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Report of the Mackerel Workinq Group

INTRODUCTION

1 1 Terms of Reference

At the 12nd Statutory

(C.Res.1984{2:4:2) that

DAnderson) should meet

21 February 1985 to:

Meetinq in Copenhaqen it was decided

the Mackerel workinq Group (Chairman: Dr E

at ICES headquarters from 18 February to

•

i) evaluate data on the rate of mixinq between the North Sea

and Western stock of mackerel in Divisions IIa-Vb, IVa, and

VIa,

ii) assess catch options for the mackerel stocks in Subareas 11,

111, IV, V, VI, VII, and VIII inside safe biological limits

in 1986,

iii) analyse the discrepancy between the egq survey and VPA

estimates of the North Sea stock and review past practice

when makinq assumptions on recruitment levels used in the

forecasts,

iv) specify data required to assess the effect of the closed

area for mackereloff southwest England (Cornish box) in

preparation for the review of the regulations scheduled for

1986.

In addition, the Assessment Working Groups dealinq with North Sea

roundfish, herrinq, industrial species, mackerei, and saithe have
been requested to:

C.M.1985/Assess:1



2 Report of the Mackerel Workinq Group

i) provide quarterly catch at aqe and mean weiqht at aqe data

as input tor the Multispecies VPA tor the period 1974 to

1984 and as tar as possible for earlier years back to 1963

for the North Sea,

ii) evaluate the evidence for natural mortality tor the oldest

aqe qroups,

iii) assess the effects

natural mortality

Group.

of applyinq

calculated by

the estimates of total

the Multispecies Workinq

The Workinq Groups dealinq with saithe and mackerel have also been

requested to:

iv) provide advice to the Multispecies Workinq Group on the

qeoqraphical distribution of mackerel and saithe by aqe

qroup and quarter, and on the proportion of these which

could be predators on the North Sea prey species.

1,2 Participation

E D Anderson (Chairman) USA

E Bakken Norway
A Eltink Netherlands
E Kirkeqaard Denmark

S J Lockwood UK (Enqland & Wales)

J Molloy Ireland

A Saville UK (Scotland)

T WestqArd Norway

The Workinq Group met in

participants:

Copenhaqen with the tollowinq

•

C.M.1985/Assess:7
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Report of the Mackerel Working Group

Mr. K Hoydal, ICES Statistician, also attended the meeting.

2 STOCK DISTRIBUTION AND MIXING

2,1 Reyiew of Information on Stocks

3

•

As a preliminary step to reviewing data on mixing rates, the Work

ing Group had previously agreed to review all available data on

stock identification and mixing. Working documents were presented

on growth characteristics, biological tags, and conventional tag

ging returns.

The conventional tagging data were limited almost entirely to ex

ternal tag returns from releases prior to 1976 (published data

summarised in Working Document by S. Lockwoodl. Only a few

(relative to the total numbersl internal tag returns were included

where reasonably reliable recapture positions were known. As on

earlier occasions, it was accepted that these data indicate two

principal annual migrations. During the spring and summer, there

was a move away from the Celtic Sea northwards, towards Divisions

VIa and northern IVa and eastwards towards Divisions VlId, IVb and

IVc. During autumn, a return migration to the Celtic Sea area was

apparent. The second migration appeared to result in a movement of

fish from the Kattegat, Skagerrak, central and northern North Sea

toward an overwintering area along the Norwegian Rinne. Taken

alone, these data indicated two, well-separated overwintering
areas, one in the northern North Sea and the other in the Celtic
Sea area. Combined with the knowledge that there are also two

major spawning grounds in the Celtic Sea and northern North Sea,
there was apparent, if not conclusive, evidence for two stocks.

C.M.1985/Assess:7



4 Report of the Mackerel Working Group

It had been hoped that a thorough analysis of all the internal

tagging results from Norwegian experiments would have been

presented at this meeting, but it is hoped that such results will

be made available in the future.

Examination of mean length at age in samples taken during spring

off southwest Ireland and southwest Norway, showed a consistent

difference in size (K. SunnanA, Working Doc.). The North Sea fish

were always larger than Celtic Sea fish, except for the O/1-group

fish, which were the same in both areas. Despite these consistent

differences in mean length at age, these data were not accepted as

reliable indicators of stock differences. The earlier spawning

season in, and migrations from, the Celtic Sea area could result

in underestimating mean length at age relative to North Sea fish

sampled at the same time. However, the same bias is unlikely to

occur in measurements of otolith L, in multi-aged samples taken

concurrently from different areas. In this case it is assumed

that the earlier spawning season in the Celtic Sea area will

result in a larger mean LI compared with fish spawned in the North

Sea.

Dawson (1983 and working Doc.) found that, during the spring of

1979 and 1982, the Celtic Sea sample mean L, was significantly

larger than North Sea samples. It was concluded that such differ

ences can only be maintained in a multi-age stock if the two

spawning areas, North Sea and Celtic Sea, are occupied by separate

spawning populations. Thus, these data support the hypothesis that

there are two stock , but the Working Group could not see any

practical application of the method to measure stock mixing.

The cestode, Qrillotia angeli, has been identified as a biological

tag, with characteristic infestation levels in North Sea mackerel
and Celtic Sea mackerel (MacKenzie and Mehl, 1984). Initially,

there were indications that this 'tag' might provide estimates of
mixing rates. Recently the potential value of this 'tag' has
diminished as a much reduced proportion of Celtic Sea fish of year

C.M.198S/Assess:7
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Report of the Mackerel Working Group 5

•

•

classes 1977 and younger are infested with Grillotia. The

nematode, Anisakis, might also be used as a diagnostic stock

character. Results presented by A. Eltink in a Working Document

show that the parasite load is higher in the mackerel from the

central and northern North Sea than in Celtic Sea fish, but it is

doubtful that the differences are sufficient to give reliable

estimates of stock mixing.

Immuno-genetics (tissue typing) have been used successfully for

separating a number of fish species, stocks and races, but it

seems unlikelY that it will help with mackerel stock separation in

the forseeable future. In a review of published and unpublished

data, Jamieson (MS. in prep.) concludes that there is genetic

homogeneity of mackerel throughout the North Atlantic.

Jamieson's conclusion does not conflict with the hypothesis that

the Celtic Sea area and North Sea are occupied by separate

spawning stocks. The weight of evidence currently available

indicates that the stocks are separate, there is no significant

mixing at spawning time, but their separation has not yet been

shown to be genetic. Thus, the working Group decided to continue

with their previous approach to the mackerel assessment, i.e.,

separate assessments will be made for a North Sea stock and for a

Western stock. Where the two stocks are known to mix in Divisions

IIa, northern IVa, and northern VIa, the stock ratios will be

calculated from the frequency of internal tag returns from the

Norwegian releases off Ireland in spring and Norway in summer (see

Section 2.3) .

2.2 Recent Shifts in Distribution

In recent years, the Working Group has been aware of changes in

the seasonal distribution of Western mackerel, some of which have

direct implications on the assessments. These changes have

affected the assessment of the Western stock winter fishery

C.M.1985/Assess:7



6 Report of the Mackerel Workinq Group

(Anon .• 1982) and the distribution of juvenile fish from the

Western stock (Anon., 1984a). Followinq further discussions, the

Workinq Group aqreed that in recent years there has been a pro

qressive chanqe in the overwinterinq distribution of mature fish.

These shifts cannot yet be described in quantitative terms. but,

on the basis of personal knowledqe of and observations by Workinq

Group members, a succession of chanqes related to the main centres

of the winter fishery in recent years was established (Fiqure

2.1). These chanqes have direct implications for the assessments

as they affect the mixinq ratios in northern Division VIa.

The forerunner of the current Western stock winter fishery was the

Cornish handline fishery. Throuqhout the 1950s and early 19605,

this was a summer fishery; in 1966 it continued throuqh the autumn

and on into 1967. This fishery continued as a year round fishery

throuqhout the 19705 and into the early 19805. In the early

19705, Soviet trawlers also beqan fishinq mackerel south of

Cornwall in winter.

By the late 19705, there was a slight westward shift in the main

cent re of the UK winter fishery away from Eddystone Bay to the

area around the Lizard and Land's End peninsula. In this.
period,the fleet fishinq in this area outside UK fishinq limits

chanqed from predominantly non-EEC nations to exclusively EEC

nations.

•

From the late 19705 to the present, there has been a pro- qressive

movement of the main winter fishery westward and northward away

from the area around the Cornish peninsula. In the period 1981- ~
82, the factory trawler fleets worked off the southeast coast of

Ireland and alonq the entire west coast of Ireland. From about
1982 to 1984, the main winter fishinq activity took place between

northwest Ireland and west of the outer Hebrides. Over the last

winter, 1984-85, the main fishinq activity by traWlers and purse

seiners has been to the north and west of Cape Wrath.

C.M.1985/Assess:7
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•

While the greater part of the winter fishery since 1980 has taken

place to the west of the British Isles, some fishing has continued

in the western English Channel. The quantities of fish involved

have been relatively small, and they are distributed much further

south of the Cornish peninsula than was the case in the 1970s.

Thus, in recent years, the winter distribution has reverted to

that observed in the 1950's, as described by Nedelec (1958).

Over the same period that the winter distribution has been chang

ing, there have been changes also in the UK autumn fishery in the

Minches. In the early-to-mid- 1970s, the Minch fishery began in

late summer and continued through the autumn (August-October

inclusive). As the season progressed, the fishery moved from the

north Minch to the south Minch and then out toward Ireland. By

1980, the timing of the fishery was later and restricted almost

entirely to the northern Minch. In the autumn of 1984, there was

effectively no Minch fishery at all. In 1984, as the shoals moved

south from their summer fishing grounds in Divisions IIa and

northern IVa, they followed the edge of the continental shelf and

remained north of about 580 N to the end of the year.

In addition to the changes in the autumn and winter fisheries,

there have been variations in the distribution of the main summer

fishery in recent years (Figure 2.1). By comparison, these vari

ations are less significant than the shift in winter distributions

and, to some extent, they have been influenced by management

measures controlling the southern limit of Norwegian fishing

effort. In common with the other shifts, however, these varia

tions have implications for the assessments as they affect the

mixing rates between the stocks.

With significant changes in seasonal distributions, it is clear

that the stock mixing ratios for each season's fishery must be

calculated on an annual basis. Furthermore, while the methods

adopted to calculate the mixing ratios must be consistent from

C.M.1985/Asses"s:7



8 Report of the Mackerel Working Group

year to year, it is clear that the calculated mixing rates may

vary considerably. In Divisions IIa and IVa, these variations may

possibly fluctuate year by year, but the pattern of change in

Division VIa described above suggests that large fluctuations

there are less likely than gradual change. Prior to 1980. the

Working Group estimated that much higher percentages of overw

intering fish in northern Division VIa were North Sea stock.

whereas now there is about 10 percent. This change may be

accounted for in part by the shift in the winter distribution of

Western fish.

At present, the Working Group has no firm evidence to suggest that

there has been any significant change in the annual migration path

nor a shift in the spawning distributions of either stock. The

distributions found in 1977, 1980, and 1983 were all the same,

differing only in total egg production. However. the possibility

of shifts in spawning distributions cannot be overlooked and will

be drawn to the attention of the ~ ~ Working Group on Mackerel

Egg Surveys by the Chairman (Dr S J Lockwood).

It has already been recorded that in recent years there has been a

shift in the distribution of Western stock juveniles (1 and 2 year

olds) towards Division VIa (Anon., 1984a). This shift appears to

be well established now. It can be demonstrated by comparing the

ratios of Division VIa and Western stock catches of juveniles with

the ratios of Division VIa and Western stock total catches (Table

2.1 and Figure 2.2).

•

As the proportion of the total Western stock catch taken in ~

Division VIa increased, there has been a tendency for the catch of

juveniles to increase proportionately. In 1982, however. there
was a dramatic change and the proportion of juvenile fish caught
in Division VIa increased at a relatively higher rate than the

increase in total catch taken in Division VIa. This new trend was

maintained in 1983 and 1984 despite the weak 1982 and 1983 year
classes.

C.M.1985/Assess:7



Report of the Mackerel Working Group 9

•

The evidence for a northward shift in the distribution of juvenile

fish is further reinforced by the recorded catch of 0.5 x 106 0

group mackerel from Division VIa (Table 4.3). O-group catches of

this magnitude are without precedent in this Division.

2.3 Allocation of Catches to Stocks in Pivisions IIa, IVa and vIa

As in 1983, the Norwegian tagging data were the only data avail

able to the Working Group on which to base a quantitative estimate

of mixing ratios. The data are given in Table 2.2 as numbers of

tagged mackerel released and tags returned.

Calculations of mixing ratios were carried out as in previous

years. It was assumed that mackerel tagged southwest of Ireland

and off southern Norway were 'pure' Western and North Sea stock,

respectively, and that the tagged fish were distributed randomly

within each stock. Fish tagged in the year of return were excluded

from the calculations.

The proportion of mackerel from the North Sea stock in the various

fisheries was calculated as follows:

r NS NNS
nNS mNSp nNS + ~ r NS ~S r w ~+

~S mIR

NS and W

n

r

m
N

indicate North Sea and Western stock, respectively

number of mackerel present in the area

number of tags returned

number of mackerel tagged

stock size.

C.M.1985/Assess:7



10 Report of the Mackerel working Group

Stock size numbers were taken from the VPA tables in the previous

report (Anon., 1984a) as age 3 and older at 1 January 1984 (no. x

10- 6
) :

2.3.1 Pivision IIa

North Sea stock

Western stock

533.4

7,403.5

•
Notwithstanding the omission of current year's releases from the

assessment. it is worth noting that 8 mackerel tagged off Ireland

in May 1984 were recaptured in Division IIa in the July-August

fishery (Table 2.2). On the basis of the equation above. the

proportion, P. of mackerel from the North Sea stock in catches

from Division IIa was calculated to have been 0.10. This propor

tion is somewhat higher than that estimated for the 1983 catches

(p 0.06), but equal to the value of 0.10 decided by the Working

Group to be applied for each of the years 1981, 1982 and 1983.

The Working Group decided to apply the value of 0.10 for the North

Sea stock component in the Division IIa catches in 1984. This

proportion was used for the estimated catch in number of age 3 and

older. All fish of age 1 and 2 were assumed to be from the North

Sea stock.

A catch of 920 tonnes was taken in Division Vb in 1984. This catch

was split by stock applying p = 0.10 as used for Division IIa.

2.3.2 Division IVa

In 1984, 12 tags were returned from a fishery in August-September

in the northeastern part of Division IVa. Uncertainties exist

about the fishing locations of some of the recaptures. but the

C.M.1985/Assess:7



Ueport of the Mackerel working Group 11

calculated proportion of North Sea mackerel, 0.07, seemed

representative of catches taken north of 59
0

N. The estimate was

based on a low number of tags, but shifts in the Norwegian fishery

during July-October 1984 indicated amigration of mackerel from an

area at about 640 N southwards into the northeastern part of the

North Sea. Hence, the estimated proportion just north and south of

the Sub-area border at 620 N latitude should be similar. A set of

age distributions from Division IIa and the northern part of Divi

sion lVa in 1983 and 1984 also seemed to indicate similarities be

tween the two fishing areas in 1984, in contrast to 1983.

The Working Group decided to apply the proportion 0.10 to catches

taken in Division lVa north of 59 0 N. The catch in this area was

3,000 tonnes. The rest of the catch in Division IVa, 26,482

tonnes, was mainly taken in the southern part, nearer Division

IVb, and this catch was assumed to be all North Sea stock.

