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1 INTRODUCTION
1.1 Terms of Reference

At the 84th Statutory Meeting (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 Headguarters from 9-18 September
1997 to: s

a) assess the stams 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 siock in Divisions YIic and IXa, and
the anchovy stocks in Sub-Area VI, and Division IXa;

¢) 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);

(=
Rl

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 asswming 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 recraitment;

- g} provide information on quantities of discards by gear type and OSPAR area for stocks of fish and fisheries
".considered by this group [OSPAR 1967/5.3] 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 possibie tme series of
recruitment. In particular, for the medium term analysis ICES is requesied 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%.

Equilibrium spawning stock biomass and equilibrium yield for a full range of fishing mortality rates. These
equilibrium calenlations shonid he 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
recruitnent. 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. o ' :
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1.2 Participants

Pablo Abaunza Spain
Sergei Belikov Russia
-Fatima Borges i - Portugal

“PabloCarrera - ' Spain .
Chris Darby UK (England)
Guus Eltink Netherlands

“Svein-A. Tversen S Norway
Michael Keating Ireland
Maria Manuel Martins Portugal

- John :Moiioy : Ireiand
Alberto Muria (Part-iime) Portugal
John Nichols UK (England)

- Kenneth Patterson - - UK (Scotland).
Graga Pestana(Part-time) -~ Portugal
Carmela Porteiro (Chairperson Spain

* Patrick Prouzet France -

“DaveReid - UK (Scotland} -

- Dankert Skagen - " Norway
Eduardo Soares Portugal
Karl-Johan Stzhr (Pan-ume) Denmark

© Andiés Uriarte Spain -

" Begoiia Villamor <. Spain

13 Quauty and Adequacy of Fishery and bamplmg Data

' 1.3:'.11 Samplmg data from commercial ﬁshery

. The. Waorkine Groun again carried oit a- hrief ev'mw of the gamnline data and the level of :camnline-on - the

wader VY Lamaaas SFISApS Spamall WRLLALS S S aate vadw Sirdaijraiian wimsi Salar AT AT VL. WL SRRAALpfaclim SAan Sl

commercial fisheries. A short sl_lm_marv-'nf- the data, similar to that: nreqented in recent Wnﬂnna Grmm 8 shm:m
for each stock species. The overall sampling intensity is similar in recent years. Intensive samnlm;z 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 Spam Portugal,

Ireland, England, France have been supported by an EU funded programme, 94/013.

The‘ sampling programme oni the:various species is summarised as follows:

o 'Mackerel

'Year ' Total catch - Catch covered by samphng progtamme  Samples - Measured: _Aged -
1996 563 600 446, 085 . 1,492 - 171,830 14,130
1995 755000 642400 1008 102383 14481
1994 822,000 657,000 o 807 72,541 13,360
1993 825,000 688,400 890 80411 12,922

11992 760,000 ‘_ S 645,000 o _ ) _: 92 : 77,000 - 1 1,300

In mackerel it appears that over 85% of the total caich was covered b 3« sam“ling and in general th.". S"'i-ling ie'vel

Anmanre fa hoa Jrmnessrad diaemme TO0A Caran arnod o cammling rrnearas nnd Dashiroanl cneeiad Aot an

aPPwD Lo LACL Y Ay .I.ujyjuvvu uul.l.llE Sl W Py \JULJIIH.IIJ uulu.u.l.vlavw ‘-I. ﬂﬂl.llt}llllé P.l.usl.ﬂ.llul.l\l SLEALE A WA I.I-I-Ell.l \.rlil.ll.l\-‘u \JI-II. ("4}

extremely intensive programme on their catches. There are still, however, a number of important mackerel
catching countries which did not camry out any sampling programmes, e.g. Faroes, France and Sweden. The
summarised details of the more important mackere! catching countries are shown in the following table.
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Country - = o Catch: Catch covered by sampling programme ~ Samples Measured . Aged

© Norway - 136,400 136,400 158 19,250 2,050
‘UK (Scotiand) 108,700 ’ 106,300 78 7,329 2,716
- Ireland . 54,300 : 48,600 61 10,092 - 3,021
UK (Engl. + Wales) -36,200 o 15,750 29 3,670 - 655
Netherlands 48,175 : 39,045 60 5,141 1,500
Denmark 28,500 17,136 8 712 712
Russia : 44,500 44,200 13 19,556 &07
Spain o 33,400 33,400 338 24,5363 1,130
Germany 13,700 2,254 61 34,963 665
Faroes 16,800 0 0
France 15,700 0 0
: Sweden - . 5,300 )] oo
Portugal ‘ 3,000 . 3000 . 686 . . 46604 1,074
Estonia 3,700 0 0
Others* | 15,225 - 0 0
Total 563,600 ' 446,085 1492 171,830 14,130
*hciuding discards.. ,
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The following table shows a summary of the overall samplmg intensity on horse mackerel catches in recent years.

- Year Total catch Catch covered by samplmg_@gramme Samples  Measured  Aged
1006 460,200 201,000 2498 208416 4719
1995 - 580,000 275,516 ' 2,041 177,803 5,885
1594 447,153 272,100 1,453 134269 6,571
1993 504,190 - ' 379,000 1,178 158,954 7,476
1992 436,500 ' 195,450 1,803 158447 5797

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

The Iouowmg 1abie shows the most 1mponant horse mackerel caiching couniries and the suminarised details of
iheir sampling programme in 1596.
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Country ~ ~ : Catch Catch covered by sampling programme _ Samples  Measured Aged
“Treland 127,500 T 63,000 26 3,076 ... 0
" Netherlands 136,000 164,000 76 9,105 1,500
- 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 T '

Others* -3,700 0

Total 460,000 201,000 2498 208416 . 4719

‘*In¢ludes discards, small catches by other countries, and some misreported catches.

Sardines

The sampling programmes camed out on sardines in 1996 was again very sumlar to the programmes of recent
“years and is summarised as follows.

T MAtal Antnh T atnh Anvrarad har mnlinn emATaTRTLA e | AnorIEa ;\..;-m-l
& Wddl WAL bl L TrCLLWANL WL Y AL Al r.rJ l,ujus RN AN NEN EY N UCII.AIF.I.UD AT A L ! n&w
109§ 126,926 11,431 833 73220 . 4,830
1995°" 138204 121,384 716 59444 - - 4991
1994 - 162,900 134,700 - - 748 63,788 - 4,253
1993 7 149,600 143200 813 68,225 © - 4,821
1992 - 164,000 130,000 . 788 66,346 . 4,086

In ;-g_eneral _the. overall sarnpling intensity remains at a satisfactory level and good .cbve_rage is marirrtained
_throughout_rhe year. No sampling programmes are carried but by France or Denmark or the Un_ited Kingdom.

' The summansed details of individual samp]mg programmes in 1996 are shown below on the Tollowing page.

: "-.Counu'yr

. Measured-

Catch Catch covered by samphng progra.mrne : Samples _ Agcd- Y
' Portizgal - 85757 - 85,757 . - 392. . . 32,237 3,073 - &
~ Spain 25674 25674 441 7 40983 . 1757
France 8,706 0
UK (England) - 6868 S e

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 comsiderably. However,

sampling is stratified and appears to be satisfactory.

Year Total catch Caich 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




Catches of anchovy were taken by Portugal in 1996 but were not subject to a sampling programme. The sampling
data from Spam and France who carry out comprehenswe programmes are shown below.

Country Catch. Cam__ covered by sam _pﬁno rogramme - Samnles Measured Aged
France 15,238 ¢ 15,238 S 26 1,432 668
Spain 20,761 20,717 o 188 16,368 3,361
Portugal 2,775 ?

-1.3.2 Catchdata

The possible underestimation of the totai mackerei catch has been discussed ‘oy a number of receni working
groups. The 1996 Working Group expressed concern abour the possible Jarge scale misteporiing of mackerel] as
~horse mackerel in the northern areas. It has not however been able to clarify this situation-and the Working Group
- therefore did not miake 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 réduced TACs. As in recent

years & number of countries which have substantial mac mackere] ficheriec s .g. France, Faroes, Sweden, Estonia, have

5%
haen nnahls in pm‘.fide dats on the d:grribl_!_gn of the r-atr-heq per v.tanqncal rectangle. The amounts of mackerel
19C

worted” to incorrect areas

© “misren i
misreported™ to inc eas In

Misreporting of mackerel by area continues to be a problem between Division VIa and Division IVa particularly
- during 'the: month - of  January. The Working Group considers that this problem could be solved without

‘endangering the North Sea stock by allowing fishing in Division IVa during January. There may be a problem of
« misreporting between IVa and ITa 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 slipping of small mackerel in the fisheries in Division ITa and Sub-area IV, mainly

because of the very high prices paid for larger mackere]l (>600 g). This factor was put forward as a noqs*.lble

reason for the very lnw abundance of the 1901 vear class in the 1993 catches in numbers at age. In some ﬁshenes
e.z. those in Sub-areas VI and VII mackerel is taken s a by catch in the horse mackerel fisheries. Reports from
these fisheries have suggested that discarding may be significant because of the low mackerel quota relative to
the high mackerel quota - particularly in those fisheries carried out by freezer trawlers. In the fisheries carried out
in Divisions Ha and IVa the difference in prices paid for small and large mackerel has decreased since 1994 and
tthe- 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 studying the performance of
the purse seine fisheries for herring and mackere}. This programme will provide data on discards for these fleets.
At present only one country - the Netherlands -is providing information on mackerel discards but this information
is not applied to any other fleets. The Working Group would alsc like to draw attention to the possibility that
discarding of small mackerel may again become a problem in all areas if the 1996 year class is very strong as

P T e )
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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 ef 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 mackere! and less than 1% for sardine.

