca off the north-cast coast of Iceland be closed
to all travling during the months July-Deccmber for an oxperimental
period of 10 ycars (NC5/59, IC6/86). Although NDAFC requested o
re-asscssnont of the ontire cod and haddock fisheries at Icelond, a
re-cvaluation of the original proposal for a closure rcmains reclevant.

The information considercd by the Commission included
estinmates of the proportion of the fishing effort in the non-spavming
fishery whiich tokes place within the proposed area of closurc. This
information has been updated and is found in Table 18, These data
arc incomplete in that they may cxclude small quantities of trawling
by countrics other than TK and Iceland, and they cxclude fishing by
gears other than travling. There has becn a reduction in the travi
fishery in the ara since 1967 including that by Icelandic vessels,
but mainiy duc to the overall decline in fiching by UK trawls at
Iccland (Table 3). As an avernge for the 1965-69 period, trawling
off north-cast Iccland accounted for 6.1% of the total landings in
the non-spavming fishory; this can bo usced as an index of the
reduction of the fishing offort if the arca was closed to trovling
throughout the ycar. The percontoge for the July-December period
would be rather less than this.

Toable 19 sunmarizes the cffcet on the various fisherics of
o reductiorn of 207 in the fishing mortality in all scctors (gears)
of the non-spavning fichery. Deopending upon the value of natural
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mortality, in the non-spawming flshery, losses from the UK travl fishery
would range from 7 to 11% (15 000 tons), ohd for other components of
that fishery catches might range 3‘}3 (3. 000 tono) from their current
level giving a decrease of from 4 to 8, per cerit “on the total non-spavminu
fishery. In the spawning fishery itself yidéld is cstimated to increase
from 4 to T (10 000 tons) leaving theorctical yield from the total
fishery at Iceland within 273 of its present yield. ,

The alternative method of assessment by simulation of the
catches of immature and mature fish suggest rather bigger changes but the
actual non-spawning ond spavming components of the f:.shery are not. purc-
ly of immature and mature fishi- .Thus the loss of 9.3/0 from the immature
fishery (Table 19) should be tffsect by capture of a’proportion of mature
fish, if it is to be equated with the nonuspa,vming fishery and conversely
the increased yield of mature fish would be decrcased by the loss of
a proportion of the catch of 1mmature fish if that is to be equated
with the spawming fishery. These adju‘stments bring the two methods of
assessment within close agrecment. Thc cstimated proportion of the non-
spavming fishery which takes place: in the proposed area of closure
(6.1%) lies well within the 20% reduction used as a basis for Table 19
and the effect of such a clo ure would therefore be proportlonately
less.

This assessment preuumes that in 't:he everi"t oi‘ o closure all
trawling within the area would be deployed on fishing grounds other
than at Iceland. If the dlspla,ced fishing moved to other areas of
Iceland the changes would be cven lover. -Alternhtively, the results
of the simulation modol assessment (Table 17) suggest that if the dis-
placed fishing were depio‘yccl at South or East Grdenland it would con- -
tinue to cxert an cffect tipon the. ca.tchcu of cod in the spawning
fishery at Icecland. However, at the prcsent time it is not possible
to cstimate the actual cffect of particular levels of fishing effort
redeployed from the arca of closurc to South and East Greenland.

HADDOCK

In Tables 20 and 21 data on nominal catch and catch per unit of
effort are given for the period 1946 to 1969 for haddock in Icelandic
vaters. :

Changes in landings and fishing effort

Table 22 gives the nunber of fish landed of the various year
classes and from them it is cvident that in the period 1651-69 only the
year classes from 1956 and 1957 have contributed any considerable
amount to the haddock fishery.

