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1 INTRODUCTION
1.1 Terms of Reference

At the 84th Statutory Meeﬁng (1996 ICES Annual Science Conference) in Reykjavik, Iceland, it was decided in
the terms of reference for this Working Group that we will meet at ICES Headquarters from 9-18 September
1997 to:

a) assess the status of and provide catch options for 1998 for the stocks of mackerel and horse mackerel
(defining stocks as appropriate);

b) assess the status of and provide catch options for 1998 for the sardine stock in Divisions VIIIc and IXa, and
the anchovy stocks in Sub-Area VIII, and Division IXa;

c) provide the data required to carry out multispecies assessments (quarterly catches and mean weights at age in
the catch and stock for 1996 by statistical rectangle of the North Sea for mackerel and horse mackerel);

d) propose a definition of safe biological limits using target reference points based, where appropriate, on
biomass, fishing mortality, maturity, growth, age structure, exploitation pattern, geographic distribution and
other relevant parameters; based on the above parameters, propose limit reference points to be avoided with a
high probability;

¢) prepare medium-term forecasts of yield and SSB, taking into account uncertainties in data and assessments
and assuming a stock-recruitment relationship, to indicate the probability of attaining target reference points
and avoiding limit reference points;

f) quantify changes in sardine and anchovy recruitment in the Iberian Region and the Bay of Biscay and
investigate possible relationships between any environmental parameters available and indices of recruitment;

g) provide information on quantities of discards by gear type and OSPAR area for stocks of fish and fisheries
considered by this group [OSPAR 1997/5.3) and report to WGECO.

Additional request for advice
EU and Norway

Short and medium term levels of catches and spawning stock biomass, taking into account the risk of reduced
recruitment at low stock sizes natural variability in recruitment and using the longest possible time series of
recruitment. In particular, for the medium term analysis ICES is requested to provide 0-10 years stochastic
projections at levels of F of 0.1, 0.15, 0.175, 0.2, 0.225, 0.25 and 0.3 and a plot of the spawning biomass in 10
years time for levels of F between 0.1 and 0.3 at percentiles of the distribution of 5, 10, 20, 30, 50, 80 and 90%.

Equiiibrium spawning stock biomass and equilibrium yield for a full range of fishing mortality rates. These
equilibrium calculations should be based on a stochastic stock recruitment relationship using the longest possible
data set.

The analysis in a) and b) should used the longest possible time series of historical data to quantify stock and
recruitment. If the combined stock assessment is of too limited extent, these analyses might be based on the
Western stock only.

NEAFC

Indicate the seasonal and area distribution of mackerel in the NEAFC area for juvenile as well as parental
components. ' : .

E\ACFMAWGMHSASS\REPORT98.DOC 1



1.2 Participants

Pablo Abaunza Spain

Sergei Belikov Russia
F4tima Borges Portugal
Pablo Carrera Spain

Chris Darby UK (England)
Guus Eltink Netherlands
Svein A. Iversen Norway
Michael Keating Ireland

Maria Manuel Martins Portugal

John Molloy Ireland
Alberto Murta (Part-nme) Portugal

John Nichols UK (England)
Kenneth Patterson UK (Scotland)
Graga Pestana (Part-time) - Portugal
Carmela Porteiro (Chalrperson) Spain

Patrick Prouzet France

Dave Reid UK (Scotland)
Dankert Skagen Norway
Eduardo Soares Portugal
Karl-Johan Stzhr (Pan-tune) Denmark
Andrés Uriarte Spain
Begoiia Villamor Spain

1.3 Quality and Adequacy of Fishery and Sampling Data

1.3.1 Sampling data from commercial fishery

The Working Group again carried out a brief review of the sampling data and the level of sampling on the
commercial fisheries. A short summary of the data, similar to that presented in recent Working Group is shown
for each stock species. The overall sampling intensity is similar in recent years. Intensive sampling programmes
continue to be carried out by Spain and Portugal. On the other hand sampling programmes on some of the large
northern fisheries, particularly horse mackerel is very inadequate. Sampling programmes in Spain, Portugal,
Ireland, England, France have been supported by an EU funded programme, 94/013.

The sampling programme on the various species is summarised as follows.

Mackerel
Year  Total catch  Catch covered by sampling programme  Samples Measured Aged
1996 563,600 ) 446,085 1,492 171,830 14,130
1995 755,000 642,400 1,008 102,383 14,481
1994 822,000 : 657,000 807 72,541 13,360
1993 825,000 ' 688,400 890 80,411 12,922
1992 760,000 : 645,000 92 77,000 11,800

In mackerel it appears that over 85% of the total catch was covered by sampling and in general the sampﬁng level
appears to have improved during 1996. Germany commenced a sampling programme and Portugal carried out an
extremely intensive programme on their catches. There are still, however, a number of important mackerel

catching countries which did not carry out any sampling programmes, e.g. Faroes, France and Sweden. The
summarised details of the more important mackerel catching countries are shown in the following table.

ENACFMAWGMHSASS\REPORT98.DOC 2
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Country

Catch covered by sampling programme

Catch . Samples Measured  Aged
Norway 136,400 136,400 158 19,250 2,050
UK (Scotland) 108,700 106,300 78 7329 2,716
Ireland ' 54,300 48,600 61 10,092 3,021
UK (Engl. + Wales) 36,200 15,750 29 3,670 655
" Netherlands 48,175 39,045 60 5141 1,500
Denmark 28,500 17,136 8 712 712
Russia 44,500 44,200 13- 19,556 607
Spain 33,400 33,400 338 © 24,563 1,130
Germany 13,700 2,254 61 34,963 665
Faroes 16,800 0 0
France 15,700 0 0
Sweden 5,300 0 0
Portugal 3,000 3,000 686 - 46,604 1,074
Estonia 3,700 0 0
Others* 15,225 0 0
Total 563,600 446,085 1492 171,830 14,130
*Including discards.
Horse Mackerel

The following table shows a summary of the overall sampling intensity on horse mackerel catches in recent years.

Catch covered by sampling procramme

Year Total catch Samples Measured  Aged
1996 460,200 - 291,000 2,498 208,416 4,719
1995 580,000 275,516 2,041 177,803 v 5,885
1994 447,153 272,100 1,453 134,269 16,571
1993 504,190 379,000 1,178 158,954 7,476
1992 436,500 195,450 1,803 158,447 5,797

about the decreasing number of fish that have been aged during the last 4 years.

EMCFMA\WGMHSA98\REPORT98.DOC

Although the overall numbers of horse mackerel measured during 1996, increased the detailed sampling of horse
mackerel continued to be at a very low level. The only countries that carried out comprehensive sampling
programmes were Netherlands, Portugal and Spain. Other countries, e.g. Ireland, Denmark and United Kingdom
carry out no ageing programmes whatsoever. The lack of sampling data for large portions of the horse mackerel
catch has a serious effect on the accuracy and reliability of the assessment, and the Working Group are concemed

The following table shows the most important horse mackerel catching countries and the summarised details of
their sampling programme in 1996. ‘



Catch

Catch covered by sampling programme

Country Samples  Measured Aged
Ireland 127,500 63,000 26 3,076 0
Netherlands 136,000 164,000 76 9,105 1,900
Norway 15,500 14,600 5 564 142
Spain 35,800 35,800 621 49,051 663
England 33,700 330 1 101 0
Denmark 63,900 0

Germany 21,200 0 2 941

Portugal 14,000 14,000 1,767 145,578 2,014
Scotland 16,300 0

Others* -3,700 0

Total 460,000 291,000 2,498 208,416 4,719

*Includes discards, small catches by other countries, and some misreported catches.

Sardines

The sampling programmes carried out on sardines in 1996 was again very similar to the programmes of recent

years and is summarised as follows.

Measured

Aged

Year Total catch Catch covered by sampling programme Samples

1996 126,926 11,431 833 73,220 4,830
1995 138,204 121,384 716 59,444 4,991
1994 162,900 134,700 748 63,788 4,253
1993 149,600 143,200 813 68,225 4,821
1992 164,000 130,000 788 66,346 4,086

In general the overall sampling intensity remains at a satisfactory level and good coverage is maintained

throughout the year. No sampling programmes are carried out by France or Denmark or the United Kingdom.

The summarised details of individual sampling programmes in 1996 are shown below on the following page.

Country Catch  Catch covered by sampling programme __Samples  Measured  Aged
Portugal 85,757 85,757 392 32,237 3,073
Spain 25,674 ¢ 25,674 441 40,983 1,757
Denmark 2,921 0
France 8,706 0
UK (England) 6,868 0

Anchovy

The sampling programmes carried out on anchovy in 1996 are summarised below. The sampling levels are very
similar to those of 1994 and 1995 although the number of fish aged has increased considerably. However,

sampling is stratified and appears to be satisfactory.

Year Total catch Catch covered by sampling programme Samples Measured Aged
1996 38,773 36,053 214 17,800 4,029
1995 42,104 35,048 ? ? ?
1994 34,600 34,400 281 17,111 2,923
1993 39,700 39,700 323 21,113 6,563
1992 40,800 37,700 289 17,112 3,805
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Catches of anchovy were taken by Portugal in 1996 but were not subject to a sampling programme. The samplmg
data from Spam and France, who carry out comprehensrve programmes are shown below.

Country Catch Catch covered by samplmim'ogramme Samples Measured Aged

France ~ 15238 - 15,238 26 1,432 668
Spam " 20,761 20,711 188 16,368 3,361
Portugal 2775 2.

132 Catchdata

The possible underestimation of the total mackerel catch has been discussed by a number of recent working
groups. The 1996 Working Group expressed concern about the possible large scale misreporting of mackerel as
horse mackerel in the northem areas. It has not however been able to clarify this situation and the Working Group
therefore did not make any revisions to the catch data. The large decrease in mackerel catch recorded for 1996
appears to have been a genuine decrease caused by more effective control of the reduced TACs. As in recent
years a number of countries which have substantial mackerel fisheries e.g. France, Faroes, Sweden, Estoma, have
been unable to provide data on the distribution of the catches per statistical rectangle. The amounts of mackerel
“misreported” to incorrect areas in 1996 decreased considerably.

Misreporting of mackerel by area continues to be a problem between Division VIa and Division IVa particularly
dunng the month of January. The Working Group considers that this problem could be solved without
endangermg the North Sea stock by allowing fishing in Division IVa during January. There may be a problem of

misreporting between IVa and IIa but the Working Group are unable to quantify the amounts involved. ’

133 Discards

Discarding of small mackerel has historically been a major problem in the mackerel fishery and was largely
responsible for the introduction of the south west mackerel box. In the years prior to 1994 there was evidence of
large-scale discarding and shppmg of small mackerel in the fisheries in Division IIa and Sub-area IV, mainly
because of the very high prices paid for larger mackerel (>600 g). This factor was put forward as a possible
reason for the very low abundance of the 1991 year class in the 1993 catches in numbers at age. In some fisheries
e.g. those in Sub-areas VI and VII mackerel is taken as a by catch in the horse mackerel fisheries. Reports from
these fisheries have suggested that drscardmg may be srgmﬁcant because of the low mackerel quota relative to
the high mackerel quota - particularly in those fisheries carried out by freezer trawlers. In the ﬁshenes carried out
in Divisions IIa and IVa the difference in pnces paid for small and large mackerel has decreased since 1994 and
the Working Group assumed that discarding may have been reduced in these areas. In autumn 1997 an EU
funded programme involving Norway and Scotland commenced with the intention of studymg the performance of
the purse seine fisheries for herring and mackerel. This programme will provxde data on discards for these fleets.
At present only one country the Netherlands -is provrdmg information on mackerel drscards but this information
is not applied to any other fleets The Working Group would also like to draw attenuon to the poss1brlrty that
discarding of small mackerel may again become a problem in all areas if the 1996 year class is very strong as
seems possible at present. ,

An EU programme carried out by Spain studied the rate of discards of all species taken by the Spanish fleets,
fishing in Sub-areas VI, VII, VIIIc and IXa. The results of this study (Perez et al. 1994) showed that the discard
rates varied by species , area and fishing fleet. The observed levels of discards were between 0.2%-25.7% for
horse mackerel, between 0.1% and 8.1% for mackerel and less than 1% for sardine.

As with mackerel only the Netherlands provides information on discards in the horse mackerel fisheries.
No data is available on discards in the anchovy fisheriés but the rate is assumed to be insignificant.

Because of the potentral 1mportance of srgmﬁcant discards levels on the mackerel and horse mackerel
assessments the Working Group recommends that observers should be placed on board vessels m those

areas in which discarding may be a problem. This observer programme should be commenced as soon as
possible.

EAACFM\WGMHSA98\REPORT98. DOC 5



1.3.4 - Fleet data

In 1993, the Working Group expressed concern that insufficient information was available about changes that
may be taking place in the various national fleets. It was, therefore, decided that data should be collected about
the different national fleets, particularly in relation to the introduction of new technical equipment, the
improvement or increase in size of fishing nets and change in fleet capacity. It was felt that important information
about the fishery effort was being lost without which it was difficult to determine changes in fish abundance. A
certain amount of information on abundance was previously available from fluctuations in catches. However, this
is not the case now because of the imposition of TACs and boat quotas. Decreases in stocks may therefore be
difficult to detect because of rapid changes in efficiency. The Working Group therefore felt that data on fleet size
and composition, e.g. size of vessels, type of vessel, overall horse power, size etc., should be updated each year.

This year’s Working Group noted that the data as it is currently provided to the Working Group makes the
desired comparison between years extremely difficult. This may be due to changes in the type of fishery a vessel
may exploit. Many vessels, particularly the smaller ones, may be able to fish with a variety of different
techniques, and hence different performance. Larger vessels e.g. purser/trawlers may switch preferences for one
technique to the other. Vessels may also switch areas and stocks according to market conditions and changes in
management criteria. These are likely to be difficult to document, and will be unclear or even misleading in the
type of table previously produced Additionally, it was felt that the data on lengths, horsepower, crew size etc.
was not actually providing any useable profiles of the different fleets.

However, the Working Group felt that it remained useful to have information available profiling the different
national fleets and, most importantly changes in the fleets and the way they perform. Therefore, the Working
Group has asked the participating countries to prepare short profiles of their fleets and changes in them over the
last 10 years. These will be assembled for next years report, and updated as felt necessary by the Working Group.

The information provided should include:

target species

areas worked

gear and vessel types

any major changes in gear, type of vessel, areas or species worked, number of vessels in the fleets etc

1.3.5 Agereading

The quality of the age data for the various assessments depends on 1) the accuracy and precision of the age
readings of each species, and 2) the samplmo mtensny which enables the catches to be converted into numbers at
age. The Working Group examined the various species in respect to these factors. Factor 1 is dealt with in this
Section, but factor 2 is dealt with in Section 1.3.1.

Mackerel

A mackerel otolith exchange in 1994 showed that the ageing were of a poor quality. Therefore an otolith
workshop was held in February 1995 (ICES 1995/H:1). This improved the quality considerably and the precision
of the age readings achleved was acceptable for the Working Group.

Horse Mackerel

A horse mackerel otolith exchange has been carried out in 1996. The results show that there is a considerable
bias in the age readings. The results of the exchange are described in Section 4.7 and in Eltink (1997).

As in recent years, the only countries carrying out age readings on otoliths of horse mackerel are the Netherlands,
Spain, Portugal and Norway. For the western area the catches of the non-sampling countries use the age
compositions of either the Netherlands or Norway (only for the Divisions IIa and IVa area) to raise these to their
own catches. In some cases this causes serious problems, e.g. where in a certain area/period the Netherlands took
only one sample because of low Dutch catches and the Dutch age composition was then raised to the high catches
of non-sampling countries. The quality of the catch in numbers at age would improve considerably, if the non-
sampling countries, with relatively high catches would start to age horse mackerel and would take samples for
ageing relative to their catches. It is therefore extremely important that countries like Ireland, Denmark and the
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United Kingdom should initiate ageing programmes immediatély (see Section 1.3.1). The text table below shows
how the number of otolith readings relates to the catches by country for both the western and North Sea area in
1996. :

Country Catch ()* __ Otoliths read

Netherlands 136,000 1,900
Ireland 127,000 0
UK 47,000 0
Denmark 45,000 0
Spain 30,000 663
Portugal 14,000 2,000
Germany 17,000 0
Norway 15,500 142

*This includes discards.

Therefore the Working Group strongly recommends that all countries with relatively high horse mackerel
catches should sample for age at an adequate level.

Sardine

In 1997 a Workshop on Sardine Otolith Age Reading was held in IEO, Vigo (Spain), following the sardine
otolith exchange between Spain and Portugal carried out during 1996. Otolith samples collected in different areas
and seasons off the Atlantic-Iberian coasts were analysed. It was concluded that there was a general good
consistence between readings of the different readers involved and that the readings of the Spanish reader, who is
responsible for the age length keys, was the most consistent and also that there was a reasonable good agreement
with those readings performed by the most experienced Portuguese readers.

Besides several recommendations aiming to improve the age readings, this Workshop also adopted a protocol

with the criteria for the standardisation of sardine age determination. It was also planned that this protocol will be
complemented with a future guide that will assist the otolith readers.

Anchovy '
~The age readings of anchovy and the age sampling of all the catches appear to be satisfactory.
1.3.6 Biological data

The main problems in respect to the biological data (except age reading), which are identified by the Working
Group for the various species, are:

Mackerel

The proportion mature of 1-, 2- and 3-year old mackerel appears to be overestimated in the present maturity
ogive and therefore needs to be further investigated, because it affects the accuracy of the assessment (see
Section 1.4 and 2.10).

Horse mackerel

The selection of an appropriate maturity ogive for the western horse mackerel stock still presents major
difficulties. This affects the accuracy of the assessment (see Section 1.4 and 6.5). There exists uncertainty about
the level of natural mortality (see Section 6.6).

Sardine

This years maturity ogive seems to be biased to the older ages compared to the maturity ogive of previous years.
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Anchovy

The main biological problems for anchovy lies in understanding the migration of 0-group fish and their pre-
recruit distribution. Information is also required about variations in natural mortality (M) as M may increase
dramatically immediately after spawning has been completed A better understandmg is needed of seasonal
growth in weight and length to modulate the time evolution over time of cohorts, because of the large seasonal
changes in growth. The input of hydroclimatic conditions on the recruitment success needs to be studied more
intensively since the physical conditions strongly affect the strength of the recruitment.

1.4  Review of the Mackerel and Horse Mackerel Egg Survey Working Group

The Working Group met in Lisbon from 37 February 1997. The main terms of reference were to plan the
sampling, for both plankton and adult parameters, for the proposed egg surveys of the western and southern areas
in 1998 and to review and report on previous estimates of mackerel fecundity, atresia and maturity. The
conclusions and recommendations of the Working Group and the sampling plan for the 1998 surveys are
presented in ICES (1997/H:4) and summarised below. The Working Group also considered the results of the
1996 North Sea mackerel egg surveys. These results are fully reported in Section 2.2.1.

1.4.1 1998 western and southern area egg surveys

t

A total of nine institutes from eight countries are committed to participate in the surveys. The survey area will be
divided into southern and western components. Temporal coverage will be divided into seven sampling periods
between 12 January and 20 July. Periods 1-3 will only cover the southern area, periods 6-7 will only cover the
western area and during penods 4-5 both areas will be sampled. The only changes noted to the plan since the Egg
Survey Working Group met are: the German survey (Walter Herwig) will now be from 13 March-8 April not 7-
29 March and the English survey will be carried out on RV “Corystes’ not RV ‘Cirolana’ and will be extended by
4 days.

It has been requested that, “here space is available, vessels should carry cetacean and seabird observers as part
of an international programme organised by Mardik Leopold (Netherlands).

The plankton sampling strategy will be targeted at the Annual Egg Production method only for both mackerel and
horse mackerel in the western and southern areas. The southern standard area will be the same as in the 1995
survey. The western standard area has been extended by a total of 27 rectangles on the western edge of the
sampled area.

The Working Group was asked to consider ways of combining the western and southern area egg production
estimates for mackerel. Because the peak of spawning occurs at different times in these areas, combining the egg
production curves is not practical. Instead it was agreed that egg production estimates would be calculated
separately for the western and southern areas and then added together to produce a combined estimate for the
North East Atlantic mackerel.

Sample analysis will be completed by the end of September 1998 and the data submitted to Dave Reid,
SOAEFD, Scotland, for the western area and Amor Sola, IEO, Spain. They will be responsible for subsequent
analysis of the data and calculation of total annual egg production of both species.

Samples of adults for total fecundity analysis will be taken by England and Spain for mackerel and by The
Netherlands and Portugal for horse mackerel. Samples for the estimation of atresia will be taken on all the egg
surveys by all participants and subsequently analysed by either England, Scotland or Spain for mackerel and
either Portugal, Spain or The Netherlands for horse mackerel. Samples for the estimation of maturity at age will
only be taken at the peak of spawning. It is important that these samples are not only taken from the peak
spawning areas of predominantly adult abundance but also from the areas Juvemle distribution. In this context the
Working Group requested information on the distribution of 1, 2 and 3 years old mackerel and horse mackerel,
from the Assessment Working Group.

Further investigation is needed before the estimates of mackerel fecundity in the western and southern areas can
be combined. There is a significant relationship between fish weight and eggs per gram in the southern area
which may be related to a sampling problem. If this can be resolved then the estimates can be combined. The
1998 estimate of atresia will be the first estimate for the southern area.
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For maturity ogive sampling in the 1998 egg surveys the areas for sampling, based on the distribution of 1, 2 and
3 year old mackerel need to be identified (see Section 13) This request also applies to horse mackerel samplmg

In order to calculate the maturity ogive precisely it is vital that histological preparauons of the ovaries are made
and examined rmcroscoplcally A proposal for funding for this work has been submitted to the EU. Because of
the cost of this sampling programme it is unlikely that it will be carried out unless financial support becomes
available. The matunty ogives for the western and southern areas can be combined by weighting for the spawning
fraction in each area.

é_a_niple and data anaiysis for all the adult parameters required for the estimation of SSB from the annual egg
production will be completed by 15 March 1999. .

The Working Group concluded that they could not produce a provisional egg production or SSB estimate for
either species in time for the 1998 Assessment Working Group meeting or the October ACFM meeting. Instead
they recommended that the Egg Survey Working Group should meet from 13-19 Apnl 1999 to produce these
final estimates. They suggested that relevant stock assessment biologists should attend the last two days of that
meeting in order to use the data to re-tune the VPA estimates of stock size in time for the May 1999 meeting of
ACFM. For this reason it is 1mportant that the Egg Survey Working Group meeting does not coincide with the
Hemng Assessment Working Group meeting.

142 Review of mackerel fecundity and atresia

This Workmg Group had requested a rev1ew of the historic data series with partxcular reference to the
sxgmﬁcance of the mter-annual dlfferences in the cstxmates of fecundxty and atresia. These have led to a number
- of changes in the egg survey estimates of SSB over recent years. A comprehensive working document was
- produced for the Working Group (ICES 1997/H:4, Appendix 1).

Fecundity - It was concluded that there was a significant linear downward trend in potential fecundity,
equivalent to a 3.5% decrease, over the three egg survey years 1989, 1992 and 1995 and that this should
be incorporated into the biomass estimates. For the years 1977 to 1983 a mean potenual fecundxty from
the 1986, 1989, 1992 and 1995 estimates (1526 oocytes/ gm. female) should be used. For the survey years
1986, 1989, 1992 and 1995 the observed values for those years should be used.

Atresia - this has only been estimated in the survey years from 1989 There was no evidence of a

significant difference in the prevalence of atresia between the three years. There was significant evidence
that the 1nten51ty of atresia in those fish with atresia was different between the three years. The Working

Group concluded that for the survey years from 1977 to 1986 a mean atresia (as oocytes/g female) from

the 1989, 1992 and 1995 observations should be applied retrospectively. For the years 1989, 1992 and

1995 the observed values should be used. Sampling in future survey years should ensure that this

parameter can be calculated and used as a separate observation for that year. :

The recalculated values of SSB based on the above advice on fecundlty and atresia are glven in Table
221,

143 Basis for the 1986 mackerel maturity ogive
The Working"GrOUp was asked to examine the basis for a different maturity ogive which has been used since
1986 for the 1984 year class. _

Over the penod 1977-1989 maturity ogwes were based on maturity at age denved from fish exarmned over a
wide area of their distribution. The ogive was constructed from the proportion of mature fish found irrespective
of catch weights or the number of fish examined from dlfferent areas.

The 1984 year c]ass, as two year olds in 1986 was consxdered to be exceptional (20% mature) from the lono term
average maturity ogive (2 year olds 60% mature). The conclusion was supported by two other observations:

1. Two year olds on the spawning ground in 1986 were 3 cm sinaller than two year olds in 1985 (1983 year -
class).

2, The expected number of 1984 year class fish mature in 1986, as a proporuon of the total mature
population was 30%. The observed proportion was only 11%.
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As a consequence, for the 1§84 year class, the value of 20% mature at two years old was accepted and used.

With respect to the first pomt the 1984 year class was subsequently found to be above average numbers but it was
not exceptional. The smaller mean size on the spawning ground was later seen as a change in the distribution of
small fish rather than a change in mean size for the whole year class. At the 1987 and 1988 Assessment Working
Group meetings (ICES 1987/Assess:12; ICES 1988/Assess:12), the weight at age of the 1984 year class, as two
year olds, was revised upwards (300g) to greater than both the long term mean (275g) and the 1985 year class
(250g).

With respect to the second point, a change in the basis for calculating the proportion of fish spawning on the
grounds was made. The change was to include fish about to spawn and spent fish, as well as running females.
This resulted in a revision upwards from 11% to 17% for the proportion of the population belonging to the 1984
year class which were spawning in 1986.

In conclusion, the observed reduced maturity of the 1984 year class in 1986 could have been generated by points
1 and 2 above. Equally it could have been generated by biased sampling related to changes in the population
distribution as was the case with mean wexght at age. The Egg Survey Working Group concluded that if the
decision to change the mean weight at age was sound then it would be consistent to assume that the heavier fish
were predominantly mature and therefore the general maturity ogive, applied since 1977, should be adopted for
the 1984 year class from 1986

1.4.4 Maturity ogive for the 1992 and 1995 egg surveys

In response to the request (ICES 1997/Assess:3) the Working Group were not able to provide a matumy ogive
with a CV for either of these survey years. Sampling in these years was concentrated on the spawning grounds
and did not adequately cover the areas of juvenile distribution where smaller less mature 2 year old fish may have
been more abundant.

1.4.5 Future North Sea egg surveys

There is uncertainty about the origin of the exceptionally high numbers of 1996 year class mackerel observed in
the IBTS in the North Sea as ‘0’ groups (Figure 2.4.1) and as ‘1’ groups (anure 2.4.2). If these are North Sea
stock mackerel then they should be fully mature by 1999 when the next egg survey of the North Sea could take
place. The Working Group recommends that a survey of the North Sea spawning area is carried out in 1999,

1.5  Species Mixing

Scomber sp. ;

As in previous years, there was also a Spanish and Portuguese fishery for Spanish mackerel, Scomber japonicus,
in the south of Division VIIb, in Division VIIIc and Division IXa.

Table 1.5.1 shows the Spanish landings by Sub-division in the period 1982-1996. In 1996 the catch in Division
VIIIb was 778 t, an increase with respect to 1994 and 1995. In Sub-division VIIIc East the catch was 2,633 t,
similar to the catch in 1995, In Sub-division VIIIc West this is the first year in which a catch of this species has
been registered, albeit only 47t. As has been the case since 1993, there was also a Spanish fishery of Spanish
mackerel in Sub-division IXa North in 1996, mainly in the 3rd quarter, with a catch of 5,066 t. There is no error
in the identification of mackerel species in the Spanish fishery in Divisions VIIIbc and Sub-division IXa North.

In Sub-division IXa South, the Gulf of Cadiz, there is a small Spanish fishery for mixed mackerel species which
had a catch of 370 t in 1996, a fall in comparison with the period from 1992 to 1994 in which catches were
around 1,000 tonnes, but similar to the 1995 catch of 364 tonnes. In the bottom trawl surveys carried out in the
Gulf of Cadiz in 1996, catches of S. scombrus were scarce or even non-existent, with S. japonicus making up
99% of the total catch in weight of both species (M. Mill4n, pers. comm). Due to the uncertainties as to the

proportion of S. Scombrus in landings for this area, they have never been included in the mackerel catches
reported to this Working Group by Spain. .

In Portugal the landings of Spanish mackerel from Division IXa (CN, CS and S) were 4,759 t in 1996, more
abundant in the southern areas than those of the north (Table 1.5.1). These species are landed by all fleets but the
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purse seiners accounted for 76% of total weight. There is no error in the identification of mackerel species in the
Portuguese fishery in Division IXa. Section 3 deals only with S. scombrus.

. -

Trachurus sp.

Three species of Trachurus genus, T. trachurus, T. mediterraneus and T. picturatus are found together and are
commercially exploited in the NE Atlantic waters. Studies about genetic differentiation showed three clear
groups corresponding to each species of Trachurus with no intermediate principal components scores, excluding
the possibility of hybrids between species (Soriano, M. and A. Sanjuan, WD 1997).

Following the Working Group recommendation (ICES 1996/Assess:2), special care was again taken to ensure
that catch and length distributions and numbers at age of T. trachurus supplied to the Working Group did not
include T. mediterraneus and T. picturatus. Spain provided data on T. mediterraneus and Portugal on T.
picturatus.

In Divisions VIIIab and Sub-division VIllc East, the total catch of T. mediterraneus was 4,618 t in 1996. In both
areas the catch has fallen with respect to 1994 (Table 1.5.2).

As previous years, in both areas, more than 95% of the catches were obtained by purse seiners and the main
catches were taken in the second half of the year, mainly in autumn, when the T. trachurus catches were lowest.
T. mediterraneus catches were lowest in spring.

Catches and length distributions of T. mediterraneus in the Spanish fishery in Divisions VIIIa,b and ¢ were
reported separately from the catches and length distributions of 7. trachurus.

A fishery for T. picturatus only occurred in the southern part of Division IXa, as in previous years. Data on T.
picturatus in the Portuguese fishery for the period 1986-1996 are also given in Table 1.5.2. Catches and length
distributions of T. trachurus for the Portuguese fishery in Division IXa do not include data for T. picturatus.

As information is available on the amounts and distribution of catches of T. mediterraneus and T. picturatus for
at least eight years (ICES 1990/Assess:24; ICES 1991/Assess:22; ICES 1992/Assess:17; ICES 1993/Assess:19;
ICES 1995/Assess:2; ICES 1996/Assess:7 and ICES 1997/Assess:3), and as the evaluations and assessments are
only made for T. trachurus, the Working Group recommends that the TACs and any other management
regulations which might be established in the future should be related only to T. trachurus and not to T. trachurus
spp. in general, as is the case at present . It would then be appropriate to set TACs for the other species as well.
Section 4.2.7 deals only with T. trachurus.

EAACFM\WGMHSASS\REPORT98.DOC 11



4!

Table 1, 5. 1: Catches in tonnes of Scomber japonicus in Divisions VIIIb, VIIIc and IXa in the period 1982-1996.
Country Sub-Divisions | 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Division VIIIb 0 0 0 0 0 0 0 0 0 487 7 4 427 247 778
VIIic East 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2633
VIIIc west ' 47
Spain Total 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2679
IXa North 2557 7560 4705 5066
IXa South 895 800 1013 364 370
Total 0 0 0 0 0 0 0 0 0 0 895 3357 B573 5068 5437
Total Spain 322 254 656 513 750 1150 1214 3091 1923 1989 1761 5253 10903 7872 8894
IXa Central-North 785
Portugal IXa Central-~South 2224
IXa South 1749
Total Portugal 664 373 8059 9118 8184 8261 3816 6447 8567 10142 8942 7341 4438 3884 4759
Division VIIIb 487 7 4 427 247 778
VIIIc East 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2633
VIIIc west 47
Divigsion VIIIc 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2679
TOTAL
IXa North 2557 7560 4705 5066
IXa Central-North 785
IXa Central-South 2224
IXa South 895 800 1013 364 2120
Division IXa 664 373 8059 9118 8184 8261 3816 6447 8567 10142 9837 10698 13011 8952 10195
Total 986 627 8715 9631 8934 9411 5030 9538 10490 12131 10703 12594 15341 11756 13653
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Table 1, 5. 2 3 Catches (t) of Trachurus mediterraneus in Divisions VIIIab, VIIIc and IXa in the period 1989-1996 and Trachurus picturatus
in Divisién IXa, Subarea X and in CECAF Division 34.1.1 in the period 1986-1996.

pivisions hub-DLvllionl 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
VIIIab - - - 23 298 2122 1123 649 1573 2271 1175 i
VIIIc East - - - 3903 2943 5020 4804 5576 3344 4585 3443 i
VIIIc VIIIc west - - - 0 0 0 0 0 o] 0
T. mediterraneus Total - - - 3903 2943 5020 4804 5576 3344 4585 3443 {
IXa North - - - 0 0 0 0 0 0 0 0 ‘
Ixa IXac, N&§ - - - 0 0 0 0 0 0 0 0 !
Total - - - 0 0 0 0 0 0 0 [} ‘
IXa 367 181 2370 2394 2012 1700 1035 1028 1045 728 1009
X 3331 3020 3079 2866 2510 1274 1255 1732 1778 1822 1715 :
T. picturatus Azorean Area
34.1.1 2006 1533 1687 1564 1863 1161 792 530 297 206 393
Madeira's area

(-} Not available ;
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2 MACKEREL - GENE_RAL
2.1 Stock Units

The mackerel caught in North East Atlantic waters were until 1995 treated as belonging to one of three stocks,
Western, Southern and the North Sea stocks. Based on tagging experiments (Uriarte 1995) in the south east
corner of the Bay of Biscay, in the North Sea and Western area (Bakken and Westgaard, 1986, Iversen and
Skagen, 1089) and egg distributions the Working Group in 1995 (ICES 1996/Assess:7) decided to pool these
units into one. The tagging experiments have demonstrated that mackerel from the different spawning areas are
mixing in the North Sea and Norwegian Sea during the second half of the year (August-January). Since it is
impossible to split the mackerel caught in these areas by stocks all the fish caught have been allocated to the
Western stock. The catches of North Sea mackerel has been included in the assessment of Western mackerel
since 1988 (ICES 1989/Assess:11). Due to big differences in stock size levels this has negligible impact on the
assessment of the Western stock. The size of the North Sea stock is about 3% of the Western stock. In quarter 1
of 1997 there were unusually high catch rates of 1 group fish in the northern North Sea. As a result it has also
become difficult to separate the juveniles of the western stock from the N. Sea stock. This provides a further
rationale for treating the three stock as one. The total catches, estimated by the Working Group to have been
taken from the various areas, are shown in Table 2.1.1.

Even if the three spawning I;nits now are treated as one unit the Working Group considers it important to be able
to follow the development of the egg production and spawning biomass in the Western, Southern and North Sea
spawning area separately.

A joint EU/Norwegian mackerel tagging project (1996/035) involving Spain, Portugal, Ireland, and Norway has
been carried out in 1997. 91,000 fish have so far been tagged using a combination of external and internal tags.
The purpose of this project was 1) to study the migrations of adult and juvenile fish in the southern and western
areas and 2) to obtain information on the recruitment patterns of juvenile fish from the Iberian peninsula and off
north west Ireland. Preliminary results should be available for the 1998 meeting of the Working Group.

2.2 Spawning Stock Biomass Estimates from Egg Surveys

i

2.2.1 North Sea area

An egg survey of the North Sea was carried out between 6 June and 2 J uly 1996 with a total of three coverages of
the spawning area by Denmark and Norway. A total of 30 ship days was deployed compared with 90 days in
1990 when the last egg survt':y was carried out. (ICES 1997/H:4).

On the first survey daily egg production was low (1.02 x10" eggs) but peak production occurred at the south-
western corner of the surveyed area. It was possible that some production was missed on that survey.

The area coverage on the second and third surveys was adjusted to take into account the observed change in
distribution. Daily egg production peaked on the second survey (2.01 x10'% eggs) and declined to 1.07 x10'% eggs
on the final survey at the end of June.

A total seasonal egg production of 59 x10" eggs was calculated from these surveys based on spawning starting
on 17 May and ending on 27 July, as used in the 1990 egg survey calculations. By applying the fecundity values
from Iversen and Adoff (1983), a spawning stock biomass of 84,000 t is calculated. Using mean atresia data from
the western area, 11.6%, this SSB estimate is increased to 110,000 t.

The Working Group recommends that the next North Sea egg survey should be carried out in 1999 (see Section
1.4.5).

2.2.2 Western Area

The Egg Survey Working Group recommended changes to the historic estimates of total potential fecundity and
atresia (see Section 1.4.2). Those changes were accepted by this Working Group and have been incorporated into
the current assessment. The estimates of fecundity, atresia and SSB of mackerel in ICES (1997/Assess:3; Table
2.1) have been updated and are given in Table 2.2.1.
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The area will be surveyed again in 1998 (see Section 1.4.1).

2.2.3 Southern area

There is no new information to report. The area will be surveyed again in 1998 (see Section 1.4.1).
2.3 Allocation of Catches to Stock

Since 1987 all catches taken in the North Sea and Division Illa have been assumed to belong to the Western
stock. This assumption also applies to all the catches taken in the international waters. It has not been possible to
calculate the total catch taken from the North Sea stock component separately but it has been believed to be less
than 10,000 t for a number of years. This is because of the very low stock size and because of the low catches
taken from Divisions IVb,c. This figure was originally based on a comparison of the age compositions of the
spawning stock calculated at the time of the North Sea egg surveys This assumption has been continued in 1996
but it should be pointed out that if the North Sea stock should increase and the catches of “Western” mackerel
continue to decrease then the figure may need to be reviewed. An 1ntemauonal egg survey carried out in the
North Sea during June 1996 provided a very low index of stock size in the area.

Prior to 1995 catches from Divisions VIIIc and IXa were all considered to belong to the southern mackerel stock,
although no assessment had been carried out on the stock. In 1995 a combined assessment was carried out in
which all catches from all areas were combined, i.e. the catches from the southern stock were combined with
those from the western stock. The same procedure was carried out by the 1996 Working Group and again by the
present Working Group; the new population unit again being called the North-east Atlantic mackerel unit.

The TAC for the Southern area applies to Divisions VIIIc and IXa. Since 1990, 3,000 t of this TAC, which has
" been fixed at 30,000 t, has been permitted to be taken from Division VIIIb in Spanish waters. This area is
included in the “Western” management area. These catches (3,000 t) have always been included by the Working
Group in the western component and are therefore included in the F values used in the assessment for the
Western area.

2.4 Distribution of Juvenile Mackerel
2.4.1 Surveys in winter 1996/97
Fourth quarter 1996

" High catch rates of 1996 year class fish were taken off the western Iberian coast, west of Ireland and in the
Tampen/Viking banks area and the central North Sea (Figure 2.4.1). Lower catch rates than usual were recorded
in the Hebrides NW Ireland area. For the 1995 year class there were small catches at the NW corner of Spain.
The highest catch rates were recorded off NW Ircland and the Hebrides. However, these catches were
substantially less than catches from either this year class or the 1994 year class in 1995. This may suggest that the
high recruitment postulated in last years Working Group report was incorrect. The 1994 year class was found
mainly concentrated in the NW Ireland/Hebrides area, with some reasonable catches in the Viking Bank area and
in the southern North Sea.

First quarter 1997

No data are yet available for the 1994 and 1995 year classes. The bulk of the fish from the 1996 year class were
caught in the Tampen/Viking Banks area of the North Sea (Fxgure 2.4.2). Smaller catches were also taken NW of
Ireland and SW of Cornwall. Although not a bottom trawl survey it should be noted that the Spamsh acoustic
survey in March 1997 found large quantities of juvenile mackerel in layers close to the seabed.

It should also be mentioned that the Scottish bottom trawl survey on the Rockall Bank in August 1997 made large

" catches of juvenile mackerel which have not been observed here before. This was also confirmed by Irish
commercxal trawling operations in July.
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24.2 Trendsin aée 0 ﬁsli in the fourth quarter Sufveys 1989-96 (Figure 24.3)

e West Iberia: There has been a consistent "hot-spot" around the area of the Spanish/Portuguese border except
for 1990 and 91. X ;

. Biscay Although this area was not surveyed in all years there were moderate catches in all years surveyed in
areas in the central part of the Bay.

s Cornwall & Western Approaches Catch rates were very low from 1989 to 92 and then increased to moderate
levels from 1993 to 96. :

» West of Ireland/Hebrides: Generally high catch rates were recorded up to 1995, but were much reduced in
1996. Catch rates were higher in the Hebrides area in 1993 and 95.

e North Sea: Data have only been processed for 1995 and 96. Moderate catch rates were recorded in the central
North Sea in 1995. In 1996 the catch rates increased considerably and the fish occupied a wider area to
include Tampen and Viking Banks.

24.3 Trendsinagel ﬁsh in the first quarter surveys 1986-97 (Figure 2.4.4)
There was no coverage south of 48°N except in 1992 and 1993.

e Cornwall & Western Approaches: Catch rates increased to high levels from 1986 to 94 and then decreased
thereafter. The maximum catch rates were recorded in 1992.

e West of Ireland/Hebrides: The bulk of the age 1 fish were found in this area from 1990. The distribution
tended to be more northerly (i.e. Hebrides area) during the good recruitment years of 1988, 90, 94 & 96. In
years of poor reerullrneiit the distribution was more even or tended to be higher in the areas off Cornwall.
Very few age 1 fish were caught in this area in 1997.

e North Sea: Data have only been processed for 1996 and 97. There were two good catches in the Tampen area
in 1996. Otherwise very little was caught in the rest of the North Sea. In 1997 the majority of all the age 1 fish
were found in the area of the Tampen and Viking Banks. This is a highly unusual event, as can be seen from
both the distribution maps and the North Sea recruit index (Table 3.1.1). The provenance of these fish is
presently unknown and the Working Group feels that it is premature to consider whether these are North Sea
or Western mackerel. This matter will be given further study.

24.4 Mackerel recruit indices

Some doubt has been expressed about the value of the mackerel recruit index derived from all the bottom trawl
surveys in quarters 4 and 1 (ICES 1996/Assess:7; ICES 1995/Assess:2). Evidence was presented in the 1996
report (ICES 1997/Assess:3) that this might be explained by the more northerly distribution of the juvenile fish in
recent years. The Working Group recommended that modelling and other studies be carried out to explore this.

To this end, studies have been carried out to compare the recruitment indices calculated for each individual
survey series with the assessfnent index of recruitment. Two indices; one calculated from the Scottish west coast
survey in the first quarter at age 1 (Figure 2.4.5) and one from the La Coruiia ﬁshery CPUE at age 1 (Spanish
traw] fleet, VIIIc west) (Flgure 2.4.6) show good fits with the assessment. As noted in last years report (ICES
1997/Assess:3) there appears to be a tendency in recent years for high catch rates to be taken at the extreme north
and south ends of the range in good recruit years. Examination of the age 1 distribution maps from the quarter 1
bottom trawl surveys show that high catch rates were recorded in the Hebrides area in 1988, 90, 94 & 96, in each
case following a peak in recruitment. There may be two possible explanations for this. First, that following a
good recruit year the JUVemle fish tend to spread out over a wider area, the so called "basin effect”. Or secondly,
that the conditions which lead to a good recruitment also tend to result in the a greater transport of the young fish
into the Hebrides area. In either case there is good support from these data for the use of the West of Scotland
surveys as an index of good vs. poor recruitment.