Catches taken in Division lVa by Norway in a coastal fishery by

gill nets and hook and line in MaY-October and all catches from

Division lIla were assumed to be entirely North Sea mackerel as in

previous years.

For 1981-83, all catches in Division IVa were assumed to be 100\

North Sea stock, since the bulk of the catch was taken in the

southern part close to Division IVb where mixing would not be

expected.

2,3 3 Diyision VIa

As in previous years, mixing of the two stocks in Division VIa was

assumed to occur only in the area north of 580 N in the periods
January-March and October-December.

C.M.1985/Assess:7



12 Report of the Mackerel Workinq Group

Tag recaptures from three fisheries in this area were available a)

by Scotland, first quarter, b) by Scotland, fourth quarter and c)

by Norway,fourth quarter (Table 2.2). The followinq proportions

of North Sea mackerel were estimated:

a) 0.10,

b) 0.09,

c) 0.12,

a+b+c) 0.11.

The Workinq Group decided to apply a rounded value of 0.10 for the

catches of mackerel 3 years and older as was used for the 1983
catches.

All age 1 and 2 fish and catches taken in the 2nd and 3rd quarters

together with catches taken south of 580 N in Division VIa were

assumed to be from the Western stock.

3 NORTH SEA AND NORWEGIAN SEA AREAS

3 1 The Fishery in 1984

Total landings for 1975-84 by countries are shown in Table 3.1 for

the North Sea, Skaqerrak and Kattegat (Sub-area IV and Division

lIla) and in Table 3.2 for the Norwegian Sea (Division lla). The

catch in 1983 was revised accordinq to updated

recorded catch was increased by 4,617 tonnes
Division lIla and by 74 tonnes in Division IIa.

C.M.1985/Assess:7
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Report of the Mackerel Workinq Group 13

•

ACFM had recommended that •... fishinq in the North Sea should be

closed ... • in 1984, but the EEC and Norway aqreed to a TAC of

31,300 tonnes for the two parties in Sub-area IV and Division

lIla. It was also accepted that Sweden continued its traditional

fishery in Division lIla.

The total landinqs from these areas were 39,300 tonnes, of which

70' was taken by Norway and 25' by Denmark.

The catch in Division IIa in 1984 was 94,000 tonnes, nearly twice

that of 1983 and the hiqhest catch on record. Norway took 88\ of

the total. The record catch was due to increased Norweqian

landinqs resulting from some national fisheries restrictions of

earlier years being lifted and from mackerel occurring closer to

the coast. There is no aqreed TAC for Division lIla.

About 900 tonnes were reported from Division Vb, and this was

included in Table 3.2.

The . quarterlY distribution of the catches by Sub-areas and

Divisions is shown in Table 3.3. The total catch of the North Sea

stock in 1984 was estimated at about 72,400 tonnes (Table 3.5).

3.2 Catch in Numbers

3.2.1 1984 data

As in 1983, Danish vessels fishing in Division IIa occupied the

same area and time period as the Norwegian fleet; consequently,

Danish catches were allocated into numbers at age using Norwegian

data. There was a minor Soviet catch in the area which was also
divided into numbers using Norweqian data.

C.M.1985/Assess:7



14 Report of the Mackerel working Group

In Division lIla, the Swedish catch was allocated into quarters of

the year using the combined Norwegian and Danish data. The Swedish

catch was allocated to age groups in the 2nd quarter using

Norwegian data and in the 3rd quarter using combined Norwegian and

Danish data.

In Division IVa, the catches from the Netherlands, England and

Scotland were split into age groups using Danish data. Division ~

IVa was split into Division IVa north and Division IVa south of ~

590 N, and 1,500 tonnes of the Norwegian catch and 500 tonnes of

the Danish catch were taken in Division IVa north. The mackerel

taken in Division IVa north were assumed to be of the same age

composition as those taken in Division IIa in the same time

period.

In Division IVb, the catch taken by' the Federal Republic of

Germany was allocated to age groups in the 2nd quarter using

samples from the Netherlands and in the 3rd quarter using Danish

samples. Ninety percent of the combined Division IVb+c Danish

catch was estimated to have been taken in Division IVb.

The Belgian and Danish catches in Division IVc were allocated to

age groups using Dutch data.

In Division Vb in the 3rd quarter of the year, there were catches

taken by the Faroes, Denmark and USSR. These catches were

considered to have the same age distribution as the catches taken

in Division IIa in the 3rd quarter.

The catch at age in Sub-area IV and Divisions IIa, lIla, and Vb is

shown in Table 3.4.

The estimation of the age composition of the Division VIa catch is

given in Section 4.3.1, and the proportions of the part of it
taken north of 580 N durinq the winter fishery allocated to the
North Sea stock is described in Section 2.3.3.

C.M.1985/Assess:7
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3.2.2 Revision of the 1983 data

15

In Division VIa in 1983, the Faroese data were revised upwards by

5,506 tonnes, 10\ of which was allocated to the North Sea stock

with an age distribution equal to the Norwegian catch in that

area.

3.2.3 Weight at age

The changes

fisheries in

weights at

assessments.

compare them

in the distribution of the North Sea mackerel

the last year are likely to have changed the mean

age in the catches compared to those used in previous

It was decided to estimate new values for 1984 and

with the values used,in previous years.

The estimated mean weights at age for each division and quarter of

1984 provided by Ireland (VIa), Scotland (IVa and VIa), the

Netherlands (IVb, IVc and VIa), Norway (IIa, lIla, IVa and VIa)

and Denmark (lIla, IVa and IVb) were used. The values for each

age group were weighted by the catches in number taken by the

different countries to provide quarterly mean weights at age. The

quarterly mean weights at age were weighted by the catch in number.

taken in that quarter at each age to estimate annual mean weights

at age. The values are given in the text table below together with

the values used in previous years. A sum of products check on

these data indicates that the new estimates are a better

represention of the mean weights at age in the catch in 1984 than

are the previous values.

C.M.1985/Assess:7



16 Report of the Mackerel workinq Group

Mean weights at age (kgl

Catch Catch

{New (Previous

Age values) values)

1 .178 .245

2 .334 .329

3 .383 .363

4 .398 .392

5 .425 .438

6 .489 .455

7 .577 .520

8 .553 .580

Catch Catch

{New (Previous

Age values) values)

9 .633 .585

10 .657 .610

11 .653 .635

12 .682 .655

13 .662 .670

14 .727 .675

15+ .755 .685

Catch SOP New values SOP Previous values

(tonnes) (tonnes) (tonnes)

72 375 72 018 69 598

Mean weights at age of the stock on 1 January and at the time of

spawning were unchanged from those used in last year's assessment.

3 2 4 Spawning stock biomass estimate from the egg suryey in 1984

The egg survey in the North Sea in 1984 was more extensive than

earlier surveys. Five vessels from four countries participated
occupyinq a total of 627 plankton stations durinq six surveys.
Based on the surveys. two separate eqq production estimates were

C.M.1985/Assess:7
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•

presented to the Working Group. The estimates were in good

agreement and' it was decided to use an egg production estimate of

88.5 x 1012 eggs giving a spawning stock estimate of 133,000

tonnes. The estimates given to the working Group were preliminary

and a full report from the survey will be presented to a meeting

in Lowestoft later this year (C.Res. 1984/2:11). After that

meeting, it is possible that the egg survey estimate may be

modified. The 1984 egg production estimate is abo~t half of the

1983 estimate, but given that the 95\ confidence limits are about

±30\, this does not necessarily imply a 50\ decrease in the

spawning stock biomass.

3.2 5 Exploitation pattern

A separable virtual population analysis (SVPA) (Pope and Shepherd,

1982; Anon., 1983) was used, as in last year's analysis

(Anon., 1984a), to estimate the exploitation pattern of the

fishery on the North Sea stock. A data set of ages 2-13 during

1977-84, a terminal F reference age of 3 years, and a terminal S

of 1.80 at age 13 were used as the basis for estimating the

exploitation pattern. The value for S of 1.80 was chosen to level

out the exploitation pattern on ages 8 and older. This value is

considerably higher than that used in the previous assessment

(Anon., 1984a), but was considered by the Working Group to be a

more accurate characterisation of the data.

The coefficient of variation (CV) of the log catch data was 24\

and only ten (13\) of the 77 log catch ratio residuals in the data

set were in excess of the.recommended level of 2 loge (1 + CV/100)

(Table 3.6). The only consistent pattern exhibited by the
excessive residuals was for the weak 1977 year class, which can be
explained by normal sampling errors in assigning catch in numbers
to this year class.
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The exploitation pattern at ages 1-14 in 1984 from the extended

analysis of the SVPA (using terminal populations option) was used

to factor the terminal F in 1984 for the conventional VPA, as this

pattern provides the best fit to the 1984 catch data.

Age 1 2 3 4 5 6 7

5 0.00 0.35 1.00 1.07 1. 48 1.54 2.69

Age 8 9 10 11 12 13 14

5 1. 88 1.48 1.67 1. 66 2.52 1.82 1.59

These results indicate full recruitment to the fishery at about

age 5 in 1984 with a fluctuating pattern at ages 5-14. This

constitutes a slight change from the previous assessment of this

stock (Anon., 1984a) where 100' recruitment was estimated from

SVPA to have occurred at age 4 in 1983.

3,2,6 Fishinq mortality and stock size

A VPA for the North Sea stock was made using the same maturity

ogive and mean weight at age of the spawning stock at the time of

spawning (Table 3.11) as used in the 1984 assessment (Anon.,

1984a). The exploitation pattern for the terminal year (Section

3.2.5) and the input F values for the oldest true age group (14

years) in years prior to 1984 were obtained from the extended

analysis of the final SVPA run.
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None of the egg survey estimates of spawning stock biomass in

1982, 1983 and 1984 were considered to be more reliable than the

others. Therefore, the terminal F values for 1984 were adjusted

50 that the sum of squares of the percent deviation between the

spawning stock estimates determined from the VPA and those based

on egg surveys (190,000, 240,000 and 133,000 tonnes, respectively)

was minimized. In this way, each egg survey estimate was given

approximately equal weighting in estimating the 1984 F. This

resulted in substantially lower spawning stock estimates in 1982

and 1983 than in the VPA in the previous report (Anon., 1984a).

The estimates of the spawning stock biomass from the VPA and the

egg surveys in 1982, 1983 and 1984 are shown in Figure 3.1. The

confidence limits of the spawning stock estimates are at least

±30% which is the approximate 95% confidence limits of the egg

production estimates (Iversen and WestgArd, 1984). It is seen

from Figure 3.1 that all the VPA spawning stock estimates are

within these confidence limits.

The results of the VPA for 1969-84 are given in Tables 3.7 - 3.9

and Figure 3.2. The F3- 13 for 1984 was 0.51 compared to 0.29 in

1983, nearly an 80% increase in fishing mortality. The 1984 F3- 13
was the highest observed since 1969. F values in virtually all

years have been in excess of F
O

.
1

= 0.17. spawning stock biomass

at the time of spawning in 1984 was estimated to be about 159,000

tonnes in the VPA, compared to 133,000 tonnes based on egg survey

results. Results of the VPA indicated that spawning stock biomass

was fairly stable during 1982-84 at an average of 163,000 tonnes.

However, spawning stock biomass has undergone an 87% decline from

arecent high of 1.2 million tonnes in 1973. Table 3.10 indicates

the level of consistency of recent assessments of the North Sea

mackerel stock. Estimates of both Fand stock biomass in given
years from different assessments have fluctuated primarily because
the VPA each year was 'tuned' to a new egq survey estimate of

spawninq stock biomass. As indicated above, these estimates have

been characterised by rather wide confidence limits. In contrast
to previous assessments, the present VPA was 'tuned' taking into
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account three consecutive egg survey estimates. If this practice

is continued in future assessments, there is likelY to be greater

consistency with the 1985 results than with those in preceding

years.

3.2.7 Recruitment

The number of recruits at age 1 estimated from VPA is given in ~
Table 3.9 and Figure 3.2. Catches of 1-year-olds have declined

since 1981 (1980 year class) and, in 1984, very few 1-year-olds

occurred in the catches (Table 3.5). The number of 2-year-olds was

also very low, and they accounted for only 2' of the total catch

in number, compared to about 15' in 1982 and 1983. This indicates

that both the 1983 and the 1982 year classes are very poor.

Records of landings of young mackerel from fjord areas of southern

Norway have been shown to give some indication of year-class

strength (Anon., 1982). Data from the fishery in 1983 and 1984

indicate that the 1983 year class is very weak, while the 1982

year class, on the basis of these data, might seem somewhat

stronger.

Data from the International Young Fish Survey (IYFS) have been

shown to be of little value as an indicator of year-class

strength, except for the extremely strong year classes. The

Working Group examined the available IYFS data and concluded that

they could not be used to assess recruitment for the recent years.

A young fish survey in the German Bight area has been carried out
annually by the Netherlands in october-November since 1980 using a
GOV-trawl. Mackerel <20cm in length, assumed to be O-group, were

caught only in the 1984 survey. This could indicate that the 1984
year class was stronger than the preceding ones. The surveys,
however, failed to indicate the 1980 and 1981 year classes to be

abundant, although catch data (VPA) now show them to be the
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strongest in recent years. Furthermore, the 1984 year class did

not appear in industrial catches from the North Sea. For these

reasons, the Workinq Group concluded that the 1984 year class must

be considered minimal for the purpose of calculatinq stock

prognoses (Section 3.3).

3.3 Forecasts for the North Sea Stock

3.3.1 Exploitation pattern

The average exploitation pattern determined by the SVPA for the

per iod 1977-84 was adopted for the catch and stock forecasts and

the yield-per-recruit analysis. This pattern indicated 100\

recruitment to the fishery at ages 8 and older (Table 3.11),

compared to 100\ recruitment at ages 5 and older in 1984 (see

Section 3.2.5). The pattern assumed in the present forecast was

considered by the Working Group to be more appropriate than that

used previously. The change was primarily the result of selecting

a higher terminal S at age 13 in the present SVPA (1.80) than in

the previous SVPA (1.00).

3.3.2 Recruitment for the stock proqnosis

Indices of recruitment were discussed in Section 3.2.7. It was

concluded that both the 1983 and the 1984 year classes should be

considered weak. It was, therefore, decided to carry out the

prognosis assuming a strength of 20 x 106 fish at age 1 for the
1983 and 1984 year classes. considering the pattern of generally
poor recruitment in recent years,the same assumption was made for

the 1985 and 1986 year classes. The recruitment level used is

equivalent to the strength of the 1978 year class, the poorest

year class on record (and also equal to the 1982 year class as
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estimated by the current VPA).

3.3,3 Catch and stock predictions

The input parameters for the catch forecasts of the North Sea

stock are given in Table 3.11.

The weights at age in the catch were obtained smoothing the ...

observed 1984 values given in Section 3.2.3. The maturity oqive

as well as the weights at age in the stock and at time of spawninq

were those used in the previous assessment (Anon., 1984a). The

stock size in numbers in 1985 was obtained from the VPA (Table

3.9), except the number of 2-year-olds (1983 year class) which was

estimated assuminq a recruitment at age 1 of 20 x 106 fish and no

catch in 1984.

A catch of 75,000 tonnes of mackerel from the North Sea stock in

1985 was used in the forecasts. This value was based on

information on catch quotas agreed to by the EEC and Norway, and

on assumed ratios of stock mixinq in Divisions IIa and VIa equal

to those applied to catches in 1984. It was further assumed that

catches in Division IIa in 1985 would remain at the 1984 level,

and that about 20,000 tonnes of North Sea mackerel would be caught

in Division VIa durinq the winter of 1985. On this basis, the

estimated catch of North Sea stock mackerel was:

Division IIa 9,500 tonnes

Divisions lIla + IVa-c 45,500 tonnes

Division VIa 20,000 tonnes

Total 75,000 tonnes
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Table 3.12 shows aseries of stock and catch predictions for 1985

87.