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

Because of the p‘ot_ential. importance of significant discards levels on the mackerel and horse mackerel
assessments the Worldng Group recommends that observers should be placed on bhoard vessels in those

AR MR BT L.
areas in which discarding may be a problem. This ohserver programme should be commenced as soon as
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“1.3.4' " Fleet data

In 1993, the Working Group expressed concern that msufﬁc;ent information was ava:lable 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 composmon, e.g. size of vessels, type of vessel overall horse power, size etc., should be updated each year.

- This- year's Working ' Group noted thai the data ‘as it 1s currently provided io. the wonqng uroup makes the

wdesired 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/rawlers may switch preferences for-one
ft-\r-l-mmnp to the other, Vesgsels may- glgo switch areas and stocks: nﬂ‘nrﬂmo to - market conditions and- rhanapc in

-ma,nagemem eriteria. These are- hkely to be difficult to document, and w;l! 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 prondmg any useable proﬁles of the dlfferent fleets.

" However, the Workmg Group felt that it remamed useful to have. mfonnauon ava.llable profilmg the dlfferent
-pational 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 mformatlon provided should mclude'

L =target species
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" The quality of the’ aze data for the various assessments denends on 1) the atcuracy and DI'BCISIOD of the age
readlngs of each species, and 2) the samplmg intensity which enables the catches to be converted into numbers at

" age. The Working Group examined the various specles in respect to these factors. Factor 1 is dealt wﬂh in this
Secuon, but factor 21 is dealt w1th in Secuon 13.1. ' : e

Mackerel

A mackerel otolith exchange in
_WOIKSI.IUP was IIBI.U ll'.l I"C-Dl'_ ary
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Horse Mackerel

A horse mackerel otolith exchange has been carried out in 1996. The resuits show that there is a considerable
bias in the age readings. The resulis 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 hotse mackerel are the Netherlands,
Spain, Portugal and Norway. For the western area the catches of the non-sampling countries use the age
composmons of either the Netherlands or Norway (only for the Divisions Ila-and IVa aréa) to raise these to their
* pwn catches. In some cases this causes serious problems, €. g wherein a'certain area/pericd the:Netherlands took
* only one sample because of iow Duich catches and the Dutch age composition was then raised to the high catches
of non-sampling countries. The quality of the caich 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 immediately (see Section 1.3.1). The text table below shows
how the number of otohth readings relates to the catches by country for both the western and North Sea area in
1996 : _ . o , : ,

_Country Catch (0*  Otoliths read
" Netherlands 136,000~ 1,900
Ireland 127000 0
UK 47,000 0
Denmark 45,000 0
‘Spain 30,000 663
'Portmgal 14000 2,000
.. -Germany 17,000 - 0 ¥
Norway 15,500 “142°

*This includes disﬁa}ds.

Therefore the Working Group strongly recommends that all countnes w1t|1 relanvely high orse mackerei
catches should sample for age at an adequate level.

 otolith exchange between Spain and Portugal carried out during 1996. Otolith samnles collected in different areas
-and seasons off the Atlantic-Therian 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 agréement
with those readings performed by the most experienced Portuguese readers.

th Age Reading wac held in TEO, an (Spain), fnllnwm;r the sardine

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 aiso planned tnat this protocol wili be
. -ccunp]emented with a future guide that w1ll asmst. the otolith readers.

Anchovy
Tha age readings of anchevy and the age sampling of all the catches appear to be satisfactory

" 'The main problems in reSpect to the biological data (except age reading), which are 1denuﬁed by the Working
Group for the various species, are:

Mackerel

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

Hrarea marlaral
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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 Secnon 1.4 and 6 5) There exists uncertainty about
the level of natural mortality (see Section 6.6).

... Sardine

' ."Ifhis years niatu.n"ty ogive seems to be biased to the older ages compared to the maturity ogive of previous years.
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B chogy

The main blolnglcal problems for anchovy lies in uudersta.ndlng the nugratlon of O—group ﬁsh and their: pre-
recruit distribution. Information is also required about variations in natural mortality (M) as M may increase
dramatically immediately after spawmng has been. completed 'A better understanding is needed of seasonal
growth in weight and length 1o 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.

14 Review of the Mackerel and Horse Mackerel Egg Survey Workmg Group

T YEF. 1 M . TEI L. L.___ 3 T n,l."_.--_.:1nn'-l L PR msemnr o wndfnmniena wasaen PR [ ) .
ine working Oroup mei iit Lispon Iom 5—/ réolualy 1¥¥/. iné mhal wain terms of reference were t pian i
sampling, for both plankion and adult parameters, for the proposed egg surveys of the westemn 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 tesults of the
1996 North Sea mackerel egg surveys. These results are fully reported in Section 2.2.1.

141 1998 western and s'Ouﬂie'i'n area egg surveys 3 o

A total of nine institutes from eight countries are comanitted 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 dunng penods 4-5 botn areas wiil be samplecl The only changes noted to the plan since the r,gg
~ Survey wormng uroup met are: me German survey @ \Tv’mter ner\mg ) will now be from 13 lVlaICn—b April not 7—
. 'Ly IVLarcn anu ult: nngubn burvcy w1u Dc carried out on R v u.u ybwa not BV \.,uumua ang will be wiwuucd u_y‘

4 days

It has been requested that, where space is available, vessels should carry cetacean and seabird observers as part
) nf an mtemntmnal programme nr;rgmsgd bv Mm’dlk Leonold ( Netherlandq‘i

The Dlankton samnhng su'ategv 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 prnducﬁon
estimates for mackerei. Because the peax of spawning occurs at different times in these areas, combining the egg
production curves is noi praciical. Instead it was agreed that egg production estimates would be calculated
. separately for the western and southem areas and then added together 10 produce a comblned esnmate for the

"'North East Atlantic mackerel.

2]

ample 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, IEQ, Spain, They will be responsible for subsequent
analysis of the data and caleulation of total annual egg production of both species.

* Samples of adults for total fecundify 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 4l 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 wili
. only be taken at the peak of spawning. It is important that these sampies are not only taken from the peak
' _"spawnmg areas of predormnanﬂy adult abundance buit also from the areas juvenile distribution. In this context the
Working Group requested information on the distribution of 1, 2 and 3 years oId mackerel and horse macketel
from the Assessment Working Group

» the actimates of mackeral facundity in the west and southern areas can

_be .-ornbined; The-_e it a q'fm ﬁu;,_n_, elat‘n 18 in hetwee ﬁsh lght and eggs ner gram. in 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 sampling.
“In order to calculate-the maturity ogive. precisely it is vital that histological preparations of the ovaries are made
-and examined microscopically. A proposal for funding for this work has been: submitted to the EU. Because of
~the cost of this sampling programmme it is unlikely: that it will be carried out unless. financial support becomes
--available. The maturity oglves for the western and southem areas canbe combined by welghtmg for the spawning
- fraction in each area. :

Sample and data analysis 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 broup conciuded that they couid not. proauce a pIOVISlU[}m egg pwuubuuﬁ or SSB estimate for
either species in time for ihe 15598 Assessmeni Working Group meeiing or the Ootober ACPM meeting. Instead
they recommended that the Egg Survey Working Group should meet from 13-19 April 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 {o re-tune the VPA estimates of stock size in time for the May 1999 meeting of
. ACEM, For this reason it is important that the Egg Survey Working Group meeting does not coincide with the
Herrine Ascecement Wr_)ﬂn g Group meetmg

e B L At 1g WL

1.4.2 Review of mackerel fecundity and atresia

This Working Group had requesied a review of the historic data series with particular reference to the
significance of the inter-annual differences in the estimates of fecundity 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 Workmg Group (ICES 1997/H:4, Appendix 1).

Fecundlty - It was concluded that there was a srgmﬁcant linear downward trend in potennal fecundlty,
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 potential fecundity from
the 1025, 1920, 1092 and 1995 estimates {1526 oocytes/ gm. female) shonld be used. For the survey vears

1986, 1 9,9 19972 and 1995 the observed values for those vears should be used.

= Alresia - this has only been estimated in the -survey: years frcm 1989. There was no evidence of a

: significant difference in the prevalence of atresia between the.three years. There was significant evidence
that the intensity of atresia in those fish with atresia was differant 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 shouid ensure .that this
paramcter can be cajculated and used as a separate observation for that year.

| The recalculated values of 558 based on the abcve advice on fecundlty and atresia are given in Table
2. 2 1
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The Working Group was asked to examine the ba315 for a different ‘maturity ogive which has been unsed. since
1986 for the 1984 year class.

Over the period 1977 1989 nlamrity ogives were based on maturity at age derived from fish excnﬁned over a
wide area of their distribution. The ogive was constructed from the proportion of mature fish found imrespective
of catch Werghts oL the number of fish examined from different areas.

The 1984 year class, as two year olds in 1986, was considered to be exeeptiddal (20% mature) from the long term
average maturity-ogive (2 year olds 60% mature). The conclusion was supported by two-other observations:

L Two year olds on the spawning ground in 1086 were 3 om smaller than two year olds in 1985 (1983 vear
clasg),
2 The expected number of 1984 year: class fish mature in' 1986, as a. propomon of the total mature
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As a consequence for the 1984 year class, the value of 20% mature at two years old was accepted and used.

=W1th respect 1o the fi¥st point the 1984 year class was subsequently found tobe above average nu:mbers 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 thah‘a change in mean-size for thie 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 pomt, a change in the basls for caleulaung the pmportwn of: ﬁsh spawnmg on- the
grounds was made. The change was to include fish about to spawn and spent fish, as well as running females.

"This'resuited in 4 revision- upwards from 11% to 17% for the proporoon of the population beloriging to-the 1984
: year class wmcn were spawnmg m 1986. :

In conclasion,’ the observed redueed matunty of the 1984 year class in-1986: could have been generated by pomts
-1 and 2 above. Equally it could have been generated by biased sampling related to changes in' the population

_'I'mﬂnn ac ‘was the cade with mean weicht at aee. The 'Fv’o'a' anpv Working Groun conchaded  that if the
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ecision to change the mean weight at age was sound then it wnu]d be consistent to assnme-that the heavier fish

- digte
dec
were nredonunantlv mature and therefore the general matuntv ogive, applied smce 1977, should be adopted for

the 1984 year class from 1986.

