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1 INTRODUCTION
1.1 Terms of Reference

At the 74th Statutory Meeting in Copenhaden, it was deciged
(C.Res.1986/2:5:4) that the Mackerel Working Group (Chairman: Mr
5.2A. Iversen) shcould meet at ICES headquarters from 16-25
February 1987 to:

a) consider the report of the Mackerel Egg Production Workshop;

b) consider the report ©f the ad hoc Multiépecies Assessment
Working Group;

c) assess the status of and provide catch copticns for 1988 within
safe biological limits for the mackerel astocks and management
units in Sub-areas II-VII and Divisions VIIZa,b;

d) update the dJquantitative description of the distribution and
relative abundance of juvenile mackerel by season and by as
fine an area breakdown as possible, and re-evaluate possible
‘management measures to limit the catches of juvenile mackerel;

e) provide guarterly catch-at-age and catch and stock mean
weight-at-age data and information on the relative
distribution at different ages by quarter for North Sea
mackerel for 1986 as input for +the Multispecies VvPA, and
provide information on the likely level o¢f Western stock
mackerel which are seascnally prefent in the North Sea.

In the minutes of the ACFM meeting {30 October - & November 1986)
the dJdifferent working groups were asked "to produce stock-
recruitment plots f£or each stock and to attempt to define
alternative biological reference points (F N F ., and F i

The definitions of these reference polng argeglven in Snon
(1983).

1.2 rticipation

The Working Group met ip Copenhagen with the following
participants:

R.S5. Bailey UK (Scotland)

J. Casey UK (England and Wales)
W. Dawson UK (England and Wales)
A. Eltink Netherlands

S_.A. Iversen (Chairman) Norway

E. Kirkegaard Denmark

J. Moclloy Ireland

T. Westgdrd Nerway

Dr E.D. Anderson, ICES Statistician, attended the second part of
the meeting. .




2 REVIEW OF THE MACKERE GG PRODUCTION REPORT

The final version of the report from the Mackerel Egg Production
Workshop {Anon., 1987) was available for the Working Group.

New data about fecundity from the Western mackerel demonstrate a
rather similar £fecundity-length relation as given for the North
Sea stock in Iversen and Adoff (1983). However, both the new and
earlier investigations deal with the potential fecundity, i.e.,
the maximum numbers of oocytes which might become fully developed
and be shed in the current geason. Due to atresia and the possi-
bility of oocyte development dJuring the spawnihg period, the
potential fecundity may not be an exact estimate of the actual
humber of eggs shed. More information on the atresia problem is
available, but uncertainties still continue as to its duration
and possible differences between levels of atresia in first-time
spawners, which can be wery high, and return spawners. The
Working Group, therefore, strongly stresses the need for further
investigations +to quantify the atresia in different age ang
length groups of the spawning population,

The total £99 production in the North Sea in 1986 was -estimat$g
at 30 x 10 eggs and for the Western mackerel stock 1.165 x 10
egys. Data on egg mortality obtained during the survey of the
spawning - area of the Western stock indicate a daily mortality of
about 13%. If this mortality is assumed to be representative and
constant, the overall stage 1 production estimates could be in-
creased by about 10% +to estimate the total number of eggs
spawned.

The North Sea egg estimates are based on stage 1 eggs which range
from newly spawned to 2 davs old depending on temperature, The
survey did not cover Skagerrak and the egg production there is,
therefore, not included in the North Sea estimate. Some data from
earlier years (Iversen, 1977) indicate that the Skagerrak might
contribute abcut 5-10% of the Morth Sea egg production.

Neither of the two estimates are compensated £or egg mortality
and no adjustment for the Skagerrak production has been done for
the North Sea estimate.

There is evidence from earlier work that mackerel spawn outside
the areas covered in 1986, e.g., outside the limits of the
continental shelf west of Scotland and in the western English
Channel (Walsh, 1976).

It was pointed out in a working paper presented to the Working
Group (Walsh and Hopkins, 1987) that the method of calculating
the number of females spawning at each peint in the spawning
season is conceptually inaccurate because it assumes that all
stage 6 females 1in the relevant period spawn all their eggs in
one batch. In reality, the number of Zfemales spawning in any
given period will! be much higher, but the number of eggs spawned
by each will be lower than the total fecundity of an individual
female, An alternative approach is to apply a fecundity-weight
xelationship to the total egg production thereby giving a total




biomass of females (referred to the maturity stage at which
fecundity is estimated) which can be converted toc number by using
a mean weight of females at the appropriate stage for the season
as a whole,

Using welght data not available at the Workshop, it has now been
found that a good straight-line relationship exists between
fecundity and weight of females, the line passing close to the
origin and not differing significantly from it. Using a
regression forced through the origin, an estimated 1,457 eggs
were produced per gram of female mackerel at maturity stage 4, At
a mean weight of 382 g, estimated by weighting mean weights in
each survey peried by the egg production during that pexiod, and
assuming.a 1:1 sex ratio, the spawning biomass is estimated to be
1.6 x 107 ¢, and the number of spawning fish 4,188 x 10° . This is

8.5% lower than the Workshop estimate of 4,578 =x 10 spawning
fish. While the methodology used clearly affects the estimate of
the number of spawning fish, the alternative method described
here requires a reliable estimate of the mean welght of stage 4
females over the entire spawning season.

In view of +the fact that most of the potential causes of
inaccuracy or imprecision listed above have not been quantified,
the present Working Group adopted the estimate of the number of
spawning fish in 1986 given by the Workshop.

The report from +the Egg Production Workshop lists several im-
portant objectives to improve both the mackerel egg preduction
and spawning stock estimates. The Mackerel Working Group wishes
to emphasize the most important ones:

~ Extend +the areas investigated to include the Skagerrak in the
North Sea survey and Division VIa, the eastern Celtic Sea, and
the western English Channel in the western survey.

~ Improve the staging of o¢lder eggs so they can be used in the
production estimates.

- Further investigations of ovaries +to quantify atresia,
threshold of vitellogenesis, proliferation of primary oocytes
over the annual cycle, and their recruitment to vitellogenesis
during spawning. Investigate batch fecundity.

In addition, the Working Group stresses the need for better samp-
ling of the spawning population over the entire spawning periocd.

A further ®North Sea egg survey is planned for 1988. To ensure
full coverage of the area and spawning season, it is essential
that the survey be coordinated, and the Working Group recommends
that survey plans be conveyed te a coordinator (S. A. Iversen) as
soon as peossible. Time for the formulation of final plans should
be made available at the Working Group meeting in 1988,




SAFE BI

In it last report {Anon., 1986), the Working Group had a thorough
discussion on zafe biclogical limits of the Western and North Sea
mackerel stocks. The ceonclusions from this discussion remain the
Same, i.e., that:

1) Since 1974, the North 5Sea mackerel spawning stock has de-
creased from one million t to less than one tenth of that
level. Throughout this period, +the average level of
recruitment has been insufficient to maintain the spawning
stock even in the absence of exploitation.

2) The Western spawning stock is at its lowest recorded level in
the period 1972-1986. )

3) The general trend is for a continuing decline in the spawning -
stock biomass of both the North Sea and Western stocks.

4} Any fishery on the North Sea stock in 1986/1987 is likely to
érive the stock even lower.

The optimum range of spawning stock biomass, the minimum fishable
biomass, the optimum fishing pattern, and long-term potential of
the two wmackerel stocks are also discussed by Anon. (1986} and-
the general conclusions still apply.

With a fish such as mackerel, the yield-per-recruit curve tends
to be flat-topped. As a result, the pesition of F iz poorly
defined. In this situation, F is usually used ngx the more-
appropriate biological refeFénce point. This level of fishing
mortality, however, is not necessarily the same as the safe
biological 1limit of F. As an alternative, ACFM recommends that
safe biological limits be identified within which +the stock is
likely to continue to produce adequate levels of recruitment.

The stock-recruitment scatter plot for Western mackerel based on
the VPA given in this report is shown in Figure 3.1. It is clear
that there 1is as yet no identified relationship between parent
stock and recruitment. Calculations of spawning stock biomass per
recruit, however, enable one to superimpose lines on this plot
corresponding to different levels of F. From this, additional
biological reference points can be defined, as explained in Anon.
(1983). At high values of F, there will be no evidence that the
stock has ever produced sufficient recruits to maintain itself
urder that level of exploitation. The upper limit of F might,
therefore, ke defined by +the 1line that envelopes almost all
historic values of stock and recruitment (F, . h) & further value
that divides the stock-recruitment points iglﬁalf is the wvalue at
which there is reasonable evidence that +the stock can sustain

itself (F ai n) Using the method outlined in Anon. {1983),
these valuBE9488 as rollows:

Fhigh 8- ?3

median ’

The stability of the values of these reference points is based on
the implicit assumption that recruitment will on average be lower
than the average values so far recorded if the spawning stock




size Falls. There 1s no basis for this assumption, but in the
absence of any other relevant evidence, the present values can be
used to define reasonably prudent levels of exploitation in the
management of this stock.

In the absence of reliable stock and recruitment data for North
Sea mackerel, a similar analysis has not been made for this
stock. It should alsc be borhne in mind that wvalues of BS8B per
recruit change if +the exploitation pattern or maturity ogive
changes., The one given here is based on the most recent exploi-
tation pattern and on the historical maturity ogive (i.e., 60% of
2-group mature).

4 STOCK DISTRIBUTION 3AND MIXING

4.1 pistribution of Mackerel Fisheries and Stocks in 1986

The main source of information about the seasonal distribution of
the adult components of the mackerel stocks outside the spawning
season comes from the distribution of catches in the commercial
fisheries. Since the relative magnitude of catches in each area
and season depends on the distribution of fishing effort as well
as on the distribution of mackerel, it is recognized that the
distribution of catches may not in all cases be a reliable guide
to distribution. The distribution of fishing effort is affected
by management controls (e.g., closed areas, allocation of TACs,
and national quotas among areas) and by economic considerations
(e.q., proximity of ports of landing). However, it is also clear
that intensive fisheries van ohly develop in areas where mackerel
are abundant. In 1986, the officially =reported distribution of
catches ¢ould not be taken as a reliable guide to where the fish
were actually caught in all areas and seascns, A better idea of
the distribution of catches was obtained from unofficial reports,
but it was not possible to express the informaticn on the precise
distribution of catches gquantitatively. With these reservations
in mind, the quarterly distribution of the fishery in 1986 1is
shown gualitatively in Figures 4.1a-d.

In +the first guarter, most of the catch was taken in the area of
the pre-spawning migration along the edge of +the continental
shelf west of Scotland and Ireland. This contrasted markedly with
the fishery in December 1985 which was predominantly to the north
of Scotland. The fishery to the west of Scotland ended in early
March, while most of the catches to the west of Ireland were
taken in Februaxry and March.

The southward progression 0f the fishery towards the main spaw-
ning grounds southwest of Ireland is also seen in the distri-
bution of catches in the second quarter of 1986 (Figure 4.1b).
The only other fishery in this quarter was in the Skagerrak and
its approaches.

By the +third quarter of 1986, the major fisheries toock place in
the eastern half of Divisions Ila and IVa and in the Skagerrak,
with smaller concentrations of catch in the western half of Div-
ision IVa and Division VIa (Figure 4.1%¢). The main month of
catching in the eastern part of Divisions ITa and IVa was August,
while in the more westerly parts of Division IVa the fishery did




not open until mid-September. The @istribution in August was
similar to that at the same time in 1985,

In the fourth guarter of 1986, there was a marked westward - shift
in the fishery to the northwestiern North Sea and easternmost
parts of Divisions VIa and Vb, with smaller quantities taken west
and northwest of Ireland and in the eastern half of the North -
Sea. Unofficial reports for this period indicate that the fishery
was furtherest to the west (over the boundary between Divisions
IVa and VIa) in October and that it moved back into Division IVa
north and east of the Shetlands in November and then to the west
of Shetlands in Division IVa in December. Provisional reports for
January 1987 indicate a very rapid shift in the fishery to the
JArea Wwest of Scotland and northwest of Ireland as in  January
1286. The traditional overwintering area around North Rona (the
northexrn part of Division VIa) thus appears not to have been used
by mackerel in the fourth quartex of 1986. Instead, the [ish were
distributed further o the northeast (Figure 4.14).