The estimated catch of 75,000 tonnes in 1985 results in a total

stock biomass in 1985 of 94,000 tonnes and in 1986 of 22,000

tonnes.

A continued fishery in 1986 to yield a catch of 75,000 tonnes is

obviously impossible. Maintaininq F at the 1985 level of about

1.35 will brinq the stock very near the point of extinction. Even

an Fes value equal to F
O

•
l

(0.17) would result in a further

decline in the stock biomass. No fishinq on North Sea mackerel in

1986 miqht result in a biomass of 34 000 tonnes at 1 January 1987,

a sliqht increase from 1986.

From the forecast, it is clear that the only way the North Sea

mackerel stock can be preserved is by closinq the fishery or by

havinq recruitment that will be substantially hiqher than assumed.

4 WESTERN AREA

4.1 The Fishery in 1984 (Sub-areas yI. VII. and YIII>

The landinqs by each country are shown in Table 4.1 for the 10

year period 1975-84. The fiqures for 1984 are preliminary and the

1983 fiqures have been revised resultinq in a decrease of

approximatelY 20,000 tonnes for the year. This revision was mainly

caused by a reduction in the catches attributed to N.Ireland. The
total landinqs for 1984 were approximately 482,000 tonnes includ-
inq a provisional estimate of 12,500 and 15,000 tonnes for France

and Spain, neither of which supplied data to the Workinq Group.

This annual total represents a decrease of about 77,300 tonnes

(13~) from 1983 and is the lowest landinq fiqure since 1977. Table
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4.1 also shows the estimated amount of mackerel which was cauqht

but subsequently discarded. This fiqure is about the same as in

1983. Aqain, as in recent years, considerable quantities of

mackerel (about 13\ of the total landed catch) could not be

attributed to any country and were considered as unallocated.

Considerable decreases took place in the catches of most of the

countries involved in the fishery, particularly in the catches of

Denmark, Federal Republic of Germany, Ireland, Netherlands and the ~
UK (Enqland & Wales). On the other hand, substantial increases

were recorded in the catches of Norway and the UK (Scotland).

These chanqes appear to have been caused by increased enforcement

measures toqether with a chanqe in the distribution of the fishery

(see Section 2.2).

The catches by Sub-areas are shown in Table 4.2. Over 60\ of the

total catches were taken in Division VIa, and the importance of

the fishery in this area has increased consistently each year

since 1976 when it amounted to only 12\ of the total.

The distribution of the catches by sub-area and quarters is shown

in Table 3.3.

The quarterly catches in Division VIa were aqain divided into

catches taken north and south of 58
0

N in order to qive an

indication of the importance of the North Rona fishery. Catches in

this area durinq 1984 amounted to over 273,000 tonnes which is

about 89\ of the total catch from Division VIa. The correspondinq

fiqure for 1983 was about 53\. About 93\ of the total catch taken

in the northern part of Division VIa was taken in the fourth quar

ter, while over 86\ of the catch in the southern part of the

Division was taken in the first and second quarters. The
quarterly catches taken in Sub-area VII indicate that only about

7\ was taken in the fourth quarter compared with 27\ in 1983, this
reduction beinq the result of the decrease in the fishery off
Cornwall.
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4.2 Discarded Catches and Unallocated Landings in the Western Area

Fisheries

As reported in 1984, discarding no longer appears to be the

problem that it was 6 years earlier. Factors contributing to this

improvement include the shift of the winter fishery away from the

area around the Cornish peninsula, and the lifting of UK

individual boat quota restrictions in the latter part of 1984.

Inevitably there is still some discarding associated with vessel

processing at sea, but this was thought to represent less than

2.5\ of the total Western area landings. An estimate of total

discards was included in the assessment.

Just as there has been a reduction in the level of discarding,

there has also been a reduction in the 'unallocated' catches. The

total of 62,900 tonnes 'unallocated' represents 13\ of the Western

area landings Ca reduction of 4\ from 1983). Most of this mackerel

was misreported as horse mackerel.

4.3 Catch in Numbers

4 3 1984 data

Diyision VIa

The catches taken in Division VIa in 1984 by Ireland, Netherlands,
Federal Republic of Germany, Norway and Scotland were sampled for

age. The catches by these countries amounted to 95\ of the total

international catch in this Division. Of the remaining catches,

those by the Faroe Islands were raised using Norwegian data and
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those by Northern .Ireland were raised using data from Ireland

during the relevant periods. As in 1983, all age 1-2 fish were

allocated to the Western stock and 10\ of all older age groups

caught north of 580 N during the first and fourth quarters were

allocated to the North Sea stock (see Section 2.3.3.).

In contrast to 1982 and 1983, the number of land 2- year-old fish

in the catches was low. However, this probably reflects the

weakness of these year classes. The catch in numbers at age in ~

1984 in the Division is shown in Table 4.3. and those allocated

to the Western stock are given in Table 4.4. Discards were

estimated to account for less than 1\ of the total.

Diyisions Vlla-c

Number-at-age data were supplied by Ireland and the Netherlands.

These two nations accounted for over 99\ of the total catch

reported. The small English catch in the Irish Sea was allocated

to age groups using age distribution data from an English research

vessel survey. The catch in numbers at age from these Divisions in

1984 is shown in Tables 4.3 and 4.4.

It was estimated that about 4\ of the total catch of 66 x 106 fish

was discarded.

Diyisions Vlld-k

Numbers at age were supplied by England, the Netherlands, Ireland

and the Federal Republic of Germany. These catches accounted for

95\ of the total in these Divisions. The age distribution of the

English first quarter catch was applied to the Danish catches in
Division VIld+e. The age distribution of the Dutch fourth quarter

catch in Division VlId was applied to English catches in that

quarter. The assumed French catches taken in Divisions VIld-k

during the whole year were allocated to age groups using the com

bined 1984 age distribution from the other countries in Divisions
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The catch in numbers at aqe from these Divisions in 1984 is shown

in Tables 4.3 and 4.4.

Discards were estimated to account for about 7\ of the total catch

of 597 x 10
6

fish.

Diyisions VIlla-c

No data were supplied for these areas.

The assumed French and Spanish catches taken in Divisions VlIIa-c

durinq the whole year were allocated to aqe groups usinq the

annual age distribution from Divisions Vlld-k. The assumed catch

in numbers at age for these Divisions is shown in Tables 4.3 and

4.4.

Nothinq is known about discardinq in these Divisions.

4.3.2 Reyision of the 1983 data

The catch in weight taken in Division VIa north of 580 N durinq the
winter of 1983 was increased by approximately 5,400 tannes because

of an unallocated catch which was not included in last year's

data. In addition, the catch taken in Division VIa by Northern

Ireland in 1983 was revised downwards from 18,400 tannes to 810

tannes. The corrected catch in numbers at age for the Western

stock in 1983 is included in Table 4.7.
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4.3.3 Splitting of the 10+ age group into 10 and 11+

At its 1984 meeting, the Working Group agreed to provide age

compositions for the Western stock to age 15+ (Anon., 1984a). Age

compositions determined for 1984 catches at this meeting were to

age 15+, but most countries did not bring sufficient data to

permit the extension of ages beyond 10+ in previous years. It was

therefore decided to extend the catch in numbers at age only to

11+ this· year and to extend it further next year towards the ob- ~

jective of 15+.

previously, only catches from 1979 to 1983 were assigned ages to

10+. The catch in numbers of these 10+ age groups was split into

10 and 11+ age groups using the ratio between the 9 and 10+ age

groups of the previous year. The resulting 10 and 11+ age

compositions for 1979-83 were in close agreement with actual age

compositions of catches from Ireland, England and the Netherlands

in the respective years.

4.3.4 weight at age

Mean weights at age in the stock at spawning time were estimated

for 1984 by usinq sampIes from Dutch commercial freezer trawlers

in Division Vllj in March, April and May, from an English research

vessel in Division Vllj+h in March and from the Irish commercial

fishery in Division Vllj in April. These data were smoothed by

fitting a curve by eye and rounding them to the nearest 5 grammes

(Table 4.11).

Those countries which supplied aqe compositions of the catches in
1984 also supplied mean weiqhts at aqe for those catches. weiqhted

(by catch in numbers) mean weights at age were determined from all

the catches from the Western stock. These are shown in Table 4.11.

The sum of products (SOP) and the actual catch for 1984 differed
by less than 1\.
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These new stock and catch mean weights at age were used in the

predictions for 1985 and 1986.

4,3,5 Maturity at age

It is 5 years since the maturity ogive currently in use was

formulated. Recent studies of mackerel maturation question some

of the detail (Eltink, 1984). It was not possible to construct a

new maturity ogive at this meeting. Therefore, this Working Group

requests the Mackerel Egg Production Workshop, which will meet in

June 1985, to examine the data from those countries which have

fisheries on the spawning grounds and in juvenile areas. It is

important that these maturity data should be examined by sex, age,

month and Divisions.

4,4 Assessment of the Western Stock

4.4 1 Spawnjng stock biomass estimates from plankton suryeys

Studies of the mackerel spawning in the Celtic Sea continued in

1984 but were limited in time and area. The most recent spawning

stock estimate is still that made following the international

survey undertaken in 1983: 6 985 x 106 mature fish IAnon., 1984b).

The estimate for 1980 was 7 310 x 106 mature fish.

4.4.2 Catch per unit effort from the Cornjsh handline fishery

In the third quarter of each year, there is a small handline

fishery for mackerel in the coastal waters around Cornwall. Over

the period 1976 to 1984, the annual catch in the fishery has been
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between 500 and 1,500 tonnes. In 1984, catch-per-unit effort data

from the fishery were used to estimate terminal F
2

-
10

for running

a VPA, which was in close agreement with the VPA 'tuned' to the

1983 egg survey stock estimate (Anon., 1984a). Total international

effort on the Western stock was estimated from the stock catch and

cpue series (Table 4.5). A first fit estimate of F
2

-
10

for 1984

was made with a functional linear regression of F2- 10 for 1973

1983 (taken from Anon., 1984a) against the international effort

(Figure 4.1A). An iterative procedure was then followed running ...

SVPAs to derive an exploitation pattern for a new VPA from which

F2- 10 values were taken for a new regression. This iteration was

continued until convergence was achieved between the regression

estimate of F2- 10 for 1984 and the terminal F value used in VPA.
This final set of values is given in Table 4.5 and the regression

shown in Figure 4.18. The VPA from which these F values was taken

calculated a spawning stock in number for 1983 of 9,255 x 106
,

about 32\ higher than the most recent egg survey estimate (6,985 x
106

) •

When this method was used in 1984, it estimated a spawning stock

size in 1983 only 10\ greater than the egg survey method. There

was no obvious reason why the results obtained this year differed

so much. In the light of shifts in Western stock distribution,

described earlier, it may be that the apparent relationship found

last year was purely fortuitous. Clearly, further study of the

stock relationships and these cpue data is necessary before they

can be used with confidence for estimating terminal F values.

4,4.3 Exploitation pattern

SVPA was used to estimate the exploitation pattern of the fishery

on the Western mackerel stock. A data set of ages 1-10 during
1978-84, a terminal F reference age of 3 years, and a terminal 5
of 0.80 at aqe 10 were found to be the most suitable for esti
mating the exploitation pattern. The coefficient of variation
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(CV) of the log catch data was 16\ and only five (9\) of the 54

log catch ratio residuals in the data set were in excess of the

recommended levelof 2 loge (1 + CV/100) (Table 4.6). The exces

sive residuals occurred at the youngest and oldest ages in the

data set. but followed no specific pattern and suggested no

problems with the catch in numbers at age.

The exploitation pattern at ages 1-10

analysis of the SVPA (using terminal

to factor the terminal F for 1984 for

this pattern provides the best fit to

in 1984 from the extended

populations option) was used

the conventional VPA, as

the 1984 catch data:

Age 1 2 3 4 5 6 7 8 9 10

S 0.31 0.71 1.00 0.89 0.68 0.61 0.90 0.51 0.50 0.57

These results indicated a dome-shaped exploitation pattern in 1984

with a maximum (100\ recruitment) at age 3 followed by a decline

to a relatively stable level at ages 8 and older at around 50\ of

the maximum. The exploitation pattern assumed for 1983 in the

previous assessment (Anon., 1984a) indicated the same basic pat

tern as above. but with a maximum at age 2 instead of age 3. This

relatively minor change probably reflects natural changes, but it

may also reflect management measures in Divisions VIIe+f.

... 4,4,4 Fishinq mortality and stock size

A conventional VPA was run using the output of the separable VPA

(see Section 4.4.3) as input for the F values at the oldest true
age (10) during 1977-83 and for the F values at ages 1-10 in 1984.

The F values in 1984 were adjusted according to the pattern
estimated by the SVPA by trial and error until they produced a
spawning stock size at spawning time in 1983 equivalent to that
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survey in 1983 (6 985 x 106
).

compared to 0.23 in 1983

highest observed to date in

values du ring 1979-84 have

calculated from results of the egg

The result was F3 - 10 = 0.26 in 1984

(Table 4.8). The 1984 F3 - 10 was the

the Western stock (1972-84). All F3 - 10
eKceeded FO. 1

Results of the VPA for 1972-84 are given in Tables 4.7-4.9 and

Figure 4.2. The estimated spawning stock size at spawning time in

1984 was 5,502 x 10
6

fish, a 21\ decrease from 1983. Spawninq ~
stock biomass has undergone a fairly steady decline from about 3.9 '

million tonnes in 1973 to an estimated 1.8 million tonnes in 1984,

the lowest level on record. The decrease since 1978 amounted to

44\.

The spawning stock size calculated for 1980 by the VPA was only 6\

higher, than that estimated by the egg survey in that year, easily

within the likely confidence interval of the survey estimate. In

addition, the 1977 spawning stock estimate from the VPA was only

5\ lower than the estimate based on the egg survey that year.

The consistency of this assessment with those of past years is

indicated in Table 4.10. The estimates of Fand stock biomass for
recent years (1981-84) from the last several assessments (1982-85)

have been quite consistent mainly because they have all (except

for the 1982 assessment) been tuned to the results of the 1983 egg

survey estimate. The greatest change between the current results

and those from the 1984 assessment pertained to 1981.

The F
3

-
10

in was 18\ higher in the 1985 (current) assessment than

in the 1984 assessment. This was due mainly to the splitting of

the large catch in number at the 10+ aqe group in 1981 to 10 and
11+ age qroups. Results of the SVPA in the previous assessment
(Anon., 1984a) had implied an F of 0.17 at the 10+ qroup in 1981.

current results of the SVPA implied an F of 0.27 at the 10 and 11+

qroups in 1981. This increase in F resulted in a reduction in

stock size and biomass at those ages which accounted for nearly

•
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70\ of the difference in stock biomass estimates in 1981 between

the 1984 and 1985 assessments.

4.4.5 Recruitment

As noted on earlier occasions, there are no established data or

criteria for quantifying recruitment levels in the Western

mackerel stock. The absence of O-qroup mackerel from research

vessel sampIes collected from Divisions Vlld-k and Vllla,b,c

during November-December 1982 and 1983 was interpreted as

indicatinq very weak year classes (Anon, 1984a). These year

classes continue to be noticeable for their relative absence from

the catches, which suqqests that the research vessel observations

are reliable "presence" or "absence" indicators at least. On this

basis, the 1984 year class is "present". In December 1984, O-qroup

mackerel were widely distributed in Divisions Vlle,h,k and

Vllla,b. They were not recorded in Divisions Vllq,j. However, '0

qroup mackerel were recorded in appreciable numbers (0.5 x 106 ) in
the commercial catches from Division VIa. This has not happened

before, even when total catch tonnaqes in that Division were

hiqher.

without knowinq the absolute size of the 1984 year class, the

workinq Group is confident that it is stronqer than both the 1982

and 1983 year classes. A research vessel survey in January 1985

also cauqht 1984 year-class mackerel in Division VIa in much

hiqher numbers than the preceeding five year classes in comparable

~ surveys at that aqe.

