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The asseséments outlined in the previous report of the Group

( Anon. 1975 ) were mainly based on catch reports and estimates
relating to the North Sea stock based on Norwegian mackerel
taggings. At the meeting reported here, the Working Group
considered all relevant data now available with the aim of
improving reliability by the use of different, independent

methods.

Two mackerel stocks were considered: the one overwintering in
the North Sea (here termed the North Sea stock), and the one
overwintering in the Celtic Sea area (here termed the Western
stock). The stocks are mainly found in Sub-areas III, IV and
in VI, VII respectively, but taggings have shown that they
are not confined to these areas as, e.g. mackerel from Sub-

area VII migrate to Sub-area IV in summer.

Stock size estimates refer to these two separate stocks, whereas

catch summary tables relate to ICES areas, not the separate

stocks.
2. The fisheries
2.1. The North Sea

Although the data are provisional estimates, total landings in
1975 were about 314 000 tons (Table 2.1.1), which is nearly the
same figure as in 1974. The 3% increment can be attributed to
the increase in Danish, Faroes and Soviet catches (147%, 25% and

227% respectively).

The catches of the third and fourth quarters (Table 2.1.,3, 2.1.4
and 2.1.5) are now of the same order and represent 84% of the
annual total. Between 1974 and 1975 summer landings from Div-
ision IVa have been reduced by more than one half whilst autumn

landings doubled.

The numbers of mackerel at each age in the catches in Division
IVa, IVb, IVc and Sub-area II are shown in Table 2.1.2. Nor-
wegian, Dutch and Scottish catch data in numbers at each age,

covering about 70% of the total catch by weight from these areas



were available. From these data it is clear that no O-group
mackerel were landed in the years 1972-75, and that the year-

class 1969 is still predominant in the catches of 1975.

2.2 The Western area

The trend pointed out in 1974 is still the same. In 1975 the
total landings of 295 380 tons (Table 2.2.1) represented an
increase of 19% on those of the previous year and 241% of those
of 1971. 1In this amount the catches of Spain are not included,
as they have not yet been reported, neither have those of some
non-member countries, which, are thought to be significant,

but cannot be estimated.

The increased catches were taken in the Irish Sea, the Celtic
Sea and Bristol Channel (Division VIIa and VIIe-k). These

Divisions accounted for 81% of the landings attributed to the
western fishery. One can note an important drop in Faroese,
French and Norwegian catch, as well as an increase in that of

nearly all other countries.

Because of the importance of "not specified” in landing statistics
(Tables 2.1.3, 2.1.4 and 2.1.5) it is difficult to specify a
precise season for the major catches. From what is known of the
behaviour of mackerel it can be assumed that the fishery is

mainly based on late autumn and winter concentrations. It is
important that in future the Working Group receive statistics

of landings split on a quarterly basis.

The numbers of mackerel at each age in the catches in Division
VIa, VIb and VIIa-k are shown in Téble 2.2.2. Data on numbers
at each age of the Dutch, English, French and percentage distri-
'butions of the Sovijet and Scottish catches were available,
covering about 80% of the total catch made in the Divisions
mentioned. These data were applied to the total catch in the

Western area.



3. Stock separation and distribution

In the previous Mackerel Working Group Reports (Anon. 1974 and
1975), the existence of two mackerel stocks was recognized,
the North Sea stock and the Western stock. For assessment
purposes the two stocks are considered as being separate
management units but there is increasing evidence that the

Western stock has at least two components.

3.1, Tagging returns

Western stock mackerel were tagged throughout the Celtic Sea
area during the 1960s by Bolster (1974) and each May since
1970 south of Ireland by Hamre (1975). Returns from these
releases show that part of the Western stock migrates north,
from the Celtic Sea in spring to the region of Shetland in
summer. Here it mixes with the North Sea stock. Bolster's
work also shows that part of the Western stock migrates
eastward into the English Channel and the central-southern
North Sea. Fish tagged in this area during summer by Zijlstra
and Postuma (1965) have been recovered from the Celtic Sea
area. This indicates that Western stock mackerel which over-
winter in the Celtic Sea area may contribute both to the Celtic

Sea spawning and the North Sea spawning.