There has been o considerable decrease in the English fishing
effort for haddock in Icelandic waters in rccont years and this is
responsible for the decline in the English haddock landings. Icelandic
fishing effort increascd in the period 1967-69 and this has managed to
keep the londings on a steady level although much lower than the 1962-65
TWVETOLCo '

The mnin couse for the decline in the total haddock fishery in
Icelandic woters must be considercd to be the absence of any good
yeor classes since 1960.
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Mortality estimates

Exomination of the estimates of fishing moxrtality on Iceland
haddock indicates that, 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 significantly from
the value of fishing mortality which provided the basis for the 1968
assessment which remains valid ond is reproduced in Table 23.
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COD STOCK IDENTIFICATION STUDIES AT ICELAND USING
SEROLOGICAL, BIOCHEMICAL AND GENETIC TECHNIQUES

Contributed by A. Jamicson (Fisherics Laboratory, Lowestoft)

Information on the frequency occurrcnces of recognizable genes in cod
stocks can be used as metaphorical tags capable of defining a pool of gencs
perpetunted in each genctic isolate or contemporary unit of stock. The
available data about genes in cod show that this approach is particularly
reclevant to this specics. Isolates of cod stocks are known to have
differentiated genctically allover the range of this species. The few
marker genes knowm to characterize the stocks can be put to work in those
stock identification problems that are bedevilled by the phenotypic bias
in thc more faomilior morphometric data. Genetic analyses should supplcment
the latter also.

The past 10 yecars have witnessed o gradual increase in the number of
genetic veriants in cod. Although few have been applied in the present
context their potential value is undeniable, but practical application of
the available methods to date has been confined to the well-tried variants
at two independent genetic loci called Hb and Tf. Ags the symbols suggest,
the alleles at thosc loci control haemoglobin variants in cod exrythrocytes
ond transferrin varionts in cod blood plasma. The series of alleles o
both these polymorphic loci occur in clearly different proportions in
certain stocks of cod.

An international cod blood saompling progromme in Iceland area has
produced several thousand blood samples vhich have been tested at Lowestoft
and ot Reykjavik. The greatest numbers of samples were from spawning cod
at south-west Iccland during the spring of 1969 and again in 1970, Samples
were also token and tested in different poarts of the Iceland cod fishery
through different seasons, also at Greenland.

A preliminary anclysis of this blood data suggest the following:

1. Plurality of stocks in the Iceland area. This is evident in
the erratic differecnces in allele frequencies at Iceland,
particulorly during the spavming seoson,

24 The differences in allele frequenciecs did not show consistent
regional effects. This was presumably due to migrations in
and out of the Icecland arca giving what may be described as
a mosaic cffect.

Se Mixing of stocks was occasidnally cvident vithin single
haouls of cod. Genctic imbalance in houls wos interpreted
as evidence for mixing.

4. A genetic chonge in the composition of the spayming aggregate
of cod at south-west Iceland occurred about carly April.
This change was cxpressed ag o conspicuous drop in the
frequency of the allele HbIL during the 1969 spawning scason
and again in 1970.

Se The East Greenland cod allele frequencies were close to the
average values for the same alleles at Iceland as a whole.
lloxre East Greenland cod blood samples would be welcome at
Lowestoft.

6. The tronsferrin allele freguenciecs ot West Greenland were
represented in occasional haulgs ot south-west Iceland at

spawvning time.
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APPENDIX 2

SUBDIVISION OF FISHING MORTALITY RATES

Estimates of total and fishing mortality rates were obtained in the
way described in the Appendix to the previous Working Group Report for values
of M = 0.2 and 0.3, using (a) the numbers landed at successive ages in the
entire fishery and (b) the numbers landed at successive ages in the non-
spavning fishery alone. .

These provide respectively (a) eé{iimates of fishing mortality (¥p),
on the entire stock at each age, and (b) estimates of fishing mortality
(Fy), within the stock supporting the non-spawning fishery at each age.

The assumption was then made that

Tp =p T+ (1 - p)F, at each age, so that Ty = (—-]_—-_—-I-)—)[FT - FN—7

vhere p = the proportion of the stock supporfi;.ng the non-spawning fishery
at any particular age :

i

and  F= the fishing mortality rate within the stock supporting the
spawning fishery at the same age.