4.5 Forecasts for the Western Stock
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4.5.1 Exploitation pattern

Report of the Mackerel Working Group

The average exploitation pattern by the SVPA for the period 1978

84 was adopted for the catch and stock forecasts and the yield

per-recruit analysis. This pattern indicated 100\ recruitment at

age 3 followed by a decline to a stable level of 85\ at ages 6 and

older (Table 4.10).

In the previous report of the working Group (Anon., 1984a), it was

mentioned that management measures were implemented in November

1983 in the Celtic Sea to reduce the catch of age 1-2 mackerel. It

was also indicated, however. that age 1-2 fish will still be vul

nerable to fishing in areas outside of the closed area in Sub-area

VII because of an apparent northerly shift in distribution of

young fish of the Western stock. The effect of this shift is

considered by the Working Group to result in no appreciable change

in the exploitation pattern on young fish in the next 3 years fram

that observed during the 1978-84 period.

4 5 2 Recruitment for the stock praqnosis

As noted earlier (Section 4.4.2), the working Group does not have

any quantitative estimates of the 1984 year-class strength, except

that it is confident that this year class is stronger than both

the 1982 and 1983 year classes.

Mindful of criticisms made within ACFM in recent years of the

Working Group's propensity for assuming low recruitment levels, ~
the Workinq Group reviewed this subject once more. The options

considered were AM and GM mean 1-year-old recruitment calculated
fram the VPA values and a "low" value. The low value was
calculated from exp(x - 1.45) (Anon., 1980) where x is the GM 1
year-old recruitment for 1972-83. These three values were:
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AM 3 400 X 10
6

GM 2 770 x 10
6

Low 0.903 X 10
6
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From the 12-year time series, 1-year-old recruitment was less than

the AM in five years, less than the GM in three years and less

than the "low" value in 1978 and 1983. On the basis of this

comparison, there appears to be little reason for choosing between

~ either the GM or the "low" value, except that the "low" value

,. represents a more cautious and conservative level. At this stage,

the Working Group chose to continue with the "low" value, rounded

up to 1,000 X 106 , for inclusion in the stock prognosis.

The Workinq

ploitation

ment level

prognosis.

Group wishes to point out that due to the low ex

and percentage maturity of 1-group fish, the recruit

has comparatively little influence on the stock

4.5.3 Catch and stock projections

The Working Group assumed that, in the light of the improved

enforcement of national quotas within the EEC in 1984, the agreed

TAC of 409,500 for the Western area in 1985 would be overshot only

to a minor extent. To this catch, however, must be added catches

of the Western stock taken in Divisions IIa + Vb for which there

are no agreed TACs. As explained in Section 3.4.3., the catch in

these Divisions, in 1985 was assumed to be 95,000 tonnes of which,

as in 1984, 90\ was estimated to be from the Western stock. On

this basis, the entire catch from the Western stock in 1985 was

estimated to be about 500,000 tonnes.

Aseries of forecasts was run assuminq that level of catch in 1985

usinq the input parameters given in Table 4.11. stock numbers at
aqe at 1 January 1985 were taken from the VPA output (Table 4.9),

except for the 1984 year class which was set at 1,000 x 106 as
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as lang as unrestricted fishinq

IIa, catches of the order of 80
from the Western stock even

Western areas. This aspect of
therefore, has a considerable

open for the Western stock.

Fishing at the Fo. 1 level in 1986 would result in a catch in that
year of 240,000 tonnes. and if maintained in 1987 would result in

a spawninq stock biomass of 1 million tonnes in that year.

is allowed to continue in Division

000 tonnes are likely to be taken
if no fishinq is allowed in the

the current management regime,
effect on the management options
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It should be noted that even a complete ban on fishing in 1986 and

1987 would still result in a reduction in the spawning stock

biomass of about 25\ from 1984 to 1987. This is due to the weak

recruitment by the 1982 and 1983 year classes and, to a minor

extent. to the assumption that the 1984 year class is low. The

Working Group feIt concerned about the low levels of spawninq ~

stock biomass predicted for 1986 and 1987, even under the most ~

riqorous manaqement. It also feIt it advisable to point out that,

The results of the predictions are qiven in Table 4.12. The F3- 10
required to take the assumed catch of 500,000 tonnes in 1985 is

0.31 which is about 20\ higher than the 1984 level. Maintaining

this catch in 1986 would require an F3- 10 of 0.41 and would reduce

the spawninq stock biomass to about 800,000 tonnes in 1987.
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explained in Section 4.4.5.

The closed area around Cornwall was not fully enforced in 1984,

and its likely future effect in modifying the exploitation pattern

cannot currently be quantified. In the light of the low

recruitment levels used in the predictions. and the evidence for

qreater exploitation of juvenile fish in recent years in Division

VIa, it was assumed that it will have no effect on the

exploitation pattern in 1985 and 1986. Because of the low

recruitment levels in these years, this assumption will have

little effect on the catch and spawning stock biomass predictions.
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5 CLOSED AREA OFF SOUIHWESI ENGLAND
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Ihe EEC introduced restrictions on mackerel fishinq in a larqe

part of Divisions VIIe,f, the so-called ·Box· around Cornwall.

Directed fishinq for mackerel by trawling, purse seining, and

other types of active nettinq is prohibited. The restrietions will

be in force until 31 December 1986. Ihis Workinq Group anticipates

that at some time before that date, the EEC will ask advice from

ACFM about future conservation measures in the Cornwall area. The

Workinq Group discussed what data they miqht collect prior to the

next meetinq to help ACFM formulate their advice.

The Workinq Group assumed that they will be asked to assess the

effect that the restricted area has had on the Western stock,

particularly with respect to immature fish. Ihere will be three

main problems when trying to make such an assessment. Ihe first

is related to the short period the ·Box· has been in force, the

second is a consequence of the weak 1982 and 1983 year classes,

and the third is the apparent northerly shift in distribution of

younq fish.

By February 1986, the ·Box· will have been a restricted area for

mackerel fishinq for 26 months. However, from November 1983 to

December 1984, only purse seininq and pelaqic trawlinq were

prohibited. Directed fishinq with demersal trawls and demersal

seines was permitted throuqh 31 December 1984. Ihus, by February

1986, there will only be a 14-month period when the "Box· has been

fully in force.

The intention of the ·Box· has always been to protect immature
fish, defined for simplicity as mackerel less than 30 cm. In

recent years, these fish have comprised over 50\ by number of the

catches around Cornwall. In the last two years, however, the
percentaqe immature fish has fallen dramatically but not due to
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any conservation measure. The fall in the proportion of immature

fish is a direct consequence of the weak 1982 and 1983 year

classes. Under these circumstances, the Working Group anticipates

certain difficulties in assessing the conservation benefits.

One aspect of the assessment of the "Box" in which the Working

Group believes it can make a positive contribution is in

describing total Western stock juvenile mackerel distribution.

When the limits of the "Box" were first defined, it was known that

a major part of the total juvenile Western catch was taken in the

area. Changes in Western stock distribution described above

(Section 2.2) indicate the possibility that the Cornwall "Box" is

no longer such an important nursery area. To elucidate this aspect

of stock distribution, working Group members agreed to direct a

part of the research vessel time at their disposal in the

forthcoming year to mapping juvenile mackerel distribution.

Whenever possible, these distributions should be quantified in

absolute terms.

6 DATA REQUESTED BI MULTISPECIES WORKING GROUP

The Mackerel Working Group was requested to provide some data on

the North Sea mackerel stock for use by the Multispecies working

Group (see Section 1.1). Information was provided on catch in

numbers at age, mean weight at age, and geographical distribution

on a quarterly basis. The Working Group had no evidence to justify

separate estimates of natural mortality for the oldest ages groups

and did not assess the effects of applying the estimates of total ~
natural mortality calculated by the Multispecies Working Group.
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6,1 Catch at Age by Quarters
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Data on catch at age by quarters were not readily available since

the Mackerel Working Group had not compiled such data by ~.

Catch-at-age data for the North Sea stock had been calculated on

an annual basis only, and they were, in part, derived by applying

estimated ratios of stock mixing for catches in various fishing

areas. For these reasons, the requested data had to be recon

structed.

The Working Group decided that this should be done from the annual

catch in number by age as given in Table 3.1Q of the 1984 report

of the Working Group (Anon., 1984a). The catch for each year was

split by quarters on the basis of recorded catch in weight in each

quarter for the relevant divisions. The same quarterly proportion

was applied to all age groups. It was recognized that this method

had shortcomings, but since a major part of the fishery on the

stock occurred in the third and fourth quarters, the Working Group

considered that the resulting data would be likely to suffice for

the purpose of the Multispecies VPA.

Results were prepared for the period 1972-84, and a more detailed

description of the data used for splitting by quarters in each of

the years is given in the Appendix of the present report. Tables

of estimated quarterly catch at age are given in the Appendix

(App. Tables 1-13).

There was no catch-by-quarter data available for years prior to

1972 to permit this analysis to be extended further.

6.2 Mean Weight at Age by Quarter

A table of estimated quarterly mean weights at age in the catches

is given in the Appendix (App. Table 14). All the values are from
previous Working Group reports:
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Used for

Values qiven in Years Quarters

WG Report 1975 (Anon. , 1975) 1972-76 2-4

WG Report 1980 (Anon. , 1980) 1977-83 1

WG Report 1980 (Anon. , 1980) 1978-80 2-4

WG Report 1982 (Anon. , 1982) 1981-83 2-4

WG Report 1985 1984 1-4 •
The quarterly

exception of

smoothed means

mean weiqht-at-aqe values which were used, with the

1984, were not annually observed values, but were

based on weiqht-at-aqe data for more than one year.

6.3 Stock Distribution by Ouarters

Part of the North Sea mackerel stock occurs outside of the North

Sea area (Divisions IVa-c and lIla) at certain times of the year:

in the northern part of Division VIa in the first and fourth

quarters and in Division IIa in the third quarter. This stock

distribution will have an impact on predation in the North Sea

estimated by the Multispecies VPA. The Workinq Group, therefore,

made an attempt to estimate the stock distribution by quarters of

immature and mature North Sea mackerel for the Multispecies

assessments. Data were not available to quantify the distribution, ~
and the estimates had to be based on the qeneral knowledqe of

migrations (Anon., 1981).

This information is provided as two charts (App. Fiqures 1-2)
showinq the distribution, by ICES areas, separately for the im
mature and the mature part of the North Sea stock.
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7 DEFICIENCIES IN DATA
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The Workinq Group aqain considered the deficiencies in the data

used to make assessments. These deficiencies have been considered

at each meetinq of the Workinq Group since 1982.

7 Catch Statistics

The situation with respect to catch statistics is very much the

same as in previous years. Accurate information is still lackinq

as to the location of many of the catches reported by various

countries accountinq for a substantial portion of the landinqs. No

information was available about French and Spanish catches. There

is still a considerable number of countries which do not supply

aqe distribution for their catches. Lack of information from both

the above aspects present major problems when distributinq the

reported catches into the appropriate stock. Althouqh some

decrease has taken place in both the amounts of the total catch

which could not be attributed to any particular country and in the

amounts considered as "discards", it must aqain be pointed out

that the accuracy of the assessrnents depends qreatly on the

accuracy of the total catch data.

7,2 Ageinq

The North Sea stock utilises individual aqe qroups up to aqe 14

and then a 15+ aqe qroup. At present, the Western stock assessment

utilises aqe qroups only to 11+, but the Workinq Group intends

extendinq the aqe ranqe in this assessment as soon as sufficient
data are available. To this end, it is essential that all routine

aqeinq of mackerel identifies individual aqe qroups at least to 14

years of aqe.
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To investiqate the consistency between nations in aqeinq mackerel

to 14 years, it was aqreed that Wendy Dawson (UK) should

coordinate an otolith exchanqe proqramme (Anon., 1984a). This

exchange is taking place and, at the time of this Working Group

meeting, 409 otoliths from four areas had been read by Enqland,

Federal Republic of Germany, Ireland, Netherlands, and Scotland

(readinqs from Norway and Denmark were not available in time for

this meeting). A preliminary analysis of the ageing by these five

nations showed that there is a high level of agreement at ages ...

less than 10 years, but the variability increases considerably at

older ages. It was also noted that the level of agreement between

nations varied with the area from which otoliths oriqinated.

Highest agreement is being found in the sampIes from west of

Ireland.

7.3 Other Data

section 2 of this report discusses in detail the information

available on the recent changes in the distribution of the

fisheries and the methods which have been used to try to

distinguish different stocks. As has been stated, accurate

assessments also depend on the distribution of the catches to the

appropriate stocks. Considerably more work is needed be fore this

problem will be solved. Information is also required which may

explain the changes which have occurred in the distributions of

the adult and juvenile components. It is important to establish

whether these changes are still in proqress or whether the stock

distributions will become established as they are at present.

Information which may help in this respect may come from
environmental and hydrographical studies.

There are still deficiencies in the basic bioloqical material

about the stocks durinq spawninq time. New data are required about
fecundity, maturity ogives and mean weight at age for the spawning

populations and should be collected at the time of each egg
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survey.

43

Aqain, as has been repeatedly pointed out, the proqnoses of

spawninq stocks depend qreatly on the recruitment levels used.

Apart from some research vessel surveys and an examination of the

numbers of juveniles in the commercial catches, there is no

quantitative information about recruitment. Additional surveys

which would indicate the distribution and abundance of recruitinq

... year classes as 0 and 1-qroup fish are urqently needed.

The Workinq Group recommends that a thorouqh analysis of the

Norweqian taqqinq data be conducted and that the models currently

beinq used for this analysis be refined.
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Table 2,1 Catch in number of juvenile fish (1 and 2 year olds) and total catch from Division VIa and ~

the Western stock to calculate relative catch ratios illustrating the shift of young fish

towards Division VIa

1 and 2 year old fish Total catch

Juvenile catch

:number fram WG Year of Div. VIa West. stock a/W x100 Div. VIa West. stock a/w x100

report af year: catch a x10- 6 W x10- 6 a x10- 6 W x10- 6

1977 1972 0.1 24.5 0.4 29.8 563.2 5.3

1977 1973 0.8 83.2 1.0 57.3 845,0 6.8

1977 1974 1.5 111. 3 1.3 72.8 1 103.4 6,6

1978 1975 12.1 156,5 7.7 678.7 2 141. 5 31.7

1978 1976 8.0 464.3 1.7 158,9 2 117.3 7.5

1980 1977 13.9 433.0 3.2 166.3 1 268.3 13.1

1980 1978 2.2 595,1 0.4 309.3 2 106,9 14.7

1980 1979 2.4 412.7 0.6 433.6 2 485.7 17.4

1981 1980 25.9 953.2 2.7 436.3 2 413.7 18.1

1984 1981 48.5 772,5 6,3 603.5 1 996.5 30,2

1984 1982 212,6 638.9 33.3 805.0 2 012.3 40,0

1984 1983 209.4 756.3 27.7 860.2 2 146.6 40.1

1985 1984 24.5 96.3 25.4 754.7 1 596.0 47.3

•



e -Table 2.2 Result~ of Norwe~ian tagging experiments. Tag returns are fram Narwegian landings to selected
factor~es, 1981-19 4, and returns by Scotland in the 1st quarter (lQSc) and 4th quarter (4QSc)
1984.