4.2 Review of Information of Stocks

At the last two meetings of the Working Group, a major effort was
made to review all the available data on stock separation and
distribution (Anon., 1985, 1986). )

It was cencluded that there are still two main geparate spawhing
areas showing the same pattern as in earlier vears (dnon.,, 1986).
However, there is evidence of a change in distribution outside
the spawning seasocn. ’

Walsh and Martin (1986) pestulated a recent shift in distribution
of the Western mackerel stock based on changes in the main areas
of the fishery. They suggested the changes may hawve been due to
major variations in the strength of the North Atlantic drift at
the shelf edge. When the current is strong, the Western mackerel
stock will have a northerly distribution during its feeding mi-~
gration. On the other hand, when the current is weak, +the fish
will migrate intc the North Sea.

Eltink et al. (1%86) have presented evidence of a link between
mackerel in the southern North Sea, in +the (Celtic Sea, and
western Channel areas. The evidence suggests that the Western
stock gives an "overspill" of recruits to the North Sea spawning
stock. At present, there are no data for a quantitative exam-
ination of this possibility.

Pakken and Westgdrd (1986} have carried out a major new ahalysis
of the Norwegian tagging material. The main conclusicns that can
be drawn from these data are that tagged fish from the two series
of releases were well separated in the period 1970-1980C,

-In the period 1980-1985, +the recapture of tags shows that the
tagged fish have been almost randomly mixed between arxeas and
seasons. This suggests that the major changes in distribution and
abundance of the two mackerel stocks have led to a situation that
makes +the recent tagging data less reliable as a method of stock
separation than it was in the past.




Hopkins (1986) and Dawson (1986a) have done statistical analyses
on Otolith meorphometric measurements from different areas and
seasons in order to discriminate between stocks., Nelther of the
authors are, however, yet prepared tc draw any firm conclusions
as to whether this method gives valid results. .

In spite of the extensive mixing of the two mackerel stocks and
the corregponding difficulty in allocating the catches to stock,
the Working Group continued o treat the two stocks as separate
for assessment purposes and no combined assessment was carried
out. -

Since the WNoxrth Sea stock is currently at a very low level, any
misallocation of catches is unlikely to have a significant effect
on the assessment of the Western stock.

Table 4.1 shows the releases and recaptures of tags in the Nor-
wegian tagging experiments for the later years.

4.3 Recent Changes in Distribution
4.3.1 Juvenile distribution

In 1985, the Mackerel Working Group discussed +the apparent
changes in the distribution of Juvenile Western mackerel that had
taken place since about 1981. These changes were illustrated by
comparing the annual ratios of the catches of Western stock juve-
niles (1- and 2-year-olds) from Division VIa to total catches of
Western stock juveniles in all areas with the xratios of total
catrhes of all ages of the Western stock in Division VIa to the
total catch of the Western stock in all areas. After 1981, there
was a tendency for the catches of both juveniles and adults to
increase proportionately in Division VIa (Takle 4.2 and TFigure
4.2).

in 1986, the proportion of catch of both juveniles and adults of
the Western stock in Division VIa declined {Table 4.2 and Figure
4,2). This was largely because a high proportion of the Western
stock catches was made In Division IVa. Combining these catches
in Division IVa with those in Division ¥Ia, the proportion of the
catches taken in these northern areas is similar to that in 1985.
The 1%86 distribution, however, shows that the majority of juve-
niles had an even more northerly and easterly distribution than
in 1985. However, had the closed area c¢ff southwest England not
beean introduced in 1983, the relative proportion of Western stock
juveniles taken 1in northern areas in the first and fourth
quarters is likely to have been less, since the available evi-
dence indicates that there is still a significant juvenile com-
ponent of the Western stock present in the Celtic Sea and English
Channel during the winter months.

To investigate +the distribution of each year class in morxe
detail,the distribution of catches made by research wvessels has
been plotted in Figures 4.3-4.7. The abundance indices were
derived from research vessel trawl surveys by England (first and
fourth gquarters, 1984-1987), Ireland (fourth gquarter, 1985 and
1986), Netherlands (first and fourth gquarters, 1984-1987),
scotland (first and fourth quarters, 1985-1987), Federal Republic




of Germany (first quarter, 1985-1987), Norway (first quarter,
1985-1987) and Denmark (first quarter, 1985-1987).

The occurrence of the 1984, 19285, and 1986 year classes expressed
as a percentage (numker} of catches taken in the commercial
mackerel fishery in each ICES division in 1985 and 1986 is shown
in Figures 4.8-4.12.

4.3.2 The 1986 vear class

" Over the 1986/1987 winter, the highest concentration of the 1986
year class was found in the Western area scutheast of Ireland
{Figure 4.4). In the North Sea, the highest concentration oc-
curred between ©Lhe Shetland Islands and Norway. This year class
occurred during the fourth guarter of 19%86 only in the small
catches off Ireland and +the southwest of England and did not
appear in the North Sea catches (Figure 4:40).

4.3.3 The 1985 vear class

Research vessel trawl suxveys indicated high concentrations of
the 1985 year class in the area south of Ireland betwsen October
1985 and April 1986 (Figure 4.4}, while one year later only one
high concentration was found southwest of England {Figure 4.5).
Owing +to severe weather conditions, however, the coverage in the
November/December 1986 survey was hol as extensive as in 1985.

The 1985 year ¢lass did not appear as O-group in the catches in
1985 (Figure 4.8), but appeared as 1-group in 1986 in all areas
except Divisions IIa, IVb, and Vb (Figure 4.11),

In the Danish accustic survey of the eastern North Sea and
Skagerrak in August 1986, this year class was as abundant as the
1984 year class in 1985 (Kirkegaard, 1986). During English and
Dutch bottom trawl surveys during the third quarter of 1986, this
year class was abundant along the Dutch coast and in  some hauls
in +the <central North Sea. These bottom trawl surveys, however,
are probably not ideal for sampling mackerel when there is a
thermocline, betause the mackerel are probably in the upper water
layers under these conditions.

4.3.4 The 1984 year class

Research vessel trawl surveys in the period October 1984 - March
1985 indicated concentrations of the 1984 year c¢lass to the west
of Scotland and in the Celtic Sea area (Figure 4.6}).

The 1984 vyear «c«lass was abundant in the catches in 1985 to the
west of the British Isles and in the southern North Sea and
Skagerrak (Figure 4.9), As 2-group, this year class was also very
abundant in catches in all areas (Figure 4.12).



In the Danish acoustic surveys in August 1985 and 1986, this vear
class was very abundant in the eastern Nerth Sea and Skagerrak
(Kirkegaard, 1986; Kirkegaard st al.,1986). In a Norwegian survey
of Division IVa and the Skagerrak in October 1985, the 1984 vear
class was also very abundant (Iversen and Westgdrd, 1986).

4.4 Allocation of Catches to Stocks

Until 19684, stock mixing ratios were calculated from the Nor-
weglan tagging data. Due to major uncertainties associated with
this method, +the Working Group iast year decided not to use the
stock catch data estimated using the tagging data (Anon., 1986).
Since no other data on mixing ratios were available at last
yvear's meeting, it was decided not to proceed with a separate
North Sea stock assessment. Howewer, ¢ have an updated data
bage, the estimated catch data were put in the files.

Using the catch-in-numbers data for the North Sea stock estimated
in the last 4-5% years in prior reports gives an age structure in
the VvPA for the North Sea stock which is very different from what
was seen on the Nerth Sea spawning ground during ithe 1984 and
1986 spawning seasons.

To get a more reliable age composition in the North Sea VPA, it
was decided o estimate the North Sea stock catch in numbers by
age in 1986, 1985, and 1984 for the 1983 year <¢lass and olderxr
fish wusing data from the 1%84 and 1986 North Sea egyg surveys and
information on the relative distributicon of +the two stocks by
quarter.

Catches i 9 985 by age grou

The +total catch of 3-year and older fish from spawning time in
1984 to 1986 was estimated by back-calculating the estimated
spawning stock size in number by age in 1986 to fit the 1984
stock estimate, using the explceitaticn patterr. given in the 1984
report {Bnon., 1984). The calculated catch at age was allocated
to year class assuming a constant fishing mortality coefficient.
The proportion of F and M before spawning was set equal to 0.1
and 0.4, respectively, which are the same values as used in the
North Sea VPA in previous reports.

Catches in 1986

The catch in numbers by ade in 1986 allocated to the North Sea
stock was calculated using three sources of information:

1) the Working Group's best estimate of the relative proportion
of the two stocks present in the North Sea {Sub-area IV and
Division IIIa) by quarter and age group, based on the avail-
able information from research vessel surveys and catch data
{Table 8.3); )

2) the Working Group's best estimate ¢f the number of {-year-
0ld fish in 1984 and 1985 in the North Sesa and Western
mackerel steocks as shown in the text table below:
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Nerth Sea Western

Year stock stock
1984 500 4,000
1985 250 3,500

Numbers in millions.

3) age distribution of the North Sea spawning stock in 1986 in
Norwegian and Danish reseaxrch vessel samples: -

Age 3 4 5 6 7 8 9 10 11 12 13 14 15+

% 4.6 11.1 18.4 7.2 5.8 3.6 4.3 6,85.48.96.05.1 12.8

The catch in Divisions IVb and IVc was taken- to be pure North Sea
stock. The relative proportion in percent of the catches in 1986
allocated to age groups in each area is summarized in Table 4.2.

Catch of 1- apd 2-group

The catch in number of 1-group mackerel in Divisions IVa and IIIa
allocated to the North Sea stock by quarter in 1986 was calcu-
lated using the number in the 1985 year class in the Western and
North Sea stocks (paragraph 2 above) and the proportion of the 1-
group present in the North Sea area as given in Table 8.3,

The catch of 1-group in Divisions Ila and Via was all assumed to
be from the Western stock. '

The catch in number of the 2-group in Divisions IVa and IIIa was
dlse rcalculated using the number in the stock's proporticns in
Table 8.3. In Divisicns IIa and VIa, the complementary values
were used, It was assumed that the 1984 year class from both
stocks experienced the same F from 1984-1986. '

Catch of ages 3-154 _jn Divisions ITa. IITa, IVa, and VIa

The catch in tonnes (C) for age groups 3-15+ was calculated by
subtracting the SOP of the 1- and Z-group from the total catch.
The proportion of this catch allocated to the North Sea stock in
the North Sea area (Pns) is given by:

P = ns x_ Fns
ns Bw X pw + an x pns
where:
Bls ™ spawning stock biomass of the North Sea stock from the
n 1986 egg survey, -
B = gpawhing stock biomass of the Western stock from the
W 1986 eygg suxrvey,
P = proportion of the Worth Sea spawning stock present in

the area as given in Table 8.3,




b, = proportion of the Western spawning stock present in the
] area as given in Table 8.3.

The mean weight in the catch of the North Sea stock (w__) was
calculated using the age distribution in the text table abB¥e and
the observed weight at age in the catches, The total number of
North Sea fish (an) caught is then:

. . Ccx Pns
ns W

The number caught in each age group 3-15+ was +then arrived at
using an and the age distribution above.

This procedure was used in Divisions IVa and IIIa. In Divisions

VIa and IIa, the same method was used except that p and p _ were

replaced by {(1-p__} and {1-p since this T2 outsile the
ns w)

Morth Sea area.

