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1. INTRODUCTION

1.1. Terms of Reference

At the 68th Statutory Meeting it was decided (C.Res.1980/2:6/10) that:

the Mackere1 Working Group (Chairman: MJ. Gu~guen) should me~t at
lCES headquarters from 7 to 14 April 1981 to:

(i)

(H)

(i11)

(iv)

(v)

assess the mackere1 stocks in Sub-areas II, III, IV, VI, VII,
VIII and IX, '

give further c1arification of the bio1ogical reasoning under
1ying the selection of 30cm as the length below which catching
mackerel is undesirable, both for the North Sea and the Western
stocks,

provide the best statistics available, sub-divided by gear type
and by month (or season) of catches of horse mackerel, pilchard,
sprat and mackerel in the area recommended for closure in paragraph
205 of the ACFM Report of 1980,

assess the benefits to the mackerel stock of the closure proposed
in the paragraph of the ACFM Report mentioned ahove, inc1uding
data 'available on the length distribution of catches, the mortality
per age group, by months, and by gear type and mesh sizes,

assess the effects of a 40mm minimum mesh size for trawl gears for
mackerel in Sub-area IV.

The Working Group was asked by the Chairman of ACFM:

to re-assess the mixing of the stocks or reinterpret the tagging data,

to try an assessment on both North Sea and Western mackerel combined.

The Group was also asked by Portugal to include the assessment of horse
mackerel of ICES Divisions VIllc and IXa in its Agenda.

1.2. Participation

The Group met in Copenhagen with the following participants:

• R.S. Bailey
E. Bakken
M.F. Borges
H. Dornheim
A. Eltink
L.S. Gordo
J.C. Gu~guen (Chairman)
S.A. Iversen
S.ll. !. Jakupsstovu
S.J. Lockwood
J. Molloy
S. Munch Petersen
T. Westgärd

United Kingdom (Scotland)
Norway
Portugal
Federal Republic of Germany
l':etherlands
Portugal
France
Norway
Faroe Islands
United Kingdom (England)
lreland
Denmark
Norway
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2.1. North Sea Area (Sub-area IV, Divisions IIa and lIla)

The total landings for 1979-80 from each country fishing in this area are
given in Tables 2.1 (North Sea and Skagerrak) and 2.2 (Norwegian Sea).
The figures for 1980 are provisional. The total catch in the North Sea
area (Sub-area IV, Divisions Ila and lIla) in 1980 was 96 000 tonnes. This
was an apparent reduction of 40% from the 1979 landings. The decrease
was the result of quota management regulations, but the reduced landings
still represent an excess of 100% over the maximum recommended by ACFM
(50 000 tonnes).

The landings by quarters are summaxised in Table 2.3. As in previous years,
the bulk of the catch was taken in the third quarter of the year both in a
the North Sea, Skagerrak and in the Norwegian Seal •

The information on catches by area were limited and misreporting may have
occurred. For these reasons, the distribution of catches couli not be given
in detail. However, a shift was noticed in the main fishing area from
Division IVa in 1979 to southern IVa/northern !Vb in 1980. No infonnation
was available on "unallocated" catches; the absence of these data will
influence the validity of those assessments dependent on good catch
statistics.

2.2. The Western Area (Sub-areas VI, VII and VIII)

The landings by each country for the period 1970-80 are shown in Table 2.4.
Some slight revisions have been made in the 1979 catches, mainly in the
Spanish figures, and these have resulted in a decrease in-the total catch
for that year of approximately 5 000 tonnes. The provisional catch for
1980 is approximately 605 000 tonnes, compared with 601 000 tonnes in 1979.
This is the highest catch ever recorded from this western areal Although
the total international catch in 1980 is only slightly higher than in 1979
considerable changes have taken place in many of the national catches.
The United Kingdom (England and Wales) catch decreased from 244 000 tonnes
in 1979 to 151 000 tonnes, due to United Kingdom national control measures
for the fishery off Cornwall. A decrease was also reported in the total
French catch. Considerable increases were reported in the catches by
Ireland, Denmark, the Netherlands and Faroe Islands.

In addition to the national catches, a further 107 500 tonnes (18% of the
total catch) were reported to the Working Group unofficially but were not ~
allocated on a national basis. ...,

The TAO recommended by ACm for the Western area (Sub-areas VI, VII and
VIII) for 1980 was 330 000 tonnes. Thus, the recommended area TAC was
exoeeded by 83%.

The distribution of the catches by Sub-area, shown in Table 2.5, indicates
that there was a small increase in the quantity taken in Sub-area VI in
1980 while there has been a oorresponding decrease in the oatches from
Sub-areas VII and VIII. However, these figures do not reveal the
considerable increase that has taken place in the catches by fleets from
Ireland and the Netherlands operating in Division VIa.
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The 8easonal distribution of the eatehes (Table 2.3) shows that in Sub
area VII OVer 8r::rf, of the eateh was taken in the first a.nd fourth quarters
of the year, as in 1979. However, in Division VIa there was an inerease
in the pereentage of the total eateh taken in the fourth quarter (62% in
1980 eompared with 51% in 1979).

Divisions IXa.b

The total landings from 1972-80 from each eountry are given in Table 2.6.
There has been an inereasing trend in landings, from about 3 000 tonnes in
1972 to 7 300 tonnes in 1980. In 1978, the landings reaehed a peak of
7 500 tonnes and sinee then there has been a slight decrease. Spa.n1sh
landings eontribute an average of 7r::rf, of the total landings, except in
1977 when the Soviet fleet aeeounted for 3 000 tonnes. Portuguese landings
show some fluetuations with their average eateh being about 1 000 tonnes
in the period 1972-80. Prior to 1972, eateh data were sometimes reported
as "other speeies". In addition, speeies separation from~ japonieus
in eommereial landings i8 not always clear. The Portuguese fishery was
eonducted by a fleet of 127 trawlers in 1980. The average trawler makes
112 trips of two days - on each day 3 hauls of 4.4 hrs. On a smaller sea1e,
artisanal boats using gill nets and hook-and-1ine eontribute to the fishery
(Tab1e 2.7). Netheir trawlers nor artisanal boats eonduet a direeted
fishery on this species.

Annua1 Portuguese eatches by quarter are shown in Table 2.8.

No data are avai1ab1e on the relationship between the Western stock and
mackere1 in Divisions IXa,b. For this reason the catehes from Divisions
IXa,b are not inc1uded in the Western stock assessment. Pre1iminary
bio1ogical data from these Divisions are s=arised below. They are at
present inadequate to make an assessment.

Only Portuguese data on catch rates of trawlers are avai1able for the
period 1974-80 (Tab1e 2.9). These show some f1uctuations but there has
been a downward trend in recent years.

Biological paraceters are available from Portuguese data (1979) concerning
northern and centra1 areas.

•
a)

b)

growth parameters based on ages 1 to 8+

K = 0.1831

to = -4.5112

L = 46.02

Spawning takes p1aee between the middle of }~h and the beginning of
June, off the Portuguese eoast, after individuals have completed their
first year. In order to study the relationship between the mackerel
from Sub-area IX and the mackerel from adjacent areas, the Working
Group recommends that a11 countries involved in the fishery should
provide and improve the data.

2.4. Discarding in 1980

2.4.1. North Sea

There was no evidence of disearding in Divisions IVa and !Vb in 1980.
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An investigation of discarding by Dutch trawlers showed that there was some
discarding by bottom trawlers. The Dutch catch at age data were raised to
include the discards, but this increase accounted for less than 1% of the
international North Sea catch.

2.4.2. Western Area

No new direct observations of discarding have been made since the exercises
reported in the last Working Group report (Anon. 1980a). The same raising
factors as were used in 1980 were applied to the numbers at age data for
those fisheries where discarding is known to occur. During the 4th quarter
of 1980, the preponderance of 1978-79 year classes in the catches off
Cornwall resulted in an increase in the rate of discarding in the human
consumption fishery. For this qaarter, a higher raising factor was applied
to the English data than was used in the first quarter.

Discarding in the autumn fishery in Division VIa was limited to mackerel
lost from tom nets and to those not accepted for marketing because of
their quality. In total, this amounted to not more than 3% of the total
landings from Division VIa and catches in numbers have been raised
accordingly.

2.5. Catch Statistics

'.

•

3.

We have mentioned above the very large catches which have been reported
unofficia1ly and which have not appeared in the national catch statistics.
Doubts have also been expressed by various members about the validity of
national catch figures. The increasing amounts of mackerel which are caught
but discarded also undermine the accuracy of catch statistics. We must,
therefore, emphasize that the total estimated catches used in the VPAs
for both the North Sea and Western areas must be considered with due
caution. The fact must be remembered when considering the estimate of the
total stock size derived from VPA and also when considering the recommended
TACs for 1982. The situation is rendered even more seri oua because of the
decline which haS taken place in the size of the stocks !rom both areas.
Because of this, the recommended TACs must therefore be considered with
caution as they may be over-optimistic. The Working Group recommends
that immediate steps be taken by each countr,r to ensure that accurate
catch statistics are available in future. This will entail increased
cooperation between the various national organisations engaged in the
collection of catch figures and an awareness by them of their responsibility
in the management of these fisheries.

STOCK DELINEATION

A description of the prablemsrelating to the interpretation of the tagging
data was given in the 1980 Report of the Working Group (Anon.,1980a). In
particular, it was difficult to interpret the observed tag densities in
Division VIa in summer Which were higher than those found in the North Sea
in summer. This applies to both mackerel tagged southwest of Ireland and
tagged in the North Sea. In addition, a high number of tags released off
Ireland were returned from the North Sea, while tags fram the North Sea
occurred both west of the British Isles and in the English Channel.

These observations indicated that the migration pattern of the mackerel
was more complex than assumed earlier. To clarify the questions , an
attempt was made to establish a working hyrothesis for a stock and
migration concept which could give a plausible explanation to the tagging
data.

•
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As a basis, two stocks, having separate spawning areas, were assumed to
exist: the North Sea stock and the Western stock. For the purpose of
describing the distribution, the Western stock was considered as two
components: a) a. faster growing and northerly distributed component and
b) a slower growing southerly component (Corten and Van de Kamp, -1978).

The migraticns of the mature rish of the three components, teroed "North
Sea", "Western alt and ''Western b", are illustrated in Figures 3.1 - 3.4
as distribution charts at four approximate periods in time: February,
June, August and Uovember.

Figure 3.1, February, represents the situation in late winter. The Uorth
Sea stock is found in the liorwegian Trench and to the west of the Shetland
Hebrides. The Western stock is distributed fram Northern Ireland to the
Bay of Biscay, the a-eomponent in the northern part and the b-eomponent in _
the south with an overlapping area in the Celtic Sea,

Figure 3.2, June, shows the distribution in early su=er. The area of each
component has expanded. The Uorth Sea stock is found near the area of
spawning, while the a-eomponent of the Western stock occurs in Division VIa
migrating northwards into the northern North Sea and the Norwegian Sea,
The b-eomponent of the Western stock also migrates to the north into
Division VIa and the southern part of the North Sea,

Figure 3.3, August, shows that the distribution of mackerel is at Hs widest.
The stocks and components overlap in distribution. Thus, the Western
a-eomponent penetrates into the northern part of the North Sea fram northwest,
while the Western b-eomponent also comes into the North Sea from south.

Figure 3.4. November, shows the situation prior to the overwintering periode
Part of the North Sea stock migrates to the area west of Shetland, and the
rest concentrates along the western slope of the Norwegian Trench. The
a-eomponent-of the Western stock retracts southwards and is found maio1y
to the west of the British Isles. The b-eomponent of the Western stock maves
to concentrate in the Celtic Sea area, The migrations of mackerel fram and
to the Celtic Sea area which are described here are basically the same as
those described by Bolster (1974). The results of the Norwegian tagging
experiments can now, in general, be explained on the basis of the distribution
and migration pattern outlined above.

The tagging in May off Ireland is likely to give a tagged population near
the northern f'ront of' the Western a-eomponent while i t is starting the
migration northwards. The tagged population is likely to remain near the
front until the mackerel spread out for feeding in the northern North Sea,
At that tiI:le, the tagged population will be mixed with the untagged part
of the Western a-component as well as the North Sea stock.

When the a-eomponent of the Western stock leaves the North Sea in early
autumn, the tagged fiah will be among the last to leave.