3.2, Mean weight-at-age

Mean weight-at-age data were presented for six countries, England,
France, Netherland, Norway, Poland and Scotland, although they
did not all have data for all areas in all guarters. The
weighted mean weight~at-age by areas and quarters are given

in Table 3.2.1.

These data show a reasonablyY consistent age/weight relationship
by quarter within Division with the exception of the fourth
quarter in Sub-area VII. Postuma (in prep.), analysing the
Dutch data, found that the age/weight curve for the fourth



quarter in Sub-area VII was significantly higher than in the
earlier quarters. The relationship is closer to that found in
Divisions IVa and VIa, while the relationships during the
first and third quarters are closer to those in Divisions

IVb and IVc. Postuma suggests that this may be related to the
migration pattern shown by tagging; there is a faster growing
component in the Western stock, closer in weight-at-age to

the North Sea population at Shetland. The residual component
is slower growing and is closer in weight-at-age to those

found in Divisions IVb and IVc.

4. Stock sizes and mortalities

4.1. Number per year-class caught from the North Sea stock

In Table 4.1.1 the number per year-class caught from the North Sea
stock in the period 1972-75 are shown. There are no adequate

age composition data available to permit this to be estimated

for earlier years. The numbers per yeér~class were estimated

by subracting from the numbers caught in Sub-area IV and 1II,
(Table 2.1.2) the part of the Western stock present in

Norwegian purse seine catches, in the Shetland area, using the
annual ratios per age groups of the Western stock to the North

Sea stock in the Shetland area as estimated by Hamre (1975).

These numbers were used in a VPA.

4.2. Number per year-class caught from the Western stock

In Table 4.2.1 the number per year-class of mackerel caught
from the Western stock in the period 1972-75 are shown. These
numbers were arrived at by adding to the numbers caught in the
Sub-areas VI and VII (Table 2.2.2), the part of the Western
stock caught in the Norwegian purse seine fishery in the

Shetland area. These numbers were used in a VPA.

4.3. Natural mortality

In the absence of further evidence the assumed natural mortality
of 0.2 for both the North Sea stock and the Western stock used

in previous reports of the Mackerel Working Group was retained.



4.4, Fishing mortalities

4.4.1. Fishing mortality of the North Sea stock

Survival rates from the tagging data were calculated from the
number of tagged mackerel released and the recaptures over
several fishing seasons (Table 4.4.1). It was assumed that
mortality due to tagging is constant from year to year. The
survival rate (S) was calculated from the equation given by

Hamre (1975).

The calculated annual survival rates (S) and the corresponding
instantaneous total mortality rate (Z) are given in the two
last columns of Table 4.4.1. With the assumed natural morta-
lity rate of 0.2 as given in paragraph 4.3, the following

fishing mortalities (F) are estimated:

Year-class
1969 older

1969-70 1.00
1970-71 0.31  0.40
1971-72 neg. 0.17
1972-73 0.14  0.33
1973-74 0.15 0.28
1974-75 0.15  0.49

In these mortality estimates no allowance is made for a possible
emigration of the North Sea stock to the Western area or visa

versa.

Using the catch in numbers at each age (Table 4.1.1) and an

input M = 0.2 a VPA was carried out.

It was realised that using the conventional VPA technique with
only four years catch data, no accurate measure of fishing
mortality rates would be obtained unless there was a reliable
estimate of the fishing mortality rate for the last year for
which there was catch data. However, if one has a reliable
estimate of F in any of the years for which there are catch
data, one can try different input F's for the last year until
one obtains an F from the VPA for the year for which one has an

independent estimate which coincides with that estimate. This



VPA will then give as good estimates of F and stock size for
all the years for which there are good catch in numbers data

as the reference F used in the calculation.

From the results of the tagging data reported by Hamre (1975)

it was decided that the best estimate of F for the North Sea
stock in the period 1973-75 was that of 0.15 for 1974. By an
interative procedure an input F for 1975 was estimated which gave
the closest approximation to this as an output value from VPA

for 1974,

Table 4.4.2 shows fishing mortalities in the period 1972-75

for the different ages, with weighted F for mackerel ¥ 3 years.
Since 1972 fishing mortality of the adult part of the stock

in the North Sea appears to have increased from 0,06 in

1972 to 0.21 in 1975.