5 NORTH SEA AND NORWEGIAN SEA AREAS
5.1 The Fishe i

Total landings for 1977-1986 by country are shown in Table 5.1
for the North Sea, Skagerrak, and Kattegat (Sub-area IV and
Division I¥Xa} and in Table 5.2 for the Norwegian Sea (Divisions
ITa and vb). The catches in 1984 and 198% were revised according
to updated reports, and the recorded catches were increased by
the following tonnages:

Year Area Tonnes % increase
1982 IV+IIla 177 0.4
1985 IV+IIIa 1,108 2.3
1984 IIa 4,287 4.6
1985 IIa 174 0.2

The total reported landings from the North Sea, Skagerrak, and
Kattegat 1in 1986 were 89,347 t which is an increase from 1985 of
about 80%.

In addition to the reported catches in this area, it seems that
substantial catches in the third and fourth dgquarters were
reported as catches in Division VIa, but were really taken in
Division IVa (Table 5.3). )
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The catch in Divisions 1IIa and Vb was 102,234 t which is an
increase of about 30% since 1%85. Most of the catches (87%) were
takeg by Norway in July and August mainly south of 64N and east
of 27E.

The quarterly distribution of catches by sub-areas and divisions
is given in Table 5.3.

Assessme the North Sea
5.2.1 catch in numbers in 1986

The catch in number at age in Divisions IIa, IXIa, IVa, IVb, IVc,
and Vb is shown in Table 5.4

Division ITa

The USSR and German Democratic Republic catches were allocated to
the main fishing seasen in Division IIa and divided into age
groups using the Norwegian data.

Division ITIa

The Swedish catch was allocated into age groups by quarter using
the combined Norwegian and Danish data.

Divigion IVa

Sampling data were available for the Danish, Norwegian, Scottish,
and Dutch catches. Catches made by the Federal Republic cof
Germany were allocated to age groups using the Dutch data.

As described below in Section 6.3.1, a proportion of misreported
catches from Division VIa was transferred to Division IVa for the
purpose of calculating numbers at age in the two divisions. These
have been included in the numbers given in Table 5.4.

Division JVh

Sampling data were available for the Dutch catches and the Danish
catches taken just south of Division IVa (75% of the total Danish
catches in Division 1IVb). The remaining Danish catch and the
French, English, and Scottish catches were allocated to age
groups using the Dutch data.

Division IVg

Catch in numbers at age was available only from the Netherlands.
The Danish, Fremch, and English catches were divided into age
groups usinhg the Dutch data.

Division Vb

Sampling data were available for the Danish and Scottish landings
from Division Vb, Catches made by the USSR were raised using
combined fourth gquarter data of the other countries. Samples in
the fourth quarter contained a mean of 25% of the 1984 year class
which is rather less than in samples from Division VIa.
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5.2.2 Revision of the 1984 and 1985 dats

In Division Ila in 1984, the Soviet catches were increased by
4,287 t, as reported by ICES, The numbers by age were increased
according to this amount in last year's Working Group report
{Anon., 1988), but the catch table was not corrected. Table 5.2
is now updated with the correction in catches as reported by ICES
for 1984 and 1985.

The other corrections in the catches as given in Section 5.1 are
minor and no corrections in numbers at dge were made in the com-
puter files.

5.2.3 Welght at age and maturity

Mean welights at age in the catches by quarter in 1986 were pro-
vided by Norway (Divisions IIXa, IITa, angd IVa), Denmark (Div-
isions IITa and Iva), MNetherlands (Divisions IVa,b,c) and
Scotland (Divisien IVa). Weighted (by number) mean catch weight-
at-age estimates were made by division by gquarter and by division
by vear for catches from the North Sea area and the North Sea
stock.

. A comparison between the calculated sum of products {SOP) feor the
divisions and the reported catches in 1986 shows a close agree-
ment. :

Mean weights at age in the stock on 1 January and at time of
spawning were unchanged from those used in the 1985 assessment
(Anon., 19B5).

Lue to differences between weights at age observed during the
spawning survey in 1%86 and those usually used by the Working
Group, the weight in stock at spawning time was changed in the
WEST file for 1986. The average weighis for the dJdifferent age
groups obtained during the egg survey were plotted together with
average welghts cobtained from the Danish fishery in the second
guarter. A line was fitted by eye through these data points
giving the smoothed weight (grams) at age at spawning time shown
below, -
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Danish Norwegian
Age samples (QII) survey data Smoothed
1 - - 200
2 227 o 325 - 300
3 334 400 340
4 367 ’ 408 ’ 380
5 393 425 - 415
6 442 455 460
7 534 479 500
8 598 559 540
9 573 543 58¢
10 675 579 620
11 635 638 665
12 775 620 700
13 812 664 745
14 712 700 78C
15+ 780 882 B25

Abcut 180 1984 vear-class fish were caught during the egg survey
in 1986, and 15% of these fish had spawned or were going to
spawn. These figures may be representative for the maturity ocgive
for the proportion of the year-class f£ish present on the spawhing
ground at spawning time, but not necessarily for the whole year
class. In samples taken during the Norweglan part of the egg sur-
vey and in the Norwegian tagging experiment in the North Sea in
July-August, the proportion of 2-year-old spawners was very low,
about 3%. As no data on the relative distribution of the 1984
vear class in the North Sea during the spawning season were
available +o +the Working Group, it was not possible to estimate
the maturity ogive. However, the Working Group agreed that  the
value was considerably lower for the 2-year-old fish in 1986 than
the 37% used in previous years, and the minimum estimated wvalue
of 3% was used. '

_The data obtained during the egg survey indicate nearly 100% ma-
turity of 3-year and older mackerel in 1986 and, as in  previous
reports, 100% was used for these age groups.

5.2.4 wn i iomass estimate from the e surve

By1zapp1ying the egg production estimate for the North Sea (30 x
10 °) and the fecundity length relation given by Iversen ahd
Arloff (1983), the spawning stock was estimated at 45,000 &, ap-
plying a sex ratic of 1:1. The average weight of the spawnhing
fish collected during §he surveys was 553 g, which means a spaw-
ning stock of 81.4 x 10° fish. This is the lowest spawning stock
size recorded in the North Sea in the period 1369 to the present.
An age composition of the spawning stock was constructed based on
Danish and Norwegian samples in the spawning area during the egg
sUrvey.
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5.2.5 The state of the North Sea stock

Owing to major uncertainties associated with allocating catches
to stocks ahd estimates of recruitment, the Working Group last
vear decided not to proceed with a North Sea stock assessment

{Anon., 1986). ’

.This situation has not changed since last year. There are still
preblems 1in allocating the catches to stocks, and noe new data to
quantify the relative strength of the 1984 year class recruiting
to the North Sea and the Western spawnihg. stocks were available.
This year class was observed in large quantities in the North Sea
in the +third and fourth guarters both in 1985 and 1986 (Kirke-
gaard, 1986; Kirkegaard et al.,1986; Iversen and Westgird, 1986).
However, not many 2~year-old £ish recruited to the spawning stock
in the North Sea in 1988 zince the spawning stock estimated from
the egg survey in 1986 was the lowest recorded and since spawning
£ish of the 1984 year class were poorly represanted 1In samples
from the spawning area.

The Danish acoustic survey in August 1986 (Kirkegaard et al..
1986) indicated that the 1985 year class was even more abundant
in 1986 1in the eastern part of the Worth Sea and Skagerrak than
was the 1984 vear class in 1985. The area investigated is shown
in Figure 5.1. However, the distribution of the 1985 year c¢lass
appeared to be more restricted than the 1984 year class in 1985
since the 1985 year c¢lass did not appear in the Norwegian coastal
fishery in %986. Rich year classes usually are easily spotted in
this fishery.

With the zwall spawning stock in 1986, a prediction of the status
of the spawning stock in 1987 and 1988 15 totally dependent on
the strength o¢f the 1984 and 1985 year classes., Usually 100% of
the 3-year-old North Sea mackerel spawn. Therefore, the Working
Group considers it very important to sample the North Sea stock
during the spawning period in the spawning area in 1987 to obtain
information about the strength of the 1984 and 1985 year classes.

5.3 Management Considerations

In 1986, about 32,000 t of mackerel were estimated to have bean
caught from the North Sea stock, of which about 25,000 t were
from the gpawning component (Section 4.4). If these figures are
‘correct, the spawning sStock will have been reduced by more than
50% during 1986. The expected catch of North Sea mackerel in 1987
cannot at present be estimated. However, it is likely that there
will be a fishery in +the North Sea predominantly for Western
mackerel which will also take North Sea mackerel. If the distri-
bution of +this fishery is the same as in 1986, the fishing mor-—
tality rate on the North Sea stock in 1987 is likely %o bhe
similar +to that in 1986. Owing tc a lack of data to quantify the
strength of the 1984 and 1985 year classes ir the North Sea
stock, it . is at present impossible to make a realistic prediction
of the spawning stock size in either 1987 or 1988, It is, there-
fore, of considerable importance to obtain further information to
enable ACFM to give advice on the North Sea stock at its meeting
'in November 1987. Relevant information may be cbtained from:
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1) ‘a Norwegian acoustic survey of the North Sea in July during
the second half of the spawning season;

2) a Norwegian and Danish acoustic and trawling survey of the
sastern - North Sea and Skagerrak in Adugust aimed paxtlrularly
at 1- and 2-year-old mackerel;

3) & Scottish acoustic survey in April- May covering Division " IVa
and the main mackerel spawning areas in Division IVb.

- There will, however, he no egy survey in 1937

Since North Sea mackerel @isperse widely throughout the North Sea
and adjacent areas cutside the spawning season, total protection
of the Noxth Sea stock can only be achieved by widespread clos-
ures of mackerel fisheries in Sub-arxea IV and Divisions ITa and
Via. As pointed ocut in Section 4.2, however, there are major
fisheries on Western stock mackerel in these areas. While in no
way being able to =solve this fundamental dilemma of how to pro-
tect the North Sea stock withoul: at the same time closing major

fisheries on the Western stock, the Working Group is, neverthe-
“'less, able to make a number of positive suggestions:

a) . In the £first place, there are thought to be few Western stock
mackarel in the North Sea in the first seven months of the
year and a total closure of Sub-area IV from January-July in-
clusive would thus provide some protection of the North Sea
stock.

L) Evern in the lattexr half of the year, there is no evidence

©  that Western stock fish penetrate jinto Divisions IVb and IVc,

and these two divisions could remain closed for the entire
Year. '

©) The main nursery grounds of North Ses mackerel are in the
eastern part of the North Sea and in Division IIXa. Since any
recovery of the North Sea spawniing stock is dependent on the
survival of immature mackerel that are destined to recruit to
it (whether originating from the North Sea or Western
spawning stocks), measures should be taken to prevent any ex-
ploitation of immature mackerel in the North Sea. For this
reason, the 30-cm minimum landing size at present in force in
the North Sea and Division IVa should be maintaihed in all
mackerel fisheries in these areas and by-catches of mackerel
in other fisheries should be kept to an absolute minimum.

6 WESTERN _AREA
6.1 The Fishery in 1986

‘The landings by country for the Western area (Sub-areas VI and
VII and Divisions VIIIa,b) from the 10-year period 1977-1986 are
shown in Table 6.1. The figures for 1986 are preliminary. Some
slight changes have been made to the 1984 and 1985 catches be-
cause of the addition of some wvery small Spanish and USSR
catches. Some changes have also been wade in the distribution of
the unallocated catches in those years, which de not, however,
alter the total guantities landed. The total catch for 1986
" amounted to about 378,000 t which was considerably lower (-19%)



than the 1985 figure and is in fact the lowest figure recorded
since 1978. The highest recorded catch figure was that of 1979
when nearly 647,000 t were taken. The Working Group alsc con-
sidered that considerable quantities of mackerel, estimated at
about - 148,000 t and included in Table 6.1, were reported as
having been taken from the Western area in Division VIa, but were
in fact taken east of 4" in Division IVa. This misreporting of
catchez had alsc been commented upon in the 1986 Working Group
report, but the amounts misreported in 1985 were small by com-
parison. As in recent years, the total catch which could not be
attributed +to any country was substantial and represented 17% of
the total catch recorded. The amcunts of fish which were caught
but later discarded has gdecreased in recent years, and although
some discarding stil! takes place, the amounts for 1986 were con-
gidered negligible.