A migration pattern such as this can explain the observed variations in tag
density described in the 1979 Report of the Working Group. Ir the stock
components of the winter catches in Division VIa were estimated by the method
previously used, the data from the North Sea taggings indicated more than
100% North Sea mackerel. A similar calculation based on the taggings near
Ireland indicated the reverse, i.e., more than 100% Western stock. This
contradiction gave rise to serious doubts about the validity of the assess
ments based on tag data. In the: 1980 Report of' the Working Graup, it was
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pointed out that the observations could be explained by postulating a
component of mackerel not being tagged, either in the Western area or in
the North Sea.

It now seems possible to interpret the observed tag densities. The increase
in density of Korth Sea tags observed in January/February 1979 in the
northern part of Division VIa compared to that in Division !Va in summer
can be explained by assuming that an untagged component of the Western
stock has 1eft the area by that time. The high density of tags from
releases off Ireland in Division VIa in winter compared to that in
Division !Va in summer, may result from the tagged population representing
part of the Western a-component only. In winter (Figures 3.4 s.nd 3.1),
this population migrates through Division VIa and will, to a 11m1ted extent,
be mixed with North Sea mackere1. In summer (Figure 3.3), the same tagged
population may occur together with North Sea mackere1 and other parts of
the Western stock. Consequently, the density of tags !rom releases off •
Ireland will be lowered.

The distribution and migration of the stocks outlined here correspond in
broad terms with the observations from the taggings, bio1ogica1 data and
information !rom the fishery, but there are observations which are still
not explained. Also, there may be alternative interpretations of these
data. It is recognised that Western stock mackere1 ma;," be tagged in the
l<orth Sea. l".ackere1 of the Western a-eomponent may occur on the tagging
locations off southwest Korway in July-August, s.nd Western b-eomponent
mackere1 could conceivably migrate into the North Sea tagging area.

These problems need c1arification. It is necessary to improve the data on
stock identification to give a better understanding of the quantitative
relationship among the migrating stock components.

Por the present, the Working Group has accepted the data from the North
Sea releases as representative of the North Sea stock. In the absence
of other inforcation, these data are utilized for the assessments.

Data are avai1ab1e for constructing maturity ogives only for the Western
stock. Bio1ogical samples taken from commercia1 catches and research vesse1
catches in the western spawning area durlng the spawning season were examined
and the sexual maturity cf individual fish was recorded on a sclae of one to
eight (Macer, 1974, 1976). Fish which were at maturity stage 111 (early e
deve1oping) were assumed to be maturin~ prior to spawning in the current
spawning season and fieh at stage VII ~spent) were assumed to have spawned
in the current spawning season.

Some maturity data were ava11able !rom the s8I:lp1ing of Dutch commercia1
catches on the spawning grounds during 1979 and 1980, but most data were
availab1e from the Eng1ish commercial and research vessel samp1ing programme
1973-80. Maturity ogives ccnstructed from these data (Figure 4.1) show that
50% of mackere1 reach maturity at 28cm or as 2-group fish.

Aga 0 1 2 3 4 5 6 7 8 9 > 10

%Mature 0 18 38 67 89 93 98 96 99 99 100
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EGG SURVEYS

Tr.e Norwegian Egg Surveys in the Korth Sea in 1980

Between 17 June and 27 July, Norway surveyed the slBwning area in the North
Sea three times to estimate the total egg production a.nl. the size of the
spawning stock. The results were reported to the meeting of AC:FM last autumn.
The estimate of the spawning stock is based on numbers of mackerel egge
without visible embryo. SampIes were collected wi th a 20cm Bongo net worked
5 minutes in each of the depths 20, 15, 10 and 5m and just be10w the sea
surface. The first cruise was carried out at approximate1y the same time
as the surveys made in previous years. The egg index from this survey was
very much the same as for last year (Anon. 1980a). This indicates that the
size of the spawning stock in 1980 was of the same order as that of 1979.

The daily egg production curve is shown in Figure 5.1. This curve is based
on the estimated dai1y egg production from the three cruises, a.nl. the
spawning intensity curve obtained from dai1y samp1ing with a vertical net
at a position 57°04'N 02°26'E. Assuming an egg mortality of 10% during the
first day of life, the total number was estimated at 69.4 x 1012 egge. This
is an underestimate because the Skage=ak was not surveyed. Recent
investigations (Iversen, 1977) hsve shown that the egg production in the
Skage=ak is rough1y 10% of the total.

SampIes from the mackere1 catches in the l~orth Sea in June-Ju1y show that
the sex ratio in the spawning stock is one fema1e per male.

The estimated spawning stock size is highly dependent upon the fecundity
used. Fecundity data for the North Sea given by Borges ~. (1980)
give a spawning stock of 406 000 tonnes. App1ying data for the Western
stock (Anon., 1979), the stock was estimated at 1~8 000 tonnes. Kändler
(1957) gives the fecundity for some mackere1 caught in the North Sea which
gives a spawning stock of 90 000 tonnes. The differeme between these'
fecundity estimates could be real, but there is a need for further fecundity
investigations to clarify this.

Western ~~ckerel Stock Egg Survey

In 1977, the Western mackerel stock spawning grounds were surveyed. This
survey estab1ished that spawning was concentrated along the edge of the
Continental Shelf from Spain to west of Ireland during March-July. During
1980, this area was surveyed again on a total of six occasions during March
July with research vesse1s from England, Federal Republic of Germany, France
and Scotland. A smal1er scale, inshore survey was also made off the southern
coast of Ireland by the Irish. In addition to the plankton sampIes, further
bio1ogical data were co11ected by the research vesse1s and from catches of
Dutch co=ercial vesse1s fishing on 1he spawning grounds in the spawning
saason.

The methods used in estimat1ng the total egg product1on for the surveyed .
area are described by Lockwood ~ a1. (1981) but a suomary of the results
is given 1n Tab1e 5.1 and the product1on curve 1s shown in Figure 5.2.

Whereas a single mean fecundi ty estimate was made for the Western stock in
1977, the monthly Dutch 1ength frequency data avai1ab1e for 1980 enab1ed
~onthly mean fecund1t1es to be ca1cu1ated. The n~ber of fe~le ~ckerel

spawning during one day for each of the survey cruises was calcu1ated from
these monthly fecund1ty estimates and the daily production estimates,
Tab1e 5.2. .
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Following a thorough review of all available data, both from co=ercial
catches and research vessel sampIes, the sex ratio was found to be 1:1,
as in the North Sea (see section 5.1). This sex ratio was used to raise
the total estimate of spawning stock (Table 5.2), and to draw the frequency
distribution of spa~ flsh shown in Figure 5.3. The total spawning stock
estimate of 6 200 x 106 fish equivalent to 1.8 million tonnes was estimated
by integrating the area beneath this curve.

6. CATCH IN NDMBERS. MORTALTIIES Al;]) STOCK SIZE

6.1. Catch in Numbers at Age

6.1.1. North Se~~~

The bulk of the catcbes in tbe northern North Sea came from Danish and
Norwegian purse seiners and for these catches age compositions were ~
available. Age distribution from the Danish fishery was based on few
sampIes which demonstrated a younger age distribution than in the Norwegian
and Scottish sampIes. Age distribution from the Dutch catches were also
available. No age compositions were available from catches taken by the
Faroes, Sweden, England, France and the Federal Republic of Gemany.
These catches were divided according to gear and area and then numbers of
mackerel caught were estimated according to available age compositions.
The compositions of the Norwegian purse seine fishery were used for
catches from the Faroes and Sweden. Some Scottish data for demersal
trawl catches were applied for the French catches·in Division !Va and Dutch
data for the French catches in Division IVb. Sep:l.rate age compositions for
the Norwegian gill net and hook and line fishery along the western Norwegian
and Skagerrak coasts were available. Catches from Sweden and the Faroes in
Division lIla were split according to Danish sampIes.

According to the Norwegian sampIes, the 1969 year class still contributes
14-25% of the catches. The age composition in Table 6.1 shows that the 1971
and 1978 year classes are extremely scarce in the catches.

6.1.2. Catch in numbers of the North Sea stock

The catches of the North Sea stock in these areas are shown in Table 6.2.
The Danish catches were divided between Division !Va and Division !Vb as
2:1. The Swedish catches from the North Sea were assigned to Division !Va.
A co=on age distribution was used for the Norwegian catches in both
Division !Vb and in the open sea part of Division !Va. Aseparate age
distribution was applied to the Norwegian gill net catches. These were e
considered as pure North Sea stock as the catches were taken along the
Norwegian west coast during April-October.

The total catch in numbers by age of the North Sea stock for 1980 was
derived !'rom:

Crva (~5) + CIVb,c + C111a + CVIa (NS) + C11a (NS)

where C is the catch in numbers.

In estimating ClVa (NS)' a total age composition of all catches, excluding
the Norwegian coastal gill-net fishery, from Division !Va was first
calculated. The North Sea stock proportion of this was then estimated
using P1980 (Appendix Table 2) and to this were then added the Norwegian
gil1-net catches. The same proportion was applied for dividing the catch
from Division IIa.
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Weste= area------
Although there was a small revision of the 1979 total catch in the Weste=
area (trom 605 000 tonnes reported in the previous report to 601 000 tonnes),
this was not sufficiently large to justify revising catch in numbers for
1979. The numbers at age in the Western area in 1980 were estimated from
sampling data provided by:

Division VIa: France, Ireland, Netherlands, Norway and Scotland

Divisions VIIa,b,c: France, Ireland, Netherlands

Divisions VIId-k: England, France, Ireland, Netherlanis, Norway

Sub-area VIII: France.

In Division VIa, Faroese lengthcompositions end age data from Faroese
vessels landing in Scotlani were used to allocate the Faroese catches to
age groups. This age distribution was then used to allocate Danish
catches to age groups. Catches made by the Federal Republic of Germany
were allocated with Dutch data while remaining catches were covered by
national sacple data.

In Divisions VIIa,b,c, Dutch sampling data were used to allocate Dutch
catches in 1h:l first half of the year but Dutch catches from the second half
of the year and Federal Republic of Germany catches for the whole year
were allocated with combined French and Irish data.

In Divisions VIId-k, catches made by the Federal Republic of Germany were
allocated to age groups with Dutch data, Danish catches with combined
English/French data. Spanish catches were assumed to be 15 000 tonnes,
all taken in Sub-area VIII and allocated to ages with French sample data.

The numbers at age for each nation used in compiling the final number at
age table (Table 6.3) include the estimates for "unallocated" catch and
also discarded catches where appropriate. Tahle 6.3 also includes numbers
at age of Western stock fish caught in the North Sea area.

The numbers at age caught in Division VIa were divided into North Sea and
Weste= stock components using the method proposed by Walsh (1977). Using
previous VPA estimates of fishing mortality rates, the number of tagged
fish from each release still surviving in the 1978/79 winter were
calculated. (This was the only season for which Norwegian tag ret= from
the northern part of Division VIa were available.) The proportion of the
two stocks in the catches were then estimated from the ratio:

No. of tag retu=s from estimated no.
North Sea releases in VIa x in North Sea :
Estimated no. of North Sea stock
tagged fish still surviving

The values used were:

No. of tag retu=s from estim. no.
Western releases in VIa x in Western

~~~t~~s~o;~ilW:=~ing stock

~ x 1 014 x 106 North Sea stock:
19 985

94 x 9 571 x 106 Weste= stock
26246

equivalent to a ratio of 25% North Sea and 75% Western.

No additional data were available for the 1979-80 or 1980-81 winter fisheries
in Division VIa. This ratio was therefore applied to all age groups in the
winter fisheries in Division VIa in 1980.
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6.2. Mean Weight at Ag? (Table 6.4)

6.2.1. ~~

The same mean weights at age were used ss in the last North Sea stock assess
ment (Anon. 1979).

6.2.2. Western stock

For the reasons exp1ained in 1980 (Anon. 1980), it was agreed to use the same
weight at age as in previous years when calcu1ating stock biomass. As a
proportion of the 1 and 2 year old fish is now known to contribute to the
spawning stock (see section 4), a mean weight at age has been ca1culated for
those age groups in the spawning season. This has been done by applying
to the mean weight at age 1 and 2 in the catch, the ratio.

Wat age in the stock
Wat age in the catch

calculated for older fieh.

For the period 1972-77, the weight at age for the running plus group,
formed by the pre-1969 year c1ass, ca1culated for the stock assessment in
1980 (Anon. 1980a) has also been used.for calculating the spawning stock biomass
this year.

6.3. Assessment of the North Sea Stock

In 1980, the Working Group deferred making an assessment of the North Sea
mackere1 stock on the grounds that a new analysis of the tag recapture data
was required. Although this analysis is not yet comp1ete there is a need
for an assessment of the stock after a gap of two years. Despite all trß
difficulties and inadequacies with the basic data discussed above, an
assessment of the stock atze was made using data from the Norwegian egg
survey in 1980.

Using the catch at age data, and assuming maturity for age groups ~3, a
Bartes of VPAs were run, primari1y as "exercises". From these runs, it
seemed that a terminal F-value of 0.2 for the fU11y recruited age groups
in 1980 gave a pattern in mean Fs in previous years, which was similar to
those estimated in ear1ier VPAs (Tah1e 6.5). The corresponding
stock size figure for 1980 was about 400 000 tonnes which is of the same ~

order as the upper estimate from egg surveys. As pointed out in section 111'
5.1, the results of the Norwegian egg surveys in 1980 can be interpreted
differently depending on the value of fecundity used. Using the fecundity
for North Sea mackerel obtained by Borges et a1. (1980), the spawning stock
is estimated to be 800 million fish, whereas using the fecundity for Western
mackerel based on a more adequate Bartes of data, the spawning stock is
estimated to be 272 million fish. These estimates would imply input values
of F in 1980 ofapproximate1yO.2 and 0.7, respectively, and very different
rates of decline of tbe spawning stock.

Some indication of the likely value of F in 1980 can be obtained by comparing
the trends in spawnlng stock with that shown by the indices of egg production
provided by the Norwegian egg surveys since 1974 (Tab1e 6.6). The annua1
variation of this index is very high which gives 1ittle reason to rely on
changes between one year and the next. The trend in the values, however,
is best followed by VPA runs using the lower values of input F. The 1arge
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decrease since 1918 impl1ed by an input F of: 0.1, moreover, is not
supported by the egg index values. It therefore seems more likely that the
spawning stock in 1980 was closer to 800 million than to 212 million.
On these grounds, the VPA run using an input F of 0.2 was chosen as that
most likely to represent recent changes in the stock.

The results of the VPA indicate a spawning stock of '40 000 tonnes in 1980,
decreasing to 210 000 tonnes in 1981. If this assessment is correct, the
spawning stock has declined every year since 1972. In nine years, it has
been reduced to less than a quarter of its peak level despite the low
values of F throughout this period. This is exa.ctly what might be
expected in a stock receiving very low levels of recruitment.

The reasons for these recent low levels of recruitment are not clear. In a
stock decl1n1ng at the present rate end in which there is little evidence
of improved recruitment, the possibility of reaching astate cf: almost
permanent depletion cannot be ruled out.

Assessment of the Western Stock

As in previous years, a VPA was carried out using the numbers at age caught
in the Western area, less the estimated number of North Sea stock caught in
Division VIa but with tbe addition of the estimated number of Western stoCk
fish caught in Division !Va. These latter adjustments are dependent upon
the mi:x:ing ratios estimated from the tagging data, which are difficult to
interpret (see section 6.1.1), but as was pointed out in the previous
report (Anon. 1980a), the numbers involved form only a small part of the
total Western stock catch, probably less than 5%. Any errors which these
adjustments msy introduce will therefore have a marginal effect on the
overall assessment. The catch in number for 1980 is given by Divisions
in Table 6.', end the total input to the VPA in Table 6.1.

As in previous years, there were no data available to estimate a ;alue for
the input F with which to start the VPA run. The same procedure was followed
as during the last , years, but whereas the VPA was previously matched to
the results of the 1977 Western stock egg survey, this VPA was I:la.tched to
the results for the 1980 egg survey, 6 200 x 100 fish. There was one
variation in procedure compared with previous occasions. The VPAs carried
out in 1978-80 assumed the 1977 plankton survey stock size estimate
(ca. 9 000 x 106 mature fleh) was the stock size on 1 January. This
assumption was made primarily for ease of calculation. With tbe new
leES VPA computer program, it is a simple matter to match the Sp3.wing
stock estimate to the date of peak spawning (1 June) end run the VPA to
give population estimates for 1 January, as before, and also 1 June
(Table 6.8). This was the procedure adopted by this Working Group.

The proportion of M which occurred before 1 June was assumed to be propor
tional to the time of year, i.e., 0.4, end the proportion of: F was assUIIed
to be equal to the proportion of the total annual catch taken in the
first half of the year. This was also equivalent to 0.4.

On earlier occasions, VPA runs were made assuming that all rieb older
than 2 years were mature, 1.e., tbere was a knife-edge maturity at age
,. This year, the maturity ogive described for tbe Western stock (section
4) was included in the assessment.

A number of VPA runs were then made with different values of F until a
1980 spawning population was esticated equal to the 1980 plankton survey.
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As in the past two years, the two year old fieh s.nd older were assumed to
be ful1y exp1oited, ani the 1 year olds only 40% exploited. The runs made with
this exploitation pattern generated a 1978 year c1ass above average, for
which there is no evidence, a.nd a 1979 year c1ass be10w average, which was
contrary to the evidence discussed last year (Anon. 1980a). To estab1ish
a relationship between the 1978 and 1979 year c1asses, end between them
and the long-tenn mean (3 000 x 106 1 year olds), c10ser to that which was
expected, the exploitation pattern was adjusted. By reducing F on the two
year olds to ahout 80% of fu1ly exploited, and increasing F on 1 year olds
to 50% ful1y exp10ited, the VPA estimated recruitment figures for the 1978
and 1979 year classes which were closer to the expected, i.e., the 1978
year class is about average end the 1979 year class is above average, but not
so high as indicated from the results of the VPA made in 1980. The slight
increase in F on 1 year olds from 0.13 in 1979 to 0.15 in 1980 may be
exp1ained by the heavy de,Pendance of the English fishery on the 1979 year
class in the winter 1980/81 (Figure 6.1). The results of the VPA (Tab le
6.7) show that fishing mortality continues to rise and was about 0.;0 in
1980. Values of F for other years are consistent with those esUnated in
earlier reports. This being so it is not surprising to find that the VPA
continues to estimate the 1977 spawning stoCk size at about 9 000 million
fieh, even though it is now matched to the 1980 plankton survey results.

This analysis confirms that the 1971 year class is the weakest Western
stoCk year class on record, i.e., 15% of the long-term mean recruitment.
The 1911 year class was strong, and the 1976 year class continues to show
as the strongest in recent years, a1though there is still the possibi1ity
that the 1979 year class may equal it.

The spawning stoCk VPA, and the estimates of stock biomass, are-given in
Tab1e 6.8. The spawning stock biomass in 1980 was estinated to be 1.8 x 106

tonnes••

Despite the strength of the 1916 year c1ass, tba spawning stoCk biomass
continued to decrease from its peak in 1914, when the 1971 year class was
making its maximum contribution. In 1980, the esUmated spawning stock
biomass fell below 2.0 million tonnes for the first time, end will fall
to less than half the 1914 value by the end of the year.

6.5. Joint Assessment of the ~~ckerel Stocks

Following a discussion in AClli, the Chairman of AClli requested the Working
Group to consider assessing the two mackerel stocks jointly.

A joint assessment was discussed by the Working Group at the 1980 meeting.
It was then conc1uded that a combined VPA would not assist in solving the
main problem of estimating the size of the North Sea stoCk.

The limitations and advantages of a combined VPA were furtbar discussed at
the present meeting. Catch in number data for both tba North Sea and the
Western area were available f'or the years 1972-80. For a combined VPA,
the annual catch cOuld simply be added, and no assumptions and calculations
of stock intermixing would be needed.

The questions of' intermixing Md distribution by area would, however, retu=
when evaluating the results of' a combined VPA, as most other independent
assessment data re1ate to ons or the other stock, e.g., the estinates of
spawning stock size and fishing mortal1ties. Although the tagging results
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indicate a complex migration pattern and intermixing between stocks, these
and other data do not support a coneept of one stock resulting f:rom total
mixing of mackerel originating from tr.e two main spawning areas.

Furthermore, a combined VPA leading to an estimate of the she of both
stocks together would not improve the basis for calculating catch prognoses
and TAGs. Separate TAGs for the two main fishing areas are needed due to
the difference in stock situation. A single TAG covering both areas cOuld
result in an exploitation of the stocks which was not proportional to the
strength of these stocks, and an increase in the relative catch in tbe North
Sea would be expected.

For these reasone, the Working Group decided againet assessing the stocks
jointly.

RFX:RUITIIENT

Data !rom the International Young Fish Surveys in 1919 ani 1980 show that
the 1918 and 1919 year c1asses in the North Sea were very weak. This is
also reflected in the age composition of the catches in 1980 (Tab1e 6.2).

The Netherlanis caught O-group mackerel (24-28cm) in the fishery in the last
quarter of 1980 in Division !Vc. This, togetber with observations of
O-group mackerel in some Norwegian fjords for the first time for several
years, could indicate that the 1980 year class is relatively strong.
IIowever, pre1iminary information from the Young Fish Survey this year does
not support this conc1usion.

8. GATCH FORECAST

8.1. Prognases far the North Sea Stock

All available data indicate that the spawning stock is at the lowest level
ever recorded. The spawning stock size of 340 000 tonnes in 1980 might be
a serious overestimate (see section 6.~). Furthermore, the main fishery for
mackerel in 1980 in the North Sea took place after the egg survey.

No year class of any significance compa..."'ed to previous years has been
produced sinee 1914 and the last three year classes have been extreme1y
poor indicating serious recruitment failure.

Prognoses for the North Sea stock in 1982 were made following two sets of
assumptions:

Option A: the recommended TAC for 1981 will not be exceeded

Option B: the recommended TAG for 1981 will be exceeded by 100%
(i.e. 80 000 tonnes).

Each of these prognoses was made assuming 1) a continuation of recent poor
recrultment, end 2) an average recruitment.

The results are summarised in the fol1owing text-tables:
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Stock at 1.1.1981 Recruitment Stock at 1.1.1982

1 Low level Biomass ~ 3 y.o = 230 OOOt
Option A

2 Average Biomass~3 y.o = 235 OOOt

Biomass~3 y.o. = 270 OOOt

1 Low level Biomass~3 y.o. = 205 ooot
Option B

2 Average Biomass~3 y.o. = 210 OOOt

Prognosis BI is shown in Figure 8.1, a10ng with estimated stock biomass .a
and catches over the past decade. These data show that with a continuous •
poor recruitment, and despite a reduction in total catches, the stock had
dec1ined continuous1y since 1972 to its present low level. To minimise
the risk of a stock co11apse, the only conc1usion which may be drawn is
that al1 tishing on the North Sea stock must stop.

8.2. Progroses for the Western Stock

The population estimate at 1 January 1981 from the VPA has been used to
start prognoses for the stock. As in 1980 (Anon. 1980a), these prognoses
were made on two basic assumptions:

A) that the stock TAG of 353 000 tonnes is adhered to in 1981,

B) that the catch in 1981 is not 1ess than 580 000 tonnes (the best
estimate the Working Group could make in the continued al>sence of
international quota enforcement).

The Working Group considers that the probability of the former assumption
(Option A) being realised is negligib1e. However, following the request
from AGFM, a stock and yie1d prognosis was made for the period 1980-85,
assuming Option A is realised. It also assumed average recruitment (3 000 x
106 1 year olds) and a maximum fishing mortality of F = 0.15 over the
period 1982-85. The results of this prognosis are shown in Figure 8.2.A.

The more rea1istic assumption (Option B) is the basis of the prognosis used
in estimating the TAG for 1982. As in previous years, the recruitment of •
one year olds 1s assumed to be be10w average (1 100 x 106 1 year olds).
(The reasons for this figure have been fu11y explained in ear1ier reports
(Anon. 1978, 1979 and 1980a).

The results of the prognoses are presented in the text table below:

Recruitment Spawning Stock at TAG 1982
Option A 1.1.1982

Average 1 819 OOOt 342 OOOt
Option B Low level 1 532 OOOt 269 OOOt
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Throughout the prognosis, the exploitation pattern was ass~ed to be the
s~e as that applied to the terminal Fs in the VPA, i.e., 3 year olds
and older fully exploited, 2 year olds approximately 80% exploited and
1 year olds 50% exploited.

In Option B, the fully exploited value of F in 1981 is 0.28, which is far
in excess of the recommended level of F = 0.15, and will depress the
spawning stock atze to a little more than 1 million tonnes in 1985.

As in earlier years, a TAC for 1982 was calculated equivalent to F - 0.15
on the fully exploited age groups. This is equivalent to 269 000 tonnes.
Assumlng that this TAG and subsequent TAGs are adhered to, and the pattern
of tishing remains constant, the prognosis was carried through to 1985
tor comparison with Option A (Figure 8.2.B).

The long-term trend in spawning stock biomasses and catches over the
period from 1970 to 1985 is shown in Figure 8.3.

In last year's report (Anon. 1980a), the Working Group expressed concern
about the continuing high levels of F, but assuming that F did not exceed
0.25 during 1980 and bearing in mind the presence of two strong year
classes, they did not think that the stock was in imminent danger of a
collapse. While no data have yet been presented to indicate an imminent
stock collapse, fishing mortality did exceed the anticipated level in
1980 and shows no real sign of dropping during 1981. Even with the
rather optimistic assumption that fishing mortality can be held at a
level of no more than 0.15 over the period 1982-85, there is the real
prospect of the stock falling below 1 million tonnes in the near future.
While a stock and recruitment relationship cannot be proved, the events
observed in the North Sea stock should not be ignored. The North Sea
mackerel stock' declined from 3 million tonnes to less than 1 million
tonnes over a time scala similar to that which we see in the Western
area. Following that decline, there has been a prolonged period of poor
recruitment resulting in the parlous situation described above (section

'8.1). Unless immediate action is taken to limit the total catches and
to protect the immature fish, the Western mackerel stock aould be no
greater than the North Sea stock within a very few years.

Figures 8.4 and 8.5 present the torecast for the Western stock following
the requirements made by AGliM.

EXPLOITATION PA'l'TER.c~

The Effects of Closed Areas

Sub-area VII------
The implementation of a closed area southwest of the United Kingdom was
proposed by the Working Group (Anon. 1979) in order to minimise the
capture of young mackerel by non-selective gears when these juveniles
are predominant in the fishery. The closed area proposed covered leES
Division VIle north of 48°45'N and Division VIlf south of 50 015'N.
Finally, ACFM recommended that fishing tor mackerel with unselective
mesh atze should be banned in the area between 49°30'N and 50 0 30'N
and between 5"w and 7"w from 15 February to 15 December.

A potential increase in the yield per recruit was expected from that
measure.
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The Working Group has investigated the 1ike1y benefits of the olosed
area. Data on age distribution in the oatohes have been provided by
Franoe, Nether1ands and the United Kingdom for various seasons and
various types of gears (Tab1e 9.1), 1ength distributions ware provided
by Nether1ands for oatohes in the olosed area and by France and the'
United Kingdom for the olosed area and the Eastern Channel (Tables
9.2 - 9.3).

The benefits in terms of yield attributable to the olosed area oannot
easily be made for severa1 reasons: migrating fish leaving the olosed
area oan be oaught in other fisheries as can be seen from the length
distribution of oatohes in summer.in the Eastern Channel (Table 9.3).
Moreover, there appears to have been a ohange in the distribution of
fish in the winter fishery off Cornwall in reoent years and the 1arge
fish, which usually appear in Deoember-January were very soaroe in 1980
and oatohes of small fish predominated during the whole fishing season
(Table 9.2 ani Figure 6.1).

Because of its limited size, the olosed area may offer some proteotion
to only a small proportion of juvenile maokerel, and its benefits are
not evident.

Further measures should be oonsidered. The inorease in size of the
olosed area to cover the whole Division VIId,e and possib1y parts of
Division VII! ,g and h. The measure oould be met by a shift in the
fishery towards the edge of the Continental Shelf, where large rish .
have reoently been found in winter or spring. The effects of suoh
measures have been disoussed previous1y (Anon. 1980a)(Lookwood and
Shepherd, 1980).

The implementation of a minimum landing size and its effeots are disoussed
in seotion 9.3 of the present report.

Division VIa

Bearing in mind the ooourrenoe of North Sea mackerel in the northern
part of Division VIa in winter as outlined, and the comments on the state
of the North Sea stook (seotion 8.1), oonsideration should be given to
olosing the winter fishery in the northern part of Division VIa.

Division !VO-----
The smaIl quantities of maokerel oaught in Division !VC (23 000 tonnes e
in 1980) have always been allocated to the North Sea stock for the purposes
of assessment. The distributions shown in Figures 3.2 and 3.3, which are
based on tagging data, suggest that these fish are probably part of the
Western stook, when oonsidering a ban on fishing on the North Sea stook,
some thought should be given to exempting Division !VC from a closed area.

As requested by the ACFM,landings of mackereI, horse mackereI, pilchard
and sprat in the closed area (part of Divisions VIIe and f) are given
in Tab1e 9.4.
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9.2. Effects of a 4~~ Me~h Si7e ror TrRwl Gears ror ~~ckerel in Sub-area IV

In the absence of any information on the selectivity of trawls used for
catching mackereI, the Working Group feIt unable to assess the real
effects of a 40mm mesh s1ze. It 1s thought that due to the shoaling
behav10ur of mackereI, the selection of such a mesh size is probably
minimal.

In connection with the problem of the 30cm minimum landing size for
mackereI, the Working Group recommends that the selectivity of trawls
used in the mackerel fisheries should be investigated.

Minimum Landing Size

The advantages to be gained, and the problems to be encountered, with the
implementation of a minimum size of 30cm were discussed at length in an
earlier Working Group report (Anon. 1979). The conclusions reached then
may be summarised as followsl