RE I 4 Maturlty ogwe for the 1992 and 1995 egg surveys

- In resporise to the Teéquest (ICES 1997!Assess 3y the Workmg Group were not able. to provrde a matunty ogwe
with a CV for either of these survey years. Sampling in-these years was concentrated on-the spawning grounds
and did not adequately cover tne areas ot Juvemte dlslnbunon where srnauer tess mature 2 year old fish may have

: been more abundant L ‘ .

‘ '1.4.5' Future North Sea egg si.lrve'ys'"

There is uncertainty about the origin gf the exc pﬁggﬂ_ﬂy higt -_'l_.ft‘!bE!‘S _f 1996 year clage mackeral ‘obszerved in
the TBTS in the North Sea as ‘0" groups (Figure 2.4.1) and as ‘1’ groups (Flg'ure 242). 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 Workmg Group recommends that a‘survey of the North Sea spawmng area is carried out in 1999
_ '1-5':_ Specles ang SEERRIETAE
. Scamber sp.

As in previous years, there was also a Span:sh and Purtuguese ﬁshery for Spa.msh mackerel, Scomber Japomcus,
in the south of Division VIIb, in Division VIIc and Division'IXa. : : :
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VIITh was 778 t, an increase with respect to 1994 and 1995 ~di Tl East the catch was 2,633
similar to the catch in 1995. In Sub-division VIIIc West thls is the ﬁrst year in whlch 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 Spariish
mackerel in Sub-division IXa North in 1996, mainly in the 3rd quarter, with a catch of 5,066 t. There ig no etror

in the 1dent:|f1catlon of mackerel spemes in the Spamsh ﬁsherj,r in Dmsmns VIIIbc and Sub-dmsmn IXa North

“In Sub-dnnsron IXa South, the Gulf of Cadlz, there is a small: Spamsh ﬁshery for mlxed mackerel spee1es whlch
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 fotal catch in weight 'of both species (M. Milldi, pers. comm). Due to the uncertainties as to: the
proportion of S. Scombrus in landmgs for this area, they have never been included in the mackerel catches

sinemmmtad bo $hie Winelring fianiin b Qeanin
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“In“Portugal ‘the landings of ‘Spanish - mackerel fromi Division IXa (CN, CS and 8) were 4,759:t in 1996, hore
abundant in the southern areas than those of the niorth (Tablé 1.5.1). These species are landed by:all fleets but the



purse seiners accounied 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 8. seombrus.

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 scotes, excluding
the possibility of hybrids between species (Soriang, M. and A. Sanjuan, WD 1997).

+

-

that catch and lengtn mstnnuuons and numbers at age of T. irachurus suppucu io the wunuug Group did no
inciude T. mediterranens and 7. picturatus. Spain pxuv:uuu data on T. mediterraneus and Portugal on T,

picturaius.

In Divisions VIIlab and Sub—dmsmn VHIc East, the total catch of T. medzterraneus was 4,618 tin 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
ca’oches 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 distﬁbutidns"of T. mediterraneus in the Spanish fishery in Divisions VIIIa,b and ¢ were
reported separately from the catches and length distributions of T. srachurus.

A fishery for T. picturarus only occurred in the southern part of Division IXa, as in previous years. Daia on T
picturatus in the Portuguese fishery for the period 19861996 are also given in Table 1.5.2. Catches and length
distributions of T. trachurus for the Portuguese fishery in I;)ivision IXa do not include data for T picturams. '

ic availahle on j;e amounis a‘pt‘] di rrghnhm'l n-F catches of T. mediterraneus and T. picturatus for
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only made for T. trachums, the Workmg 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.- rrachurus
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catches in tonnes of Scomber 3Japonicus in Bivisions VIIIDb,

VIIilic

the period 1982-1996.

Tabla 1, 5. 1: and.I¥a in
Country Sub-Divigions | 1982 1983 1984 1985 1986 1987 1588 1989 1990 1991 1992 1593 1994 1995 1996
bivision VIIIb 0 0 e 0" "o o o o o 487 . 7 ‘4 427 . 247 778 .
VIIIc East 322 254 €56 513 750 1150 1214 3091 1923 1502 - 859 1892 1903 2553 2633
VIIXe west _. ' "_ll_: ; ._ . P o l 47 l
Spain Total 322 254 656 513 750 - 1150 1214 3091 1923 1502 . 859 1892 1903 2558 2679
IXa Northi ' L 2557 7560 4705 5066
IXa Seuth _ _ 885 800 1013 364 370.
Total 0 n 0. 0. .0 0 ‘0 20 0 " B95 3357 8573 5068 5437
TPotal Spain 322 254 656 513 750 1150 | 1214 3091 1923 1989 1761 5353 10903 7872 8894
IXa Central-North s . S . o - i} 785,
Portugal IXa Central-South 2224
IXa South . o 1749
Total Portugal 564 373 8059 9118 8184 ..8261 3816 6447 8567 10142 8942 7341 4438 3884 4759
Divislon VIIIb i 487 7. 4 427 2479, 778
VIIIc East 322 254 656 - 513, 750 1150 1214 3091 1923 1502° B850 1892 1903 . 2558 2633
VIIIe west ; A L ) S Lo e : o 47 -
Divialon VIiIc 322 254 656 513, 750 1150 1214 3091 1923 1502  B53 1892 1903 . 2555 2679 .
TOTAL g g - R - X g B T
IXa North 2557 7560 . 4705 ' 5066
IXa Central-North 785
I¥a Central--South . S 2224 .
IXa Soukh 895 BO0 1013 ° 364 2120
Division IXu 664 373 8059 9118 . 81lsd. B261 3816 6447 8567 10142 9837 10698 13011 8952 10195
Total 986 627 9411 5030 9538 10490 12131 10703 12594 15341 13653

8715 . 9631 - 8934

e/acim\wgnhsa98\T-151_x1=

11756




Table 1. 5. 2 1 Catches {t) of Trachurus mediterraneus in Divisions virlab, VI_IIc' and IXa in the period 1983-19

in Divisifn IXa, Subarea X and in CECAF Division 34.1.1 in the period 1986-1996. .

96 and Trachurus picturatus

sub-Dividicns 1986

pivisidne 1987; 1988 1989 1090 1991 1992 1993 1994 1995 1996
vIIrah - - . 23 298 2122 1123 649 . 1573 - 2271 1175
: VIIIc East - - - 3503 2943 - 5020 4804 5576 3344 . 4585 3443
. vizzc VITIc west - - - 0 0. - 0 0 ‘0 0 ‘0 .
T. meditarransus Total - - - 3903 2943 5020, 4804 5576 3344 4585 3443
' ‘ IXa North - - - 0 o 0 0 0 0 0 0
Ixa M™Ha ¢, H&d - - = 0 o 0 0 0 0 0 0
' rotal - - - 0 0 ) 0 "0 ) o 0
IXa - 367 181 - 2370 2394 2012 - 1700 1035 1028 - 1045  73® 1009
% 3331 3020 3079 2866 2510 . 1274 1255 1732 1778 1B22z 1715
T. plcturatus AZOrean Area ' ’ : )
34.1.1 2006 1533 1564 1161 192 530 297 2.06 393

Madeirats aras

1687

1863

() Not available

e; \acn\womhsadB\T-152 . x1s




2 MACKEREL - GENERAL
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, 1989) and egg distributions the Working Group in 1995 (ICES 1996/Assess:7) decided to pool these
umits 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—]anuary) Since it is
impossible to split the mackerel caught in these areas by siocks ail the fish caught have been aifocated ic the
Western stock. The catches of North Sea mackerel has been included in the-assessment of Western mackeiel
since 1983 (ICES 198%9/Assess:11). Due to big differences in stock size Jevels this has negligible imipact 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 northein 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 units now are treated as one unit the Workmg Group considers it lmportant to be able
to follow the development of the egg production and spawning biomass in the Westem ‘Southern and North Sea
spawning area separately. :

A joint EU/Norwegian mackere] tagging project (1996/035) invoiving Spain, Portugal, Treland; 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 projeci was 1) to siudy the migrations of adult and juvenile fish in the southers and western
areas and 2) to obtain information on the recruitment patterns of juvenile fish from the Iberian peninsila and: off
north west Ireland. Preliminary results shonld be available for the 1998 meeting of the Workmg Group

22 S
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2.2.1 North Sea area

An egg survey of the North Sea was carried out between 6 June and 2 July 1996 with a total of three coverﬁgcs of
the spawning area by Denmark and Norway. A total of 30 ship days was deployed compared mth 20 days in
1990 when the last egg survey was carried out, (ICES 1997/H: 4)

On the first survey daily egg production was low (1.02 xio" eggSJ but peak prouucuon occuired - at the souib-
western corner of the surveyed area. It was possible that some prouuouun Wwas Tnissed oi tual. SULVEyY. :

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 xl{)12 egos) and declined to 1. 07 xlO12 eggs

on the ﬁna_l survev at the and of Tune,

Lilws LEEL T oG e L

A total seasonal egg production of 59 x10" eggs was calculated from these SUIveys based on spawnmg startmg
on 17 May and ending on 27 July, as used in the 1990 egg survey calculations. By applymg the: fecundlty values
from Iversen and Adoff (1983), a spawning stock biomass of 84,000 t is calcilated. USlng mean alresm 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 199;9 (see éeétion
- 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 {ses Section 1.4.2). Those changes were accented by this Working Group and have been incorporated into

the current assessment, The ectimates of fpmmdﬂv nt’rema and S8B of _mackerel in ICES (1997;ASSGSS 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 (seé 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 - AMlocation of Catches to Stock |

Since 1987 all catches. taken in the North Sea and Division IIla 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
caiculate the total catch taken from the North Sea stock component separateiy but it has been believed io be less
than 10,000 t for a number of f years. This is because of ihe vc[y low stock size and because of the low catches
taken from Divisions IVb,c. This uguu: was uug,umu_y based on a wr-.paﬁson of the ags CGI‘ﬁpGSlh a3 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 international egg survey carried out in the
North Sea doring Tune 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 ali 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 Aﬂanue mackerel unit.