The +total landings were 378,000 t while the agreed TAC was
362,000 £. The TAC recommended by ACFM for this stock was 290,000
£, . .

The main catches from the fishery were again taken by the UK
(Scotland), Ireland, the Netherlands, and Norway. However, it
should again be pointed ocut that these figures cannot be taken as
a true indication of catches for all countries because of the
amounts of fish in the "unallocated" category. Nevertheless,
- ¢considerable decreases were reported by a number of countries,
particularly Scotland and@ Ireland. The decrease in the total
catch was partly due to improved management controls, partly due
to abnormally severe weather conditions particularly in the
Efourth quarter of the year, and partly due to reduced guotas. The
~late migration of shoals from Division IVa to Division VIa may
a&lso be responsible for the decrease in the catches in Division
VIa.

~The reported catches taken by sub-area are shown in Table 6.2.
Prior to 1986, there was an increasing trend in the catches taken
in Division VIa and a decreasing trend in those from Subk-area
VII. This trend has been taken to reflect the changing distri-
buticen of +the shoals. The pattern in 1986, however, showed a
reversal in this trend with a decline in the catches in Division
YIa and an increase in those in Sub-area VII. However, it should
be pointed out that the catches in 1986 were very much affected
by management controls which prevented fishing by the Dutch fleet
in the third and fourth quarters and also by severe weather con-
ditions in the latter part of the year. This reversal of catch
trends cannot, therefore, be taken as evidence of a change in
stock distribution.

The distribution of the catches per guarter corrected for mis-
allocated catches is shown in Table 5.3.

6.2 Discarded Catches

As previcusly indicated, the amounts of mackerel caught but later
discarded have decreasad very much ia recent vears. The amounts
during 1986 were considered to be negligible. This decrease may
be the result of the shift in the fishery away from the Cornwall
area. The Working Group is aware, however, that some discarding
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must still take place, and the problem could become apparent
again particularly if a number of good year classes entered the
“Eishery. . .

6.3 Assessment of the Western Stock
' §.3.1 catch in pumbers in 1986

E' x : !!I

Since it was known that considerable gquantities of .mackerel
caught in Division IVa in the third and fourth gquarters of the
vear had been misreported as having been caught in Division VIa,
a rough estimate of the . gquantities misreported was subtracted
from the nominal numbers at age calculated for Division VIia.

Sample data for Division VIa were provided by Ireland, the
.Netherlands, Norway, and UK (Scectland). Landings by the Faroese
were converted to numbers at age using data from Norway, Ireland,
and UE (Scotland), while these by the Federal Republic of Germany
ahd UK (England) were raised using Putch data,

Catches in nuwbers at age in Division VIa, after subtraction of
‘appropriate quantities of misreported catches, are given in Table
6.3. The age compositions show a strong representation of the
1984 year class in the first (41%), third {47%), and fourth (57%)
quarters, but a much weaker one (16%) in the small landings in
the second gquarter. In contrast to 19385, the percentage of 1-
group (1985 year c¢lass) in the catches was very small (3% in the
fourth quarter).

ivisi -

Nunmbers-at-age data in Division VIIb were supplied by Ireland and
the Netherlands. The age distributions of the Irish and Dutch
first and second quarter catch in Division VIIb were applied +o
the English .catches in the first and second guarters. The age
compositions show a fairly low representation of +the 1984 year
class in the first two gquarters ({(first, 11%; second, 32%)}; how-
ever, it was much higher for the fourth guarter (89%%). HNumbers-
at-age-data in Division VIIc were supplied by the Netherlands for
the first guarter.

The combined Irish and Dutch age distributions were applied to
the small catches in Division VIIa for each quarter, because
there were nc age compositions for this area. The number-at-age
data are presented in Table 6.3. .
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Divisions ¥IId-k

Numbers-at-age data were supplied by England and the Netherlands
for Divisions VIIe,f, the Netherlands for Division VIIg, and
Ireland and the WNetherlands for Division VIIj. The 1984 year
class was most strongly represented in the third gquartexr (72%)
with only 24% in the first guarter, 14% in the second, and 4% in
the fourth. Although only 720 &t were taken from Divisions VIIe,f
in the fourth quarter, 86% was from the 1986 year class.

The combined English, Dutch, and Irish age distribution for Div-
isions VIId-k was applied to the French catches in Divisions
VIId-k for each gquarter.

2ll the age distributions were calculated from commercial samples
with the exception of the English fourth quarter age distribution
for Dpivisions VIIe,f which was calculated from research vessel
‘samples. The number-at-age data are presented in Table 6.3.

Divisions VIiITa,b

. No numbers-at-age data were supplied for Divisions VIIIa,b. The
annual age distribution for Divisions VIId-k was applied to the
total catch in Divisions VIIIa,b. Catches in Divisions VIIIa,b
accounted for only 0.1% of the teotal catch in Sub-area VII and
Divisions VIIIa,b.

6.3.2 Revision of the 1984 and 1985 catch-in-numbers data

Although some slight changes have been made in the 1984 and 1985
catch data, the quantities amounted to less than 0.5% of the
total landings. Some changes have, however, been made to the
catches in numbers at age for these years because of the method
used in allocating catches to stocks. Therefore, there are some
slight differences between the catch-in-number data in Table 6.8
and the data used in the previous Working Group report. The total
numbers are, however, the same.

:6.3.3 Mean weight at age

Mean weights at age in the c¢atches by guarter in 1986 were
provided by Scotland (Divisions VIa and IVa), England (Divisions
-VIle,f), Ireland (Divisions VIa, VIIb, and VIIj), and the
Metherlands {Divisions IVa, VIa, VIIb, VIlc, VIIj, VIIg, and
VIiie). Weighted (by number) mean catch weight-at-age estimates
were made by division by quarter and by division by year for
- gatches from the Western area and the Western stock.

Mean weights at age (kg) in the spawning stock at spawhing time
were estimated for 1986 by using samples from Dutch commercial
freezer trawlers in Division VIIj in March, April, and May and
‘are shown in the text table below (1-year-olds are rarely taken
in samples; therefore, a constant weight of ©.070 is taken):
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age 1 2 3 1 5 6 7 8 3 10 11+

wikg) 0.070 0.164 0.261 0.290 0.345 0.337 0.395 0.467 0.441 0.451 0.562

6.3.4 Maturity at age

According to the historic maturity ogive (Ancn., 1986), 60% of
- the 1984 year class {2-year-vlds) was expected to spawn. This is
equivalent to 30% of the spawning stock in number in 1986 esti-
mated Ly VPA by the 1986 Mackerel Working Group (Anoh., 1988%).
Compared +0 an observed value of 17%, this implies either that
the maturity ogive appropriate to the 1986 data differs from the
historic one, or +that the samples taken on the spawning ground
underestimate the abundance of the 1984 year class {(Anon., 1987},
i.e., not all of the Z-groups were present on the main spawning
ground.

The Worklng Group decided to change the percentage of mature 2-
year-olds in 1986 on the following basis:

1) The 2-year-olds on the spawning ground in 1986 were about 3 cm
smaller than the 2-year-olds in 1985

2) Expected number of mature 1984 year class as a percentage of
the total number of sSpawning fish is 30%, and the observed
number of spawning females in the 1984 year class as a
percentage of the total number of spawning fish is 11%.

Therefore, the expected percentage of the mature Z-year-olds in
1986 was reduced by approximately 2/3 toc 20%.

6.3.5 Spawhing stock biomass estimate from the 1986 ega survey

From the results of the egg surveys carried out in the Western
area in 1986, the Mackerel Egg Production Workspgp (Anon.,1987)
estimated a tota} egg production of 1.165 x 10 7., This was com-
posed of 1.12 x 10 eggs_ ih the area covered on previous surveys
and a further 4.56 x 10 eggs produced in Division VIa. This is
‘equivalent to a total number of spawning fish of 4,578 x 10 and
a spawning stock biomass of 1.5 million t. .

This and the associated estimates of egg production and spawning
stock bhiomass from previous egg Ssurveys are listed in Table 6.4.

The estimated total number of spawning fish was apportioned to
age using the estimated age composition of stage 6 fish sampled
on research vessel surveys and in Dutch commercial samples ob-
tained during the egg survey period (Anon., 1987). The resultlng
number of spawning fish at each age is given in Table 6.5.
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6.3.6 Exploitation pattern

Separable VPA {SVPA) was used to derive the most appropriate ex-
“pleitation pattern to determine levels of fishing mortality at
age in the most recent year and for the ¢ldest true age groups in
earlier years. This was carried out using a data sel on ages 0-10
for the years 1978-1986 and in order to take inte account the
possibility of a change in exploitation pattern in recent vyears

{see Section 7), the catch-in-numbers data were subjectively
welighted according to the method -of Stevens (1984). Maximum
weighting (1.0) was assumed for the years 1982-1986 and minimum

weighting (0.001)} for the period 1378-1981. A terminal F ref-
erence age of 4 ysars ard a termiral S of 1.0 at age 10 give an
exploitation pattern with a more or less constant exploitation on
age groups 4-10. Since there is no concrete evidence to suggest
how the older age groups are exploited relative to the reference
age, a flat exploitation pattern was chosen as being the most
reasonable, setting the relative F on 4-10 year olds in the ter-
minal vyear to 1.0. The relative F on 2- and 3-year-olds was then
determined by SVPA (Table 6.7). However, terminal values for O-
and 1-group were adjusted to generate the estimated numbers given
in Section 6.3.8 for the 1985 and 1986 year classes.

6.3.7 Fishing mortality and stock size

To tune the VPA, B5VPA was carried cut using several values of
input F to obtain the input values for the oldest age group in
each year and for each age group in the last year. Outputs were
given in terms of spawning stock biomass referred to 1 January.
Spawning stock blomass estimates from the egg surveys given in
Table 6.5 were converted to estimates for 1 January by adding the
catch in tonnes taken in the first half of the year from the
Western sub-areas (VI,VII, and VIII) obtained from earlier Wor-
king Group reports and 5/12 of the weight dying through natural
mortality using Pope's cohort analysis formula:

Catch in
Biomass at 1 Jan =|{Biomass at -+ eM/%> + first two %‘eM/z
spawning quarters

The comparison of spawning stock biomasses from VPA and the egg
gurveys is given in Table 6.6, Values of the correlation coeffi-
cient were high using a wide range of values of input F. As in
1984, +the value chosen was that which gave a minimum deviation
between the two series of estimates (i.e., F on 4-group and older
of 0.22}.

Results of +the VPA are given in Tables 6.9-6.10. The spawhing
.gtock size in 1986 at spawning time is estimated to be 1.064
million t compared %o an estimate of 2.1 million t in 1985, an
appreximate reduction of 20%. It is important te note, however,
that a large part of this reduction is due to the reduced number
-of 2-group (1984 year class) fish estimated to have spawned in
1986 (20%) as opposed to that used in previous years (60%). The
“total biomass of age 2 and older fish was reduced by only 3-4%
-bhetween 1985 and 1986. The total number of fish in the stock cn 1
January 1986 was 17% less than in 1985,
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Results from this VPA using the exploitation pattern generated by
5VPA show some marked changes from that produced by last year's
Working Group (Annex to Anon., 1986). The 1986 version estimated
a spawning stock biomass of 1.3 million t at 1 June 1986 compared
‘to 1.6 million t presented here. A large part of this discrepancy
may be explained by the new exploitation pattern adopted ~for
1986, kut alsco by the method used in tuning the VPA to the egg
survey estimates. This vear, the Working Group tuned the VPA to
the whole series of egg survey estimates rather than to the most
~recent survey alone. The text table below compares the estimates
"of spawning stock biomass at spawning time as estimated by the
egg survey data with those derived from VPA in 1986 and 1987.