~~~~~~~

Previous studies of North Sea mackerel have shown that the seasonal
pattern of the fishery has a considerable effect on the yield and spawning
stock per recruit, especially when the fishing mortality is high and
the younger age groups are unprotected. The gain obtained in yield per
recruit by increasing age at first capture is rather small at low levels
of fishing mortality. It does, however, have a large effect on the
spawning stock. Theoretically, the spawning stock would be increased
by nearly 5~ by increasing the age at first capture from 1 to 3 years,
at a fishing mortality level of 0.2 •

. The existing regulation, prohibiting catching mackerel smaller than 30cm
for industrial purposes, should be maintained. There is no biological
justification for restricting this regulation to the industrial fishery,
and to obtain full protection for the youngest age groups the present
exemption of 20% for undersized fish should be reduced.

An analysis of the yield and spawning biomass per recruit show tt~t these
can be improved if the present pattern of exploitation is regulated to
protect the young fish.

In Sub-area VII, 3 year old mackerel are about 30cm. If the number of
fish less than 300m caught is significantly reduced, there will be a
slight gain in yield in the fishery from this Sub-area of 3-f//o over the
range of Fs recently estimated. There will, however, be a gain of
30-50% in the spawning stock biomass, and a significantly higher gain
in the yield from the fishery on the stock as a whole.

At that time (1979) over half the catch (in number) from the Western
stock was taken in Sub-area VII (Anon. 1979), and most of that in the
winter fishery around southwest England. It was recognised that the
enforcement of a 300m minimum aize would not result in areal increase
in y1eld or apawning stock b10masa as there would probably be a
serious increase in disca.rding. Instead, ACm recommended a seasonally
restricted area around the Cornish peninsula (!non. 1980b) as a mear.s
of achieving some measure of protection for immature fish.
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This Working Group has reconsidered the subject and concludes that
there is no reason to amend their views on the 30cm minimum size
regulation in the North Sea, nor the biological basis for it (Anon.
1919). There are reasons to reconsider the problem in the Western
area, however.

As mentioned above, the fishery around Cornwall was the only winter
fishery, prior to 1979, and individual catches contained fish of all
ages and sizes. Since then, the Dutch, Federal Republic of Germa.ny
and Irish commercial fishing fleets have shown that a winter fishery
may be prosecuted in western divisions of Sub-area VII. The catches
made in these western divisions include very few small immature fish.
Thus, there are areas where vessels may fish in winter without
catching large numbers of immature mackerel, a fact which was not
known in 1919. This new information suggests that a 30cm minimum .a
size in the Western area could now be effective. Vessels fishing in •
winter off Cornwall, which were taking large catches including
40-60% (by number) rish less than 30cm would know that large rish
were available in another area, thereby avoiding the necessity to
sort and discard large numbers of fish. This was the situation in
the North Sea when the 30cm minimum size regulation was first intro-
duced there as a Norwegian national measure.

Following the introduction of a minimum size, some discarding will
undoubtedly still occur and thereby reduce the potential gains directly
attributable to a 30cm minimum size. The specific effect of the
measure should be to shift the centre of the winter fishery away from
Cornwall to areas closer to the edge of the Continental Shelf.
Lockwood and Shepherd (1980), have shown that such a shift in exploita
tion pattern could result in higher gains in yield and spawning stock
biomass than those directly attributable to the 30cm minimum size.

10. HORSE MACKEREL (Divisions IXa + VIIIc)

Data on horse mackerel (Trachurus trachurus L.) were presented by
request for consideration to the Working Group. The following is a
very brief summary of the main features.

Table 10.1 shows total Portuguese and Spanish landings by gear. Figure
10.1 presents the catches by ~ear for both countries. It is seen that
prior to 1970 (167 000 tonnes), there was an increasing trend in the
landings, followed by aperiod (1910-16) of stability with some
fluctuations. Since 1916, there has been an abrupt decrease and only e
15 000 tonnes were landed in 1980.

Portuguese and Spanish data on trawl and puree seine catch rates are
available !rom 1956 and 1975 to 1980, respectively (Table 10.2,
Figure 10.2).

Prior to 1968, the trends in catch rates of Portuguese trawlers and
purse seiners are similar and increasing. From 1968, the trawl catch
rate showed an increase, probably due to a change in effort distribution;
it reached a peak in 1912 and since then decreased sharply. The
Spanish data are in close agreement with this trend and indicate a
decrease in abundance.

A surplus production model (Fbx,1910) was applied (Table 10.3 and
Figure 10.3) to the existing data.
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The MSY obtained is about 150 000 tonnes corresponding to a cpue of
68 tonnes per Portuguese purse seiner and to an effort level equivalent
to 2 200 Fortuguese purse seiners. However, the 1980 total catches were
76 000 tonnes, which were attained with an effort equlvalent to 5 000
Portuguese purse seiners, being more tban twice the optimum effort.

These results suggest a drastic overexploitation of the stock. An
assessment of the impact in the trawl fishery of mesh atze changes from
40mm to 60mm and 70mm indicates that a larger mesh size in trawls would
produce long-term benefits in the stock situation (Table 10.4).

Cohort analysis (Pope, 1974) results, based on 1980 catch curve data,
and on four hypotheses for'input Fs provide a recruitment level of
about 1.2 x 109 of 0 year old fish (Table 10.5).

The Working Group also applied a yield per recruit model and estimated
the MSY by fitting a Schaeffer model using trawl catch rate data during
the period 1956 to 1968, when there was no apparent chsJ:Jge in effort
distribution of the trawl fleet.

The results from the two methods are in close agreement. The yield per
recruit model indicates that the MSY would be attained with a fishing
mortality of 0.2, whereas the present level of F is about 0.4 (Table
10.6). This indicates tr.at the 1980 level of exploitation is more tban
double the optimum level. The estimated MSY (1956-1968) based on the
trawl abundance index is about 130 000 tonnes, i.e., approximately the
same as that estimated from the purse-seine data.

In the 1977 report (Anon. 1977), the Working Group expressed its concern
about the sharp decrease in catches in Sub-area IX and commented that
there was "some evidence that the exploitation pattern in that area
departs widely from the optimum". On that basis, the Working Group
recommended that the annual catches for this Sub-area should not be
permitted to exceed 40 000 tonnes. This recommendation has not been
followed and at present it is seen that for the two Divisions IXa +
VIllc, the stock situation is serious.

Although horse mackerel is one of the commercially important species in
the area, our knowledge of its biology, distribution and abundance is
sparse. Bearing in mind this assessment the following points should
be considered:

i) the level of effort should be reduced to that equivalent of Fy~y'

ii) the improvement of the basic data on catches, effort, age and
length compositions and other biological data which would increase
the knowledge about the state of the stock,

iii) the participation of other countries conducting fisheries on
horse mackerel in future Working Groups,

Iv) the legal minimum mesh sizes should be enforced.
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Tab1e 2.1 Nominal catch (tonnes) of MACKEREL in the North Sea, Skagerrak and Kattegat (IV and lIla) 1970 _ 1980.

(Data for 1970-1979 as officia11y reported to ICES).