RECAPTURES

Norwegian Sea Narth Sea DIVISION VIa, north

RELEASES 1981 1984 1983 1984

Year No. 1981 1982 1983 1984 1982 1984 4Q 1Q 4Q lQ 4Q 4Q lQSc 4QSc

0 1970 4 540
F 1971 5 000
F 1972 5 086

1973 8 205
S 1974 10 028 4
0 1975 10 003
U 1976 9 474 3 1 1 2
T 1977 14 032 2 4 1 2 2 2
H 1978 18 169 3 5 2 8 1

1979 20 173 3 7 1 5 3 2 1
I 1980 9 992 2 4 4 2 3 1 2
R 1981 9 972 5 3 5 1 3 7 2
E 1982 10 065 5 5 5 1 3 3 4 3 1
L 1983 13 400 16 25 3 2 12 11 4
A 1984 14 512 8 1 13 2

D Sum 162 651 10 39 38 66 2 7 11 3 0 4 8 42 22 10

1970 3 505
I 1971 9 350
N 1972 11 818 1

1973 7 277 2
T 1974 4 493 1
H 1975 9 995 1 2
E 1976 1 763

1977 7 094 2
N 1978 12 173 2 5 2 7
0 1979 11 991 2 2 2 8 1 4 2 2
R 1980 5 678 1 3 5 1 3 1 2
T 1981 4 199 2 3 1 2 3 2 4
H 1982 16 164 7 16 2 1 11 1 19 9 3

1983 9 216 26 2 5 13 8 4
S 1984 13 587 4 1

I
E I
D Sum 125 303 2 6 14 68 6 5 20 6 12 8 44 26 '9 I

' .......,



Table 3.1 Nominal catch (tonnes)
lIla) 1975-1984 (Data for

onwards were submitted by

of MACKEREL in the North Sea, Skagerrak and
1975-1976 as officially reported to ICES.

Working Group members).

Kattegat (IV and

Data from 1977

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984*
Country

Belgium 292 49 10 10 5 55 102 93 67
Denmark 27,986 21,833 18,068 19,171 13,234 9,982 2,034 11,285 *10,088
Faroe Islands 63,476 42,836 33,911 28, 118 1,770 - 720 - -
France 2,607 2,529 3,452 3,620 2,238 3,755 3,041 2,248 -
German, Dem.Rep. 259 41 233 - .. - - - -
Germany, Fed.Rep. 284 - 284 211 56 59 28 10 87

Ieeland 302 - - - - - - - -
Ireland - - - - 738 733 - - -
Netherlands 2,163 2,673 1,065 1,009 853 1,706 390 96 * 340

Norway 197,351 180,800 82,959 90,720 44,781 28,341 27,612 24,464 27,311

Poland 2,020 298 - - - - - - -
Sweden 6,448 4,012 4,501 3,935 1,666 2,446 692 1,903 1,151

UK (Engl.& Wales) 89 105 142 95 76 6,520 28 16 2

UK (Scotland) 1,199 1,590 3,704 5,272 9,514 10,575 28 4 13
USSR 1,231 2,765 488 162 - - - - -
Unallocated + discards - - - 500 - 3,216 450 96 202

Total 305,709 259,531 148,817 152,823 87,931 67,388 35,125 40,215 39,261

* Preliminary

Note: In contrast to the corresponding tables in Working Group reports for years prior to 1982,
the catches do not include catches taken in Division IIa.



•
Table 3.2 Nominal catches (tonnes) of MACKEREL in the Norwegian Sea (Division IIa), 1975-1984.

r

Year
Country 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984*

Denmark2 - 801 1,008 10,4273 11,7874

Faroe Islands' - - - 283 6 270 - 180 - 138

France2 7 8 - 2 - - 6 8 - -
Fed. Rep. of Germanl - - - - - - 51 - 5 -
German Dem. Rep.2 - - - 53 174 2 - - - -
Netherlands2 - 2 - - - - - - - -
Norway' 34,662 10,516 1,400 3,867 6,887 6,618 12,941 34,540 38,453 82,005

Poland - - - - - - - 231 - -
UK (England & Wales)' + + + 1 - - 255 - - -
UK (Scotland) 2 - - - - - 296 968 - - -
USSR3 - - - - 5 1,450 3,640 1,641 65 5

Total 34,669 10,526 1,400 4,206 7,072 8,340 18,662 37,608 48,950 93,935

2

3

4

Data provided by Working Group members

Data reported to ICES

Includes 1,497 tonnes caught in Division Vb

Includes 920 tonnes caught in Division Vb

* Preliminary



50

Table 3.3 Quarterly catches of MACKEREL in 1984 by division.

Not
Division I II III IV known Total

IIa - 100 92,100 800 93,000

lIla + 1,400 3,200 100 4,700

IVa-c - 900 31,400 2,300 34,600

Vb - - 900 - 900

VIa N.of 58° 13,800 600 4,000 254,700 273,100

VIa S.of 58° 25,000 4,800 700 4,100 34,600

VII 110,700 41,300 4,200 12,300 168,500

VIII 700 1,100 600 800 15,000 18,200

•
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Table 3,4 MACKEREL catch in numbers (x 10 x- J

) by aqe group for the North Sea (Divisions IVa,
b, c) the Norwegian Sea (Division IIa), the Skagerrak (Division lIla), and Division
Vb in 1984.

Divisions

Year Aqe Ila lIla IVa 0 IVaS 0 IVb IVc Vb Total
Class N of 59 5 of 59

1983 1 - - - - - 17 - 17
1982 2 448 608 14 1,105 726 102 4 3,007
1981 3 59,094 4,357 1,906 20,595 4,365 587 584 91,488
1980 4 37,982 2,692 1,225 12,949 2,199 343 376 57,766
1979 5 27,536 904 888 5,842 1,084 199 272 36,725
1978 6 17,013 505 549 3,590 255 97 168 22,177
1977 7 1,856 133 60 756 226 48 18 3,097'
1976 8 7,167 372 231 1,806 148 185 71 9,980.
1975 9 8,026 151 259 2,076 204 76 79 10,871
1974 10 6,582 366 212 2,466 158 124 65 9,973
1973 11 3,837 129 124 1,089 107 97 38 5,421
1972 12 1,665 73 54 985 156 39 16 2,988
1971 13 2,435 65 79 760 73 45 24 3,481
1970 14 - 18 - 320 58 28 - 424

.s.1969 15+ 5,769 278 186 2,091 72 213 57 8,666

Total 179,410 10,651 5,787 56,430 9,831 2,200 1,772 266,081

Tonnes 93,014 4,715 3,000 26,482 4,185 932 920 133,248

\J1.....



Tab1e 3 5 MACKEREL catch in numbers (x 10- 3
) by aqe qroup for the North Sea stock in

1984

Divisions
Year Aqe Total
c1ass 11a IIIa IVa IVb IVc Vb VIa

1983 1 - - - - 17 - - 17
1982 2 448 608 1 119 726 102 4 - 3 007
1981 3 5 909 4 357 20 786 4 365 587 58 25 805 61 867
1980 4 3 798 2 692 13 071 2 199 343 38 14 837 36 978
1979 5 2 754 904 5 931 1 084 199 27 8 725 19 624
1978 6 1 701 505 3 645 255 97 17 3 491 9 711
1977 7 186 133 762 226 48 2 1 339 2 696
1976 8 717 372 1 829 148 185 7 2 257 5 515
1975 9 803 151 2 102 204 76 8 1 762 5 106
1974 10 658 366 2 487 158 124 6 1 450 5 249
1973 11 384 129 1 101 107 97 4 1 288 3 110
1972 12 167 73 990 156 39 2 356 1 783
1971 13 244 65 768 73 45 2 689 1 886
1970 14 - 18 320 58 28 - 398 822

i1969 15+ 577 278 2 110 72 213 6 957 4 213

Total 18 346 10 651 57 021 9 831 2 200 181 63 354 161 584

Tonnes 9 301 4 715 26 782 4 185 932 92 26 368 72 375

VI
I\)



HEFERENCE AGE (FO~ UNIT 5ELECTION) IS 3

NATURAL MORTALITY
TERMINAL F
TERMHlAL S

.150
• 440

1.800

rable 3.6 • Input parameters and log catch ratio residuals from the
separable VPA for the North Ssa mackerel stock.
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YEAR 1 '177 1978 1979 1980 1981 H82 1983 1984
F( Il .2251 .1930 .12 ~7 .20Ub .20055 .2027 .2205 .4400

Ar.E 2 3 4 5 6 7 8 '} 10 11 12 13

S(J) .3473 1.0nOO 1.1049 1.4190 1.40~0 1.6622 7. H,I18 1 • 7027 1. '1542 1.7719 2.1698 1.8000

LOG CATCH RA 110 RESIDUALS
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21 3 .N9 .073 -.262 .043 -.164 .182 .075 .003

31 4 -.n57 -.154 .046 CJ]2J -.0'17 -.257 .llo5l .001
4 I 5 .352 -.3<'3 .291 -.0411 1-. 7561 .274 .209 .000

51 6 -.120 -.149 .36ö -.176 .0..$4 .31'1 -.274 .000
61 7 .173 -.296 202 .054\ .5331 .116 1-.78 TI .001
71 8 .742 -.1771-:7731 .07a .4'10 -.04) • "66 .001
PI 9 .052 c:§] -.616 .002 -.1" 0 -.212 -.055 .002
9/10 .213 -.211) -.36/1 .213 .? 02 -.104 .1l53 .Ull3

10/11 -.3M .050 .792 - .195 .102 -.047 .187 .003
11/12 -.(139 .37~~-.430 -.34d -.15'1 .109 .003
1<'/'13 1-.4761-.0.~4 .7Xl -.0211 .116 -.061 .261 .002 \J1

VI

.(10?, .(105 .005 .lll)4 .'lU? • IJI)1 .DOf' .ll19



Tflhlp. _3.11.1 VIRTuAI. POt'uLATION ANALYSIS

!1AC KEIIEL IN THE fWIlT H SEA ( f IS Jf H,t; AIl~AS IV, VIA AllD I !f. )
Vl

CA TC H 1'1 "U~1UERS urlIT: l~l11lons
....

----------------
1969 1970 1971 1'>'72 1,>,'3 1974 1975 1'176 1'J77 "1'1711 1 '17'>' 1YIln

1 04.4 11 0.;) ,0 i'.o 4,5 7.,>, '11 • 'I 2.7 1 .1 .U 2.3 2.7
2 110.2 191 .1 83.0 35.6 12.1 1~. 7 "10.1 7!J .6 1',1.3 <s.2 .5 :..<>
3 413.1 75. cl 50.3 162. I:> 37." 73.0 16.2 69 •., 5H.9 34.7 11.3 2.4
4 301$.(, 185.1 1d.1I 33.2 20U.2 39.'} 41-.4 13.',1 54.3 4U.1I 21.2 14.3
5 79.7 64. :. 7.'1.7 21.3 74.3 24n.<: 21.8 33.X '}.? 27.9 3.So3 23.5
6 35.6 19.11 D.l: 23.5 30.n 45.i! 1'>'3.2 1'>'.5 2<>.6 o.e 14.3 25.9
7 624.0 5.3 2.1 10.7 1',1.7 7.5 25.0 11/1.6 31.6 14.7 4.2 15.3
1$ .n '1:1 • (. .9 1.4 34.11 16.1 21J .4 31.3 17~.9 10.1 9.2 12.3
9 .Il .0 17.7 .6 .5 3.2 15.15 1:.0 31.2 45.7 2.0 14.0

11) .n .0 .0 11. i' .n .5 ~.I) 'I.n d.3 14.6 27.0 .3.5
11 .n .n .n .n 4.n .3 .5 4.n >I. Po 5.5 5.2 19.3
12 .n .11 .11 .0 .1' 74.5 .2 .5 4.5 :'.5 2.0 3.11
13 .n .n .n .ll .n .n 22.2 .1 .11 2.9 2.0 1.3
14 .n .11 .n .1.1 .1' .1' • fJ 3.4 .1 .6 1.2 1.6

15+ .Il .0 .n .n .1' .n .n .1) l.5 3.2 2.3 2.2

rOT AL 16',15.6 749.7 216.3 303.2 :>03.7 473.1> 3',11.3 3611.1 38.3.7 225.9 Do.II 147.7

1961 19/52 1'I:l.3 19114

1 3.9 3.0 .1 .0
7 0.0 14.3 17.0 3.0
3 11.5 15.5 2lS.3 61.',1
4 1 .1 9.7 10.6 37.0
5 12.5 2.0 6.1'. 19.6
6 17.4 7.7 1.0 ',1.7
7 17.11 7.6 5.5 2.7
d 10.5 /;.3 6.5 5.5
9 5.4 5.3 5.0 5.1

10 7.5 3.0 4.3 5.2
11 2.7 3.6 1.8 3.1
12 20.4 2.2 3.2 1• ..1

13 1. Ii ~.6 1.2 1.',1
14 2.5 1.7 Ö.O .Ü

15+ 1.5 1'e 1.1l 4.2

TOTAL 122." 93. 11)7.1 161.:'



--- - - ---

e -Ti'hle-~&. VIllTUAL I'0t'1l LA T lotl Mull. y~ I~

~IACKE ·tEL IN T~E '·'OI<rH HA (flSH~'; ArlEAS IV, VIA A'ln lIA)

F I~ljIll:i I~ORTA LITY eOEFF Ie lEiH lIIHT: yp'3r-l tJATLJRAL 110 k T"LI TY COEfFICIEln • 1 ~

-----------------------------
1975 H7" 1'1(7 1'176 1 '11'1 1 '1/ll1 1'1 ill 1 lilS2 1'/<;3 1'104

1 • '125 .'111 .nn" .0'10 .125 • "2'1 .OH .'112 .t1fJ4 .nnn
7. .03'1 .202 .1)'12 .on .02il .073 .I!)) .UtSl .ll 1'1 .Dl
3 .B7 .271 .233 .i?~ • Da .174 ./O(J .11, 7 .~ j 7 .427
4 .1 '1S .15& .340 .23ö .1 'J 7 .745 .11)u .745 .2 '14 .4 ~b

5 .7.04 .n3 .151 .271 .1.'~4 .32:1 .330 .nfJ .256 .e, 50
6 .20;> .7.03 .7''>' .1;>3 .211 • 3t,Il .411/ .32') .', '~Q .6~li

l .171 .264 .54';/ .2n3 • '1'13 • 34~ .43'1 .794 .3'1'1 1.14H
11 .3il5 .3'1 I • 4t):> • ~6 7 .166 .51 Ö .3'1u .35~ .415 .1Hll
') .2.~5 .24"1 .~36 .2 Illj .1 .7 .445 .426 .:ßr. .3~4 .0.H1

ln .19'1 .74" .:''>'/ .41S1 .20'1 .7'12 .42'1 .42 f) .4r 5 .114
11 .123 .71/ .3 MI .470 .3fJ7 .U3 .7.154 .356 .452 ./0;l
17 .325 .165 .H'I .411'1 .2Y:~ • 3 ~5 .'12 .47'J .5<l0 1.016
13 .!l"l '1 .252 .4 OS .473 .24'1 .2'17 .2ö;J .39/! .4'14 .171',
14 .oon .253 .4[15 .5"/0 .7'17 .791 1.43& .410 ./46 .u!H1

1)+ .non .753 .4,1:> .570 .292 .7'1', 1.43ö .41(J .146 .ollO

3-B)w .255 .251 .35'1 .273 .217 .334 .30u .7114 .2,,6 • ~ 11
3- Il)U .229 .23'1 .333 .272 .1 'In .33n .313 .21l0 .2'15 .6a7