4.4.2. Fishing mortality of the Western stock

For the Western stock the procedure described in paragraph
4.,4.1 could not be followed because it was considered that no
sufficiently reliable estimates of F were available from any
source for the period 1972-75. However, Hamre (1975) gives
what were considered as reliable estimates of the proportions
of the 1969 year-class originating from the Western and North
Sea stocks in the fishery in the Shetland area in 1974 and 1975.
There are also strong indications that the mixing of the two
stocks in this area are in proportion to the stock sizes, at
least for the older ages. If one has reliable estimates of the
abundance of a year-class in one of these stocks in a year one
can then estimate from these proportions what the abundance of
that year-class in the other stock would be. From the North
Sea VPA using the estimated abundance of the 1969 year-class in
1974 and 1975, and Hamre's (1975) estimates of the proportions
of this year-class in the Shetland fishery in these years, it
was estimated that this year-class in the Western stock would
be 1.032 x 10° in 1974 and 0.546 x 10° in 1975.

The VPA for the Western stock was then run with various input



F's for 1975 until values close to those for the abundance of the
1969 year—Class were obtained. It is appreciated that this pro-
cedure is very dependent on the evidence that the proportions

of the 1969 year-class in the Shetland area reflects the pro-
portion of its abundance in the two stocks. However, the VPA
procedure suggests this may well be true as it gave very close
approximations to the estimated values in both years. 1In the
absence of any other method of estimating the 1975 input F

it was decided that this procedure would give the most reliable

value obtainable with the data currently available.

In Table 4.4.3 fishing mortalities are shown for the period
1972-75 for the different ages with a weighted F for mackerel

5 3 years. Since 1972, also in the Western stock, the fishing
mortality has increased considerably, e.g. from 0.013 in 1972

to 0.108 in 1974 and 0.18 in 1975.

4.5, Stock sizes

4.5.1. The North Sea stock size

Mackerel have been tagged in the North Sea in late summer every
year since 1969. The number of released mackerel has varied from
about 3 500 to 11 000 each year.

The number of recovered tags from the Norwegian fishery is given
in Table 4.4.1 together with the calculated survival rates. The
tagging technique, the system of recovering tags in reduction

plants, and the methods of calculation are given by Hamre (1975).

As pointed out previously, the catches in later years have been
dominated by the 1969 year-class. The annual survival rates of
this year-class has been about 0.7 in the last three fishing
seasons (1 September - 31 August the following year) as cal-
culated from tag returns. For the year-classes older than the
1969, the survival rates were reduced from 0.6 in the 1972-73
and 1973-74 seasons to 0.5 in the 1974-75 season.



On the basis of the calculated survival rates, the number of
tagged mackerel in the sea within seasons were calculated
(Table 4.5.1 and 4.5.2), The relationship between these
numbers and the number of recaptures in the catch which has
been effectively screened for tags, provides an estimate of the
stock in number taking into account the initial tagging

mortality.

The estimates of the stock derived in this way are as follows:

Stock size (x 106) at 1 September

1970 1971 1972 1973 1974 1975

1969 year-

class 1 207 1 676 2 272 1 759 1 198 999
Older 1 173 555 1 469 956 315 315
Total 2 380 2 231 3 741 2 715 1 513 1 314

To estimate the size of the stock at the beginning of the year
the catches taken by the Norwegian fishery after 1 September
and an assumed natural mortality over the last four months of
the year, set to 5%, have been subtracted from the values

given above. The following stock sizes are estimated:

Stock size (x 106) at 1 January

1971 1972 1973 1974 1975 1976

1969 year-class
and older 1 835 2 014 3 416 2 273 1 282 993

The tagging data give estimates of the number of mackerel from

the 1969 year-class and older, but do not provide a sufficient
basis for estimates of the younger age groups. These age groups
constitute a small portion of the exploited stock, and consequently

very few have been available in the catches taken for tagging.
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The low number of tagged, younger mackerel in the sea are there-
fore at present not giving reliable estimates of survival and

stock size of these groups.

In Table 4.5.3 the stock sizes in numbers of fish up to seven

year old derived from the VPA for the period 1972-75 are shown.