It is interesting to note that the index derived from all the surveys also showed up the good recruit years well.
However, it also showed a high value for the 1991 year class which was not reflected in the assessment series. In
1992 there was a dramatic increase in catch rates around Cornwall, and this would have tended to produce 2 high
overall index. There is still evidence of a general trend in the overall survey index which was also not reflected in
the assessment series. The reasons for this remain unclear.

In quarter 1 1997 the fit between the assessment series and the Scottish west coast survey appeared to break
down, with the survey index being much lower. As described above, the juvenile distribution maps (Figure 2.4.2)
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showed a dramatic increase in age 1 fish in the northern North Sca. Based on the assumption that these fish might
belong to the Western “stock” rather than the North Sea “stock” they were then included in the west coast index.
This resulted in a good fit with the assessment index..

The conclusion from these studies is that the two trawl indices can be used as reliable pointers to recruitment
success or failure. However it continues to be important to collect recruit data from the other bottom trawl
surveys in both quarters to retain an appreciation of changes in juvenile distribution and their potential impact on
the validity of the indices.

As noted in last year’s Working Group report (ICES 1997/Assess:3) and again this year, there have been marked
interannual changes in the North/South distributions of juvenile mackerel which have cast doubt on the
traditional method of calculating the recruit index. For this reason this index has not been calculated for 1996.
The two indices mentioned above, the Scottish west coast survey at age 1 and the La Coruiia fishery at age 1 will
be used to indicate the pattern of recruitment.

25  The Fishery in 1996

The total catch estimated by the Working Group to have been taken from the various areas is shown in Table
2.1.1. This table shows the development of the fisheries since 1969. The total estimated catch in 1996 was about
563,600 t which was approximately 192,000t lower than the catch taken in 1995 and the lowest recorded from
the ﬁshery since 1973. The TACs set for 1996 amounted to 446,000 t (see Section 2.5.1.) The dramatic decrease
was mamly due to the decrease in the TACs set as a result of the international agreements and the effective
enforcement of the management measures. Estimates of discards are also shown in this table but these estimates
apply to one fleet only.

During 1996 the highest catches (over 201 000 t) were again taken from Sub-area IV and Division Illa - over
97% of these having been taken in Division IVa. There was, however, a considerable decrease in the catch taken
~ from this area compared with that of 1995. A small decrease was also observed in the catches from Divisions Ila
and Vb (103,000 t) where the international fisheries take place. Significant decreases also took place in the
fisheries in Sub-areas VI and VII and Division VIIIa,b,d,e (213,000 t). The catches taken in Divisions VIIIc and
IXa have slowly increased in recent years and the 1996 catch of over 34,000 t is the highest recorded since 1977.
The amounts misreported during 1996 also decreased compared with previous years. Approximately 52,000 tof
mackerel, taken in Division IVa, were reported as having been taken in Division VIa - the correspondmg figure
for 1995 was 107,000 t. This decrease was due to increased monitoring of the fisheries and also the decreased
TACs Catches from the fishery in the southern part of Division VIa which had developed considerably in recent
years decreased in 1996 and fell from 20,000 t to 13,000 t.

The catches per quaner and per Sub-area and by DlVlSlOl’l are shown in Table 2.5.1 and also in Frgures 2.5.1a—d.
The quarterly distribution of the ﬂshenes in 1996 was very similar to that of 1995. Over 37% of the total catch
was taken during the 1st quarter as the shoals migrate through Sub-area VI to the main spawning areas in Sub-
area VII. Only 8% of the total catch was taken in Quarter 2, most of it from Sub-areas VI and VIL During
Quarter 3 the main catches were recorded from Division IIa and Division IVa from the shoals on the summer
. feeding areas. During Quarter 4 the main catches were recorded from the overwmtenng areas in Division IVa.
The main catches from Divisions VIIIc and IXa were taken in Quarter 2 - over 57% of the total being taken in
Quarter 2 from Division VIIIc. The quarterly distributions of the catches since 1990 are 'shown in the table
below. Over this period there appears to have been a gradual change in the nmmg of the ﬁshenes, with a
decreasmg amount of the catch being taken from Q4 and a corresponding increase in the catches from Q1. '

Percentage distribution of the total catches from 1990-1996

Year Q1 Q2 Q3 Q4
1990 28 6 26 40

191 38 5 25732
1992. 34 5 24 37
1993 29 7 25 39
1994 32 6 28 34
1995 37 8 27 28
1996 37 8 32 23
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National catches

The national catches recorded by the various countries for the different areas are shown in Tables 2.5.2-2.5.5. As
has been stated before these figures should not be used to study trends in national figures because of the degree
of misreporting, and the high “unallocated” catches due to some countries exceeding their quota. Some mistakes
have been discovered in these tables - particularly for the earlier years and these have been corrected. These,
mistakes, however did not effect the catches in numbers at age used in the assessments The main mackerel
catching countries in recent years continue to be Norway, United Kingdom, Ireland, Netherlands and Russia.

The total catch recorded from Divisions IIa and Vb (Table 2.5.2) was believed to be about 103,300 t, which was
considerably lower than that for 1995 (135,493). Most of this catch was taken by Norway and Russia. The total
catch believed to have been taken from “international” waters in this area was about 51,300 t. There appeared to
have been no misreporting of catches from this area during 1996 but there is no data to support this assumption.
High levels of misreporting Were recorded in 1994 (109,600 t).

The total catch recorded from the North Sea (Sub-area IV and Division IIla) (Table 2.5.3) was 212,800 t
compared with 322,100 t in 1995. This figure is the lowest recorded from the area since 1986. This decrease was
mainly a result of a decrease in fishing effort in Division IVa as a result of the reduced quota and more effective
enforcement of the management measures? About 51,700t were believed to have been taken in Division IVa but
were reported as having been taken in Division VIa. The main catches were recorded by Norway (88,000 t),
while substantial catches, totallmg 56,000 t were also recorded by Denmark, the United Kingdom and Faroe
Islands.

The total catch estimated from the Western areas (Table 2.5.4) was 213,300 t , after correcting for unallocated
and misreported catches (minus 41,800 t). The unallocated, misreported catches and discards are mainly made up
of an unallocated catch of approximately 10,000 t together with catches of about 51,700 t believed to have been
taken in Division IVa. The national catches have been very stable for 2 number of years - the main catches being
recorded by the United Kingdom, Ireland and the Netherlands.

The total catch recorded from Divisions VIIIc and IXa (Table 2.5.5) was 34,100 which is the highest total
recorded since before 1977 and continues the increasing trend in catches from this area observed in recent years.
The increased catches were as a result of increased prices for mackerel. Most of the catch from this area is taken
by Spain (>90%). '

2.5.1 ACFM advice and management applicable to 1996 and 1997

The TACs agreed by the various management authorities and the advice given by ACFM for 1996 and 1997 were
as follows:

1996 . 1997

Stock Advice recommended by ACFM }Agreed TAC| Catch | Recommended TAC | Agreed TAC

North Sea Stock |Lowest possible level 52.8 ? LPL 52.8
Western Stock  [Significant reduction of F 369.2 530 see text 363.2
Southern Stock |No advice given 30 34  see text 30.

*Assumed to be mainly Western stock mackerel, taken from Sub-area IV, Division IIla and Ila, and included in
the total agreed TAC for the western stock.
Division VIIIc, Sub-areas IX and X and CECAF Division 34.1.1 (EU waters only).

The agreed TAC for 1997 for the Western and North Sea stocks combined amounts to 416,300t and this figure
includes the agreements between EU, Norway and the Faroes. For 1997 ACFM recommended a significant
reduction in fishing monalny in order to restore and maintain the SSB within the range observed in the time
series available.

It is again important to stress that while the recommended TACs are meant to apply to the total catch of all

mackerel over the total distribution area the actual agreed TACs do not apply to the catches taken in international
waters. The total catches in international waters, which are mainly taken by Russia in the Norwegian Sea, have
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been increasing in recent years and amOunted to over 51,000t in 1996. There are no restrictions on the amount of
fish which can be taken in this fishery.

In addmon to the TACs and the national quota the followmo are some of the more 1mportant additional

management measures whtch were in force in 1996 and are again in force in 1997. These measures are mainly
) desngned to afford maximum protection to the North Sea stock while it remains in it’s present depleted state while
at the same time allowing fishing on the western stock while it is present in the North Sea.

1. Prohibition of ﬂshing in Division IVa during Quarters 1 and 2, and of a directed mackerel fishery in Divisions
IVb and IVc throughout the year (Norway opened for a small fishery in Division IVa the first quarter of 1996
and 1997);

2. Prohibition of a directed mackerel ﬂshery in the “Comwall Box™;

3. Minimum landing size of 30 cm for Sub-area IV, Division Illa and 25 cm for Divisions VIlIc and IXa.

Vanous national measures such as closed seasons and boat quotas are also in operations in most of the major
mackerel catching countries.

2.6  Distribution of the Mackerel Fisheries

The distribution of the mackerel catches taken in 1996 is shown per quarter and per Sub-area and Division in
Table 2.5.1. More detailed information on catches, per statistical rectangle, based on logbook information is
shown in Figures 2.5.1a—d. The information is incomplete because it is based only on catches from Netherlands,
Norway, Ireland, Russia, Denmark, Spain, Portugal and United Kingdom. The catches represent over 400,000 t
or about 70% of the total catch. In these ﬁgures the Spanish catches are not based on official data and the total
catches have not been corrected for any misreporting. .

First quarter 1996

Catches taken during this quarter totalled about 207, 800 t. Mlsreportmg of catches between Division IVa and VIa

takes place pameu]arly during the early part of this quarter and although the amounts have decreased during 1996

the dlstnbutton of the fishery shown in this quarter should be treated with caution. The dlstnbutxon of the catches

appear to be very sumlar to that of 1995 and reflects the migration of the shoals as they move away from the

overwmtermg areas in the North Sea and Ila along the west of Scotland and Ireland towards the spawmno

grounds south-west of Ireland and England. Small catches are also taken during this quarter in the westérn
English Channel and along the Iberian Peninsula. The distribution is shown in Figure 2.5.1.a.

. Second quarter 1996

Catches dunng this quarter totalled about 47,000 t. The matn catches were again taken from the spawning
grounds west and south-west of Ireland Small catches were again taken from the Iberian Penmsula, parucularly

. in the Norwegian sea. The distribution was again very similar to that of 1995 and i is shown in Figure 2.5.1.b.
Third quarter 1996

Catches during this quarter totalled about 180, 800 t. Dunng this quarter the main catcheés were taken in the
fisheries west of Norway where the distribution was again similar to 1995. Catches taken from the ﬁshery in the
international waters in the Norwegian Sea were distributed over a very wide area and the general dtsmbuuon
appeared to be similar to that in 1995. This fishery takes place in the early part of the quarter and the catches are
taken in a more westerly area than the catches taken in the later part of the quarter Small catches were agam
taken from around the Iberian Peninsula, particularly along the west coast of Portugal. The distribution is shown
in Figure 2.5.1.c.

Fourth quarter 1996
Catches during this quarter totalled 128, 800t The main catches were again taken west of Norway. Catches were -
also taken from north-west of Ireland but on a more reduced scale than in 1995. Considerable catches were again

taken from the western part of the English Channel. Small catches continued to be taken from around the Iberian
Peninsula. The distribution is shown in Figure 2.5.1.d.
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277  Length Compositions by Fleet and Country

Length distributions of some of the 1996 catches by some of the fleets were provided by Germany, Ireland,
Netherlands, Norway, Portugal, Russia, Spain and United Kingdom. The length distributions were available from
most of the major fishing fleets and account for about 75% of all catches. These distributions are only intended to
give a very rough indication of the size of mackerel landed by the various fleets and they do not reflect the
seasonal variations that occur in many of the landings More detailed information on a quarterly basis is available
for some fleets on the Workmg Group files. The length distributions by country and by fleet for 1996 are shown
in Table 2.7.1.

<

28 Catch in Numbers at Age

The catches in numbers at age by quarter for Divisions Ila; Illa; IVa; IVb,c; VIa; VIlae,f,gh; VIIb,c,jk; VIId
and VIIIa,b,d,e are shown in Table 2.8.1. The percentage catch by numbers at age from 1985 to 1995 is given in
Figure 2.9.

The catch in number at age By quarter for mackerel frdm Divisions VIIIc and IXa for southern mackerel is given
in Table 2.8.2 for 1996 and in Table 2.8.7 for the period 1984-1996.

The overall age composition for the catches from the Western areas is mainly composed of 27 year old fish.
These age groups constitute 72% of the total catches. Three year old fish i.e. the 1993 year dominated the catches
throughout most areas. Fish belongmg to the 1995 year class were dominant in the catches in Q3 in Division Via.
The overall age compositions are reasonably consistent throughout most areas with the exceptions of Divisions
IVb,c and Divisions VIla,e,f,g,h and Division VIId. These three areas contain much higher numbers of 0 and 1
year old fish. In most areas catches of 0 and 1 group mackerel are insignificant and less than 1%. However, in
Division IVb,c they amount to 50%; mainly being taken in the Quarter 4. In Divisions VIla.e,f,g, VIa and VIId

the respective percentages are 26%, 11.6% and 12.8%. ‘

Catches from Divisions VIIIc and IXa were again dominated by young mackerel. Mackerel belonging to 0/1
groups constituted 44% of the catch compared with 24% for 1995. Fish in the age groups 2-6 constituted 35%
while those in the older groups constituted 21%. These percentages are very similar to the averages over the
period 1990-1996 when the respective figures were 38%, 43% and 19%.

Age distributions of catches were provided by Denmark, Ireland, Netherlands, Norway, Portugal, Russia, Spain
and United Kingdom. There were again some serious deficiencies in the overall sampling of the catches. No age
distributions were available from a number of countries who take substantial catches, e.g. the Faroes, France, and
Sweden who together take nearly 38,000 t. Russian age data has been used to cover the catches taken from
“international” waters in Divisions Ila and Vb (51,000 t) but it is by no means certain that this is appropriate
because of lack of information on the gears used by other fleets fishing in these areas. Catches by pelagic trawlers
fishing in Division IVa have not been adequately sampled and have been converted to numbers at age using
samples from purse seine catches. In addition, there were no samples to cover the entire catch from Division VIId
(4,000 t) and very limited data to cover the catches taken from Division Illa. Catches for which there was no
sampling data were converted into numbers at age using data from the most appropriate fleets. As in 1995 this
procedure was not consxdered satisfactory because of possible differences between fishing gears in the different
areas.

The sampling intensity is further discussed in Section 1.3.1.

29  Mean Lengths at Age and Mean Weights at Age

Mean lengths |

The mean lengths at age per quarter for 1996 for the Western area and for the Southern area are shown in Tables

2.8.3 and 2.8.4 respectively. A long series of these data are available on mean lengths for both these areas and
should be investigated for possible changes in relation to changes in stock sizes.
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Mean weights

The mean weights at age in the catches per quarter for 1996 for the western and southern areas are shown in
Tables 2.8.5 and 2 8.6 respectively. The mean weights at age in the stock for the western mackerel is shown in
Table 3.2.3. These are based on a combination of samples obtained from Dutch freezer trawlers fishing on the
. spawning grounds west of Ireland, together with data from the Irish fisheries during the same period. The mean
" weights at age in the stock for the southern mackere] are based on samples obtained during Quarter 1 and Quarter
4 . The same data set has been used since 1984 and the data is shown below

Stock Weights at Age (kg) for Southem Mackerel

Age in Years

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
161 248 305 354 385 427 455 493 511 545 548 617 622 656 .716

Mean weights at age in the catches for the southern areas for the period 1984-1996 are shown in Table 2.8.8.
2.10 Maturity Ogive

A comprehensive review of the problems related to the estimation of maturity at age was given in the report of
this Working Group in 1996 (ICES 1997 Assess:3). Some of the question raised in that review were addressed to
the Mackerel and Horse Mackerel Egg Survey Working Group which met in February 1997 to plan the 1998 egg
surveys. Their response is summarised in Sections 1.4.3 and 1.4.4. As a result this Workmg Group has now
revised the maturity at age 2 of the 1984 year class from 20% mature to 60% mature in line with the general
maturity ogive applied since 1997.

Itis 1mportant for assessment purposes that the matunty ogive represents the proportions of fish by age group
that actually spawn, because the assessment is tuned to the SSB obtained from egg surveys. This is particularly
important when a strong year class recruits to the stock. For the 1992 and 1995 egg survey years it was not
possible to provxde a maturity ogive because of poor sampling of the popu]atxon distribution. This problem will
be addressed in the 1998 surveys when fish sampling will be distributed across both predominantly adult and
juvenile distribution areas. The maturity ogive for 1998 will be based on hrstologlcal examination of the ovaries
rather than the macroscopic examination used in previous survey years. In this context a proposal has been
submitted to the EU for funding this aspect of the 1998 surveys. Unless some financial support becomes available
it is unlikely that this part of the programme will be able to proceed Hnstological maturity data indicate that
proportions mature based on macroscopic examination tend to overestimate the proportions mature in the 1 to 3
age groups. This is because a large proportion of the younger age group which start to produce vittellogenic
oocytes never actually spawn and those oocytes become atretic.
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Table 2.1.1

Catches of MACKEREL by area. Discards not estimated prior to 1978. (Data submitted by Working Group members.)

Year Sub-area VI Sub-area VII and Divisions Sub-area IV and Division Illa Divs. Divs. Total
Vllla,b,d,e I1a,Vb' [VIlc, IXa

Landings | Discards i Catch | Landings | Discards i Catch | Landings | Discards i Catch | Landings | Landings | Landings | Discards i Catch
1969 4,800 | 4,800 66,300 | 66,300 739,182 | 739,182 810,282 | 810,282
1970 3,900 | 3,900 100,300 | 100,300f 322,451 | 322,451 163 426,814 | 426,814
1971 10,200 | 10,200 122,600 | 122,600} 243,673 | 243,673 358 376,831 | 376,831
1972 10,000 | 10,000] 157,800 | 157,800{ 188,599 l 188,599 88 356,487 | 356,487
1973 52,200 | 52,200 167,300 | 167,300] 326,519 | 326,519 21,600 567,619 | 567,619
1974 64,100 |- 64,1001 | 234,100 1,234,100 298,391} .. | 298,391 . 6,800 603,391 .|«603,391
1975 64,800 I 64,800] 416,500 | 416,500] - 263,062 l 263,062 34,700 779,062 l 779,062
1976 67,800 | 67,8001 439,400 | 439,400 303,842 ' 303,842 10,500 821,542 | 821,542
1977 74,800 | 74,800 259,100 | 259,100] - 258,131 | 258,131 1,400 27,417 620,848 l 620,848
1978 | 151,700 lS,lOOI 166,900 355,500 35,500| 391,000 148,817 | 148,817 4,200 26,508]° 686,725 50,700| 737,425
1979 ] 203,300 20,300I 223,600] 398,000 39,800I 437,800, 152,323 500| 152,823 7,000 22,475] 783,098 60,600I 843,698
1980} 218,700 6,000| 224,700] 386,100 15,600I 401,700 87,391 | 87,391 8,300 15,964] 716,455 21,600I 738,055
19811 335,100 2’500| 337,600] 274,300 39,800I 314,100 64,172 3,216| 67,388 18,700 18,053] 710,325 45,516| 755,841
1982 | 340,400 4,100I 344,500 257,800 20’800| 278,600 35,033 450| 35,483 37,600 21,076 691,909 25,350| 717,259
1983 | 315,100 22,300I 337,400] 245,400 9,000I 254,400 40,889 96| 40,985 49,000 14,853] 665,242 31,396I 696,638
1984 | 306,100 1,600l 307,700 176,100 10,500I 186,600 39,374 202I 39,576 93,900 20,308] 635,782 12,302| 648,084
1985 | 388,140 2,735| 390,875 75,043 1,800' 76,843 46,790 3,656I 50,446 78,000 18,111 606,084 8,19l| 614,275
1986 | 104,100 | 104,100f 128,499} | 128,499  236,309| 7,43l| 243,740 101,000 24,7891 594,697 7,431| 602,128
1987 | 183,700 | 183,700 100,300 | 100,300] 290,829 10,789' 301,618 47,000 22,187 644,016 10,789I 654,805
1988 | 115,600 3,100| 118,700 75,600 - 2,700, 78,3001 308,550 29,766| 338,316 116,200 24,7721 640,722 35,566| 676,288
1989 121,300 2,600I 123,900 72,900 2,300I 75,200 279,410 2,190| 281,600 86,900 18,321] 578,831 7,090| 585,921
1990 | 114,800 5,80()| 120,600 56,300 5,500| 61,800 300,800 4,300I 305,100 116,800 21,3111 610,011 15,600| 625,611
1991 { 109,500 10,700I 120,200 50,500 12,800| 63,300] 358,700 7,200| 365,900 97,800 20,683] 637,183 30,7()0I 667,883
1992 | 141,906 9,620| 151,526 72,153 12,400I 84,553 364,184 2,980I 367,164 139,062 18,046 735,351 25,000I 760,351
1993 | 133,497 2,670I 136,167 99,828 12,790| 112,618 387,838 2,720| 390,558 165,973 19,720 806,856 18,180I 825,036
1994 | 134,338 1,390| 135,728| 113,088 2,830| 115918 474,830 1,150| 475,980|- 69,900 25,043] 817,198 5,370' 822,568
1995 | 145,626 74I 145,700 117,883 6,917| 124,800] 322,670 730I 323,400| - 134,100|° 27,600] 747,879 7,721I 755,600
1996 | 129,895 255, 130,150 73,351 9,773, 83,124] 211,451 1,387, 212,838]: 103,376 34,123] 552,196 11,415, 563,611

'For 1976-1985 only Division Ila.
’Discards estimated only for one fleet in recent years.

NB: Landings from 1969-1978 were taken from the 1978 Working Group report (Tables 2.1, 2.2 and 2.5).
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Table 2.2.1  Spawning stock biomass for the western mackerel and westem horse mackerel. Spawning stock
biomass estimates are corrected for atresia. A sex ratio of 1:1 is assumed. The SSB was calculated from the
total egg production based on arithmetic mean of unsampled rectangles if available.
Mackerel: ’ - e
Total egg productlon (10™) Total fecundity Total fecundity Pre-spawning Spawning stock
Year (Mean used for unsampled _ eggs/g female . cbrrected for stock biomass biomass
'rectangles) [atresia cocytes/gm atresia (x10°® tonnes) (x10® tonnes)
Geometric Arithmetic ... - female] (egos/gfemale) .| .. . (conv £x1 08)
. -+~ Annual egg production method - western mackerel . - cooe. o vom o ves e s
1977 1.98 1526 [211] 1315 3.01 3 25
1980 1.48 a 1526 [211] 1315 2.25 243
1980 1.84 b ; 1526 [211] 1315 2.80 3.02
1983 1.50 1.53 1526 [211} 1315 2.33 2.51
1986 1.15 | 1.24 1457 [211] 1246 1.99 2.15
1989 1.45 1.52 1608 [326] 1282 2.37 2.56
1992 1.83 1.94 1569 [138] 1431 2.71 2.93
L1995 - St 149 473 ... 171} ] ... 1302 .. ... 0 228 e 24T
Horse Mackerel U o . e e o s e o
T "~ " Total egg productlon (1 0% Total fecundity | Pre-spawning Spawnmg stock
Year (Mean used for unsampled Total fecundity corrected for stock biomass biomass
rectangles) {eggs/g female) 3.4% atresia (x10° tonnes) (x10° tonnes)
Geometric | Arithmetic . : __(eggs/g female) (oonv £.x1.05)
o v s s <o+ ANDUEL €9Q production method - western horse mackerel o oo ari o e
1977 0.533 ¢ 1557 1504 0.71 577
1980 0.635 ¢ 15657 1504 0.84 0.89
1983 0.381 ¢ 1557 1504 0.51 0.53
1986 0.508 ¢ . 16857 1504 0.68 0.71
1989 1.54 1.63 1657 1504 2.17 2.28
1992 1.37 1.58 1657 1504 2.10 2.21
1995 SN .. 1.226 1857 . 1504 ... 1.63 ... A NARETE
aEgg survey data for period 3 included
b Egg survey data for period 3 excluded
¢ Eaton (1989). lncomplete coverage in 1977
Estimates by Generalized Additive Modelling (from Au h 'ti al WD 199¢
e Egg Productlon PR ——
Year |JArea .. .coomo o . Mackerel - .- i [ e ] Horse mackerel
1 GAM (no bc) |GAM (with bc) GAM (no bc) GAM (wnth bc)
1995 |Westem 0.854 1.623 ' 0.886 1.554
0.02 0.05 0.09 0.24
I T A PG K - BN - D ..0.396 - - . .- 0.553 .. o
1992 |Westem 1.744 2.366 144 1.804
0.05 0.07 0.11 0.21
1989 |Western 1.373 3.027 1.308 1.635
0.09 0.12 0.09 0.14
N (K= RIS I X : ) R e o [B T e R [9.2] s
bc = bias correction
Figures in italics are standard errors ‘
.. Figures in brackets are %CV'S . .. . e i n .

e\acfm\wgmhds98\T-221.xIs

23




Table 2.5.1 Catches of mackerel by Division and Sub-area in 1996.

(Data submitted by Working Group members.)

Quarter 1 2 3 4 Total
Ila + Vb 3100 5,500 93800 1000 103400
IIlIa 500 500 2700 2400 6100
IVa 55900 300 63200 83900 203300
IVb,c 900 2500 3400
VI 103000 2200 13100 11800 130100
Vi1 36100 16200 2700 24900 79900
Vllabde ___ _ _ 500 2100 ________ 300___3100
Sub-total ___ 199100 26800 _176400__127000__529300
VIIIc 7000 18700 2000 600 28300
IXa 700 1500 2300 1200 5700
Grand total 206800 47000 180700 128800 563300
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Table 2.5.2 Catches (t) of MACKEREL in the Norwegian Sea (Division IIa) and off the Faroes (Division Vb).
(Data submitted by Working Group members.)

1984 1985 1986 1987 1988’ 1989

Denmark 11,787 7,610 1,653 3,133 4,265 6,433
Faroe Islands 137 22 1,247
France 16 11
Germany, Fed. Rep. 99 380 -
German Dem. Rep. 16 292 : 2,409
Norway 82,005 61,065 85,400 25,000 86,400 68,300
Poland
United Kingdom 2,131 157 1,413
USSR 4,293 9405 11,813 18,604 27,924 12,088
Discards
Total , 98,222 78,096 101,112 47,186 120,404 90,488
Country 1990 1991 1992 19932 19942 1995 1996
Denmark 6,800 1,098 251 4,746 3,198
Estonia 216 3,302 1,925 3,741
Faroe Islands 3,100 5,793 3,347 1,167 6,258 9,032 2,965
France 23 6 6 5 5 0
Germany 1
Iceland 92
Latvia 100 4,700 1,508 389 233
Netherlands 561
Norway 77,200 76,760 91,900 110,500 140,708 93,315 47,992
Russia 42,440 49,600 28,041 44,537 44,545
United Kingdom 400 514 802 1,706 194 48
USSR? 28,900 13,631°
Misreported (IVa) -109,625 -18,647
Discards 2,300
Total 118,700 97,819 139,062 165,973 71,903 135,496 103,376

'Preliminary.

Russia.
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Table 2.5.3 Catch (t) of MACKEREL in the North Sea, Skagerrak, and Kattegat (Sub-area IV and Division IIIa).
(Data submitted by Working Group members).

Country 1984 1985 1986 1987 1988 1989

Belgium ’ 68 49 14 20 37

Denmark . 10,088 12,424 23,368 28,217 32,588 26,831

Faroe Islands ~ 1,356 2,685

France : 322 1,200 2,146 1,806 2,200

Germany, Fed. Rep. 112 217 1,853 474 177 6,312

Ireland 8,880

Netherlands 340 726 1,949 2,761 2,564 7,343

Norway : 27,311 30,835 50,600 108,250 59,750 81,400

Sweden 1,440 760 1,300 3,162 1,003 6,601

United Kingdom 15 170 559 19857 1,002 38,660

USSR

Misreported (Ila) -

Misreported (VIa) 148,000 117,000 180,000 92,000

Unallocated & Discards 202 3,656 14,822 19,737 59,406 8,651

Total 39,576 50,466 243,700 301,618 338,316 281,600

Country 1990 1991 1992 1993 1994 1995 1996!

Belgium 125 102 191 351 106 62

Denmark 29,000 38,834 41,719 42,502 47,852 30,891 24,057

Estonia 400

Faroe Islands 5,900 5,338 11,408 11,027 17,883 13,886

France 1,600 2,362 956 1,480 1,570 1,599 1,316

Germany, Fed. Rep. 3,500 4,173 4,610 4,940 1,479 712 542

Ireland 12,800 13,000 13,136 13,206 9,032 5,607 5,280

Latvia 211

Netherlands 13,700 4,591 6,547 7,770 3,637 1,275 1,996

Norway 74,500 102,350 115,700 112,700 115,741 108,785 88,444

Sweden 6,400 4,227 5,100 5,934 7,099 6,285 5,307

United Kingdom 30,800 36917 35,137 41,010 27,479 21,609 18,545

Russia

Romania 2,903

Misreported (IIa) 109,625 18,647

Misreported (VIa) 126,000 130,000 127,000 146,697 134,765 106,987 51,781

Unallocated & Discards 900 23,958 16,546 2,720 1,417 1,713 1,623

Total 305,100 365,875 367,164 390,558 473,977 322,099 212,839
! Preliminary.
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Table 2.5.4 Catch (t) of MACKEREL in the Western area (Sub-areas VI and VI and Divisions VIIIa,b.d,e).
(Data submitted by Working Group members).

Country 1984 1985 1986 1987 1988 1989

Belgium .

Denmark 200 400 300 100 1,000

Faroe Islands . 9,200 9,900 1,400 7,100 2,600 1,100

France 12,500 7,400 11,200 11,100 8900 12,700
Germany 11,200 11,800 7,700 13,300 15900 16,200

Ireland 84,100 91,400 74,500 89,500 85,800 61,100
Netherlands 99,000 37,000 58900 31,700 26,100 24,000
Norway 34,700 24,300 21,000 21,600 17,300 700

Poland

Spain 100 1,500 1,400

United Kingdom 198,300 205,900 156,300 200,700 208,400 149,100

USSR 200

Unallocated 18000 75100 49299 26000 4700 18900
Misreported ( IVa) -148,000 -117,000 -180,000 -92,000
Discards 12,100 4,500 5,800 4,900

Grand Total 479,600 467,700 232,599 284,100 197,000 199,100
Country 1990 1991 1992 1993 1994 1995 1996
Belgium

Denmark 1,573 194 2,239 1,443 1,271
Estonia 361

Faroe Islands 1,000 4,095 2,350 4,283 4,248

France 17,400 10,364 9,109 8296 9998 10,178 14,347
‘Germany 18,100 17,138 21,952 23776 25011 23,703 15,685
Ireland 61,500 64,827 76313 81,773 79,996 72,927 49,033
Netherlands 24,500 29,156 32,365 44,600 40,698 34,514 34,203
Norway ' 600 2,552 :
Spain 400 4,020 2,764 3,162 4,126 4,509 2271
United Kingdom 162,700 162,588 196,890 215,265 208,656 190,344 127,612
Unallocated 11,500  -3,802 1,472 0 4,632 28245 10,603
Misreported (IVa)  -126,000 -130,000 -127,000 -146,697 -134,765 -106,987 -51,781
Discards 11,300 23,550 22,020 15,660 4,220 6,991 10,028
Grand Total 182,400 183,509 236,079 248,785 251,646 270,476 213,272

ENACFMAWGMHSA9S\T-2-5-4.DOC - 25/09/97
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Table 2.5.5 Landing (tonnés) of Mackerel in Divisions VIIIc and IXa, 1977 - 1996.

(Data submitted by Working Group members).

Division VIIlc

Division IXa
Years Spain Portugal | Spain Poland USSR | Total | TOTAL
1977 19,852: 1,743 2,935 8 2,879 | 7,565 | 27,417
1978 18,543 1,555 6,221 - 189 ] 7,965 | 26,508
1979 15,013 1,071 6,280 - 111 | 7,462 | 22,475
1980 1 1,316 1,929 2,719 - - 4,648 | 15,964
1981 12,834; 3,108 2,111 - - 5,219 | 18,053
1982 15,621 3,018 2,437 - - 5,455 | 21,076
1983 10,390 2,239 2,224 - " 4,463 | 14,853
1984 13,852 2,250 4,206 - - 6,456 | 20,308
1985 11,81@ 4,178 2,123 - - 6,301 | 18,111
1986 16,533 6,419 1,837 - - 8,256 | 24,789
1987 15,98# 5,714 491 - - 6,205 | 22,187
1988 16,841} 4,388 3,540 - - 7,928 | 24,772
1989 13,446 3;1 12 1,763 - - 4,875 { 18,321
1990 16,086 3,819 1,406 - - 5,225 | 21,311
1991 16,946 2,789 1,051 - - 3,840 20,780
1992 12,043 3,576 2,427 - - 6,003 | 18,046
1993 16,675 2,015 1,027 - - 3,042 | 19,719
1994 21,146 2,158 1,741 - - 3,899 | 25,045
1995 23,631 2,893 1,025 - - 3,918 | 27,549
1996 28,386 3,023 2,714 - - 6,737 | 34,123

E:\ACFM\WGMHSA98\T-2-5-5.DOC‘
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Table 2.7.1° Length distribution in 1996 catches (thousands) by various fleets. .
Scotland . Norway* Netherlands Spain ~ Ireland: || | UK (England & Wales) - Russia . Portugal - Germany -

Length cm || P. Seine §  Other | P. Trawl | P. Seine Pelagic Trawl {| P. Seine | Artisanal |- Trawl ' § P, Trawl Trawl - Handline Commercial Jl - P.seine } Artisanal | Trawl
14 45
15 445
16 1,436] - -
17 325 1,214 0.00] - 1
18 ol 3678 1,723 0.00]
19 1) - 934 6,196 100 : 0.00 1 167]
20 0 1,485 5472 587 21 0.00{: 98]: 2 - 1,451
21 0l - 1,627 5.673 3,798 : 0.00} - 184 19 -5 1,633]
22 6 17 1,437 5,716 4,183 62 0.00 604 36 34) - 1,098
23 20 6 4 1,6310:  1,463| - 620 0.00 455 9 62f - 452]
24 1 0 536] - 525 179 143 0.00 9 1 90 2 69 : 1120
25 0 850l - 2,867 46 566 0.00 64 78 146 31 67)) - 23
26 2 24444 - 1,155 102 1,1024 - 0.00 216 371 147 54]: 206
27 70 2 75 57844 : 6,948 2 179 1,155 0.00 267 1,367 145] - 50| - 3810 23
28 5 23 308 2,188 8,4750: 5712 : 292 2,363 0.00 403 2,703 96 29 418] = 74]
29 112 178 S0 - 6,472 5,196f: 1,001 31 281 5,1648 0.03]- 5780 - 4,629 149 29 203) - 173
30 545 410 357) - 8,121 6,139 - 581 45 314 8,466 0.26] - 7550 - 8,072 203 17 114§ - 509}
31 1,692 741 392) = 10,182 6,508 + 669] - 119 632 9,733 0.62 6874 - 11,693 425 11 964 - 970
32 3,005 1,164 S04f ¢+ 21,193): 76671 1,689} - 665 987 11,829 0.94] : 563 15,765 654 29 1264 1,377
33 5,222 1,506 919]| - 34,732 11,5774 ° 2436 989 1,011 14,010 1.04} - 592 12,546 678} - 62 180 - 2,052}
34 6,555] - 1.570] 1421 45,7084 : 11,2230 2,293 1,332 1,022 16,7684 - 1.10 4991 - 10,614 479 51 184] 2,707
35 - 8,154 1,858 1,770 - 44.422) - 12,736 : 2,144} 1915 9271 14,266 1.17 2491 7,983 480 51 1668 - 2,467
36 6,727~ 2,131 1,957 37.464| 10,0200 - 1,509 2,183 6844 - 11,561 1.68 - 114 6.006] - 369 81 118 1,961
37 6,484 2,214 1,484] - 29,796{ - 7,8970 - 1,422 2,748 455 8,444 1.26 104 5,464 204 80 154 ¢ 2,050
38 5,863 2,562 1,613 25,7644 - 7,6644: 1,528 4,670 406, 9,1950 0.53, 55 2,981 176 425 89 1,955}
39 5,760 23461 1,579 20,419f - 5,794{: 2428|5288 438 7,667 0.32 86 1,993 54 156] - 1394 - 2,043
40 - 3.489 1,572 2.091 12,515) : 4977||: 2,803 6,150] 3271 7,056 0.09 50] : 922 51 333] - 128 1,639
41 2,434 898 1,559 - 6,788 3213 2,451 3,286) - 162]1: 4,452 - 0.09 358 - 318 7 55§ 94 1,010
42 1,111 852 894 4.586{ - 1,523 1,332 2,901 1320 3,046° 0.09 4 183} 2 40 61 : 665
43 667 169 308§ ° 1,4528 675]| ¢ 732 1,358]: 728 ¢ 1,735 ¢ 1 ¢ 172 231 - 302
44 189 215 104 237 295]8 ¢ 304f - 410{: 35+ 5400 - 44 7 121
45 - 96 88 494 71 83} : 126 135 9 « 41514 0.03] - 28 2§ 78
46 . 107 6 214 - 103 66 3 ¢ 83 : 10 18] -
47 158 - 25} 5| 2 C ME 4.
48 : ! 5 9 : 2
49 202} 5 3 3
50 : H ; - : 3

Total No. 482,979 - 20,576] 16,840 312,265} ¢ 129,284 78,176] 34,315] 17,9854 139,8428" 9.2 5,330.4) 93,689 : 5,897} 1,919 3,126 27,149|

Tonnes 28,717 8,976 7,356) - 136,436] 39,0451 - 14,771] 15,307 3,292 48,8944 4 1,317 44,5450 1,231 755 1,038] - 13,193} -

*|ICES Divsions lia,llla and IVa combined -

o:\acfm\wgmhsa98\T-271.xls -
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Table 2.8.1 Catch in numbers ('000) at age by quarter and by Division for mackerel in sub-divisions II-VIII in 1996.
Quarter 1 (Catch '000)
Age ila Jlla Va Vbe Via V1fbcik Vilaeigh Vild Vllabde All Divisions
[ [ [ [ [
16 10 115 183 26 437 39 T 7
774 53 2338 3727 37 383 3353 17 15,043
583 73 20,945 33913 932 5,726 4833 148 94233
3 Yok 4.724 53544 770 2212 387 5 105571
168 18 694 33456 6.781 618 206 85255
59 109 139 67, 686 190 78 0597
2 28 985 68 407 57 4 4 59.969
36 7,661 2,761 568 a7 1 74 25 563
35 10945 3418 874 3] 5 22 2,778
23 310 72 “aia [ 7 3320
13 389 41 ,029 1% 4, 1,034
3 [: 228 94 196 11 22 531
[t 467 634 170 [} 278
[ 566 27 % 550 |
5+ 55 4 359 2.008 11 36 a4
Total 9.032 1341 129,752 0 245 465 84.299 21.831 9471 1282 502 474
Toancs 3129 530 55.890 [ 102,981 31.077 3525 1477 540 199,149 |
Quaner 2 (Cach 000)
Age ila Illa [ 3 Vbe Via \’“h"}l‘ \v’lhdgl Vild Vliabde All Divisions
0 0 [ 0 [ )
9 2 [] Q 55 66
257 30 82 754 5415 1,038 ) 7679
679 26 1,587 10.836 1.178 234 18,571
y 240 I 1.755 11977 262 X 657 17438
49 ) 53 5.13 74 450 3479 |
134 53 5o 1 4.8 73 502 7.645
048 74 3 2568 ) 745 2,865
71 a2 6 39 S1 675
5 30 125 55 59 379
34 20 84 569 52 360
257 [ 12 a2 35 158 33 561
10 11 93 315
0 0 23 29
38 0 26 72
15+ 0 5 [ r O 22
Total 12,361 1.146 915 6210 42,776 2,663 987 4439 71.560
Toanes 5430 453 301 12 2236 15.331 225 a4 2052 26,799
Quaner 3 (Cach '000)
Age Ua 1la Tva Vi Via ¥ Ilhak V llactgh Viid Vllahde All Divisions
0 0 [} [ 969 0 [1] 0 969
34 53 2,399 1881 35,308 269 431 4 40379
8,855 482 4.090 814 19.928 5.101 4,742 28 54,038
43 503 3,790 7.007 683 8 408 2.909 216 28 101,951
3569 i 1.732 280 1432 02 ¢ §7.975
7374 79 5.689 1 7 403 49470 |
6,042 563 0,324 7 7 77.487
8.787 a3 0.290 1 3 25,889
879 4.864 b4 E) 13.96)
291 43547 0 209 13,449
604 1,169 [ 40 814
050 5 407 [ 7 626
435 0 4025 24 AR4
389 [] 45 40 839
4 0 5 38 0 10,
15+ 678 0 % 16 1423
Total 200432 6,932 142.138 3,792 68,325 8.765 5389 71 14 435858
Tonnes 93,772 2,741 63,177 859 13,126 1.620 1.093 20 [ 176414
‘Quaner 4 (Catch 000)
& Na ilia TVa Tvbe Via Vilbeik Vilacigh Viid Villahde All Divisions
0 0 [ 0 0 2268 3 861 6.125
0 47 2316 795 5778 9 .188 330 1,041 49554
[ 225 2555 829 10,150 S 257 308 255 78571
585 3374 586, 754 18,461 I 666 433 1 108,554
54, 71 960 342 4379 53 4349 J44 2. 9.
7 4.014 s1 1541 34 1029 75 164
2 50 3338 147 433 04 77 47 4 K
68 13.773 457 170 78 54 29 452
] 7514 25 15 7 3 a5
3 43524 92 [ 06 0 023
0 3223 80 30 5 11 0 349
p 58 1316 3 [ 3 552
4 0 2.190 16 0 .260
8 [ 317 32 37
[¥ 13 279 17 31
15+ 4 18 419 [} 44
Total 2.173 6.171 198.007 11.375 41 686 21.450 83.364 7970 5517 377,713
Tonses 904 2.430 23879 2,547 11,754 5351 17551 2.129 518 127,103
Quartes } - 4 {(Catch 000)
Age Ha Nla IVa TvVie Via Viibcik \'ﬂzd‘Lh Vild Viliabde All Divisions.
[ 0 0 0 969 (] 2,268 0 3.861 27,098
50 120 43831 676 31269 6354 271 3713 1,042 50826
9955 06 32088 & 33596 16370 454 689 485 158331
6.150 52 116854 X 62389 43,306 26,7 413 95 333,289
4 8.087 Qe 9622 622 62.011 3536 6.824 874 542 263.876
10,9604 09 6651 52 46,321 22.65 1,721 406 64’ 171,368
6 7.889 26 34 860 180 2,389 12.63’ 989 403 5 91,262
0.626 322 42,105 488 34,362 10,153 606 3 110,179
0,072 20074 64 3987 369 792 696 35,625
5,528 0 26.438 3844 325 ) 703 53629
210 0 223 927 083 04 414 22.993
489 147 124 £32 314 54 170 244 16.174
825 454 S81 96 15 118 18590
397 [ 193 677 2 s 520
4 38 34 801 967 44 50 476
154 747 45 1.98 2,026 11 4t 369
Total 223.998 15 589 470812 15.170 361.746 157,291 113,247 18.500 11,252 1.287.604
Tonnes 103375 6.164 203257 3418 130.147 53279 22,594 4.074 3,156 529,464
elacimiwgmhsaOa\T-281.xis .
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Catch in numbers (000) at age by quarter and by Division for mackerel in sub-divisions VIIIC & Xa in 1996.