. Values of p were estimated dircctly from the values in Table 10
rela'i:ing to the numbers of fish in the sea ih the non-spawning and total
fisheries at each age: These and other values required for calculating
Fg bt each age are shown in Table 10. :

- b e
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Table 1. Nominal catch in netric tons of cod from Icelang grounds,
Division Va, according to Bulletin Statistique’

Years Iceland England Germany Paroes Scotland France Norway Holland Belgium Denmark Sweden Total
1946 199 165 36 846 11 011 15 0002) 4 756 - 188 . 27 894 - - 267 887
1647 200 242 52 369 10 817 15 0002) 4 068 1 205 57 - 5 150 - .- 289 608
1948 213 177 S0 702 11 193 15 0002; 4 147 2 830 13 242 3 184 : 3] - 340 496
1949 221 419 21 125 24 120 15 0002 4 954 1 538 108 - 4 387 .16 - 362 667
1950 197 433 108 901 30 327 | 15 00023 5 218 98 892 970 4 249 267 - 363 355
1951 183 252 103 485 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
1554 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 - 5328 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 17 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
1963 232 339 123 185 33 034 6 254 3 180 - 3 510 - - - - 402 002
1964 - 273 584 122 207 19 336 6 887 4 582 - 2 688 - - - - 429 284
1965 233 483 128 136 15 274 5 246 6 781 - 419 512 3 747 - = 393 598
1966 223 974 109 038 9 851 3 414 4 849 100 469 78 2 987 - 1 995 356 755
1967 193 449 126 566 15 397 2 774 3 607 315 185 - 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 95 386 19 368 2 579 3 996 124 363 22 2 716 - 1717 406 411

1) German figures according to national statistics from'Bundgsforschungsanstalt fiilr Pischerei,' Hamburg.

2) Batimated.



- 17 -

Table 2. Catches per unit effort of Iceland cod.

Years Enéland Gefmany Icgland
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 1116 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 1.0%) 517
1967 686 1.5 483
1968 921 3.3 650
1969 1035 2.3 617

A: Tons per million ton hcurs (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 5. Estimates of fishing effort on Iceland cod.

Years Enéland Gzrmany Igeland 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 T 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
9 1957 144 229 8 375 - 451 725
‘ 1958 153 601 9 865 - 519 171
1959 137 455 8 683 - 551 T44
1960 157 309 9 731 38 300 668 563
171 282 T 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
' 1969 91 571 8 581 61 871 390 156

1961

Az
B:
C:

Thousand ton hours.

Days fishing.

Thousand ton hours.

Total effort = English effort x

Total catech

English catch

Motor and steam trawlers combined.
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Table 4. Cod. Iceland. Total landings in No x 10—6.'
[

A car | 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 1 12.5 8.4 | 14.% |12.,4 22,2 13,2 | 26,9 | 13.1 | 10.3
4 24.1 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 1.1 1.7 | 15.4 14.0
T 9.0 7.6 [12.2 | 17.1 8.1 8.5 5.9 9.0 | 16.0 | 12.8
8 7.0 5.0 4.3 7.9 20,0 5.9 {10.7 2.8 5.5 1 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 C.8 2.1 2.1 0.7 0.2 0.2 0.4 0.2
Table 5. Cod. Iceland. Non-spawning fishery léndings
in No x 107",

Age ear 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 T.81] 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 7.2 110.7 8.1 8.9 Te3 6.5 8.1 ]110.4| 10.4
7 4.7 3.7 | 5431 10T | 3.7 | 4.9 2.4 4.9 T.9| 543
8 2.7 4.6 1.7 2.3 T5 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. Iccland. Spawning fishery landings in
No x 1079,
Age Year 1960 | 1961 |1962 {1963 | 1964 | 1965 | 1966 | 1967 | 1968 |1969
2 - - - - - - - - - -
3 0.2 - - 0.4 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
T 4.3 3.9 7.0 6.3 4.4 3.6 3.5 1 4.1 8.1 T.5
8 4.3 4.5 2.6 5.3 | 12.5 3.8 6.5 2.0 3.2 [15.2
9 4,7 3.0 6.5 2.0 T.3 Te9 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; 1.5 1.7 0.56] 0.14 .0?15 0.27] 0.1
Table 7. Mean numbers Emillion) of ‘cod landed
' from Icelond (period 1960-1969).
Non-spavning Spawvming
Age fishery fishery Total
2 1.9 - 1.9
3 15.0 1.0 14.0
4 24.6 1.7 26.3
k 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




Table 8,

Iceland Cod.
1960-1969 landings).