Spawning stock biomass at spawning time. 1 Jupe (& x IO‘G)
VPA VEA "Egg survey. estimate
Year 1986 WG . 1987 WG '
1977 3.2 3.0 3.0
1980 2.3 2.3 2.9
1983 2.0 - 2.4 2.4
1986 - 1.6 1.5

The xresults derived from this year's VPA show the closest agree-
ment with those from the egg surveys.

Mean T at age for the period 1978-1982 is plotted together with
the F-ait-age values input for 1986 (Figure 6.1), A comparison of
the +two sets of wvalues indicates that the mean for the period
1978-1982 ("o0ld" exploitation pattern) only differs significantly
from the 1286 ("new") exploitation pattern for ages less than 4.
The values input for O- and 1-year-olds in 1986 were determined
by the estimated recruitment (see Section 6.3.8), but the F on 2-
and 3-year-olds is appreciably less and clearly indicates that
the age of selection bas increased from age 3 to age 4. These
changes may reflect natural changes in the distribution and
abundance of juveniles, but it is also possible that they reflect
the management measures imposed in Divisions VIIe,f, i.e., the
introduction of the closed area off southwest England in 1983,

6.3.8 Recrujtment

Pricr to 1986, the number of 1-group mackerel in the Western
stock at 1 January had been calculated by using catch data for
-the previous year's fishery and the mean exploitation pattern as
determined from - the SVPA. In 1986, however, this method gave a
‘very low estimate of the strength of the 1984 year class when
compared with rather high abundance from the -trawl surveys (Fig-
ure 4.7). An examination of the abundance indices of 1-group fish
from +the recruit surveys in Sub-area VII and the abundance of 1-
group in the stock from VPA showed that there was a reasonable
level of agreement between the two series. At the present Working
‘Group méeting, however, the SVPA indicated that the exploitation
pattern was rather different from that cbtained by the previcus
assessnent, and the VPA given in Table 6,10 indicates +that the
abundance of the 1984 year c¢lass was more consistent with the re-
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cruitmert survey indices and was close to the mean abundance of
the five good year classes over -the period 1975-1883,

The surveys carried out in 1986 confirmed the strength of this
year c¢lass. The information about the 1985 vear class obtained
from the 1986 surveys indicates that it was well represented in
the surveys conducted in Sub-area VIY and may be of similar size
to the 1984 year class, and it was set at a size of 3,500 million
fish at age 1.

Because o©of the poor coverage of the 1586 survey, there is very
little infeormation available about the size of the 1986 year
class.  However, in those areas covered, it was poorly repre-
sentad.

6.4 Forecast for the Western Stock

To carry out catch and stock predictions into 1988, the following
parameters and assumptions were used:

a) The stock size in number at ages 2-11+ at . 1 January 1987 was
taken from the VPA (Table 6.10).

b} The number of 1-group in 1987 was taken to be 750 nmillion,
-i,e., c¢lose to the abundance of the second lowest year class
in recent years (the 1982 year class). The justification for a
low value is based on the low abundance of the 1986 year class
"in surveys during the fourth quarter of 1986,

c¢) The numker of O-groulp was set at +the geometric mean of
estimates for the years 1972-1984.

d) The exploitation pattern for age groups 2-11+ in 1987 and 1988
was assumed to be the same as that used in the VPA for 1986,
The F on 1-group was, however, put at a value of 0.06 (corre-
sponding to F, = 0.225) because the F on 1-group in 1986
had been reduced fo create a year-class strength of 3,500
mitlien in 1986. F on the O-group in 1987 was set at 0.001 but
this has a negligible effect on the output.

@) Recruitment of O-group in 1988 was set at the same level as
1987.

f) Since the 1984 year class appears to have been unusual in its
distribution and age of firs:t maturity, the proportion of
mature 2-group fish was assumed to be at the earlier level of
20%.

g} The catch in 1987 was assumed to be 550,000 £ khased on the
agreed TAC and additional gquantities likely to be caught.
The input parameters for the prediction are listed in Table 6.11.

The options for 1988 are given in Takle §.12 and Flgure 6.2.

‘A catch of 550,000 t in 1987 is expected to generate an F of
0.25, With almost full recruitment of the 1984 year class, the
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spawning stock biomass is expected to increase by about 15%, but
to decrease again in 1988 under all options of F.

7 CONSERVATION MEASURES TQ PROTECT JUVENILE FISH
7.1 Existing Measures

In the North Sea, the only measure employed to protect Jjuvenile
mackerel is a minimum landing size of 30 cm. In the Western area,
the measure actually employed since 1983 has been the closed area
off southwest England (the mackerel "box"), within which large
conhcentrations of small fish have occurred. Information provided
by this year's VPA suggesits that there have been changes in the
exploitation pattern from that during the period 1978-1981 and
during the period 1982-1986.. As pointed out in Section 6.3.,7,
this may have resulted at least in part from the introduction of
the c¢losed area. :

7.2 Evidence of Change in Dis;;jbu;ion of Juveniles

There has been a northward shift in the relative distribution of
juveniles +to Divisions IVa and VIa (Section 4.3). There is also
evidence to suggest a change in distribution of the juveniles
within the Channel. Figure 7.% 1illustrates where +the main
concentrations of mackerel have been found in relation +to the
"box" for the last three winter seasons. These maps are based on
both commercial catches and English and Dutch research vessel
data. The percentage of fish less than 30 ocm (i.e., juveniles)
within each rectangle is also shown., Figure 7.1 indicates a more
easterly distribution of juveniles in the most recent winter
season. 1986/1987. This has enabled a commercial fishery to take
place outside the mackerel "box" where catches of 10,000 t have
been taken over the period 1 January 1987 to 13 February 1987,
B0% of which have been juveniles (i.e., fish that have not yvet
spawned). Figure 7,1 indicates that the proportion of Jjuveniles
has been much higher during the last two seasons, 198671987 and
1985719686 than in the season 198471985, 'This is almost certainly
due to the poor year classes of 1982 and 1983 showing up in small
proportions during the 1984/1985 season and the strong 1984 vyear
class and average 1985 vyear c¢lass appearing in the 1986/1987
season. If this more easterly distribution continues, it may be
necessary to review the area of the mackerel "bex" te enable it
to continue to . be effective.

7.3 Exploitation of Juvenile Fish - Possible Conservation
’ Measures ’

_The Working Group evaluated the following conservation measures:
7) Maintain the igting “box"
2) Marginal extension of the existing "box"

Both of these options have been discussed in Sections 7.1 and 7.2
above, :




25

3) closure of other areas

If additional areas could be identified, this would undoubtedly
be a very effective measure. However, the change in distribution
of Jjuveniles makes it very difficult to define such an area at
- present.

4) Minimum size regulations

This has been.applied in the North Sea without apparent problems
until 1985 and, to some extent, 1986. This is most probably
because the large 1969 vyear class and small year classes in
recent years have resulted in bigger fish dominating the catches
until the recent widespread distribution of the 1984 year class
which appeared in North Sea catches. However, the success of this
measure depends on avoidance of areas where small and large fish
are mixed. In dreas where large quantities of juvenile fish are
present, a high level of discarding is liable to occur.

5) Mesh requlations

Extensive experiments using conventional diamond-meshed trawls
show that mesh selection 15 not an effective way of selecting
adult mackerel. However, recent experiments with square-meshed
midwater trawls indicate that there may be some protection of
juveniles by this means {Casey, pers. comm,). The viabkility of
mackerel escaping such meshes has not yet been investigated.

. &) Ad hoc closures

Ad ho¢ closures in areas and at times when small fish are present
in high concentrations offer the potential advantage of a quick
response to changes in the distribution of juvenile fish and
avolid the preoblem of discarding. Bowever, it would require inten-
sive research in such areas to monitor changes. '

7.4 Research Recommendstions

The Working Group recommends that both the area inside and out-
side the ‘"box" should bLke monitored while the fishery is re-
stricted so that the distribution of Juveniles can be assessed.

Further werk should be carried cut with square-mesh nets.

8 DATA REQUESTED BY THE AD HOC MULTISPECIES WORKING GRQUP

8.1 catch at Age bv Quarter for the MNorth Sea Mackexel Stock

The catch in number of the North Sea mackerel stock in 1986 is
given in Table 8.1 by age and quarter. The total catch (in
tonnes) in 1986 in each gquarter is also included. The method used
te allocate catches in +tonnes into number at age and stock is
explained in Section 4.4.
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8.2 Mean Weight at Aqe by Quarter

This vyear, new data were available for weight at age in the
spawning stock at the time of spawning (second guarter). For the
‘rest of the year, the weight at  age of the stock must be
- approximated by the observed weight at age in the catch. The
weight-at-age data are given in Table 8.2.

8.3 Stock Distribution by Quarter

As explained in Section 4.1, much of the information on adult

..mackerel distribution 1is obtained from +the distribution of
catches. For the immature age groups, survey data are also

. available (Section 4.3). On the basis of the material —available,
Can indication of the percentage of each stock that was in the
North Sea (Sub-area IV) during each guarter of 1986 is given in
Table 8.3.

1-group

While recruitment to the North Sea stock is poor, there are no

obvious nursery areas that can be identified as containing

predominantly Noxrth Sea mackerel. It has been assumed from
- stronger year classes in the past, however, that all North Sea -
. group mackerel are present in the North Sea throughout the vear.

From the large gquantities of 1-group mackerel that were found
along +the coasts of the eastern North Sea and in the Skagerrak,
mainly in the latter half of 1985 and 1986, it must be concluded
that there is an immigration from the Western stock. The appro-
ximate percentage of this age group that migrates into the North
Sea c¢an be estimated from the abundance during the August
racoustic survey and the estimated total size of the vear class.

2-group

Only small gquantities of 2-group mackerel! are found in the HNorth
Sea in the first two quarters of +the year, and it must he
supposed that these consist ¢f the North Sea stock and a small
proportion of the Western stock. Earlier tagging experiments
indicate that some North Sea mackerel in this age group leave the
North Sea to winter in Division VIa. From their proportion in
catches in the North Sea, Western stock 2-year-olds clearly
joined the adult migration into the North Sea in 1986 and by the
fourth quarter, almost 70% of the total catch of this age group
was taken in the North 5ea. This has been used as an indication
of the percentage of the Western stock in the North Sea at +this
time. In the third quarter, almost half of the catch of 2-group
was made in Division IIa which indicates that a smaller propor-
tion was in the North Sea.

3-group and clder

I+ can be assumed that all the adults of the North Sea stock azxe
in the North Sea in the second quarter. Outside this period, how-
ever, they mix extensively with the Western stock, dispersing.
into Divisions IIa and VIa. 1In the last two quarters, it has,
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therefore, been assumed that the proportion remaining in the
North Sea is the same as in the Western stock. When the Western
‘stock adults migrate to the spawning grounds in the first quar-
ter, it must be assumed that North Sea adults gradually move back
into the North Sea.

From the proportion of the catches of mackerel taken in the Noxrth
Sea in each quarter, it appears that about half of +the Western
stock was in the North Sea in the third quarter (with most of the
remainder in Division Ila) and about 70% in the fourth guarter.