Table 2.8.2
Quarter1 - s
Age Vilic 1Xa All Divisions
0 0 0 0
1 9417 492 9.909
2 411 862 1273
3 3.405 914 4.320
4 5.573 495 6.069
5 1428 66 1,494
6 931 35 965
7 1,735 59 1,794
8 1.052 37 1.089
9 1,080 20 1,099
10 507 13 521
11 388 6 394
12 165 S 171
13 27 2 29
14 47 0 43
15+ 40 1 40
Total 26,207 3,008 29215
Tonnes 7.037 732 7,769
. Quarter 3
Age VIiic 1Xa All Divisions |
0 -0 18,506 18.506
1 6.551 1,952 8.503
2 5,121 872 5.993
3 850 495 1.345
4 303 505 809
S 56 186 242
6 25 203 228
7 36 141 177
8 16 238 254
9 12 210 221
10 5 55 60
11 3 9 12
12 1 0 1
13 - 0 0 0
14 0 0 (]
15+ 0 0 0
Total 12,980 23372 36,352
Tonnes 2,074 2.343 4417
- Quarter 1-4 -
Age Ville I1Xa All Divisions
0 690 30.168 30,858
1 23,902 5.124 29,026
2 7.616 2,935 10,551
3 7.636 2,441 10,077
4 13,620 1,687 15,307
5 5,840 460 6.300
6 4,650 391 5,041
7 9.100 552 9.652
8 - 5671 516 6.187
9 5,741 431 6.172
10 2,600 211 2.811
11 2,089 89 2,179
12 885 54 939
13 190 17 208
14 245 6 251
15+ 286 -9 295
Total 90,762 45.091 135,853
Tonnes 28,384 5.737 34121
e:acim\wgmhsa98\T-282.xls
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Quarter 2
Age VIlic IXa All Divisions
0 0 0 0
1 7.049 1,544 8,593
2 1.776 992 2,768
3 3,226 952 4,178
4 7,559 622 8,181
5 4.296 187 4,483
6 3.656 133 3,789
7 7,252 339 7,591
8 4,555 234 4,789
9 4.591 195 4,786
10 2,038 140 2,178
11 1.658 73 1,731
12 703 49 751
13 156 15 171
14 192 5 198
15+ 219 9 228
Total 48.926 5488 54,414
Tonnes 18,713 1.496 20,209
Quarter 4
Age Ve IXa All Divisions
0 690 11,662 12,351
1 885 1,136 2,021
2 308 209 517
3 155 79 234
4 185 - 64 249
5 59 22 81
6 38 20 59
7 77 12 89
8 43 7 55
9 59 6 65
10 50 3 52
11 40 2 42
12 16 0 16
13 7 [ 7
14 S 0 s
15+ 27 0 27
Total 2,649 13.223 15.872
Tonnes 560 1,166 1,726
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Table 2.8.3 Length (cm) at age by quarter and by Division for mackerel in sub-divisions II-VIII in 1996.
Quarter 1
Age ila [y 1vVa Ve Via Vilbejk Vl]xt@ Viid Vlilahde All Divisions
) [ [ 0 [ [ [ 0.0
216 23 22 ¥ 223 F1) 215 29,
296 30.6 30. E 27 27 28 32
326 3 3 3 I 3.
4 347 36 5. - 3 ] 73 36 5
38 7 63 6.4 X 3 2.6 38.2 6.
7 393 T4 78 X 35 393 7.
3. 399 39 8 9 5.1 39 40 8.9
39 0 39, 55 40. 366 7 20, 9
9 39 A0 404 4] 53 34. 40. 404
40 41, 40.5 4. 414 40.7
39 425 20 a1 2l 365 3635 a2 09
42 41 8 419 4 3, 4 419
337 a3 344 2y 3
4 435 42 41 458 34. 34 45 42.7
15+ 431 444 429 42. 424 36. 36 44 425
Al ages 339 351 360 37 362 79. 75 38 363
Quarter 2
Age 1ia Iiia Tva Tvbe Via VIibagk Vhaeligh Vild V1llahde All Divisions
0 0 [ [ X0
[ 73 71 3
302 30, 79, 3 3 7
3. 3. 32 34. 3 34 4
S 6 344 s 6 3 - 36
7.7 7 36 36 7.3 7 38.7 7 4
£ S 37 7 392 35 } 397 3%
4. 399 8.7 8 394 394 5 7.5 40.5 39.
al. 389 38 403 405 } 38 207 I
0. 397 404 08 2038 3 a 20
4 40.6 416 40 40 4 41.7 40|
43 425 39.4 414 40.5 405 37. 415 424 4
416 42.1 409 39 428 4
0 404 43 44 44
4 413 435 334 34 44 41
15+ 444 432 4) 6. 43, 42
Al ages 368 351 47 340 365 365 2. 383 39, 6.5
Quanter 3
Age lia [ila Iva Ve Via V1bcik v acigh Viid Villabde All Bavisions
0 0 [ [ 172 0 [ [
53 23 243 78, s’ 27 28 78,
311 31.3 30 S 29. 288
£} ) 31 T 325 y 36,
4 35.6 36 . 355 34 34 3. 5
37 37 36 69 6.
384 393 38 34 33 3 39. -
394 399 3 r 387 65 30 3.
49 0 39. 37 39 [ 40, 44 ¢
5 40. 40. 399 0 41 40.
20, 30 203 335 [I%] 20,
41 425 41 417 36.5 424 4]
a19 AL 395 0 a1
394 41 419 0 40
435 44 0 44 6
15+ 429 44 4 42 43.5 [1] 43.5 429
Al ages 365 351 3 302 28 292 789 323 39.7 346
Quarter 4
Age Ila Ilia 1va TVbe Via Vihcik Vllactgh Vild Villabde All Divisions
0 [ 0 [ [ 20, 0 21 309
23 29 6 28, 9 28.3 294 26.8 7.
313 2 0 31 29 2 28 0
34 34 4 . K 4 3 4 2 3
4 53 65 34, 34 8 34 36 54
5 6.7 36. 34, 5.6 371 36 8 6
5 78 9 3 - 37 37 36 3% ¥
3.7 99 8. 6 4 35.2 39. 36 40, 8
9 4 9 38 5 38.5 39 0 40,7 9
] I 3 204 4 3 0 a0 5
40 6 4 41.6 8 39 3 335 4 40
40 425 4 414 41.2 ["] 7 365 4 4
a5 3 395 42 [0 6 4 2
394 4 40 5 40 369 44 4
4 [ 43 5 4 0 38.. 375 4 42!
15+ 444 444 42 0 4, [ 435 4
Al ages Y 351 35 305 376 315 2935 318 232 33 4
. Quarter 14
Age [ir {lia fva vbe Via Vilbok Vaeigh Vild V[ilashde All Divisions
[ 0 [ [ 72 [) 20.6 [ 21 04
27 23 26.8 28.7 6 282 269 29. 6. 69
31 0.6 318 7 0 0.6 289 29 3 30.3
39 ) 2 33 4 1 30, 5 3
4 [ 55 4 5 2 7 34 6 4
3 . 6 & 23 6 4 7 35 38
4 9. 79 5.3 7 38 9 38 39,
4 39 39 6 7 3. 39. 9. 36 40 4 X
0 97 17 'H 40 9, 38 406 9
40 40 3 40 4 40 4 40 7 34 41 40
0 40 41 41 6 405 40 3 3 417 40
1 41 425 41 414 41 4 7 41 42 3 43
41 41.6 319 419 41, [ 428 41
94 a7l 405 43 3 0 = 3
4 a3 435 227 a7 255 Y 45 244 43
15+ 429 444 429 426 424 6. 36.5 44 42
es 64 351 361 304 348 353 29 EX 315 350
s)\actmiwgmhsa98\T-283.xis
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Table 2.8.4 Length [cm] at age by quarter and by Division for mackerel in sub-divisions VIIIC & IXa in 1996.

: Quarter 1 Quarter 2 :
Age Viic 1Xa All Divisions Age Villc 1Xa All Divisions
0 0 [ 0 0 0 0 (]
1 22.1 239 22 1 26.5 258 264
2 324 314 317 2 28.3 30.1 289
3 33.6 33 334 3 34.1 331 33.9
4 35.1 34.1 35 - 4 36 34.7 359
5 375 36.1 37.5 5 38.6 37 385
6 39 371 38.9 6 39.5 319 39.5
7 39.7 38.4 39.7 7 39.9 - 389 399 -
8 40.4 38.9 40.3 8 40.4 39.8 40.4
9 41 40.4 41 9 40.9 40.8 40.9
10 418 41.8 418 10 417 42.1 41.8
11 419 42.6 419 11 41.7 429 418
12 42.2 429 42.2 12 42.1 42.9 42.2
13 43.8 44.6 43.9 13 444 443 444
14 43.7 45.5 43.7 14 43.7 45.2 43.7
15+ 43.8 47.1 438 15+ 44.4 44.6 4.4
All ages 31.5 317 31.6 All ages 36.8 324 36.3
Quarter 3 Quarter 4
Age Ville 1Xa All Divisions Age Vilic IXa All Divisions
[ 0 19.6 19.6 0 214 22.1 22.1
1 27.6 27.7 276 1 28.6 28.6 286
2 28.2 29.7 284 2 28.9 30.2 294
3 31 348 324 3 327 345 33.3
4 35 359 35.6 4 354 36 35.5
5 36.7 36.9 36.8 5 37.9 36.7 - 375
6 376 384 38.3 6 39.2 38.2 389
7 383 39 38.9 7 39.9 39.1 398
8 38.9 41.5 41.3 8 40.6 40 40.5
9 - 39.5 40.3 40.2 9 41.6 403 414
10 39.2 40.5 40.4 10 43.1 435 43.2
11 40.3 41.5 412 11 43.6 42.6 43.6
12 40.7 454 41.3 12 43.3 46.5 43.3
13 44.3 49.5 46.5 13 44.9 0 44.9
14 43.6 0 436 14 438 0 43.8
15+ 44.3 [ 443 15+ 46.8 0 46.8
All ages 284 222 244 All ages 295 23 241
: Quarter 1-4
Age Ville IXa All Divisions
[ 21.4 20.6 20.6
1 252 269 255
2 28.5 304 29
3 335 334 335
4 356 ~ 349 355
5 383 368 38.2
6 394 38.1 39.3
7 399 389 39.8
8 404 40.5 404
9 40.9 40.5 409
10 418 41.7 41.8
11 418 428 - 419
12 42.2 429 422
13 4.3 44.3 443
14 43.7 452 437
15+ 4.5 448 4.5
All ages 339 243 30.7
e:\acfm\wgmhsa98\T-284.xls
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Table 2.85

Weigin (g) at age by quarter and by Division for mackerel in sub-divisions II-VIII in 1996.

Quarter 1
Age 1la lla IVa Tvbe Via Viibcik Vilactigh Vid Villabde All Divisions
0 [ 0 [] [) ) [ 0 [
54 01 77 75 62 9 59 71 66
78 LS 205 1 5 31 32 42 56
25, 5 289 77 252 67 60 96 257
4 2 43 358 34 0 25 00 342 37
380 478 398 88 68 38 07 414 38!
6 425 546 440 437 468 68 258 450 44
49 544 08 487 473 71 0 414 49
507 542 9 S 15 2 486 527
547 7 564 79 6 0. 562
0 94 60! 5 2 0 3 58
1 37 638 5594 84 303 288 6. 58
2 H66 0 643 3 594 404 ] 63
13 ') 651 O] 751 [ 643 698
14 o84 656 632 817 257 3 6y 677
15+ 724 72! 698 674 663 302 288 68 675
Al ages 347 39 430 420 368 161 56 42! 356
Quanes 2
Age ila Ilia Iva Jvbe Via Viibgk Vlaeigh VIid Vlllabde All Divisions
[ [ [1] [ (1] ] 0 [
[] 0 58 0 59 [] () 65
241 28 78 7 7 7 130 [] 77 14
317 $ 25 1 6 % 1o 7 34 0
4 398 436 22 360 56 56 22 £ 6 360
457 47 380 9 397 397 23 44 42 ]
6 503 546 425 430 454 454 27 489 46 463
60 544 495 455 484 484 300 459 490 50
16 50 44 E 33 469 499 5
589 54 541) 501 50! 306 [ 1 3
610 9! 4 514 54 [] 54, 546
703 638 3 38 476 476 33 596 7 77
589 [ 563 5718 41 58 59
[] [] 55 63 640 644
4 572 680 K 25 651 58
15+ [] 728 73 53 30 629 SR
All ages 443 395 340 336 358 358 [ 452 469 373
Quanes 3
Age ila 1la Iva Ivbe Via Viibeik Vilactgh Viid Villabde All Divisions
0 0 [}] 33 0 [ 33
201 01 07 9 M 4 165 3%
69 258 79 1 13 207 37
6. 52 67 254 76 9 317 08 34
4 3 4316 423 1 90 32 5! 36 427
48 478 489 442 466 266 42 436
6 544 546 3s 306 2 4 46. 540
81 544 34 3 54 [1] 402 491 581
507 1 4 S5 [1] 499 607
S0 610 1 642
560 18 311 54, 51
07 638 694 402 00
20 69 577 07
92 689 703 645
0 68 797 [ 780
15+ 779 7; 742 790 [ 614 760
All ages 468 39 444 226 192 185 208 283 467 405
Quarter 4
Age Ha illa IVa Ivbe Via Vithcik VDaetgh Viid Vlijahde All Divisions
[ [] [) [ 56 [] 60 59
0 [ 00 2 93 6 90 35 [
29, 25 03 9 236 225 46 59 4.
37 52 5 67 304 I 258 3
4 42 436 4 48 S1 8 54 95
47 478 4 432 5 3 4 40): 4?2 446
52 546 2. 340 42 417 4 41 46, 514
563 544 54 401 1 359 523 402 47 538
595 83 514 54 478 506 4% 76
9 617 605 63 45 0 4 adl
653 657 Y 50 500 30; 311 544
63 638 68 7. 67 396 402 56 i)
70 [) o 8 60 392 566 54,
59 0 71 630 65! 418 488 661 7.
4 [} 630 73 45 416 632 1
15+ 820 728 75 783 0 646 4!
|_Al ages 457 393 425 223 283 245 210 267 [ 337
Quarter 14
Age Iia llia IvVa Vbe Via Vilbak Yilactgh Vlid Viilahde Al} Divisions
[ [] [) 0 33 [] 56 0 60 55
55 01 156 [ 42 64 52 88 35 52
61 258 289 22, 20 07 87 7% 64 29
54 52 352 6 36 69 224 15 22 14
4 47 36 401 6 EEL) 3 84 s 56 80
48, 478 445 3. 389 7. 344 1 28 426
$3 546 500 334 440 46 86 36 460 486
57 44 39 395 488 474 49 400 487 522
604 74 412 520 33 493 400 49’ 558
6d | 94 572 55 S I 36 1 583
50 33 634 56¢ 5! 30 u 54 602
97 638 23 U8 58 Sex) 38 80 Gad 6l
1 568 $80 63 594 40 0 W0 ob5
59 95 630 [l 68 48 0 4. 676
14 57, 680 [ 0 632 0. 257 4 66 68
15+ 77, 28 724 [\] 675 56 301 8 64 70°
All 46 95 432 224 360 3 200 2 284 38,
’
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Table 2.8.6 Weight (g) at age by quarter and by Division for mackerel in sub-divisions VIIIC & IXa in 1996.

: Quarter ! ' . . Quarter 2
Age Vlle IXa All Divisions Age VIIic IXa All Divisions
0 0 0 0 0 0 0 . 0
1 72 96 73 1 126 118 125
2 241 231 234 2 158 201 174
3 270 -] - 260 268 3 286 264 281
4 312 287 310 4 336 307 334
5 387 352 385 5 420 381 419
6 436 388 434 6 - 454 415 452
7 460 433 459 7 468 451 467
8 485 455 434 8 487 489 487
9 508 512 508 9 506 524 507
10 541 569 542 10 541 579 543
11 547 603 548 11 541 614 544
12 560 624 562 12 556 620 560
13 629 709 634 13 656 692 659
14 622 741 623 . 14 624 717 626
15+ 626 843 630 15+ 655 695 656
All ages 263 243 261 All ages 384 273 373
Quarter 3 . . Quarter4 :
Age VIic 1Xa All Divisions Age Vilic 1Xa All Divisions
0 0 50 50 0 65 72 71
1 145 155 147 1 162 174 169
2 154 207 162 2 167 215 186
3 209 345 259 3 250 339 280
4 308 381 354 4 318 390 336
5 356 424 408 b 396 417 402
6 387 439 477 6 440 4381 455
7 409 - 515 494 7 466 523 474
8 428 651 637 8 490 568 501
9 450 579 572 9 529 582 534
10 440 590 577 10 596 765 604
11 481 ~ 643 603 11 616 712 620
12 494 888 547 12 600 963 600
13 651 1,202 888 13 670 - 0 . 670
14 618 0 618 14 620 8] 620
- 154 651 0 651 15+ 770 0 770
All ages 160 100 121 All ages 212 88 109
. ~_Quarter 1-4
Age Viic IXa Al Divisions
0 65 59 59
1 111 142 117
2 161 213 175
3 269 281 272
4 326 327 326
5 411 396 410
6 450 454 450
7 466 467 . 466
8 487 562 493 ; N
9 507 551 510
10 542 584 . .545 .. .
11 543 619 546
12 557 621 561
13 652 696 656
14 623 719 626
15+ 662 706 663
All ages 312 127 251
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Table 2.8.7 Catch numbers ('000) at age of the Southern Mackerel.

AGE/YEAR| 1984 1985 1986 1987 _ 1988 1989 _ 1990 1991 1992 1993 _ 1994 _ 1995 _ 199
0 287,887 81,221 30419 4,927 54,820 40961 18,896 5,118 41,728 6,234 24,899 11,027 30,858
1 15285 30,856 27,323 16783 46960 21,433 31,935 11339 8634 13484 2876 7436 29,026
2 3788 3,046 13324 8040 4347 5880 7,518 9842 5372 7549 7.650 5870 10,551
3 8599 1934 4862 10580 6,652 4360 2,662 11,552 8,889 2477 1949 9249 10,077
4 4679 10506 5402 4,660 9719 4,159 2876 12,671 5482 10810 7920 6,757 15,307
5 6475 3333 13251 9464 3220 6010 4,683 6813 7813 4435 13126 5069 6300
6 1643 2050 3727 7019 5588 2767 6615 4,136 3,430 8242 9425 7,255 5,041
. . 1. . 931 . 7122 377 1707 12,975 4,106 1929 5609 2060 , 4,352 6,608 . 6907 9,652
8 1,583 524 1,522 1818 5610 5532 4718 1337 2908 2,106 2,899 6944 6,187
9 1,540 1,024 638 1,082 1,824 1,581 5468 1405 868 2,260 2735 3759 6,172
10 608 941 525 1,626 543 819 1,532 2899 1,053 1,424 1,393 2611 2811
11 732 775 198 917 291 334 697 523 1,186 © 917 957 2226 2179
12 348 528 3224 483 764 291 596 56 428 542 623 1,243 939
13 500 364 1,714 461 716 292 58 11 195 643 275 644 208
14 360 313 0 15 125 85 137 79 14 279 336 642 251
15+ 4 558 3237 241 940 346 145 361 68 1,183 148 623 295
TOTAL 334,962 138,694 109,745 69,921 155,105 98,956 90,465 73,851 90,128 66,937 89,819 178261 135,853
CATCH(f) | 20308 18,111 24789 22,187 24773 18321 21312 20781 18,046 19,719 25045 27,549 34,121
SOP (1) 20,045 17,833 25378 23026 24931 18358 20,852 20724 17,993 19,704 25,107 27,518 34,060
” % 99 98 102 104 101 100 93 100 100 100 100 100 100
oy .
Table 2.8.8 Catch weights at age (kg) for the Southern Mackerel .
AGE/YEAR] 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
0 0031 0055 0063 0089 0055 .0042 0092 0075 0051 0077 0046 0071  0.059
1 0059 0092 022 0.8 0081 0100 0118 0160 019 0116 0167 0.160 0.117
2 0228 0189 0249 0251 0218 0.097 0207 0208 0265 0200 0205 0246 0175
3 0248 0299 0289 0291 0251 0267 0256 0242. 0279 0307 0262 0303 0272
4 0303 0339 0390 0398 028 0357 0310 0294 0325 0326 0352 0370 0326
5 0344 0408 0401 0442 0326 0392 0365 0333 0366 0360 0379 0409 0410
6 0378 0484 0404 0474 0342 0472 0401 0400 0404 0401 0422 0443 0450
7 0392 0502 0567 0560 0388 0499 0475 0439 0435 0443 0457 0478 0466
8 0457 0593 0512 0602 0395 0511 0494 0485 0463 0469 0498 0507 0493
9 0451 0596 0417 0638 0406 0544 0525 0508 0480 0499 0525 0530 0510
10 0441 0609 0567 0624 0480 0545 0507 0521 0537 0491 0536 0556  0.545
1 0465 0607 0649 0652 0494 0591 0565 0517 0544 0518 0579 0560 0.546
12 0345 0646 0528 0449 0492 0565 0540 0746 0595 0597 0626 0619 0561
13 0406 0636 0526 0519 0543 0626 0729 0674 0523 059 0629 0657 0656
14 0504 0679 0000 0663 0549 0579 0553 0667 0718 0578 0625 0616 0.626
15+ 0708 0667 0679 0769 0567 0735 0724 0720 0708 0744 0722 0675  0.663
0-15+ 0.060 0.153 0.286 0.329 0.161 0.186 0.231 0.281 0.200 0.294 0.280 0.352 0.251

e\acfmwgmhsa98\T-287-8.xls




Figure 2.4.1 Juvenile Mackerel catch rates: Quarter 4 1996
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Figure 2.4.2 Juvenile Mackerel catch rates: Quarter 1 1997

1997 Quarter 1 year 1
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Figure 2.4.3. Mackerel juvenile distributions (age 0) 1993-96
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Figure 2.4.3 (dpnt.) Mackerel juvenile distribution at age 0 1989-92
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18 18 34 12 0 B 8 4-2 0 £ & 68 & 18 16 34 12 10 8 8 4 £ 0 2 4 € &
“‘— l“lllllllllbl -“ “-lllllll LA L LB LA B § I“
62| +-t.t.=\ ez |- 82
R Lot L
wf Fii =} 1
R +4+ L
+4 4
se | +++ sa | o2
b sa sl 5
[¥] S ] YR 3 5
R & L
B 2t L] E 3 - 52
< F 2 R
2 s} &0 g - )
= 30
- L] a8 «
s “° -40- 0
u: u u: “u
al Legend N
- Catch rate/hr
o ®
a8 | O >10,000 3
B FR
M]!lllllllll { T T S T T T T ll||||||[.|||||||||||||u
18 18 4 12 10 8 8 4 2 0 2 4 6@ 1,000 t010,000 6 34 12 0 8 ¢ 4 2 0 2 ¢ 6 &
Longltude W Longitude W
. to 1,000
to 500
: Q 100 to 200 '
1990 Quarter4 Year0 | o 5 to 100 | 1989 Quarter 4 Year 0
18 18 14 12 10 8 6 4 2 4 2 4 B © 50 to 75;:;12:035::0:4.:3
LI B I B B B S B N B S S B S M S S et St e e o 30 10 50 LN S 2 S S B S A B H B g e e
o R ® 20 to 30
i [ 15 to 20
=r . 10 to 15
i . 5 to 10
L . 0 to 5
sa [ + 0
u: sa |
s} st
B mfk 2 L
1 - 2 -
g £«
o) - s 5
48 - 48}
48} Prys
“f al
| al
«r 29
o S . , B +£
e e nwazw s 6 4 t a2 4 0 Fhed g ;ol;¢' :z‘:lo”ale”‘“z nl;I:l;Iam
Longitude W Lengitude W

40




 Figure 2.4.4 Juvenile mackerel distributions age 1 1994-97
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Figure 2.4.4 (cont.) Juvenile mackerel distributions at age 1 1990-1993

1993 Quarter 1 Year 1

1992 Quarter 1 Year 1
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Figure 2.4.4 (cont) Juvenile mackerel distributions age 1 1986-89

1989 Quarter 1 year 1
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Figure 2.4.5 The time series of ICA estimated recruitments and the indices of abundance
from the Scottish 1st quarter groundfish survey before and after the addition

of the North sea index of 1year old mackerel in 1996
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Figure 2.4.6 The time series of ICA estimated recruitments and the indices of

age 1 catch per unit effort from the La Coruna fleet
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Fig. 2.5.1a Distribution of mackerel catches: Quarter 1 1996
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Quarter 3 1996
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Fig. 2.5.1c Distribution of mackerel catches
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Fig. 2.5.1d Distribution of mackerel catches
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Figure 2.9 The age composition of the western mackerel in the international catches from 1985-1995.

Age 12 is a plus group.
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3 NORTH SEA, WESTERN AND SOUTHERN MACKEREL (DIVISIONS IIa, IlTIa, IVa-c, Vb,
VIa-b, VIIa-k, VIIIa,b,c,e AND IXa)

31  North Sea Mackerel
3.1.1 Fishery independeiit information from egg surveys

An egg survey of the North Sea was carried out in 1996, the first since 1990 (see Section 2.2.1). Temporal and
spatial coverage was poor compared with the 1990 with only three surveys of the spawning area. The limited
coverage resulted in some egg production being missed on the first survey. A total seasonal production of stage 1
eggs of 59 x 10'? was calculated equivalent to a SSB of 84,000 t. Using a mean atresia correction of 11.6%, from
the western area, increases the estimate of SSB to 110,000 t. ’

3.1.2 Recruitment

For the first time in many years there was mackerel juvenile in the North Sea and Skagerrak during the autumn
1996 (0-group) and in 1997 (1-group). The origin of this mackerel is at present unclear. Preliminary results from
genetic studies indicate that the fish might have mixed origins (Nesboe et al. WD, 1997). Also the abundance
index of the 1996 year class as preliminary calculated from the North Sea International Young Fish Survey, first
quarter of 1997, is very high (Table 3.1.1).

3.1.3 Assessment

The estimated SSB from the egg surveys in 1996 was 110,000 t. There seemed to be a slight increase in the SSB
since the estimate of 78,000 t based on the surveys m 1990 (Table 3.1.2). This estimate was not adjusted for
atresia so it might compare with the unadjusted estimate in 1996 of 84,000 t.

3.1.4 Management measures and considerations

The Working Group still considers the North Sea mackerel to be severely depleted. Therefqre the North Sea
mackerel still need maximum protection until the spawning stock show evidence of recovery, while at the same
time allowing fishing on the western and southern mackerel.

ACFM has for several years recommended the closure of Division IVa for fishing during the first half of the year
until the Western Mackerel stock enter the North Sea in July early August to stay there until late December and
in January the following year. There are restrictions for fishing in the North Sea and this has particularly during
the first quarter resulted in large scale misreporting from the Northern part of the North Sea (Division IVa) to
Division VIa. To allow a fishery during the first quarter might solve the misreporting problem. However, this
would have implications for North Sea mackerel in this area.

The Working Group endorsés the recommendations made by ACFM for several years:

— There should be no ﬁshif_ig for mackerel in Divisions IlIa and IVb,c at any time of the year;

— There should be no fishiﬁg for mackerel in Division IVa during the period 1 jamiézy—3l July;
— The 30 cm minimum landing size at present in force in Sub-area IV should be maintained.

The closure of the mackerel fishery in Divisions IVb,c and IIIa the whole year will protect the North Sea stock in
this area and the juvenile Western fish which are numerous particularly in Division IVb,c during the second half
of the year. This closure has unfortunately resulted in increased discards of mackerel in the non-directed fisheries
in the these area as vessels at present are permitted to take only 10% of their catch as mackerel by-catch. No data
on the actual size of mackerel by-catch have been available for the Working Group concerning 1996 but the
reported landings of Mackerel in Divisions Illa and IVb,c for 1996 might be seriously under-estimated due to
discarded by-catch.
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32  Western Mackerel

An ICA model has been fitted to the western component of the mackerel stock in order to maintain the long time
series of information on trends in SSB and recruitment which are not available for the combined stock.

32.1 Fishery independent information

The Egg Survey Workmg Group recommended that the time series of spawning stock biomasses used for fitting
of the ICA separable VPA models to the Westem and North East Atlantic catch data be revised to take into
account 51gnrﬁcant between year variation in the rate of atresia (ICES 1997/H:4). The effect of the revrsrons on
the time series is discussed Section 2.2, which also includes a complete time series of egg survey biomass
estimates (Table 2.2.1).

Over the last few years a time series of catches from the CEFAS Weéstern Approaches March ground fish survey
has been utilised within an XSA assessment for comparison with the ICA results. The survey was completed in
1997. However, until the potenual effects of changes in the spatial distribution of the mackerel (Secuon 2.4) on
the survey s catchability have been investigated, it was considered that this time series should be omitted from
the current analysis.

3"..2‘.2 ‘izecfmtmeat

Spaual changes in the dlsmbutrons of _|uvemle mackerel have resulted in trends in the survey times series of
recruitment indices, these are discussed in Sections 2.4 and 3.4.2.

323 l\iéhirify at age

The assumpuons made about matunty, by the Workmg Group in prev10us years, were retained with the excepuon
" of the reduced matunty at age 2 of the 1984 year class (see Section 1.4.3). Maturity at age is now constant for
each year of the assessment. The values are given in the text table below:

Age 0 1 2 3 4 5 6 7 8+
%0 8 60 . 9 97 97 99 100 100

An estlmanon of the matunty oglve in 1998 will be obtained as part of the egg survey of the westem area In this
context samples will be taken over areas of predominantly juvenile distribution as well as on the spawmng
grounds (see Section 13.1). Samples will be analysed by histological examination to provide a more accurate
estimate of the numbers of fish which will actually spawn in that year (see Section 2.10).

324 Stock assessment

Tables 3.2.1 to 3.2.3 show the catches i in number, mean werghts at age in the catch and mean wexghts at age in
the stock Due to the recent extension of the number. of years that ICA can use in an assessment, the new
assessment time series now includes the all of the available data from the years 1972-1996. In 1996, low sample
numbers in the Dutch sampling scheme resulted in low values for the stock weights at the older ages. Weight at
age data available from the Irish catches in March and Apnl 1996y were used to estimate new values for the older
ages. This data set will be explored further dunng the next year in order to evaluate its potential use m esumatmg
stock weights at age. The catch at age data were screened using a prelmunary ICA fit. There were no large
residuals or aberrant pattems, indicating selecuon pattern changes, within the residuals from the fit to the recent
years. :

ICA fits to the catch at age data and the egg productron estimates were used to exarmne the relatronshlp between
the mdtces and the catch at age data as esumated by a separable VPA. As in prevrous years, two selectron
1989—1996 Figure 3.2.3). The short time span for the first perrod was selected in order to exclude the 1985 catch
data, which includes a zero catch of O-group The zero value introduces a large residual to the analysis and its
omission from the model fit reduces the variance and bias of the log catch residuals from the separable fit. In this
~ years assessment a terminal selection of 1.2 was used for both periods as there is no evidence for a difference
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between the values estimated for the oldest ages. Both selection patterns were calculated relative to the reference
fishing mortality at age 5.

The model was fitted by a nc;n-linear minimisation of:
e S 2a(In(Cay) - In(F,.S 1. N,,) ) +
}:;“ T tows Aa(In(C,y -In(F .S 2. N, )" +
2“9“ Y(In(EPB,)-1n(2, Noy.Osy - Way.exp(-PF.F,.S1,- PM.M))* +

1989

D o Z(AN(EPB,)-In(5, Nay.Ouy- Way-Xp(-PF.F,.S 2, - PM.M))’

subject to the constraints
S15=52;=1.0
Sip=82y=
where

Nbar - mean exploited population abundance over the year.

N - population abundance on 1 January.

O - percentage maturity.

M - natural mortality,

F - fishing mortality at age 5.

S1, S2 - selection at age over the time periods 1986-1988 and 1989-1996, referenced to age 5.
A - weighting factor set to 0.1 for age 0, 1.0 for all other ages.

a,y - age and year subscripts.

PF, PM - proportion of fishing and natural mortality occurring before spawning.
EPB - Egg production estimates of mackerel spawning biomass.

C - Catches in number at age and year.

Tables 3.2.4 a,b,c,d and Fig'\lres 3.2.1-3.2.4 present the ICA diagnostic output. Tables 3.2.5, 3.2.6 and 3.2.7
present the estimated fishing mortalities and population numbers-at-age and the stock summary.

3.2.5 Comments on the assessment

Mean F on ages 4-8 is estimated to have been 0.220 in 1996 and 0.294 in 1995 (4% lower than estimated in last
year’s assessment (Fgs = 0.307). This results from both the addition of the new catch data and also the revisions
to the egg production estimates of spawning stock biomass. However, mean F over the penod 1992 to 1995
(0.287) is unchanged. Since no new tuning data has been added to the assessment time series these results are
conditional on the assumption of a constant selection pattern during the last few years. The assessment for the
years after the last survey would be very sensitive to deviations from the historic selection pattern.

Figure 3.2.2 shows that whilst the yield remained relatively stable between 1980 and 1990, the spawning stock
biomass increased slowly. This resulted from a sustained level of good recruitment. Between 1990 and 1993 the
yield and fishing mortality increased rapidly, they remained stable at a high level in 1994 and 1995, well above
the long term mean. Fishing mortality is estimated to have decreased in 1996. Since 1992 the SSB has declined
sharply, last years assessment estimated the SSB in 1995 to be at a historical low of 2.12 million tonnes, just
below the estimate for 1994 (2.14). This years assessment has increased both estimates by 4% (1995: 2.25 and
1994: 2.21 million tonnes). The most recent estimate, at 2.13 million tonnes, is close to the historical low. Given
the errors inherent within the assessment data sets the 1996 SSB is at an equivalent level to that of the previous
two years and it appears that the decreasmo trend may have been slowed or halted. )

The 1995 year class was estimated to be extremely low by last years assessment, the revised 1995 ICA estimate is
for a year class of average strength.
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3.2.6 Comparative assessments

In previous years the ICA assessment was compared to the results from an XSA assessment tuned to the Western
Approaches ground fish survey and two simple biomass-dynamic models (ICES 1997/Assess:3, ICES
1995/Assess:2). No comparatrve assessments have been made this year. Due to the- spatial changes in the
distribution of mackerel affecting the ground fish survey it was considered that no runs of XSA should be made this
year without an analysis of the effects of distributional changes on catchability.

32.7 Consequences of using GAM estimates of egg isroéacﬁon :

The Workmg Group has prevrously explored the sensmvrty of the Westem Mackerel assessment to the method
used to calculate esumates of egg producuon from the egg surveys: either the estimates ca]culated by the
traditional method, or estimates calculated using a GAM approach (ICES 1997/Assess: :3). The assessmient was
found to be highly sensmve Using the GAM-based stock size estimates and allowing a proportional catchabxhty
relauonshlp for the surveys, a stock size approxrmately 50% lower than the Workmg Group s conventional
assessment could plausrbly be calculated. The concomitant fishing mortality estimate was approxrmately 0.6
compared to the conventional estimate of 0.2.

As no new mforrnauon on the GAM -based approach has been presented this analysrs has not been repeated.
Instead for convenience Figure 3.2.5 has been reproduced from the comparison made previously and mentioned
above. :

The Workmg Group notes with concern that a plausrble alternative interpretation of the data, usxng an alternauve
structural model, leads to a much lower perception of stock size.

33  Southern Mackerel Coi'np"oneni
3.3 1 Effort and catch per unit effort

-Table 3.3.1 shows the ﬁshmg effort data from Spamsh and Portuguese conunercral fleets. The table includes
Spanish effort of the hand-line fleets from Santona and Santander (Sub-dmsron VIlc East) from 1989 to 1996
and from 1990 to 1996 respecuvely, for which mackerel is the target species from March to May. The table also
shows the effort of the Aviles and La Coruna trawl fleets (Sub-division VIIIc East and VIIIc West) from 1983 to
1996 and the Vigo purse-serne fleet (Sub—drvxsron IXa North) from 1983 to 1992 for which mackerel i rs a by
catch. The Spanish trawl fleet effort corresponds to the total annual effort of the fleet for which demersal specres
is the main target. Portuguese Mackerel effort from the trawl fleet (Sub-drvrsxon IXa Central-North, Central-
South and South) during 1988-1996 is also included and as in Spain mackerel is a by-catch.

Table 3.3.2 shows the CPUE corresponding to the fleets referred to in Table 3.3.1. The Spanish trawl fleets in
1996 showed again fluctuations in different trends compared with the ones from 1995, while the hand-line fleets
are relauvely stable, although a considerable increase was observed for the fleet of Samander in 1994 and 1995.

The Portuguese trawl fleet shows a relative stability. The catches per effort, expressed as the numbers fish at each
age group, for the various fleets is shown in Table 3.3.3.

The series of the Spamsh CPUE of the commercial fleets indicate that there are seasonal fluctuations in the
abundance of adults and Juvemles mackerel in Division VIIIc and Subdrvrslon IXa North and also conﬁrm that
seasonal and spatial vanauOn of the fishery is related to the spatial variation of the abundance of this species in
that area (Villamor et al., in press) :

1332 SurVeys
Mackerel egg surveys carried out in the Spanish and Ponuguese area are discussed in Section 2.1
Table 3. 3.4 shows the numbers at age per half hour trawl from the Spamsh bottom trawl surveys from 1984 to

1995 in September-October and the numbers at age per hour trawl (* 1000) Portuguese bottom trawl autumn
surveys from 1986 to 1995. . .
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The two sets of autumn surveys covered Sub-divisions VIIIc East, VIIIc West and IXa North (Spain) from 20~
500 m depth and Sub-divisions IXa Central North, Central South and South (Portugal), from 20-750 m depth.
The same samplmg methodology was used in both surveys but there were differences in the gear design.

The data of the bottom trawl surveys indicate that mackerel were very scarce. This may be explamed because of
the gear used in these surveys, in which the main aim was to obtain the hake recruitment index, and also because
the season in which these surveys are carried out is a time when abundance of the species is very low in this area
(Villamor et al., submitted). The catches of these autumn surveys consist mainly on juveniles, both on the
Spanish coast and Portuguese coast (Martins et al op. cif).

34 North East Atlantic (NEA) Mackerel
341 Fishery independent information

As in previous years the western area egg survey estimates of spawning stock biomass since 1984 were raised by
15% to provxde a spawning stock biomass series for the combined stock. The raising factor is based on the ratio
of the spawning stock blomass estimates for the two components in the 1995 and 1992 surveys.

During the last few years a time series of catches from the CEFAS Western Approaches March ground fish
survey has been utilised within an XSA assessment to provide a comparison with the ICA results. The survey was
completed in 1997, however, until the potential effects of changes in the spatial distribution of the mackerel
(Section 2.4) on the survey’s catchability have been mvesugated it was considered that this time series should be
omitted from the current analysis.

3.4.2 Recruitment

ICES (1997/Assess:3) and ICES (1995/Assess:2) compared estimates of recruitment derived from the
recruitment index for the Western stock with the estimates derived from an ICA analysis which mcorporated all
available assessment information. The results established that the index values have an mcreasmg trend with
time, whereas the estimates of recruitment have recently been declining. The discrepancy appears to have been
caused by variation in the spatxal distribution of juvenile mackerel (Section 2. 4). Until the causes of the change
are investigated further, the series can only be used qualitatively. In the present assessment the first quarter
Scottish ground fish survey and the La Corufia age 1 CPUE time series have been used as qualitative measures of
the abundance of the 1995 and 1996 year classes (Figures 2.4.5 and 2.4.6).

34.3 Combiningdata -

A combined data set for the North East Atlantic mackerel was calculated as in previous years. The analysis was
restricted to the years 1984-1996. The data series for the southern area is only available for this period and the
stock spawning in the North Sea had been reduced to near the present low level by 1984, so its contribution to the
catch at age data was negligible. For the North Sea stock, only data for 1984-87 were included, since data for the
North Sea have been included in the data for the Western stock from 1988 onwards.

Mean weight in the catch was obtained as a catch number weighted average of the weights used for the three
stocks. Catch weights for the 0 and 1 groups are determined primarily from the southern area and those for all
other ages primarily from the western area. :

Weights in the stock and maturity ogives were obtained as averages weighted by the relative proportion of the
egg production spawning stock biomass within the respective areas. For the North Sea spawners, the biomass
estimates by egg surveys since 1984 range from 37 to 133 thousand tonnes (ICES 1989/Assess:?), which
corresponds to approximately 1.5% to 4.5% of the combined North Sea and western spawners. Thus, for
combining the North Sea and western stock data, weighting factors of 0.03 and 0.97 respectively were applied. In
1996, low sample numbers in the Dutch sampling scheme resulted in low values for the stock weights at the older
ages of the western mackerel. Weight at age data available from the Irish catches in March and April 1996 were
used to estimate new values for the older ages. This data set will be explored further during the next year in order
to evaluate its potential use in estimating stock weights at age. Weighting factors of 0.15 and 0.85 were used for
the southern and western data. Similar weights were applied to the maturity at age, the resulting maturity ogive is
given on the following page:
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Age 0 1 2 3 4 5 6 7 8+
Maturity 0 014 065 091 097 097 099 1 1

Natural mortality was taken as 0.15 and the proportions of F and M before spawning were 0.4.
34.4 Stock assessment

Tables 3.4.1 to 3.4.3 show the catches in number, mean weights at age in the catch and mean weights at age in
the stock. The catch at age data were screened using a preliminary ICA fit. There were no large residuals or
aberrant patterns, indicating selection pattern changes, within the residuals from the fit to the recent years.

ICA fits to the catch at age data and the egg production estimates were used to examine the relationship between
the indices and the catch at age data as estimated by a separable VPA. As in previous years, two selection
patterns were used in order to model an apparent change in selection that took place in 1989 (1986-1988 and
1989-1996, Figure 3.4.3). The short time span for the first period was selected in order to exclude the 1985 catch
data, which includes a zero catch of 0-group. The zero value introduces a large residual to the analysis and its
omission from the model fit reduces the variance and bias of the log catch residuals from the separable fit. In this
years assessment a terminal selection of 1.2 was used for both periods as there is no evidence for a difference
between the values estimated for the oldest ages. Both selection patterns were calculated relative to the reference
fishing mortality at age 5.

The model was fitted by a non-linear minimisation of:

o St A (In(Cy) - In(F,. S L. N, ) ) +
gy (n(Cay-In(Fy.520. N, )" +
z:zii 2(In(EPBy) - In(Z, Nay-Oa,y-W,,,.exp(-PF.F,.S1,- PM.M) Y+

y=1995
ly=1992

S(n(EPB,)-In(E, Noay.04y.Wa,.exp(-PF.F,.S2,- PM.M))*

subject to the constraints:

Sls =st= 1.0
Slu= Szn= 1.2

where

N bar - mean exploited population abundance over the year.

N - population abundance on 1 January.

O - proportion of fish mature at each age.