- 2] -

Stable age compositions of landings (based on

Numbers landed (million)

Non-spawning fishery

Spawning fishery

Age U.K. Others Total Totol
2 1.2 005 1.7 002 1'9
3 7.6 343 10.9 2.6 13.5
4 14,1 5.8 15.9 4.9 24.8
5 9.9 4.4 14.3 4.6 18.9
6 5.0 2.5 7.5 4.4 11.9
7 2.6 2,3 4.9 5.5 10.6
8 102 1.8 3.0 608 9.8
9 0.6 1.1 1.7 el 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
13+ 0.04 0.06 0.1 0.4 0.5
Corresponding weights landed (thousands of metric tons)
2 0.7 0.2 0.9 0.1 1.0
3 11.3 4.8 16.1 3.9 20.0
4 34.1 13.9 48.0 11.8 59.8
5 34.1 15.3 49.4 15.7 65.1
6 21.6 10.6 22,2 16.1 51.3
T 13.6 11.6 25.2 30.6 55.8
8 6.7 10.5 17.2 39,1 5643
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 13,1
12 0.4 0.5 0.5 443 5.2
13+ 0.2 0.4 0.6 2.1 3T
Table 9. Mean weight (round fresh) of age-groups
of ccid at Iceland (German and Icelandic
Data).
Age (years) Weight (kg)
1 0.10
2 0.54
p) 1.48
2 2.41
5 3.45
6 4432
7 5.16
8 5.72
9 6.29
10 6.73
11 7.19
12 T.58
13 8.00
14 8.47
15+ 8.90
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Toble 10, Icelond Cod. Estimates of the fishing mortality
rate (P) within the various components of the stock
(based on 1960-69 data).
Age P Znn P Fir Fy
M=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 0.4l 0.3%9 0.19 0.3%9 0.05
6 0.3%4 0.38 0.18 0.36 0.05
T 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
M= 0.3
3 0.44 0.34 0.04 0.08 0.01
4 0.43 0.42 0.12 0.24 0.03
5 0.37 0.44 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-~spawning fishexry as a

proportion of the total number in the sea
(calculated from datz in Table 13).

total mortality on the total stock.

F = fishing nortality on the total stock (Fp), within the
non-spavming fishery (FN)sand within the spawning
fishery (Fg). .

Eotimates of the total numbers of cod in the sea

Table 1l.
(millions) nccessary to account for the total

landings from Iceland.

M 0.2 0.3

Age A ! B A 3

2 216 264 317 460

3 182 205 267 324

3 147 163 20/ 242

5 96 109 128 153

6 61 65 78 88

7 44 46 55 59

8 28 26 3. 36

g 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 4e5
13 1.6 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 Calculated on the assumption that Z2 = 0.8 in the oldest age-
group in each year class, irrespectizve of actual age.

B Colculated on the assumption that Z2 = 0.7 in 12 year and older
fish, but moking allowance for the fact that for fish less than 12
years old valucs of Z other thoan 0.7 may be more sppropriate.
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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.
M 0.2 0.3

Age A B A B

2 161 169 223 251

3 129 131 172 177

4 96 g8 122 125

5 55 56 67 69

6 26 26 31 32

T 15 i5 18 17

8 1.7 7.5 .1 8.8

9 3.9 4.0 4.6 5.0
10 3.1 3.4 3.7 4e5
11 1.4 - 1.6 1.7 2.3
12 .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 the assumption that Z2 = 0.8 in the oldest age group in each
year class, iirespective of actual age.

B Calculated on the assumption that Z = 0.7 in 12 year and older fish, buv
making allowance for the fact that for fish less than 12 years old values
of Z other than 0.7 may be more appropriate. '

Table 13. Estimates of the numbers of cod in the sea necessaxry
to account for the Icelandic fisheries.