Since 1972 these adult stock sizes have decreased in number from
4 088 x 106 in 1972 to 2 018 x 106 in 1975, and in weight from
914 x 10° tons in 1972 to 729 x 10° tons in 1975.

The weight of the stock was estimated by applying the mean
weight-at-age in the first quarter given by Castello and Hamre
(1969) to the number per age group of the stock in the different
years. This data on mean weight-at-age was used in preference
to those given in Table 3.2.1 because the greater number of
observations available made it appear more reliable. A comp-
arison of the estimated North Sea stock in number ( x 106)

from tagging (1969 year-class and older) and from VPA (age > 3

years is shown below:

Estimated stock size (x 106) at 1 January

1972 1973 1974 1975

Taggings 2 014 3 416 2 373 1 282

VPA 4 088 3 518 2 922 2 018

These estimates are in close agreement, and show that recruit-

ment to this stock in recent years has been poor.

4.5.2. The Western stock size

In Table 4.5.4 the stock sizes in number at ages up to six years
as derived from the VPA for the period 1972-75 are shown. As in
the North Sea stock the Western one has decreased from 10 572 x 10
in 1972 to 3 028 x 106 in 1975. As available data from the

Western stock for weight-at-age in the first quarter of the year
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do not seem to be representative for the stock as a whole, it
was thought better not to estimate the weights of the stock at
1 Janauary as this might be biased. No strong year-class has

been recruited to the Western stock in recent years.

4.5.3. Catch per unit effort

The Working Group considered the available catch per unit
effort data which only cover the most recent years. Data are

available from the Dutch, English and Scottish fisheries.

The Dutch data refer to a herring-directed fishery and the
Scottish data to a white fish fishery in which mackerel is
taken as by-catch. This may imply that these catch per unit
effort figures for mackerel reflect the density of the stock
better than if it had been a specialized mackerel fishery.
When comparing the calculated stock size for the North Sea

(1 September) on the basis of tagging with the Scottish and
Dutch catch per unit effort figures for July-September, there

seems to be a reasonable corespondence (Fig. 4.5).

The English catch per unit effort data are derived from. the
mackerel hand-line fishery off south-west England (Division
VIIe,f). Such data are available from November 1972.

The catch per unit effort of the total catch and the large-
category (fish over 450 grams) show a seasonal change in abundance
with a peak during December and January. Seasonal maximum

values, and a simple integrated seasonal mean (September-March)
are listed below:

1972/73 1973/74 1974/75 1975/76

Maximum 0.50 0.52 0.37 0.40
Integrated
mean 0.27 0.23 0.16 0.10

(tons per 100 hook hours)

All catch per unit effort data show a marked decline in abundance
of both the North Sea and the Western stock.
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5. Total allowable catch (TAC)

5.1. North Sea TAC for 1977

In calculating the TAC for the North Sea stock in 1977 the
basic input data was the estimate of stock in number per age
group at 1 January 1975 given in Table 4.5.3 and the estimated
F value for this stock in 1975 given in Table 4.4.2. From
these the stock surviving to 1 January 1976 was calculated and
is shown in the text table below. In the North Sea stock the
mean fishing mortality rate on l-year-old fish in 1972-74 was
about 10% of that on the older age groups and this value was used
in estimating the stock of 2-year-olds in 1976 from the catch
in number of l-year-olds in 1975, For calculation of the stock
at 1 January 1977 recruitment of l-year-old fish in 1976 and
1977 was assumed to be as the mean recruitment level of 1l-year-
old fish in the years 1971-1974 from VPA,.

In calculating stock size it is also necessary to

make some assumption about the exploitation rate on the stock
in 1976. 1In the light of NEAFC and Norwegian national restri-
ctions on the fishing for this stock it was assumed that the

F in 1976 would be maintained at the 1975 level. This will
produce a catch in 1976 from this stock of 158 000 tons. The
resulting stock size at 1 January 1977 is shown in the text
table below. For estimating the weight-at—-age in the catch the
data of Castello and Hamre (1969) for the last quarter of the

year were used.