It should be noted that some of the percentages for the Western
stock wgiven in Table 8.3 are very much higher than those given in
Figures 9.1 - 9.4 of the 1986 report (Anon., 1988), This rep-
resents a real «change in the migration pattern of the Western
stock which remained in the North Sea until much later in 15§86
than in previous years. The beginning of this change was noted in
1985, however, when the main fourth guarter fishery was across
the border of Divisions IVa and Via.

8.4 Review of the Multispecies Working Group Report

‘The Working Group found little need to comment on the report of
the Multispecies Assessment Working Group meeting held in
November 1986 because the value of M used in both assessments is
the same and there is no additional predation mortality caused by
the predators included in the MSVPA. The cause of mackerel
natural mortality is not known, but it is thought that predation
by other fish predators (e.g., elaszmobranchs) and by cetaceans
might ke significant.

The Working Group also recognizes the difficulty caused by the
migration of the Western mackerel stock into and out of the North
Sea each year and would point to the fact that the time spent in
the North Sea increased in 1986 to most of the third and fourth
quarters of the year. This means that as much as 0.8-1.1 million
of Western mackerel may have been in the North Sea for around six
moenths (see Tables 8.3 and 6.10),

9 DEFICIENCIES IN DATA

The Working Group again considered the deficiencies in the data
used to make assessments. These deficiencies were comprehensively
reviewad by the 1986 Working Group and in general the sitwation
has remained unchanged. The Working Group would, however, like to
highlight the following points:

9.1 Catch_Statistics

Al} Wworking Group members appear to be reasonably satisfied with
the accuracy of the catches which they presented to the wmeeting.
There are, however, considerable discrepancies between the re-
portad "official" catches and the catches reported by Working
Group members for a number of countries. This presents problems
in -intezpreting the national catch statistics.’
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There is a real lack of information adout the location from which
catches are taken. Inaccuracies in the origin of catches cgreate
considerable difficulties in interpreting the catch data.

9.2 Biological Data

Information about egg mortality, fecundity, and maturation is
required in relation to the -egg production estimates. These
points have been discussed in detail in Sections 2 - and 6.3.5.
Further informaticn is also needed about the mean weights at age
ahd length distributions by age and maturity stage during the
spawning season for both the North Sea and Western stocks. &n
agreed maturity scale is essential for this purpose.

9.3 Hvdroacousgtic Survevs

There are no fishery-independent estimates of stock size apart
from the egqg surveys. In addition, the next series of egg surveys
will not be carried out until 1988 for the North Sea and 1289 for
the Western area. In the meantime, consideration should be given
to carrying out acoustic surveys cn the overwihtering concen-—
trations west of Scotland and Ireland.

In Division IIIa anrd in the eastern part of Division IVbh, Denmark
has rather successfully carried out an acoustic and trawl survey
aimed at yvoung mackerel (1- and 2-group) and herring (RKirkegsaard,
1986; Kirkegaard et al., 1986). In 1987, Denmark will carry out a
similar survey in August. In addition, Norway will cover the
Norwegian part of Division IVa and parts of Division IIIa at the
same time for the same purpese. In addition +o the aceoustic
equipment, a Fotd herring trawl, which has proved very efficient
for catching pelagic species, will be used by both Denmark and
Norway .

9.4 Recruit Surveys

There is still a serious lack of information about recruitment.
Recrultment surveys for juvenile mackerel have been carried out
by +the UX (England} in Sub-areas VII and VIII since 1979, 1In
recent years, Scoitland, the Netherlands, and Ireland have also
started similar surveys, and the area has been extended to cover
Divisions VIIb and VIa. The results of these surveys have been
used by the Working Group to obtain an indication of +the abun-
‘dance of 0-, 1-, and 2-group mackerel in different areas.

9.5 Ageing

The results of +the otolith exchange in 1985 indicated an
unacceptable level of agreement of ages for fish wolder fthan 10
vears {Anon., 1986; Dawson, 1986b). An 0Otolith Reading Workshop
has been planned for May 1987 in an attempt for otolith readers
te resolve their age differences on the clder age groups. The
Working Group agreed to continue using numbers  at age for age
groups O to 11+ for Western stock assessments until this problem
“has been resolved, -
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$.6 A Data Base for Mackere]l Data

The Working Group members discussed a working document by T.
Westgird (1987) on the exXchange format of a future mackerel data
base. As in 1986, the Working Group still thinks that a data base
should be developed along these lines. It was agreed +hat each
country invelved will produce a tape with the relevant data and
that the Institute of Marine Reseaxch in Bergen will be given the
responsibility to set up a first version of a working data base.
Such a data base could only be used by members of the Mackerel
Working Group and data would only be published as a part of the
Working Group report. When a data base has been set up, a work-
shop should be held in Bergen to work on a detailed analysis of
the mackerel data. Later on, the data base should be transferred
to the ICES computer facilities. ’ :
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Table 4.1 Results of Norwegian tagging experiments. Tay returns are from Norwegian
landings to selected factories 1981-1986. :

Recaptures
Releases Norwegian Sea North Sea

Year No. 1981 1982 1983 1984 1985 1986 1982 1984 1985 1986
0 1970 4,540 - - - 1 - - - - - -
F 1971 5,000 - - - - - - - - - -
Fooo1972 5,086 - 1 - 1 1 - - - - -

1973 8,208 - 1 - - - - - - - -
S 1974 10,028 - 4 - 1 2 - - - - -
0 1975 10,003 - - - - q - - - - -
o 1976 9,474 - 3 - 1 1 - - - - 1
T 1977 14,032 2 4 1 2 3 - - - - -
H 1978 18, 169 3 5 2 8 5 1 1 1 1

1979 20,183 3 7 1 5 14 5 - - 3 1
I 1980 9,992 2 4 - 4 7 1 - - - -
R 1981 9,872 - 5 3 5 5 4 - 1 - -
E 1982 10, 065 - 5 5 5 5 4 1 1 3 -
L 7983 13,400 - - 16 25 24 12 - 3 5 2
A 1984 14,512 - - - 8 37 20 - 1 2 5
N 1985 25,069 - - - - 32 72 - - 7 14
D 1986 18,015 - - - - - 51 - - - 13

Sum 205,750 i0 39 38 13 140 170 2 ki 20 37

1870 3,505 - - - - - 1 - - - -
I 1971 9,305 - - - - - - - - - -
N 1872 i1,818 - - - 1 - - - - - 1

1973 T.277 - - - 2 - 1 - - - 1
T 1974 4,493 - - - 1 1 - - - - ~
H 1975 9,995 - - - 1 - 2 1 - - -
E 1%7¢ 1,763 - 1 - - - - - - - -

1977 7,094 - - - - 1 3 - - -
N 1978 12,173 - 2 - 5 3 1 - 1 -
o 1979 11,991 2 Z 2 8 5 4 1 ~ - -
R 1980 5,676 - 1 3 5 5 3 1 - 1 1
T 1981 4,199 - - 2 3 8 2 1 - - 2
H 1982 13, 164 - - 7 16 25 18 2 1 2 2

1983 9,216 - - - 26 21 19 - 2 2 4
5 1984 13,587 - - - - 36 33 B - 2 6
E 1985 20,273 - - - - - 43 - - 3 19
A 1986 15,001 - - - - ~ 4 - - - 4

Sum 160,530 2 6 14 68 105 134 6 5 11 40
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Table 4.2 The relative proportion in percent of the total
catches by division and quarter in 1986 allocated

to the North Sea stock.

Quarter
Division 1 2 3 4
3_¥ears and older
Iia 1 - 3 3
IIia 25 100 3 3
Iva 25 100 3 3
Ivk 100 100 100 100
IVc 100 100 100 100
Via 1 - 3 3
1984 vear class
IIa 3 - - 3
IiIa 50 55 20 10
IVa 50 55 20 10
Ivb 100 100 100 100
Ive 100 100 a0 100
Via 3 - - 3
1985 year class
Ila - - - -
iIla 100 ° 25 20 20
IvVa 100 25 20 20
IVh 100 100 100 100
Ive 100 100 100 100

IVa
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Table 5.1 MNominal catch (t) of MACKEREL in the Noxth Sea, Skagerrak, and Kattegat (Sub-area
IV ané Divisjion IIIa) 1977-1986. (Data were submitted by Working Group members.)
Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
Belyium 49 10 10 5 55 102 93 58 - 48
Denmark 21,833 18,068 19,17¢ 13,234 9,982 2,034 14,285 10,088 12,424 24,497
Faroe Islands 42,836 33,911 28,118 1,770 - 720 - - 1,356 -
France 2,529 3,452 3,620 2,238 3,755 3,041 2,248 - 322 4,200
German Dem. Rep. 41 213 - - - - - - - -
Germahy, Fed. Rep. - 284 211 56 59 28 10 112 217 1,858
Iceland - - - - - - - - - -
Ireiand - - - 738 733 - - - - ~
Netherlands 2,673 1,065 1,009 853 1,708 390 846 340 2,340 9,380
Norway 180,800 82,95% 90,720 44,781 28,341 27,%66 24,464 27,311 30,835 50,600
Poland 298 - - - - - - - - -
Sweden 4,012 4,50 3,935 1,666 2,446 692 1,903 1,440 760 1,258
UK (Engl.& Wales) 105 142 35 16 6,520 16 16 2 143 18
UK (Scotland} 1,596° 3,704 5,272 9,514 10,575 44 4 13 ) 490
USSR 2,765 488 162 - - - - - - -
Unallocated - - 500 - 3,216 450 96 20z 2,042 -
+ discards
Total 259,531 148,817 152,823 87,931 67,388 35,483 40,985 39,576 50,124 89,347
1Preliminary.
Note: In contrast to the corresponding tables in Working Group reports for years prior to
© 1982, the catches do not include ¢atches taken in Division IIa.
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Table 5.2 Nominal catches (t) of MACREREL in the Norwegian Sea (Division IIa), 1977-1986
(catches from Division Vb included).

6

Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
Denmark’ , - - - - 801 1,008 10,2275 11,787" 7,610° 3,283
Faroe gslands - 283 6 270 - 180 - 138 - -
France - 2 - - 6 8 - - 18 -
Germany, Fed. Re 2 - - - - 51 - 5 - - -
German, Dem. Rep. - 53 174 2 - - - - - 16
Norway, 1,400 3,867 6,887 -6,618 12,941 34,540 38,453 82,005 61,065 85,400
Poland ] - - - - - 231 - - - -
UK (Engl. & nges] + 1 - - 2552 - = - - -
UX [Ecotland) - - - 296 968 - - - - 2,13%
USSR - - 5 1,450 3,640 1,641 65 4,292 9,405 11,404
Total 1,400 4,206 7,072 8,340 18,662 37,608 48,950 98,222 79,096 102,234

"pata provided by Working Group members,

Data reported to ICES.

? Includes 1,497 tonnes caught in Division ¥h.

*Includes 920 tonnes caught in Division Vb.

5Includes 4,92C tonnes caught in Divisicn Vb.

Spreliminary.
"From Division Vb.

% Inciudes 2,253 t caught in Division Vb.




Table 5.3 Quarterly catches of MACKEREL by diwvision in 1986.

Division 1 2 3 4 Total
IIa - - 92,967 1,600 94,567
© I1ia - 1,605 4,1961 7522 6,553
IVa-c 1 926 70,38% 159,780 231,096
Vb - ~ 157 7.510 7,667
Via 57,092 1,845 1,454 41,063 101,454
VIT 17,274 44,125 4,028 2,717 128,204
* VIIIa,b .. 74

-TIncludes an estimated catch of 10,400 ¢ misreported in Divisicn

VIia.
2 tneludes an estimated catch of 138,000 £ misreported jin Divisiocn

Via. .




Table 5.4 MACKEREL catch in numbers ('000) by age group for the
Noxth Sea area (Divisions IVa-c), the Norwegian Sea
{Divisions XIla and vb), and the Skagerrak (Division
IIIa) in 1986.