VI
VI



Tnblp._~~2· VIRTUAJ. f'Ot'ULATIOI. AIIALYS 15

:1ACKEt<EL I 'I TlIE '4UlCTH S~ ., ( fB'JIf~,; A~~AS IV, VIA AtIO 11 A)

5TOC K 5IZF 11: ;W ..IU~~S UNIT: rnil! ions VI

--------------------- '"
RIOI'I.~55 TOTALS U1IIT: thn'Jsand tnnnps

--------------
ALL VALUES, EXCFf'T THOS I: REffK RING flJ THF. St'i\.. NI'JG ~;rOCK AUI, GIV EN FO. 1 JANUII"Yi TH~ St>AWl.I rH,
HOC K DA TA REF LEC T TIlF STOCo( 5 ITUA TJOr; AT St'A"IJ!;IG T 1:1 ~, 101 IiEI<l:tlY T (jE F0 I.LOW IN!; VAtlJE5 AllE

USED: t'~Ot'Oql 10'" OF ANNIJAL F I!~F.O"'1: St'AWNI~JG: .1Un
I'~OPO~T ION Of AN'luAL n I'EFlJK~ 5t'AWN 1,/';: .4r'l

I') (5 1'~7v 1YIf 1'17.1 " 11'1 'lYon 'I Y<11 i V:l2 1111>3 1 'I ;~4 IIIK~

1 514. 'I 717. 'I 13,. .i 7.7.. ~ 11!'1 .3 147.5 2,57 ••1 7J1. f.l 2" ••1 20.0 20.0

7 3/n.4 43<' .11 25o.r) 11:-'.4 111.5 >:5.fI 12". 'I I 'lu. "I 240. '1 23." 17.2
S 150.? 3M. ~ SI15. ü 1J,. 5 '14.3 16.2 uJ.lJ 91.1:J 1 50.1 1'111.t> 1 'I .11

4 2'6.5 1 '1;>.2 2'1< .11 <.rli.') 127.4 7'1.7 1'1 • I 4i.1I 611.9 1I'/I.? 1 07. 'I

~ lu?? 1 iSl • c, 7~.1 125.7 14,1.5 90.1) 4/.u '1.1 S2.3 44.<1 '11.0
6 R44.7 113. ':I J 2,. " 55. () MI. I 9'1. " ~). H 2'1.5 6.'1 ?'~ .~; ~n. 5

7 1/5.1 54!S.o :10.P Iß.l 42. ~ 51,. j '5. ( 52.n 1 ..; • ~s 4.7 Y.v
!t (,:1. ~ 17.7 • [I ~62. tJ .1"1. :< 5.1.4 37.5 SI• • oS ~l) • •~ 70.' In. (, 1.1
'I oll.S 4'1.1 ;In .4 1')". " 111.4 41 • ., I',. ( 1\j.,; 1u. o '11." 4.1

1'1 S 1." 1.4.3 7.1. 'I 40., ,2&.5 1 I•• ~, C',•• Il v.4 lc.7. ',0.9 ,.,s
11 4.1> n.l U.U 1'. 'I 2" .4 Xl•• I' I.' lr.Y ). ,S u.5 4.0
Ir .11 3.~ l ~. 3 'I (. (, (~. ~ 1 "5. (- ~.l..~ v.? 1.1< I..Y l. ~;

H 4?6 ., 1.1> 't.ll 11'.1' 5. L u.? ?ö.l j. 'S 5.7 .11

'l4 ,(:1 If> • .s .:> 1.) J. I 6.H .s.~ ~.4 I,•• ~ 1.7 'I. ~

1 )+ .n • r, J.n i. , v.7 Y.:' ('.'1 4.1 j.7 ').1 4.7

TC'TA I. :.0 7f>/). x 01 R. i 'I (,:ltJ.·/ 1'1/5.' i;64.9 1~'1. " (41.5 :-1 Cl. 7 63".7. 469.7
Sf'S ,~o 1717..7 15:~4.P 12'15.'1 ()41 .;! u'i2.~ 51 ~. 'I ~/4 .11 S11 ." 421).7. 3ö'l.u

TOT.ilID.l l rl 50.n Y.Ht'•• 4 '111,; .4 )ln .Il -':lu.l' S7:S. ,; (' (0.'/ ?"1.V 2 ,S". (, 184.5
~f 5 fli \J!l :'1., .1> 6/9.7 );j~. 4 4~o.2 .),)6.4 t~S"":. "I 1 1',/:. I 1üe.1 l (h{.3 I,g.')



Table 3.10 Consistency of estimates of fishing mortality and stock biomass for the North
Sea MACKEREL stock

~
-

of F Spawning stock biomass Total biomass
Catch (3-10)

Assessment 1981 1982 1983 1984 1981 1982 1983 1984 1981 1982 1983 1984

1982 0.30 - - - 358 - - - 381 - - -
1983 0.37 0.37 - - 226 167 - - 300 249 - -
1984 0.29 0.23 0.24 - 236 207 213 - 327 322 282 ..

1985 0.37 0.28 0.29 0.51 189 162 168 159 271 262 231 182



Tab1e 3.11 Input data tor catch torecasts, North Sea MACKEREL stock (M=0.15)

Stock in number Fishing Weight at age Weight at age weight at age Maturity
Age in 1985 (x 10- 6

) pattern in the catch (kg) at sPllwning (kg) 1 Jan (kg) ogive

1 20.0 0.03 0.180 0.180 0.123 0.00
2 17.2 0.18 0.330 0.275 0.234 0.37
3 17.0 0.51 0.375 0.330 0.325 1.00
4 107.1 0.57 0.395 0.415 0.335 1.00

5 59.0 0.73 0.430 0.460 0.350 1.00

6 20.5 0.72 0.475 0.495 0.346 1.00

7 9.6 0.85 0.540 0.525 0.468 1.00

8 1.1 1.00 0.580 0.550 0.472 1.00
9 4.1 1.00 0.610 0.565 0.505 1.00

10 5.3 1.00 0.640 0.590 0.535 1.00

11 4.6 1.00 0.660 0.610 0.560 1.00

12 2.8 1.00 0.680 0.630 0.585 1.00

13 0.9 1.00 0.700 0.645 0.605 1.00

14 1.5 1.00 0.715 0.650 0.615 1.00
15+ 4.7 1.00 0.730 0.675 0.650 1.00

VI
CD

Recruitment at age 1: 1985

1986

1987

20 X 106

20 X 106

20 X 106

Catch in 1985: 75 000 tonnes



•
Table 3.12 Forecasts of stock biomasses and catches for_~he North Sea MACKEREL stock. Basic parameters are given in Table

3.11. Stock biomass and catch is in tonnes x 10 . Spawning stock biomass is at the time of spawning.

1984 1985 Management 1986 1987
option

Total - Stock Spawn. - Total for 1985 Stock Spawn. - Total Stock Spawn.
land- F(3-13l biomass stock F(3-13l land- biomass stock F(3-13l land- biomass stock
ings biomass ings biomass ings biomass

12.4 .69 94 90 1.50 75 Maintain catch 31 22 - (75 l - -
level

FaG = Fas
27 1.50 23 15 10

FaG = Fa" 30 0.18 5 30 28

No fishing 30 0 0 34 33

.-

\Jl
\0



Table 4;1 Nominal catch (tonnes) of MACKEREL in the western area (VI, VII and VIII) (Data for 1975-77, as
officially reported to ICES)

Year 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984*
** ** ** ** ** ** **

Country

Belqium 17 10 1 1 3 3 - + -
Denmark - 3 698 8 677 8 535 14 932 13 464 15 100 15 000 200
Faroe Islands 1 760 5 539 3 978 15 076 10 609 15 234 9 070 10 500 9 500 9 200
France 25 818 33 556 35 702 34 860 31 510 23 907 14 829 12 300 11 000 12 500
German Dem. Rep. 9 693 4 509 431 - - - - - - -
Germany, Fed.Rep. 1 941 391 446 28 873 21 493 21 088 29 221 11 200 23 000 11 200
Ieeland 21 10 - - - - - - - , -
Ireland 11 567 14 395 23 022 27 508 24 217 40 791 92 271 109 700 110 000 84 100
Netherlands 13 263 15 007 35 766 50 815 62 396 91 081 88 117 67 200 83 100 54 100
Norway 1 907 4 252 362 1 900 25 414 25 500 21 610 19 000 19 900 34 700
Poland 21 573 21 375 2 240 - 92 - 1 - - -
Spain+ 23 408 18 480 21 853 19 142 15 556 15 000 11 469 15 600 10 400 15 000
Sweden - 38 - - - - - - - -
UK (Enqland + Wales) 31 546 57 311 132 320 213 344 244 293 150 598 75 722 82 900 62 000 30 000
UK (N. Ireland) 30 95 97 46 25 - 4 153 9 600 800 1 100
UK (Scotland) 16 174 28 399 52 662 103 671 103 160 108 372 109 153 147 400 120 100 167 200
USSR 309 666 262 384 16 396 - - - - - - -

Unallocated 54 000 98 258 140 322 97 300 96 000 62 900

Total, leES Members 468 384 465 754 325 974 503 913 601 303 604 761 609 402 597 800 560 800 482 200

Bulqaria 20 830 28 195 - - - - - - - -
Rumania 2 166 13 222 - - - - - - - -

Discard - - - 50 700 60 600 21 600 42 300 24 900 11 300 12 100

GRAND TOTAL 491 380 507 178 325 974 554 613 661 903 626 361 651 702 622 700 572 100 494 300

* Preliminary
**) Workinq Group Estimate

+ Includes ~ iaponicus

•

0\
o



•
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Table 4.2 Catches of MACKEREL (tonnes) by Sub-areas in the
Western area. Discards not estimated prior to 1978

S u b - are a s

VI VII and VIII

Land- Dis- Land- Dis-
Year ings cards Catch ings cards Catch

1969 4 800 - 4 800 66 300 - 66 300

1970 3 900 - 3 900 100 300 - 100 300

1971 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

1977 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

1980 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 9 000 254 400

1984" 306 100 1 600 307 700 176 100 10 500 186 600

" Preliminary



Table 4.3 MACKEREL catch in numbers (x 10- 3 ) by age group for the Western area
(Sub-areas VI, VII and VIII in 1984)

D i v i s i o n s

Total
VIa VIa

Year North 58° Remainder

class Age Winter VIIa-c VIId-k VIIIa-c

1984 0 - 395 58 49 6 508

1983 1 4 985 3 868 1 978 5 252 640 16 723

1982 2 13 031 2 640 501 56 515 6 890 79 577

1981 3 258 048 28 420 21 649 244 203 29 772 582 092

1980 4 148 368 23 493 19 031 119 304 14 545 324 741

1979 5 87 254 19 249 8 829 82 516 10 060 207 908

1978 6 34 909 5 419 5 183 24 327 2 966 72 804

1977 7 13 388 1 895 1 281 1 326 162 18 052

1976 8 22 572 4 339 1 447 19 403 2 366 50 127

1975 9 17 617 1 994 2 147 12 069 1 471 35 298

1974 10 14 495 2 701 913 7 658 934 26 701
1973 11+ 36 885 8 686 3 051 24 471 2 984 76 077

Total 651 552 103 099 66 068 597 093 72 796 1 490 608

Tonnes 268 524 39 220 19 763 148 740 18 134 494 381

•

'"'"



•
Table 4.4 MACKEREL catch in numbers (x 10-3 ) by age group tor the Western stock in 1984.

Divisions
Year Age Total
class

IIa IVa Vb VIa VIIa-c VIId-k VIIIa-c

1984 0 395 56 49 6 508
1983 1 8 853 1 978 5 252 640 16 723
1982 2 15 671 501 56 515 6 890 79 577
1981 3 53 185 1 715 526 260 663 21 649 244 203 29 772 611 713
1980 4 34 184 1 103 338 157 021 19 031 119 304 14 545 345 526
1979 5 24 782 799 245 97 778 8 829 82 516 10 060 225 009
1978 6 15 312 494 151 37 798 5 183 24 327 2 966 86 231
1977 7 1 670 54 16 13 944 1 281 1 326 162 18 453
1976 8 6 450 208 64 24 654 1 447 19 403 2 366 54 592
1975 9 7 223 233 71 17 849 2 147 12 069 1 471 41 063
1974 10 5 924 191 59 15 747 913 7 658 934 31 426

i1973 11+ 12 334 399 121 41 883 3 051 24 471 2 984 85 243

Total 161 064 5 196 1 591 692 256 66 068 597 093 72 796 1596 064

Tonnes 83 713 2 700 828 281 376 19 763 148 740 18 134 555 254
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Table 4.5 The relationship between total international effort, mea~ured

in terms of Cornish handline effort (Q3 cpue) and F
2
-,o

calculated by VPA.

Western Cornish Total 1964 WG
stock" handline lnt. YPA lterated

Year catch 3 Q3 cp$le effort F2 -, 0 VPA
t x 10- t/10 f -

Hook hrs Hook_rrs F -
x 10 2 '0

1973 319 94 3.39 0.06 0.050
1974 411 272 1.51 0.06 0.069
1975 662 157 5.49 0.17 0.144
1976 662 196 3.46 0.15 0.131
1977 361 170 2.24 0.09 0.079
1976 626 62 7.66 0.16 0.143
1979 767 105 7.30 0.21 0.193
1960 604 107 7.51 0.23 0.200
1961 664 95 6.99 0.17 0.149
1962 646 93 6.97 0.19 0.154
1963 625 63 7.53 0.24 0.174
1964 555 73 7.60 0.214+ 0.160++

" 1973-80. VPA SOP values
+ Functional regression estimate

++ Functional regression estimate VPA F2- 10

•



REFERENCE AGE (FOR LJIUT S~L~CTION) IS 3

NATURAL MORT" LITY
TERMINAL F
TERMINAL S

.1511

.257

.ISOO

•
Table 4.6. Input parameters and log catch ratio rssiduals

from the separable VPA for the Weetern mackerel
stock. Reeiduale in c::J are in excess of the
recommendsd level of 2 loge (1 + CV/100).

NO. OF ITERATIONS CHOSEN 15 30
MI~IMUM DIFFERENCE BETWEEN ITERATro~S IS 10**-5

Ir ERAT! ON
1

2)

SSQ
10.3'i56

2.115i!

API'ROX. COEFF. VAR IAT ION OF CATC" DATA

YEAIt 1971',
F(I> .1735

AGE 1
S(J) .3,1l5

1979 1980 1 'i 81 19[:2 1 'iX.5 'In4
.23d3 .7.4;;'1 .21165 .2257 .2'IJ'i .2570

7. 3 4 5 I.> 7 il 9 10
.d2!l9 1.0000 • ?)~d ' • ';'46 • <.LSH4 .!l731 • /;1.41 • d409 ./100'1

LOG CATCH ~ATIv RESIOUALS

7fl/79 /9/80 an/81 Rl/il2 R2/X3 R3/d4

11 2
21 3
31 4
"I ,
51 6
{,/ 7
71 ti
PI 9
9/1 11

.146 .740 .770 .0'1'1 (-.6unI-.n9)

.100 1-.34311 .3Rzl-.024 -.'1'i3 -.010
.(174 .064 .7.61 -.110 -.111 -.16b
.O'll! -.162 .141l -.fJ97 -.n05 .10/
.1153 .042 .On4 -.041 -.'lö'J .020

-.155 .1!1'i -.110 .173 .Ho -.214
-.1156 .152 -.7.5i' -.11'1~ .13"
-.226 -.7.19 -.134 .n41~ .2n2

.06n .17.11-.56') .0111 .2u, .021

.n05

.on5

.003

.non
-.007.
-.fJrll

.007.