M 0.2 0.3
Non-spawning | Spawning Non-spavning Spawning
fishery fishery | Total fishery fishery Total
Age () (B-4) (3) () (B-) ()
2 165 75 240 237 151 388
3 130 64 194 174 122 296
4 91 58 155 124 99 223
5 55 48 103 68 T2 140
6 26 37 63 31 52 83%
7 15 50 45 i8 39 Y
8 7.6 20 28 9.0 26 35
9 4.0 12 16 4.8 15 20
i0 3.2 9 12 4.1 11 15
11 10 5 4.8 605 2.0 6 8
i2 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




Table 14. Percentage changes in yield per reccruit due to changes in
~  fishing effort.
Non~Spavming Fisheries
1y 0.2 0.3 0.2 | 0.3 0.2 | 0.3
% change
in i
effort® Others Total
a =37 ~44 ~25 -39 - -
60 bglg =17 =30 +16 - 8 -4 -21
& b(2 ~34 ~40 -8 ~21 -24 ~33
B4
B a -21 ~26 -17 -24 - -
E‘F -40  v(1 -6 -12 +16 +3 +3 -6
& 3 b(2 -18 -20 + 1 -1 -11 -15
= a -9 -12 -3 -6 - -
~20 bglg -2 -6 + 8 + 2 + 2 -3
b(2 -1 -11 + 2 -3 -4 -8
o a + 8 +10 + 3 + 6 - -
Ce | +20 bglg 0 +5 -8 -3 -3 + 1
&4 G b(2 0 +5 -8 -3 -3 +1
E a +14 +19 + 6 +10 - -
% +40 bglg -2 +5 -15 -7 -7 + 1
b(2 -2 +5 -15 -7 - T +1

o3
b3

b(1)

b(2)

More precisely this refers to the percentage change in the fishing
mortality rate at each age in relation to the average values for

the period 1660-1569.

Assuming that the spawning and non-spawning fisheories are baged on
Values taken from report of the previous

a single stock of cod.

Vorking Group.

Assuming that the spawning and non-spawning fisheries are bascd on
two completely independent stocks of cod.

Assuming that the spawning and non-spawming fisheries are based on

stocks that are independent until they are 8 ycars of age.

After

this age, it is assumed that potential gains to the non~spawming
fishery of fish older than 8 yecars of age are transferred to the
spavning fishery by the migration of thesc fish.
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Table 15. Percentage changes in yield per rccruit due
to changes in fishing effort®,

o H 0.2 0.3 0.2 | 0.3
chan Total Total
it Spawning fishery A1l fisheries
effort *
’ a +39 + 5 -6 -24
~60 b§1g -24 -33 ~14 ~28
& b(2 - - - -
o B
WE a +28 + G - 2 -12
H2H| 0 b(1§ -18 17 -8 -12
b(2 - - - -
£ (
a +13 + 5 0 -5
-20 Db(1 -4 -7 -1 -5
b2 - - - -
By a’ ~-10 -6 -1 + 3
© ey [ +20 bg1§ + 2 + 5 =1 + 2
88 b(2 + 2 +5 -1 + 2
= E ‘
gg a -20 -11 -2 + 6
H |+40 bslg + 3 + 9 -3 + 4
b(2 +3 +9 -3 + 4
*  More precisely this refors to the percentage change in the
fishing mortality ratc at each age in relation to the average
values for the period 1960-19659.
a Assuming that the spawning and non-spawning fisheries are

based on a single stock of cod. Values taken from report
of the previous Working Group.

b(1) Assuming that the spawming and non-spawning fisheries are
vased on two completely independent stocks of cod.

p(2) Assuming that the spawming and non-spavning fisheries are
based on stocks that are independent until they are 8 years
of age. After this age, it is assumed that potential gains
to the non-~spavming fishery of fish older than 8 years of
age are twansferred to the spawming fishery by the migration
of these fish.




Table 16. Summary of landings predicted by the simulation model.
Fishery at Iceland Both Fisheries Mature Pish ,
Age Fon~ Total Total of Total Total
spavning | Spawming immature mature Greenland Origin Mature All Fish
(a) Stoble age composition of landings of cod at Iceland (millions)
2 1.8 002 2.0 - - 200
3 10.9 2.6 13.5 - - 1%.5
4 19.9 4.9 24.8 - - 24.8
5 14.3 4‘6 1809 - . - 1809
6 705 4.4 705 404 I\Tot 404- 1109
T 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 6.3
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 - 006 - 0.6 0¢6 006
13"‘ - 004 -~ Oc4~ 004 004
Total Number -
(millions) e - 27.8 105.2
Total Weight
(thousand tons). , 235 155 558
(b) Simulation of stable age composition and catches of cod at Iceland
2 - - - - -
3 17.1 - - - 17.1
4 31.6 - - ~ 31.6
5 23-2 - - 2302
6 10.3 3.6 1.0 4.6 14.9
7 4.8 4.9 1.6 6.5 11.3
8 1'5 4-00 109 509 7‘2
S 0.2 1.9 1.7 3.6 3.8
10 - 006 1-3 1.9 1‘9
11 - 0.1 O¢8 009 0'9
12 - - 0.4 0.4 0.4
13+ - - 0.5 005 003
T‘(’;laillf‘gsr £8.5 15.1 9.0 24.1 112.6
Total Weight 259 80 54 134 393