Division

Year Age

class IIa + Vb IIla IVa IVh IVe Total
1986 0 - - - - - -
1985 1 68 5,527 7,294 14 800 13,703
1984 2 29,481 11,349 177,185 989 1,754 220,758
1983 3 3,882 720 12,241 456 205 17,504

- 1982 4 8,780 683 26,451 1,187 540 37,641
1981 5 80,849 1,401 121,555 1,210 50% 206,224
19280 3] 26,079 563 60,577 967 9%9 89,145
1979 7 20,036 344 32,778 575 271 54,004
1978 2] 6,595 154 11,625 345 10 18,789
1877 9 1,278 73 5,556 169 2 7,078
1976 10 3,741 92 7,776 503 285 12,397
1975 11 2,053 191 8,428 251 92 11,015
1974 12 4,283 70 7,237 184 143 11,917
1973 13 1,315 62 5,060 219 104 6,760
1972 14 1,173 94 2,687 70 - 4,024

£197% 15+ 1,907 292 10,394 540 84 13,217

Total 191,520 . 21,615 496,844 8,379 5,818 724,176

Tonnes 102,234 6,553 225,384 4,005 1,707 339,883
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Table 6.1 WNominal catch (tonnes) of MACKEREL in the Western area {Sub-
areas VI and VII and Divisiens ¥vIIla,»). (Data for 1977
as officially reported to ICES; data for 1978-1986 estimated
by Working Group.}

Country" 1977 1978 197% 1980 1381
Belgium 1 1 3 3 -
Denmark 698 8,677 8,535 14,932 13,464
Farce Islands ) 3,978 15,076 10,609 15,234 9,070
France- 35,702 34,860 31,580 23,907 14,829
German Dem. Rep. 431 - ~ - -
Germany, Fed.Rep. 446 28,873 21,493 21,088 29,221
Ireland ) 23,022 27,508 24,217 40,791 92,271
Netherlands 35,766 50,815% 62,396 91,081 88,117
Norway 362 1,800 25,414 25,800 21,610
Poland 2,240 - 92 - t
Spain 2,001 599 543 3,684 1,363
UE (England + Wales) 132,320 213,344 244,293 150,598 75,722
UK (¥. Ireland} 97 46 25 - 4,153
UK (Scotland) 52,662 103,671 103,160 108,372 109,153
USSR 16,396 - - - -
Unallocated - - 54,000 98,258 140,322
Total, ICES members 306,122 485,370 586,290 593,448 599,298
Bulgaria ’ - - - - -
Rumania - - - - -
Discard ' - 50,700 60,600 21,600 42,300
Grand total ' 306,122 536,070 646,85 615,048 6£4i,598

{cont'd) -




Table 6.1 {cont'd)

Country 1982 1983 1984 1985 1986° *

Belgium ’ I + - - ] +

Denmark 15,1002 15,0002 200 400 300

Faroe Islands . 11,100° 14, %00 9,200 9,900 1,400

Fraace 12,300 11,000 12,500 7,400 11,200

German Dem, Rep, ) - T - - -

Germany, Fed.Rep. 11,200 23,000 11,200 t1,800 7,500

Ireland 109,700 110,000 84,100 91,400 70,000

Netherlands 67,200 73,600 99,000 37,000 49, 800

Noxway - 19,000 19,300 34,760 24,300 21,000

Poland Co- - - - C -

Spain : g - - 100 + - -

UK {England + Wales} . - 82,900 62,000 30,000 9,600 §,900

UK (N. Ireland) 9,600 800 1,100 - + :
UE {Scetland) 147,400 120,100 167,200 196, 300 143,300 |
USSR - + 200 + - - §
Unallocated : 97,300 105,500 15,000 75, 100 64,600

Total, ICES members . 582,800 555,800 467,500 463,200 378,000

Bulgaria - - - - -

Rgmania - - - - - -

Discard 24,900 11,300 12,100 . 4,500 - -

Grand total 607,700 567,100 479,600 = 467,700 378,000

!Sub-area VIII does not include Division VIIIc. Spanish catches have
been adjusted accordingly since 1977.

?Faroese catches have been revised for 1982 and 1983.

3Preliminary.
*Inc}udes catches misreported from Division Iva.
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- Table 6.2 Catches of MACKEREL (tonnes) by Sub-areas
in the Western area. Discards not estimated
prior to 1978.

- VI VII and VIII
Land- Dis- Land- - Dis-

Year ings cards Catch  ings cards Catch

1969 4,800 B 4,800 66,300 - 66,300

1870 3,900 - 3,900 100,300 - 100,300
YA 10,200 - 10,200 122,600 - 122,600 -

1972 10,000 - 10,000 157,800 - 157,800

1973 52,200 - 52,200 167,300 - 167,300
1974 64,100 - 64,100 234,100 - 234,100
1975 64,800 - 64,800 416,500 - 416,500

1976 67,800 - 67,800 439,400 - 439, 400

1877 74,800 - 74,800 259,100 - 259,100
1978 151,700 15,200 166,900 355,500 35,500 391,000 -
1979 203,300 20,300 223,600 398,000 39,800 437,800
1380 218,700 6,000 324,700 386,100 15,600 401,700
1981 335,100 2,500 337,600 274,300 39,800 314,100
1982 340,400 4,100 344,500 257,800 20,800 278,600
1983 315,100 22,300 317,400 245,400 9,000 254,4G0
. 1984 306,100 1,600 307,700 176,100 10,500 186,600
1985, 388,140 2,735 . 390,875 75,043 1,800 76,843
1986 249,700 - 249,700 128,300 ~ 128,300

1

Preliminary.




Table 6.3 MACKEREL catch in numbers ('000} by age group for
Western area {Sub-areas VI and VII and Divisions
VEILa,b) in 1986.

Division

Year )

class Age Vvia Vila-c VITd-k VIIIa,b Total
1986 Q - . 25 18, 100 39 18,144
1985 1 6,409 724 8,260 9 15,402
1984 2 138,09%4 25,440 42,001 44 205,579
1983 3 4,886 4,020 5,951 ) 14,863
1982 4 14,36% 6,302 10,5861 11 31,243
1981 5 51,98% 41,725 40,8865 43 134,022
1980 6 33,79% 29,994 46,228 48 110,069
1979 7 19,550 20,443 27,669 29 68,091
1978 8 6,111 6,809 8,085 8 21,023
1977 9 2,262 1,967 1,181 : 1 5,411
1976 10 6,082 6,033 6,776 - 7 18,898
1975 11 4,243 2,893 3,926 4 11,066
1974 12 2,596 3,093 2,075 2 7,766
1973 13 2,111 3,087 1,230 t 6,399
1872 14 1,182 986 309 - 2,477

£1971 15+ 4,692 3,975 9,287 10 17,964

Total 298,775 156,886 232,514 242 688,417

" Tonnes 101,454 58,959 69,245 74 22%,732
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‘Table 6.4 Estimates of egg producticn, number of spawning
: fish, and spawning stock biomass derived from
eqgqg surveys of the Western mackerel stock.

Egg Number of spawn- Spawning stock
Year produ?yion ing Eish bioEass

(10" 7)) (107) (107 t)
1977; _ 1.98 8,995 3.0
?9802 1.84 7,310 2.9
?983J 1.50 6,985 2.4
1986 1.166 4,578 1.5

-;Lockwood et al. (1981).

Anon. (1984).
Anon. (1987).

" Takle 6.5 Estimated numbers of spawning fish
at age in the Western spawning stock
in 1986.

Age Number x 107°
2 494
3 142
4 188
5 998
6 865
7 687
8 114
9 156

10 151

11 215

12 206

13 64

14 32

15+ 266

Total 4,578
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. Table 6.6

Spawning stock biomass estimates in tonnes x 10E
(referred to 1 January) from.egg surveys and VPA at
different values of input F at age 4+,

Biomass estimate from VPA (y)

Year Egg survey
estimate (x)  0.15 0.20 0,22 0,25 0.30 0.35
1977 3.30 3.54 3.,37.3.32  3.27 3.21 3.16
1980 3.36 © 2,98 2.75 2.69  2.61 2.53 -2.46
11983 2.77 3.38 2.91 2,78  2.62 2.43 . 2.29
1986 1.78 2.66 2.04 1.88 ~ 1.67 1.43. 1.25
CE[(EE) x 100)? 3,110 573 430 567 1,155 1,922
" (excluding 1980) 2,982 243 32 68 ° 545 1,205




Table 6.7

Tijtle ¢ YMACKEREL, WESTERN STOLK

At 1D.59.%4 02 MARCH Tv%47

from’ 74 to 86 nn ages 0 ta 1U

with Terninal F-of .225 on age 4 and Terminal § of 1.1

Imjtial sum ot squared EesidUaLs Was 179,898 and
final sum 5t sguared resijauals is 45.%01 atter 15U iterations

Hatrix of Residuals

vears i8/¢9-  ¢9/480 B0/ 814382 82783 Bi/84 B54/85 85/80 WTS
Agas : : .
af 1 2.U20 3.456 gably 3.633 2.222 — 483 -.925 =-. 825 000 -0¢5
1/ ¢ 2191 . 285 2507 L1354 -.627 ~-.054 487 L7 L0000 141
2/ s .210 —.2an Yy 087 021 029 LA35 - =L 683 100 147
51 4 .256 E4Y L Ahd 075 N3 - 042 . 240 -. 282 . 0nn 214
4/ 5 .12 ~. 189 . 120 -. 110 -.017 =049 -. 013 =019 =Ny 308
3/ 6 056 L0386 .00 - 031 ~-.0r8 -.016 L N44 MUY | L0100 1.000
ol 7 -, 289 =057 =ad25 =148 =070 -a156 Neg {157 - NO0 385
[ ~.115 083 -.5325 . 166 Y5 L1586 -~ 457 207 . 030 193
8/ @ -.4038 - 417 —e 550 -, 123 L1617 08¢ =304 .N63 . (100 201
EYATH =01 -. 053 A R -.N53 - AL -.358 6T .ang L1865
- o LU0 - oy . 00 - Q00 =00y . 000 =100 t0.657
ATS k] Lo . 101 LU0, l1.Uﬂ0 1.00130 1,000 1.7100

Fishing martalities (F)

/8 49 41 31 - 85 44 85 8é
F-values L2105 rag-t L2167 LAl6h L2218 L2281 L2147 L1993 L2250

Selectinn-at-age (§)

iU

S-values 00N
. 1 2 3 4 5 6 - 3 8 9 .10
S-values JE557 L3956 L8206 1,090D0 L2831 1,085 1.0876 1.13711 1.0719 1.0000
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Table 6.8

MACKEREL, WESTERN STOCK

CATCH TN NUMHERS

19r2

1.6
2.4
121
29,4
S04

..