M - Natural mortality.

F - fishing mortality at age 5.

S1, S2 - selection at age over the time periods 1986-1989 and 1990-1995, referenced to age 5.
A- weighting factor set to 0.1 for age 0, 1.0 for all other ages.

a,y age and year subscnpts

PF, PM, proportion of fishing and natural mortality occurnng before spawning.
EPB - Egg production estimates of mackerel spawning biomass.

C - Catches in number at age and year.

Parameter estimates and their standard deviations are listed in Tables 3.4.4a—f and illustrated in Fivﬁrés 34.1-

3.4.4. Tables 3.4.5, 3.4.6 and 3.4.7 present the estimated fishing mortalities, population numbers-at-age and stock
summary.
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3.4.5 Comments on the éiésesSment

Figure 3.4.5 compares the assessments for the Western mackerel with the combined assessment and also the
combined assessment carried out in 1996 with this years. The new assessment has only made minor revisions to
the perception of the recruitment, SSB and fishing mortality time series. Since no new tuning data have been
added to the assessment time series these results are conditional on the assumption of a constant selection pattern
during the last few years. The assessment for the years after the last survey would be very sensitive to deviations
from the historic selection pattern.

Mean F on ages 4-8 is estimated to have been 0.21 in 1996 and 0.27 in 1995 the same as estimated in last year's
assessment (Fgs = 0.27). Mean F over the period 1992 to 1995 (0.265) is unchanged. Figure 3.4.2 shows that as
with the Western mackerel the yield remained relatively stable between 1984 and 1990, with a slow increase in
spawning stock biomass. This resulted from a sustained sequence of good recruitment. Between 1990 and 1993
the yield and reference F increased rapidly, they remained stable at a high level in 1994 and 1995, well above the
long term mean. Fishing mortality is estimated to have decreased in 1996. Since 1992 the SSB has declined
sharply, last years assessment estimated the SSB in 1995 to be at a historical low of 2.54 million tonnes, just
below the estimate for 1994 (2.55). The differences between this years and last years assessments for these values
are negligible. The most recent estimate, at 2.46 million tonnes, is at the historical low for this restricted time
series. However, given the errors inherent within the assessment data sets the 1996 SSB is at an equivalent level
to that of the previous two years and it appears that the decreasing trend may have been slowed or halted.

ICES (1991/Assess:?) performed a sensitivity analysis for status quo forecasts made using data from this stock.
The results revealed that the forecasts were sensitive to the estimates of the strength of the year class that
recruited two years before the year of the assessrhent. The forecast made this year will be sensitive to the estimate
of recruitment in 1995. The 1995 year class was estimaied to be extremely low in last years assessment but there
were indications from survey and CPUE data that it may have been at least of average strength; in forecasts the
geometric mean of the time series was used. Both of the new ICA fit and the index of abundance derived from the
Scottish 1st quarter groundfish survey and the La Corufia age 1 CPUE time series confirm that the 1995
recruitment was of average strength (Figures 2.4.5 and 2.4.6). The estimate for the 1994 recruitment has not
altered substantially from the low value estimated last year (Figure 3.4.5). The 1996 year class is estimated to be
strong by the ICA fit but this is not considered to be reliable as it is based on one catch at age value from the
1996 0-group.

3.4.6 Catch predictions :

Table 3.4.8 presents the input values for the catch forecasts. Apart from the recruitment in 1996, the ICA-
estimated abundances at all ages were used as the starting populations in the prediction. The recruitment for 1996
is estimated to be 6,757 million. The index from the Scottish groundﬁsh survey, with the addition of the North
Sea catches indicates that the year class may be at least of average strength. However, the predictive value of
these data series s, as yet, unknown A precauuonary approach is to assume that the 1996 year class is of average
strength. Therefore, the geometric mean was used for the 1996 recruitment, the value is calculated from the
geometric mean (1972-1995) of the recruitment to the Western mackerel, raised by the average ratio (1.09) of
the estimated Western and Southern area recruitments for the period 1984-1994.

Catch forecasts have been ealculated for the provision of area based TACs. Two “fleeis’f have been defined,
corresponding to the exploitation of the western area, including the North Sea and the unregulated catches taken
in international waters, Division Ila (Northern), and the southern area (Southern).

The exploitation pattern used in the predxcuon was the separable ICA Fs for the ﬁnal year. These were
subdivided into parual Fs for each fleet using the average ratio of the fleet catch at each age and the total catch at
each age for the years 1994-1996. Weight at age in the catch was taken as an average of the values for the period
1994-1996 for each area. Weight at age in the stock was calculated from an average (1994-1996) of the
combined data.

The TACs for 1997, in each area, are the same as those for 1996. For the Northern area it is 350,000 tonnes
(including unregulated catches taken in International waters, Division IIa). The Southern area has a'TAC of
30,000 tonnes. Catches in the Southern area have recently been increasing and exceeded the quota for the first
time in 1996. Catches in international waters which are not subject to a TAC, have recently averaged 45,000
tonnes. The combined over-shoot of the 1996 TAC was 23% (560kt).
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Four smgle opuon summary tables are presented (Tables 349 a—d) and summarised in the text table below. The
tables xllusUate status quo fishing mortality and 560kt constant catch options for 1997. These are followed by
three opuons status quo fishing mortality, F98 = F99 = 0.15 the agreed between the EU and Norway for 1998,
and constant catch options.

Year Status quo (F96) Catch97 =96 Cach 97 =96 Catch 97 =96

. o wiane .. |Catch 98,99=560 = kt |F=0.15,9899. .. |SqF98, 99 . ...
Ref F , SSBe .. IRefF. . SSB ....|RefF SSB . .. |RefF. .. .SSB .. ...

1997 0.20 2.56 0.20 2.57 0.20 2.57 0.2 2.57

1998 0.20 2.67 0.19 2.70 0.15 2.74 0.2 2.68

1999 0.20 2.71 0.17 2.78 0.15 290 0.2 2.72

The forecasts predict that SSB will begin to recover, as predicted last year, to an average of 2.8 million tonnes
However, the recovery is sensitive to the estimate of the 1996 year class abundance, which has been taken to be
the geomemc mean for the time senes

Two management option tables are presented Table 3.4.10 presents the opuon for Status quo F in 1997, Table
3.4.11 presents a constant catch for each ﬂeet in 1997; each is followed by a range of F98 values for both areas.
The forecasts for the two scenarios are in close aoreement for the predicted SSB values. This results from the
dominant effect of the explortauon in the Western area on the forecast SSB estimates. The reference Fs in the
Southem area are so low that for the range of F multipliers used in the forecast their catches make no sxgmﬁcant
impact on the predicted SSB in the short term.

347 Medium-term predictions

Medlum-term predxcuons were made using the methodo]ogy described in ICES (1997/Assess:7). The input
parameters were estimated as follows:

e . Stock population parameters (Fishing mortalxty, selecuon, population abundance at age) were taken duectly
from the ICA fit (Section 3.4.4), apart from the 1996 year class at age 0. This value was replaced by the
geometric mean as described in Section 3.4.6.

« Due to the down- welghtmg of the 0 group dunng Lhe ﬁmng of ICA the estrmated variance gave an 800%
coefficient of variation. ’I'he vanance of the esumate in the ICA covariance matnx was replaced by the
variance of the geometnc mean of the full recruxtment time series. The adjusted variance-covariance matrix
was then used as the estimate of uncertainty in the stock population parameters.

. Mean wexghts at age in the catches and the fleet parual-F ratio at age were calculated as from the average
proportions in the 1994-1996 catches.

e The mean of the maturity ogive and weights in At;he’ stock were estimated from observations from 1994 to
1996.

e Recruitment Function. .

A sunple, robust and precauhonary approach to modellmo recruitment was adopted. Itis assumed that if spawning
stock biomass falls below the lowest spawning stock biomass estimate, then a linear dependency is assumed to hold.
Uncertainty about such a relationship was also modelled.

This model was formulated on the basis of makmg the 51mplest assumptnons about recruitment that are consxstent
with the available data and with obwous constramts that are necessary from theoreueal grounds. Firstly, there is no
detectable dependency of recruitment on stock size over the range of stock size estimates available. Anempts to fit
such functions having proved unsuccessful, it becomes necessary to retam the assumpuon that, over the obser\ ed
range of stock sizes, the recrurtment is mdependent of stock size. A geometnc mean recnutment has been used as the
esumate of central tendency ovi er this range of stock snzes An addmonal necessary constramt is that when stock size
is zero, recrumnent is also zero. The dependency of recrultment on stock size in the region between the lowest
observed stock size (Recruitment = Geometric mean) and stock size = zero (Recruitment = zero), has been chosen by
Ockham’s razor, a simple linear dependency of recruits on stock size in this region.
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Stochastic variation of recruitment about the model for medium-term prediction purposes was modelled in different
ways separately for the regions of stock size above and below the lowest observed stock size. In the region over
which stock sizes have been observed and recruitment is assumed to be stock-independent, pseudo-recruitments R'
were drawn from a distribution as:

|
R'=exp(—2,(Io(R,))+£’)

)

where R, are the estimated recruitments over the n years, and the epsilon’ are re-sampled with replacement from the
historic dlstnbuuon of recruitments about their geometric mean.

For lower stock sizes, a different approach was used. For each pseudo recruitment, a new estimate of the inflection
point of the stock-recruit relationship (the recruitment at the lowest observed stock size) was drawn from a
distribution having as its mean the geometnc mean of observed recruitments, and with variance equal to the
estimated variance of the obsened recruitments. A pseudo recnntment was then generated using the generated
inflection point (and assummg a linear dependency of recruitment on stock size down to the origin) and perturbed
with an error re-sampled from log residuals with replacement, as above.

Bias in the medium term projections (differences between the mean values of F from the stochastic simulations
from the deterministic trajectory from the stock assessment least squares estimates), were corrected by adjusting
F-multiplier values in the stochastic projections so that the mean values in the projections conformed to the
desired F-values. The predictions have been calculated for the following F - constraint options for 10 years
ahead:

F96 F as in 1996 (0.208)

F15 F = 0.15, which has been agreed by EU and Norway as a TAC that is consistent with a fishing
mortality of 0.15 in 1998 unless future scientific advice requires modification of the agreement.
Brussels 9th Dec. 1995.

An MBAL of 2,300,000 tonnes was used (see Section 3.4.9).

The status quo F constraint led to a gradual reduction in the risk of SSB falling below MBAL (Fxgure 34.8),
starting from around 30% and falling to 20% in 10 years. At the lower agreed fishing mortality this risk was
considerably lower (=5%, Figure 3.4.11). Under these options the catches increased to a range of 350-1,000,000
tonnes, slightly higher for F = 0.2 (Figure 3.4.7) than for F = 0.15 (Figure 3.4.10).

3.4.8 Long-term yield

Table 3.4.12 and Figure 3.4.12 present the yield per recruit forecasts for the both areas. Fy,, is poorly defined at
a combined reference F of about 0.5. However, for pelagic species Fpax is generally estimated to be at levels of F
well beyond sustainable levels and should not be used as a fishing mortality target. FO.1 was estimated last year
using the same selection pattern, the full age range and a 12 plus group, to be 0.175.

The time series of stock and recruitment estimates for this management unit are short and the estimation of Fpeg,
Fhign and Fioy for short time series will be biased if the stock has previously been reduced to a low level. For this
reason the F reference points have been calculated from the Western mackerel assessment Ume series of
recruitment and SSB raised by the ratio of the respective series with the combined assessment time series. Figure
3.4.13 presents the results, Fy,,, is estimated to be 0.08, Fpeq 0.28 and Fhign 0.765; currently F is estimated to be
between Freq and Fiow. The fishing mortality forecast for 1997 under the constant catch restriction is 0.2 ( = F96).

349 Reference points for management purpose
Even when the period back to 1977 is included, the SSB only spans the range of about 2.5-3.5 million tonnes.

Within this range, there is no evidence that the stock size influences the recruitment. One would expect that the
recruitment would be reduced at some level of SSB, but there is nothing in the present experience to indicate

[}
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what this level would be. In recent years, the trend in SSB has been downwards. The Workmg Group has
prevxously recommended that this development should be reversed. This is both because of the uncertainty as to
what the dangerous level of SSB would be, but also because the ‘present fishing mortalxty is well above FO.1,
which implies that the fishing mortality could be reduced without any appreciable loss in long term yield.

Smce the shape of the stock-recruit relation below the historical low SSB is unknovm, a precautmnary
assumpuon about this relation would be a linear decrease in recruitment with decreasmg SSB below the historical
low,,and.a constant recruitment at the geometrical mean above it, as has been used within the stochastic
projections.

However, this dechmng line i in the stock recruit plane would represent the replacement line correspondmg to the

historical low SSB and the mean recruitment, and any higher F than the one corresponding to thxs replacement

line would lead to depleuon of the stock in long term simulations. Thus, under these assumptlons, the lowest
historical SSB has the properties of a limit biomass since the corresponding F would appear as an Fepqp.

The level of 2.3 million tonnes has been regarded as the lower bound of the experienced SSB-range by the
: Workmg Group for several years. This is not to be taken as a By, and the corresponding F as an Fiim, as is the
usual mterpretatlon of these concepts. In the present context, they represent the lower end of the range where by
expenence, the recnntment is largely independent on the stock bromass but not necessanly the beginning of a
- range where poorer recruitment is to be expected. However, smce this biomass level is well below that
correspondmo to FO.1 at equxllbnum, an exploitation which leads to a lower SSB cannot be Jusuﬂed on the
grounds that it would increase the long term equrhbnum catch appreciably. In this case, the argument someUmes
put forward, that usmg the lowest expenenced SSB as a limit would preclude full explortatxon ofa stock, does
not apply. Thus, until better insight in the stock recruitment dynamics is achieved, the level of 2.3 million tonnes
is a candidate reference point for the biomass that it would be advisable to remain above.

Srmulauons made by the Comprehensrve Workmg Group (ICES 1997/Assess: 15) indicate FO.1 as a default
candidate for Fy, under a wide range of stock dynan'ucs As such it should 1mply a good trade-off between yreld
and risk. To explore this specifically for this stock, the long-term equrhbnum distribution of SSB at vanous
levels of F was computed The model used i is similar to the one used by (ICES 1997/Assess 8). It estlmates the
‘statronary dxstnbutron of SSB and recruitment at a fixed F, taking into account variations in recruitment and
weights at age. The stock-recruitment function used was:

R = f(SSB)*exp(e),
where

f(SSB) =3872 i for SSB>2.3 million tonnes
=SSB/2.3*3872 for SSB<2.3 million tonnes

and € is normally distributed with expectauon =0 and s = 0.485. The parameters represent the geometric mean
and the standard deviation of the log resrduals of the recruitments in the years 1972-1995, as descnbed in
Section 3.4.6. The stochastxc weights at age were obtarned by drawing a year randomly each time a weight was
needed by the model, and using the weights at age from that year. The year range used was 1984-1996. A
selectlon of percentiles for the SSB-distribution is shown in Figure 3.4.14, .

As a reference pomt representlng the precautlonary exploxtauon (F), an F at about 0.185, which is shghtly
above F0.1, appears to be the highest Fthatis acceptable in terms of a less than 5% probabrhty for the biomass to
be below 2.3 million tonnes. The mean biomass at this level of F is close to 3.0 million tonnes, and the median
2.75 million tonnes.

The choice of reference points, in partlcular Bl,a and Fra, w111 to some extent depend on the harvest control law to
which they are to be applied. Some exploratory srmulauons ofa harvest control law was done using a medium-
term simulation model. The harvest control law used was: .

At B>B,.: F=F,
At B1°W<B<B F=(F -Fl)*(B -BiowV(Bpa-Biow)+F1
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Where F1 is a fishing mortallty admitted when B<Bjow, and By, is the bio_mass which should be avoided. For the
NEA mackerel stock, where the SSB is close to the assumed Bjoy of 2.3 million tonnes, and the assumed Bi,,, is
somewhat arbitrary and does not represent a limit below which the recruitment is known to be reduced, less
drastic measures than closing the fishery should be permissible. A guideline in this case would be to apply a
fishing mortality well below that represented by the replacement line through the mean recruitment and the 2.3
million tonnes. As an example, F correspondmg to a replacement line at 2.3 million tonnes and one standard
deviation below the geometric mean recruitment was used. This F-value is 0.122. As another example, a very low
F of 0.05 was used. For 1997, a catch of 560,000 tonnes was assumed, and for Fy,, the F0.1 = 0.175 was used. .

The medium-term srmulatron is a stochastic projection model, run over 10 years, with the same input data as the
equilibrium model described above. The projection starts with the stock numbers from the last assessment year,
and includes the uncertainty in these as specified by the vanance-covanance matrix estimated in the ICA
assessment, The model mcludes a decision rule, where next years F is determined according to the biomass it
would lead to in the next year The model allows for uncertainty in future assessment by multiplying the actual
biomass with a stochastic multiplier, which is normally distributed and specified as a mean and standard
deviation. Likewise, deviation of the realized catches from the TAC are also modelled with a similar catch
multiplier. These options allow for testing the robustness of the model to these sources of errors.

Table 3.4.13 shows the results for a selection of runs. Three measures of performance are shown:

e The probability that the sio’ck will reach the 2.3 million tonnes level at least once in the 10 years period.

® A measure of y year to year variation of the catches, which is the range of catches divided by the mean in the
last 5 years in each trajectory This is a stochastic measure, and the median is shown here.

e The median total catch over the 10 year, expressed as average catch per year.

The results indicate that in order to be robust towards uncenam assessment or overfishing of TACs, a fairly high
B, is helpful. This will i increase the year to year vanauon in the catches to some extent. A lower value of the F1
will also be helpful, but will also increase the year to year variation.

Possible harvest control laws would need far more extensive evaluation before they can be recommended. In
parncular one should be aware that the results are sensitive to the selection pattern. For the NEA mackerel, this
is to a large extent assumed and the sensitivity of a harvest control law performance to this has not been
investigated.

In consequence the Working Group invite comments on the appropriateness for management purposes of a
harvest control law as defined above, with Bi,,, = 2.3 million tonnes, Fy, = F0.1 and F1 = 0.122.

3.4.10 Management measures and considerations

In 1995 ACFM recommended that to restore and maintain the spawning stock biomass above the historical low in
1997, the fishing mortality in 1996 should be reduced by 80% compared to 1994. Also that a reduction of 60% in
1996 would bring the SSB above this level by the time of spawning in 1998. This assessment has estimated that
catch resulting from the overshot 1996 TAC has resulted in a reduction by 26% compared to 1994. The TAC for
1997 is the same as that of 1996 and if the resulting catch is equivalent to that for 1996, the fishing mortality will
remain at this level. Short- and medium-term forecasts predict that the recent decline in SSB has been halted and
continued fishing at this level wrll lead to gradual recovery to 2.7 million tonnes in 1998 and 2.8 million tonnes
in 1999.

The Working Group points out that catches have consistently exceeded the TAC and this forecast is therefore
considered to be optimistic. In addition, the forecast recovery is sensitive to the estimate of the 1996 year class
abundance, which has been taken to be the geometric mean for the time series.

In the longer term, F in the order of 0.15-0.2 will result in a low risk of going below the MBAL level and is
likely to improve the long term yield. Fs at the recent higher (1993-1995) levels would imply a far greater risk of
the stock falling below the current MBAL.

The catches from this management unit have been increasing, with those of the period 1993-1995 the highest on

record. This year’s assessment has confirmed the previously, relatively high levels of F and the recent rapid
decline in the spawning stock biomass. The reductions in quota imposed in 1996 have reduced fishing mortality
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and stabilised the decline in SSB. Minor revisions to the egg survey estimates have had no effect on the
perception of the state of the stock.

The management of the Western component in recent years has reflected the need to protect the North Sea
spawning stock by recommending that there should be no fishing for mackerel in Divisions IIla and IVb,c at any

time of year and in Division IVa for the first seven months of the year (see Section 3.1).

The TAC should take into account catches from all areas including those in international waters.
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Table 3.1.1 Mackerel abundance indices from the North Sea International Young Fish Surveys. Values are
mean numbers per 10 hr.

Year First winter Second winter
1970 6536 : 13
1971 3250 576
1972 13 226
1973 28 2
1974 14 12
1975 165 1
1976 4 2
1977 14 <.5
1978 23 <.5
1979 2 <5
1980 <5 <5
1981 1 <5
1982 1 1
1983 19 52
1984 1 4
1985 7 0
1986 5 21
1987 89* <5
1988 13 1
1989 11 17
1990 350 12
1991 69* 2
1992 160* 4
1993 10 8
1994 22 1
1995 + +
1996 104 7
1997 7200** 36**

Notes: Data for survey years 1970-1974 based on standard area south of 59°30°N, 1975-1992 based on standard area
south of 61°30°N; *Values dominated by catch in one or two rectangles only; ** Preliminary
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Table 3.1.2 North Sea Mackerel (Weight in ‘000 t).

Year Spawning Stock Biomass Landings
1965 2850 % 208
1966 2700 $ 530 *
1967 1900 $ 930 *
1968 1500 3% 822 *
1969 1113« 739 *
1970 550« 323 *
1971 580« 243 *
1972 1249 125 +
1973 1097 * 226 +
1974 1036 « 190 +
1975 826 + 138 +
1976 700 + 165 +
1977 583 + 188 +
1978 436 + 103 +
1979 336 + 66 +
1980 258 + 61 +
1981 189 + 60 +
1982 162 + 40 +
1983 168 + 43 +
1984 133 # 67 +
1985 35+
1986 45 # 25+
1987 3+
1988 374# 6
1989 7
1990 78 # 10
1991 - ¥*
1992 - *%
1993 - X%
1994 - ¥
1995 - ¥
1996 110 # - *k

$ Hamre, J. 1980 Rapp.P.-v. Reun.Cons.Int.Explor.Mer. 177:212-242

* Report of the Mackerel Working Group 1975. ICES CM 1975/H:3

“ Report of the Mackerel Working Group 1981. ICES CM 1981/H:7

+ Report of the Mackerel Working Group 1989. ICES CM 1989/Assess:11

# Estimations based on Mackerel Egg Surveys

*k Since 1990 assumed by the Working Group to be 10,000 t
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Table 3.2.1

Mackerel West (run: ICACDD03/I03)

Thousands

The Western mackerel catch numbers at age.

Catch in number

Thousands

51.6
19.3
12.3
52.4

2.0
203.0
435.9
483.6
184.1

24.7
136.6
108.6

84.5

87.0

24.4

43.
712.
444.



Table 3.2.2

Weights at age in the catches (Kg)

.06600
.13700
.15800
.24100
.41600
.00000
.00000
.00000
.00000
+.00000
10 . 00000
11. .00000
12 .00000

0 .04900
1 .17600
2 .22200
3 .31800
4 .39900
5

6

7 .49200
8 .49600
9 .57700
10 .63500

11 .63400
12 .72100

.47800 -
.51300 "

The Western mackerel

.06600
.13700
.15800
.24100
.31400
.43700
.00000
.00000
.00000
.00000
.00000

.53700
.56700
.56300
.56800
.61700
.62700
.70500

.06100
.15400
.23800
.32100
.37700
.43400
.45500
.54600
.59600
.57900

.58200

.64900
.74200

.06600
.13700
.15800
.24100
.31400
.33400
.39800
.48000
.00000
.00000
.00000
.00000
.00000

.59200

catch

.00000
.13700
.15800
.24100
.31400
.33400
.39800
.41000
.50300
.51100
.51100
.00000
.00000

.00000
.13700
.15800
.24100
.31400
. 33400
.39800
.41000
.50300
.51100

weights at age.

.06600

.17800
.21600
.27000
.30600
.38300
.42500
.43000
.49100
.54200
.60800
.60800
.60800

.06900
.13700
.17600
.29400
.32400
.34100
.42900
.53800
.46800
.56100
.61900
.63600
.63600



Table 3.2.3

Weights at age in

The

Western mackerel stock weights age age.

the stock (Kg)

.00000
.07000
.17600
.23800
.29900
.34200
.36300
.41900
.46800
.44100
.45100
.49600
.58500

.00000
.11300
.13100
.20100
.25100
.26400
.31600
.38000

.49000 -

.00000
.00000
.00000
.00000

.00000
.11300
.13100
.20100
.25100
.26400
.31600
.38000
.41200
.51100

:55600

.00000
.09500
.15000
.21500
.27500
.32000
.35500
.38000
.40000
.42000
.48500
.00000
.00000

.00000
.09500
.15000
.21500
.27500
.32000
.35500
.38000

-.40000

.42000
.48500
.48500
.00000

.00000
.09500
.15000
.21500
.27500
.32000
.35500
.38000

.40000 -

.42000
.48500
.48500
.48500

.62700

.00000
.07000
.17200
.24100
.30000
.30000
.35900
.40100
.41200
.42700
.41300
.50900
.50900

.00000
.07000
.10800
.20200
.26000
.37900
.32900
.38800
.41700
.42500
.46000
.51300
.51300

.00000
.07000
.15600
.22000
.26100
.32200
.36000
.38400
.42000
.49700
.45300
.55000
.55000

.00000
.07000
.18700
.24600
.28300
.30500
.37900
.42900

42100

.46500
.51500
.49700
.54900

.00000
.07000
.15000
.29200
.30000
.32800
.36600
.42100

.44000

.44800
.55400
.57900
.59900



Table 3.2.4a The ICA diagno.c output for the Western mack‘el.

IFAP run code: 103

No of years for separable analysis : 11

Age range in the analysis : 012

Year range in the analysis s 1972 1996
Number of indices of SSB : 1

Number of age-structured indices : 0
Parameters to estimate : 53

Number of observations : 139

Two selection vectors to be fitted .
Abrupt change in selection specified.
Selection assumed constant up to and including 1988

PARAMETER ESTIMATES

3 Parm? 3 Maximum 3 3 3 3 3 3 Mean of ?
3 No. 3 3 Likelih.3 cv 3 Lower 3 Upper * -s.e., 3 +s.e. 32 Param. 3
3 3 3 Estimate? (%)? 95% CL ? 95% CL 3 3 3 distrib.?
Separable Model: Reference F by year

1 1986 .1321 16 .0960 .1818 .1122 - .1554 .1338

2 1987 .1651 15 .1219 .2234 .1414 .1926 .1671

3 1988 .1788 14 .1337 .2392 .1541 .2074 .1808

4 1989 .1718 12 .1337 .2207 .1512 .1952 .1732

5 1990 .1793 12 .1392 .2309 .1576 .2040 .1808

6 1991 .1975 13 .1525 .2558 .1731 .2254 .1992

7 1992 .2352 14 .1787 .3097 .2044 .2706 .2375

8 1993 - .3051 15 .2235 .4163 .2603 .3575 .3089

9 1994 .3028 19 .2076 .4416 .2497 .3670 .3084

10 1995 .2906 24 .1796 .4701 .2274 .3714 .2995

11 1996 .2170 30 .1188 .3967 .1596 .2952 .2276
Separable Model: Selection (S1) by age from 1986 to 1988

12 0 .0041 145 .0002 .0712 .0010 .0176 .0119

13 1 .0818 20 .0546 .1225 .0665 .1005 .0835

14 2 .4682 20 .3149 .6961 .3824 .5732 .4778

15 3 .6011 20 .4049 .8925 .4913 .7354 .6135

16 4 .7135 20 .4810 1.0583 .5835 .8724 .7281

5 1.0000 Fixed : Reference age

17 6 1.2779 19 .8642 1.8896 1.0467 1.5601 1.3036

18 7 1.6337 19 1.1075 2.4098 1.3398 1.9921 1.6662

19 8 1.6174 19 1.0951 2.3887 1.3256 1.9734 1.6497

20 9. 1.2163 19 .8262 1.7906 .9985 1.4816 1.2402

21 10 1.2934 19 .8832 1.8942 1.0647 1.5713 1.3182

11 1.2000 Fixed : last true age



The ICA diagnostic output for the Western mackerel.

Table 3.2.4b

89

Separable Model: Selection (s2) by age from 1989 to 1996
22 0 .0053 95 .0008 .0348 .0020 .0139 .0084
23 1 .1212 15 .0888 .1655 .1034 .1421 .1227
24 2 .3842 14 .2910 .5072 .3334 .4427 .3881
25 3 .6610 13 .5093 .8578 .5786 . 7550 .6668
26 4 .8759 12 .6822 1.1246 .7710 .9950 .8830
) 1.0000 Fixed : Reference age
27 6 .9729 11 .7694 1.2303 .8631 1.0967 .9799
28 7 1.0774 11 .8578 1.3532 .9591 1.2103 1.0847
29 8 1.1306 11 .9070 1.4093 1.0104 1.2651 1.1378
30 9 1.3674 10 1.1049 1.6922 1.2264 1.5245 1.3755
31 10 1.2733 11 1.0234 1.5842 1.1390 1.4234 1.2812
11 1.2000 Fixed : last true age

Separable Model: Po

32 0 .6637E+07 270 .3
33 1 3746385 44
34 2 1997494 35
35 3 2675214 30
36 4 1431225 28
37 5 841618 27
38 6 475924 27
39 7 541157 26
40 8 270016 27
41 9 300065 26
42 10 109933 28
43 11 73620 29
Separable Model: Populations at
44 1986 147726 29
45 1987 144490 23
46 1988 58026 20
47 1989 77295 19
48 1990 119888 17
49 1991 146193 17
50 1992 199708 16
51 1993 73985 17
52 1994 48637 19
53 1995 180477 23

SSB Index catchabilities

INDEX1

Used as absolute estimator.
No fitted catchability for this index.

294E+05
1563648
992238
1473689
823390
489647
277504
319507
158632
177159
62570
40915

age 11
83385
91318
38686
53121
84901

104734

144523
53013
33227

113513

pulations in year 1996

.1337E+10
8976064
4021194
4856366
2487769
1446597

816218
916571
459607
508239
193147
132469

261714
228621

87034
112470
169293
204063
275964
103251

71193
286947

2398852
1397816
1973512
1079460
638408
361421
413587
205842
229326
82462
54555

110342
114331
47184
63833
100535
123319
169330
62415
40044
142455

5850883
2854441
3626414
1897619
1109511
626704
708076
354197
392624
146557
99348

197777
182604
71360
93595
142967
173309
235536
87699
59073
228648

-4429E+06 .9945E+08 .2590E+09

4137786
2128913
2801914
1489309
874376
494294
561071
280144
311108
114573
77002

154150
148504
59281
78723
121761
148324
202445
75062
49564
185599



Table 3.2.4c The ICA diagn‘ic output for the Western mac.rel.

RESIDUALS ABOUT THE MODEL FIT

—————— o o w4 > > e e S > > o A e e e T - R S AL e AR A s e - = e e
Age | 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
—————— A o e e e e e > > o = 4= e AT o 8 " L R S e e A e = e = = e = e e e o
0 2.423 -.334 -2.089 1.820 771 .435 -.909 583 -~-2.186 -.514 000

1 045 -.395 439 -.274 302 -.116 027 070 .030 -.042 005

2 412 -.066 -.308 252 276 -.127 -.075 -.171 -.222 -.019 064

3 -.710 665 013 104 193 -.152 -.041 -.024 -.004 010 -.028

4 -.165 -.305 419 ~.116 .073 -.008 000 ~-.116 071 016 135

5 444 -.227 ~.178 071 ~.050 049 ~-.159 -.075 -.098 045 114

6 .276 -.040 -.225 -.158 .014 021 089 -.165 102 -.004 079

7 189 ~.092 -.247 -.022 -.096 -.095 003 .105 -.096 231 047

8 -.078 012 -.021 029 047 319 -.280 -.015 .208 -.172 -.098

9 -.348 192 125 086 -.115 076 385 -.373 .117 118 -.292
10 -.017 185 -.122 -.010 -.253 095 240 401 -.489 109 -.073
11 003 021 165 012 -.308 017 -.140 286 350 -.327 028
—————— +————_—____——..—-—-————-——.-———-———————————-—_—_—-_————-—————————--———————————————-_—_—_—_—_—

Units

69

INDEX1
e T e
| 1977 1978 1979 1980 1981 1982 1983 1984 . 1985 1986 1987 1988 1989 1990 1991
j T 1213 Tliooo -1.000 o135 -1.000 -1.000  .056 -1.000 -1.000 -.107 -1.000 -1.000 -.017 -1.000 -1.000
- omits T
j INDEX1
. R
| | 1992 1993 1994 1995
l 1TV T os1 1000 -1.000 .09z
- o e
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Table 3.2.4d The ICA diagnostic output for the Western mackerel.

PARAMETERS OF THE DISTRIBUTION OF 1n CATCHES AT . AGE

Separable model fitted from 1986 to 1996

Variance : .0672
Skewness test statistic : .2645
Kurtosis test statistic : 2.9749
Partial chi-square : L4773
Significance in fit : .0000
Degrees of freedom : 89

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR INDEX1

Index used as absolute measure of abundance.

Variance : .0126
Skewness test statistic : 1.2999
Kurtosis test statistic : -.3504
Partial chi-square : .0060
Significance in fit : .0000
Number of observations * : 7
Degrees of freedom : 7
Weight in the analysis : 1.0000

ANALYSIS OF VARIANCE TABLE

Unweighted Statistics
SSQ Data Params d.f.

Variance
Total for Model 25.8362 139 53 86 .3004
Catches at Age 25.7483 132 53 79 .3259
SSB Indices :
INDEX1 .0879 7 0 7 .0126

Weighted Statistics
SSQ Data Params d.f.
Variance
Total for Model 5.3932 139 53 86 .0627
. Catches at Age 5.3054 132 53 79 .0672
SSB Indices
INDEX1 .0879 7 0 7 .0126



Table 3.2.5

Fishing Mortality

The Weste’n mackerel

(per year)

0 .00085
1 .00252
2 .00681
3 .01352
4 .07580
5 .00000
6 .00000
7 .00000
8 .00000
9 .00000
10 .00000
11 .00000
12 .00000

1L

0 .00068
1 .01350
2 .07728
3 .09923
4 11777
5 .16507
6 .21094
7 .26968
8 .26698
9 .20077
10 .21351
11 .19808
12 .19808

.00041 .00022
.02482 .01920
.01798 .03552
.03486 .08548
.09018 .10772
.13651 .21559
.14216 .13629
.22302 .49166
.22079 .34868
.16604 . .26222
.17657 .27885
.16381 .25871
.16381 .25871

.00091 .00095
.02082 .02173
.06600 .06889
.11355 .11852
.15048 .15705
.17180 .17931
.16714 .17445
.18510 .19319
.19423  .20273
.23491 .24518
.21875 ,22832
.20616 .21517
.20616 .21517

.00725
.07337
.08258
.13929
.20689
.13303
.18940
.39883
.30164
.16180
.17206
.15963
.15963

fishing mortality

.00331
.04110
.18397
.18853
.18257
.19535
.15340
.11636
.16843
.27583
.31190
.23442
.23442

.00162
.03698
.11720
.20163
.26720
.30506
.29679
.32867
.34490
.41712
.38843
.36607
.36607

at age.

1981 1982 1983 1984 1985 1986
.00576 .00114 .00000 .00008 .00000 .00054
.06235 .03620 .02932 .01384 .04486 .01080
.16463 .13050 .16265 .06508 .01714 .06183
.18667 .22117 .18042 .21128 .04946 .07938
.09069 .21684 .26495 .21502 .19070 .09422
.19078 .08985 .22222 .24138 .19910 .13206
.22286 .21170 .09357 .22810 .23691 .16876
.22679 .22156 .20225 .09176 .21149 ,21575
.29589 .28900 .20845 .15888 12369 21359
.23678 .35421 .24478 .16162 .17818 .16062
.28946 .24149 .32528 .18871 .18778 .17081
.31886 .29291 .28540 .21770 .21802 .15847
.31886 .29291 .28540. .21770 .21802 .15847

1996
.00115
02631
08339
14346
.19011
21705
.21117
.23385
.24539
29678
27637
.26046
26046



Table 3.2.6

The Western

Population Abundance (1 January)

mackerel population numbers at age.

Age | 1972 1973 1974 1975 1976 1977
0 2025.3 4439.0 3454.4 4938.3 5094.8 974.1
1 5313.2 1741.7 3820.7 2972.0 4249.5 4353.5
2 1919.9 4561.6 1467.8 3207.9 2509.4 3398.8
3 2357.3 1641.3 3880.4 1240.8 2664.7 1988.7
4 7482.4 2001.7 1353.3 3225.5 980.5 1995.3
5 .0 5970.1 1615.9 1064.4 2492.7 686.2
6 .0 .0 4599.5 1213.3 738.5 1878.2
7 .0 .0 .0 3434.2 911.3 525.9
8 .0 .0 0 .0 1807.8 526.4
9 .0 .0 .0 .0 .0 1150.8

10 .0 .0 0 .0 .0 .0
11 .0 .0 .0 .0 .0 .0
12 .0 .0 .0 .0 .0 .0
Thousands
3 Population Abundance (1 January)

Age | 1987 1988 1989 1990 1991 1992
0 5505.9 3422.8 4676.9 2801.6 3251.1 3688.3
1 2730.8 4735.7 2943.9 4021.8 2409.1 2795.3
2 2293.8 2318.9 4016.9 2481.6 3387.1 2024.4
3 3827.6 1827.4 1835.7 3236.6 1993.7 2702.3
4 681.7 2983.2 1412.6 1410.4 2474.4 1506.0
5 702.6 521.6 2260.2 1046.0 1037.5 1791.4
6 1395.2 512.7 375.4 1638.3 752.5 732.9
7 740.3 972.5 351.2 273.4 1184.4 534.5
8 379.8 486.5 625.0 251.2 194.0 824.0
9 160.7 250.3 313.6 443.0 176.5 133.5

10 83.5 113.2 173.4 213.4 298.4 116.0

11 144.5 58.0 77.3 119.9 146.2 199.7

12 363.3 291.6 200.6 149.6 266.5 294.6
Thousands

229.3
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Table 3.2.7

3 Year 3

3
3

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

3
3

Recruits
Age O
thousands

2025310
4439000
3454420
4938250
5094810

974120
3356000
5530340
5524490
7182580
1889410
1387150
6679210
3129870
3174500
5505870
3422780
4676890
2801580
3251060
3688250
4874400
2797490
4359400
6637000

The Western mackerel stock summary.

STOCK SUMMARY

3  Total
3 tonnes

4169035
4074425
4194057
4093581
3714176
3617208
3603484
3309601
3084500
3183374
3089671
3253802
3035758
3195576
3213985
3176714
3442641
3493412
3271368
3675238
3746484
3468166
3148143
3094567
2875022

} Spawning?® Landings? Yield/ ® Mean F ? SoP
3 Biomass ! Biomass 3

3 tonnes

3106189
3212076
3242893
2994589
2640334
2627487
2814991
2485863
2122118
2220708
2116151
2372638
2378906
2363152
2392909
2438347
2564421
2604335
2461098
2834169
2840649
2529635
2213471
2253114
2129666

3 tonnes

170775
219445
298054
491380
507178
325974
503913
605744
604761
661762
623819
614287
550929
561292
537615
615380
628000
567400
605937
646169
742305
805039
797688
728637
529464

3
3

SSB 3
ratio 3

.0550
.0683
.0919
.1641
.1921
.1241
.1790
.2437
.2850
.2980
.2948
.2589
.2316
.2375
.2247
.2524
.2449
.2179
.2462
.2280
.2613
.3182
.3604
.3234
.2486

Ages 3
4- 8 ?

.0152
.1353
.1625
.2600
.2460
.1206
.1632
.2284
.2553
.2054
.2058
.1983
.1870
.1924
.1649
.2061
.2232
.1737
.1813
.1997
.2379
.3085
.3062
.2939
.2195

(%)

129
145
138
175
134
116
124
126
132
105
112
110

102

99
99
102
99
100
99
101
100
99
99
100
99

3
3




YL

Table 3.3.1 SOUTHERN MACKEREL., Effort data by fleets.

SPAIN PORTUGAL
TRAWL HOOCK (HAND-LINE) PURSE SRINE TRAWL
AVILES LA CORURA SANTANDER SANTORA VIGO
(Subdiv.VIIIc East) {Subdiv.VIIIc West) (Subdiv.VIIIc East)|(Subdiv,VIIIc East) {Subdiv.IXa North) (Subdiv,IXa CN,CS &S
{ HP*fishing days*10~-2) (Av. HP*fishing days*10~-2) |(N* fishing trips)]{N® fishing trips) (N* fishing trips) {Fishing hours)
YEAR ANUAL ANUAL MARCH to MAY MARCH to MAY ANUAL ANUAL
1983 12568 33999 - - 20 -
1984 10815 32427 - - 700 -
1985 9856 30255 - - 215 -
1986 10845 26540 - - 157 -
1987 8309 23122 - - 92 -
1988 9047 28119 - - 34 60601
1989 8063 29628 - 605 153 53428
1990 8492 29578 322 509 161 49532
1991 7677 26959 209 724 66 45467
1992 12693 26199 70 698 286 78272
1993 7635 29670 151 1216 - 48565
1994 9620 39590 130 1926 - 39062
1995 6146 41452 217 1696 - 44463
1996 4525 35728 560 2007 - 36002
- Not available
Table 3,3.2 SOUTHERN MACKEREL. CPUE series in commercial fisheries.
SPAIN PORTUGAL
TRAWL HOOCK (HAND-LINE) PURSE SEBINE TRAWL
AVILES LA CORURA SANTANDER SANTONA VIGO
(Subdiv.VIIIc East) {Subdiv.VIIIc West) (Subdiv.VIIIc East)|(Subdiv,VIIIc East) (Subdiv.IXa North) (Subdiv.IXa CN,CS &S
{ Kg/HP*fishing days*10~-2) (Kg/Av. HP*fishing days*10~-2}Kg/N* fishing tripgKg/N* fishing tripd (t/Nt fishing trips) {Kg/Fishing hours)

YEAR ANUAL ANUAL MARCH to MAY MARCH to MAY ANUAL ANUAL
1983 14.2 34.2 - - 1.3 -
1984 24,1 40.1 - - 5.6 -
1985 17.6 38.1 - - 4.2 -
1986 41.1 34.2 - - 5.0 -
1987 13.0 36.5 - - 2.1 -
1988 15.9 48,0 - - 3.7 33.1
1989 19.0 43.0 - 1427.5 2.1 26.4
1990 82.7 59.0 739.6 1924.4 2.7 39.6
1991 68,2 54,6 632.9 1394.4 2.0 38.6
1992 35.1 19.7 905.6 856.4 3.9 20.3
1993 12.8 19.2 613.3 1790.9 - 16.6
1994 57.2 41.4 2388.5 1590.6 - 20.7
1998 94.9 34.0 3136.1 1987.9 - 24.6
1996 124.5 29,1 1165.7 1508.9 - 28.8

- Not available

e:\acfm\wgmhsa98\T-331-2.xls




Table 3,3.3 SOUTHERN MACKEREL. CPUE at age from fleets.