(thouscnd tons)




Table 17.
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Summary of assessments based upon simulation of the fishery.

Fishing , Landings (thousand tons)
Effort on "
Tceland Tomature Tc?tal Mature Flshez:y
. Mature Fish Mature Fish
Immature Fish of . Total
: . of Iceclandic of Greenland
Fishery as Icelandic Oriein Oriein
% of prescnt Origin Tig: 18
50 148 187 54 389
80 235 106 54 396
100 259 80 54 393
125 277 58 54 389
" Grecnland
fishing 259 80 33 372
doubled

NB. Calculations checked only by graphical methods.

Table 18, Iceland Cod. Total landings of different fisheries,
1965-1969. (Thousand of tons).
. Non-Spavming
. 29 T o Overall
. North-East Fishing Areca go:laié. . Spawming Total
UK Tcolend | Total | Ppi=PPEMENE

Yeor travl travwl trawvl 1shery
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
2968 8.5 1.1 9.6 230 159 389
1969 5.5 1.5 7.0 213 198 411
Mean 10.9 1.6 12.5 206 174 380
% of the ’
Total 2.9 0.4 3¢3 54 46 100
Lendings
% of the - -
Irmature 5.3 0.8 6.1 100
Fishoxry

Table 19. Percentage chonge in yield for 20% reduction in fishing

effort in the non-spawming fishery. (Equivalent
thousand tons in brackets).

Asscssment (Hypothesis b(2))

Assessmeut
by Simulation

Non-spavming Fishery, UK
Others
Total

Spawming Fishery

Total Fishery.

Fishery for Immature Fish
Fishery for Mature Fish
Total Fishery

~7.4 ( 9.6)

-10.6 (13.6)

+1.7 ( 1.4) - 2.6 ( 2.1)
-3.9 ( 8.1) - 7.5 (15.7)
+6.5 (12.5) + 4.6 ( 8.8)
+1.1 ( 1.0) - 1.7 ( 6.9)

—

~ 9.3(23)
+19.6(26)
+ 0.8( 3)




Table 20. Nominal catch in metric tons of h%

according to Bulletin Stetistique

?dock from Iceland grounds, Division Va,

Yezrs | Iceland | England | Germany | Faroes | Scotland | France | Norwoy Holland Belgium Denmexk Sweden Toteol
1946 14 120 |12 078 4 601 1503) 1 679 - - 45 472 - 3% 145
1947 18 601 |14 901 3 762 1502 2 246 - - - 2 019 N - 41 679
1948 | 24 862 |23 610 7 553 1502 2 507 - - 350 1 314 57 21. 60 824
1949 70 264 28 683 10 499 1502 3 960 - - - 2 120 96 170 75 951
1950 27 099 26 886 7 300 1502 2 271 - - 759 1 640 603 41 66 T49
1951 22 173 21 576 7 326 1502 1 365 - - 220 2 857 362 - 56 029
1952 15 166 18 571 T T34 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 35¢ 683 - - - 7 105 6 - 64 945
1956 22 054 | 23 748 8 750 610 980 - - - 6 147 - - 62 289
1957 31 302 28 663 7 796 |1 168 1137 - - 29 6 631 ~ - 76 726
1958 28 624 27 283 6 311 |1 376 966 - - - 5 738 - USSR 70 498
1959 26 534 30 002 3 794 |1 025 811 - - - 2 412 - - 64 578
1950 41 988 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 A 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 1753 |1 006 3 761 - 40 89 1 235 - - 99 033
1966 36 028 19 706 1139 968 1 498 10 - 6 676 - 69 60 100
1967 3T 997 17 409 1 517 484, 1011 916 - 897 - 194 60 425
1968 34 014 | 11 906 2 558 277 1 358 6 - - 1 073 - - 51 192
1969 35 0%6 7 806 1 626 20 1 138 - - 26 961 - - A6 613

l) German figures according to national statistics from "Bundesforschungsanstalt filr Fischerei', Homburg.