~
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980*

Country

Be1gium 19 85 129 78 145 134 292 49 10 - -
Denmark 26 753 17 950 2023 7 459 3 890 9 836 27 988 21 833 18 068 19 171 18 649
Faroe Is1ands 2 134 3 603 7 551 11 202 18 625 23 424 63 476 42 836 33 911 28 118 13 393
France 4 677 9 061 6 882 636 2 254 2 749 2 607 2 529 3 452 3 620 1 881
Germany, Dem.Rep. 51 166 346 214 234 141 259 41 233 - -
Germany, Fed.Rep. 225 407 374 563 270 276 284 - 284 211 56
leeland 1 492 649 687 3 079 4 689 198 302 - - - -
Nether1ands 2 956 4 945 4 436 2 339 3 259 2 390 2 163 2 673 1 065 1 009 1 075
Norway 278 631 200 635 160 141 277 304 248 314 206 871 197 351 180 800 82 959 90 720 44 200
Poland 205 130 244 561 4 520 2 313 2 020 298 - - -
Sweden 4 407 3163 4 748 2 960 3 579 4 789 6 448 4 012 4 501 3 935 1 484
UK (England &Wales) 35 23 32 31 61 33 89 105 142 95 77
UK (Scotland) 148 616 395 2 943 390 578 1 199 1 590 3 704 5 272 7 363
USSR 718 2 600 611 17150 8 161 9 330 1 231 2 765 488 162 -
Una110cated 500 -
Total 322 451 243 673 188 599 326 516 298 391 263 062 305 709 259 531 148 817 152 830 88 178

* Prelirninary

Note: In contrast to the corresponding tables in previous years' Working Group reports the catches do
not inc1ude catches taken in Sub-area Ila.

0,
~
I



Table 2.2 Nominal catches (tonnes) of MACKEREL in the Norwegian Sea (Division IIa) 1970-1980.

Year 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 19803 )
Country

Faroe Islands
1) - - - - - 283 6 795- - -

France
2) - 42 - - - 7 8 - 2 - -

Germany, Dem.Rep. 2) - - - - 11 - - - - - -
Germany, Fed.Rep. 2) - - - - - - - - 53 174 -
Netherlands

2) - - - - 2 - - - -- -
Norway 1) 140 316 88 21 573 6 818 34 662 10 516 1 400 3 867 6887 6 200

UK (England &Wales)2) - - - - + + + + 1 - -
USSR 2) 23 - - - - - - - - 5 844

Total' 163 358 88 21 573 6 829 34 669 10 526 1 400 4 206 7 072 7 839

1) Data provided by Working Group members

2) Data reported to ICES

3) Preliminary

.'
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Tab1e 2.3 Landings of MACKEREL (tonnes) by quarter, 1980

ARF..A

FISlIING

l----------!----------I----------!----------t----------! TOTAL
! I 1 Ir UI IV lnot k!lown I 1

I----------I----------I----------I----------!----------1-----------1----------1
IIa 7 839 7 839 1

!----------!----------!----------!----------!----------1----------!----------1
!IIIa - IV I 1 554 1 5 176 ! 76 ~92! 4 956 ! 88 178 1

!----------1----------1----------1----------1----------1----------1----------1
! VI 1 19 166 1 7 380 I 57 398 ! 134 724 I ! 218 668 !

1----------1----------1----------1----------1----------I----------I----------!
I VII 1 197 460 ! 38 004 33 125 1 98 685 I 367 274 I
1----------1----------1----------1----------1----------!----------!----------1

VIII 353 1 11,3 717 1 941 1 15 654 1 18 80S

1\),'" .
I



Tab1e 2.4 Nominal catch (tonnes) of MACKEREL in the Western Area (VI, VII, and VIII)
(Data for 1970-77 as officia11y reported to ICES).

~
1970 1971 1972 1973 1974 1975 1976 1977 1978** 1979** 1980*

Country

Be1gium 8 2 1 3 7 17 10 1 1 3 -Denmark - - - - - - 3 698 8677 8 535 14 932
Faroe Islands - - - 635 8 659 1 760 5 539 3 978 15 076 10 609 15 234
France 42 899 33 141 35 354 41 664 37 824 25 818 33 556 35 702 34 860 31 510 23 907
Germany, Dem.Rep. 130 93 214 1 733 2 885 9 693 4 509 431 - - -Germany, Fed.Rep. 783 258 98 559 993 1 941 391 446 28 873 21 493 21 088
leeland 90 86 74 52 - 21 10 - - - -
Ireland 1 055 3 107 4 592 8 314 8 526 11 567 14 395 23 022 27 508 24 217 40 791
Netherlands 3 828 3 837 6 166 7 785 7 315 13263 15 007 35 766 50 815 62 396 81 839
Norway - 1611 - 34 600 32 597 1 907 4 252 362 1 900 25 414 25 500
Poland 6 054 10 832 13 219 10 536 22 405 21 573 21 375 2 240 - 92 -
Spain 31 368 37 506 31 416 25 677 30 177 23 408 18 480 21 853 19 142 15 556 15 000
Sweden - - - - - - 38 - - - -
UK (England &Wales) 3 374 4 791 6 923 13 081 21 132 31 546 57311 132 320 213 344 244 293 150 598
UK (N. Ireland) 243 315 57 93 75 30 95 97 46 2~ -
UK (Scotland) 807 805 1 412 5 170 8 466 16 174 28 399 52 662 103 671 103 160 108 372
USSR 13 555 36 390 71 249 65 202 103 435 309 666 262 384 16 396 - - -
Una110cated 54 000 107 500

Total, ICES members 104 194 132 774 170 775 215 104 284 496 468 384 465 754 325 974 503 913 601 303 604 761

Bulgaria - - - 4 341 13 558 20 830 28 195 - - - -
Rumania - - - - - 2 166 13 222 - - - -
Grand Total 104 194 132 774 1170 775 219 445 298 054 491 380 507 178 325 974 503 913 601 303 604 761

* Preliminary

** Working Group estimate

I
I\)
~

I
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Table 2.5 Landings of MACKEREL (tonnes) by Sub-areas in the Western Area.

!---------------------!---------------------!

!-----------!---------------------!---------------------!
196~ • 760 G·S '3·;0
197C 3 25~ 1e:, ~·lC

'n~ 10 :13 p~ 561~L

1972 ., (,13 157 7f2
lS73 s: 166 167 :79
197-' r' 1:~ ::\.1 C31',":'

1975 ",1
8-~9 -~ I .:J 5~3J~

1976 G7 71::5 ·n9 413
1::77 7:' 6~O 2S9 111L_

1978 iS1 747 :55 ·~37

1979 ::::3 Jr',1 198 ~~~\.....v ...
195C* :18 6(3 3e6 091

*) r'rd5!'\inory

I

I\J
V1
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Table 2.6 Nominal catch (tonnes) of MACKEREL on the Portuguese coast
(Divisions lXa,b) (Data for 1972-1979 as officially reported to lCES)

*Country 1972 1973 1974 1975 1976 1977 1978 1979 1980

Portugal 753 1 138 1 621 1 562 1 806 1 213 1 082 743 1 337
Spain 2 305 2 334 3 264 3 345 2 520 2 935 6 221 6 280 (6 000)
France - - - 1 - - - - -
Poland - - - - - 8 - - -
USSR - - - 44 466 2 879 189 111 -
Total 3 058 3 472 4 885 4 952 4 792 7 035 7 492 ' 7 134 7 337

* Preliminary

Table 2.7 Annual catches by gear (tonnes) of MACKEREL by the Portuguese,
in Divisions lXa,b.

~ Artisanal Trawl Purse Seine Total
Year

1974 (55) 1 566 - 1 621

·1975 198 1 364 0 1 562

1976 240 1 566 0 1 806

1977 290 923 0 1 213

1978 59 1 023 0 1 082

1979 58 687 0 745

1980 274 1 063 0 1 337

() Estimated

•
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Tab1e 2.8 Annua1 catches by quarter taken by the Portuguese trawlers
in Divisions IXa,b.

~r 1 2 3 4 Total
Year

1979 170 374 70 73 689

1980 236 411 165 251 1 063

Tab1e 2.9 Portuguese efforts and catch rates for trawlers in
Divisions IXa,b.

Hours
Year (03) kg/h trawl

1974 340 4.6

1975 350 3.9

1916 340 4.6

1977 374 3.4

1978 348 2.9

1979 380 1.8

1980 354 3.0



Tab1e 5.1 Western MACKEREL Spawning Stock Plankton Survey, 1980.

P.:'TON r;ogm~

crr~L'..~;i\ :::rRCJI/l:!:\ SCCl'VI~ ':l-L-\LJ'..SS2'. CIROLP.NA
sCafIl, 2/80 1/D~ ~,/S::,: 5/20 7/80

Mm CRt:IS';; or:rES 24 ~:ilrch 9 April f' :~a~l B JUI:P 25 Jnne 25 July

t-HJYBFI-t CF S;l.r~PLES l' " 94 1?, '13 1P 100

SJL'1PLED AREA.~CF

~PAWNI~G (km-) 207 eco 211 ooe 27C CCO :'C7 CC'O 17<: ClOO 89 COC

DAILY PRO~lb"'"C~
(Eggs x 1C ) 2~7.23 ~~':~.C9 538.11 ;: 1,1'; .. 82 1957.48 21.56

======~==~=~=======~========~====~=

I\)

CD

I

Daily P~oducticn

(<>ggs x 1010)

February

< < 1.0

!-,.pril

3.89

Total r'Jg Pr~x~l1ctio;l = 0 .. 0.2 x 1015

.:rune

:8.1

July

24.4
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Table 5.2 Western MACKEREL Spawning Stock Estimate, 1980.

Production curv<'s - see figure 5.2. - Spawning population - see figure 5.3

ANTON DOHRN

DAILY FGG

PRODUCI'ION (X 10-
1°,

MEAN FECUNDITY

SPM:NING STOCK (X \0-6 ,

SCOTIA
2/80

237.29

503 863

4.7

9.42

1 006.09

522 31J

19.26

38.52

C!ROL1\.N~/80

558.11

:.10 711

10.52

21.03

SCOTlA
5/80

2 417.82

53.57

107.14

~!tJ\IJI.SSP.

1 967.48

456 950

43.06

86.11

CIROIJl.NA.
1/80

24.56

363 930

0.67

1.35

I'
I\)
\0

I

Total Spawning Stock ~stimate : 5223 x 106 fiqh
=========~=======~=============================
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Tab1e 6.1 Catch in numbers (x 10-6) for North Sea and Skagerrak in 1980.

Year C1ass IVa1l lIla IVb, c Total IV + lIla

pre-1910 25.3 2.1 28.0

1910 5.6 0.3 5.9

1971 18.7 0.8 19.5
1972 13.7 0.4 H.1

1913 17.8 1.4 19.2

1914 26.9 1.6 2q.5

1915 26.2 1.8 28.0

1916. 11.3 1.4 12.7

1917 2.0 0.1 2.1

1918 0.7 1.1 2.4

1919 2.1 2.1

1980 1.1 1.1

1) Norwegian and Danish catches from IVb and
'Swedish catches from the North Sea are
included.

Tab1e 6.2 Catch in numbers (x 10-6) of the North Sea stock in Sub-area IV
and Divisions IIa, lIla, and VIa in 1980.

Divisions

lVa

Year lVb,+ lVo . IIIa VIa Ha
olaee Open Norwegian

Sum Total
are& co&et

Pre-1971 4.6 6.1 . ~0.7 10.3 5.3 4.5 0.9 31.1
1911 1.0 3.6 4.6' 5.6 2.0 1.4" 0.4 14.0

1972 1.5 0.7 2.2 4.0 1.8 4.3 - 12.3

191' 2.4 1.6 4.0' 6.1 ,.6 1.4 0.2 15.3

1974 7.9 3.2 11.1' 8.6 2.9 1.6 I 1.1 25.9

1975 8.5 2.6 11.1 9.1 0.9 1.6 0.8 23.5

1916 6., 1.2 7.5 5.0 ' 0., , . 1.2 0.4 14.4

1977 1.3 1.3 0.8 0.1 0.2 2.4

1918 0.5 0.5 1.9 3.1 0.1 5.6

1979 2.7 2.1

1980 1·7 1.1



Table 6.3

•
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Catch in number (x 10 ) of the Western stock by year class.
These numbers include estimated numbers of fish discarded and unreported.