.On5

.nn6

.nn4 .On4 .nn5 .0'15 .n04 .On2 .023

'"\11



Tahle _~!.1· VIRTUAl POPULATION Ar;AlYSI~

:1AC KEHEL, WESTERr, STOCK

CATCH IN 'lU ,'10E i<~ UNIT : ml11lons
---------------- '"'"

1972 1973 1974 1975 1976 1977 11/7el 1979 l\!öO 1Ydl 1982 1\!ll3

11 1.6 .0 1.3 1.0 34.2 2.0 10.3 79.5 111.5 31;.3 2.0 .0
1 12.4 33.U 87.0 :>2.:> 27Y.4 153.5 .51 • .5 351.1 484.5 266.1 203.0 43.6
7. 12.1 49.4 24.3 104.0 lö4.9 2/l9.5 :>o.5.u 01.6 46ll.7 500.4 4.55.9 712.7
3 29.4 64.0 123.5 94.5 322.3 154.0 425.0 6 '17.5 75.?- 7.25.1 4113.6 444.6
4 507.7 115.5 1Ilcl. 5 306 • .5 170.0 166.0 243.7 365.5 3ö1.3 31.7 164 .1 391.6
5 .11 5R2.3 191.1l 1 Yl..2 288. R 51.11 2511.3 217.2 2P'2. () 174.8 24.7 130.4
6 .0 .0 567.0 143.lJ l1d.6 140.0 11.Y 7D.l 145.2 15ü.5 136.6 20.2
7 .0 .0 .0 1246.2 279.7 64.4 151. 9 86.8 153.4 99.5 1118.6 91.3
8 .0 .(1 .0 .11 43.:l.3 d9.4 :>6.7 154.2 52.4 110.6 64.:> 70.9
9 .n .0 .0 .0 .1) 158.5 &3.2 70.5 139.6 35.3 1l7.0 47.1

111 .0 .n .0 .1) .0 .(1 21/1.<l 74.6 43.6 13ll.7 24.4 4cl.9
11+ .0 .(1 .0 .1) .11 .0 .0 1 8\!. 1 163.3 20S.5 237.9 145.3

TOTAL 563.?- 845.0 1103.4 2140.5 2117.3 1268.3 2106.Y 24d5." 2413.7 1990.5 21112.3 2140.6

19c14

~ .5
1 16.7
2 79.6
3 611.7
4 345.5
5 225.0
6 1S6.2
1 111.5
R 54.6
9 41.1

10 31.4
11+ <15.2

TOTAL 1596.0



TAhl" _hli. VI I'TUII'. POelTIO'J ;\'.,\L Y~ 1 ~

:1A Cl\F.~F.!., "F.sTH"! s TOr. K

FJSlll'JG nllRHl.l TY CIlFFFICIE'n U" 1'[ : yp.'lr-'I ';ATU"ML :Iu. IIILI TY COEFFIClE,n .1~

-----------------------------
197~ '1976 1 '177 1'171l 1 '}I'} 19tH1 ',9.n ICJXl 1 ') <13 1 \11;4

n, <.n01 .1111/ .il'U .1If'.5 .IJ'~ .on5 .I}[J';; .11113 .IJlFol <"(;01
1 .111 P .1172 • ,].5 x .LJ61 • 'J 3lJ .114 .Ü /1 • f)~ 1 .0\1:1 .097
~ • r:.5 1 .077 .'1\14 • '1/)2 • I ,6 .~ :>~ .1':>'1 .16 ~ .2:'9 .27.7

,3 •n (I~ .11\1 .,),q • 'I x':> .7.,;.5 •<(I, .'1 (7 .212 .241) .:514
4 .1.15 .lu7 .1)('1 .100 .227 .?'to .1 vo .2 n:s .2 ~? .2~f1

5 .1.l3 • 'I? 'I • il /4 .161) .7'1 0 .7~Y .'1 ::':> .PI, .21)~ .21?
(, .0'/9 .15':> .rl"n .n::. .20f' •«JI' .2 '14 .?n':> .209 • 1 'J?
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Table 4.10 Consistency of estimates of fishing mortality and stock biomass for the North
Sea MACKEREL stock

~
-

catch F I3 - 10 ) SPS Biomass Total Biomass

Assessment 1981 1982 1983 1984 1981 1982 1983 1984 1981 1982 1983 1984

1982 0.24 - - - 1 177 - - - 2 242 - - -
1983 0.17 0.19 - - 2 590 2 394 - - 3 730 3 424 - -
1984 0.17 0.19 0.22 - 2 705 2 421 2 153 - 3 863 3 599 3 037 -

1985 0.20 0.21 0.23 0.26 2 205 2 337 2 097 1 839 3 532 3 328 3 538 3 031
-
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Table 4.11 Input data for catch forecasts, Western MACKEREL
stock (M = 0.15).

Weight at
Stock in no. Fishing Weight at age at Maturity

Age in 1985 pattern age in spawn- ogive
(11 10- 6

) catch 1984 ing

0 - - 0.069 - -
1 1 000.0 0.38 0.137 0.090 0.18

2 151. 8 0.83 0.176 0.175 0.38

3 296.0 1.00 0.294 0.240 0.67

4 1 531.0 0.96 0.324 0.285 0.89

5 987.6 0.87 0.341 0.330 0.93

6 880.8 0.85 0.429 0.370 1.00

7 376.6 0.85 0.538 0.405 1.00

8 52.0 0.85 0.468 0.435 1.00

9 289.1 0.85 0.561 0.465 1.00

10 222.1 0.85 0.619 0.490 1.00

11+ 553.5 0.85 0.636 0.535 1.00

Recruitment at age 1: 1985
1986
1987

000 11 106

000 11 106

000 11 106

Catch in 1985: 500 000 tonnes
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Table 4.12 Forecast of stock biomass and catch for_~he Western MACKEREL stock. Basic input parameters are given in Table
4.11. Stock biomass and catch in tonnes x 10 Spawning stock biomass at time of spawning.

1984 1985 1986 1987
Management

- Stock Spawn. - Total option Stock Spawn. - Total Stock Spawn.
Catch F(3-10) biomass stock F(3-10) land- for 1986 biomass stock F(3-10) land- biomass stock

biomass+ ings biomass+ inqs biomass+

555 0.24 1. 990 1.528 0.28 500' Maintain 1 598 1 150 0.37 500' 1 228 803
catch level

FS6 = Fes 1 598 1 191 0.28 388 1.328 954

Fss = Fo 'I 1 598 1 244 0.16 240 1 460 1 106

Fss = M 1 598 1 257 0.15 220 1 493 1 125

No fishing 1 598 1 323 0 0 1 676 1 365

+ Spawning stock biomass estimated at 1 June.
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FIS" STOCK SUMMARY
STOCK: Mackerel Nortb Sea
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Figura 3.2. (Continuad)
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FIS" STOCK SUMMARY
STOCK: Western Mackerel
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FIS" STOCK SUMMARY •
STOCK: Western Mackerel

5-3-1985
Flgure 4.2 (Contlnued)
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Data for the MUltispecies working Group

Data requested by the Multispecies Working Group are given in
Appendix Tables 1-13 (catch at age by quarters) and Appendix Table
14 (mean weight at age by quarters) for the years 1972-84.

The sources of the data and the calculation procedures are outlined
below. For all years, the annual catch in number by age were
obtained from Anon. (1984a, Table 3.10) .

.llll

The catch of mackerel in 1972 by ICES Divisions and quarters was •
reported in Anon. (1975, Table 3a). Sums of catches in tonnes for
Divisions IVa-c and lIla fY quarters were used to split the total
catch in number (303.2 x 10 )into quarters. Catches not specified
to period were excluded.

Quarter

I II III IV Total

Tonnes 311 8 562 117,488 36,4Q1 161,762

\ 0.2 5.3 72.1 22.4

These percentages were applied to the catch in number by age and
the results are given in App. Table 1.

The catch of mackerel in 1973 by quarters was reported in Anon.
(1975, Table 2.1.3). Percentage catch by quarters was calculated
for 1972.

Quarter
1---

I II III IV Total

Tonnes 3,614 9,081 276,625 71,012 360,332

\ 1.0 2.5 76.8 19.7

The results are given in App. Table 2.

C.M.1985/Assess:7
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The catch of mackerel in 1974 by ICES Divisions and periods was
reported in Anon. (1975, Table 2.1.4). The sums of catches in
tonnes for Divisions IVa-c and lIla by quarters were used to split
the total catch in number (3,177.5 x 106 ) into quarters. Catches
not specified to period were excluded.

Quarter

I II III IV Total

Tonnes 1,830 7,937 205,828 60,736 276,331

.. 0.6 2.9 74.5 22.0

These percentages were applied to the catch in number by age and
the results are given in App. Table 3.

Catches of mackerel in 1975 by quarters are given in Anon. (1976,
Table 2.1.5) and the percentage catch by quarters was calculated as
for 1974.

Quarter

I II III IV Total

Tonnes 1,426 15,723 107,732 122,204 247,085

.. Q.6 6.3 43.6 49.5

The results are given in App. Table 4 .

Data on catches of mackerel by quarters were not available for
1976. According to records of the fishery, catches in Sub-area IV
and Division lIla were dominated by the Norwegian and Faroes
fisheri~sL accounting for 26Q,800 tonnes, or 85 .. Qf the total.
These f1sner1es took place in ~he Shetlana area, 1.e. to the
northeast (July) and east (August-September) of Shetland. Later
(Qctober), about 40,000 tonnes were taken off southwestern Norway.

The following catches and percentages by quarters were assumed:

C.M.1985/Assess:7
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Ouarter

I Ir III IV Total

Tonnes 2,000 5,000 200,000 56,000 263,085

... 1 2 76 21

The resulting catch in number by age and quarters are given in App. •
Table 5.

Landinqs of mackerel (tonnes) by quarters in 1977 were given in
Anon. (1978, Table 2.3). Catch in number by age from Division IVa
had been allocated to the North Sea and Western stocks using
proportions derived from taqqing data applied to the yearly catch.
A major part of the catch was taken in Division IVa.

Percentaqe catch by quarter was calculated from catches reported in
Sub-area IV and Division lIla as given in Table 2.3 referred to
above.

Ouarter

I II IrI IV Total

Tonnes 713 7,540 194,215 20,131 222,599

... 0.3 3.4 87.3 9.0

Results are given in App. Table 6.

Catch in number by quarter for the North Sea stock of mackerel was
available from the files of the Mackerel Working Group:

C.M.1985/Assess:7
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Catch in
Quarter numb~f'

x 10

I 2,748.7
II 11,647.1
III 235,119.1
IV 8,074.8

Total 257 589.7

83

•

This total, however, is higher than that used in the VPA. The
origin of the discrepancy could not be identified, and it was
decided to apply quarterly percentages as derived from the ~bove

data to the total catch in number used for the VPA (225.9 x 10 ):

Quarter

I II III IV

... 1.1 4.5 91.3 3.1

The results are given in App. Table 7.

Landings of mackerel (tonnes) by quarters in 1979 were given in
Anon. (1980, Table 2.3) as a sum for Sub-area IV and Division lIla
(also including 5 47Q tonnes from Division IIa). A total of 101 705
tonnes was taken in Division IVa and about 36 ... of this quantity was
allocated to the North Sea stock. All Division VIa catches were
assumed to be of the Western stock.

Qn this basis, the proportions of the catch by quarter for the
North Sea stock were calculated from Table 2.3.

Quarter

I II III IV Total

Tonnes 21 5 506 140 250 7 525 153 302

... 0 4 91 5

Results are given in App. Table 8.

C.M.1985/Assess:7
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Landings of mackerel (tonnes) by quarters in 1980 for the different
areas were given in Anon. (1981, Table 2.3.) Catches taken in
Divisions IIa, IVa, and VIa were of mixed stock origin and various
mixing ratios had therefore been applied to split the catches.

On the basis of these ratios and the reported landings, the
following catches in tonnes by quarters and percentages were
estimated for the North Sea stock:

Ouarter

Division I II III IV Total

IIa 3,529
lIla + IVa 699 2,329 34,492 2,230

VIa 4,791 33,681

Tonnes 5,490 2,329 38,020 35,911 81,750

\ 6.7 2.9 46.5 43.9

The estimated catches in number by age and quarter are given in
App. Table 9.

Landings of mackerel (tonnes) by quarter in 1981 were given in
Anon. (1981, Table 2.3) Catches in Division IIa and Division VIa
north from the first and fourth quarters, had been allocated to the
North Sea and Western stocks by applying mixing ratios from tagging
results.

The catch of North Sea mackerel taken in the various areas by
quarters was estimated from Table 2.3 and the overall mixing ratios
applied directly to the catch in tonnes.

Ouarter

Division I II III IV Total

IIa 1,696
lIla + IVa-c 2,g~~ 6,141 49,708 1,724
VIa, north 3,809

Tonnes 2,594 6,141 51,404 5,533 65,672

\ 3.9 9.4 78.3 8.4

These percentages were applied to catch in number by aqe, App.
Table 10.

C.M.1985/Assess:7
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Quarterly catches of mackerel (tonnes) in 1982 by areas were
reported in Anon. (1984c, Table 3.1.C) As in preceding years,
catches in Division IIa and Division VIa were allocated to stock by
applying estimated mixing ratios.

The following catches in tonnes by quarters were estimated:

Quarter

Division I II III IV Total

IIa 10 3,730
lIra 1,100 3,200 200
IVa-c 200 3,500 22,400 2,100

VIa, north 867 6,680

Tonnes 1,067 4,610 29,330 8,980 43,987

\ 2.4 10.5 66.7 20.4

The percentages were applied to total catch in number by age (93.8
x 106

) and the results are given in App. Table 11.

Quarterly catches of mackerel (tonnes) in 1983 were reported in
Table 3.3 of the 1984 Mackerel Working Group report (Anon., 1984).
Based on this and the stock mixing ratios as outlined above, the
following catches in tonnes were estimated:

Quarter

Division I 11 III IV Total

IIa 4,850 30
lIra 300 4,800 400
IVa-c 100 1,900 26,700 1,400

VIa, north 1,470 - - 11,820

Tonnes 1,570 2,200 36,350 13,650 53,770
\ 3 4 68 25

The sums by area are somewhat different from those given in Anon.
(1984a, Table 3.7) as regards Division VIa north.

C.M.1985{Assess:7
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The percentages given above were applied to the catch in number.
The results are given in App. Table 12.

Catch in number by age and quarter for the North Sea stock of
mackerel for 1984 was compiled by the Working Group at the 1985
Meeting.

The sources of data are described in the main part of the present
report.

The calculated number by quarters are given in App. Table 13.