The TAC for the Southern area appiies to Divisions VIiic and Laa Since 1990, 3,000 t of this TAC, which has
been fixed at 30,000 t, has been permitied to be iaken from Division Viilb in Spanish waters. This area is
_mc]uded in the “Westem management area. These catches (3,000 t) have always been included by the Working
Group_ in the western component and are therefore included m the F values used in the assessmerit for the
- Western area.

2.4 Distribntion of Juvenile Mackerel
2.4.1 Surveys in winter 1996/97
‘ Fourth guaﬁer 1996 _:

High catch rates of 1996 year class fish were taken offi the western Iberian coast, west of Ireland and in the

T ampen!vucmg banks area and the central Norih Sea (rlgure 2.4.1). Lower caich rates ihan usual were recorded
_in the Hebrides NW Ireland area. For ihe 1995 year ciass ihere were small caiches at the NW corner of Spain.
_ The highest caich rates were recorded off NW Treland and the Hebrides. However, these catches were
,'substantlally 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 mnr-enrmteﬂ in the NW Trelandﬂ-lehndeq area, with some reasonable catches in the Vlkmg Ba_nk area and

m the southem Norr.h Sea S
First_ quarter 1997

No data are yet available for j1‘.he 1994 and 1995 year classes. The bulk of the fish from the 1996 year class were
caught in the TampenN iking Banks area of the North Sea (Flgure 2, 4 2) Sma]ler catches were also ta.ken NW of

survey in March 1997 found large quanuues of _]UVGIJHG mackerel in la)'EIS ClOSE to the seabed.

1t should also be mentloned that the Scottish bottom trawl] survey on the Rockall Bank in August 1997 made large
. catches .of juvenile ‘mackerel whmh have not been ‘observed here before. This was also confirmed by Irish
N commercial trawhng operations in July :

—
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242 Trends in age 0 fish in the fourth quarter surveys 1989-96 (Figure 2.4.3)

o Waest Iberia: There has been a consistent "hot-spot” around the area of the Spanish/Portuguese border except
for 1990 and 91.
e 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.
« Cornwall & Western Approaches: Caich rates were very low from 1989 to 92 and-thén increased to moderate
levels from 1993 to 96.
. West of Ireland/Hebrldes Generally high caich rates ‘were recorded up to 1995 but-were much reduced in
“'1996. Caich rates were higher ini the Hebrides area in'1993 and 95. - RS
~»" North Sea: Data have only been processed for' 1995 and 96. Moderate catch rates were recorded in the central
o 1=North Sea in 1995. In 1996 the catch rates mcreased conmderably and the fish oocupled a wxder area to
' __molude Tampen and Vlkmg Banks - SR : ‘

_‘:_2 4.3 Trends m age 1 ﬁsh in the ﬁrst quarter surveys 1986—97 (Flgure 2 4. 4)

There was no covera g€ 501N O

o 94 and fﬁen:dec.easEd

RV =

T RAT e A PP IERIR Y
Cornwall & Wesiern np}.uua\.-hua Catch rates mcreamﬂ to b igh levels from 198"-

. __'thereafter The' ‘maximurn catch rates were recorded in 1992 g

o West of Ireland!l-lebndes The bulk of the age 1 fish were found in this area from 1990. The distribition
tended to be more northerly (i.e. Hebndes aréa) during the good recruitment years of 1988, 90, 94 & 96.In
vedrs of poor recruitment the distribution was miore even or tended to be higher in the areas off Cornwall.

L Verv few age 1 fish were caught in this area in 1997.

. North Sea: Data have onlv 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 age1 fish
were found in the area of ‘the Tampen and Viking Bariks. This is & highly unusual event, as oan 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.

2.4.4 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 1007/Assess:3) that this might be explained by the more northerly distribution of the juvenile fish in

rece.nt vears. The’ Workms_r Group reeonunended that modelhng and other studles Ibe camed out to exp]ore thls

' To th:s end stuches have been camed out o compate the recrmtment ‘indices calculated for each mdmdual
_Survey series with the assessment index of recruitment. Two indices; one calculated from the Scottish west coast
survey in, the first quarter at-age 1 (Flgure 2.435) and one, from the La’ Coruna fishery CPUE at’ age'l (Spamsh
_trawl fleet, VIIic west) (Figure 2.4.6) show good ﬁts w1th the assessment As noted i in last years’ report (ICES
- 1997/Assess:3) there appears to be a tendency in recent years for mgn catch rates 1o be ta.tcen at the extreme north
and south ends of the range in good recruit years. Examination of ihe age 1 disiribuiion maps from the quarier 1

bottom trawi surveys show that high caich rates were recorded in the Hebrides arca in 1988, 90, 94 & 96, in cach
case following a peak in recruitment. There may be two possible explanations for this. First, that’ fol]ovnng a
...good recruit year the juvenile fish tend to spread out over a wider area, the so called "basin effect”. Or second]y,
. that the condltxons which lead to a goocl recruitment also tend to result in the a greater transport of the young fish
_into the I-‘eh .d..s area In either case t_here is mnd suntmrt from these data for the use of the West of Scotland

- It is interesting to note that the index detived from all the surveys also showed up the good recruit years well.
i.‘_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 Comwall, and this would have tended to produce : | hlgh
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 Sea. Based on the assumption that these fish might
belong to the Western “stock” rather than the North Sea “stock” théy were then included in the west coast index.
~This resulted ina good fit-with- the assessment mdex

The conclusmn from these stuches is that the two trawl mdlces can be used -as rehable 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 appreclanon of changes in _)uvemle dlstnbunon and their potential impact on
the validity of the indices. , ; :

As noted in last year’'s Working Group repert (ICES 1997/Assess:3) and- again this year, there have been marked
interannual . changes in-the North/South distributions of juvenile mackerei which have cast doubt on ihe
traditionai method of calcmaung the recruit index. For.ihis reason this index has not been calculated . for 1996.

The two indices meniioned above, the Scottish west coast survey 4t age 1 and the La Corufia fishery al will
be used to indicate the pattern of recruitment.
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25 The Flshery in 1996

The total catch esnmated bv 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 mainly 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 shcwn in this table but these estimates
‘apply to.one fleet only ! : : :

. Uunng 1996 the mgnesr caiches (over 201,600 i} were agaun iaken from Sub-area IV and Divisicn flla - over
97% of these having been taken inDivision 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 V1TTa b.d.e (213,000 ©). The catches taken in Divisions VIIIc and

TXa 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 t.of
mackerel, taken in Division IVa, were reported as having been taken in Division VIa - the corresponding 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 ¢,

- - -~

The catches per quarter and per Sub-area and by Division are shown in Tabie 2.5.1 and aiso in mgures 25.1ad.
The quarterly distribution of the fisheries in 1996 was very similar o that of 1995. Over 37% of the ivial caich
~ was taken during the Ist 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 VIIL 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 overwintering areas in Division IVa.

. 'The main catches frnm Divisions VI and IXa were taken in Quarter 2 - over.57% Df 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 timing of the fisheries, with a
decreasing amount of the catch being taken from Q4 and a corresponding increase in the catches from QI.

Percentage distribution of the total catches from 1990-1996 -

Year Ql Q2 Q3 Q4
1990 28 6 26 40
1991 38 5 25 32
1992 34 5 24 37
1993 26 7 25 39
1994 32 6 28 34

1995 37 8 27 28
1996 37 8 32 23
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Natlonal catches :

The nattonal catches recorded by the various couniries for the dlfferent areas are shown in Tables 2. 5 2——2 3.5 As
has been stated before these figures should not be used to study trends in national figures because of the degree
of moisréporting, 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 comrected. These,
‘migtakes, 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 Ha-and Vb (Table 2.5.2) was believed to be about 103,300 t, which was
i'cons'iae'rabijr lower than that for 1995 (‘1 35,493). Most of :thiscatch was taken by Norway and Russia. The total

-caich believed o have been taken from “infternadonai’™ ‘waiers in-ihis area was aboui 5 1,500 1. There appeareu {0

- [MVU UUU-II. e’ u.uawputtmg U.l bdl.bllﬂb ll.Uul uue aréa- uu.uug 1770 IJI.I.L uwtc Ib no lela - 5U] PPU].I. I.l,llb d.aal.uupuuu

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
Thainly a result of a‘decrease in fishing:effort in Division IVa as a result of the reduced quota and more effective
“énforcement of the mandgement 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 0001 were' also recorded by Denmark, the Umted ngdom a.nd Faroe
' Islands

The total catch estirnated from the Western areas (Table 2.5.4) was 213,300 t , after correcting for unallocated

and misreported catches (minus 41,500 t). The unaiiocated, misreported catches and discards are mainiy made up
- of an unaliocatéd catch of approximately 10,000 t:together with caiches of aboui'51,700.1 believed to have been
‘taken in Division IVa: The national catches have been very stable for a number of years the main catches bemg
: recorded by the Un:ted ngdom Ireland and the Netherlands . :

. 'T’he t ':'r' I pate }! gr-m-rlprl from - nnnunng VIII: gnd T¥a (Tahle 2 ’-'\ 5) wae 34, mn w]-m‘h i fhP hroheqt tnral
; i before 19‘77 and cnntmueq the 1ncreas.mg t:rend m catcheq fmm thls area-observed i 1n recent years.

' by Spam (>90%)
2.5 1 ACFM adﬂce and management apphcable to 1996 and 199‘7

The TACs agreed by the various management authomles and the ad\rlce gwen by ACFM for 1996 and 1997 were
~a8 follows

: 1997

Stock : Advxee recommended by ACFM Agreed TAC| Catch ‘Recommended TAC Agreed TAC

North Sea Stock- [Lowest possible level 528 2 LPL. 52.8

‘.‘r’e"t"i:'n: Stock ISignificant 're&uction of F o360l 530! see text 3632
‘ Southern Stock {No. advxce glven .30 34] : _see text . ~30.