2) Estinates.
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Table 21, Landings per unit effort of
haddock from Iceland.

Years A B C
Ingland Germany 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 -
1552 220 0.6 -
1953 220 0.4 -
1954 216 0.5 -
1955 258 0.6 -
1656 233 1.1 -
1557 201 0.7 -
1658 178 0.6 -
1559 219 0.5 -
1960 211 0.3 221
1961 260 0.5 212
1962 268 0.5 274
1563 152 0.4 223
1964 111 0.2 227
1965 126 0.2 201
1566 T4 0.1 158
1967 64 c.1 195
1968 49 0.3 166
1969 38 0.2 166

A - Tons per million ton hours (steam trawlers)

B -

C ~

Tons per doy fished

Tons per million ton hours




22.

Table

Tceland Haddock.
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Total landings (thousands of
fish) of the various year classes.

Yoaxr Classes
Age 1948 1949 1950 1951 1952 1953 1954 1955 1556
1 - - _ n - - = -
2 - - - - - - - T 936
3 - - - 200 57 42% |12 306 28 263
B! - - 2 524 2 598 2 332 6 516 (13 093 37 135
5 - - 10 641 | 10 386 8 228 5 351 3 101 |13 317 23 067
6 - {13546 | 985914 979 35955 | 1 083 2046 | 4 370 | 11 884
7 209 | 5 489 7 037 5 3201 1 250 999 395 | 2 001 5 216
8 85 | 1 565 1619 1 116 653 335 222 424 3 574
9 69 651 390( 1 098 282 148 37 217 1 621
4=0 - - 27 889 14 781 8 766 11 693 {30 780 72 686
4~9 - - | 35 404 | 16 966 |10 248 | 12 347 |33 422 | .83 097
| Total 363 |21 251 | 29 546| 35 404 17 166 |10 305 12 770 |45 728 | 119 296
Table 22 (continued)
Year Classes
Age| 1957 1958 1959 1960 1961 | 1962 1963 | 1964 11965 |1966 | 1967 | 1968
1 - - - 31 34 45 14 27 98| - - 3
2| 3 604 3 531 | 5 800 195 2 3311 236111 312 | 2 012{6 140{2 397 |2 045 -
3 132 260 9 615 | 9 288 19 790 | 7 08813 316 3 734 |23 124(8 05110 361
‘ 4 135 783 14 509 | 7 582 16 938 | 7 745| 5 540 8 604 |10 0443 811| ~ -
5141 340 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 2 445 | 1 131 2 119 983 538 - - - - - -
8| 7235 618 234 1 167 %86 - - - - - - -
9| 1063 105 129 507 - - - - - - - -
4-6/103 758 | 28 253 |17 912 49 985 |14 163| 11454 | B 672 - - - - -
4=Gl126 174 | 31 421 {19 406 54 078 - - - - - - - -
Total 162038 44 567 |34 491 75 858 | 24 985{27 744|18 T2 | 47 142|18100{13 298| 2015 3
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Table 23. Iceland Haddock. Effect of yield in

percent of changes in effort by all

gears equally.

% Change in Fishing Mortality Rate from

the 1960-1966 Level

Gear M ~60 =40 -20 +20 +40
English 0.15 -4 +4 +3 =5 -10
and o
German 0.30 -20 -8 -2 +0.4 + 0.2
Trawl

(1)
(2)

Estimates for English and Germen itrawlers wexe
similar and so mean values are given in the Table.

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 1 Growth curve for cod of the 1961 year-class in the Icelandic spawning
fishery compared with the average growth curve in the Icelandic
fishery (1928-64) and with the average for East Greenland.
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Figure 1 Growth curve for cod of the 1961 year-class in the Icelandic spawning
fishery compared with the average growth curve in the Icelandic
fishery (1928-64) and with the average for East Greenland.
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Figure 2 Diagrammatic representation of the inﬁer~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, Bl and B2.