1980

~ VIa, b VIIa,b,c VII d-k VIII IVa TotalYear C1ass

Pre-1971 87.4 20.1 87.0 .2.5 9.9 206.9

1971 81.9 9.3 39.9 1.2 7.3 139.6

1972 14.6 3.5 27.5 1.0 5.8 52.4

1973 53.8 11.2 84.2 1.9 7.3 158.4

1974 42.8 12.6 82.7 .2.0 5.1 145.2

1975 75.9 14.4 183.2 3.7 4.8 282.0

,1976 48.8 20.4 306.5 5.6 - 381.3

1977 5.2 3.2 62.5 4.3 - 75.2

1978 22.9 11.3 412.7 21.8 - 468.7

1979 3.0 0.7 413.2 67.6 - 484.5
"

1980 - - 9.4 10.1 - 19.5

Total 436.3 106.7 1 708.8 121.7 40.2 2 413.7-
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Table 6.4 Mean weights at age used in stock assessments.
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Table 6.5 ••• continued

fISHING MORTALITY
-----------------

1969 1970 1971 1972 1973 1974 19/5 1976 1977

1 0.05 0.03 0.00 .0.00 0.0.1 0.01 0.02 0.01 0.01

2 0.24 0.21 U.03 0.11 U.03 0.08 0.02 0.16 0.07

:3 0.60 0.25 0.07 .0.08 U.15 0.06 0.08 0.22 0.17

4 0.87 0.47 0.08 0.06 0.17 0.22 0.14 0.09 0.26

.5 1.24 0.41 0.12 0.12 0.17 0.20 0.22 0.15 0.08

6 1.11 1.15 0.1'4 U.12 0.29 0.15 0.24 0.23 0.16

7 0.99 0.44 0.33 0.14 0.1·4 0.09 0.11 0.21 U.65
8 0.00 0.37 0.12 0 • .s6 U.83 0.15 0 • .s3 0.17 0.34

9 0.00 0.00 0.10 0.10 0.20 0.15 0.20 0.20 0.25

1 U+ 0.00 0.00 0.10 0.10 0.20 0.15 0.20· 0.20 0.25

f( 3-1U) 0.83 0.40 0.0;> 0.08 0.19 0.17 0.19 0.19 0.25

1978 1.'179 19/10
VI....

1 0.00 0.03 U.06 I

.2 0.07 0.03 0.10
3 0.16 0.12 0.20
4 0.16 0.13 0.20
5 0.19 0.18 0.20
6 0.06 0.14 0.2U
7 0.12 0.05 0.20
8 0.78 0.10 0.20

·9 0.19 0.19 0.2U
1 U+ 0.19 0.19 0.20

f( 3-10 ) 0.18 0.14 U.20

NA TURAL t10RTALITY: 0.15000
----------------- (continued••• )

• e .,



Tab1e 6.5 ••• continued • e
STOC.< SIZE IN NUMiiERS
---------------------
1 JANUARY
---------

1Yo9 1970 1971 1972 1973 1974 1975 1976 1977

1 1353 •.1 3482.5 .-439.1 )91.7 327.5 518.4 . 649.0 366.9 100.7

2 551.7 1:105.0 .2895.2 377 .2 5U6.9 277.7 443.5 547.6 313.3

3 1124.2 373.0 774.4 2415.0 291.7 425.0 221. 7 372.3 403.2

4 567.0 532.4 251.0 620.0 .1928.1 216.3 344.0 175.8 256.1

5 118.8 20).0 287.6 199.4 502.9 1400.3 .149.3 256.8 138.5

6 56.4 29.5 117.U 220.1 151.9 364.1 982.6 102.8 :189.8

7 105b.7 16.0 8.0 87.9 :167.7 97.5 273.0 667.2 70.5

8 0.0 338.1 8.8 4.9 b5.8 126.:1 H.O 209.6 464.6

9 U.O 0.0 2UO.0 6 •.8 3.0 2-4.7 93.6 47.4 151.4

1 U+ 0.0 0.0 U.O 132.2 23.7 195.2 165.3 100.7 121.3

TOTAL 4827.9 '6081.4 4981.2 4055.2 .3969.0 3645.3 3397.1 2847.2 2269.4
V<
VI

Spawning stock
biomass 1112.6 550.2 580.0 1249.4 1097.2 1035.3 866.0 787.0 712.8

(x 10-3 t)
1Y/8 1979 1980 1981

1 19.8 70.0 49.9 ****
2 137.3 11.:1 63.3 40.4
3 251.8 110.6 :1-4.2 49.3
4 292.6 .184.6 84.7 10.0
5 170.2 214.1 139.3 59.7
0 .110.1 120.7 . 153.5 98.1
7 138.8 89.2 90.1 1LlII.2
8 31.6 106.3 7Z.9 63.9
9 283.7 12.4 83.0 51.4

10+ 201.2 246.5 187.9 1.90.8

TOTAL 1637.1 1177.5 939.3

Spawning stock 587.1 429.2 339.8biomass
(x 10-3 t)
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Table 6.6 The North Sea Stock.

Input values of F in 1980 used in trial VPA runs, and
spawning stock sizes from 1914-80 obtained from VPA and
from Norwegian egg surveys.

:."r-..~ .....

'')77,n" :

o. 10 , ('

c ~c.

:; 'C -. ,.

- c~ .. -;

::.60 :: 7

'.: ~o ;: I

Incpx of ~rmwr.ing

~.6

':.1

;.• 1

1. ?

... "7

1.7

1.6

, "
",r

1.,:

1.4

1('-'(" ':>79 1~[(.... /u

.:.1 1. 7 1.5

1 ~ 1. --: (,.e

'.2 ... 8 ~',6

1.1 U. : c. . .'
1 .(' 0.6 0.3

1.0 0.6 O.

s~ock frorr. 15.GB 5.79 ;.79 J. H J ..:6



Table 6.7 The- Western V.ACKERELeC~' Catch in number with fishing -mortality rates and stock stlt derived
from cohort analysis (M = 0.15)

~ 1972 1973 1974 1975 1976 1977 1978 1979 1980
Ae:e

0 1.6 0.0 1.3 1.0 34.2 2.0 10.3 79.5 19.5
1 12.4 33.8 87.0 52.5 279.4 153.5 31.3 351.1 484.5
2 12.1 49.4 24.3 104.0 184.9 289.5 563.8 61.6 468.7

Catch 3 29.4 64.0 123.5 94.5 322.3 154.0 425.0 602.5 75.2

in number 4 507.7 115.5 108.5 306.3 170.6 166.0 243.7 365.5 381.3

x 10-6
5

1
582.3 191.8 192.2 288.8 51.0 258.3 217.2 282.0

6

1
567.0 143.8 118.6 140.0 71.9 233.1 145.2

7 1
1 246.2 279.7 64.4 86.8 151.9 158.4

8 1 438.8 89.4 56.7 154.2 52.4
9 ,J- 158.5 83.2 70.5 139.6
10+ .J- 210.8 263.7 206.9

Total 563.2 845.0 1 103.4 2 140.5 2 117.3 1 268.3 2 106.9 2 485.7 2 413.7

0 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.01
1 0.00 0.02 0.03 0.02 0.08 0.04 0.07 0.13 0.15
2 0.01 0.01 0.02 0.04 0.09 0.10 0.19 0.17 0.25

Fishing 3 0.01 0.04 0.04 0.09 0.15 0.10 0.20 0.30 0.30
4 0.06 0.05 0.08 0.13 0.23 0.10 0.22 0.25 0.30

Mortality 5

1
0.09 0.11 0.19 0.17 0.09 0.21 0.29 0.30

6

1
0.12 0.11 0.17 0.11 0.18 0.28 0.30

7

1
0.37 0.30 0.12 0.16 0.31 0.30

8 1 0.20 0.14 0.14 0.22 0.30
9 ,J- 0.10 0.18 0.25 0.30
10+ 0.10 0.18 0.25 0.30

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

0 1 865 4 205 3 044 4 673 4 936 619 3 520 4 429 2 110 -
1 4 449 1 604 3 619 2 619 4 021 4 217 531 3 020 3 739 1100
2 2081 3 817 1 349 3 034 2 205 3 202 3 487 428 2 275 2 770

Stock 3 2 782 1 780 3 240 1 139 2 515 1 727 2 488 2 480 311 1 525

1n number 4 8 843 2 367 1 473 2 674 892 1 867 1 344 1 749 1 578 198
5

1
7 141 1 931 1 167 2 018 610 1 453 931 1 167 1 006

at 1 January 6

1
5 607 1 484 827 1 470 478 1 012 601 744

x 10-6 7 1
4 302 1 144 602 1 136 345 656 383

8 1 2 553 727 458 837 217 418
9 .1- 1 791 543 342 578 138
10+ .t- 1 375 1 280 856 915

Total 20 020 20 914 20 262 21 091 21 112 16 832 16 813 16 854 14 088

Spawning Stock 11 326 11 680 12048 11 638 10 442 9 952 9 625 8 606 7 144

'"....
I



Tab1e 6.8 The Western I'.ACKEREL stock. Stock 1n nUJ:1ber at 1 June and spawn1ng b10mass der1ved from cohort ana1ys1s.

~ 1972 1973 1974 1975 1976 1977 1978 1979· 1980

0 1 756 3 960 2866 4 400 4 635 582 3311 4 139 1 979
1 4 185 1 496 3 373 2 445 3 671 3 908 487 2 696 3316
2 1 955 3 575 1 260 2815 2 000 2895 3043 377 1 938

Stock in 3 2 608 1 650 3 001 1 033 2 233 1 562 2 161 2070 260
number at 4 8 118 2 182 1 342 2 390 767 1 689 1 161 1 488 1 318
1 June 5 0 6 483 1 738 1 017 1 778 554 1 257 782 975

6 0 0 5 043 1 337 728 1 326 420 851 502
7 0 0 0 3 491 954 540 1005 287 548
8 0 0 0 0 2 215 647 408 722 181
9 0 0 0 0 0 1 621 476 292 483
10+ 0 0 0 0 0 0 1 205 1 091 715

Total 18 621 19 346 18 623 18 928 18980 15 323 14 933 14 793 12 216

Spawning Stock 10 469 10 704 10 950 10 103 9 150 9 001 8 407 7 307 6017

1972 1973 1974 1975 1976 1977-81 Proportions of Maturity

0 0.000 0.000 0.000 0.000 0.000 0.000 Age 1972-81
1 0.113 0.113 0.113 0.113 0.113 0.113

Mean weight 2 0.131 0.131 0.131 0.131 0.131 0.131
3 0.201 0.201 0.201 0.201 0.201 0.201 0 0.000at age
4 0.380 0.251 0.251 0.251 0.251 0.251 . 1 0.180of spawn1ng
5 0.410 0.264 0.264 0.264 0.264 2 0.380stock
6 0.440 0.316 0.316 0.316 3 0.670
7 0.470 0.380 0.380 4· 0.890
8 0.490 0.412 5 0.930
9 0.511 6 1.000
10+ 0.511 7 1.000

8 1.000
9 1.000
10+ 1.000

Stock Biomass (x 10-\)

1972 1973 1974 1975 1976 1977 1978 1979 1980

Total 4 338 4 175 4 164 3 784 4 019 3 424 3053 2 731 2 323

Spawn1ng Stock 3 394 3 457 3 480 3 176 3 314 2 666 2 562 2 258 1 786

'"CD

I
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Table 9.1 Western MACKEREL age distribution inside the closed
area in Sub-area VII in 1980 (in percentl.

cl.as,; !- .~_ .. :-
. _.~ : : .. : : . --:-------lYf"'ar Purse seine Trawl

! 1 Jil"1. : 1"; :",''''l/! 1 ':=t;' : : :.:.: 1 c ':cv!
!1': jr..hr: ~1 [)r.::,! 1:::' ::'("1- : Ff">lr. : "'.") .... :: ... : l\.pT11 :Gcto.(.("'r: .... 1 r-t. c !

! ._! . _ _ ! : : : : : l

1':' .... ': , " C:".'

.,') " r;: 51. q:: " 7 n : 0.C'S t'.7e (). .?C '],7. - !

73 ! 31 .!,1 : •• 1):' , ""').77 : ,
~. 1S' ~~.O3 1'3: . '7 ,- :1 ~9. 1~ !

77 5. 30 1 .')J 5. '11J: 3."1 " " 2:.53 1 .E~ 7!?,) . ... ~ -.
7-; :". :-"'j 1'].33 , :.,. q : ~ ..~: . 59 ::. c.: 17.0·, 5.7" 1!).~~ !

75 14. :i1 ~. Jf} 15.:}S: 15.C~ 1:.5·1 3.~7 J.53 8. 16 !

71 G. ;:::? 1 .61 >. 11 12.='; '1.0C 3.:1 :!. Cil

7'2 ! :.Il: , .'::7 G.e' : J.:" 9.')" 3.:1 C.:O 1 .e:

7-:' ! ::.~' O. ,. 2. ~~: 3.:-:' 0. 5~) 2.22 C.5~-,

7 , ! ~.GS O.~'l
, 2.::;:; ."':: .........1 1 .36 O. 19.J''>i •

S 7;) 6. 5 1 O. -15 ':. 7S: l' 13 7.31 4.57 ,.07
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Tab1e 9,2 Western MACKEREL 1ength distribution in percent
inside the c10sed area in 1980,

!
I Pf'lBgjc trawl ,rure" c;p.in~

!-----------------------------------------------!---------------1
, le--;:-h! .Jl\t-: FFB: ~1T~FCfI : 'lPRJJ.: OCT. : 1 r !..CV! Jf\~' : 15 t\O\!