Assumed to be mainly Western stock mackerel taken from Sub-area IV Division IIIa and Ila, and mcluded 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 mortality in order to restore and maintain the SSB w1thm the range observed in the time
series available. :

Te
Itis a aEa.ul l..IJ.IPUl.I.ﬂ..I.II. to stress that while

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, \yhioh are inain_ly taken-rby Russia in the Norwegian Sea, have

thao rnnnmmanﬂnr‘ 'T'.'\ r'c- ure mannt tn
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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 whlch can be taken in thlS ﬁshery

In addttlon o the TACs and the: nat:onal quota the follomna are some’ of the mere important -additional
management measures which were in force.in. 1996 -and are-again-in force in:1997. These measures are mainly
* -designed to afford maximum protection to the North Sea stock while it remains in it’s present depleted state while
at the same time allowmg ﬁshmg ot the western stock whrle itis present in the North Sea.

1. Prohrbltlon of ﬁshmg in Dmswn 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 D1v1sron IVa the first quarter of 1996
and 1997);

2. Prohibiiion of a directed mackerei fishery 'n ihe “Comwall Box™;
. LY e e il oo TUT TAIeicime TET - o A AE o f TN -2 = RFTY . -1 T
i 1V1u1uuuu1 ldﬂulﬂg bl&t’- O JU CIn 10T vup-arca 1v, LAVISION Lila afid Zo CII 10T LJIVISIONS v .1LC ang LAd.

Va.rious nattonal 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 comected for any mzsreporung

Flrst quarter 1996

-Catches taken during this quarter totalled about 207,800 t. Misreporting of catches between Division IVa and VIa
takes place partienlarly during the early part of this quarter and althongh the amounts have decreased during 1996
the drsmbu'aon of the fishery shown in-this quarter should be treated with caution. The distribution of the-catches
appear to be very similar to that of 1995 and reflects the migration of the shoals as-they move away from the
overwintering areas in the North Sea and Ila along the west of Scotland and Ireland towards the spawning
-grounds south-west:of Ireland and England. Small catches are also taken during this quarter in the western

Eughsh Channel and along the. Iberian Peninsuta: The distribution is shown in Flgure 2.5.1a.

v becond quarter 1996

Caiches: uurmg uns.'quarter- totailed about 47,000 i The main caiches were again iaken ifrom the spawning

.+grounds west.and south-west of Ireland. Small catches were again taken from the Iberian Peninsula, particularly
in' the: south-eastern-Section. of the Bay of Biscay. Some catches were also reported from the international waters
in the Norweglan sea. The dlsu'lbuuon was agam very similar to that of 1995 and is shown in Figure 2.5.1.b.

Third quarter 1996

Catches during this quarter totalled about 180,800 t. During this quarter the main catches 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 distribution
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 caiches taken in the later part of the quarter. Small catches were again
iaken from around the Iberian Peninsuia, particuiariy aiong the west coast of Porugal. The distribution is shown
in Figure 2.5.1.c.

Fourth quarter 1996

Catches during this goarter totalled 128,800t. The main catches were again taken west rgf Nnrwav Car_ghgq 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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2,75 Length Compositions by Fleet: and Couniry

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 Wor]nng Group ﬁ]es The length dxstnbunons by country and by fleet for 1996 are shown
‘dn Table 2.7.1. s .

'2'.3 Caich in Numbers at Age
L o TP TR numbers s Fr Tyivriatorie Tine Tas TWae Tk ne Ular

- s TTTe UT 1T,
il age Uy qua.um A0 LAAVISIONS #18; 113, L vV &, LV 0,0, ¥id; - vua,c,a,s,u, V.lIb,b,J,l\, Vild

11
and VIIIa,b,d.e are shown in able 2. 8 1. The percentage catch by numbers at age from 1985 to 1995 is glven in

The catch in number at age by quarter for mackerel from Divisions VIIIc and IXa for southem mackerel is given
in Table 2.8.2 for 1996 and in Table 2.8.7 for the period 1984-19946. - : : : :

. The-overall age-composition for the catches from the Westemn areas is mainly composed: of 2-7 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 belonging 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 VIia,e,f,g;h and Division VIId. These thiree areas contain much higiler numbers of O and .1
year old fish. In mosi areas caiches of 0 and 1 group mackerel: are- msngnmcant and iess ihan 1%. However, in

UIVISIDH I.VD,C T.l'lﬂy amotint io JU‘?'G, l'.ﬂd.l]'.ll.y DUlIlg I.&‘l.l“:[.l 111 I.IJ.U \{ud.l.'u:—l "I' J.Il UlvlhlUIlb Vl.l.d,t.",].,g, Via d.llu Y].l.u

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

- Catches-from Divisions VIIIc and: IXa: were again dominated by voung mackerel.. Mackerel belonging: to-0/1
.grouns constituted 44% of the catch compared with 24% for 1995. Fish-in the age -groups 2—6 constitited. 35%

'fWhlle those in the older groups: constituted 21%. These percentages are very similar to the. averages- over. the
rpenod 1990—1996 when the respecnve ﬁgures were 38% 43% and 19% :

:’Age dlstnbutlons of catches were provnded by Denmark, Ireland Netherlands Norway, Portugal Russm., Spam
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 appropnate

' Decausc OI l.aCK OI mIDIn]auﬂn on me gears useu Dy U[ﬂcl' IlEelS IlSIlll'lg l].'l mese arcas. Ldlbﬂcs Dy pﬂldgl(.--l.!‘d-wlﬁfb
fishing -in Division IVa have not been adequately sampled and have been converted tc numbers-at age using

- samplés from purse seine catches. In'addition, there were no samples to cover the ‘entire catch from Division VIId
(4,000 1) and very limited data to cover the catches taken fromr 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 considered satisfactory because of possible differences between fishing gears in the different
areas.

-The samplmg mtens:ty lS further dxscussee in Secuon 1 3 1.

-2.9 : Mean Lengths at Age and Mean Welghts at Age

“Mean: 1engths

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

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.



Mean weights

The mean we.lghts at age in-the catches per quarter for 1996 for the westem and- southem areas are shown in
Tables 2.8.5 and 2 8. 6 respecuvely "The mean weights at age in the stock for the western mackerel is shown in
Table 3.2.3. These ate based on' 2 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 mackerei are based on' sa:nples obtained during Quarter 1 and Quarter
4 . The same data set has been used since 1984 and the data is shown below

Stock Welghts at Age (kg) for Southern Mackerel
Age in Years - -

A comprehensive review-of; the nmble,ms related to the estimation of maturity at age was given in the report of
this Workmg 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 Working Group has now
revised the maturity at age 2. of the 1984 year class from 20% mature to 60% mature in line wuh the general
matunty ogive apphed since 1997.

It:is important for assessment purposes that the maturity 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 provide a maturity ogive because.of poor sampling of the population distribution. This ‘problem will
ke addressed in ﬂ-n 1008 curvavs whan fich eamnling aill ha Adictrihited anrace both ?rﬂﬂnmln-nnﬂv adult and

ML YR U AIVAL ALGLL SRILPTALLLE, YL UM UAOWALUITAS R Se

RLAAT ABAURL AtriRvANrAA

‘!3 c

Jm_mmh dictribntion 9_1_-5 . The: maturity .o ncnup for 1008 will be bn:prl on histological examination of the ovaries

il LN SLEIRE CASUINIATO 2 VIE Arlt

tather than the macro_c_p_c examination qurj in nrevious survev vears. In this context a nronosa] has been
submitted to the EU for funding this aspect of the 1998 surveys. Unless some financial support becomes available
itis unlikely that:this part of the programme will be able to proceed. Histological maturity daia 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 propertion of the younger age group which start to produce vittellogenic
oocytes never actually spawn-and thosc oecytes become atretic.
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Table 2.1.1

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

Year Sub-area VI Sub-area VII and Divisions -~ | “Sub-area IV and Division [Ta- | Divs. Divs. | .. Total: - *
Villa,b,d,e - R © |- Ha, Vb [VIHe, Xa|" wogn oo o
Landings | Discards i Catch | Landings | Discards i Catch” | Landings- | Discards i Catch .| Landings | Landings |:Ldndings | Discards i Catch