Age 1 2 3 4 5 6 7 57
Stock in number

360 370 59 64
(xlO6) at 1/1-76 229 121 780 470
Stock in number 360 289 272 19 43 1s2 81 830

(x106) at 1/1-77
Mean weight-at-
age (grams) in
catch

139 262 354 430 428 464 527 527
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In calculating the TAC for 1977 the fishing mortality rate of 0.2
advocated in the previous report of the Working Group (Anon. 1975)
has been maintained. The Fs on l-year-olds and 2-year-olds were
taken as 10 and 50% of those of the fully exploited age groups.
There would seem to be a need to adopt a conservative management
strategy for this stock in 1977 in the light of the evidence
presented above of the decline in the size of the stock up to that
date. This fishing mortality rate in 1977 apnlied to the esti-
mated stock at 1 January 1977 will give a yield of 120 000 tons,

5.2. Western stock TAC for 1977

As described above for the North Sea stock the basic data used in
calculating the TAC for the Western stock in 1977 were the 1975
estimate of stock abundance given in Table 4.5.4, and the esti-

mated F given in Table 4.4.3 derived from VPA,

From these the stock in number at 1 January 1976 was estimated and
is shown in the text table below. For this stock the fishing
mortalities (Table 4.4.3) would suggest that the fishing morta-
lity rate of l-year-old fish is about 17% of that for adult fish.
The stock of l-year-olds at 1 January 1975 has accordingly been
calculated from the catch in numbers of this age group using this
percentage of the estimated F for older fish in that year. 1In
setting the recruitment to this stock of l-year-olds in 1976 and
1977, the average level of recruitment (1 244 x 106) obtained
from VPA was used. As this stock is under no regulation, the
assumption had to be made that the catch in Sub-areas VI and VII
in 1976 would be at a level of about 300 000 tons as in 1975. 1In
addition, there will be a catch from this stock in the Shetland
area in July-September 1976. In 1974 and 1975 this has been
equivalent to an F of 0.04 on the fish 5-years-old and older
which would entail a catch from this stock in the Shetland area
of 60 000 tons in 1976. The total F on the Western stock in

1976 would therefore be 0.21. The resulting stock size in 1977 is
also shown in the text table below. In this stock there are
major différences in mean weight-at—age between the catches taken
during the same season in Sub-area VI and in the Shetland area,

and those taken in Sub-area VII. Accordingly, the mean weight-
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at-age for this stock in the catch were calculated by weighting
the mean weights for these Sub-areas by the catches taken in them,

in 1975, The values used are also shown in the text table below.

Age 1 2 3 4 5 6 26

Stock in number
2
(xlO6) at 1/1-76 1 200 152 1 207 67 773 578 2 584

Stock in number

2 2
(x100) at 1/1-77 1 200 948 120 801 177 513 099
Mean weight- at-age

(grams) in catch 153 185 217 299 346 408 478

As in the North Sea stock the TAC for 1977 has been calculated
on the assumption of an F of 0.2. The TAC recommended is on this
basis 265 000 tons for 1977 for the Western stock.

5.3. TAC and stock mixing

In the previous report of the Working Group it was stressed that,
because of mixing of the two stocks in the Shetland area (Div-
ision IVa) in summer it was necessary to allocated part of the TAC

for the Western stock to the TAC for the North Sea (Sub-area 1IV).

The catches taken in the Shetland area from the Western stock in
1974 and 1975 are estimated as 117 000 tons and 77 000 tons
respectively. These are fish 5-years-old and older. From
the numbers of fish of these age groups in the Western stock,
given in Table 4.5.4, it has been estimated that the fishery

in the Shetland area generated a fishing mortality on the
Western stock of 0.04 in both years.

As the fishing mortality rate on the North Sea stock in these
years was fairly stable and close to the value used in calcu-
lating the TAC for the North Sea stock in 1977, it would appear
justifiable to calculate the catch taken from the Western stock in
1977 from this fishing mortality rate. This would entail a

catch from the Western stock in 1977 of 45 000 tons. On this
basis the TAC for Sub-area IV and Division IIIa in 1977 would be
165 000 tons and for Sub-areas VI and VII 220 000 tons.
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6. Egg and larval surveys

6.1, Current knowledge

The only egg and larval surveys carried out in recent years

with the primary objective to assess mackerel spawning were those
carried out by Norway, as described by iversen (1973). A

summary distribution chart of this work was presented by

Hamre (1975). The surveys were restricted to the northern

North Sea, N 56°-61°, B 10°- w 29.