VIIIc East handline fleet (Spain:Santoiia) (Catch thousands) :

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Yeaxr Effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age ldage 15+

1989 605 0 ] 3 74 142 299 197 309 441 134 67 27 23 19 7 27
1990 509 0 1] ] 17 71 210 465 177 384 378 127 40 51 2 7 s
1991 724 (] [*] 52 435 785 473 309 323 100 98 150 29 3 7 7 18
1992 698 0 0 35 568 442 477 139 63 77 20 15 17 4 4 0 1
1993 1216 0 0 40 65 1043 621 1487 771 345 339 215 126 59 66 30 52
1994 1926 [ 23 168 526 1060 2005 1443 1003 406 360 176 98 54 24 24 9
1995 1696 [+] 41 83 793 1001 789 1092 993 928 519 339 300 159 83 81 63
1996 2007 4] 0 28 401 1234 865 701 1361 802 773 330 288 105 13 28 18

VIIIc East handline (fleet (Spain:Santander) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7 age B age 9 age 10 age 11 age 12 age 13 age ldage 15+

1990 322 0 0 0 6 25 66 132 41 86 83 28 8 11 0 2 2
1991 209 0 0 5 45 96 60 39 43 14 14 23 4 1 1 b 4
1992 70 0 ] 4 60 47 51 s 7 8 2 2 2 ° [*] 0 0
1993 151 4] [*] 1 2 43 26 63 33 15 15 9 S 3 3 1 2
1994 130 0 2 18 56 110 205 146 101 40 36 18 10 s 2 2 1

995 217 0 3 33 171 168 144 225 227 222 107 70 56 22 9 11 9
1996 560 0 0 6 89 276 191 152 293 171 164 70 60 22 3 6 4

VIIIc East trawl fleet (Spain:Aviles) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age léage 15+

1988 9047 0 333 25 78 126 28 34 31 is 6

1 0 1 2 0 1
1989 8063 0 535 201 66 38 s3 17 23 29 7 3 2 2 2 0 4
1990 8492 1834 €690 145 123 147 158 181 21 24 17 6 1 2 3 5 24
1991 7677 95 2419 592 205 108 99 57 55 16 14 26 4 3 2 1 13
1992 12693 236 1495 329 122 65 115 56 38 52 16 19 27 13 4 4 2
1993 7635 3 31 48 8 49 20 37 20 1 13 7 6 9 S 3 9
1994 9620 ] 83 317 299 180 302 204 144 56 45 21 12 7 3 4 1
1995 6146 0 9 139 261 168 125 177 156 147 74 50 44 20 10 1 9
1996 4525 0 327 126 274 527 149 81 134 70 63 27 21 8 1 2 3

VIIIC West trawl fleet (Spain:la Corufa) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Cateh Catch Catch Catch Catch Catch
Year Effort age 0 age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 1dage 15+

1988 28119 O 6095 584 625 S94 167 239 444 195 53 12 8 21 26

'] K

.;.989 29628 462 482 719 345 289 541 231 355 444 117 63 24 22 22 6 15
990 29578 27 4535 939 175 235 370 €24 184 409 405 145 45 69 5 9 5

1991 26959 1 39 454 573 839 551 445 504 165 165 266 s3 4 10 11 23
1992 26199 1 154 102 298 251 355 128 61 84 25 32 38 14 6 0 2
1993 29670 0 307 440 118 528 188 265 98 41 33 21 11 3 4 2 3
1994 39590 0 237 1531 1085 821 1156 575 264 63 40 17 6 1 1 1 0
1995 41452 735 249 400 624 324 251 381 376 402 175 116 104 44 17 19 20
1996 35728 54 5865 104 562 695 148 77 127 65 59 27 20 8 1 2 2

IXa trawl fleet (Portugal) (Catch thousands)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Year Effort age 0 age 1 age 2 age 3 age 4 age S age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age l4age 15+

1988 60601 8076 4510 536 457 76 14 3 0 1 5 0 [+] 0 Q 0 ]
1989 53428 6092 6468 1080 572 185 51 15 4 7 4 3 [*] 0 ] 0 0
1990 49532 2840 5729 1967 137 36 11 ] 4 0 0 0 0 0 0 0 [+]
1991 45467 1695 2397 1904 1090 138 85 65 24 3 5 0 4] 0 0 0 1]
1992 78272 498 2211 1015 664 263 100 45 22 17 10 70 [¢] [ 0 0 0
1993 48565 1010 2365 442 172 155 32 8 s 1 0 1 [¢] [} 0 0 0
1994 39062 650 1128 1447 342 125 94 65 21 4 1 2 0 1 0 0 0
1995 44463 1001 2630 983 295 29 59 46 40 25 17 16 8 5 0 0 1
1996 36002 423 1293 778 490 269 86 g8 123 98 109 66 34 17 [ [ 1

e:\acfr\wgmhsa98\T-333.xls
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Table 3.3.4 SOUTHERN MACKEREL. CPUE at age from surveys.

Year

1984
1985
1986
1987
1988
1989
19390
1981
1992
1983
1994
1995
1996

Year

1986
1987
1988
1989
1950
1991
1992
1983
1994
1995
1996*

* DIFFERENT SHIP

Effort

=

PR REREPRP PP

Effort

1
1
1
1
1
1l
1
1
1
1
1

October Spain Survey, Bottom trawl survey

Catch
age 0

1.467
2.653
0.026

0.286
0.510
0.400
0.130
19.900
0.071
0.468
0.916
46.092

Catch
age 1

0.200
1.598
0.174

0.028
0.000
0.940
0.270
0.480
1.256
0.106
0.031
6.396

Catch
age 2

0.206
0.016
0.140

0.027
0.020
0.040
0.220
0.160
0.789
0.122
0.187
1.316

Catch
age 3

0.371
0.055
0.022

0.014
0.000
0.000
0.270
0.150
0.026
0.145
0.164
0.074

Catch
age 4

0.149
0.370
0.026

0.021
0.040
0.010
0.340
0.090
0.063
0.043
0.049
0.101

Catch
age 5

0.209
0.138
0.060

0.005
0.020
0.020
0.070
0.030
0.018
0.040
0.013
0.019

{Catch: numbers)

Catch Catch

age 6

0.039
0.085
0.025

0.010
0.000
0.000
0.030
0.010
0.008
0.012
0.011
0.000

October Portugal Survey, Bottom trawl survey

Catch
age 0

515
1026
86467
11643
1344
309
123551
52323
12211
318598
235262

Catch
age 1

2759
23280
24547
28427

2991

374

2738

385

771
9076
2157

e:\acfm\wgmhsa98\T-334.xls

Catch
age 2

1004
14792
354
4707
1753
288
664
115
297
282
216

age 7

0.013
0.030
0.002

0.012
0.010
0.000
0.010
0.000
0.002
0.006
0.003
0.007

(Catch:

Catch Catch Catch Catch Catch

512
2939
328
3452
89
185
302
47
106
110
22

76

36
545
35
22
5
32
57
75
42
31
4

14
0
11
9
1l
19
14
0
49
10
1

[« I = I o i @ I X

O O 0O OO O b

=
ONP

Catch
age 8

0.029
0.017
0.000

0.004
0.000
0.000
0.030
0.000
0.002
0.002
0.002
0.010

number

Catch

OO0 0O O0OO0OHKH OO0 0 OO0

Catch Catch
age 9 age 10+

0.018
0.029
0.004

0.001
0.000
0.000
0.000
0.000
0.002
0.001
0.001
0.000

* 1000)

Catch Catch
age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10+

OO0 O0OO0OO0OKH OO0 OO

0.065
0.084
0.029

0.001
0.000
0.000
0.010
0.000
0.005
0.000
0.000
0.000

O O OO0 000 OO0 OoOOo
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Table 3.4.1 The North East Atlantic mackerel catch numbers at age.

Mackerel NE Atlantic (run: ICACDDO06/I106)

-------------------------------------------------------------------------------------------

10 37.63 37.34 31.83 19.70 19.80 32.23 33:04 70.84 36.61 38.79 57.62 42.44 25.80
11 30.22 26.177 22.30 25.80 12.60 13.90 16.59 29.74 40.96 29.07 20.41 37.96 18.35
12 69.45 96.96 78.78 63.27 54.98 35.81 27.91 52.99 68.21 68.22 57.55 39.75 30.65
------ 0.—---..—-—-—--~-—-----—-—--—----_--—----—---------—-—-—--—----—------------—--—---—--—----—--------------_-.
Thousands

INDICES OF SPAWNING BIOMASS

1 | 1.0 1.0 2470.0 1.0 1.0 2940.0 1.0 1.0 3370.0 1.0 1.0 2840.0

Thousands



Table 3.4.2 The North East Atlantic mackerel catch weights at age.

Weights at age in the catches (Kg)

3L

Age | 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
—————— e e e e e e - S = —— A e ot ot o T A o - -
0 .03100 .05500 .03900 .07600 .05500 .04900 .08500 .06800 .05100 .06100 .04600 .07200
1 .10200 .14400 .14600 .17900 .13300 .13600 .15600 .15600 .16700 .13400 .13600 .14300
2 .18400 .26200 .24500 .22300 .25900 .23700 .23300 .25300 .23900 .24000 .25500 .23400
3 .29500 .35700 .33500 .31800 .32300 .32000 .33600 .32700 .33300 .31700 .33900 .33300
4 .32600 .41800 .42300 .39900 .38800 .37700 .37900 .39400 .39700 .37600 .39000 .39000
5 .34400 .41700 .47100 .47400 .45600 .43300 .42300 .42300 .46000 .43600 .44800 .45200
6 .43100 .43600 .44400 .51200 .52400 .45600 .46700 .46900 .49500 .48300 .51200 .50100
7 54200 - .52100° .45700 .49300- .55500 .54300 .52800 .50600 .53200  .52700 .54300 .53900
8 .48000 .55500 .54300 .49800 .55500 .59200 .55200 .55400 .55500 .54800 .59000 .57700
9 .56900 .56400 .59100 .58000 .56200 .57800 .60600 .60900 .59700 .58300 .58300 .59400
10 .62800 .62900 .55200 .63400 .61300 .58100 .60600 .63000 .65100 .59500 .62700 .60600
11 .63600 .67900 .69400 .63500 .62400 .64800 .59100 .64900 .66300 .64700 .67800 .63100
12 .66300 .71000 .68800 .71800 .69700 .73900 .71300 .70800 .66900 .67900 .71300 .67200
—————— +_---———-—_-_-——-—-—————--—--——--——————-———————-——--———-ﬁ---—’—————---”———----------———--—--—-———------‘-‘--
Units
Table 3.4.3 The North East Atlantic mackerel stock weights age age.
Weights at age in the stock (Kg)
—————— +--——————————————-——-———--——-——---——-—————T-——----—————-———-————-——--—-—-——--—--—--—‘———————————-————————————-
Age | 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
------ A e o o e e e e e e e e e e D = = e e e e o e
0 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000
1 .08700 .08700 .08700 .08600 .08400 .08400 .08400 .08400 .08400 .08400 .08400 .08400
2 .19800 .16800 .18000 .15800 .16100 .18700 .14600 .16400 .22100 .20100 .18600 .16600
3 25700 .29500 .27000 .24600 .24400 .24800 .22700 .23900 .26400 .27000 .24100 .26600
4 .29700 .31100 .30200 .28400 .31000 .30700 .29100 .31400 .31600 .31800 .29900 .32200
5 .32100 .34000 .35300 .36800 .33600 .34800 .33900 .36000 .36300 .36100 .35800 .39100
6 .38900 .37800 .35400 .38200 .43300 .37300 .37400 .41100 .40400 .41800 .41000 .44200
7 43500 .42900 .40700 .40400 .45500 .42400 .41200 .43500 .42900 .45800 .46600 .48700
8 43500 .45100 .47300 .41900 .44500 .47200 .40800 .50400 .46800 .46800 .46800 .50400
9 .47400 .46000 .45500 .47000 .46800 .45200 .43400 .54200 .49200 .48500 .47800 .54100
10 52100 .55400 .46900 .49500 .53100 .46500 .51900 .57000 .52600 .51700 .54900 .50800
11 50800 .57500 .48800 .46200 .59700 .50400 .51900 .57000 .55500 .59000 .60200 .61500
12 57300 .61100 .58600 .56900 .64700 .59700 .53700 .58600 .59200 .57400 .57900 .63500
—————— s e st s e . A i ——— — —_————— —— " —— ————————— - T ————————_— - " . —— ———————————————— - - - -
Units
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Table 3.4.4a The ICA diagnostic output for the North East Atlantic mackerel.

Predicted Catch in Number

Age | 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
—————— o e - S T e e - = S D > " — " = - T+ o -
0 19.15 38.62 26.81 23.64 14.51 18.02 24.13 38.80 22.85 37.71 37.96
1 51.05 59.87 108.32 72.26 99.85 64.25 85.38 125.41 154.69 89.23 118.73
2 284.80 166.58 174.79 250.92 169.51 245.05 167.95 242.62 272.59 329.87 154.62
3 71.14 356.37 185.55 193.65 345.20 243.34 372.51 274.27 300.77 332.20 329.70
4 87.56 76.36 339.65 195.72 198.01 367.50 .272.95 444.21 246.16 265.84 242.61
5 238.77 107.79 83.24 339.73 167.42 176.11 343.25 269.22 327.52 178.94 160.38
6 158.23 255.05 101.48 57.38 248.46 127.28 140.52 288.85 168.67 202.35 91.76
7 105.43 164.58 232.69 60.06 47.26 212.60 114.17 132.60 203.15 117.03 116.85
8 45.34 85.02 115.86 110.08 46.46 37.96 178.70 100.62 86.80 131.27 63.07
9 18.42 28.74 47.10 63.75 94.77 41.46 35.32 173.10 72.28 61.63 78.24
10 32.76 16.25 22.26 32.36 41.88 64.53 29.42 26.06 93.94 38.78 27.72
11 22.24 24.98 10.87 13.63 21.88 29.37 47.25 22.48 14.69 52.32 18.06

Thousands

Weighting factors for the catches in number

_______________________________________________________________________________________________

.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1:0000 1:0000 1:0000 1.0000
.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

HPOWVLVWWNAUEWNREO

- 1
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Table 3.4.4b

The ICA diagnostic output for the North East Atlantic mackerel.

Predicted SSB Index values

Thousands

Predicted Age-Structured Index Values

(SN
[y
\D
-~
v}

1.0199

P s s e b e e b

.2000

-

.0296

.1429

.3954
.6711
.8830
.0000
.9764
.0809

.1398




Table 3.4.4c The ICA diagnostic atput for the North East Atlant! mackerel.

IFAP run code: I06

No of years for separable analysis : 11

Age range in the analysis : 012 '
Year range in the analysis : 1984 1996

Numbexr of indices of SSB : 1

Number of age-structured indices : 0

Parameters to estimate s 53

Number of observations : 136

Two selection vectors to be fitted .
Abrupt change in selection specified.
Selection assumed constant up to and including 1988

PARAMETER ESTIMATES

3 pParm? } Maximum 3 3 3 3 3 3 Mean of ?
3 No. 3 3 Likelih.3 cv 3 Lower 3 . Upper 3 -s.e. 3 +s.e. 3 Param. °?

3 3 } Estimate?® (%)? 95% CL ?* 95% CL ? 3 3 distrib.?

Separable Model: Reference F by year

1 1986 .1398 15 .1039 .1881 .1201 .1626 .1414

o0 2 1987 .1647 14 .1242 .2185 .1426 .1903 .1664

= 3 1988 .1743 13 .1328 .2289 .1517 .2003 .1760

‘ 4 1989 .1695 12 .1338 .2148 .1502 .1913 .1707

‘ 5 1990 .1748 12 .1375 L2223 .1547 .1976 .1762

; 6 1991 .1893 12 .1479 .2422 .1669 .2147 .1908

; 7 1992 .2197 13 .1690 .2858 .1922 .2513 .2217

| 8 1993 .2812 15 .2091 .3781 .2418 .3271 .2844

‘ 9 1994 .2762 18 .1938 .3938 .2305 .3310 .2808

10 1995 .2656 22 .1706 .4133 .2119 .3328 .2724

‘ 11 1996 .2050 27 .1187 .3539 .1551 .2708 .2131

Separable Model: Selection (S1) by age from 1986 to 1988 :

12 0 .0437 134 .0031 .6107 .0114 .1678 .1080

13 1 .1366 19 .0939 .1987 .1128 .1654 .1391

| 14 2 .4604 18 .3185 .6656 .3815 .5556 .4686

| 15 3 .6166 18 L4274 .8897 .5115 .7435 .6275

| 16 4 .7226 18 .5012 1.0416 .5996 .8708 .7352
‘ 5 1.0000 Fixed : Reference age

- 17 6 1.2494 18 .8692 1.7960 1.0383 1.5035 1.2710

18 7 1.5895 18 1.1079 2.2805 1.3221 1.9109 1.6167

19 8 1.6101 18 1.1211 2.3124 1.3386 1.9367 1.6378

20 9 1.2487 18 .8726 1.7868 1.0401 1.4992 1.2697

| 21 10 1.3191 18 .9263 1.8785 1.1014 1.5799 1.3407
‘ 11 1.2000 Fixed : last true age

|



(4]

Table 3.4.4d The ICA diagnostic output for the North East Atlantic mackerel.

Separable Model: Selection (S2) by age from 1989 to 1996

22 ] .0296 88 .0052 .1688 .0122 .0720 .0439
23 1 .1429 14 .1070 .1908 .1233 .1656 .1445
24 2 .3954 13 .3051 .5124 .3464 .4513 .3988
25 3 6711 12 .5263 .8559 .5928 .7598 .6763
26 4 .8830 11 .6996 1.1144 .7841 .9944 .8893
5 1.0000 Fixed : Reference age
27 6 .9764 11 .7853 1.2141 .8737 1.0912 .9825
28 7 1.0809 10 .8748 1.3354 .9703 1.2040 1.0872
29 8 1.1398 10 .9289 1.3985 1.0268 .1.2652 1.1460
30 9 1.3703 10 1.1235 1.6714 1.2382 1.5165 1.3774
31 10 1.2734 10 1.0385 1.5615 1.1476 1.4130 1.2803
11 1.2000 Fixed : last true age

Separable Model: Populations in year 1996

32 0 6757009 251 49217 927652633 548436 83249668 158191007
33 1 4427881 40 1995866 9823370 2948712 6649048 4809358
34 2 2136963 32 1127010 4051970 1541796 2961877 2253909
35 3 2758000 27 1596581 4764281 2086749 3645174 2867377
36 4 1574604 25 947618 2616431 1215212 2040285 1628349
37 5 929602 25 566246 1526121 721862 1197126 959816
38 6 543446 25 332524 888156 422973 698232 560784
39 7 631483 24 391083 1019659 494529 806365 650638
40 8 325082 24 200566 526902 254088 415912 335101
41 9 342873 24 212272 553825 268465 437903 353288
42 10 129534 26 77681 216000 99789 168146 134018
43 11 88942 27 52239 151431 67794 116686 92281
Separable Model: Populations at age 11
44 1986 154788 27 91049 263146 118074 202917 160566
45 1987 149614 21 97566 229427 120293 186081 153216
46 1988 61875 19 - 42375 90349 51007 75058 63040
47 1989 79556 17 56018 112986 66519 95149 80841,
48 1990 124179 16 89761 171794 105228 146544 125894
49 1991 155225 16 113251 212757 132162 182314 157247
50 1992 218790 15 160914 297483 187046 255921 221495
51 1993 84157 16 61293 115549 71589 98931 85265
52 1994 55844 18 38981 80001 46486 67085 56791
53 1995 205644 21 133823 316010 165166 256043 210644

SSB Index catchabilities
INDEX1 ,
Used as absolute estimator.
No fitted catchability for this index.



Table 3.4.4e The ICA diagnostic output for the North East Atlantic mackerel.

RESIDUALS ABOUT THE MODEL FIT

______ o e e et e e et e e o e e T e = e e e e v 0 " e e = e e
Age | 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
—————— +—————————--———————————————————————--——-—-—————————————————————-——————--———————————————---——
0 .930 -1.650 721 1.018 513 -.588 588 -.695 .105 -.938 000

1 100 -.398 .298 -.117 342 -.094 -.021 022 -.049 -.090 009

2 370 ~.059 -.284 220 213 -.142 -.072 -.143 -.208 .033 .088

3 -.647 623 -.019 070 174 -.165 -.045 -.028 020 024 011

4 ~-.164 -.296 416 -.155 050 021 -.024 ~-.109 083 034 140

5 392 -.190 -.177 065 -.066 .069 -.114 -.097 ~.083 .043 102

6 244 -.040 -.195 ~-.164 022 .015 105 -.123 092 -.022 048

7 150 -.087 -.191 -.033 -.105 -.072 -.002 123 -.068 .196 025

8 -.093 012 011 011 067 297 ~.255 -.029 .201 -.146 -.122

9 -.338 193 127 068 -.104 046 371 ~.355 102 116 -.269
10 -.029 193 -.117 ~-.004 -.237 093 219 398 ~.489 090 -.072
11 002 032 147 020 -.277 .013 -.143 .257 329 -.321 .016
—————— +————-—————_—.—-———————————————————————————————-——————-——————————————-————-———————————----——---

Units

€8



Table 3.4.4f The ICA diagnostic output for the North East Atlantic mackerel.

PARAMETERS OF THE DISTRIBUTION OF 1n CATCHES AT AGE

Separable model fitted from 1986 to 1996

Variance

Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Degrees of freedom

.0566
.0962

3.4479

.3933
.0000
89

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR

INDEX1

Index used as absoclute measure of abundance.

Variance

Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Number of observations
Degrees of freedom
Weight in the analysis

¥8

ANALYSIS OF VARIANCE TABLE

Unweighted Statistics
Variance
SSB Indices
INDEX1
Weighted Statistics

Variance

SSB Indices
INDEX1

.0058
-.0418
~-.6366

.0016

.0000

4
4
1.0000

SSQ Data Params

Total for Model 11.8886 136 53
Catches at Age 11.8656 132 53

.0231 4 0

SSQ Data Params

Total for Model 4.4916 136 53
Catches at Age 4.4686 132 53

.0231 4 0

d.

83
79

4

.£f.

83

f.

.1432
.1502

.0058

.0541
.0566

.0058



Table 3.4.6

Population Abundance (1 January)

10 225.3 220.0 209.0 89.3

11 160.6 159.2 154.8 149.6

12 369.0 576.4° 548.2 378.9
Thousands

Fishing Mortality (per year)

10 .19770° .20134 .18438  .21729

11 . .22580 .19932 .16773 .19767

12 .22580° ,19932 .16773 .19767
Units

Table 3.4.5 The North East

Atlantic mackerel

.00560 .00650 .00832
.02705 .03140 .04019
.07483 .08688 .11118

.12703 .14748 .18873.

.16713 .19403 .24831

.18927 .21974 -.28120°

.18481 .21456 .27458
.20458 - .23751 .30394
.21574 .25046 .32052
.25936 .30111 .38534

.24102 .27982 .35808-
.22713  .26369 .33745°

.22713 .26369 .33745

fishing mortality

The North East Atlantic mackerel population numbers'at age.

at age.
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Table 3.4.7

} Year ?

3
3

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

3
3

The North East Atlantic mackerel stock summary.

Recruits
Age 0
thousands

7281310
3463640
3386450
5799150
3805090
5086000
3026780
3473230
4007420
5039500
3020780
5185060
6757010

STOCK SUMMARY

} Total

} Spawning? Landings? Yield/ ? Mean F ! SoP

3 Biomass ? Biomass ?

3 tonnes

3488632
3670211
3650931
3545016
3789610
3840867
3682675
4060674
4121989
3862019
3568013
3504273
3323920

3} tonnes

2748697
2708072
2736806
2725600
2827004
2883121
2768656
3144915
3157600
2853050
2556340
2598039
2456109

3 tonnes

648084
614275
602128
654805
676288
‘585921
625611
667883
760351
825036
822570
756186
563585

3
3

SSB 3
ratio ?

.2358
.2268
.2200
.2402
.2392
.2032
.2260
.2124
.2408
.2892
.3218
.2911
.2295

Ages ?
4- 8 3

.1979
-1942
.1725
.2033
.2152
.1722
.1777
.1923
.2233
.2857
.2807
.2698
.2082

(%)

99
99
97
100
96
99
100
101
100
99
99
100
99

3
3



Table 3.4.8

Mackerel in the North East Atlantic

Multi fleet prediction: Input data

The SAS System

1997 Northern Southern
. | Exploit.| wWeight | Exploit.[ Weight | Stock | Natural | Maturity|Prop.of F|Prop.of M| Weight
Age | pattern | in catch| pattern | in catch| size mortality| ogive |bef.spaw.|bef.spaw.| in stock
0 0.0010 0.056 0.0050 0.059| 3872.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0260 0.141 0.0030 0.148] 3312.000 0.1500 0.1400 0.4000 0.4000 0.084
2 0.0780 0.244 0.0030 0.209| 3701.000 0.1500 0.6500 0.4000 0.4000 0.184
3 0.1340 0.329 0.0040 0.279| 1696.000 0.1500 0.9100 0.4000 0.4000 0.253
4 0.1740 0.38% 0.0070 0.349] 2069.000 0.1500 0.9700 0.4000 0.4000 0.314
S .- 0.1980 0.441 0.0070 0.400} 1131.000 0.1500 0.9700 0.4000 0.4000 0.370
] 0.1910 0.502 0.0090 0.438; 652.000 0.1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.536 0.0120 0.467| 383,000 0.1500 1.0000 0.4000 0.4000 0.472
8 0.2180 0.575 0.0160 0.499| 436.000 0.1500 1.0000 0.4000 0.4000 0.492
.9 0.2630 0.586 0.0180 0.521f 222.000 0.1500 1.0000 0.4000 0.4000 0.528
10 0.2440 0.615 0.0170 0.546{ 223.000 0.1500 1.0000 0.4000 0.4000 0.544
1" 0.2280 0.650 0.0180 0.562 86.000 0.1500 1.0000 0.4000 0.4000 0.610
12+ 0.2330 0.691 0.0130 0.624| 161.000 0.1500 1.0000 0.4000 0.4000 0.617
Unit - Kilograms - Kilograms| Millions - - - - Kilograms
1998 Northern Southern
‘ Exploit.| Weight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight
Age | pattern | in catch| pattern | in catch ment |[mortality| ogive |bef.spaw.|bef.spaw.| in stock
0 0.0010 0.058 0.0050 0.059| 3872.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0260 0.141 0.0030 0.148 . 0.1500 0.1400 0.4000 0.4000 0.084
2 0.0780 0.244 0.0030 0.209 : 0.1500 0.4500 0.4000 0.4000 0.164
3 0.1340 0.329 0.0040 0.279 . 0.1500 0.9100 0.4000 0.4000 0.253
4 8.1740 0.38% 0.0070 0.349 . 0.1500 0.9700 0.4000 0.4000 0.314
5 0.1980 0.441] = 0,0070 0.400 . 0.1500 0.9700 0.4000 0.4000 0.370
6 .0.1910 0.502 0.00%90 0.438 . 0.1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.538 0.0120 0.467 R 0.1500 1.0000 0.4000 0.4000 0.472
8. 0.2180 0.575 0.0160 0.499 . 0.1500 1.0000 0.4000 0.4000 0.492
9 0.2630 0.586 0.0180 0.521 . 0.1500 1.0000 0.4000 0.4000 0.528
10 0.2440 0.615 0.0170 0.546 . 0.1500 1.0000 0.4000 0.4000 0.544
1" 0.2280 0.450 0.0180 0.562 . 0.1500 1.0000 0.4000]  0.4000 0.610
12+ 0.2330 0.691 0.0130 0.624 . 0.1500 1.0000 0.4000 0.4000 0.617
Unit - Kilograms - Kilograms| Millions - - - - Kilograms
teont.)
(cont.)
1999 Northern southern
.| exploit.| Weight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight
Age { pattern | in catch| pattern | in catch ment |mortality| ogive |bef.spaw.|bef.spaw.| in stock
0 0.0010 0.056 0.0050 0.059| 3872.000 0.1500 0.0000 0.4000] 0.4000 0.000
1 0.0260 0.141 0.0030 0.148| - . 0.1500|  0.1400 0.4000 0.4000 0.084
2 0.0780 0.244 0.0030 0.209 . 0.1500 0.6500 0.4000 0.4000 0.164
3 0.1340 0.329 0.0040 0.279 . 0.1500 0.9100 0.4000 0.4000 0.253
4 0.1740 0.386 0.0070 0.349 . 0.1500 0.9700 0.4000 0.4000 0.3
5 0.1980 0.441 0.0070 0.400 . 0.1500 0.9700 0.4000 0.4000 0.370
[ 0.1910 0.502 0.0090 0.438 . 0.1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.536 0.0120 0.467 . 0.1500 1.0000 0.4000 0.4000 0.472
8 0.2180 0.575 0.0160 0.499 . 0.1500 1.0000 0.4000 0.4000 0.492
9 0.2630 0.5856 0.0180 0.521 . 0.1500 1.0000 0.4000 0.4000 0.528
10 0.2440 0.615 g8.0170 0.546 . 0.1500 1.0000 0.4000 0.4000 0.544
1 0.2280 0.650 0.0180 0.562 e 0.1500 1.0000 0.4000 0.4000 0.610
T 12+ 0.2330 0.691 0.0130 0.624 . 6.1500{. 1.0000 0.4000 0.4000 0.617
Unit - Kilograms - Kilograms| Millions| - - - - Kilograms
Notes: Run name _: SPRCDDO2.. ..

Date and time: 15SEP97:21:27

87



Table 3.4.9a Multifleet prediction summary table for the Mackerel in the North East Atlantic,
a status quo F constraint for each fleet in 1997 and status quo F in 1998 and 1999

The SAS System 18:55 Surday, September 14, 1997
Mackerel in the North East Atlantic .

Multi fleet prediction: Summary table

.. Northern A .. . . Southern o Total ... . 1 Vdenuary- Spawning time
Year F Reference| Catch in| Catch in F Reference| Catch in| Catch in| Catch in| Catch-in] Stock Stock Sp.stock Sg.stock Sp.stock| Sp.stock
Factor F numbers | weight: Factor F numbers | weight numbers | weight size biomass size biomass size biomass

1997 1.0000 0.1982]| 1423031 561906 1.0000|  0.0102 85769 25126]- 1508800 587032 17944000] 3449021 9673170| 2923853] B8562262| 2560899
1998 1.0000 0.1982]| 1461673 582788 1.0000 0.0102 85456 25197 1547129 607986| 17920927] 3541317 9875726| 3044274 B8731574) 2665657
1999 1.0000 0.1982( 1468709 591508 1.0000 0.0102 87322 26054 1556031 6175631 17865648 - 3575485] 9873565 3091763] 8722935] 2706025

Unit - - Thousands| Tonnes - - Thousands| Tonnes [Thousands] Tonnes [Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes
Notes: Run name : SPRCODO2 -
o4 Date and time ~ ¢ 16SEP97:08:35

Computation of ref. F: Northern: Simple mean, age 4 - 8-
Southern: Simple mean, age 4 - 8
Prediction basis : F factors

Table 3.4.9b Multifleet prediction summary table for the Mackerel in the North East Atlantic,
assuming a status quo catch constraint for each fleet in 1997 and status quo F in 1998 and 1999

The SAS System 18:55 Sunday, September 14, 1997
Mackerel in the North East Atlantic

Multi fleet prediction: Sumary table

Northern Southern . Total . 17 January Spauwning time
Year F Reference| Catch.in| Catch in F Reference|: Catch in| Catch in| Catch in| Catch in] Stock Stock: | Sp.stock|.Sp.stock]| Sp.stock] Sp.stock
Factor F nunbers | weight Factor F numbers | weight numbers | weight size biomass size biomass size - biomass

1997 0.9400 0.1863| 1342048] 530103 1.3400 0.0137] 115194 33783| 1457242 5638881 17944000| 3449021| 9673170| 2923853 8584853| 2568605
1998 1.0000]  0.1982] - 1469777] 586606 1.0000 0.0102|- 85819 253601 1555596]  611966( 17968492] 3560840| 9925774 3063612] 8775134 2682432
1999 1.0000] 0.1982] 1474688] 594589 1.0000 0.0102|: 87628 26198|: 1562315 620787] 17898760| 3590653| 9907648| 3106984| 8752316] 2719154]

Unit - - Thousands| Tonnes - - Thousands| Tonnes-|Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes.

Notes: Run name ¢ SPRCDDO2
Date and time : 158EP97:20:20
Computation of ref. F: Northern: Simple mean, ag -8
Southern: Simple mean, agW@l - 8- ‘ .
Prediction basis: : F-factors ’ [ .
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Table 3.4.9c

Mackerel in the North East Atlantic:

The SAS

Multifleet prediction summary table for the Mack
assuming- a- status quo catch constraint for each

System :

Multi fleet prediction: Summary table:

18:55 Sunday, September 14, 1997

erel in the North East Atlantic,
fleet in 1997 a 560kt catch in 1998- and. 1999

" Northern: Southern - Total 1-January Spawning time -

Year F Reference| Catch in| Catch.in|. §- |Reference| Catch in| Catch in| Catch.in -Catch in|  Stock: stock | Sp.stock|: Sp.stock| Sp.stock| Sp.stock{.

factor F numbers : | weight Factor- F numbers | weight: | numbers.| weight size biomass | size: biomass | size biomass
1997 0.9569|: . 0:1897] 1366352|: 539752|. 0.95691 0.0098 82295 24135 1448647| 563886| -17944000] 3449021] 9673170]- 2923853} 8585031|: 2568382
19981 0.9074|: 0:1798|. 1343774| 536789|  .0.9074] 0.0093 78358 23211| 1422132|° 560000] 17976451| 3562041|: 9927733| 3064273| 8828208 2701111
1999°| - 0.8790|: o0:1742] 1326039]: 536365] 0.8790] 0.0090(- 78446 23636| . 1404485) S60000| 18028311| 3638584] 10028550 3153126|. 8926543| 2783762)
Unit - - Thousands| Tonnes: - - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes.[Thousands|: Tonnes [Thousands| Tonnes
Notes: Run name . SPRCDDO2

. Computation of ‘ref. F:

Date:and time:

Prediction basis

: 155EP97:20:20"

Northern:- Simple mean, age 4-- 8

Southern: Simple mean, age 4 ~ 8
: TAC constraints.

Table 3.4.9d Multifleet prediction summary table for the'Maékerel,in the North East Atlantic,.

assuming a status quo catch constraint for each fleet in 1997 and F= 0.15 in 1998 and 1999

Hack'efellin the North East Atlantic .

The SAS

‘System :

Multi- fleet prediction: Summary table

18:55 Sunday, September 14, 1997

Northern Southern- Total® 1 January Spawning time
Year F: Reference} Catch:in} Catch:in|- F: Reference| Catch.in] Catch.in| Catch:in|:Catch in| St
_ ' . . . : : ock : Stock Sp.stock|: Sp.stock] Sp. . :
Factor F numbers | weight: Factor F numbers | weight: | numbers.| weight size: biomass : glze i bFi’oma:: gi:ZQck z‘l’a?\;::k
1997 0.9400 0.1863] 1342048|: 530103|. 1.3400]: 0.0137] 115194 33783]. 1457242]- 563886} 17944 : : ;
‘ . . : - 000]: 34490211 9673170 - P :
}ggg g.;fos ;o 0.1428 : 1082566 433172 0.7023 0.0072]. 61348 18255] 1143914 451426) 17968492 3560840|° 9925774 §g§§2§g : gggﬁggz : 557%232 :
L7175 0.1422}° 1125105|- 457750 0.7175 0.0073]. 66080} 20178§ 1191185 477928|° 18278942 3734054]:10265635]: 3245890| 92302371 2899237|
Unit. - - Thousands|  Tonnes - -- Thousands] Tonnes {Thousands] Tonnes |Thousands|- Tonnes |Thousands}: Tonnes.|Thousands|  Tonnes ‘

Notes: Run name -
Date and time-

Prediction basis

¢ SPRCDDO2

¢ 15SEP97:21:07°

Computation of ref. F: Northern: Simple mean, age 4 - 8:
Southern::Simple mean, age 4 - 8°

: F-factors:
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Table 3.4.10 Multifleet management option table for the Mackerel in the North East Atl.antic,'
assuming a status quo F 1997.

Multi fleet prediction with mangement option table

Year: 1997

Northern Southern Total -
F Reference| Catch in F Reference| Catch in| Catch in|] Stock Sp.stock
Factor F weight Factor- F weight weight biomass | biomass

1.0000 0.1982 561906 1.0000 0.0102| - 25126| 587032] 3449021] 2560899

.- P Tonnes . - . .- - Tonnes-} Tonnes:| Tonnes:.|..Tonnes:| - .. « . + .. . ... o ...

Year: 1998 Year: 1999 -

Northern Southern Total-

F Reference| Catch in F Referencel Catch in} Catch in| Stock Sp.stock| Stock Sp.stock

Factor F weight Factor F weight weight biomass | biomass | biomass | biomass
0.0000 0.0000 0 0.0000 0.0000 0 0] 3541317} 28669891 4119009| 3408098
0.1000|- 0.0198 63183 0.1000}* 0.0010 2730 65913 2846128] 4060008| 3329183
0.2000 0.0396 125217 0.2000} ©.0020](" 5411 130628] 28254331 4002097| 3252352
0.3000]. 0.0595 186126 0.3000 0.0031 8044 194169 2804901 3945254 3177547

2784532| 3889456| 3104711
27643241 3834683] 3033787
2744276] 3780914 2964722
2724387] 3728130( 2897463

2704655 3676310|- 2831960
2685079] 3625434| 2768163
2665657 . 3575485 2706025
2646389 3526443 2645499
2627273| 3478290| 2586540
2608307 3431009] 2529104|
2589491| 3384582 2473149

2570823| 3338992] 2418633
2552303 3294222| 2365517

0.4000 0.0793 245930 0.4000] 0.0041 10629| 256559
0.5000 0.0991 304654 0.5000{ " 0.0051% 13167] 317821| .
0.6000 0.1189 362318|: 0.6000| 0.0061 15660] 377978

0.7000{- 0.1387] 418942 0.7000] 0.0071 18109| 437051
0.8000} 0.1586|- 474549| 0.8000| 0.0082 20514| 495063}
0.9000 0.1784] - 529158|  0.9000 0.0092 22877 552034
1.0000] - 0.1982 582788): 1.0000| 0.0102 -25197| 607986
1.1000|- 0.2180|  635460] 1.1000] 0.0112 27477 662937
1.2000]- 0.2378 687191 1.2000} 0.0122 29717 716909
1.3000|- 0.2577 738002 1.3000f 0.0133 31918{- 769919
1.4000]- 0.2775 787909 1.40001 0.0143| .  34080| 821989
1.5000 0.2973 836931 1.5000] 0.0153 36205| 873135
1.6000(« 0.3171 885084 1.6000] 0.0163|  38292{ 923377
1.7000 0.3369 932387 1.7000f 0.0173 40344 972731 2533928 3250257( 2313762
1.8000 0.3568 978856 1.8000( 0.0184 42360] 1021216 2515698 3207080(. 2263329
1.9000| 0.3766] 1024507 1.9000f 0.0194 443421 1068849 o] 2497611| 3164676| 2214183
*2.0000 0.3964]. 1069356|. 2.0000| 0.0204 462901 1115646 2479666| 3123028| 2166287

- - Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name . ¢ MANCDDO3
Date and time s 16SEP97:08:14
Computation of ref. F: Northern: Simple mean, age 4 - 8
Southern: Simple mean, age 4 - 8.

Basis for ‘i997 : F factors
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Table 3.4.11 Multifleet management. option table for the Mackerel in the North East Atlantic,
assuming: a status quo catch constraint for each fleet in 1997.

Multi fleet prediction with mangement option table

Year: 1997

Northern- Southern Total

F Reference|. Catch in|- F Reference| Catch in| Catch in|- Stock. | Sp.stock
Factor F weight Factor. F weight weight biomass | biomass

0.9400 0.1863 530103|: 1.3400| 0.0137 33783|. 563886 3449021) 2568605

- - Tonnes - - Tonnes | Tonnes- | Tonnes.| Tonnes
Year: 1998 Year: 1999
Northern - . Southern - Total

F- Reference| Catch:in F Reference| Catch in{ Catch in| Stock Sp.stock}] Stock Sp.stock
Factor - f weight - Factor F weight | weight biomass :| biomass | biomass | biomass
0.0000}" 0.0000{: - 0+ 0.0000}: 0.0000 0 0| 3560840} 2885201{ 4137684} 3425709|-
0.1000|: 0.0198]: 63601]: 0.1000]- 0.0010 2748|: 66349 2864191| 4078299 3346284
0.2000): 0.0396]. 126044]. 0.2000]): 0.0020 5446 131491 2843347 4020011] 3268958
0.3000(: 0.0595}: 187354|.  0.3000{° 0.0031 8096 195450 2822669 3962798 3193672

0.4000: 0.0793|  247552|° 0.4000{: 0.0041 106981 258249
0.50007 © 0.0991| 306660j- 0.5000j - 0.0051 132531 319913
0.6000 0.1189{: 3647011  0.6000|. 0.0061 15762| 380463|:
0.7000(: 0.1387] " 421696|  0.7000|- 0.0071 18226| 439922
0.8000 0.1586|- 477664 0.8000( 0.0082 20647| 498311
0.9000 0.1784 532628|: 0.9000{- 0.0092 23024 555652}
1.0000 0.1982f- 586606|° 1.0000{" 0.0102 25360| - 611966
1.1000{ 0.2180]" 639619|  1.1000f- 0.0112|  27654| 667273
1.2000 0.2378| 691684}1. 1.2000|: 0.0122 29908). 721592
1.3000| 0.2577|  742822| - 1.3000{ 0.0133 32122| 774944
1.4000| " 0.2775 793050|- 1.4000|‘ 0.0143 342981 827348 26057241 3398540|- 2484826 :
1.5000 0.2973 842386 1.5000| 0.0153 36436] 878822 . 2586924 3352663] 2429973
1.6000{- 0.3171 890848 1.6000{° 0.0163 38537 929384 - o] 25682721 3307612 2376530|
1.7000). 0.3369| 938452 1.7000|- 0.0173 40601 979053 2549767| 3263372} 2324457
1.8000| 0.3568| 9852171 1.8000f 0.0184 42630|: 1027847 2531407| 3219925} 2273716
1.9000|  0.3766| 1031157] 1.9000{- 0.0194 44624] 1075781 2513192] < 3177257 2224270
2.0000) 0.3964] 1076290| 2.0000} 0.0204 465841 1122874 2495121% 3135351 2176084

. 2802154| 3906639} 3120368
2781802} 3851513} . 3048991
2761611 37973981 2979486
27415801 3744274 2911800
27217071 3692121| 2845882

. 2701992] 3640921} 2781683
2682432 3590653) 2719154
2663027| 3541299| 2658249|:
2643774] 34928401 2598922
2624674] 3445260] - 2541128

- .- Tonnes ° - - Tonnes Tonnes Tonnes | Tonnes Tonnes Tonnes .
Notes: Run name ¢ MANCDDO3 °
Date and time : 16SEP97:08:14

Computation of ref. Fz Northern: Simple mean, age 4 - 8:
Southern: Simple mean, age 4. - 8-
Basis for 1997°  : F factors:



Table 3.4.12 Multifleet yield per recruit table for the Mackerel in the North East Atlantic.