1969 4,800 l 4,500 66,300 | [-66,30_0 : 739,1821° - 1 739,182 = 81'0;282 o 1 -810,282
1970 3,900 | 3900 100300 | 100300f - 322,451) | 3224511 163 426,814 | 425814
1971 10200 | 10200 122,600 | 12,6001 243,673 | 203673 358 376,831 | 376831
1972 10,000 | 10,000 157,800 ' | 157,80'01 188,599 o : | 18.8,599' v 88 356,487 . | _‘535_6,487
1973 52,200 | 52,2001 167,300 | 167,300) © 326,519} - | 32’6,519 21,600 367,619 : I 567,619
1974 64,100 I 64,100] 234,100 I 234,100 298_,391 . l 298,391{" 6,800 603,391 S 603,391
1975 | 64,800 | 643000 416,500 | 4165000 263062 | 263062 34700 119,062 v 719062
1976 67,800 | 67,800| 439,400 E 4‘39',40__0'_ 303,842} - . | 303,842 - 10,500 B 821,542 P Y 821,542
1977 74,800 | 74,800 259,100 i 259,100| 258,131 i 258,131 1,400 274171 620,848 A | 620,848
fro7s| 1517000 15100 166900| 3555000 35500 39t000 i4sst7l . &8l 4200l 26508 -686725( | S0700, 737425
1979 203,300 20,,300I 223,600] 398,000 39,800| 437,8001 152,323 500! 152,823] 7,000 22,475 783,99'8 6'0,_600| 84_3,698
1980 218,700 6,.00‘DI 224,700 386,100 15,600| 401,700|' -87,391]. | 87,391} 8,300 15,964 716,455 21,6[)_()' 738,055
1981 335,100 2‘.50*[)‘ 337,600] 274,300 39,800| 314,1000 . - 64,172) _3_;2]6I 67,388} - . 18,700 18,053{ 710,325 45,51:6[ 755,841
o 1982 340,400 4.10'0[ 344,500 257,800 20,800[' 278,600f- . 35,033} 45:()' 35,483} 37,600 21,076 691,909 _.25_,350[ 717,259
i 1983 315,100 22.30|DI 337,400 245,400 9,000[ 254,400] - 40,889 ,S'GI 40,985} . 49,000 14,853(" 665,242 . 31,396i 696,638
1984 306,100 1‘,60|D| 307,700 176,100| 10,50(}! 186,600 . 3!},3‘_‘_?4 ) " 2_02| fi9+57§ s _93,900 20,3081 635,782 2,302i - 648,084
1985 188,140 2,735| 390,875 75,043 I,SUG'I 76,843 - 467901 '3,6_'__5?6| 50544}6 - 78,000 18,111} 606,084 - 8,191i 614,275
1986 104,100 I 104,100] 128,499 I 128,499  236,309) 7,43i1| 243;740| 101,000 24,789] 594,(5:97 - ‘7_,43'11| 1602,128
1987 183,700 | 183,700 100,300 1 100,300 290,829 10,78i9| 301,618] - 47,000 22.187 644{016 : -10,789|- 654,805
1988 | 1156000 3,100, 118700 75,600 2700, 78300 308,550 - 29766 338316 1162001 24772 640722 35566 676288
1989 121,300 2,600| 123,900 72,900 2,300[ 75_.2_00 279,410 _‘2,1_90I 281,600{ = 86,900, 1_'8,32_1 578,&31 7",.090I 585,921
1990 114,800 5,80‘[)[ 120,600 56,300 5,500| 61,800} 300,800] - -4,3(l(}| 305__,'10_0# - 116,800 21,311 610,011 ‘15;60_01 625,611
1991 109,500 10,70‘0‘ 120,200 50,500 12,800_|_ 63,300| 358,700 7,2_.00' 365’,900 © 97,800 20,683 63?,‘1183 . '30:,7001-___667,883
1992 141,906 9,62‘0| 151,526 72,153 12,400[ 84,553 364,184 '2,930I 3'67,]?4 v 139,062 18,046 735,3,51 ' 25,000| 760,351
1993 133,497 2,67‘[)' 136,167 99,828 12,790! 112,618 5 _38'7—',838 . 2,7_'2'.0I 390,558 165,973 19.720] 806,856 -18,"18_0| . 825,036
1994 134,338 1,390| 135,728 113,088 2,330! 115,918 474,830} 1’150| 475,980 69,900 25,043]  817,198| - 5,370| 822,568
1995 145,626 7‘4| 145,700 117,883 6,917|_ 124,800{ 322,670F - 73 | 323,400 134,100;. 27,600 747,879| - 7,721I 755,600
1996 129,895 255; 130,150 73,351 9,773, 83,124} 211451| = 1,387, 212,838] 103,376 34,123 552,196 11,415, 563,611

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

NB: Landings from 1969-1978 were taken from the 1978 Working Group repot (Tables 2.1 ,;5'-.-2.2:.&1_11:1 2.5).
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Table 2,21 Spawning stock hiomass for the westem 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 egy praductlon ‘based on anthmetlc mean of unsampled rectangles if available,
Mackerel: ' .
Total egg production (10° ] Total fecundity Totat fecundity Pre-spawning Spawning stock
Year {Mean used for unsampled eggs/g temale . corrected for stock biomass biomass
tectangles) [atresia bocytesigm atresia {x10° tonnes) (x10® tonnes]
Geomeiric - Artthmetic female] {egus/y femaie) {oonv. 1.x1.08)
' Annual g5 preduction methed - westem mackere!

9771 1.98 1526 [211] | 1315 301 325
1980 148 - . a : 1526 1] | . 1315 225 2.43
1980 1.84 b ' 1526 [211] | .- 1315 2.80 3.02
1983 1.50 1.53 1526 [211] .- 1315 2.33 2.51
1986 118 1.24 1457  [211] L1248 1.99 2156
1989 1.45 © 152 - 1608 - [326] | 1282 - ' 237 256
1992z 1.83 .94 1665 {138} 1431 27 2.83

| 1885 - . 1.4% 14732 1171 1302 228 : 2.47

Horse Mackerel:
I Total egg production (107 Total fecundity | Pre-spawning | Spawning stock
Year {Mean used for unsampisd Total fecundity corrected for stock biomass biomass
rectangles) (egas/q female) 2.4% afresia fx10°® tonnes) (x10° tonnes)
Geomeiric T Arithmetic {eggw/g female) {conv. £.x1.05}
Annual egg production method - westemn horse mackeret
1977 0.533 ¢ 1557 1504 0.71 0.74
1980 0.635 ¢ 1567 1504 084 0.89
1983 0.381 ¢ 1557 1504 0.51 0.53
1986 0.508 c 1557 1604 0.68 0.7
1980 1.54 163 1557 1504 217 2.28
1992 1.37 158 1557 1504 210 2.21
1995 - 1.226 1557 18504 1.83 1.71
a Egg survey data for period 3 included
b Egg survey data for period 3 excluded
¢ Eaton (1989). Incomplete coverage in 1877
Estimates by Generalized Additive Modelling {from Auqustin et al WD 199
Egg Production x 10"
Year JArea Mackerel T? ] Horse mackerel
GAM (no bc) |GAM (with bc) IGAM (no bc) GAM (with bc)
1995 |[Wesiemn 0.854 1.623 0.586 1.554
o.02 0.05 .08 c.24
2.7 2.01 [10.2] [15.4]
Southemn 0.136 0.202 0.396 0.553
1992 [Westemn 1.744 2.366 1.44 1.804
0.05 0.07 o0.11 0.21
[2.6] 2.9 [7.5] [11.8
1989 [Westem ' 1.373 3.027 1.308 1.635
0.09 iz 0.0 0.14
[6.5} [3.8] [6.7] [9.2}
be = bias correction
Figures in Halics are standard errors
Figures in brackets are %cv's
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Table 2.5.1 Catches of mackerel by Division and Sub-arez in 1996.

(Data submitted by Working Group members.)

i 2 3 4 T
IIa + Vb 3100 5,500 93800 1000 103400
N 117 500500, 2700 . 2400 6100
IVa .55900 1 300 63200 23900 . 203300
VI 103000 © 2200 - 13100 '11800° 130100
v . 361@9 . 16200 o 2700 - . ' 24900 79900
Villabde! 500 2100 -~~~ 500 __ 3100
Sub-total _____195100_ 26800 _176400__127000__529300
VIII(_: T000 - 18700 2000 600 28300
Xa 700 © 1500 2300 1200 5700 ¢
Grand total 206800 - 47000 180700 128800 563300

EMACFMAWGMHSAINT-2-5-1.BOC  25/08/97

Catches rounded to nearest 100..
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Tahla 3 & 3 Ontnhine () af MACREDET  in tha Nararacion Saa 1wnoinn MTal and ~
dntwntedet ) e, 1N v o DLW o EAal DUh ¥ HEE HeRH

Py -t AedUv i LU WL AVEL R

(Data submitted by Working Group members.)

‘1984 1985 1936 1987 1988! 1989

Denmark: " . 11,787 7,610 i-,653 3,133 4265 6433

Faroe Islands 137 22 1,247

France .16 : 11
(Germany, Fed. Rep. 99 380 -

German Dem. Rep. - - 16 292 ‘ 2,409

Norway @ - ' 82,005 01,005 85400 Z5000 86,400 68,300

Poland : .

Lrnited Kingdom B 2,131 157 1,413 :

USSR 4203 9405 11,813 18604 27924 12088

Discards

Total - E 08,222 78,096 101,112 47186 120404 90,488

Country 1990 1991 1992  1993* 1994 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 ) 5 5 0
Germany |
Iceland - S : - 92
:Latvia 100 4,700 1,508 389 233
Netherlands : ' 561
‘Norway - . T 71,200 76,760 91,900 110,500 140,708 93,315 47,992
RKussia 42,440 49,600 28,041 44,537 44,545
- United Kingdom 400 514 © 802 1,706 i94 48
~USSR® : 28,900 13,631 .

“Misreported (IVa) - : ' : -100,625 -18,647

Discards” : - 2,300 : .
Total 118,700 97,819 139,062 165,973 71,903 135,496 103,376

EMACFM\WGMHSA9ET-2-5-2.00C - 25/09/97
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282 Catch(t} of MACKERFE] . ip the North € Qaa Qbaﬂ-p-ﬂ-nlr an

(Data submitted by Working Group members)

I.'z.

x

&
.
3

=4

-~
7

Country 1934 1985 1986 1987 1988 1989

Belgium ‘ - 68 g T 49 T 14 20 37

Denmark o 10,088 12424 23,368 28,217 32,588 26,831

Faroe Islands e S 1,356 ' 2685 .-

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 - - 27311 30,835 50,600 108,250 59,750 81,4056 -

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

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

USSR % ; ‘ = o

Misreported (I1a) L , S _ - :

Misreported (VIa) . s 142000 117,000 180000 92,000

Unallocated & Digcar 202 3656 14,822 19737 50406 @ 8,651

Total 39576 50466 243,700 301,618 338316 281,600
:Country © - S 1990 1991 1992 1993 1994 1995 1996
- Belgium B o 125 102 191 351 106 - 62
" Denmark, ' 29,000 38,834 41,719 42,502 47,852 30,891 24,057
- Estonia 400 RN
.“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 7120, 542
" Irelend . ' 12,800 13,000 13,136 - 13,206 9,032 5,607 - 5280
"Latvia : S 211 :

: Netheriands ' 13,700 4,591 6,547 7770 3,637 1,275 1,996
Norway - 74,500 102,356 115700 112,700 115741 108,785 88,444

Sweden - B 6,400 4,227 5,100 5,934 7.099 - 6285. 5307

United Kingdom 30,800 36917 35137 41,010 27479 21,609 18,545
. ‘Russia ~ - _ S - S
" ‘Romania 2,903

Misreported (I1a) o ‘ 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.