During the same period as Iversen's work (June-July) a plankton
survey of the southern and central North Sea, N 520—570, was
carried out by England in 1972 (Johnson and Dawson, 1975). This
survey was carried out to assess the abundance and distribution
of all pelagic fish eggs within the area, but particularly

those of sprat and mackerel. 1In the area where the two surveys
overlap there is a close level of agreement, the major mackerel
egg concentration was found in the central North Sea from

N 540—580, E 0°-7°. These observations are also supported by:
long-term records obtained from the Continuous Plankton Recorder
(Bainbridge et al. 1973).

Plankton surveys made in the English Channel during 1967 and
1968 show that there is a mackerel spawning there too (Wallace

and Pleasants, 1972) but it is not of the same order of magnitude.

A preliminary estimate of the North Sea spawning stock size based
on these Norwegian and English surveys indicate the stock to be
about 1.2 x lO6 tons in 1972 (Johnson, pers.comm.). This is

in close agreement with Hamre's (1975) estimates from tagging

data for that year.

Surveys carried out in the Western area, Bay of Biscay, Celtic
Sea, are not so recent nor weré they carried out with quantitative
plankton samplers. Arbault and Lacroix (1975) found mackerel
commence spawning in southern Biscay in Mafch and the spawning
spreads northwards. Corbin (1947) found mackerel eggS‘through;
out the Celtic Sea from March to July by which time it is |
occuring in the English'Chanhel and the North Sea. A summary of
times for commencement, peak production and cessation of spawning

are given in Table 6.1.1 and the spawning areas in Fig. 6.1.
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6.2 Stock assessment by plankton survey

From what is known of the geographical and temporal distribution
of mackerel it is not considered practical to plan a plankton
survey which covers the total spawning. As the North Sea stock

is adequately estimated by Norwegian tagging experiments greater
priority should be given to plankton survey on the Celtic Sea
spawning grounds. This does not mean that mackerel egg and larval
data from other plankton surveys in the North Sea should not be

utilized.

In the Celtic Sea area a plankton survey is probably the most
reliable method of obtaining a stock size estimate independent
of catch data.

Even in the Celtic Sea area there is a problem due to the long
spawning period and extensive spawning area (Table 6.1.1 and
Fig. 6.1). To be of practical value a plankton programme would
need to cover Biscay and Celtic Sea in April and May, better
still mid-March to mid-June. This would require an absolute
minimum of two ships for 1 month each or better four ships for

1 month each.
Unless a definite commitment to a joint programme on an adequate
scale is forthcoming it is not considered worthwhile commencing

an ICES mackerel egg and larval survey.

6.3. Prerecruitment surveys

In the light of the need for early measurements of year-class
strength for TAC purposes, concideration should be given to

international surveys of 0- and l-group mackerel in both areas.

7. Acoustic surveys for stock assessment

Hydroacoustical methods have been used with good results in
assessment work of several species in the ICES area. Special
problems arise, however, when this method is applied to mackerel
due to the low target strength of this species. This is

“particularly true when mackerel occur dispersed as in summer or
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together with other species as e.g. blue Whiting, Maurolicus sp.
and euphausiids in winter in the Norwegian Trench (Hamre and
Nakken, 1971).

Acoustic surveys are most appropriate when the stock being
surveyed is isclated from other species. This is the case

with mackerel off Cornwall during the winter months and

surveys have been made each winter since 1972 by England. The
surveys have been carried out both for stock assessment and
acoustic gear development purposes. "Cornish stock” estimates for
1974-75 are about 0.5 - 1.0 x lO6 tons with the higher values
during December (unpubl. data Lowestoft). Any. acoustic stock
estimate is only as good as the target strength estimate for the

fish and further work needs to be done here.

The surveys off Cornwall will continue, and may be expanded

to include work in the Celtic and Biscay Sea.

Those equipped for such work should be encouraged to continue
and valuable support may be given by other research vessels
operating within the same area by recording distribution and
sampling.