ﬂ
-— s

TR N W e Ve D
29 230000

rniaL 5635.2
SOP 222
{ro00 %)

1234

.5
5.2
79.5

S561. %
374,6
258.2
pa.n
15.5
31,5
39.3
25.1
55,6

d
DWW T AN =D

s
ey
+

TATAL  165%.9
S0P - 565
(1000 1)

UNIT:

1973

i}
33.4
49 .4
&4 .0
T15.5

582,%

-0

0

.0

L0

«0

.0

B&5.0
313

1935

.0
234.3
160
49,9
42n.5
242.6
15% 4
53.9
16.2
52,0
55,0
C10. 6

1371.4
556

VIRTUAL POPULATION ANALYSIS

millions
1974 1975
1.3 1.0
87.0 5¢.5
2405 i04.0
123.5 P45
108.5 s06.5
191.¢ 19¢.2
567.0 145. 8
N 124602
-0 .U
.0 .0
-0 0
N o)
1104.¢  Z2140G.5
411 - 862
1956
18017
25.1¢
97t
29.%
63,6
331.9
1935.v
119.5
3.5
11.%
28,8
B0.5°
1338.7
535

19ry

2.0
153.5
289.5
154,0
166.0

1.0
150.0
b4 &
39.4
158,5

.0

.0

12685
361

1974

19.3

515,

565 .8
425,90
245.r
25%,%
1.9
11,9
561
55.2
219.8
.0

21006.%
628

245547
767

1980

19,5
484 .5
468,77

75.2
381.3
2gz2,n
145.2
158.4

be.h
13%.5

4346
1635.3

2479s5.7
803

1981

34,3
266 .1
506.4
225.,1

31.7
176 .5
158.5

93,5
T16.6

35,3
138,.7
2055

1996.5
700

1982

2.0
205.0
£55.9
485.0
184.1

24,7
136.6
T0n.6

dh a5
gr.0

244
25¢.9

2012.3
700

1983

-0
436
F12.¢
Lhh 6
391,06
150.4
20.2
91,3
1.9
47.1
4.9
145.3

21466
678

143



Table 6.2 YIRTUAL POPULATION ANALYSIS

MACKEREL, WESTERN ST OCK

FISHING MDRTALITY COEFFICIENT UNIT: Year-—1 NATURAL MORTALTTY COEFFICIENT = .15
1972 1973 1974 1% 75 t9?e 1977 1978 1979 19 40 1981 1982 1985
N 001 000 Q0600 .00 . 008 . 003 003 U1y .N04 .0Né <0ie Lna
t 002 Nzt .ce3s G20 L0074 LNa0 055 L L1458 -1i2 0562 NiEYs R
2 W37 .Ma 0 N33 034 097 REH 152 el 156 129 167
3 .n12 N4&2 L0351 U835 129 059 T 304 rr . 195 L2070 e
4 D568 L0588 L0k W94 .21 Aee 185 L2535 L5006 137 .22y CL243
5 - 001 .00s =121 209 - 115 =181 L1t0 - L240 21 212 =156 258
6 bl . NNy 124 L1119 L1H3 <071 el .226 L2587 227 L 24 L1468
7 .20 . n0g noe AR L3506 <135 097 252 WE23 0 4259 n22f .38
A 0N L 0nn . non . 0Ny L2310 L1861 L1610 A28 L2253 241 2310 215
@ LN « 00 - 000 - 009 - 00 - 116 209 .28 . 155 220 L2569 249
11 _ N3N . nno .onn .0ng MDY .onn L2710 277 L2715 215 .22 .225
17+ EEL . 0no L0100 M tlals] - 300 .00 20 2P 245 215 220 .225
( 3= #}d MUY LN R L21Y L1177 _ny1 Lok 43 265 212 .21 210
 4- #)u .43 «NEH 11 2354 195 02 .15 2211 _2uh L2119 .235 255
1944 1985 1986 19/3-42
n .09n L NngG .02 U
1 Y] 060 TS (82
? .52 L0773 131 77
3 L2188 126 180 225
4 213 0y L 225 218
5 217 . 196 .225% <07
] 249 20 .22y 216
¢ - 1h4 .2356 <225 2Ny
8 L19h 226 .22h 215
S L1638 227 225 L2285
17 L2112 T L1496 225 259
11+ 212 196 225 259
C 5= w2 216 L1986 225
{ 4~ 33y

215 Lzne .225

S
i




Table 6,10 VIRTUAL POPULATION ANALYSIS

MACKEREL, WESTERN STOCK

o
o
STIHCK SIZE 1IN NUMHERS UNIT: willions
ATOMASS TOTALS UKIT: thousand tonnes
ALL VALUES, EXCEXT THOSE REFERRING TU THE SPAWNING STOLK ARE GIVEN FOR 1 JANUARY; THE SPAWNING
STRCK DATA REFLECT THE STNCK SITUATION AT SHAWNING TIMEi, WHEREBY THFE FOLLOGWING VALUES ARE
USED: PRUPQREIGN OF ANNUAL F BEFQOHE SPAWNING: 400
FROPORTTON OF ANNUAL M BEFORE SPAWNING? 400
1972 1973 1974 1475 1978 1977 19738 1979 1940 1941 952 1983
n 2073 4762 3384 4503 4484 763 3206 5786 5562 ot B7e 348
1 -1 ih] 1783 409¢ 2%11 4219 41¢2 455 250t 4907 4769 5999 49
2 1955 5153 t504 34417 2457 3372 3449 534 2086 . 3¢S 5859 4975
3 2612 1480 4389 1271 2471 1944 2645 2447 403 1563 2781 2918
4 8350 2721 1387 36635 1007 2173 1530 1875 1550 277 945 1946
5 t &7 1¢ 1805 1693 2870 709 1716 o 12¢ 6 32 2ne 660
5 9 o] 5242 1376 763 2203 565 1238 73y u3g 684 157
? 44 a 0 3987 1051 367 17 66 418 850G 592 574 462
1 n ] G 0 22833 647 412 1379 279 5385 340 594
e 4 0 4] 0 |4 155¢ 474 inz 1045 1%2 396 215
in n 1] n 0 n 0 1194 33 195 7D © 133 261
11+ n 0 4 o [ [ 0 839 29 1141 1294 {74
TOTAL NO z1nut 22316 2180% 22652 22404 18088 17660 19063 19621 22205 18106 13860
3rs N0 11147 1231¢ 122¢n 11736 10801 10734 10583 4669 7523 . 1948 8591 20%Ss
TOT.RIgN 4654 4526 4673 4555 4145 47103 3950 3582 3234 3613 32t 3241
578 AL0Y 5460 3593 3652 34235 3048 inuy 314k 2163 2301 2428 2238 2421
1984 T 1985 19486 - 1987
i 4995 4035 8956 1]
1 300 4299 3475 ?ga
2 64 244 3483 2965
3 3623 447 1935 2630
4 2194 2507 339 140
5 1313 1461 176y 235
& 448 910 10355 1216
7 17 3006 637 710
3 313 &6 204 433
El 274 222 Sy 140
10 1419 189 152 41
11+ 369 807 428 599
TRTAL NO 14598 15318 12 669
SRS (44 7456 6165 = 495
TOT.RBIOM 4760 27271 2604
- SPS RIOM 2256 2112 1636




Table 6.21 . ;

Lisfrof input varjables tor ;he 1CES prediction preogram,

WHESTERN AACKEREL CATCH PREDICTION : .
"The refarsnee F is the aean F tor the age Jroup range trom 4 to 11

The Auwber of recruits ger year is as folldws:

Year Recruitment
193¢ 2510.40
10 33 2410.90 -
198y . 2581N0.0

Prapartion ot F {fishing aortality) ettective.betnre spawning: <4 0N0
Proportion of # (natural mortality) etfective oefore spawning: «4 000

PAata are printed %n the following units:
Numper ot fish: millions

Weight oy aye yroup in the catch: kilegram
Weight by age yroup in the stoeck: kilogram

Stock Gisnass: thousanda tonnes

Catch wzight: thousand tonnes

e e L e Fommmm— R it D e e T F +
H B : i fishing! naturali maturity! weight int weight ini
i ayel stock size! patterni mortalityi ozivel the catch! the stock!
Fo ot e ————— F o o - e i e ——— b ———— L rp— —————t
; a: 25100 .04 J15d L0 .67 L A0o,
i ' r50.00 061 151 U8 1491 N7
H 2% 2965 01 L1310 J154 .60 L2534 L1560
H b 2o30.01 <181 . 151 =901 3031 244}
H 41 140,73 221 -F54 YT I L2821
H 54 23501 221 2151 £F00 5931 L3301
FI LENE- N A2 154 L9910 TN 2355,
L [ RHN L 22t 51 1.0t 4901 403
N b 438,70 220 L1151 1,004 L5100 L4308
H o1 ATy H 225 #1353 T.001 9561 <4570
I s X 41,1 220 LTS 1,008 L5911 LA
-1+ 599.1 .22 <151 1.0014 . 6301 “545)
b - ————t e ————— o —————— o mm - e ————————— Fmm————— e +

Ly



sffects of difterent Levels of tishing wortality on
catch, stack biowass and spawning stock bDiowass.

WESTERN MACKEREL CATCH PREDICTION

B o e e - —— it i o e A % i e i o - ——— T T Ty —— +

H Year 1987 - H C Year 1988 ’ ! Year 198y !
bmm———— m———— fm——— ———t m———————— fomm i b e ———— B et S +
i fae=i ref.i stock! sp.stocki Mgmb. | ref.il stock! sp.stocikd ! stock! sp.stocki
i tori Fi biomass! ©biomassi catch: opF. Fi piomass., GLiowEssi catehi oiomess! oiowassi
o —— 4 P o + o ————— F o ER LR tmmmm ot e et T —-—-—-——- - B ——————— o m—————— +
LI I 251 247914 15¥51 550 Fmeg ¢} W T80 2289 1311 5051 2504 174514
' H H H i R P A RN o 1778, - 404 222 1671+
H ' £ i H iTs6 H 221 i w521 4811 21551 159214
H H i i i E'high H 354 H 1645 6761 19911 140010
[ S T L L T P T + o — tommmmmt e m—— Gt v S m—— — ————— -t m——mm———— tmmmm———— -t

The data unit of the biomass and the catcn is 17900 tonnes,

. Tne spawning stock biomass s given tor tha tine of spawniny.

The spawning stock biomass Tor 173% has neen calculated with the same f'sshmg mortality as for 1¥RA.
Tae referenre F i35 the mean F for the age group range trom & to 17

at
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Table 8.1 Catch in numbers {'000) and t of the North Sea
MACKEREL stock by quarter in 1986, '

Quarter
Age -
----- ) 1 2 3 4
A - 2 i,149 2,22%
2 2,128 594 5,905 19,868
.3 40 664 639 1,178
4 97 726 1,640 . 2,848
5 161 1,129 ' 2,937 4,033
6 63 - 487 1,386 T 2,315
7 51 234 205 1,360
8 31 132 582 730
9 37 103 451 810
10 59 201 B%3 1,598
11 47 163 543 1,155
12 78 51 764 1,810
13 52 69 539 1,308
14 45 107 395 o 967
15+ : 111 273 1,170 2,662
Sum 3,000 5,035 19,8862 44,869

Tonnes 802 2,483 9,122 19,841




Tablé 8.2 Quarterly mean weight at age (grams} for the
North Sea mackerel stock in 1985.

: Quarter
Age
e 1! 2! 2° 3! 3 4!
1 - 202 R - 157 138 . 218
2 163 250 227 - 288 271 288
3 2%0 404 334 "370 3z 370
4 3e5 -488 367 491 418 465
5 419 453 393 488 447 516
6 397 558 442 . 476 427 ~ 463
7 411 466 534 531 545 525
8 501 6542 598 - 579 533 652
9 559 549" 573 644 - 543 674
10 493 662 675 569 735 640
11 - 619 689 635 712 638 132
12 647 673 775 7186 620 729
13 647 691 ’ 812 731 664 705
14 733 730 712 769 700 - 779
15+ 738 .. 708 . 780 736, - gaz . 793

Welght at age from catches.
Danish and Norwegian research vessel samples from the main
spawning area and Skagerrak. -




Table 8.3 .

-Estimated percentages of each mack-
~erel stock that was present in the
North Sea during each quarter of

1986.
.North Sea stock

age 1 2. 3 4
1 100 100 100 100"
a0 100 100 80
23 80 100 50 70

Western stock

’ Age ' 1 2 3 4.
o] 20 30 30

10 10 50 70

23 10 + 50 70

-+ = less than- 5%.

5}.
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Figure 4.1a Distribution of mackerel fisheries, first quarfer 1986.




. Figuve 4.1b Distribution of mackerel fisheries, second guarber 1986, © -
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Figure 6.1 Fishing mortality at age as input to VP4 and
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