EMNACFMWGMHS ASNT-2-5-3.D0L - 25/02/97
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54 Catch () of MACKEREL in the Western area (Sub-areas

ib
5
5
5
En
o
=
8
]
r
.
?

{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 8,900 12,700
Germany - 11,200 ~ 11,800 ~ 7,700 13,300 15,900 16,200
Ireland 84,100 91400 74,500 89,500 85,800 61,100
Netherlands | 99000 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. ngdom 198,300 205900 156,300 200,700 208400 149,100

‘USSR 200 o i

. Unallocated - 18000 75100. 49299 26000 4700 18900

Misrenorted { TVa) - : 148000 -117.000 -180,000 -92,000

Dlscm'ds 12,100 4,500 . 5,800 4,900

i Grand Total -~ 479,600 467,700 232599 284,100 197,000 199,100

“Country - - 1980 1991 ° 1992 1993 1994 - 1995 1996

- Belgium ° , '

“ Depmark: . : 1,573 194 2,239 1443 1,271

" Estonia = _ S ' 361

- Faroe Islands : 1,000 4,095 : . 2,350 4,283 4,248
France o 17400 10,364 9,109 - 8,296 9,998 . 10,178 14,347

- Germany, 18,100 17,138 21,952 - 23,776 25,011 23,703 15,685
Ireiand ! 61,500 64,827 796,313 81,773 75556 72527 45,033
Neiherlands 24,500 29,156 32,365 44,600 40,698 34,514 34,203
Norway .. o . - o T 600 2,552 :

. Spain 400 4,020 2,764 3,162 4,126 4,509 2,271
United Kingdom - 162,700 162,588 196,800 215,265 208,656 190,344 127,612
Unaliocated 11,500 -3,802 1,472 o 4,632 28.245 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 ' 15660 4,220 - 6,991 10,028

. Grand Total 182400 183,500 236,079 248,785 251,646 270476 213,272

EMCFMIWGMHS AOS\T-2-5-4.D0C - 25/0%/97
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Landing (tonnes) of Mackerel in Divisions VIIIc and IXa, 1977 - 1996.

Table 2.5.5

{Data submitted by W erkiﬁg Group members) |

i ,Div{sion VIIIc :Divisi_on-IXa L
Years ~Spain  17.‘ ‘_ Porf;iga_i Spain Polond | USSR | Totai | TOTAL
77 | 19,35_2_. 783 795 8 2,879 | 7,565 z?m
1978 | 18,543 155 | 6221 : 185 [ 7,963 | 26,508
W BAB | Lo | 628 - T ,?,462 22,475
580 | 1‘1_,3176.. 1,929 2,719 - - |4.648 15,954
1981 | 12834 3,108 2111 - — 5219 18,053
1982 | 15,621 3,018 3437 . ~ 15455 21,076
1983 .| . 10,390 2.239 2.224 . [ 4463 1.4l,8.15“3_
1984 .:  5552 2,350 4,206 i - 6456 20,308
55 11,8@0 Zi78 7.125 - - {6301 | 18111
1986 16,535 5,-4-_19 557 - - [8.256] 24,789
8T | 15em | 14 | 91 . 6205 | 220
:._1-_688;; .16,844' 4388 3;,{54,_0“ - - | 7928 24,772
o5 | 1546 3112 7 - T [4875| 18,31
1990 | 16,086 3.819 1,406 - 5225 | 21,311
1991 | 16,940 3789 1,051 . ~ 13840 20780
1992 [ 12,043 3,576 2427 . | 6,003 | 18,046
1993 | 16,675 7615 1027 - T {3042 19,719
1994 | 21,146 2,158 1,741 ; 3,899 | 25.045
1995 | 23631 2,803 1,025 - 3918 27,549
1996 | 28,386 3,023 2,714 - 6737 | 34123

EAACFMAWGMEBSAS8T-2-5-5.D0C

[0
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Table 2.7.1 7 L_ength distribution in 1996 catches (thousands) by various fleets,

" Seotland Norway* [ - Netherlands . ‘Spain ) Ireland § UK (England & Walés). " Russia ; Portugal - Gérmany
Lengthem || P.Seine | Other | P.Trawl | P.Seine || Pelagic Trawl § P.Seine | Artisanal | . Trawl P, Trawl Trawl: . Handline Commeféial | P.seine | Artisanal |- Trawl ||

15 445

16 - 1,436 T

17 325 1,214 0.00 i
18 -0 367 1,723 .00 ¥ - 3
19. 1| 934 5,196 1001 - (.00 1 167
20 ofl 1,485/ 5,472] . 587 21 0.00 08| 2 ) - 1,451
21 K 1,627 3,673 3,798 ) 0.0{ 134 19 sh 1,633
22 6] . 17 1,437 5,716 4,183 624 - .00 6114 36 34 . 1,093
23 - .. 20, 6 4 1,631 - 1,463 620, . - (.00 455 9 28 - 4512
% 1 0 536 525 175 143 0.00 ] K 1 90 2 5 BT
25 0f - 85001 . 2,867 46 566 0.00 64 78 146 -31 . 7 23

S22 : 22 24448 7.155}) . 102, 1,102 0.00 - 216 3N 147 54 206 3
21 70 2 75 5,784 6,948} 2 179 1,155} ¢ 0.00 - 2671 1,367 145]- 50] - - 381 23
28 5 23 30 2,188 8,475 5,712 8 282 2.363 0.00 403 2,703 96 29 4180 ;. 74

- 29 112 178 50 6,472 5,196 1,001 3 281 5,164, (.03 578 4,629 149 20 203 .. 173
30 ‘545 410 357 8.121 6,139 581 45 314 8,400 (.26 755 8,072 203 17 114 509
31 1,692 747 392 10,182 6,508| 669 119 - 6328 9,733 0.62] 687 “11,693) 425 11} _9%6 970
32 3,005 1,164 504, 21,193 7,667 1,689 665} 987 11,8294 0.94 563 15,765 634, 29 126 1,377
33 5,222 1,506 919 34,732 L5770 . 2,436 9890 1,011 14,010, 1.04 - 592 12,546 . 678 62 - 130 - 2,052
34 6,555 1,570 1,421 45,708 11,2230 22931 . 1,332 1,022 .- . 16,768 1.10 499 10,6144 . : 479 51 134 2,707
35 38,1541 1,858 1,770 44 422 12,736 2,144 - 1,215) ¢ - 927 14,266 1.17 249 ©7.983) - 430 51 . 166 2,467
36 6,727 2,131 1,957||- 37,464 10,020 1,509 -2,183] 684 11,561 1.68 114 6,006 369 81 - 118 1,961
37 - 6,484 2,214 1,484 29,796 7,857 1,422 2.748 455 8,444 1.26 ) l(]iﬂI 5,464 204 80 154 2,050
38 3.863) 2,562 1,613 25,764 7.664 1,528 4,670 406 9,195 0.53 55 2,981 176 425 e 1,955
39 5,760 2,346/ 1,579 20,419 35,7944 2428 5,288 435 - T.667] 0,32 360 1,993 54 . -136 1398 2,043
40 3,489 1,572 2,091 12,515 4,977 - 2,803 6,150 327 7.056 0.09 350 922 31| - 333 128 1,639
41 2,434 . 898 1,559 - - 6788 3,2130 24861 3,286/ 162 4,452 0.09 35 318 7 55 4 1,010
42 L111 852 8944 4,586 1,523 1,332 2,901 1324 3,046 (.09 4 183 2 40 31 663
43 - 667 169 308 1452 675 732 1,358 72 1,735 ‘1 172 23 ' 302}
44 139 215 104 237 295]° 304, 410 35 540 - ] - 44 -7 121
45 96] - 38, - 49 T 83 26 135] - 0 4158 0.03 28 2 78
46 17 -6 21 : 103 66 K] 231 10 18
47 15 25 5] 2 o 5 4
48 5] - 9 2 5
49 202 5 ;3 3
50 oL ' " B . 0 - . . 3 .

Total No. 482,979  20,576] 16,840, 312,265, 129,284 78,176, 34,315 17,985 139,842 9.2 5,330.4 93,689 5,897 1,919 3,126 27,149
Tonnes 28,717 8,976 7,356 136,436 39,045 14,711 15,307 3,292 48,894 4 1,317 44,545 1,231 755 1,038 13,193

*|CES Divsions tla,llla and IVa combined

alactmiwgmhsagi\T-271.xs



' Table281 . Caichin numbers (000) at age by quarter and by Division for mackerel in sob-divisions I-VIII in 1996.