If the F value of 0.18 derived by the VPA for the Western stock
is applied to the estimate of the stock of 1.0 x 100 given
above, this gives an estimate of the stock at 1 January 1976

of 0.68 x 106 tons plus recruitment. The VPA estimate at this
date is 2.0 x 106 tons calculated from the text table in para-
graph 5.2. This suggests that the acoustic estimate was based
on & survey of only part of the overwintering distribution of

this Western stock.



Summary

The catch statistics for the fisheries in 1975 show

a maintenance of the 1974 level in the North Sea and

an increase of about 50 000 tons in the Western area.
In view of the evidence from the age composition in
both areas, showing rather poor recruitment in recent
years, and as catches were dominated by older fish with
little gain in weight this in itself suaggests increased

fishing mortality rates on both stocks.

In previous reports estimates of stock sizes and fishing
mortality rates have been entirely derived from Norwegian
tagging experiments and as a result the Working Group
has expressed considerable reservations about the re-
liability of the estimates for the Western stock. 1In
this report estimates have also been made from VPA,
acoustic surveys (for the Western stock) and from catch
per unit effort data. Although there are still some
reservations about the accuracy of the estimates some
degree of agreement in the estimates from these sources
has resulted in greater confidence in the final con-

clusions.

In both areas the data from all sourced show sharp de-
clines in stock size and an increase in exploitation

over the last four years.

The estimates of stock size in 1976 obtained from a
modified VPA, incorporating parameters from tagging
experiments are not considered completely reliable,

but are the best available. 1In the light of all the
evidence that the stocks are declining sharply it is
considered that the lack of precision in the estimates
cannot be used as grounds for not taking firm regulatory
action if the stocks are not to be placed in serious

jeopardy.
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On this basis the TAC recommended for the North Sea
stock for 1977 is 120 000 tons.

For the Western stock the TAC recommended for 1977 is
265 000 tons. The reduction in the TAC for this stock

in 1977 compared with that previously recommended for
1976 is partly due to the deficiencies of the data pre-
viously used particularly the weight-at-age data; partly
to the continuing low level of recruitment and partly to
the fact that no regulatory action has been taken

although recommended in the previous report.

Because the Western stock is also fished in summer in
Sub-area IV it is necessary to allocate a proportion
of the TAC for that stock to that area. In 1974 and
1975 when the exploitation rates for the North Sea
stock were not very different from that at which the
TAC has been calculated, the fishing mortality rate on
the Western stock in this area was 0.04. On this basis
it is estimated that 45 000 tons of the Western stock
TAC will be taken in Sub-area IV in 1977. As a result
the mackerel TACs for 1977 are 165 000 tons for Sub-
area IV and 220 000 tons for Sub-areas VI and VII.

It is recommended that in the light  of the extensive

area and time period which it would be necessary to
cover, priority should be given to mackerel egg and
larval surveys for assessment purposes in the Celtic
Sea,and even in this area these should only be con-
sidered if sufficient countries are prepared to give

a firm commitment of involvment.

It is recommended that serious consideration should

be given to organising 0- and l-group surveys in

both areas.

Further work on acoustic methods and acoustic surveys
is required. It would appear that the latter would

be most effective in the Western area.
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8.11. In Sub-area VII the data on catch composition suggests
that the exploitation pattern of the Western stock may

not be the most appropriate one. It is recommended

that at the next meeting of the Mackerel Working Group
selectivity data for mackerel be requested and the whole
question of exploitation pattern be dealt with more

thoroughly.
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Table 3.2.1 Mackerel mean weight (grams) at age. The values given are the
weighted mean values from data supplied by: France,
Netherlands, Norway, Poland, UK (England), UK (Scotland).
Age + includes grouped data, older than: 7 years (Norway),
10 years France, Netherlands, Poland, UK.