Multi fleet yield per recruit: Summary table

Northern Southern Total 1 January Spawning time

F Reference| Catch in F Reference| Catch in] Catch in{ Stock Stock Sp.stock] Sp.stock] Sp.stock} Sp.stock
Factor F weight Factor F weight weight size biomass size biomass size biomass

0.0000 0.0000{  0.000{ 0.0000| ©0.0000 0.000 0.000 7.179| 2298.416 5.088| 2167.032]  4.791]| 2040.834
0.2000 0.0396 70.508f 0.2000] 0.0020 3.446] 73.954 6.169| 1735.619 4.084| 1605.842 3.789] 1486.868
0.4000 0.0793] 107.967] 0.4000; 0.0041 5.161] 113.129 5.544] 1402.799 3.465] 1274.545 3.1711 1161.619
0.6000 0.1189]: 129.942{ 0.6000| 0.0061 6.074]| 136.017 5.114| 1183.953 3.041| 1057.145 2.748| 949.357
0.8000| 0.15856] 143.694} 0.8000] 0.0082{. = 6.577| 150.270|. 4.796] 1029.426| . 2.729| 903.994|: . 2.437| 800.630]: .. ...
1.0000]° 0.1982]' 152.684 1.0000] 0.0102 6.856] 159.540 4.550| 914.558 2.489] 790.435 2.198}  690.926
1.2000 0.2378 158.734 1.2000{ 0.0122° 7.012] 165.746 4.352) 825.780 2.296}1 702.907 2.006] 606.797
1.4000} 0.2775| 162.875 1.4000f 0.0143 7.099| 169.974 4.189] 755.047 2.138] 633.368 1.849| 540.283
1.6000 0.3171| 165.727| 1.6000| 0.0163 71471 172.874 4.051] 697.301 2.005] 576.764 1.717] 486.398
1.8000| 0.3568| 167.679 1.8000| 0.0184 7.175) 174.853 3.932] 649.211 1.891] 529.769 1.605] 441.865
2.0000 0.3964] 168.984 2.0000] 0.0204 7.193| . 176.177 3.828| 608.496 1.793] - 490.105 1.507] 4046.447
2.2000f° 0.4360] 169.817| 2.2000{  0.0224 7.208| 177.024 3.737) 573.544 1.706] 456.163 1.422| 372.566
2.4000|: 0.4757|° 170.296| 2.4000} 0.0245|  7.223| 177.519 3.656] 543.183 1.629| 426.774 1.347] 345.081
2.6000 0.5153] 170.508] 2.6000| 0.0265|  7.241| 177.749 3.582] 516.541 1.561| 401.068|  1.279] 321.142
2.8000]° 0.5550| 170.515 2.8000] 0.0286}  7.263f 177.778 3.516] 492.955 1.499| 378.386 1.218] 300.106
3.0000{ 0.5946|- 170.364| 3.0000{: 0.0306 7.288| 177.652 3.4561 471.912 1.443] 358.216 1.164] 281.478}:
3.2000|: 0.6342| 170.090) - 3.2000|° 0.0326 7.317| 177.407 3.400] 453.009)  1.391] 340.157 1.114] 264.867
3.4000|- 0.6739] 169.720|° 3.4000| 0.0347 7.351} 177.070 3.349] 435.924 1.344] 323.889 1.068] 249.965
3.6000 0.7135| 169.274] 3.6000f 0.0367 7.388| 176.661 3.302{° 420.397 1.301] 309.1551  1.026| 236.522
3.8000{: 0.7532| 168.768{: 3.8000| 0.0388 7.4281. 176.196]- 3.258] 406.216 1.2611 295.742 0.987| 224.335
4.0000)° 0.7928] 168.216]° 4.0000)- 0.0408|  7.472| 175.688|  3.217| 393.206 1.224] 283.479 0.951] 213.236

6

- - Grams - - Grams Grams = | Numbers Grams Numbers Grams Numbers Grams

Notes: Run name s YLDCDDO3 "
Date and time s 17SEP97:08:19
Computation of ref..F: Northern: Simple mean, age 4 - 8
Southern: Simple mean, age 4 - 8
Recruitment :.Single recruit
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Table 3.4.13

Medium term simulations harverst control rules for mackerel

Fixed parameters:

Lower limit of SSB: 2300
F above upper limit of SSB: 0.175
Stock assessment SD Catch muitiplier Catch mult. SD F lower level
0 1 0 0.05
0.122
0.1 1 0 0.05
0.122
0.3 1 0 0.05
0.122
0.1 1.1 0.1 0.05
0.122
0.1 1.2 0.1 0.05
0.122

Upper limit SSB

2500
3000
2500
3000

2500
3000
2500
3000

2500
3000
2500
3000

2500
3000
2500
3000

2500
3000
2500
3000

Prob 2=>1 (%)

09
09
37
14

1.7
0.5
37
1.5

6.6
7.4
11.2
12.5

4.4

1.3
11.3
6.6

12.7
33

21.8
16.3

Catch variation

20
20
20
23

42
64
41
51

150
160
116
1214

62
88
59
67

74
99
65
70

The medium term simulation harvest control rules for North East Atlantic mackerel

Avg. catch

584
584
584
574

580
558
583
572

567
550
583
574

609
581
613
598

632
601
639
622
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Figure 3.2.1

The sum of squares surface for the ICA separable VPA fit to the

Western mackerel egg survey spawning stock biomass estimates.
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Western Mackerel : GAM and Traditional Egg
Production estimates
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Working Group in 1996, using either the traditional egg production estimates (as absolute
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tested as either absolute or linear proportional estimates of stock size.
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Figure 3.4.1 The sum of squares surface for the ICA separable VPA fit to the
North East Atlantic mackerel egg survey spawning stock biomass estimates.
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Figure 3.4.6 The medium term projection results for status quo (F96) fishing mortality
for North East Atlantic mackerel. Total landings, fishing mortality ,
recruitment and stock size.
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The medium term projection results for status quo (F96) fishing mortality

Figure 3.4.7
for North East Atlantic mackerel. Fleet catches.
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Figure 3.4.8 The medium term projection results for status

A

quo (F96) fishing mortality

for North East Atlantic mackerel. Stock size and risk of going below MBAL.
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Figure 3.4.9 The medium term projection results for an F = 0.15 fishing mortality
for North East Atlantic mackerel. Total landings, fishing mortality ,

recruitment and stock size.
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Figure 3.4.10 The medium term projection results for an F = 0.15 fishing mortality
for North East Atlantic mackerel. Fleet catches. :
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Figure 3.4.11

The medium term projection results for an F =
for North East Atlantic mackerel. Stock size a

0.15 fishing mortality
nd risk of going below MBAL.
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Figure 3.4.12 NEA mackerel multifleet yield per recruit
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Figure 3.4.13 The NEA mackerel stock-recruitment relationship

9000
8000 -
n Fhigh = 0.765
u
7000 -
6000 - . 1]
_ m Fmed=0.28
1 n
5000 = »
4000 -
n
%
3000 - ] »
2000 - n "
= Flow = 0.08
1000 =
0 : : : : | | : |
0 500000 1000000 1500000 2000000 2500000 3000000 3500000 4000000

SSB (tonnes)

e:\acfm\wgmhsa98\F-34-13.xls



NEA mackerel
Percentiles for SSB in long term equilibrium
4500
4000
3500 -
——P<0.05
3000 - —8—P<0.10
~&—P<0.20
@ 2500 —¥—P<0.30
@ 2000 —¥—P<0.50
—8—P<0.80
1500 +—P<0.90
1000
500
0
0.1 0.125 0.15 0.175 0.2 0.225
F{4-3)
Figure 3.4.14

e\acfm\wgmhsa98\F-34-14 xis

108




4 HORSE MACKEREL - GENERAL
41  Stock Units

The last 8 years the Working Group has considered the horse mackerel in the north east Atlantic as separated into
three management stocks, the North Sea, the Southern and the Western stock (ICES 1990/Assess:24, ICES
1991/Assess:22). Since little information from research surveys are available this separation is based on the
observed egg distributions and the temporal and spatial distribution of the fishery. The Southern and Western
horse mackerel are thought to have similar migration patterns to the mackerel from the same areas. As for
mackerel the egg surveys have demonstrated that it is difficult to determine a realistic border between a western
and southern spawning area. In later years some horse mackerel have been tagged in Portuguese and Spanish
waters, but so far no tags have been recovered (Borges and Porteiro pers. comm.).

Until recently little has been done to study stock identity problems for horse mackerel. Two studies are now
available; one on allozyme differentiation (Soriano and Sanjuan, WD 1997), and one of morphometric characters
of horse mackerel in the southern region (Murta and Borges, WD 1997). However, none of these studies indicate
“that there are basis to change the stock separation used previously. Therefore the Working Group still consider
horse mackerel in the north east Atlantic to consist of three units, the North Sea, the Southern and the Western
horse mackerel.

4.2 Spawning Stock Biomass Estimates from Egg Surveys
42.1 North Sea area

No new egg surveys coveri;ig the spawning of horse mackerel have been carried out since 1991 and none are
currently planned for the future.

422 Western area

There is no new information to report since the 1995 egg survey. The estimates of egg production and SSB from
that survey (Table 2.2.1) remain unchanged. The area will be surveyed again in 1998 (see Section 1.4.1).

4.2.3 Southern area

There is no new information to report since the 1995 egg survey. The area will be surveyed again in 1998 (see
Section 1.4.1).

4.3 Allocations of Catches to Stock

Usually, the catches in the Western part of Division IIIa (third and fourth quarters) are closer to the catch
distributions in Division IVa than in Divisions IVb,c both spatially and temporally. Therefore these catches have
been allocated to the western stock. However, in 1996 the catches in Division IIIa were taken in the eastern part
(Figures 4.3.2a-d) and were not taken in an area close to the fishery in Division IVa. Therefore these catches
were allocated to the North Sea stock.

Except for the catches in Ifla the distribution of the fishery in 1996 was similar to previous years and thereby the
catches were allocated to the different stocks as:

Western stock: Divisions iia Vb, IVa, VIla—c.e-k and VI a.b.d.e

North Se# stock: Divisions IVb,c, VIId and IIla
Southern stock: Divisions VIIIc and IXaA

The catches By stock'aré‘giv'en in Tabic 43.1and Figurc 43.1.
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44  The Fishery in 1996

The total international catchés of horse mackerel in the North East Atlantic are shown in Table 4.4.1 and Figure
4.3.1. The total catch from all areas in 1996 is 460,000 t which 120,000 t lower than the record high catches in
1995. Ireland, Denmark and the Netherlands have a directed trawl fishery and Norway a directed purse seine
fishery for horse mackerel. Spain and Portugal have a directed trawl and purse seine fishery. Only one country
provides data for discards. Therefore the amount of discards given in Table 4.3.1 are not representative for the
total fishery.

45  Distribution of the Horse Mackerel Fisheries

The distribution of the fisheries in 1996 are given in Figure 4.3.2a-d. The figures are based on data provided by
Denmark, Ireland, the Netherlands, Norway, Portugal, Spain and UK (England and Wales) covering 91% of the
total catch. The total catch vi)as allocated to quarters according to the data from the above countries and are given
in Table 4.5.1. As usual the mam catches were taken in Divisions VIIa~c,e-k. and the main seasons were the first
and fourth quarters.

First quarter, 163,000 t. This is 42,000 t more than 1995. The distribution of the catches are similar to previous
years. The main catches were taken along the western continental shelf west of Ireland and the British Isles, in the
western Channel, in the Bay bf Biscay and along the PortugueSe and Spanish west coast (Figure 4.3.2a).

Second quarter, 58,000 t. This is 34,000 t less than last year. The fishery was as in previous years, mamly carried
out south west of Ireland, south of Comnwall, in the Bay of Biscay, along the west coast of the Iberian peninsula
(Figure 4.3.2b).

Third quarter, 86,000 t. This is 21,000 t less than in 1996. The fishery is similar to the second quarter but in
addition the fishery increased slightly in the North Sea and Skagerrak (Figure 4.3.2¢).

Fourth quarter, 153,000 t. This is considerable lower (107,000 t) than in 1997. This is majniy due to a reduced
fishery in the northern part of the North Sea (Division IVa). The main fishery is carried out west of Ireland, in the
western Channel and to some extent in the Bay of Biscay and along the Iberian west coast (Figure 4.3.2d).

46  Length Compositions by Fleet and by Country

The 1996 annual length compositions by fleet were provided by Germany, Ireland (third and fourth quarter),
England and Wales (second quarter), the Netherlands, Norway, Portugal and Spain. These length distributions
cover about 65% of the total landings in 1996. The length distributions by country and ﬂeet are shown in Table
4.6.1, .

47  Otolith Exchange in 1996

Last years Workmg Group recommended that a new horse mackerel otolith exchange be carried out in 1996 to
estimate the precision of the age readings of the otolith readers in the northeast Atlantic area (ICES,
1997/Assess:3). The results of this 1996 otolith exchange are presented in Eltink (1997).

Two earlier horse mackerel otolith exchanges have been carried out in 1984 and 1988 (Eltink, 1985 and Borges,
1989). However, this 1996 otolith exchange differs from the two earlier exchanges, because now one exchange
set contained otoliths of ‘known’ age. This enables the estimation of both accuracy and precision.

During the 1996 horse mackerel otolith exchange three sets of otoliths were circulated among 7 readers from 6
countries. Set A contained otoliths of ‘known’ or ‘actual’ age, which were only otoliths of the extremely strong
1982 year class collected during the period 1985-1995 of which the original ageings had a very high probability
to agree with the true age. Set B contained otoliths of fish caught in the first half of the year (only translucent
edges) and set C contained qtohths of fish caught during the second half of the year (mixture of translucent and
opaque edges). Set A has been used to validate the age reading method of each otolith reader. Based on this
validation the age readings of set B and C of each otolith reader have been evaluated. Difficulties in:the
interpretation of the edge of the otolith were analysed by comparing ageing results of set B and C. The age
readings of the three sets were analysed for the age range 0-15, in addition set B was analysed over the age range
10-25 in order to get information on the relative bias in the ageings of especially the older fish. The accuracy and
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the precision of the age readmgs as well as the bias in the aoemgs are discussed by otolith set. Precrsmn by reader
differed consrderably and appeared to be related to expenence in otolith reading. When ageings were compared
to ‘actual’ age, vahdauon set A showed that all readers had a bias in the age readings (see Figure 4.7.1). But,
when the ageings were compared to modal age, validation set A showed that the bias was much less (Figure
4.7.2). The percentage of agreement in the age readings of all readers obtained from compansons to the ‘actual’
age decreased from 75% to 20% over age range 3 to 13, but from comparisons to the modal ageit decreased only
from 80% to 50% (see Flgure 4.7.3). In general it can be said that the modal or average age are good
representatrons of the true age if no bias occurs in the age readings. However, if bias occurs, than the modal age
provides a far too optimistic view. In this case, in which the bias starts at age 6 and increases up to one year of
underestimation at age 13, the agreement with actual’ age is roughly 25%-50% lower for the ages 6-13 than as
1nd1cated by the modal age. In future age compansons it is therefore essential that calcrﬁed structures of known
age are available to show presence of absence or bias. If bias can be excluded than the agreement to modal or
average age can be regarded as the agreement to the true age.

The absolute bias in ageing was estimated for each age group (see Figure 4.7.4).
The folioWing conclusions were drawn:

1. All seven otolith readers appeared to have a bias in their age readings based on age readmg compansons from
otoliths of “known” or “actual” age. Six readers underestimated the ages; this bias started in general atage 6
and increased with age. The bias is an underestimation of approximately one year at age 13. One of the
readers appeared to overestimate the ages, especially the ages 7-9. -

2. Interpretation of the outer edge (translucent/opaque) appeared to cause problems in the age determination.

3. There is no reason to change the age range (ages 0-14 thh a 15+ group) for data to be supplred to the ICES
. Assessment Working Group. '

4. Both the blas and the outer edge probiem in ageing horse mackerel otoliths should be solved as soon as
possible. This could be done by the use of the 1982 year class otoliths (both with translucent and opaque
edges). Discussions on how to read and mterpret the ring structures could help to improve the precision and
accuracy.

The Mackerel, Horse Mackerel, Sardine and Ahchovj' Working Group recommends that a horse mackerel
otohth workshop be held in 1998 in ... from ... to ... 1998 to be organised by A. Eltink, Netherlands to
improve the quality of the age readings.

The workshop is requested to provide:

a) a synopsrs of the biology of the species (stocks, migrations, spawning, feedmg, matunty, growth, etc.).

b) an overview on how the agemg technique was validated.

c) a review of sample processing methods.

d) a manual for age reading (daté of birth, interpretation of rings and edges, guide-lines on how the best agemgs
can be achieved, etc.).

€) avaﬂable information on when translucent and opaque otolith edge structures occur by month and by age
group for both western and southern horse mackerel stocks.

f) an exercise to estimate the precision, accuracy and bias from an age readmgs compansons on otohths of
known age to be carried out at the end of the workshop to demonstrate the improvements.

g) recommendations on how to improve the age reading quality.
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Table 4.3.1 Landings and discards of HORSE MACKEREL (t) by year and division, for the North Sea, Western and Southern horse mackerel.
(Data submitted by Working Group members.)

Year North Sea horse mackerel Western horse mackerel Southern horse mackerel Total

Illa IVb,c Discards VIId  Total IIa IVa VIa VIlac,e-k VIlab,d,e Discards Total| VIIIc IXa Total| All stocks
1982 - 2,788 - 1,247 4,035 - - 6,283 32,231 3,073 - 41,587] 19,610 39,726 59,336 104,958
1983 - 4,420 - 3,600 8,020 412 - 24,881 36,926 2,643 - 64,862] 25,580 48,733 74,313 147,195
1984 - 25,893 - 3,585 29,478 23 94 31,716 38,782 2,510 500 73,625] 23,119 23,178 46,297 149,400
19851 1,138 22,897 2,715 26,750 79 203 33,025 35,296 4,448 7,500 80,551 23,292 20,237 43,529] 150,830 .
1986 39 19,496 4,756 24,648 214 776 20,343 72,761 3,071 8,500 105,665} 40,334 31,159 71,493 201,806
1987 436 9,477 1,721 11,634] 3,311 11,185 35,197 99,942 7,605 - 157,240] 30,098 24,540 54,638 223,512
1988 | 2,261 18,290 3,120 23,671| 6,818 42,174 45,842 81,978 7,548 3,740 188,100] 26,629 29,763 56,392 268,163
1989 913 - 25,830 6,522 33,265{ 4,809 85,304 34,870 131,218 11,516 1,150 268,867| 27,170 29,231 56,401 358,533
1990 | 14,872 17,437 1,325 18,762] 11,414 112,753 20,794 182,580 21,120 9,930 373,463| 25,182 24,023 49,205 441,430
1991 | 2,725 11,400 600 12,000 4,487 63,869 34,415 196,926 25,693 5,440 333,555] 23,733 21,778 45,511 391,066
1992 | 2,374 13,955 400 6838 15,043 13,457 101,752 40,881 180,937 29,329 1,820 370,550| 24,243 26,713 50,955 436,548
1993 850! 3,895 930 8,792 13,617] 3,168 134,908 53,782 204,318 27,519 8,600 433,145] 25,483 31,945 57,428 504,190
1994 | 2,492 2,496 630 2,503 5,689 759 106,911 69,546 194,188 11,044 3,935 388,875] 24,147 28,442 52,589 441,153
1995 240 7,948 30 8,666 16,756| 13,133 90,527 83,486 320,102 1,175 2,046 510,597 27,534 25,147 52,681 580,034
1996 | 1,657 7,558 212 9,416 18,843] 3,366 18,356 81,259 252,823 23,978 16,870 396,652| 24,290 20,400 44,690 460,185

'Norwegian and Danish catches are included in the Western horse mackerel.
INorwegian catches in Division IVb included in the Western horse mackerel.

3Divisions I1Ta and IVb,c combined.
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Table 4.4.1

Landings (t) of HORSE MACKEREL by Sub-area. Data as submitted by

Working Group members.
Sub-area 1979 1980 © 1981 1982 1983 1984
Il , 2 - + - 412 23
IV + IMa 1,412 2,151 7,245 2,788 4,420 25,987
VI 7,791 8,724 11,134 6,283 24,881 31,716
VI 43,525 45,697 34,749 33,478 40,526 42,952
VII 47,155 37,495 40,073 22,683 28,223 25,629
IX 37,619 36,903 35,873 39,726 48,733 23,178
Total 137,504 130,970 129,074 104,958 147,195 149,485
_ Sub-area 1985 1986 1987 1988 1989 © 1990
I , 79 214 3,311 6,818 4,809 11,414
IV + Mla 24,238 20,746 20,895 62,892 112,047 145,062
VI 33,025 20,455 35,157 45,842 34,870 20,904
A1 39,034 77,628 100,734 90,253 138,890 192,196
VIII 27740 43,405 37,703 34,177 38,686 46,302
X 20,237 31,159 24,540 29,763 29,231 24,023
Total 144,353 193,607 222,340 269,745 . 358,533 439,901
‘Sub-area 1991 1992 1993 1994 1995 1996
Il + Vb 4,487 13,457 3,168 759 13,133 3,366
IV + Ia 77,994 113,141 140,383 112,580 98,745 27,782
VI ‘ 34,455 40,921 53,822 69,616 83,595 81,259
VIl 201,326 188,135 221,120 200,256 330,705 279,109
VIII 49,426 54,186 53,753 35,500 28,709 48,269
IX 21,778 26,713 31,944 28,442 25,147 20,400
Total 389,466 436,553 504,190 447,153 580,034 460,185

'Preliminary.
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Table 4.5.1

Quarterly catches (1000 t) of HORSE MACKEREL by Division and Sub-division in 1996.
Division 1Q 20Q 3Q 4Q] TOTAL
ITa+Vb 0 0 0 34 34
ITa + 0 0.7 1.0 1.7
IVa 1.6 + 0 16.8 184
IVbe, VIId 3.6 1.3 3.1 9.2 17.2
Via ©33.7 1.1 359 10.5 81.2
VIla-c,e-k 114.1 424 32.1 81.1 269.7
VIlIabde 0.6 1.7 1.5 20.2 240
VIic 54 7.0 7.0 49 24.3
IXa . 4.4 4.9 53 5.8 204
Sum 163.4 58.4 -85.6 152.9 460.3

1

Table 4.6.1 Annual length distributions (in millions) of HORSE MACKEREL catches by fleet and country in 1996.
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Netherlands| Eng.&Wales | Norway | Germany . Spain Poxrtugal Ireland
Pelagic Pel.trawl Purse |[Pel.trawl| Purse Demersal Gill net Hook |Artisan Trawl Purse |Pel.trawl
cm trawl UK landings| seine seine trawl
| 2 0 3+4
5 .
6 0.15
7 3.35
8 6.63 0.00
9 3.76 0.00 0.61
10 " 3.31 0.01 2.81
11 9.66 0.01 12.83 1.31
12 13.55 0.80 9.68 3.44
13 9.17 1.78 3.99 0.65
14 4.96 2.55 7.27 0.08
15 4.44 5.11 4.63 0.00
16 11.92 8.66 1.79 0.00
17 6.07 16.55 10.63 0.00 2.06 0.00
18 14.14 14.89 9.82 0.00 0.04 2.94 0.02
19 55.53 14.85 4.60 0.00 0.24 4.68 0.04
20 74.20 13.54 2.21 0.00 0.00 0.75 7.75 0.77
21 130.18 9.96 0.73 0.00 0.01 1.49 9.43 2.14
22 134.02 6.63 1.00 0.01 0.01 2.95 9.55 5.56
23 148.34 7.55 1.10 0.01 0.02 7.07 8.71 4.13 0.67
24 98.28 0.00f 12.19 1.31 0.03 0.04 8.96 6.33 2.52 5.96
25 84.01 0.00] 16.65 1.39 0.04 0.05 6.94 3.14 0.78 15.78
26 64.05 0.00 17.02 1.85 0.06 0.05 6.85 1.92 0.14 35.05
27 83.71 0.00 13.83 3.19 0.06 0.06 5.04 1.37 0.11 4‘
28 60.01 0.13 0.00| 10.58 4.77 0.05 0.08 3.85 1.01 0.00 4%.81
29 74.11 0.35 0.06 0.01 7.08 6.15 0.05 0.09 3.80 0.79 1.20 66.61
30 53.94 1.54 0.33 0.02 6.24 6.33 0.04 0.07 3.11 0.63 7.17 43.42
31 41.28 2.01 0.72 0.05S 3.58 4.22 0.04 0.08 2.96 0.52 13.15 22.18
32 26.39 2.25 2.94 0.10 2.13 4.12 0.04 0.07 3.04 0.43 7.57 8.57
33 23.29 2.13 8.37 0.22 0.78 3.02 0.04 0.06 3.07 0.37 1.59 4.93
34 16.13 0.59 10.61 0.25 0.45 2.61 0.03 0.08 3.36 0.35 0.40 4.30
35 9.66 0.83 8.05 0.26 0.37 1.78 0.03 0.05 3.21 0.23 2.59
36 7.01 1.18 5.81 0.14 0.23 1.21 0.02 0.03 2.76 0.17 1.32
37 3.51 0.47 2.11 0.07 0.17 1.03 0.02 0.01 2.15 0.10 1.43
38 0.37 0.35 -0.76 0.05 0.26 0.54 0.01 0.01 1.69 0.04 0.58
39 0.74 0.12 0.19 .01 0.18 0.50 0.01 0.01 1.74 0.02 0.12
40 0.05 0.00 0.13 0.02 0.27 0.19 0.01 0.01 1.22 0.01 0.17
41 0.12 0.00 0.22 0.12 0.01 0.01 0.55 0.00 0.06
42+ 0.00 0.00 0.08 0.00 0.01 0.37 0.00
Numb 1209.01 11.94 40.20 1.19] 247.10 93.43 0.60 0.90 77.23 106.17 S2.76 303.92
ers
1000 166.21 3.55 15.53 0.41] 22.64 12.81 0.15 0.22 4.39 7.58 2.09 63.13
tons
0.00=<5000
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Figure 4.3.1 Total catches of horse mackerel in the northeast Atlantic during the period 1965 - 1996. The catches taken by the USSR and

catches taken from the southern, western and North Sea horse mackerel stocks are shown in relation to the total catches in
the northeast Atlantic.
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Figure 4.3.2.a



Horse Mackerel Quarter 2 1996
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Figure 4.3.2.b
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HORSE MACKEREL OTOLITH EXCHANGE 1996 SET A (against 'actual’ age)
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Figure 4.7.3 The percentage of agreement in the age readings of all readers
obtained from comparisons to '‘actual' and modal age.
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Figure 4.7.4 The absolute bias is plotted as obtained from the mean of ages recorded
compared to the 'actual’' age (horse mackerel ofolith exchange set A).
Absolute bias is the bias in a comparison to frue age.
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5 NORTH SEA HORSE MACKEREL (DIVISIONS ITIa - EXCEPT WESTERN PART OF
SKAGERRAK - IVb,c AND VIId)

5.1 The Fishery in 1996

The total catch taken from the North Sea and Division Illa decreased considerably from 99,000 t in 1995 to
26,000 t in 1996. However, only catches taken in Divisions IIa - except western part of Skagerrak - IVb,c and
VIId are regarded as belonging to the North Sea horse mackerel stock (see Section 4.3). Table 4.3.1 shows the
catches of this stock from 1982-1996. The total catch taken from this stock in 1996 was about 19,000 t, which is
about the same as to the catch of about 17,000 t taken in 1995. In the latest years most of the catches from the
North Sea stock were taken as a by-catch in the small mesh industrial fisheries in the fourth quarter carried out
mainly in Divisions IVb and VIId. However, in 1995 and 1996 at least 70% of the catch has been taken for
human consumption.

52 Fishery Independent Information

Horse mackerel egg surveys in the North Sea were carried out from 1988 to 1991 and the spawning stock
biomass estimated were respectively 120, 217, 255 and 247 thousand tonnes (Eltink, 1992). The 1988 estimate
was regarded as an underesumate No egg surveys were carried out in the years 1992-1997.

53 Catch in Numbers at Age

Catch in number data are now provided for the first time, because the catch for huinan‘ consumption increased
above 70% both in 1995 and 1996 (Table 5.3.1).

Catch in number data were not provided in earlier years, because the majority of the catch was used for industrial
purposes. For these earlier only age compositions were presented based on samples taken from the Dutch
commercial catches and research vessel catches. These are available for the penod 1987-1996. In the earlier
years the Dutch samples cover only a small proportion of the total catch, but give a rough indication of the age
composition of the stock (Figure 5.3.1).

The strength of the 1982 yéar class in the central and southern North Sea does not seem as strong as in the
western area (compare Flgure 5.3.1 with 6.3.1) and the 1987 year class can not be recognized as the strong year
class that is in the western area. Year classes 1993 and 1994 are very abundant in the western catches, but year
class 1993 only in the North Sea catches.

54  Mean Weight and Mean Length at Age in the Catch

Table 5.3.1 provides information on the mean length and mean welght in the catch in 1996 These are based on
only Dutch samples from commerc1a1 and research vessels.

55 Assessment

As the available biological samples are not considered to be representative of the total catch, no estimates of the
catch in numbers were made and it was not possible to do an analytical assessment.

The egg surveys carried out in 1989, 1990 and 1991 resulted in an average spawning stock biomass of 240,000 t
over this period (Eltink, 1992).

The strong 1982 year class and relatively strong 1986 and 1989 year classes are recognized in the structure of the
stock (Figure 5.3.1).

This stock appears to be underexploited based on the following evidence. The catch ranged from 4,000-33,000 t
during the period 1982-1996, while the average SSB from the egg surveys from 1989-1991 was estimated at

240,000 t. There is a high catch of the 15 plus group (Figure 5.3.1). The Y/SSB ratio during the penod of the
1989-1991 is only 0.09.

+ .
The Working Group recommends that more research be carried out on the North Sea horse mackerel stock in
order to be able to assess this stock.
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5.6 Reference Points for Management Purpose

Reference points and limits can not be defined with the very little current information about this stock.
5.7 Management Measures and Considerations

No forecast is available for 1998.

The Working Group recommends, that if a TAC is set for this stock, it should apply only to those areas where
North Sea horse mackerel are fished, i.e. Divisions IVb,¢, VIId, and Division IIIa.
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Table5.3.4  Catch in numbers ('000), mean length (cm) and mean weight (g) at age of
NORTH SEA HORSE MACKEREL by quarter and by Division(s) in 1996.
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1996 a Vb,e Vvild All areas 1996 Ia tvb,c vilg All areas || 1996 tila ivbc Vild | Allareas
1"stQ 1stQ 1stQ 1stQ stQ 1stQ 15t Q 1stQ ) 'stQ 1stQ "stQ 1"stQ
Age |catch(000) catch('000)| catch('000) cateh('000)| | _Age |length{cm)] length(cm)) tength{em) [lengthiem) || _Age | weight(g) | weight(g) | weight(q) | weight(g)
0 0 [ 0 0 ] 0.0] 0.0 . 0.0 0.0 0 0 O 0 0
1 0 0 .0 .0 1 0.0 0.0 0.0, 0.0 1 0 0 0 0]
2 0 815 0 815 2 0.0 225 0.0 225 2 0 102] 0 102
3 0 2,038 0 2,038 3 0.0 24.0 0.0 24.0 3 0 123 0 123
4 0, 1,020 0 1,020 4 0.0 25.3 0.0 253 4 0 142 0 142
s [ 1.427| 0 1,427 s 0.0 25.9 0.0 259 s 0| 162 0 162
[ [ 1,427, 466 1,893 6 0.0 26.8 26.5 . 26.7] € 0 177 183 178
7 0 1,020 935 1,955 7 0.0 271 27.0 271 7 0 179] 188 183]
8 0 408 935 1.343 8 0.0 28.0 27.5] 27.7 8 0] 202] 182 188
9 0 408 1,869 2277 9 0.0 28.0 288 28.7| 9 0 190, 203 201
10 0 204 .0 204 10 0.0 285 0.0 28.5) 10 0 194 0 194
1 0 612 935 1,547 11 0.0 30.2 29.5 298 n 0 252 244 247
12 0 0| . 0 0 12 0.0 0.0 0.0 0.0 12 0 0 0 0
13 [ 0 466 466 13 0.0 0.0 29.5 295 13 0 0 219 219
14 [ 612 2,802 3.414 14 0.0 31.2 31.0 310 14 0 284 258 263
15+ [2) 204 3,270 3.474 15+ 0.0] 325 321 321 15+ 0 325 268 271
Total 0 10,193 11,679 21,872||_0-15+ 0.0 26.4! 30.0 28.3|1 0-15+ 0| 171 235 205/
Tonnes 0 1,737 2,742 4,479
ha IVbe Vild | All areas lla Vbe Vild All areas lila Ivb,c vild All areas
) 2ndQ 2ndQ 2ndQ 2ndQ . 2ndQ 2ndQ 2ndQ 2'nd Q 2ndQ | 2ndQ | 2ndQ | 2ndQ
Age |catch(*000){ catch('000){ catch(000} catch(f000) Age |length(cm)|iength{cm)|length(cm)]length(cm)]| Age | weight(g) weight(g) | weight(g) | weight(q)
0 0 0 0 0 [} 0.0 0.0] 0.0 0.0 1] 0 0 0 0
1 0 0 -0 0 1 0.0 0.0 0.0 0.0 1 0 [« () 0
2 [ 153 0 153 2 0.0] 225 0.0 225 2 0 102 0 102
3 0 384 "0 384 3 0.0 240 0.0 24.0 3 0 123 0 123
4 0, 192 0| 192 4 0.0 25.3 0.0 253 4 0 142 0 142
s 0, 269 * 0 269 5 0.0 259 0.0 259 L] 0 162 0 162
[ 0 269 238 S04 6 0.0 26.8 265 267 6 0 177] 183 180
7 0 192 L4l €63 7 0.0 271 27.0 27.0 7 0 179 188 185
8 0 77| 4an 548 8 0.0 28.0] 275 276 8 O 202 182 188
9 0 77 943 1,020 9 0.0 28.0 288 287 9 0 190] 203 202
10 [ 38 .0 38 10 0.0 288 0.0 28.5) 10 0 194 [ 194
1" 4] 115 47 586 kAl 0.0| 302 29.5) 29.6) b 0| 252 244 248
12 0 0 0 0 12 0.0 0.0 0.0 0.0 12 0 0 0 0
13 0 0 235 235 13 0.0 0.0 295 295 13 0 0 219 219
14 0 18 1.413] 1,528 14 0.0 312 310 31.0] 14 [« 284 258 260
15+ 0 38 1,650 1,688 15+ 0.0 325 32.1 321} 15+ 0 325 268 269
Total [¢] 1,919 5,890, 7.809{f 0-15+ 0.0 264 30.0 29.1{f 0-15+ o] [s] 235 219
Tonnes 0 327 1,383 1,710
Na Vbe vild All areas llla Vbe vild All areas flla Vb,e vild All areas
IdQ 3dQ IdQ 3dQ IdQ IrdQ 3IdQ 3dQ . ¥dQ 3IdQ 3IdQ 3dQ
_Age_  |catch('000)] catch(000)] catch('000)cateh('000) | Age ltength (cm)llength {cm)ilength (cm)l lengthiem)|| Age |weight (g){weight ()] weight (q){ weight(q)
0 0 o] -0 0 o 0.0 0.0 0.0 0.0 0 [s) 0 0| 0
1 0 0 .0 0 1 0.0 0.0 0.0 0.0 1 0 0 0 0
2 379 2,158 .0 2,158 2 225 225 0.0 225 2 13| 108 0 128
3 1,325 6,528 2 7,854 3 236 238 225 237 3 124 124 101 124
4 1,230 4,962 2 6,194 4 25.3] 25.3 255 25.3] 4 144 143 116 143
s 852 4,342 © 12 5.206 s 257 25.8] 259 25.8 s 153| 157 151 156
6 284 2,645 12 2,942 6 26.8 26.8 265 268 6 175 176 170 176
7 284 2,133 28 2,445 7 27.5 273 278 273 7 185 181 194 182
8 189 1,080 20 1,289 8 285 283 28.8 28.3 8 219 21 211 212
9 95 797| 11 902 9 275 27.8 283 27.8 9 168 182 193] 181
10 0 256 4 260 10 0.0 28.5 29.5 285 10 0 194 246 195
1" 0 770 " 781 1 0.0 30.2 29.7 30.2 1 0 252 230 252
12 0 0 2 2 12 0.0 0.0 33.85 335 12 0 0 307 307|
13 0 0l ) 4 13 0.0 0.0 295 295 13 0 0 20 201
14 95 1,053 T12 1,160 14 255 29.7| 312 29.3 14 155) 249 264)° 241
15+ 0, 256, 14 271 15+ 0.0 32.5 324 325 15+ 0, 325 285 322
Total 4,735 26,981 133] 31,846|] 0-15+ 251 25.7! 28 7 25.6]| 0-15+ 146 146 - 210 146
Tonnes 687| 4.241 - 28 4,956
a ivb,e vild All areas \ila vbc vid All areas ha ivbe Vilg All areas
4thQ 4thQ 4thQ 4t Q 4thQ 4thQ 4thQ 4thQ 4th Q 4thaQ 4th Q 4tha
Age {catch('000)] catch(000)] catch (000} catch (000) Age__|length(cm){length(em)jlength(cm)ilength(cm)|| Age { weight(g} | weight(g) | weight(g) { weight(q)
0 0 0 0 0 0 0.0 0.0 0.0 0.0 [ 0 0 0 0
1 0 0 0 0 1 0.0 0.0 0.0 0.0 1 0 0 0 0
2 535 538 0 1,073 2 225 225 0.0 225 2 13 102 0 107
3 1,871 1,344 288 3,503 3 236 240 225 23.7 3 124 123 101 122
4 1,737, 1,613 288, 3,637, 4 25.3 25.5 25.5 25.4 4 144 147 116, 143
5 1,202 1,747 2,018 4,965 5 25.7 26.1 25.9 25.9 5 153 161 151 185
6 401 1,881 2,018 4,298 6 26.8 272 265 26.8 6 175 184 170| 177
7 401 2419 4,609 7,429 7 275 27.3 27.8 276 7 185 183 194 190
8 267 1,344 3,168 4,779 8 285 281 284 283 8 219 197| 211t 208
9 134 §38 1728 2,400] 9 2715 283 292 289 9 168 200 193 193
10 0 403 §76 979 10 0.0 282 29.7 291 10 0 206 248 230
11 0 672 1,728 2,400 " 0.0 29.7 32.6 318 1 0 236 230 232
12 0 ¢ 288 288 12 0.0 0.0 305 30.5 12 0 0] 307 307,
13 0 0 576 576 13 0.0 0.0 30.8 30.8 13 0 0 20 201
14 134 672 2,016 2,822 14 258 30.1 321 313 14 185 262 264 258
15+ 0! 269 2.304) 2,573 15+ 0.0 315 29.6 298 15+ 0 286 285 285
Total 6,681 13,441 21,600 41,722]|_0-15+ 251 26.9 28.71 275] 0-15+ 146 178 210! 189
Tonnes 970 2.392 4,542 7.904
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Figure 5.3.1 The age composition of the NORTH SEA HORSE MACKEREL based
on commercial and research vessel samples from 1987-1996.
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6 WESTERN HORSE MA CKEREL (DIVISIONS IIa, ITla (WESTERN PART), IVa, Vb, VIa,
VIia-c, VIIe-k, AND VIIIa,b,d,e)

6.1 The Fishery

The fishery for the western horse mackerel stock is mainly carried out in Divisions Ila, IVa, VIa, VIle,g,h and
VIIIa. The national catches taken by the countries fishing these areas are shown in Tables 6.1.1-6.1.5, while
information on the development of the fisheries by quarter and division is shown in Table 4.4.1, Table 4.5.1 and
in Figures 4.3.2a-d. Usually catches in the western part of Division IIla has been allocated to the western stock.
In 1996 no catches were taken in this part of that Division.

Sub-areas II and Division Vb

The national catches in this area are shown in Table 6.1.1. The catches in this area have varied from year to year.
The catches dropped from thf: record high catch in 1995 of 14,000 t to about 3,400 t in 1996.

Sub-area IV and Division ITIa (western part)

The total catches in this area have been above or close to 100,000 t since 1989 to 1995 (Table 6.1.2). In 1996 the
catches dropped by about 75%, mainly because considerable reduction in the Norwegian purse seine catch. This
reduction might be caused by a lesser extensive migration into these areas due to environmental changes (Iversen
et al. WD, 1997). .

Sub-area VI

The catches in this area have increased from 21,000 t in 1990 to historical high level of 84,000 t in 1995 with a
slight decline in 1996 to 81,000 t. (Table 6.1.3). The main part of the catches are taken in a directed Irish trawl
fishery for horse mackerel.

Sub-area VII

The catches from this area ;ire mainly taken in directed Dutch and Irish trawl fisheries in Divisions VIIb,e,h,j
(Table 6.1.4). The catches increased to a historical high level in 1995 of 330,000 t and dropped by about 50,000 t
in 1996.

Sub-area VIII

The catches from this area are mainly taken in Divisions VHIa,b,d,é and given in Table 6.1.5. Historical high
catches of more than 53,000 t were taken both in 1992 and 1993, then dropped to 29,000 tons in 1995 and
increased to 48,000 t in 1996.

6.2 Fishery Independefit Information from Egg -Surveys

As mentioned in Section 4.2.2 there are no new revisions of the SSB estimations based on egg surveys used by
the assessment Working Group last year (ICES 1997/Assess:3).

6.3 Catch in Numbers at Age

As in previous years only two countries provide sample data with age readings, the Netherlands (Divisions Vla,
Sub-areas IV, VII and VIII) and _Norway (Division IlIa, IVa). Catches from other countries were converted to
numbers at age using the Dutch and Norwegian data. This means that about 57% of the catches were not sampled
atall.

The catch in numbers at age by quarters and Divisions for western horse mackerel are shown in Table 6.3.1. The
total annual catch in numbers for 1996 is shown in Table 6.4.3. The sampling intensity is discussed in Section
1.3. The 1982 year class has until last year (Figure 6.3.1) been the most numerous in the catches from the western
stock. The age distributions of the catches in 1996 demonstrate that the relative proportion of the 1982 year class
in the western catches is considerably reduced compared with previous years. The proportions of the 1993 and
1994 year classes are also relatively strong in the 1996 catches, indicating that these year classes might be strong.
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6.4  Mean Length at Age and Mean Weight at Age
Mean weight and mean lencrthg at age in the catches in 1996
Mean wetghts and mean lengths at age in the catches by quaners in 1996 were provrded only by Netherlands and

Norway These data were applied to the catches from other countries. The mean weight and mean length at age in
the catches are shown in Tables 6.4.1, 6.4.2 and 6.4.3.

Mean weight at age in the stock

As for prev10us years the mean welght at age is based on all mature ﬂsh sampled from Dutch freezer trawlers the
first and second quarter in Divisions VIIj k. (Table 6.4. 3)

Prolected werghts at age in catches and in the stock 1997——2002

PrOJected werghts at age in the catches and wetghts at age in the stock are needed for the forecasts. The mean

: werghts at age in the catch and i in the stock for the period 1997-2002 for all ages except for the 1982 and 1987

year classes were set as the mean weights from 1994, 1995 and 1996. The weights at age in the catch and in the
stock of the 1982 and 1987 year classes were obtarned from extrapolated growth curves over the period 1997-

rrrrrr

group since the majonty of this group consists of the 1982 year class. The projected weights at age in catches and

stock for 1997-2002 are given in Table 6.7.2 and Table 6.7.3 respectlvely

6. 5 Matunty at Age

Fxsh whlch are mature were assumed to be either matunng pnor to spawmng, to be spawnmg or to have spawned
changed because in the assessment the tumng takes place to the spawmng stock biomass as estlmated from the
egg surveys. In this context the spawmng stock biomass only includes fish which contnbute to the annual egg
producuon Therefore fish, which are apparently matunng but which do not produce any eggs because of mass
atresia, should not be included as mature fish. This wﬂl reduce the proportion mature of especially the ages 2 and
3.