! : :' 1 f"l':;C! : ~ 1 n:-C!

!-------!-------:-------:-------:-------:-------:-------!-------:-------!
~~ C'.:'!': 0.02 0.05 O.ld O.CE:
21 ('.64: (1.r'~ 0.~6 O.O~ Cl. 10 0.28 0.~1

22 C.07: ('.31 0.1" 1.:3 0.(,( 0.14 , .40
2] C.14 : r..01 c..C2 7.31 2.2<1 0.6S1 5.49 !

24 0.07: 1).C:7 Cl .::2 (.1 15.18 -1 •.17 0.6S1 l('.O~

:!: ~ . ~t.: ~;. S·l C. 18 1 n'l 11.77 7.;W 1.10 10.~O

26 .1.66: :.83 ::.05 4. ['1 9.75 5.75 2.:'5 S. :J
27 8.5c: 3.69 5. :'.~ 4.51 -. C 6.99 2. 7~ n.;:1
?~ 7.61 : 3.36 6.76 ., .liC' lC.::8 (, "S' 4.95 f ,(·7-<

:'9 6.':(': .j.13 4.9<' :>.~2 ~.9~ 11. '0 1.,'0 0.00
~o 11. 74: 8.C2 ~. ~t 6 c" r.09 1('.78 7.'5 r.3<3.---. 1~ .69: 13.37 ,-;.:;. ~4.l-7 S.S:: '2.57 7.~E 9.~2. ,
12 1 .86: 10.?2 1-.25 16.95 - .:7 10.71 10.73 (-.90\

"
~ .?1 : P.OL S.~( 9.1' 1.00 6.85 1<1.10 5. 1

34 5.' 1: 7.65 C. 7C 7."')(' ".61 ,'1. ~9. ! 6.33 ~.C"7

35 3. ;.": 7.:.1 ~. 5C' ~.fj9
, .Cl ! e60 1.7'

:6 2. ~1 : ~.6 ::.71 ~., 6 1.77 ! 2.C u.f6
17 -. 1'; S.56 J,n ~.~7 1. .~ , '1.1... 8 c.n
30. :.10: 5.~3 1.tE: .. °5 c. ~) ! :.5(' (.3:
39 :.18: ':.04 2.: 4.9~ O. (4 ';.~b (). "1':;

40 2.C~: 3. '0 •. :5 :.J3 l'.~5 4.S~ 0.(,'3
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Tab1e 9.3 Western MACKEREL 1ength distribution in percent
outside the c10sed area in 1980.

!WCGtern Chünncl (VIl(') 1Eastf'rn Chc::.nncl (VII~!
1-- -------------------! !

lcngth! January !2 qUarter! 3 quarler!

!---------!---------------------~·!----------l----------!
Pursc seine ~r~\,' . ""r,Jw]!