Subareas ge group 1 2 3 4 5 6 7 8 9 10 | +
and divisions| Quarter .
Jan - Mar No data available ‘
IV a Apr - Jun - 1340 | 4041385 (423 (470|477 |520 1489 640 -
July - 217 1315 1371(372(414 (478|474 1481 (508 B76 -
Oct/Dec 252 1377 | 450{401-{449 |497 {477 |523 [561 B61 | -
Jan-Mar No data available
IV b Apr - Jun - 1207 [ 406399 |453 [440 {506 |541 |506 B52 -
Jul - Sept 212|319 | 356{341 (392 [422 |390 [395 [357 | - -
Oct-Dec * - - - - - (313 405 {396 ]403 625 [550
Jan-Mar N No data,available
IV ¢ Apr - Jun - 1113 [17012131{273 1299 {267 1369 (315 413 |524
Jul- Sept ¥ - 179 | 226213273 (273 (282 {333 (324 [333 475
Oct -Dec ¥ - [175 | 264{226 {279 [316 |330 {429 {311 [529 {593
Jan - Mar No data available
VI Apr - Jun - 1245 | 2811306 (327 |350 (386 {392 (460 1489 -
Jul - Sept - |254 1300|289 (350 [479 {401 |506 505 {597 -
Oct-Dec - 1222 13541309 (372 |450 [407 {494 (496 [541 -
Jan - Mar - 1154 11951259 {269 {350 |353 14311363 [511 -
VII Apr - Jun 150 [178 | 211 (206|280 {300 {304 {342/309 {358 |470
Jul - Sept 108 |179 | 2301263 (298 {294 [306 |335]353 |415 |474
Oct - Dec 135 {156 (199270 (382 |382 395 (4741520 |578 -

* Netherlands data only.
Method of capture: Demersal trawl: France
Herring trawl: Netherlands, Poland
Pelagic trawl: Scotland
Purse seine: Norway, Scotland

Handline: England
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Table 4.4.2. Fishing mortalities from VPA and weighted

mean values of F of the North Sea stock.

eason
Age 1972 1973 1974 1975
0 = - - -
1 0.0002 0.012 0.023 0.021
2 0.011 0.018 0.162 0.105
3 0.066 0.111 0.089 0.210
4 0.098 0.154 0.276 0.210
5 0.109 0.196 0.171 0.210
6 0.243 0.151 0.210
F 0.058 0.134 0.166 0.210
age2 3 yr
Table 4.4.3. Fishing mortalities from VPA and weighted

- mean values of the Western stock.

\\\\\gsﬁson '
age e 1972 1973 1974 1975
0 _ _ - -
1 0.0005| 0.041 | 0.030 0.031
2 0.0001| 0.013 ] 0.019 0.031
3 0.004 0.043 | 0.076 0.180
4 0.009 0.090 | 0.075 0.180
5 0.033 | 0.098 | 0.234 | 0.180
6 0.013 0.079 0.108 0.180
F 0.013 0.079 | 0.108 0.180
age2 3 yr
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Table 4.5.3. North Sea stock. Calculated stock sizes in number

(x 106) by age and year at 1 January. (M = 0.2).

Year 1972 1973 1974 1975
Age
0 ,
1 706 173 99 462
2 501 578 140 80
3 3197 406 465 90
4 650 2452 297 348
5 241 483 1721 185
6 177 325 1188
7 (1432) } (916) 114 229
>7 (509) (486)
Total adult 4088 3518 2922 2018
(3-7 yr) stock +(1432) +(916) +(509) +(486)
Adult (3-7 yr)
stock biomass, 913.8 973.2 923.6 729.0
x 103 tons

Table 4.5.4. Western stock. Calculated stock size in number

(x 106) by age and year at 1 January. (M = 0.2).

Year 1972 1973 1974 . 1975
Age
0
1 2254 618 1914 192
2 1734 1844 485 1521
3 1675 1420 1490 390
4 2411 1365 1113 1131
5 1233 1957 1023 845
6 5253 976 1453 . 662
6 (22769) (5023) (4821) (3117)
Total adult 10572 5718 5079 3028
(3-6 yr) stock +(22769) +(5023) +(4821) +(3117)
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Fig.4.5 Mackerel stock size in the North Sea as derived from

tagging compared to measur.es of catch per unit of

effort (C.P.U.E.) from various mackerel fisheries.
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Stock size (1969-yearclass + older yearclass) at 1 Sept
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Fig. 6.1, Mackerel spawning areas

(from egg distribution)