The samplmg for the proportron mature at age should be equally drstnbuted over the total drstnbutwn area In
most cases the sampling scheme should be different for younger age groups since the dlstnbutron over the
juvenile/adult areas differs by age group. However, the proportlon mature at age for most species is esttmated
from fish samples from the commercial ﬂeet, where no weighting of the fish samples by juvenile/adult area and
by age group is applied. The proportion mature at age of the younger age groups is often overestimated because
relatwely too many samples are taken from the adult areas and not enough from the juvenile areas. Relatively
more samples should be taken from the adult area when fish are older.

The maturity oowes of different species are 1n most cases based on macroscoplcally estimated maturrty stages. -

However, hrstologlcal analysis of the ovaries of younger fish shows that the macroscoprcally estimated
proportion mature might be overestimated (ICES 1996/H 2, 1997/H 4). .

Annual changes in the mean werghts at age are expected to be related to annual changes in the matunty oglve
Therefore, the maturity ogive should be estimated for each year to take mto account possible differences in
growth rates. .

The ext:remely abundant 1982 year class showed a very much retarded growth 1tself but in addruon it reduced the
growth of all other year classes as well. In the earlier years the proportion mature at age of western horse

mackerel was estimated from commerc1a1 samples, but in 1988 the maturity at age data set was revised based on

mean length- -at-age data taking into account that fish mature at 23-24 cm (ICES 1988/Assess:22). In 1990 the
Workmg Group decided not to change the matunty at age, although the proportxon mature of the 1982 year class
in 1986 should be reduced from 0.6 to 0.1 if the spawmng stock i is to correspond with the estimate from the egg
survey (ICES 1990/Assess: 24). From 1987 onwards the proporuon mature at age was not changed because it
could not be replaced by a more reliable data set For the assessment and prediction the proportion mature at age
was kept the same for the period 1996-2002 as for the period 1987-1995 (Table 6.7.4). :
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During the mackerel/horse mackerel egg surveys in 1998 horse mackerel will be collected to estimate the
proportion mature by hxstologxcal analysis to improve the maturity ogive (see Section 13).

6.6 Natural Mortallty :

For the first assessments of both western and southern horse mackerel a natural mortality of M = 0.2 was used in
1987 (ICES 1987/Assess:23). In 1989 M was reduced to 0.15 only for western horse mackerel because of its
longevity up to 30 years based on the ageing techmque of counung each translucent ring as an annual ring in the
broken/burnt otoliths (ICES 1989/Assess:19). However, M remained 0.2 for southern horse mackerel, because a
large proportion of the Iberian catches consisted of _]uvemle fish and therefore were expected to suffer a much
higher natural mortality than older fish. Furthermore M was kept high for southem horse mackerel because of a
different ageing technique by which two translucent rings in an annual growth zone were counted once fish were
spawning (ICES 1989/Assess:19). The age readings of older fish according to this techmque were approxrmately
a factor of 2 times lower. From 1992 onwards a natural mortality of 0.15 was also adopted for the assessment of
the southern horse mackerel after the revision of the catch in numbers at age data series according to the ageing
techmque of counting each translucent ring as an annual ring (ICES 1992/Assess:17). A natural mortality of 0.15
has since been used for the assessments for both southern and western horse mackerel. The natural mortality of
0.15 may have been chosen too high for a fish with a present maximum observed age of 37 years. Horse mackerel
is probably a less preferred prey by predators compared to mackerel. Stomach samples of white-sided dolphins
obtained from catches in the Dutch mackerel and horse mackerel fisheries southwest of Ireland, indicate that
there is a preference for mackerel compared to horse mackerel (Couperus, 1997). Mackerel is a specres which
lives in the same area as horse mackerel and which carries out similar migrations. Therefore, comparison of
natural mortalities for both specres seems appropnate For the assessment of the northeast Atlantic mackerel an
M of 0.15 is used, where the maximum age is approxrmately 20 years. This level of natural mortalrty agrees with
estimates from the Norwegian tagging experiments (Hamre, 1978).

The natural mortality of horse mackerel is expected to be at least lower than that of mackerel. At last years
Working Group meeting a the potential magnitude of bias for assumptions of the M of 50% higher and lower
than the routinely used value of M = 0.15 was mvesugated (ICES 1997/Assess:3). These preliminary sensmvxty
results indicated that a lower M rate would reduce the substantial discrepancies between the model estimate of
spawning stock biomass and the egg survey biomass estimate in 1983.

On account of this the Workmg Group decided to admit uncertainties in M in the range of 0. 05 to 0.15. A Ionger
time series of egg surveys would show more clearly how the discrepancies, that might exist between the estimates
of spawning stock biomass estimates from the model and those obtained from the 1983, 1992, 1995 and 1998 egg
surveys. Furthermore it was considered difficult to assume natural mortalities for the younger age groups (0- and
1-group), which are regarded to have a higher M. This is regarded to be more important for the assessment of the
southern horse mackerel, since this is a directed fishery on the 1- and 2-group fish and regarded less important for
the assessment of the westem horse mackerel, which is mainly concentrated on 2-year and older fish.

6.7 Stock Assessment

A Bayesian approach has been used to calculate the stock assessment. This has been chosen as being an
appropriate method of admitting percerved uncertainties in assumptions in the assessment, and of estimating
uncertainties in the perceptions of stock size, and in short and medium-term forecasts. An accessible introduction
to Bayesian methodology in a fisheries context is given by Hilborn and Walters (1992). Estimates calculated by
this approach can reflect uncertainty in assumptions as well as noise in the data around a given structural model.
One difference between the Bayesian and conventional approach is that no attempt is made to find a ‘best’ set of
parameter estimates or 'best’ VPA. Instead, over a wide range of plausible prior assumptmns, the data are
compared with the assessment model using a likelihood function. For any particular parameter such as spawmng
stock size or a future catch under a partrcular catch option, the percelved (‘posterior’) probabllrty of each stock
size or catch option can be calculated. It is not necessarily the case that the likeliest estimates of all the
parameters, or even their expected values, should be consistent through a srngle calculation of the assessment
model. This can happen because of nonlinearities and parameter correlations in the assessment model. The
Working Group does not therefore provide a single 'final' VPA, but instead provrdes expected values and
distribution percentiles for quanuues judged to be of management interest. ’

The calculating mechanism is described briefly in Appendix 1 to this report, which is a summary of a description
given in Patterson (1997).
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As has been noted in two previous Assessment Working Group Reports (ICES 1996/H:2, ICES 1997/Assess:3)
the assessment of Western Horse Mackerel presents peculiar and special difficulties. The stock is dominated by
two cohorts the extremely strong 1982 and the much less abundant 1987 recruitments comprising the bulk of the
catches in recent years. Althou0h there exist plausxble catch-at-age data for the period 1982 to 1996 and there

- also exrsts a ume-senes of egg survey estimates of s spawning biomass (ICES 1996/H:2) it is nota stralghtforward

task to use the egg survey esumates to 'tune’ a populauon model to the egg survey estimates. This is because
maturation of horse mackerel’ appears to be densrty-dependent, and also because samplm«lr for maturauon is
subject to unknown bias due to migration effects. Lastly, the assumption of natural monahty, M = 0.15 was made
arbitrarily. Alternative choices of M were explored briefly by ICES (1997/Assess: 3) whrch suogested that lower
rather than higher values of M may provide better fits of VPA-denved population models to egg survey biomass
estimates.

The problematw nature of the assessment has led to rather poor consxstency in advrce Esurnates of the
abundance of the 1982 year-class have been revised upwards successxvely by successxve workmg groups, and as
new egg survey estimates were added to the ume-senes, the perception of the precision of the earlier surveys was
diminished. :

Here an attempt 1s made to make a more comprehensrve assessment of uncertamty in some quanuues used for
managenient purposes (spawmng stock size, ﬁshmg mortallty, F—status-quo catch) that includes uncertarnty in
some critical quanuues (maturity ogive, natural mortahty) that has up to now proven mpossnble for this stock. A
Bayesran VPA-based method based on a Markov Chain Monte Carlo method similar to that used for Norwegian
Spnng Spawmng Hemng (Patterson, 1997) is used. In addxtron to the age-structured observation data set, this
requires the specification of prior distributions for quantities about which limited or subjective knowledge is

available.
671 Model
6.7.1.1 Structural model for assessment

The underlymg structural populauon model is of 'ADAPI" type structured $0 as to ihake all historic and recent
populauon abundances and mortalities dependent on two parameters, bemg the abundance of fish aged 13 on 1
January 1997 and the natural mortallty The model is similar to that descnbed by ICES (1997/Assess:3), albeit
with slightly drfferent exploxtatlon pattern assumptions. The following constraints were imposed:

. Selecuon (relatwe fishing mortahty) in 1996 and later years is constrained = 1 on ages 4 and older.

e Selection on agesOto3i in 1996 is calculated by linear interpolation between l1atage4 and 0 at age 0.

. Frshrng mortahty on the oldest age taken as the arithmetic mean from age 6 to the penultimate true age in the
catch at age matrix. )

¢ Recruitments from 1993 to 1996 were modelled as a geometnc mean of recrurtments in the years 1981 1983—
1986 and 1988-1992 (see Section 6.8) in order to avoid inferring recent recruitments from a selection pattern
assumption.

6.7.1.2 Probability model

The likelihood function is defined analogously to that for the conventional assessment, based on the lognormal
dnstnbuuon With usual notation indexed by year y and age a, (Egg surveys Uy Population abundance Na,y,

Matunty ogive o, ﬁshmg mortalrty F, natural monahty M survey variarice sigma and the proporuons of fishing
and natural monahty expenenced before the time of the survey PF and PM):

-2

1 [ [log(Uy / £,N; ;0; W, , exp(~PF,E,, — PM,M, , )2 ))
o 20' Co

P(Data \ Model l'[
(Da )= {U o )1/2
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6.7.2 Data and priors
6.7.2.1 Data assumed known precisely

Estimates of landings and estimates of catches at age in numbers, weights at age in the catches and weights at age
in the stock were as described in Sections 6.3-6.5 and given in Tables 6.7.1 to 6.7.4.

-

6.7.2.2 Uncertainty in maturity -

Relatively few proportions mature at age are relevant in the assessment, because of the existence of one
extremely abundant cohort (1982 year class) and because of the availability of only triennial estimates of
spawning stock biomass from egg surveys (1983, 1986, 1989, 1992 and 1995). The following assumptions for
the prior distributions for maturity have been made, based on hypotheses about plausible maturities that are
described in Section 6.5:

1. The strongest year class before the 1982 year class was the 1979 year class, which did not show a retarded
growth until 1983. The percentage mature is assumed to be in the range of 75% to 100% with equal
probability for all values. )

2. Fish of the 1982 year class in 1983 at age 1 are assumed to be all immature, no.uncertainty admitted.

3. Because of the retarded growmh, the fish of the 1982 year class in 1986 and 1989 at respectively ages 4 and 7
are assumed to have a completely unknown maturity in the range of 0 to 100% with equal probability. It is
assumed that the maturity in 1989 must be greater than in 1986.

4. Fish of the 1982 year class in 1992 at age 10 are assumed in the range of 80 to 100% mature with equal
probability.

5. Fish of the year class 1992 in 1995 at age 3 are assumed to have a maturity in the range of O to 100%, but less
mature than the 1979 year class in 1983.

6. Fish of the 1982 year class in 1995 at age 13 are assumed to be all mature with no uncertainty admitted.

These maturity assumptions described above were parameterised as follows, and depending on five parameters
X s :
. MO(1983,4)=X,
: MO(1986,4)=X,
MO(1989,7)=X3(1-X)+X;"
MO(1992,10)=X,
MO(1995,3)=Xs.X;

In the 1996 assessment of this stock trials with M in the region +/- 50% around M=0.15 were made. Here we
consider admissible hypotheses for M in the range 0.05 to 0.15, for reasons given in Section 6.6. No attempt was
made to explore uncertainty about possible differences in natural mortality at age. ’

6.7.2.3 Egg survey precision
The coefficient of variation of the 1992 western horse mackerel egg survey estimates was estimated at between
18 and 22% depending on the analytic method used (ICES 1994/H:4).For present purposes the egg survey

abundances estimates were assumed to be estimated with a CV of 25% on a lognormal distribution. No
uncertainty was admitted in this variance estimate.
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6.7.2.4 Summary of prior assumptions

'

The prior distributions are summarised in the text table below. All prior distributions are uniform.

Parameter Lower Bound | Upper Bound | Comment
Njgg7,14 | Population Abundance 1000 8.10° Unrestrictive,
(thousands) - ' , reference
parameter  for
M Natural Mortality - |0.0s5 - - 1015 Range from long-
. : lived species to
mackerel
‘ . assumptions
X1 Matunty 1983 age 4 _ 0.75 ‘ 10
Xy Matunty 1986 age 4 0 110
X3 Matunty 1989 age 7, addmonal to{0 . 1.0
maturity 1986 age 4. . e
X4 Matunty 1992 age 10 0.8 1.0
X5 Relative Matunty 1995 age 3 0 110

6.7.3 Perception of state of the stock

Posterior dlstnbutrons for populauon abundance, natural mortahty and spawnmg blomass in 1996 and 1997 (the
latter predtcated on an assumption of a catch of 400, 000 t in 1997) are shown in Figure 6.7.1. The distribution of
the ratio FM is plotted because as both F and M are uncertain parameters, the dlstnbutwn of F alone has an
uncertain meaning. This shows that:

1. The data and model indicate values of natural mortahty hrgher than 0.12 are 1mprobab1e (P<0 95) v

2. The lower limit of natural mortality is constrained by the prior assumpuons, and the data and model do not
give information about this lower limit.

3. ‘Spawning stock size estimates of 936,000 tto1 795 000t (25th and 75th percenules) in 1996 are calculated.

4. Estimates of the ratio of fishing mortality to natural mortality in 1996 1.67 to 3.30 (25th and 75th percentiles)
are calculated.

5. The dxstnbuuon of the estimate of spawmng stock biomass in 1983 whlch has been used for reference
purposes, is 705,000 t to 907,000t 30 (25th and 75th percentrles) '

Perceptrons of maturity parameter estimates (X, to Xs) are given in Frgure 6.7.2. This shows that there is lmle
information in the model and data about these parameters, with the exception that lower values of matunty of the
age 4 fish in 1986 appear more likely.

Estimates of the historic development of the stock parameters are plotted in Figure 6.7.3, and the expectations
and 5th, 25th, 50th, 75th and 95th percentiles of these distributions are given in Table 6.7.5. From Figure 6.7.3. it
can be seen that the 1983 and 1986 egg survey observations lie outside the 95th percentile of the SSB
distribution, indicating that even with the relaxanon of assumptxons allowed in this assessment compared with the
conventional assessment procedure, the egg survey time series does not appear to be compatlble with the reported
catches, the VPA assumptions and the assumption of a 25% CV in egg survey estimates.

6.8 Short-Term Catch Prediction

A calculauon of the consequences of dlfferent shon-term catch opuons can be made from the Bayesran
assessment, but a different presentation is necessary to take account of the fact that most of the 1mportant
variables (stock size, natural mortallty, ﬁshmg monahty etc.) are treated as stochasuc and no attempt is made to
find a joint maximum-likelihood solution: There is no 'final VPA' in the usual sense. Consequently, a stochastic

version of the conventional catch option table has been calculated here.
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The following assumptions were made in the calculations:

1. Recruitments in 1993 and later were treated as lognormal variates with mean and variance estimated from the
mean and variance of the recruitments in 1981, 1983-1986 and 1988-1992. This treatment is as used by
ICES (1997/Assess:3) and represents a cautious approach to modelling recruitment as the mean and variance
of the weak year classes, ignoring the few stronger year classes.

2. Exploitation in 1997 and iater was assumed to follow the selection pattern assumed for 1996.

3. Catches in 1997 were assumed to be 400,000 t, on the basis of 2 TAC of 300,000 t to be taken by EU
countries and an additional catch of 100,000 t assumed to be taken by non-EU countries. A Norwegian catch
was predicted of about 70,000 t in 1997 based on a correlation between the amount of fish entering
Norwegian fishing areas and the influx of Atlantic water (Iversen et al, 1997 WD). The assumption of
400,000 t in 1997 was thought preferable to an assumption of status quo fishing mortality, because such a
mortality would imply much lower catches than those which are expected from this stock. Recent fishery
statistics reported to the EU indicate that about 210,000 t had been taken by 1 August 1997, which leads to a
belief that by October the full 300,000 t will be taken by the EU countries, and the total international catch
may reach 400,000 t by the end of the year.

4. Weights at age in the stock and in the catch, and maturity in years 1997 and later, were taken as values as
given in Tables 6.7.2, 6.7.3 and 6.7.4.

5. Options of F=M, and of -Catch (1998) = Catch (1999) = 50, 100, 200, 300 and 400 thousand tonnes were
simulated.

6. In the simulations, an upper bound restriction was placed on fishing mortality = 1.5, in order to avoid
simulations of extreme fishing mortalities when a catch constraint is imposed on a stock size which has a
stochastic distribution which may extend to low values (possibly lower than the putative ¢atch constraint).

For each option, the expectatlon of spawmng stock size in 1998 and 1999 and the 25th, 50th and 75th percentxles
of the SSB distribution are tabulated. The risk that the stock size may fall under each of two reference levels.
These reference levels are the model estimate of SSB in 1983 and a value of 500,000 t.

Presentation of the F=M-based option is somewhat complex, as both M and the F=M catch are here considered as
uncertain. Here, for the F=M option, the distribution of corresponding SSB has been tabulated, and also the
distribution of the corresponding catch. However, it would be incorrect to interpret the former as being
conditional on the expectation of the latter.

This form of Bayesian catch _i)ption table is given as Table 6.8.1.

6.9 Medium-Term Projections

The outcome of some simple harvest strategies in the medium-term was evaluated by taking samples from the
multivariate posterior distribution of parameters for the stock assessment, and projecting from each drawn

parameter sample under the harvest control from 1998 until 2002.

The assumptions described in Section 6.7 were retained for all cases. The foliowing scenarios were modelled,
applying from 1998 onwards:

(1) Constant catch = 50, 100, 200, 300 or 400 thousand tonnes by year.
(2) Constant fishing mortality=natural mortality.

Some percentiles of the distribution of fishing mortality, recruitment, spawning stock size and lahdings,
calculated under these assumptions, are given in Figures 6.9.1 to 6.9.6.

A calculation of risk was made for some levels of fishing mortality between 0.1M and 3M, expressed as the -
probability of the stock being under 500,000 t at spawning time in 2002. This calculation was made from
estimates of the probability distribution of spawning stock size using the assumptions given above, but assuming
exploitation between 1998 and 2002 = 0.1M, 0.25M, ... 3M. Risk so calculated is given in Figure 6.9.7.
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6.10  Comparative Assessments

6.10.1 ADAPT maximum-likelihood assessment

A method to assess this stock is the ‘ADAPT -type method (Gavans, 1988) in v«tuch an arbmary chorce of selecuon
pattem is made. This method has been used at earlier Workmg Group meeungs in 1994-1996 to estimate the size of

this stock and assocrated mortalrty rates. This method is again used at this year’s Workma Group meeting for
comparabthty with last years maximum-likelihood ADAPT assessment and with this years new Bayesian assessment

(see Sectxon 6.7). The Workmg Group consxders that the Bayesran VPA provides an 1mproved percepuon of

likelihood ADAPT method also allows esumatmn of some of the uncertainty in the assessment, and of the sensitivity
of the assessment to the assumed selection pattem As ﬁshmg mortality has }ustoncally been rather low in this stock,
VPA ¢ convergence does not he]p stabrhse the analysis raprdly and hence the population model is likely to be
strongly dependent on starting assumptions. ‘

The model is a conventional VPA which is fitted by a non-linear rmmrmsauon of the sum of squares Grven
p0pulauon abundance N, ﬁshmg mortahty F, natural mortahty M, werghts at age W, and matunty at age O, egg
survey estimates of SSB U, and the propomon of fishing and natural mortality exerted before spawning PF and PM
respecuvely, the VPA is fitted by minimising:

3, (In(U,)-In( 2, , Nay- 0,;,,.W¢,‘,;exp(-PF. Foy-PM.M.;) }
where subscripts aand y denote age and year respectively.

The model is fitted to the traditional egg production estimates of biomass (Table 6.10.3) only for the 1992 and 1995
esumates. At last year’s meetmg (CES 1997/Assess 3)a calculauon was made for illustrative purposes usmg GAM
estimates of egg producuon (ICES 1996/H:2), but as these estimates have not yet been shown to be more accurate
than tradmonal estimates of egg productron, this calculation has been provrded only to show the sensitivity of the
assessment to the choice of method for calculatmg egg production (see Secuon 6.10.2).

Given the lack of age—structured surveys 1t is necessary to unpose some constramts about the explortatxon pattern on
the model. Although some of these constraints are not very realistic there are insufficient observations available to
make obJecme parameter estimations. These constraints are somewhat arbitrary:

Selectron pattem in 1996 and later years is equal to 1 on ages 4 and older (based on exploratory runs);

Selectlon on ages 0to 4 in 1995 and later years set to mean from previous 5 years 1991 to 1995 (the same as in
last years assessment)

Natural morta]rty, weights at age in the stock and in the catch are assumed to be known precisely;

Maturity oglve is assumed tobe known precrsely,

Frshmg mortalrty on the oldest age taken as an anthmetlc mean from age 6 to the penultrmate true age in the
catch at age matrix, ,

The choices made about constraints listed above weré made after a number of exploratory model ﬁts uhxch are
documented in ICES (1996/Assess:7). As before, egg survey information prior to 1992 was excluded on account of
uncertainty introduced by the unknown maturity of the 1982 cohort.

Input data for the assessment and propctrons is glven in Table 67 1-6.7.4 and the fitted populatrons, ﬁshrng
mortalities and stock sizes are glven in Tables 6.10.1 and 6.10.2. Figure 6.10.1 shows the estimates of spawning
stock biomass with egg survey estimates of 1992 and 1995 recruitment, catch and fishing mortality over the period
1982-1996. These data are also listed in Table 6.10.3.

Short- and Medium-Term Predicﬁons

A \ery sunple paramemc bootstrap approach to the assessment of the consequences of management action under

uncertamty is used here. Only uncertainty in the egg survey biomass estimates is considered, and all other parameters
and observations are assumed to be known precisely and the model is assumed to be correctly formulated. This

approach consrderably underestimates the uncertainty in the stock projections, but is considered preferable to
presenting a purely deterministic view of stock dynamics.

EAACFM\WGMHSA98\REPORT98.DOC 07/10/97 10:41 135



A catch of 400,000 t was assumed for 1997 (arguments for this are given in Section 6.8).

The ADAPT assessment model described above was used to fit 500 VPA populatmns to the catch at age data for
each of 500 Monte—Carlo simulations of pseudo-egg surveys, assummg a lognormal error distribution and a
coefficient of vananon of 20%. The population vectors were then pro;ected forwards through 1998 to 2002 under
five constant-catch options ra.ngmg from 50,000 t to 400,000t annually and under a ﬁshmg morta]nty constraint of F
=M=0.15.

The conservative approach to modelling forthcoming recruitment used by ICES (1996/Assess:7) and ICES
(1997/Assess:3) was retained here. Recruitments in 1996 and later years were assumed equal to the geometric mean
of the weak year classes (1981, 1983-1986, 1988-1992) as estlmated in the ADAPT procedure ( = 1860 mrllron)
because the weak recrultrnents occur far more frequent than the strong ones.

Percentiles of the simulations of stock size falling above and below the 500,000 t (see Section 6.13) were used as
estimates of the risk of the stock falling below this level. Results of these simulations are given in Figures 6.10.2-
6.10.6. An additional simulation was calculated with a constant fishing mortality multiplier constraint (relative to
1996) corresponding to fishing at a target mortality of F =M = 0.15, beginning in 1998 (Figure 6.10.7). Table 6.10.4
shows the predicted spawning stock biomass and catches (medians) for the period 1998-2002. -

The simulations indicate that for constant catch levels of 300,000 t or 400,000 t, both stock size and catch will
decline rapidly in the forthcoming few years. If catches were to be reduced to 50,000 t to 200,000 t annually or if
ﬁshmg mortality would be kept constant at F = M = 0.15, the decline would be somewhat slower. The assocrated
risks to the stock, in terms of the probability that the stock will fall below 500,000 t in each forthcoming year, are
plotted in Figures 6.10.2-6. 10.7.

Fishing at a target fishing monahty rate of 0.15 leads to a slower decline in stock size and a lower risk of falling
below 500,000 t, at a cost of a progressive reduction in catches from 221,000 t in 1998 down to 138,000 t in 2002
(Table 6.10.4). However, these calculations are sensitive to the assumed value for maximum fishing mortality
imposed on the stock. This is particularly the’ case for hxgher levels of catch constramt, which cannot be maintained
unless extremely high values of ﬂshmg mortality (in excess of 1.5) are allowed in the projections. Such values may
not be feasible in practice. The consequences of attemptmg to remove catches exceedmg 200,000 t cannot therefore
be predicted in the medium terrn. but it appears likely that a rapid depletion in stock size would occur.

Table 6.10.4 shows for the ﬁshmg mortality constraint and for the different catch constraints in what year over the
penod 1998 to 2002 the spavmmg stock biomass is expected to have a 50% probability of fallmg below 500,000 t.
This table also shows the correspondmg catches related to the option of fishing mortahty constraint F = M = 0.15.
The calculations are also of course highly sensitive to the assumed values of natural mortalrty, which is not known
for this stock. The probabilities of stock falling below 500,000 t are lower than those from the simulations from the
Bayesran assessment (see Sections 6.7-6.9), because in the ADAPT based simulations only uncertainty was included
in the biomass estimates from the egg surveys. The year classes 1993 and 1994 appear to be relatively strong
according to the ADAPT analysxs however it should be taken into account that the calculations are very sensitive to
the assumed exploitation pattern of 1996. Similarly the 1992 year class, which seemed to be strong in 1994 (Figure
6.3.1) appears both in the 1996 catches and in this assessment much weaker.

6.10.2 Comparison with GAM egg production estimate
Population parameter estimates obtained using GAM estimates of egg productron were presented in last years report
(ICES 1997/Assess:3, Figure 6. 2). The assessment calculation was clearly very robust to the choice of either the

traditional or the GAM estimates of egg production and Lhe comparison was not camed out again at this year’s
meeting.

611 Long-Term Yield

Given the uncertainty, both to the mortalities and to the future recruitment, lonc-term yreld has not been
computed.
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612  Uncertainty in Assessment

The assessment calculation expressed in Section 6.7 and concomitant forecasts in Sections 6.8 and 6. 9. are made
with an explicit consideration of perceived uncertainty in natural mortality, egg survey blomass estimates and in

some maturity parameters Distribution percentiles for various quantities from the assessment and short-term

projection are given in Tables 6.7.5 and 6.8.1, which represents the best available estimates of quantified

uncertainty. Distribution percentiles in medium-term forecasts are given in Section 6.9.1 to 6.9.6.

Addmonal unquanttﬁed uncertainty exists. The followmg sources of uncertamty have not been taken into
account in the assessment:

1. Uncertainty about reported catches;

2. Uncertamty about selecuon pattern assumptions, which have a strong effect on the estimation of recent
recruitments;

3. Uncertainty in maturity, except for the years and ages mentioned in Section 6.7. 2.2;

4. Uncertainty in stock weights and catch weights at age, either for the historic, measured values of for future,
projected values;

5. Uncertainty in sampling and ageing commercial catches

Despite the inclusion of many sources of uncertainty, the assessment model appears to be in conflict with the
1983 egg survey estimate (Figure 6.7.3).The causes for this are not known, but could be sought within (1) to (4)
above

6.13 Reference Points for Manaigement Purpbses
6.13.1 MBAL

This stock is characterised by infrequent, extremely large recruitments. As only a short time series of data are
available, it is not possible to quantify stock-recruit relationships, but one may make the precautionary
assumptwn that the likelihood of a strong year class appearing would decline if stock size were to fall lower than
the stock size at which the only such event has been observed. This has been the basis for the historic assumpnon
of the MBAL being the stock size in 1983.

As noted above, populatlon model estimates of the SSB in 1983 differ from the egg survey biomass estimate. The
model estimates are in the range 739 to 2,479 thousand t with 90% confidence, yet the egg survey biomass
estimate was 530,000 t. In Section 6.12. it is noted that the assessment of uncertainty in the population model _
estimates is incomplete, and therefore it is proposed to retain the use of the egg survey biomass estimate as the
reference value for MBAL. Conventionally this has been rounded to 500,000 t.

6.13.2 Fishing mortality reference points

The stock is at present in a transition from harvesting the large 1982 year class to a conservauon strategy. At a
later stage, a harvesting strategy will need to be provided, which can be applied when a new large year class

appears.

Given the extreme dynamics of the stock it is inappropriate to attempt to calculate Fmsy , Fmed or Flow reference
points over the short time-series available. Possibly useful reference points for management purposes might be
F=M, F=2/3M or Fo;. A probability distribution for estimates of Fy; and Fo, relative to M from the stock
assessment is shown in Figure 6.13.1. The percentiles of the distribution Fy) relative to M are given in the text
table below:

Expected 5% 25% 50% 75% 95%
121 099 1.10 1.21 1.34 1.45

This illustrates that even these measures may be problematic as management tools, due to the uncertainty of their
estimates in this assessment.
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6.13.3 Byy, By, and F,,

Given the extremely limited knowledge about parameters of stock dynamics the Working Group believes there
exists insufficient basis in data to propose values of Bp,, Bjim Or Fp.. The MBAL may continue to be a useful
reference point which marks the region of wholly unknown stock dynamics.

6.14 Management considerations

Given the poor state of knowledge about the long-term dynamics of this stock, the Working Group suggests that
management may wish to consider constant fishing mortality options in the range below natural mortality.
According to the medium term predictions (Figures 6.9.1-6.9.7), this will imply a gradual decrease in the risk for
the stock of falling below MBAL of 500,000 t in the years immediately after 1998. Both the medium-term
projections and comparisons with other stocks suggest that fishing with F/M=1 would lead to precautionary
management. Even in this range, however, it is estimated (based on the assumption of continued low recruitment)
that the spawning stock size has a probability around 10% of falling under MBAL by 2002. The ADAPT-based
predictions give a largely similar impression.

TAC has been overshot considerably since 1988 (ICES 1997/Assess:3). The Working Group advises that if a

TAC is set for this stock, it should apply to all areas where western horse mackerel are caught, i.e. Divisions Ila,
IIla (western part), IVa, Vb, Via, VIla—c, VII e~k and VIIIa,b,d.e.
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Table 6.1.1 Landings (t) of HORSE MACKEREL in Sub-area II. (Data as submitted by Working Group members.)

Country 1980 1981 1982 1983 1984
Denmark - - - - -
France - - - - 1
Germany, Fed.Rep. - + - - -
Norway - - - 412 22
USSR - - - - -
Total - + - 412 23
Country 1985 1986 1987 1988 1989 1990
Faroe Islands - - - - - 9643
Denmark - - 39 - - -
France 1 2 2 2 - -
Germany, Fed.Rep. - - - 64 12 +
Norway 78 214 3,272 6,285 4,770 9,135
USSR - - - 469 27 1,298
UK (England + Wales) - - - - - 17
Total 79 214 3,311 6,818 4,809 11,414
1991 1992 1993 1994 1995 1996"
1,115° 9,157 1,068 - 950 1,598
Denmark - - - - 200 -
France - - - 55 - -
Germany - - - - - -
Norway 3,200 4,300 2,100 4 11,300 887
Russia 172 - - 700 1,633 881
UK (England + Wales) - - - - - -
Total 4,487 13,457 3,168 759 14,083 3,366

!Preliminary.
Included in Sub-area IV.

3Includes catches in Division Vb.
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Table 6.1.2 Landings (t) of HORSE MACKEREL in Sub-area IV by country. (Data submitted by Working Group

members).
Country 1980 1981 1982 1983 1984
Belgium 8 34 7 55 20
Denmark 199 3,576 1,612 1,590 23,730
Faroe Islands 260 - - - -
France 292 421 567 366 827
Germany, Fed.Rep. + 139 30 52 +
Ireland 1,161 412 - - -
Netherlands 101 355 559  2,029¢ 824
Norway 119 2,292 7 322 ¢
Poland - - - .2 94
Sweden - - - - -
UK (Engl. + Wales) 11 15 4 -
UK (Scotland) - - - - 3
USSR - - - - 489
Total 2,151 7,245 2,788 4,420 25,987
Country 1985 1986 1987 1988 1989
Belgium 13 13 9 10 10
Denmark 22,495 18,652 7,290° 20,323 23,329*
Estonia - - - - -
Faroe Islands - - - ) - -
France 208 2313 189 784° 248
Germany, Fed.Rep. + - 3 153 506
Ireland - - - - -
Netherlands 160* 600* 850* 1,060 14,172
Norway? 203 776 11,728° 34,425° 84,161
Poland - - - - -
Sweden - 2? - - -
UK (Engl. + Wales) 71 3 339 373 10
UK (N. Ireland) - - - - -
UK (Scotland) 998 531 487 5,749 2,093
USSR - - - - -
Unallocated + discards - - - - -12,482%
Total 24,238 20,808 20,895 62,877 112,047
Country 1990 1991 19927 1993 1994 1995 1996!
Belgium 13 - + 74 57 51 28
Denmark 20,605  6,982° 7,755 6,120 3,921 2,432 1,433
Estonia - - 293 - 17 -
Faroe Islands 942 340 - 360 275 - -
France 220 174 162 302 - -
Germany, Fed.Rep. 2,469° 5,995 2,801 1,570 1,014 1,600 7
Ireland 687 2,657 2,600 4,086 415 220 1,100
Netherlands 1,970 3,852 3,000 2,470 1,329 5,285 6,205
Norway* 117,903 50,000> 96,000 126,800 94,000 84,747 14,639
Poland - - - - - -
Sweden 102 953? 800 697 2,087 - 95
UK (Engl. + Wales) 10 132 4 115 389 478 40
UK (N. Ireland) P 350 - - - -
UK (Scotland) 458 7,309 996 1,059 7,582 3,650 2,442
USSR - - - - ; - -
Unallocated + discards -317° -750° -278  -3,270 1,511 -28 136
Total 145,062 77,994 114,133 140,383 112,580 98,505 26,125

!Preliminary. ’Includes Division IIla. ’Includes Division Ila. “Estimated from biological sampling. Assumed to be m-
isreported. ‘Includes 13 t from the German Democratic Republic. "Includes a negative unallocated catch of -4,000 t.
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Table 6.1.3 Landings (t) of HORSE MACKEREL in Sub-area VI by country. (Data submitted by Working Group

members).
Country 1980 1981 1982 1983 1984 1985
Denmark 734 341 2,785 7 - -
Faroe Islands - - 1,248 - - 4014
France 45 454 4 10 14 13
Germany, Fed. Rep. 5,550 10,212 2,113 4,146 130 191
Ireland - - - 15,086 33858 27,102
Netherlands 2,385 100 50 94 17,500 18,450
Norway - 5 - - -
Spain - - - - -
UK (Engl. + Wales) 9 5 + 38 + 996
UK (N. Ireland) -
UK (Scotland) 1 17 83 = 214 1,427
USSR - - - - -
Unallocated + ’ -19,168
discards ‘
Total 8,724 11,134 6,283 24,881 31,716 33,025
Country 198 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Denmark - 769 1,655 973 615 - 42 - 294 106 114
Faroe Islands 1,992 4,450° 4,000° 3,059 628 255 - 80 80 - .
France 12 20 10 2 17 4 3 + - - .
Germany, Fed. Rep. 354 174 615 1,162 2,474 2,500 6,281 10,023 1,430 1,368 943
Ireland 28,125 29,743 27,872 19,493 15911 24,766 32,994 44,802 65,564 120,124 87,872
Netherlands 3,450 5,750 3,340 1,907 660 3,369 2,150 590 341 2326  S5T2
Norway 83 75 41 - - . - - - - .
Spain 2 2 2 _ 2 1 3 - - _ R
UK (Engl. + Wales) 198 404 475 44 145 1229 577 144 109 208 612
UK '(N.Ireland - - - - - 1970 723 - - - .
UK (Scotland) 138 1,027 7,834 1,737 267 1,640 8 4,523 1,760 789 2,665
USSR - - - - 44 - . - - - .
Unallocated + 13,897 -7,255 - 6,493 143 -1278 -1,940 -6,960° 51 -41,326 -11,523
discards
Total 20,455 35,157 45,842 34,870 20,904 34,456 40,469 53,942 69,527 83,595 81,255
'Preliminary.
Included in Sub-area VII.

*Includes Divisions IIIa, IVa,b and VIb.
‘Includes a negative unallocated catch of -7,000 t.
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Table 6.1.4 Landings (t) of HORSE MACKEREL in Sub-area VII by country. Data submitted by the Working Group

members).
Country 1980 1981 1982 1983 1984
Belgium - 1 1 - -
Denmark ' 5,045 3,099 877 993 732
France 1,983 2,800 2,314 1,834 2,387
Germany, Fed.Rep. 2,289 1,079 12 1,977 228
Ireland - 16 - - 65
Netherlands 23,002 25,000 27,500 34,350 38,700
Norway 394 - - - -
Spain 50 234 104 142 560
UK (Engl. + Wales) 12,933 2,520 2,670 1,230 279
UK (Scotland) 1 - - - 1
USSR - - - - -
Total 45,697 34,749 33,478 40,526 42,952
Country 1985 1986 1987 1988 1989
Faroe Islands - - - - -
Belgium + + 2 - -
Denmark 1,477% 30,408> 27,368 33,202 34,474
France 1,881 3,801 2,197 1,523 4,576
Germany, Fed.Rep. - 5 374 4,705 7,743
Ireland 100 703 .15 481 12,645
Netherlands 33,550 40,750 69,400 43,560 43,582
Norway - - - - -
Spain 275 137 148 150 14
UK (Engl. + Wales) 1,630 1,824 1,228 3,759 4,488
UK (N.Ireland) - - - - -
UK (Scotland) 1 + 2 2873 +
USSR 120 - - - -
Unallocated + discards - - - - 28,368
Total 39,034 77,628 100,734 90,253 135,890
Country 1990 1991 1992 1993 1994 1995 1996!
Faroe Islands 28 - - - - - -
Belgium + - - - 1 - -
Denmark 30,594 28,888 18,984 16,978 41,605 28,300 43,330
France 2,538 1,230 1,198 1,001 - - -
Germany, Fed.Rep. 8,109 12,919 12,951 15,684 14828 17,436 15,949
Ireland 17,887 19,074 15,568 16,363 15,281 58,011 38,455
Netherlands 111,900 104,107 109,197 157,110 92,903 116,126 114,692
Norway - - - - - - -
Spain - 16 113 106 54 29 25 33
UK (Engl. + Wales) 13,371 6,436 7,870 6,090 12418 31,641 28,605
UK (N.Ireland) - 2,026 1,690 587 119 - -
UK (Scotland) 139 1,992 5,008 3,123 9,015 10,522 11,241
USSR - - - - - - -
Unallocated + discards 7,614 24,541 15,563 4,010° 14,057 68,644 26,795
Total 192,196 201,326 188,135 221,000 200,256 330,705 279,100
'Provisional.
?Includes Sub-area VI.

*Includes a negative unallocated catch of -4,000 t.
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Table 6.1.5 Landings (t) of HORSE MACKEREL in Sub-area VIII by country. (Data

submitted by Working Group members).

Country 1980 1981 1982 1983 1984
Denmark - - - - -
France 3,361 3,711 3.073 2,643 2,489
Netherlands - - - - 2
Spain 34,134 36362 19,610 25580 23,119
UK (Engl. + Wales) - + 1 - 1
USSR - . - - 20
Total 37,495 40,073 22,683 28,223 25,629
Country 1985 1986 1987 1988 1989
Denmark - 446 3,283 2,793 6,729
France 4,305 3,534 3,983 4,502 4,719
Germany - - - - -
Netherlands 2 2 2 - -
Spain 23,202 40,334 30,098 26,629 27,170
UK (Engl. + Wales) 143 392 339 253 68
USSR - 656 - - -
Unallocated + discards - - - - -
Total 27,740 45362 37,703 34,177 38,686
Country 1990 1991 1992 1993 1994 1995 1996
Denmark 5,726 1,349 5,778 1,955 - 340 140
France 5,082 6,164 6,220 4,010 28 - 7
Germany - 80 62 - - -
Netherlands 6,000 12,437 9,339 19,000 7,272 - 14,187
Spain 25,182 23,733 27,688 27,921 25,409 28,349 29,428
UK (Engl. + Wales) 6 70 88 123 753 20 04
USSR - - - - - -
Unallocated + discards 1,500 2,563 5,011 700 2,038 - 3,583
Total 43,496 46,396 54,186 53,709 35500 28,709 48,269

!Preliminary.

IIncluded in Sub-area VII.
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Table6.3.1 . Catchin numbers ('000} at age of WESTERN HORSE
MACKEREL by quarter and by Division(s) in 1996.