C.M.1985/Assess:7
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App. Table Catch in number by age by quarter North Sea stock of
mackerel~ Number x 106

Age I II III IV Total

1 + 0.1 1.9 0.6 2.6
2 0.1 1.9 25.7 7.9 35.6
3 0.3 8.6 117.3 36.4 162.6
4 0.1 1.8 23.9 7.4 33.2
5 + 1.1 15.4 4.8 21.3
6 0.1 1.2 16.9 5.3 23.5
7 + 0.6 7.7 2.4 10.7
8 - 0.1 1.0 0.3 1.4
9 - 0.1 0.4 0.1 0.6

10+ + 0.6 8.5 2.6 11.7

Total 0.6 16.1 218.6 67.8 303.2

APP. Table 2 Catch in number by age by quarter North Sea mackerel
stock 122l Number x 106

Age I II III IV Total

1 + 0.1 3.5 0.9 4.5
2 0.1 0.3 9.3 2.4 12. 1
3 0.4 0.9 28.9 7.4 37.6
4 2.8 7.0 215.2 55.2 280.2
5 0.7 1.9 57.1 14.6 74.3
6 0.4 0.9 27.6 7.1 36.0
7 0.2 0.5 15.1 3.9 19.7
8 0.3 0.9 26.7 6.9 34.8
9 - - 0.4 0.1 0.5

10 - - - - -
11+ + 0.1 3.1 0.8 4.0

Total 4.9 12.6 386.9 99.3 503.7

C.M.1985/Assess:7
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App. Table 3
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Catch in number by age by quarter North Sea stock of
mackerel 122i Number x 106

Age I II III IV Total

1 2.5 13.2 337.6 99.7 453.2
2 1 . 1 5.4 137.5 40.6 184.6
3 2.0 9.9 254.6 75.2 341.7
4 1.5 7.0 180.4 53.2 242.1
5 7.9 38.2 982.7 290.2 1 319.0
6 1.6 8.0 204.4 60.3 274.3
7 0.6 2.9 74.2 21.9 99.6
8 0.7 3.3 84.8 25.1 113.9
9 0.3 1.5 38.1 11.2 51. 1

10 0.1 0.2 6.5 1.9 8.7
11 - 0.1 1.1 0.3 1.5
12+ 0.5 2.6 65.4 19.3 87.8

Total 19.0 92.3 2 367.3 698.9 3 177 .5

•
App. Table 4 Catch in number by age by quarter North Sea stock of

mackerel~ Number x 106

Age I II III IV Total

1 0.1 0.7 5.2 5.9 11. 9
2 0.1 0.6 4.4 5.0 10.1
3 0.1 1.0 7.1 8.0 16.2
4 0.2 2.7 18.5 21.0 42.4
5 0.2 1.7 12.1 13.8 27.8
6 1.2 12.2 84.2 95.6 193.2
7 0.1 1.6 11.2 12.7 25.6
8 0.1 1.3 8.9 10.1 20.4
9 0.1 1.0 6.9 7.8 15.8

10 + 0.3 2.2 2.5 5.0
11 - + 0.3 0.2 0.5
12 - - 0.3 0.1 0.2
13 0.1 1.4 9.7 11.0 22.2

H+

Total 2.3 24.5 170.8 193.7 391. 3

C.M.1985/Assess:7
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App. Table 5 Catch in number by aqe by quarter North Sea stock
mackerel~ Number x 106

of

Age I II III IV Total

1 + 0.1 2.1 0.5 2.7
2 0.7 1.5 55.9 15.5 73.6
3 0.7 1.4 53.0 14.6 69.7
4 0.1 0.3 10.6 2.9 13.9
5 0.3 0.7 25.7 7.1 33.8
6 0.2 0.4 14.8 4.1 19.5
7 1.2 2.4 90.1 24.9 118.6
8 0.3 0.6 23.8 6.6 31.3
9 0.1 0.1 6.1 1.7 8.0

10 0.1 0.2 6.8 1.9 9.0
11 0.1 0.1 3.0 0.8 4.0
12 + + 0.4 0.1 0.5
13 + + 0.1 + 0.1
14+ + 0.1 2.6 0.7 3.4

Total 3.8 7.9 295.0 81.4 388.1

App Table 6 Catch in number by age by quarter North Sea stock of
mackerel 1i12 Number x 106

•

Age I II III IV Total

1 + + 1.0 0.1 1 . 1
2 0.1 0.7 16.8 1.7 19.3
3 0.2 2.0 51.4 5.3 58.9
4 0.2 1.8 47.4 4.9 54.3
5 + 0.3 8.6 0.9 9.8
6 0.1 0.9 23.2 2.4 26.6
7 0.1 1 . 1 27.6 2.8 31.6
8 0.4 4.3 109.9 11.3 125.9
9 0.1 1 . 1 27.2 2.8 31.2

10 + 0.3 7.2 0.8 8.3
11 + 0.3 7.7 0.8 8.8

B + 0.2 6:1 8:1 8J+ +
14 - + 0.1 + 0.1
15+ + 0.1 2.2 0.2 2.5

Total 1.2 13. 1 334.9 34.5 383.7

C.M.1985/Assess:7
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App. Table 7
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Catch in number by age by quarter North Sea stock of
mackerel 122a Number x 106

Age I II III IV Total

1 - - - - -
2 0.1 0.4 7.5 0.2 8.2
3 0.4 1.5 31.7 1.1 34.7
4 0.4 1.8 37.3 1.3 40.8
5 0.3 1.2 25.5 0.9 27.9
6 0.1 0.3 5.4 0.2 6.0
7 0.2 0.6 13.0 0.4 14.2
8 0.2 0.7 14.7 0.5 16.1
9 0.5 2.1 41.7 1.4 45.7

10 0.2 0.7 13.3 0.4 14.6
11 0.1 0.2 5.0 0.2 5.5
12 0.1 0.2 5.0 0.2 5.5
13 0.1 0.1 2.6 0.1 2.9
14 + 0.1 0.5 + 0.6
15+ 0.1 0.1 2.9 0.1 3.2

Total 2.8 10.0 206.1 7.0 225.9

App Table 8 Catch in number by age b~ quarter North Sea stock of
mackerel~ Number x 10

Age I II III IV Total

1 - 0.1 2.1 0.1 2.3
2 - + 0.5 + 0.5
3 - 0.4 10.3 0.6 11.3
4 - 0.8 19.3 1.1 21.2
5 - 1.3 30.3 1.7 33.3
6 - 0.6 13.0 0.7 14.3
7 - 0.2 3.8 0.2 4.2
8 - 0.4 8.4 0.4 9.2
9 - 0.1 1.6 0.1 2.0

1O - 1.1 24.6 1.3 27.0

H - 8:~ 1:~ 8:1 ~:6-
13 - 0.1 1.8 0.1 2.0
14 - + 1.1 0.1 1.2
15+ - 0.1 2.1 0.1 2.3

Total - 5.5 125.6 6.9 138.0

C.M.1985/Assess:7
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App. Table 9 Catch in number by aqe by quarter North Sea stock of
mackerel~ Number x 106

•
Aqe I II III IV Total

1 0.2 0.1 1.2 1.2 2.7
2 0.4 0.2 2.6 2.4 5.6
3 0.2 0.1 1. 1 1.0 2.4
4 1.0 0.4 6.6 6.3 14.3
5 1.6 0.7 10.9 10.3 23.5
6 1.7 0.8 12.0 11.4 25.9
7 1.0 0.5 7.1 6.7 15.3
8 0.6 0.2 3.9 3.7 8.4
9 0.9 0.4 6.5 6.2 14.0

10 0.2 0.1 1.6 1.6 3.5
11 1.3 0.5 9.0 8.5 19.3
12 0.2 0.1 1.8 1.7 3.8
13 0.1 + 0.6 0.6 1.3
14 0.1 0.1 0.7 0.7 1.6
15+ 0.1 0.1 1.0 1.0 2.2

Total 9.6 4.3 66.6 63.3 143.8

App. Table 10 Catch in number by aqe by quarter North Sea stock of
mackerel~ Number x 106

Aqe I 11 III IV Total

1 0.2 0.4 3.0 0.3 3.9
2 0.2 0.6 4.7 0.5 6.0
3 0.4 1.1 9.0 1.0 11.5
4 + 0.1 0.9 0.1 1 . 1
5 0.5 1.2 9.8 1.0 12.5
6 0.7 1.6 13.6 1.5 17.4
7 0.7 1.7 14.0 1.5 17.9
8 0.4 1.0 8.2 0.9 10.5
9 0.2 0.5 4.2 0.5 5.4

10 0.3 0.7 5.9 0.6 7.5

H 8J ~:~ 1l :0 ~:~ 26:ä
13 0.1 0.2 1.4 0.1 1.8
14 0.1 0.2 1.9 0.2 2.4
15+ 0.1 0.1 1.2 0.1 1.5

Total 4.8 11.5 95.5 10.2 122.0

C.M.1985/Assess:7
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App, Table 11
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Catch in number by aqe by quarter North Sea stock of
mackerel 1iaZ Number x 106

Age I II III IV Total

1 0.1 0.3 2.0 0.6 3.0
2 0.3 1.5 9.6 2.9 14.3
3 0.4 1.6 10.3 3.2 15.5
4 0.2 1.0 6.5 2.0 9.7
5 0.1 0.2 1.3 0.4 2.0
6 0.2 0.8 5.1 1.6 7,7
7 0.2 0.8 5.0 1.6 7.6
8 0.2 0.9 5.5 1.7 8.3
9 0.1 0,6 3.5 1.1 5,3

10 0.1 0.3 2.0 0.6 3.0
11 0.1 0.4 2.4 0.7 3.6
12 0.1 0,2 1.5 0.4 2,2
13 0.2 0,9 5.7 1.8 8,6
14 + 0.2 1.1 0.4 1.7
15+ + 0.1 0,9. 0,3 1.3

Total 2,3 9.8 62.4 19.3 93.8

App, Table 12 Catch in number by age by quarter North Sea stock of
mackerel~ Number x 106

Age I II III IV Total

1 + + 0.1 + 0.1
2 0.5 0.7 11. 5 4.2 16.9
3 '0.8 1.2 19. 1 0.3)* 7.0 28.4
4 0.5 0.7 11. 1 0.2)* 4.1 16.6
5 0.2 0.3 4.6 1.7 6.8
6 + + 0.7 0.3 1.0
7 0.2 0.2 3.7 1.4 5.5
8 0.2 0.3 4.4 1.6 6.5
9 0.1 0.2 3.4 1.2 4.9

10 0.1 0.2 2.9 1.1 4.3
H 8: 1 o. , 1.2 0.4 1.8O. , 2.2 0.8 3.2
13 + + 0.8 0.3 1.2
14 0.2 0.3 5.4 2.0 7.9
15+ 0.1 0.1 1.2 0.4 1.8

Total 3.1 4.4 72,3 26.5 106.9

*Added due to adjusted catch data.
[The sums by age differ slightly from those of Table 3.10 due to
roundings]

C.M.1985/Assess:7
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App Table 13 Catch in number by aqe by quarter North Sea stock of
mackerel~ Number x 106

•

Aqe I 11 III IV Table

1 0 0 0 + 0
2 0 0.3 2.7 + 3.0
3 1.2 0.7 34.8 25.2 61.9
4 1.1 1.1 20.5 14.3 37.0
5 0.8 0.3 10.0 8.5 19.6
6 0.4 0.2 5.7 3.4 9.7
7 0.1 0.1 1.1 1.4 2.7
8 0.2 0.3 2.6 2.4 5.5
9 0.1 0.1 2.9 2.0 5.1

10 0.1 0.3 3.2 1.6 5.2
11 0.1 0.1 1.4 1.5 3.1
12 + 0.1 1.2 0.5 1.8
13 0.1 0.2 0.8 0.8 1.9
14 + 0.2 0.1 0.5 0.8
15+ 0.1 0.4 2.5 1.2 4.2

Total 4.3 4.4 89.5 63.3 161.5

C.M.198S/Assess:7



App. Table 14 weight at age in the catch from the North Sea stock

Year 1972-76 1977 1978

Quarter 1 2 3 4 1 2 3 4 1 2 3 4

Age 0 - - - - - - - - - - - -
1 - - .217 .252 .123 - .250 .245 .123 - - .201

2 - .340 .315 .377 .234 .206 .334 .334 .234 .318 .384 .303

3 - .404 .371 .450 .325 .309 .367 .342 .325 .306 .323 .273

4 - .385 .372 .401 .338 .362 .393 .393 .338 .332 .401 .411

5 - .423 .414 .449 .350 .423 .441 .424 .350 .361 .480 .479

6 - .470 .478 .497 .346 .437 .455 .463 .346 .355 .459 .434

7 - .477 .474 .477 .468 .481 .523 .503 .468 .417 .486 .495

8 - .520 .481 .523 .472 .553 .588 .521 .472 .405 .533 .441

9 - .489 .508 .561 - - - - .505 .510 .536 .516

10 - .640 .576 .566 - - - - .535 .567 .651 .603

11+ - .601 .636 .661 - - - - - - - -

•



App lable 14 (cont'dJ

Year 1979 1980 1981

Quarter 1 2 3 4 1 2 3 4 1 2 3 4

Age 0 - - - - - - - - - - - -
1 .123 - - .201 .123 - - .201 .123 .180 .245 -
2 .234 .318 .384 .303 .234 .318 .384 .303 .234 .275 .329 -
3 .325 .306 .323 .273 .325 .306 .323 .273 .325 .330 .363 -
4 .338 .332 .401 .411 .338 .332 .401 .411 .338 .415 .392 -
5 .350 .361 .480 .479 .350 .361 .480 .479 .350 .460 .438 -
6 .346 .355 .459 .434 .346 .355 .459 .434 .346 .495 .455 -
7 .468 .417 .486 .495 .468 .417 .486 .495 .468 .575 .520 -
8 .472 .405 .533 .441 .472 .405 .533 .441 .472 .550 .580 -
9 .505 .510 .536 .516 .505 .510 .536 .516 .505 .565 .585 -

10 .535 .567 .651 .603 .535 .567 .651 .603 .535 .590 .610 -
11 - - - - - - - - .560 .610 .637 -
12 - - - - - - - - .585 .630 .655 -
13 - - - - - - - - .605 .645 .670 -
14 - - - - - - - - .615 .650 .685 -
15+ - - - - - - - - .650 .675 .685 -

'"\J1



APp. Table 14 (cont'd)

Year 1982 1983 1984

Quarter 1 2 3 4 1 2 3 4 1 2 3 4

Age 0 - - - - - - - - - - - .083

1 .123 .180 .245 .196 .123 .180 .245 .231 - - - .270

2 .234 .275 .329 .243 .234 .275 .329 .268 .199 .346 .349 .349

3 .325 .330 .363 .303 .325 .330 .363 .317 .263 .385 .401 .377

4 .335 .415 .392 .375 .335 .415 .392 .377 .296 .488 .415 .392

5 .350 .460 .438 .465 .350 .460 .438 .443 .310 .499 .452 .420

6 .346 .495 .455 .455 .346 .495 .455 .472 .362 .570 .512 .489

7 .468 .525 .520 .536 .468 .525 .520 .503 .400 .628 .548 .577

8 .472 .550 .580 .595 .472 .550 .580 .578 .416 .630 .564 .562

9 .505 .565 .585 .561 .505 .565 .585 .610 .513 .736 .653 .615

10 .535 .590 .610 .588 .535 .. 590 .610 .599 .534 .643 .660 .683

11 .560 .610 .637 .596 .560 .610 .637 - .494 .598 .666 .653

12 .585 .630 .655 .682 .585 .630 .655 .616 .556 .662 .692 .708

13 .605 .645 .670 .687 .605 .645 .670 .670 .572 .606 .683 .662

14 .615 .650 .675 .666 .615 .650 .675 .760 .648 .746 .772 .721

15+ .650 .675 .685 .746 .650 .675 .685 .716 .652 .644 .791 .746

..
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App. Figura 1. Approximate quarter17 distribution(% • numbers). of the
immature North Sea mackere1 stock. Percentages are not derived from quanti
tatlTe observatIons and are intended on17 for use by the Mu1tispeciee
Working Group as Indicatione of average distribution by area and tIme
during the period 1972-84.
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App. Figura 2. Approximate quarter1y distribution (%, numbers) or the
mature North Sea mackere1 stock. Percentages are not derived rrom quanti
tative observations and ara intended on1y ror use by the Multispeoies
Working Group as indications of average distribution by area and time -, ;~

during the period 1972-84.