lu (.2:'
iS ~ .21
20 ( .~ .:; '1.0S C:. ~G
21 ( .e. 1~.S.O loGt
22 C..{J9 11.30 1·1.75
~ :~ O. " r , " 12. ~i_. "
:-'1 C.'.51 1.72 8.7C
:~ 1. '5 1. 7:': 6.~~
:6 J. ", 6.88 6.68
27 5. :31 ; 1.Ll6 .c.9S
::S C.7J 11. J0 7.'7
~~~ ::.~O C. ',5 9.9B
,;0 7.!:G 1.68 8.37
31 9.07 1..'J 5.(
J2 10.52 I, ,17 2.51
3~ 7.7fi C.ge j .(,9
34 6.12 1.72 0.77
35 3.97 (\.S8 0.54
36 5.7:' :.~6 0.54
J7 I. 79 0.90 0.61
JB ~.59 ; .96 C'.SJ
39 4.09 0.25 0.:8
40 J.93 C.25 0.G9
~ 1 0.04 r'.JD
',. l.25 0.23
,.3
·14

45 0.08
46 0.08



Table 9.4 Landings (tonnes) of mackerei, horse mackerei, sprat and pilchard
in c10sed area in Divisions Vlle and f by month and gear, in 1980.

MACKEREL

Purse-seine Hand-line

Rectang1ex)
England Norway -- England

1 2 3 4 1 2 2 4

Jan. 1 024 2 301 457 6 784 5 500 8 600 Jan. 355 0

Feb. 280 467 2 227 9 988 0 0 Feb. 203 5
Nov. 0 102 0 0 0 0 Mar. 236 0

Dec. 0 0 118 225 0 0 Apr. 159 0

May 2 0

Midwa ter trawl Midwater trawl Jun. 460 0

England Germany,F.R. France Nether1ands1) Ju1. 264 0

Rectang1ex) 1 2 3 4
All All All Aug. 132 0

rectang1es rectang1es rectang1es Sep. 430 0

Jan. 1 724 5 517 862 7 453 0 5 853 0 Oct. 0 0

Feb. 563 2 521 4 131 11 242 0 6 214 7 277
Nov. 879 8

Mar. 0 0 0 0 82 2 184 5 650 Dec. 0 0

Apr. 0 0 0 0 0 182 0

Oct. 0 + + + 5 0 2 894
Nov. 178 492 853 1 668 0 0 0
Dec. 355 1 001 246 4 362 0 0 0

x) Rectang1esl 1.
2.
3.
4.

50°
50°
49°30'
49°30'

- 50 0 30'N
- 50 0 30'N
- 50 0 N
- 500 N

•

6° - 7°W
5° - 6°w
6° - 7°W
5° - 6°w

1) No data on Dutch
catches of horse mackerei,
pilchard and sprat.

(continued)

•



Table 9.4 cont'd.
•

HORSE MACKEREL

Purse-seine Midwater trawl

RectangleX)

England England

1 2 3 4 1 2 3 4

Jan. 0 0 0 30 Jan. 0 0 7 7
Feb. 0 0 0 35 Feb. 0 1 31 23

Dec. 0 0 110 0 Aug. 0 1 0 3

Sep. 0 1 0 4
Oct. 0 0 0 2

Dec. 28 0 33 41

PILCHARD SPRAT

All gears Purse-seine Midwater trawl

England England England
RectangleX ) 1 2 3 4 2 2 4

Jan. 0 92 0 100 Jan. 27 0 0

Feb. 0 0 0 65 Feb. 0 110 15

Nov. 0 0 0 86



Tab1e 10.1 Annua1 1andings of HCRSE YACKEREL (tonnes), by countries and fisheries,
in lCES Divisions lXa and Vlllc.

Portugal Spain Portugal and Spain
Year

Trawl Seine Artisana1 Total Trawl Seine Artisana1 Total Total

1956 1 989 33 882 2 300 38 171 - -
1957 1 396 39 362 2 600 43 358 - -
1958 1 516 • 35 285 2 300 39 101 - -
1959 2 470 37020 2 500 41 990 - -

1960 4 000* 35 638 2 500 42 138 - -
1961 4 400* 42102 3 000 49 502 - -
1962 7 231 46 345 3 400 56 976 53 202 110 178
1963 6 593 54 267 3 900 64 760 53 420 118 180
1964 8 983 55 693 4 100 68 776 57 365 126 141
1965 4 033 54 327 4 745 63 105 52 282 115 377
1966 5 582 44 725 7 118 57 425 47 000 104 425
1967 6 726 52 643 7 279 66 648 53 351 119 999
1968 11 427 61 985 7 252 80 664 62 326 142 990
1969 19 839 36 373 6 275 58 983 85 781 144 744

1970 32 475 29 392 7 079 68 946 98 418 167 364
1971 32 309 19050 6 108 57 467 75 349 132 816
1972 45 452 28 515 7 066 81 033 82 247 163 280
1973 28 354 10 737 6 406 45 497 114 878 160 375
1974 29 907 14 966 3 198 48071 78 105 126 176
1975 26 786 10 149 6 556 43 491 85 688 129 179
1976 26 836 16 833 5 372 49 041 89 197 26 291 376* 115 864 164 905
1977 26 440 16847 8 054 51 341 74 469 31 431 376 106 276 157 617
1978 23 411 4 561 4071 32 043 80 121 14 945 376 95 442 127 475
1979 19 331 2906 4 740 26 977 48 518 7 428 376 56 322 83 299

1980 15 179"* 4 575 5 378 25 132 41 261 9 064* 376 50 701 75 833

I

:t
I

*Estimated .'



Table 10.2 The H.MACKEREL fishery in lCES Divisions Vlllc-lXa. •
Effort ~ catch rates ef trawlers and purse seiners, by coun.

P 0 R T U G A L S P A I N

Effort C.P.U.E. Effert C.P.U.E.

Year Trawl Seine Trawl Seine Trawl Seine Trawl Seine

(1 000 h) No. boats kg/h ' t/seiner (1 000 h) 110. beats kg/h t/seiner.
- 111.4 387 17.8 . 87.61956

1957 100.6 388 13.8 101. 5
1958 128.9 280 11.8 126.0
1959 157.8 446 15.7 83.0
1960 166.1 374 24.1 95.3
1961 189.6 442 23.2 95.3
1962 213. O' 386 33.9 120.J
1963 176.5 384 37.4 141. 3
1964 185.0 391 48.6 142.4
1965 184.2 394 21.9 137.9
1966 174.1 385 32.1 116.2
1967 206.1 385 32.6 136.7
1968 217.1 389 52.6 159.3
1969 232.2 384 85.4 94.7
1970 257.2 386 126.3 76.2
1971 290.0 341 111.4 55.9
1972 280.9 288 161. 8 99 0

-1973-- 369.3 25J. 76.S 42.4 - - -- - -
1974 340 * 236 88.0 63.4 - - - -
1975 350 * 241 76.5 42.1 969 - 88.5 -
1976 340 * ·237 78.9 71.0 1 102 189 105.1 139.4
1977 374 * 235 70.7 71.7 1 582 209 67.2 150.4
1978 348 * 243 67" 3 16.8 1 194 211 79.9 70.8
1979 380 * 283 50.9 10.3 1 114 211 50.6 35.2
1980 354 * 282 42.9 16.2 733 211 56.3 41.9

* Estimated

L
I

.l>
V!
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Tab1e 10.3 The Horse MACKEREL fishery in lCES Divisions Vlllc- lXa
Catch, C.P.U.E., effort and 3 years running mean effort.

(1) C.P.U.E. of the Portuguese purse seiners,

(2) Effort expressed in number of Portuguese purse seiners.

Estimated Mean

Year Total catch C.P.U.E. Effort Effort

(tonnes) (1) (2) K =3

1 l}62 110 178 120.1 917.4 -
1 Q63 118 180 141.3 836.4 -
1 964 126 141 142.4 885.8 879.9

1 965 115 377 137.9 836.7 853.0

1 966 104 425 116.2 898.7 873.7

1 967 119 999 136.7 877.8 871.1

1 968 142 990 159.3 897.6 891.4

1 969 144 744 94.7 1 528.4 1 101.3

1 970 . 167 364 76.2 2 196.4 1 540.8

1 971 132 816 55.9 2 376~0 2.033.6

1 972 163 280 99.0 1 649.3 2 073.9

1 973 160 375 42.4 3 782.4 2,602.6

1 974 126 176 63.4 1 990.1 2 473.9

1 975 129 179 42.1 3 068.4 2 947.0

1 976 164 905 71.0 2 322.6 2 450.4

1 977 158,560 71.7 2 211.4 2 534.1

1 978 127 475 18.8 6 780,6 3 771.5

1 979 83 299 10.3 8 087.3 5 693.1

1 980 75 833 16.2 4 681 6 516.3

•

•
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Table 10.4 Horse MACKEREL in ICES Divisions Vlllc-IXa.
Immediate lasses and long term gains in the trawl fishery for
changes in mesh size from 40 mm to 60 and 75 mrn, and for a
range of exploitation rates.

Change of mesh from 40 mrn to 60 mm

F E Immediate Lasses Long Term Gains

0.07 0.25 -·22.3 - 3.0

0.20 0.50 - 22.3 + 18.9

0.43* 0.6825* - 22.3 + 39.0

0.6 0.75 - 22.3 + 47.2

Change of mesh from 40 mm to 75 mm

F E Immediate Losses Long Term Gains

0.07 0.25 - 57.3 - 35.3

0.2 0.50 - 57.3 - 2.0

0.43* 0.6825* - 57.3 + 32.7

0.6 0.75 - 57.3 + 48.4

*Exploitation level in 1980•



Table 10.5 Input data and results of cohort analysis (Pope 1974) using the 1980 catch curve
as synthetic cohort, for several hypothesis of F (M =0.2).

Age 0 I II III IV V VI VII VIII

,
Catch

Age Distribution in numbers 50 622 317 967 95 239 45 924 43 809 62 755 44 233 11 802 0.677
x 10-3

1 HYP 0.040 0.374 0.181 0.124 0.168 0.385 0.517 0.249 0.02

Fishing Mortality 2 HYP 0.045 0.437 0.224 0.160 0.226 0.588 1.168 1.281 0.20

3 HYP 0.046 0.443 0.228 0.164 0.232 0.612 1.298 2.017 0.60

F80 0.046 0.442 0.228 0.163 0.231 0.607 1.269 1.797 0.43

1 HYP 1 127.40 317.97 635.31 433.97 313.75 217.24 121.07 59.10 37.11
Population 2 HYP 1 266.50 991.11 523.74 342.63 238.96 156.01 70.94 18.06 4.11
(No. x 10-3)

3 HYP 1 254.30 981.10 515.55 335.92 233.47 151.51 67.26 15.05 1.64

Feo 1 256.70 983.06 517.15 337.23 234.55 152.39 67.98 15.63 2.12

•

..
~
CP

I



•
Table 10.6 - Estimates of Yield per recruit, over a range of values of F

(K = 0.1625 , W_· 1 140 g, M = 0.2, t.· - 1 , t
r

- 1)

I
1 F 1 0.05 1 0.10 I 0.15 10.20 1 0.25 1 0.30 1 0.35 1 0.40 1 0.45 1 0.50 1 0.55 1 0.60 1

1-------1-------1-------1-------1-------1-------1-------1-------1-------+------1-------1-------1-------1
I 1 1 1 1 1 I 1 1 1 1 1 1 1
IY/R i9)1 54.6 176.7 1 85.1 1 87.0 1 86.0 .183.6 180.7 177.6 174.6 171.7 1 69.0 1 66.4 1
1 1 I 1 1 1 I I I 1 1 1 I 1

I

"0
I
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Figure 3.1. Chart showing putative distribution of MACKEREL in February.
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JUNi:

. Figure 3 2 ::~~~::::!--L_ /'• • Chart showing putative di ts ribution of HA ~~---CKEREL •J.n June.



- 52 -

AUGUST

Figure 3.3. C ~~~~=..L_L:::I::L~"""'"
hart showing putative di ts ribution of MACKEREL in August.
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Figure 3.4. Chart showing putative distribution of MACKEREL in November.



Figure 4.1 Maturity 1ength and maturity age ogives (fitted by eye).

..
!

,
i.. I.

I

I,.

t-.

o

.1 !

o

I :
•

4 °1' .••

., I

- I

T

I'
.!

I

j' ~.
I

I

J

50

25 I... ,

I
0 :I- 2

I i

i
ctn,

o

Percent
100

I

-l
I

15

-. r
I .!

·1
,

i ,
1I'

, f·
;

I

;....

15

Percent
lOO

i 25
.,. "[ - I

.!
T

i
.. 1 ..,

•



- 55 -

• .3 6 r--\
I \

;" I \..
I I. . \() 5....

! l~
~

t '"0 0'\
~ 2 4 ~
\I

~ .......
() 0
~

Q... ~

3 ".. -Q I

~\
0'\ ~
~ ;) I~

,:>'" 1
.~ 1 2

J~ I
/

/

• UL -\
30 5" 10 '5 ~o 15 .$0 5 '0 16 20 Z~ 30 5" '0 15

/'1AY JUAlE rULY AUGUSr

Figure 5.1. Norwegian egg surveys in the North Sea in 1980 (the egg
production curve is based on the three surveys (+) and
dai1y egg samp1ing from a fixed position).
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Tigure"o.l Length frequency distr~butions of MACKEREL caught
-quring the English winteT fistrery off Cornwall.
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AFPENllIX

App1ication of the Norwegian Tagging Data

The Norwegian taeging data inc1uding the recaptures from 1980 are given

in Tab1e 1 (North Sea stock releases). Although the 1980 recapture data

is to be considered preliminary, the data has been used for:

1. Splitting the North Sea landings in a N.S. Stock
component and a Western Stock component in Divisions IVa and IIa

2. Rough estimates of surviva1 rates.

Method of splitting the landings

Let: pj ~ (I-J') :=

~(tJ.s)+ ~(W)

proportion of North Sea stock

in total landings from

Sub-area IVa in year j.

•

Pj is estimated from the tagging data. Assuming this estimate to be

valid, we consider now on1y tagging data re1ated to the North Sea stock,

and app1y the formula (Anon. 1979) :z. f'"i.J "" I

P
J
+\;: P

J
• l'jtl
-~ n'

~
Where2: r ij and ~rij+l are the recaptures during years j and j+l from

releases of all years prior to year j.

~j+l/jiS conceived as an estimate of the change in density of North Sea

tags from year j to j+l (Thus if ~+l/j ~ 1 a further dilution of the

North Sea stock component has occurred).

Table 2 shows the estimated Pj for the years 1976-1979. It is seen, that

for each age group a Pj is estimated. However, this was not possib1e

fer 1980. The fermula (1) has beenti~lied te sp1it ~he 1980 1andings by

a) . ..6'."'Aql. c: ---,,;:r ~ _1.01.
lve>

4f.4l
b) using the proportions (PjJ given for each age group in

1979, estimates of P1980 are obtained as:

p.qtb = fl474 • r.o,_~ f~1.
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However, the estimate of tl 1980/79 is for all year classes combined, and
to use this combined with last years (1979) Pj it 1s necessary to assume,

that either il 1980/79 is the same for all age groups or that the errors
in assuming such 1s negligible compared with the errors due to low tag

returns in 1980, Table 2.

Estimation of survival rates

In order to assess whether the tigging data could be used for assessing

any trends in recent years fishing mortalities, estimates of survival

rates were made. However, as the recaptures are only registered in the

Norwegian industrial landings, the number of recaptures for each year i

were raised by the factor (see Table 3 and 4):

(North Sea land1ng) year i

(Norwegian Industrial landing) year i

!wo methods (models) were applied.

Notation:

number of released (tagged) fish in year i

total number of recaptures from Ri
total number of recaptures in year i

total number of recaptures in year i and later of all

releases from year 1 to i (Tl =R1)
the group of tagged fish, which were caught before year i

(being tagged), not caught in year i, but subsequently caught

note: z. =T. ~ R.·-- ~ ~ ~

1. Robson-method (Ricker, 1975)

The survival rate 1s estimated as (for year 1 to i+l):

..

•

•



•

•
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2. Jolly &Seber method (Seber 1973)

The formulas are derived in the following way:

Just after the i'th release of tagged fish~ groups of tagged fish are
present in the population:

a) The Ri just released, of which r i are subsequently caught;

b) The Mi - mi previously tagged fish, which were not caught

during year i. Of these zi are caught subsequently.

Assuming equal probability of recapture for those two groups, we have:

Z. r i
... Ri • Zi

1 = and Mi = + m.r i 1

Mi - mi R.
1

and the survival rate is...
S1' =Mi +l..,..<'-'-"'-----

Mi - mi + Ri

Table 5 shows the estimated survival rates. As can be seen, the two

models give very similar paterns, which 1s not surprising, because

althOUgh the assumptions underlying the two models differ, the application

of the data is similar. However, the estimated survival rates for the

years 1973-78 did not provide any basis for input values of F's in a VPA •

References:

Ricker, W.E.,. 1975. Computation and Interpretation of Biological Statistics

of Fish Populations. Bulletin of the Fisheries Research Board of Canada,

No. 191. pp. 382.

Seber, G.A.F.,1973. The estimation of animal abundance and related
parameters. Griffin. pp. 506.



Appendix Table 1. Number cf tags returned (r) in total Norw-egian indust"t'ial landinge (p), x 10-; tOJUles. Releases (N) in the
North Sea. Recaptures in the Shetland area (Sh), in the northeastern North Sea (NS) and in the northern
part of Division VIa near Rona (R). All year classes 1ncluded.

Release 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1978/79 1979 19801)

Year N Sb NS Sum Sb NS Sum Sb NS Sum Sb NS Sum Sb NS Sum Sb NS H Sum Sb NS Sum R

1969 1 187 19 547 566 16 198 2~ 50 6 56 4 5 9 22 2 24 8 7 2 17 2 5 7 6 3 0 0 0 0

1970 3 505 2 476 478 34 19 53 9 30 39 31 47 78 17 22 14 53 4 31 35 19 19 3 3 1 0

1971 9 305 1 154 155 57 145 255 142 285 427 86 128 90 304 22 173 195 109 95 19 9 E 1

1972 11 818 0 178 178 143 489 632 113 269 195 577 35 334 369 198 203 33 16 4 3

1973 7 277 0 441 441 61 274 129 464 35 323 358 148 153 28 10 7 5

1974 4 493 7 303 110 420 13 193 206 89 124 17 11 2 2

1975 9 995 0 674 674 229 302 45 27 19 4

1976 1 763 50 62 14 7 5 5

1977 7 094 202 41 38 28 S

1978 12 173 76 102 28 19

1979 11 991 0 12

1980 5 676 2

P 237.0 314.0 551.0 89·0 195·4 274.4 166.6 23.8 190.4 91.7 51.4 143·1 195·0 109.7 304·7 158.0 59·0 37.2 254.2 103·9 113.5 217.4 175.7 137 ·3 36.9 14.9 41.9 19.5

1) Preliminary fia=e.

,

I

ci
I

•
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Appendix Tab1e 2. Eetimatee of proportion of North Sea stock in
Norwegian induetria1 1andings (p

j
> in Division

IVa.

Year P j
c1aee

1976 1971 1976 1979 --.J 1960

pre-1969 0.33 0.56 0.36 0.24 0.24

1969 0.48 0.11 0.53 0.33 0.33
1910 0.60 0.66 0.63 0.40 0.40

1911 0.15 0.31 0.19 0.12 0.12

1912 0.26 0.54 0.33 0.21 . 0.21

1913 1.00 0.95 0.39 0.25 0.25

1914 1.00 0.64 . 0.61 0~61

1975 1.00 0.64 0.64
1976 1.00 1.00

1911 1.00

Appendix Tab1e 3. ~orwegian industrial catch and total international
catch in tha North See

N T
Year Norwegian induetrial International total T/N N/Tcatcht IV+IlIa+Ila catch IV+IIIa+lIa

1969 551.0 139.2 1.34 .15
1970 214.4 322.5 1.16 .85

1911 190.4 243.1 1.28 _•.18

1912 143.1 188.6 1.32 .16

1913 304.1 348.1 1.14 .88

1974 254.2 305.2 1.20 .83

1975 217.4 297.7 1.37 .13
1916 175.1 316.2 1.80 .56

1911 137·3 260.9 1.90 .53
1918 36.9 153.0 4.15 .24
1919 14.9 158.5 10.64 .09

1980 19.5 88.2 4.52 .22



Appendix Tab1e 4. Tagging data. Returns in Norwegian industria1 catchest raised to total international
catch. IVa + II + IIa. ',Year of release exc1uded.

Year Nof (Ri) 1970 1911 1972 1973 1974 1975 1976 1977 1978 1979 1980 l:
release r i

1969 4 187 270 12 12 27 20 10 11 6 0 0 0 428
1910 3 505 68 51 89 64 48 34 36 12 11 0 413
1971 9 305 337 487 365 267 196 180 79 64 5' 1 980
1912 11 818 720 692 506 356 386 137 43 14 2 854
1973 7 277 557 490 266 291 116 74 23 1 811

1974 4 493 282 160 236 71 21 9 779
1915 9 995 412 574 187 202 18 1 393
1916 1 763 118 58 53 23 252

1917 7,094 170 298 36 504
1918 12 173 298 86 384
1919 11 991 54 54

m
i

, 270 140 400 1 323 1 698 1 603 1 435 1 827 830 1 064 268

•
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Estimates of survival ratesAppendix Table 5.
*Year Survival rates Z F

Robson J & S Robson J & S Robson J & S

1969 0.32 0.38 1.13 0.96 0.98 0.81

1970 0.41 0.45 0.89 0.80 0.74 0.65

1971 0.73 0.77 0.31 0.26 0.16 0.11

1972 0.70 0.77 0.36 0.26 0.21 0.21

1973 0.98 1.06 - - - -
1974 0.79 0.86 0.23 0.15 0.08 0

1975 0.64 0.69 0.44 0.37 0.29 0.22

1976 0.81 0.89 0.21 0.12 0.06 -
1977 1.16 1.16 - - - -
1978 1.17 1.20 - - - -

....

*M=0.15