1996 lla va Via Vilb,cjk [Vilaefgh Vilabde| All areas
1stQ 1s1Q ™=aQ 1'stQ 1'stQ 1stQ t'stQ
Age {catch('000)catch{*'000)Xcatch(*000)X catch(*000) catch(*000) catch(*000) catch ('000)
0 [} 0 0 0 0 0 0
1 0 0 [ ] 0 103 103
2 0 0 0 of 176,982 3,751 180,733
3 0 0 [ 3,650] 265,470 2,335] 271454
4 0 0 0 347 0 299] 3TN
5 0 0 0 4,656 0 154 4,810
6 0 0, 0 6,603 0 21 6,725
7 0 0 [ 18,213 0 0 13,213
8 0 0 0] 16,161 0 70 16,231
9 0 0 ol 21,566 0 0 21,566
10 0 0 o] 33,187 0 0 33,187
11 . [ 0 0| 51813 0 0 51,813
12 0 0 o] 45178 0 0 45,178
13 [¢} 0 o] 41404 0 0 41,404
14 v 0] 32,180 78,071 0 S11 110,301
15+ 0 0] 57,258{ 20,180 0 0 77.438
Total 0 0] 89438] 339,154] 442452 6,885 877,929
Tonnes ¢ 0 0] 33340] 76,186} 38,228 612| 148,366
lla Va Via Viib,cjk [Vilaetgh Villab,d.e| All areas
2ndQ 2nd Q 2'nd Q 2nd Q 2nd Q 2nd Q 2nd Q
Age [catch(*'000)catch(®’000)catch{*000 ¥ catch(*'000 J catch(000) catch(*'000) catch (*000);
[ 0 0 () [ 0 [ [3]
1 0 0 0 o] 0 279 279
2 0 0 0 804] 74912 10,186 85,902
3 0 0 [o] 3222] 112,367 6,341 121,930
4 . 0 0 0 1,611 0 813 2,424
5 . 0 0 [ 804 0 418 1,222
6 0 0 o] 804 0 330 1,134
7 0 0 0 1,611 0 0 1611
8 0 0 [ 1,611 [ 190 1.802
9 0 0 [ 5,637 0 0 5,637
10 ' 0 0 0 4,833 0 0 4,833,
" too 0 o 5637 0 0 5,637
12 0 0 0 8,859 0 0 8.859
13 0 0 0 7248 0 0 7248
14 0 0 1.520] 54,759 0 139 56,419
15+ 0 0 2,705| 23,355 0 0 26,060
Total 0 0 4,225) 120,796| 187,279 18,696] 330,997
Tonnes 0 0 1.575] 26,140 16,181 1,662 45,558
lla iva Via Vilbcjk |Vita,et.g.hl Villabdej All areas
3dQ IdQ 3IdQ IdQ 3dQ 3rdQ 3IdQ
Age __|catch({'000)catch('000) catch(*'000 ) catch('000 ) catch{000) catch{*000) catch (000)!
[ - 0 0 0 [4] 0 0 0
1 [ 0 (] 0 0 260 . 260
2 0 0 [+] 554 6,809 9,499 96,863
3 0 0 0 7.746| 83207 5914 96,867
4 0 o of 11,492 2,001 758 14,251
5 0 [ o 11874 [ 390 12,264
6 0 [ o 17.718 [ 308 18,025
7 0 0 [¢] 13,787 [ 0 13,787
8 0 0 [o] 4,837 0 178 5,014
9 0 0 0 6,779 0 0 6,779
10 0 v 0 6,750 0 0 6,750
n 0 0 8,714 4314 0 0 13,028
12 0 0 4,446 1,976 0 [ 6,421
13 0 0 [o] 455 0 0 455
14 . 0 0] 61,530 19,868 0 130 81,528
15+ ' 0 0] 35211 2,485 0 0 37,696
Total 0] 0] 109,900f 110,635 172,017 17,436 409,988
Tonnes 0 0] 35922 19,086 13,042 1,550 69,600
la Iva Via Viib,cjk {Vila,et.g.n Villa.bd.e| All areas
4thQ 4thQ 4thQ 4th Q 4thQ 4hQ 4thQ
Age _|catch{'000)catch(*000) catch(1000) catch(*000) catch{'000) catch('000) catch (*000)
0 [ 0 0 0 0 0 o
1 0 0 0 0 . 0 3,395 3,395
2 ) 0 [+] 0] 128,187] 124,075 252,262
3 0 0 [+] 582f 273,231 77240 351,053
4 ] 0 [] 1,152| 125,550 9,905] 136,607
S 0 0 0 0| 44536 5,092 49,628
6 5 96, o 582 15,354 4,018 20,055
7 (¢] 0 o 1,722 18,264 0 19,986
8 . 8 144 0 2,304] 21,268 2,320 26,044
9 12 226 0 1,152 8,821 0 10,211
10 100 1,900 0 0 1,668 0 3,668
1" 33 616} 2,540, 6,330 9,050 0 18,568/
12 60 1,144 1,296 582 1,668 0 4,750
13 6 122 (4} 582 5,097 0 5.807
14 1,702 32,195] 17,935 10.356] 31,697 1,697 95,582
15+ 371 7.018] 10,264 3.456 2771 0 23,880
Total 2,297 43,461 32,035, 28,797} 687,161 227,743} 1,021,494
Tonnes 3,366 16,763 10,474 5,634 76,422 20,245 132,904
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Table 6.4.1 Length (cm) at age of WESTERN HORSE .
MACKEREL by quarter and Division in 1996

1996 lia va Via viib,c,jk [Vilaetg.n Villa,b,d.e| All areas
1stQ 1'stQ 1'stQ | 1'stQ } 1stQ 1'stQ 1stQ
Age _[length{cm)|length(cm)| length(cm)ilength(cmy)| length(cm)| length(cm)| length({cm)
0 0.0 0.0 0.0 0.0 0.0 0.0] 0.0
1 0.0 0.0 00 0.0, 0.0 19.5 19.5
2 0.0 0.0 0.0 0.0 211 213 211
3 0.0 0.0 . 0.0 23.5 222 23.0 222
4 0.0 0.0 ool 254 0.0 25,0 254
5 0.0 0.0 0.0 26.1 0.0 25.5 26.0
6 0.0 0.0 0.0 273 0.0 265 273
7 0.0 0.0 0.0 28.1 0.0 0.0 28.1
8 1 0.0 0.0 0.0 29.6 0.0 27.5 296
9 0.0 0.0 0.0] 29.8 0.0 0.0 29.8
10 0.0 0.0 0.0 30.3 0.0 0.0 30.3
" 0.0 0.0 0.0 30.8 0.0 0.0 . 30.8
12 0.0 0.0 0.0 314 0.0] 0.0 314
13 0.0 0.0 0.0 315 0.0 0.0, 31.5
14 0.0 0.0 371 32.1 0.0 27.5 33.5
15+ 0.0 0.0 37.3 33.6 0.0 0.0 36.3
0-15+ 0.0 0.0 37.2( 30.9 21.8 22.3 26.9
ta va Via Vilb,cj,k {Vila.et,ghf Villa,bd.e] All areas
2ndQ | 2ndQ | 2ndQ | 2ndQ 2ndQ | 2ndQ | 2ndQ
Age _|tength(cm)|length(cm)l length(cm)}length(cm)] length(cm)} length{cm)| length(cm)
0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0
1 - 0.0 0.0 0.0 0.0 0.0 19.5 19.5
2 0.0 0.0 0.0 235 211 213 211
<] 0.0 0.0 0.0 240 222 23.0 223
4 - 0.0 0.0 0.0 25.0 0.0] 25.0 25.0
5 0.0] 0.0 0.0 255 0.0 25.5 25.5
6 0.0 0.0 0.0 26.5 0.0 265 265
7 0.0 0.0 0.0 275 - 0.0 0.0 275
8 0.0 0.0 0.0 28.0 0.0 275 27.9
9 0.0 0.0 0.0 284 0.0 0.0, 284
10 0.0 0.0 0.0 28.7 0.0 0.0 287
11 0.0 0.0 . 0.0 29.9 0.0 0.0 29.9
12 0.0 0.0 0.0 30.8 0.0 0.0 308
13 0.0 0.0 0.0 30.8 0.0 0.0 30.8
14 0.0 0.0 371 312 0.0 27.5 . 313
15+ 0.0 0.0/ 37.3 33.1 0.0 0.0 ' 335
0-15+ - 0.0 0.0 37.2 30.7 21.8 22.3 25.3
lla Va Via Viib,cjk {Vlla,et.g.n Vilab,de| All areas
3dQ Id Q 3dQ IdQ 3dQ 3dQ 3dQ
Age [length (cmYlength {cmflength {cm)length (cmflength (cmflength (cm) length{cm)|
] 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 19.5 19.5
2 0.0 0.0 0.0 23.3 .204 21.3 205
3 0.0 0.0 0.0] 24.3 21.8 23.0 22,0
4 0.0] 0.0] 0.0 25.3 245 25.0 252
5 - 0.0 0.0 0.0 266 0.0 255 26.6
[ 0.0 0.0, 0.0 26.7 0.0] 26.5 26.7
7 © 0.0 0.0 0.0 27.8 0.0 0.0 27.8
8 © 0.0 0.0 * 00 279 0.0 275| = 279
9 0.0 0.0 0.0 283 0.0 0.0 283
10 0.0 0.0 0.0 282 0.0 0.0 282
1" . 0.0 0.0 325 291 0.0 0.0 314
12 0.0 0.0 315 294 0.0 0.0 . 30.9
13 0.0 0.0 00 299 0.0 0.0 29.9)
14 0.0 0.0 350 - 289 0.0 275 33.5
15+ 0.0 0.0l 34.4 29.2 0.0) 0.0 34.1
0-15+ 0.0 0.0 34.5 27.3 21.1 223 26.4
lta IVa Via vib,c,jk |Vila,ef.gh Villab,d.e] Al areas
_4thaQ 4thQ 4thQ 4th Q 4th Q 4th Q 4thQ
Age _ Jlength{cm)] length{cm)length{em)] length(cm)l length{cm)| length{cm)} length({cm))
/] 0.0 0.0 0.0 0.0 0.0 0.0 0.0/
1 . 00 0.0 0.0 0.0 0.0 195 195
2 © 0.0 0.0 0.0 0.0 215 21.3 214
3 0.0 0.0 0.0 245 228 23.0 228
4 © 0.0 0.0 0.0 255 25.1 25.0 25.1
5 0.0 0.0 0.0 00| - 258 255 25.8
6 30.8 30.9 0.0 26.5 26.5 26.5 26.5
7 0.0 0.0 0.0 26.8 272 .00 - 271
8 . 285 285 0.0 278 - 2715 275 275
9 . 319 319 0.0 29.0 28.8 0.0 28.9
10 335 . 335 .. 09 0.0] 28.6 0.0 313
1" 32.7 327 32.5 29.0 28.9 00| + 296
12 34.2 342 315 305 270 0.0 30.5
13 325 325 0.0 30.5 277 0.0 28.1
14 34.6 346 35.0 29.3 283 27.5 319
15+ 36.4 364 34.4 28.8 31.3 0.0, 338
0-15+ 34 8 348 34.5 26.8 24.0 22.3 246
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Table 6.4.2

Weight (g) at age of WESTERN HORSE

MACKEREL by quarter and by Division(s) in 1996.

1996 fla Iva Via \ﬁrb.c,j.k Vila,et,g.h Villa,bd,e} All areas
'stQ 'stQ 1'stQ 1stQ 1'stQ 1stQ 1stQ
Age | weight(q) | weight(q) | weight(q) } weight(q) } weight(g) | weight(q} | weight(g)
0 0 [ [} 0 -0 0 ]
1 0 0 0 0 0 59 59
2 [ 0 [¢] ] 81 78 81
3 [ 0 [ 93 90 94 90
4 0 0 0 120 0 125 120
5 0 0 [+] 126 0 139 126
6 0 0 .0 152 0 152 152
7 0 0 0 166 0 0 166,
8 (o] 0 (o] 200 0 149 199,
9 0 0 [ 199| 0 0 199
10 0 0 0 209 0 0 209
1 0 0 0 224 0 0 224
12 0 0 (o] 233 0 0 233
13 0 0 0 239 o 0 239
14 0 0 373 253 0 148, 288
15+ 0 0 376 299 0 0 356
0-15+ O 0 375 226 86 89 170
fla Va Via Vilb,cjk {Vlila,etgh Villab,d.e]| Al areas
2ndQ 2ndQ 2nd Q 2rd Q 2nd Q 2nd Q 2nd Q
Age | weight{q) | weight(g) | weight(q) | weight(q) | weight(q) | weight(g) | weight(g)
4] 0 0 [) 0 0 0 0
1 0 0 0 0 0 59 59
2 0 0 0 87 81 78 81
3 (o] 0 0 90 90 94 90
4 0 0 0 104 0 125 imn
5 (o] 0 0 107 0 139 118
[ 0 0 0 121 0 152 130,
7 0 0 0 151 0 0 151
8 0 0 0 139 0 149 140
9 0 [¢] 0 161 (o) 0 161
10 0 0 0 178 0 0 178
1 [s] 0 0 196 0 0 196
12 0 0 0 213 0 0 213
13 0 0 0 215 0 0 215
14 0 0 373 224 0 148 228
15+ 0 0 376 270 0 0 281
0-15+ [s] 0 375] 216 86 89 137
tia iva Via Vib,cjk [Vila,etg.h Villabd.e| Al areas
3rdQ 3rdQ 3IdQ 3 Q 3rdQ 3IdQ 3rdQ
Age | weight (g) ] weight () | weight (g) | weight ()] weight (g) | weight (g) | weight(q)
[} 0 0 0 0 ] [¢) 0
1 0 ] [+} 0 0 59 59
2 0 0 0 . 124 69 78 70
3 0 0 0 128 83 94 87
4 0 0 0! 144 102 125 137
5 0 0 0 163 ] 139 162
6 0 0 0 163, 0 182 163
7 0 0 [ 179 0 0 179
8 0 0 0 185 0 149 184
9 (o] 0 [ 196 0 o] 196
10 0 0 0 181 0 0 181
1" 0 0 284 192 0 0 254
12 0 0 278 194 [ [s] 252
13 0 0 0 211 0 0 21
14 [ 0 338 195 0 148 303
15+ 0 0 326 193 0 0 317,
0-15+ 0 0 327 173 76 89 170
lla Va Via Vilb.cjk [Vila,et.gh Villabd.e] All areas
4thQ 4th Q 4t Q 4thQ 4th Q 4thQ 4thQ
Age | weight(g) | weight(g) | weight(g) | weight(g) | weight(q) | weight(g) | weight(g)
0 : (o] 0 0 ) 0 (o] 0
1 0 0 ] 0 0 59 59
2 0 0 0 0 78 78 78
3 0 0 0 145 N 94 92
4 0 0 0 153 124 125 125
5 0 0 0 0 138 139 138
6 291 291 0 170 147 182 149
7 [+] 0 [¢] 167 159 0 159
8 275 275 0 185 162 149 163
9 309 309 0 210 181 0 187
10 343 343 0 0 172 0 265
1" 317 317 284 199 192 Ol 211
12 371 37N 278 229 138 o 246
13 319, 319 0 211 172 (o] 179
14 381 381 338 207 181 148 284
15+ 437 437 326 192 241 0 331
0-15+ 386 386 327 196 111 89! 128

146




Table 6.4.3 Catch i numbers, mean length and mean weight in catch and mean weight
in stock of western horse mackerel 1996.

Age Catchinnumbers Meanlength  Mean weight (kg)
(millions) (cm) in catch in stock

0 0.000
1 4.036 19.5 0.059
2 615.759 211 0.078 0.087
3 841.304 225 0.090 0.095
4 157.053 25.1 0.125 0.118
5 67.924 25.9 0.141 0.129
6 45.939 26.7 0.155 0.148
7 48.597 27.6 0.166 0.172
8 49.091 283 0.177 0.183
9 44,193 29.2 0.191 0.185
10 48.439 29.9 0.206 0.202
11 89.046 30.6 0.224 0.206
12 65.209 31.2 0.233 0.217
13 54.915 31.0 0.229 0.221
14 343.831 32.7 0.280 0.237

15+ 165.073 35.0 0.332 0.273
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Year

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Table 6.7.1. Western Horse Mackerel. Estimated catch in number (Thousands of fish).

The SAS System
HOM-WEST: Western horse mackerel (ila,1va,Vlia,Vila-c,e-k,Viila-b,d-e)

CANUM: Catch in Numbers (Thousands)

Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11
0 2523 14320 91566 7825 8968 7979 6013 1122 281 1122 4473

0 5668 1627 23595 38374 11005 31942 37775 12854 2360 3948 2428

0 0 183682 3378 27621 114001 17009 29105 25890 11230 3121 0

0 1267 3802 467741 3462 32441 77862 9808 12545 4809 7155 263

0 0 0 1120 489397 6316 47149 79428 18609 15328 11052 2255

0 83 414 0 2476 748405 1730 34886 76224 9854 8015 16252
767 23975 5354 1839 3856 16616 824940 10613 34963 59452 8531 14301
0 0 0 18860 16604 4821 13169 1159554 10940 53909 75496 12629

0 19117 42191 130153 57561 31195 - 9883 19305 1297370 34673 66058 95505
3230 19570 47240 13980 187410 126310 68330 19000 21090 1173940 21140 13060
12420 83830 24040 66180 50210 243720 110620 42840 14202 17930 1063910 12000
0 94250 49520 7700 52870 83770 307370 124050 65790 25250 3250 1177060
2315 15324 796606 104631 49463 40466 26961 205842 87767 37045 40453 21847
0 50843 411412 382838 198181 52812 85565 26425 230028 107838 95799 58051

0 4036 615759 841304 157053 67924 45939 48597 49091 44193 48439 89046

Age 12

12560
12204
486
659
746
7484
15158
21975
14040
51200
22750
6420
909325
62531
65209

09:57 Friday, September 12, 1997

Age 13

19489
17142
1337
2888
619
1173
4537
12471
32496
9710
69970
16110
9861
1044929
54915

Age 14

13205
27505
3866
970
211
168
4285
8162
16935
9000
12110
52610
14411
38647
343831

Age 15

5579
33335
38732

" 27005
37295
27613
28378
16468
53023
49400
32200
33490
37138

149957

165073




Table 6.7.2. Western Horse Mackerel. Estimated mean weight in the catches (Kg).

The SAS System 09:57 Friday, September 12, 1997

HOM-WEST: Western horse mackerel (Ila,lVa,Via,Vila-c,e-k,Villa-b,d-e)

61

WECA: Mean Weight in Catch (Kilograms)

Age é

Year, Age O Age 1 Age 2 Age 3 Age & Age 5 Age 6 Age 7 Age 8 Age 10 Age 11 Age 12 Age 13 Age 14 Age 15
-+ 1982 0.015 0.054% 0.090 0.142 0.178 0.227 0.273 0.276 0.292 0.305 0.369 0.348 0.348 0.348 0.356 0.366
1983 0.015 0.039 0.113 0.124. 0.168 . 0.229 0.247 0.282 0.281 0.254 0.260 0.300 0.310 0.315 0.311 0.332
1984 0.015 0.034 0.073 0.089 0.130 0.176 0.216 0.245 0,278 0.262 0.259 0.255 0.344 0.232 0.306 0.308
1985 0.015 0.029 - 0.045 0.087 0.150 0.156 - 0.199 0.243 0.256 0.294 0.257 0.241 0.251 0.314 0.346 0.321
1986 0.015 0.029 0.045 0.110 0.107 0.171 0.196 0.223 0.251 0.296 0.280 0.319 0.287 0.345 0.260: 0.360
1987 0.015 0.068 0.067. 0.110 0.155 0.143 0.174 0.198 0.249 0.264 0.321 0.336 0.244 0.328 0.245 0.373
1988 - 0.015 0.031 0.975 0.114- 0.132 0.147 0.157. 0.240 0.304 0.335 0.385 0.434 0.404 0.331 0.392 0.424
1989 - 0.012 0.050 - 0.075 0.149 0.142 0.142 0.220 0.166 0.258 0.327 0.330 - 0.381 0.400 0.421 0.448 0.516
1990 0.015 0.032° 0.031 0.090 0.124 0.126 0.129 0.202° 0.183 0.227 0.320 0.328 0.355 0.399 0.388 0.379
1991 0.012 0.031 0.046 0.113 0.125 0.148 - 0.141 0.144 0.187 0.185 0.215 0.303 0.323 0.354 0.365 0.330
1992 0.008 0.014 0.092 0.117 0.139 0.143 0.157 0.163 0.172 0.235 0.222 0.288 0.306 0.359 0.393 0.401
1993 0.010 0.033 0.083 0.120 0.126 0.142 0.154 0.163 0.183 0.199  0.177 0.238 0.308 0.327 0.376 0.421
1994 0.021 0.037 0.052 0.106 0.124 0.158 0.153 0.167 0.194 0.199 0.280 0.275 0.240 0.326 0.342 0.383
1995 . 0.015 0.038 0.052 0.073 0.089 - 0.126 0.130 0.170 0.176 0.200 0.204 0.222 0.215 0.246 0.237 0.298
1996 0.015 0.059 0.078 0.090 0.125 0.141 0.155 0.166 0.177 0.191 0.206 0.224 0.233 0.229 0.280 0.332
1997 0.017 0.045 0.061 0.090 0.112 0.142 0.146 0.168 0.182 0.197 0.208 0.241 0.229 0.268 0.286 ., 0.266
1998 0.017 0.045 0.061 0.090 0.112 0.142 0.146 0.168 0.182 0.197 0.230 0.220 0.229 0.268 0.286 0.271
- 1999 0.017 0.045 0.061 0.090 0.112 0.142 0.146 0.168 0.182 0.197 0.230 0.241 0.233 0.268 0.286 0.274
2000 0.017 0.045 0.061 = 0.090° 0.112 0.142 0.146 0.168 0.182 0.197 0.230 0.241 0.229 0.243 0.286 0.278
2001 0.017 0.045- 0.061 0.090 0.112 -0.142 0.146 0.168 0.182 0.197 0.230 0.241- 0.229 0.268 0.252 0.280
2002 0.017 0.045 0.061° 0.090. 0.112 0.142 0.146 0.168 0.182 0.197 0.230 0.241 0.229 0.268 0.286 0.282
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Year

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

1998

1999
2000
2001
2002

Age O
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Age 1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000

Table 6.7.3. Western Horse Mackerel. Estimated mean weight in the stock (Kg).

Age 2
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

Age 3
0.080
0.080
0.077
0.081
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.066
0.095
0.080
0.080
0.080

0.080°

0.080
0.080

HOM-WEST: Western horse mackerel (lla,1va,via,Vlla-c,e-k,Vlila-b,d-e)

0.207

0.171°

0.122
0.148
0.105
0.105
0.105
0.105
0.105
0.121
0.105
0.105
0.105
0.119
0.118
0.112
0.112
0.112
0.112
0.112
0.112

Age 4

The SAS System

. WEST: Mean Weight in Stock (Kilograms) .

Age 5

0.232
0.227
0.155
0.140
0.134
0.126
0.126

0.103 .

0.127
0.137
0.133
0.153
0.147
0.096
0.129
0.124
0.124
0.124
0.124

'0.124

0.124

Age 6

0.269
0.257
0.201
0.193
0.169
0.150
0.141
0.131
0.135
0.143
0.151
0.166

- 0.185

0.152
0.148
0.162
0.162
0.162
0.162
0.162
0.162

Age 7

0.280
0.276
0.223
0.236
0.195
0.171
0.143
0.159
0.124
0.144
0.150
0.173
0.169
0.166
0.172
0.169
0.169
0.169
0.169
0.169
0.169

Age 8

0.292
0.270
0.253
0.242
0.242
0.218
0.217
0.127
0.154
0.150
0.158
0.172
0.191
0.178

0.183

0.184
0.184

0.184 .

0.184
0.184
0.184

Age 9

0.305
0.243
0.246
0.289
0.292
0.254
0.274
0.210
0.174
0.182
0.160
0.170
0.1
0.187
0.185
0.188
0.188
0.188
0.188
0.188
0.188

Age 10

0.369
0.390
0.338
0.247
0.262
0.281
0.305
0.252
0.282
0.189
0.182
0.206
0.190
0.197
0.202
0.208
0.196
0.196
0.196
0.196
0.196

-Age 11

0.344
0.305
0.300
0.300
0.300
0.291
0.337
0.263
0.272
0.266
0.292
0.211
0.197
0.187
0.206
0.197
0.220
. 0.197
0.197
0.197
0.197

Age 12

0.348
0.309
0.300
0.300
0.300
0.297
0.352
0.302
0.404
0.295
0.211
0.258
0.231
0.229
0.217
0.226
0.226
0.233
0.226
0.226
0.226

09:57 friday, September 12, 1997

e RS Lo e

Age 13 Age 14 Age 15

0.348 0.361 0.364
0.311 0.312 0.310
0.300 0.305 0.285
0.325 0.325 0.303
0.300 0.300 0.346
0.303 0.303 0.339
0.361 0.352 0.390
0.411 0.383 0.358
0.404 0.404 0.404
0.349 0.361. 0.381
0.245 0.361 0.403
0.288 0.338 0.405
0.270 0.270 0.338
0.218 0.272 0.348
0.221° 0.237 0.273
0.236 0.260 0.256
0.236 - 0.260 0.261
10.236 0.260° 0.264
0.243 0.260 0.268
0.236 0.252 0.270
0.236 0.260 0.272
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Table 6.7.4. Western Horse Mackerel. Estimated proportion of fish mature.

The SAS System 09:57 friday, September 12, 1997
HOM-WEST: Western horse mackerel (1la,lva,Vla,Vila-c,e-k,VI1la-b,d-e)

MATPROP: Proportion Mature at Year Startv

Age Age Age Age Age Age Age Age Age Age Age Age Age Age Age Age
2

Year 0 1 3 4 5 6 7 8 9 10 11 12 13 14 15
1982 0.00 0.00 0.40 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1983 0.00 0.00 0.30 0.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1984 0.00 0.00 = 0.10 0.60 0.85 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1985 0.00 0.00 0.10 0.40 0.80 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1986 0.00 0.00 0.10 0.40 0.66 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1987  0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1988 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1989 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1990 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1991 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1992 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1993 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1994 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1995 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1996 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1997  0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1998 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ~1.00
1999 0.00 0.00 0.10-  0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
. 2000 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 . 1.00
2001 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2002 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table 6.7.5. Western Horse Mackerel . Summary results of Bayesian stock assessment.
Percentiles of the distribution of fishing mortality relative to natural mortality (Population mean
fishing mortality over ages 4 to 14 divided by natural mortality), spawning stock size, and
recruitment by year from 1982-1996. Percentiles calculated from 750 drawn parameter vectors
from the Markov Chain.

a. Fishing Mortality relative to Natural Mortality ( F 4-14w/M)

Percentile 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
5 0.20 0.29 0.37 024 0.20 0.29 0.36 0.54 0.7 0.80 0.93 1.32 1.24 2.02 1.09
25 0.34 0.49 0.61 0.39 0.32 0.46 0.54 0.81 1.08 1.18 1.35 1.88 1.76 2.95 1.67
60} - 050 - 0.70|- 0.86] - 0.55|:-- 0.44|- - 063 074 . 1.08 143} - 155 --1.76 246 231 - 4.00[- - 2.26]:
75 0.65 0.92 1.12 0.72 0.57 0.81 0.93 1.39 1.81 1.95 2.23 3.12 2.95 5.31 3.30
95 0.79 1.12 1.35 0.89 0.68 0.97 1.16 1.74 2.33 2.53 2.92 4.29 4.35 8.79 6.43
Expectation 0.50 0.70 0.86 0.56 0.44 0.63 0.74 1.10 1.46 1.59 1.82 2.58 2.47 4.49 2.82
b. Spawning Stock Size (Thousand t at spawning time)
Percentile 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
5 625 695 717 1184 839 2046 24821 1460 2127 12066 1602 1532 1161 787 539
25 705 786 816 1353 1014 2341 28620 1922 2505 2436 1935 1916|- 1534 1176) 936
50 789 880, - 904 1507 1269 2591 3153 2282| 2833 2799 2258 2302 1925 1587| 1381
75 907 1008 1023 1706/ 1588 2900 3555 2665 3183 3164 2613 2706 2333 1979 1795
95 1173 1294 1272 2099 2180 3432 4191 3222 3865 3867 3230 3441 3042 2713 2559
Expectation 828 916 936 1554 1352 2640 3220 2305 2889 2853 2320 2372 1982 1624 1415
¢. Recruitment (Millions of fish aged 0) -
Percentile 1982 1983 1984 1985 1986 1987 1988/ 1989 1990 1991 1992 1993 1994 1995 1996
5 20695 739 768 1174 1285 2182 590 652 412 841 2167 571 627 686 588
25 23567 1088 1155 1667 1549 2428 791 838 564 1057 2620 973 980 965 1008
50| 26920 1368 1458 2056 1782 2680 974 1006] . 712 1260 3060 1397 1384 1386 1403
75 32119 1775 1891 2612 2079 3020 1181 1195 869 1473 3506 2015 1898 1958 1915
95 43134 2479 2622 3502 2629 3683 1562 1541 1150 1857 4361 3470 3035 3144 3147
Expectation 28819 1465 1552 2167 1844 2769 1011 1039 736 1292 3125 1610 1551 1563 1552
d. Natural Mortality (all ages) (approx.)
Percentile |M
5 0.052
25 0.056
50 0.068
75 0.084
95 0.115
Expectation 0.074
‘/ eacfm\wgmhsa98\T-675.xls - .
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Table 6.8.1. Western Horse Mackerel. Catch option table, calculated as expectation and percentiles of Bayes
posterior distributions. (a) SSB, catch and F/M in 1997, (b) SSB in 1998, for F=M or catch = 50 to 400Kt in
1998; (c) SSB in 1999, for F=M or catch = 50 to 400Kt in 1998 and 1998; (d) Catch corresponding to F=M; (e)
F/M in 1998; (f) FM in 1999

(a) , : .
. 1997 B Estimated Risk in 1997
Expected : Percentiles - R e
) o . 25% 50% 75% P(SSB<500,000t) | P(SSB<SSB(1983)
SSB (Thousand ). . 1088 699 | 1179 | 1650 . -
Catch (Thousand t) 400 no uncentainty admitted | 0.15 0.43
F(4-14,w)/M 8.09 496 | 672 | 1008 .
(b) . o . oo
| .. SSBin1998(Kt) Estimated Risk in 1998
Catch (Thousand t) Expected : Percentiles .. o . =
, ; 25% 50% 75% | P(SSB<500,000t)] P(SSB<SSB(1983)
Catch for F=M 1090 554 -1020 1490 0.21 044
50 1070 541 1010 1480 0.22 T 0.41
100 1050 521 989 1460 0.23 0.46
200 e 1010 477 947 - 1420 0.26 054
300 . 968 429 901 1370 0.29 0.62
400 933 414 851 1320 - 0.32 0.7
) . o S .
) . » ) SSBin 1999 (Kt) Estimated Risk in 1999
Catch (Thousand t) Expected - Percentiles . S e e S
- _ , 25% 50% 75% | P(SSB<500,0001) | P(SSB<SSB(1983)
Catch for F=M R 1130 554 1020 1490 0.2 0.39
50 Ktin 1998 and 1999 1100 557 1040 1530 0.21 0.39
100 Kt in 1998 and 1999 1040 495 973 1460 0.26 0.46
200 Ktin 1998 and 1999 840 365 .| - 840 1330 . 033 0.59
300 Kt in 1998 and 1999 816 280 704 1190 - 04 0.71
400 Kt in 1998 and 1999 731 265 596 1050 0.45 0.8
(d) .
o C o Catch for F=M
Catch (Thousand 1) Expected Percentiles
25% 50% 75%
1998 41 24 39 53
1999 44 26 41 55

(e) L . o :
Fishing Mortality Relative to Natural Mortality in 1998, for catch =
options in 1998 = 50 to 400 000t and catch in 1997=400 000t .

Catch in 1998 (Thous. t) | Expected Percentiles
. ] 25% 50% 75%
50 1.35 0.66 0.96 157
100 2.84 137 1.97 3.29
200 5.85 2.91 4.24 7.40
300 8.31 4.61 6.95 11.05
400 10.36 6.57 9.58 1343
Ul .

Fishing Mortality Relative to Natural Mortality in 1999, for catch
options in 1998 -1999 = 50 to 400 000t and catch in 1997=400 000t

Catch in 1998 and 1999 |Expected . - Percentiles
(Thousand t) 25% 50% | 75%
50 1.31 0.65 0.91 143
100 3.04 - 1.38 2.00 3.29
200 6.55 3.19 4.88 8.82
300 . .9.45 5.64 8.64 12.54
400 - 11.65 8.14 11.23 14.88

e:\acfm\wgmhsaQS\T-681 Xls
153
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TABLE 6.10.1

HOM-WEST: Western horse mackerel - (lla, IVa, Via, Vlla-c,e-k,Villa-b,d-e) -~ - - -~

FISHING MORTALITY

Results from ADAPT analysis

e v M =018
Proportion of F and M before s

pawning is 0.45 -

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
0 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.004 0.000 0.001 0.000 0.003

1 0.002 0.000 0.000 0.001 0.000 - 0.000 0.007 0.000 0.017 0.026 0.069 0.034 0.002 0.013  0.061

2 0.008 0.001 0.004 0.002 0.000  0.000 0.003 0.000 0.043 0.050 0.039 0.050 0.406 0.055 0.201

3 0.021 0.016 0.003 ~ 0.013 0.001 . 0.000 0.001 0.010 0.051 0.017 0.087 0.015 0.135 0.329 0.144

4 0.008 0.010 0.022 0.003 0.016 ©  0.002 0.003 0.008 0.037 0.092 0.074 0.088 " 0.118 ° 0.382 0.205

5 0.009 0.013 0.036 0.031 0.007 0.030 0.013 0.004 0.018 0.102. - 0.158 0.160 0.086 - 0.169 0.205

6 0.009 0.038 0.024 0.030 0.055 0.002  0.039 0.012 0.009 0.048 0.115 0.288 0.067 0.248 0.205

7 0.012 0.051 0.041 0.016 0.036 0.049 0.017 0.067 - 0.020 0.020 0.037 0.173 0.300- 0.083 - 0.205

8 0.004 0.031 0.043 0.021 0.036 0.042 0.061 0.020 0.095 0.026 0.017 0.069 0.169 0.603 0.205

9 0.014 0.009 0.032 0.010 0.031 0.023 0.040 0.119 0079 . 0.110 0.027 0.037 0.048 0.304 0.205

10 0.057 0.267 0.014 0.024 0.026 0.019 0.024 0.062 0.198 0.060 0.131 0.006 0.072 0.159 0.205
11 0.105 0.160 0.000 0.001 0.009 0.046 0.041 0.042 0.098 0.052 0.042 0.198 0.045 0.133 0.205

12 0.068 0.43% 0.041 0.072 0.005 0.036 0.052 0.078 0.057 0.066 0.114 0.027 0.219 0.167 0.205
13 0.076 0.118 0.071 0.342 0.085 0.00¢ 0.026 0.052 0.151 0.048 0.115 0.104 0.049 0.395 0.205

14 0.043 0.138 0.033 0.064 0.035 0.028 0.037 0.057 0.088 0.054 0.075 0.113 0.121 0.262 0.205

15 0.043 0.138 0.033 0.064 0.035 0.028 0.037 0.057 0.088 0.054 0.075 0.113 0.121 0.262 0.205
F(2-4)U 0.012 0.009 0.010 0.006 0.006 0.001 0.002 0.006 0.044 0.053 0.067 0.051 0.220 0.255 0.183
F(5-14)U 0.040 0.126 0.034 0.061 0.033 0.028 0.035 0.051 0.081 0.059 0.083 0.117 0.118 0.252 0.205
F(s-14)W 0.022 0.046 0.035 0.025 0.032 0.030 0.038 0.060 0.082 0.090 0.112 0.167 0.170 0.313 0.205

el\acfmiwgmhsa98\T-6-10-1.xls
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TABLE 6.10.2

HOM-WEST: Western horse mackerel (lla, IVa, Via, Vila-c,e-k,Villa-b,d-e)
POPULATION ABUNDANCE

Unit: thousands

Results from ADAPT analysis

M=0.15
Proportion of F and M before spawning is 0.45

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 - 1997

0 60,712 3,072 3,062 3,952 3,129 4,416 1,470 1,429 943 1,575 3,583 11,186 4,971 86 2,196 2,196

1 1,730 52,256 2,644 2,636 3,402 2,693 3,801 1,265 1,230 812 1,353 3,072 9,628 4,277 74 1,884
2 1,880 1,487 44,972 2,276 2,268 2,928 2,318 3,249 1,089 1,041 681 1,087 2,557 8,273 3,634 60

3 4,818 1,605 1,278 38,537 1,955 1,952 2,520 1,990 2,797 898 852 563 890 1,466 6,739 . 2,558

4 1,087 4,062 1,360 1,097 32,736 1,682 1,680 - 2,167 1,695 2,287 760 672 478 669 909 5,022
5 1,096 928 3,461 1,145 941 27,722 1,445 1,442 1,850 1,406 1,795 607. 530 366 393 637
6 955 © 935 788 2,873 955 804 23,167 1,228 1,237 1,563 1,093 1,319 445 418 266 275
7 541 814 775 663 2,401 778 691 19,176 1,045 1,055 1,282 838 852 358 281 186
8 322 460 666 640 561 1,993 638 585 15,431 882 891 1,064 607 543 284 197
9 21 276 384 549 539 466 1,645 517 493 12,081 739 754 855 441 256 199
10 22 18 236 320 468 450 392 1,360 ° 395 392 9,311 620 625 701 280 179
1 48 18 12 200 269 393 380. 329 1,101 279 318 7,030 530 501 515 196
12 206 37 13 10 172 229 323 314 272 859 228 263 4,962 436 377 361
13 287 166 21 - 11 8 147 190 264 250 221 692 175 220 3,431 318 264
14 337 229 127 17 7 6 126 160 216 185 181 531 136 180 1,989 223

15 142 278 1,273 466 1,158 1,067 832 322 675 1,015 482 - 338 350 700 955 2,788

Unit: tonnes
| 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Egg Surv. SSB 2,210,000 1,710,000

Fitted SSB: | 1577035 1753222 1891705 2648009 3545459 4152512 4686182 4128613 3715105 3500282 2806692 2489073 1925140 1491251

1380700 1368000

e:\acfm\wgmhséQB\T-6-10-2.x|s




Table 6.10.3 Stock summary table for WESTERN HORSE MACKEREL
Results are taken from the ADAPT analysis.
SSB Yield Recruitment atage1 Egg Survey
('000t) F(2-4)V F(5-14)U  F(5-14)W  ('000t) (millions) SSB ('000t)
1977 - - - - - - 740
1978 - - - - - - -
1979 - - - - - - -
1980 - - - - - - 890
1981 - - - - - - -
1982 1,577 0.012 0.040 0.022 42 1,730 -
1983 1,753 0.009 0.126 0.046 65 62,256 530
1984 1,892 0.010 0.034 0.035 74 2,644 -
1985 2,648 0.006 0.061 0.025 81 2,636 -
1986 3,545 0.006 0.033 0.032 106 3,402 710
1987 4,153 0.001 0.028 0.030 156 2,693 -
1988 4,686 0.002 0.035 0.038 188 3,801 -
1989 4,129 0.006 0.051 0.060 269 1,265 2,280
1990 3,715 0.044 0.081 0.082 373 1,230 -
1991 3,590 0.053 0.059 0.090 334 812 -
1992 2,807 0.067 0.083 0.112 368 1,353 2,210
1993 2,489 0.051 0.117 0.167 432 3,072 -
1994 1,925 0.220 0.118 0.170 348 9,628 -
1995 1,491 0.255 0.252 0.313 513 4,277 1,710
1996 1,381 0.183 0.205 0.205 396 74 -
AR mean 2,785 0.062 0.088 0.095 250 6,058 1,488
GM mean 2,576 0.019 0.070 0.068 193 2,343 1,265
GM mean of year classes 1981,1983 - 1986,1988 - 1992 (prediction) 1,860

Egg survey biomass estimtes are taken from ICES (1997/Assess:3 Table 2.1)
Only 1992 and 1995 egg survey SSB estimates have been used for tuning the assessment
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Table 6.10.4 Predicted spawning stock biomass (SSB) and catches (medians) for the period 1997 - 2002 for a fishing
mortality constraint of F = M = 0.15 and for 5 different annual catch contraints over the period 1998 - 2002.
Catch constrained to 400,000 t in 1997.

Results from ADAPT analysis

WESTERN HORSE MACKEREL

F and Catch constraints >| F=M 50 100 200 300 400
_year (1000t) (1000t) ('000t) (ooot) (000t  ('000t)

SSB 1997 1,334 1,333 1,362 1,383 1,308 1,368
1998 1,143 1,205 1,217 1,200 1,085 1,106

1999 1,065 1,265 1,234 1,130 922 857
2000 927 1,232 1,157 968 684 531
2001 793 1,169 1,056 796 451 246
2002 708 1,144 993 662 260 102

F and Catch constraints >} F=M 50 100 200 300 400
year (oooy  (oooy  (oooy  (oooy (000t — (1000T)

Catch | 1997 400* 400" 400* 400° 400* 400"
1998 221 50 100 200 300 400
1999 187 50 100 200 300 400
2000 166 50 100 200 300 400
2001 150 50 100 200 300 400
2002 138 50 100 200 300 400

* = calch assumed to be taken
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Figure 6.3.1 The age composition of the WESTERN HORSE MACKEREL in the internationa
catches from 1982-1996. The age composition of Dutch catches for the first half

1997 is shown (a fishery in the adult area).
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Figure 6.7.1. Westem Horse Mackerel.Estimates of posterior probability density for some key parameters
in the stock assessment.'F" here is taken as the population-weighted arithmetic mean F
from ages 4 to 14, and is referenced to M because M is a stochastic variable. Distributions calculated
from 4000 samples from Markov Chain thinned at intervals of 100 iterations.
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Figure 6.7.2. Western Horse Mackerel.Estimates of posterior probability density for some parameters
of maturity proportions in the stock assessment.See section 6.7.2.2. for description of the expression

of maturity in terms of parameters X1-X5
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Figure 6.7.3. Western Horse Mackerel. Estimated historic stock trajectories for some population dynamics parameters. Fishing mortality
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WESTERN HORSE MACKEREL. Summary of landings, fishing mortality, recruitment
and spawning stock biomass. Spawing stock biomas estimates from the egg surveys
in 1992 and 1995 are also indicated. Results are taken from the ADAPT analysis.
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Figure 6.10.2

F=M=0.15 from 1998 - 2002

ADAPT ANALYSIS
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size estimates for a fishing mortality constraint eqmvalent to fishing at F = M = 0.15 over
400,000 t in 1997. Fishing mortality in the .
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100,000 t/y from 1998-2002 ADAPT ANALYSIS

Tétai Landings Fishing Mortality

S.2a5 - 0. <40 - .
0.32 PNE
~n J.9aS5 - F
-
v L 0.243
e
‘5 2.4a5 - :
‘.o T 0.148 4
O 1,.3e5-
o T 1
1982 1992 2002
! Year
- - .
Recruitnent ‘
Be? - .
i
Se7 - i
s s :
5 -~
E da? - a :
v - ] i
[ “ !
2e7 ;
o -),’ﬁ‘\ , s
1982 1992 2002 i
- Year :
i
. - — e trmemm e - 4
- [P .. . Rt
: Stock Size
S.4e4 -
~ J.éed
-
-
«Q
“
v 1.8edl- d .
o v v T T x i
1982 1984 1990 1994 1998 2002 I‘
Yaar :
A — R —
Aisk to SSB
1.0 4
- 0.8 4 i
g
4 0.6 i
: I
8 i
»w 0.4+
“
el
e 0.2 4
[« ] T u - T T J
1982 1984 1990 1994 1998 X 2002

Year

—~——— fee =

- Figure6.104  WESTERN HORSE MACKEREL. Uncertainty in assessment and in medium-term
- projections. Upper pannels: Landings, fishing mortality, recruitment and spawning
stock size estimates for an annual catch contraint of 100,000t over the period 1998-2002.
Catch contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to
be less than 5 times fishing mortality in 1996. Lower pannels: Trajectories of stock size

estimates, and the estimated probability of the stock being below the 500,000 t by year.
Full lines, medians. Dashed lines, 25th and 75th percentiles. Dotted lines, 5th and 95th
percentiles.

GNACFM\WGMHSA\HOM_WEST\REP_TXT\LEGEND.DOC
172



200,000 t/y from 1998 - 2002

ADAPT ANALYSIS
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.WESTERN HORSE MACKEREL. Uncertainty in assessment and in medium-term
projections. Upper pannels: Landings, fishing mortality, recruitment and spawning
stock size estimates for an annual catch contraint of 200,000t over the period 1998-2002.

. Catch contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to
be less than 5 times fishing mortality in 1996. Lower pannels: Trajectories of stock size
estimates, and the estimated probability of the stock being below the 500,000 t by year.
Full lines, medians. Dashed lines, 25th and 75th percentiles. Dotted lines, Sth and 95th



300,000 t/y from 1998 -2002 ADAPT ANALYSIS
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Figure 6.10.7 “WESTERN HORSE MACKEREL. Uncertainty in assessment and in medium-term
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stock size estimates for an annual catch contraint of 400,000t over the period 1998-2002.
Catch contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to -
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estimates, and the estimated probability of the stock size being below the 500,000 t by
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