' : S (Canih 'DOC) . ! C s
Az T iy " 1va ke Vilhcjk Vilaeigh - VT Villabde | Al Divisions
I R 0 i A i I S [0 b | o
15 T Tig 47 £ T
¥ . 93 T35 383 3331 17
3 ] EEE] ; 726 4,433 I o
i 506 168 24 212 387 59 :
I 358 T T30t 3] 08 131 ;
6 s | @ NEEN 150 78 132 20597
T €23 B 1798 57 14 174 50,008
T 365 i 5 47 31 124 . 25.564
9 - ﬁ 50,945 - Q 49 _ 1§ 122 32,778
: i) ER 0 0 0 ! 13.920
T30 iz 3389 0 15 3 7] IR
133 % m_ I} 8331
0 T a0] 4. 1278
r o s 1590 ]
[AEH 1391 5752 21831 EXF]) 1281 302474
3029 - 530 55,8 0. 3323 1A7T 34U 159,149
- Tl ~ 1Va T Vilaetgh Vi " VIiobde | Al Divisions
o [ : [} i . 0
o ] [] 35 : : &
357 0 1038 . 7,67
570 626 3] LI78 3L ) 18.571
2240 T 65 262 37 657, 17,438
595 5 TN 74 113 480 BATY
134 53 7] N 276 502 7.646
048 2 [ ] 3% 745 4565
T3 [ 35 35 351 T8
T [ 33 0 359 T2.57;
34 [ 20 0 352 360
257 11 i 158 153 961
20 . 5% 315
T - —5 =5
3. . ;] 0. 3 36 7
a ) X 4 R 0 B 22
Tolal 1Z.361 - 1146 [IH E €270 2776 2,663 o7 4435 TS50
Toomes 3480 453 111 12 1248 15,331 425 448 2.092 26,799
S I el M T Vibek T Viaerh | Vi VTl ]
ANE 0 [ T R 0 7 ] —0
) 55 2359 ¢ 1881 268 431 ] 0
8355 i 14,050 314 ; ALY 4742 F3 o
48003 - | 3,990 T 37001 688 "8N8 2909 %16 28 1
58,569 80 TR 280 11432 5 7
£ I O T T ] FEM 403 1
R 385 | wawd. .y 3% TS5 T 2
1B787 W3 | 10I% 3t 635 0 )
e ] & ] S
‘ 2B 94T ] g ) -
10 L2604 AT T 5 : -
T | 2080 R 407 Tz © 0 T
JE} 435 0 A0S, - o4 0 0 o T
- 389 ] 408 a - 0 [
12 a 18 24 0 0 ] ‘
"5+ _ 668 20 =] 16 : B 0
el 200432 632 142,138 3050 68,325 3763 5339 T 14
Tommes: |. . S3.772 | 2,741 63177 ] B5%. - 13,326 . . 1,620.° L1 g 20 [
A  Quarerd ok _
i AgE Ta Tvhe Via " i Vilbgk - Viluetgh vua ¥iuande :
D [ [ [ 0 7268 0 - 3361 .
N 0 S795 ] 15778 . ] 6059 26,133 2330 ;1,041
2| 68 | “2E2% | 10130, X5 AT B ) 459
- 588 N 1846l | - 76% | 15666 | 2433 1
[ 842 302 4879 1331 4349, i FE]
5 DNELE 31 13541 35 29 ] T 13 2164
121 47 483 e T a7 14 N
188 57 170 178 542 9 2% 15452
114 T ~ 5 13 738 ] 18 TRAZS
) @ 0 i o 20 5,023
E 16 L 0 (D 30 I i 10 4459
Ti Zi 7 1 0 133 ] 1552
12 47 [{ 15 ) I o3 260
i3 0 2z 5 - 378
14 [1] 17 - :. 311
15 3 [ o 0 )
Toul 2173 113 AL686 |1 i as0 R T8 F317 EFLBIE)
Totmes 954 B TETH o] 3281 17,551 2129 — 518 ~ 137,103
: ‘ Guarier 1- 4_(Catch 000) ] -
ge s Vi Viibeik VEaeTih iid . Villibde ] Al Divisions
[ ] L, [ 2,268 o 3361 7058
£ TATG 31280 ) TTIIL 2373 1.042 50.826
9555 L 3.643. 53,556 . 16376 | . d5as1 3,889 48 158,331
6,150 2,443 52,588 TA2306 26,785 7,413 ] 305 323,289
SE5T 522 62011 XTI T 1.874 942 263,575
0,564 2 46321 22,551 1721 406 &7 171363
3889 180 2389 12657 989 a3 650 51,262
T0.595 488 54,862 10,153 806 ¢ 551 10179
0072 54 4987 2369 79 696 5.8
338 o B 2729 36 E 708 EEREE)
D 210 o 7.9%7 2083 104 LX) 2053
i 482 i NFE ¢ — s 1313 e 170 24 2174
iz 325 [ 454 I ) 15 113 £350
a i3 357 © 355 . o an AR s o o 2520
W 38 5 “80 . 967 TS N 7 335 2476
x| . 74T 45 .581 . o0 S1 [T [T Wt 5,360
~Yow | 223908 | 15985 | A7/8Iz | - 35370 | S6lga6 - |- 137251 | 13247 | Jmsm0 o |- Ai2se | 1387604
~Tomnes | 103,375 . 6164 208257 | 3418 | 130047 R 22554 3078|3156 | s29464
slachmiwgmhsadsiT-281.xls
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Table 2.8.2 Catch in .ﬁm_'nbers ('OOG} at age by quarter and by Division for mackerel in sub-divisions VIIIC & Xain 1996.

L Quarter

Age Ve IXa - All Divisions

0 0 1] 0
.1 9417 492 9509 .

2 411 862 1273 -
s 3,403 Fi4 43

4 - 5.573. 4935 __ 6,060

5 1,428 3 . 1494 -

3 931 35 965

7 1,735 50 1,794
3 1,052 37 1085 . ..

5 1,080 20 1009

10 _ 507 13 521

11 388 £ 394

iZ i63 3 iTi

13 27 2 20

14 _ 47 [i] 48
15+ 40 1 40

.~ Total 26,207 3,008 -29.215
Tonnes 1.037 732 7969
o Quarter 3

Age Ve _ IEa Al 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 .

4 308 505 - 809 -

5 . 56 186 242
.6 25 " 203 228
7 36 - 141 177-
R 16 238 254

] 12 210 221

i 10 5 55 60

11 ~ 3 9 12

2 1 0 1

13 0 0 0

14 0 0 0 -
15+ 0 ~ 0 0 -
Total 12,980 23,372 36,352
Tonnes 2014 2343 4417

- - - Carter 1-4

__Age VHIe D . All Divisions |

[1] 590 30,168 30,858

1 23,502 5,124 29,026

2 1616 - 2 935 10,551 .

3 7,636 2441 10,077

4 13,620 1.687 15,307

5 5,840 -460 6,300

3 4,650 391 5041

7 9,100 552 5,652 °

8 5671 516 _6,187.
) 374 431 6,172

10 2,600 211 2811 -
11 2,089 89 2,179

12 B3 54 935 -

13 100 17 208

14 245 [ 251
15+ 286 9 295
_Total _ 90,762 . 45,091 135,853
Tonnes 38,384 5737 34,121

31

. .. Quatter 2
Age Vhle Xa All Divisions
0. [+] [ Q
1 7.049 1,544 8.593
2 - 1,776 992 2,768
K] 536 332 4,178
4 7,559 622 8.181
5 4!2_\!;6 . 187 4,483
& 3,656 133 3,789
T 7.252 339 7,591
B 4,555 234 4,789
9| 459l 195 4,786
10 2,038 140 2,178
11 1,658 73 - 1,731
iZ . 703 45 T3k
13 156 15 171
14 192 3 198
15+ 219 9 _228
Total 48,926 5,488 54,414
Totizies 18713 1.4% 20,208
Quarter 4
Aps Vic a All Divisions
0 680 11,662 12,331
1 B85 1,136 2,021
2 308 209 517
3 155 79 234
4 183 64 249
5. 59 22 21
) 38 20 59
T 77 12 29
8 - 48 7 - 53
5 59 & 65
10 50 3. 52
11 40 2 42
12 16 0 16
13 7. 4 T
4 5 0 s
15+ 7 0 .27
Total 2,649 13,223 15,872
Tonnes 580 1,166 1.726




Table 2.83 Length (em) at age by quarter and by Division for mackerel in sub-divisions I-VHI in 1996.

Cumne 1
AgE [ Tifa TVa TWbe Via Vibgk | Viiasfgh Vi Vilabde | AU Divisions
[ G T ] [ ] g ] [] aa
T NET pE] Y 326 K] 713 715 LE 2L
z =X T 36: 303 e 7. FI] 32 K
3 32, %] 332 33. 32 2, 99 3a 325
q_ N 355 332, 52 Lk EFE 323 3 S
3 36 — 378 352 0 362 36, 33, 326 | 387 | 6
6 ETAY 393 37 37, 32 34; 33 303 373
7 387 99 3 359 39 3 X 40 363
] 38 307 0 335 0] 6.5 37, 30 36
] 39 0.3 304 a1 53 £ 40, a0
[ 40 a1 405 a0 o 0 i a7
11 35 425 A0S 4 413 33 365 az 0.9
2 42 [ 3l a1y [T¥, X — &, 315
3 0 - T 27 FEN 343 0. [T 430
ANTEE [ . 435 R 417 45. 3435 345 As. N
s EZE Al 129: [FE] 424 36.5 365 243 [FE
: Az 349 35 369 [ 37 36, 93 5% 3B 363
— — = Cuater 2 ‘ T
AR T Y TVa TVie Via Vilbce | Vilanfgh il ViiEba: | Al Divisions
[ 0 © T [ [ @ T- — 0 0 oo
1 oo ] 216 0. ] [ Tz PRI PR R I
k) T 30€ 2, 3K K 312 s . B 517
EN] EEE] 32 342 3. 3. 5.8 P 36,1 344 :
4 X 366 346 33, 36, LY "329 363 367 365 .
5 377 55 36 383 37. 37, 338 | 33 387|374
i 3 309 =T T 302 D 35. - 392 35 392
401 0g | 387 354 354 3. 359 | 373 0. 39.7
353 ] 380 38 0.3 303 37, 583 0; ~a0R
[N T 35 a0 . a0, 36 0| & . D
¥ 0 40k s 40 £ Al 0 a7 | s
a3 [rE] 55, 31 0. K] 373 913 W24 a1
s [ 7K 40, 0 358 4. 4z
D [ i 0. FEE 3l T
iz LR T X Y - ) 213 ik
] aaa | & . : a0 363 [E) 423
358 351 a7 ELK] 363 365 203 L 303 %S
T T a TV Vi Vil | Vileigh Vi Villabde | ANl ivisions
] [ . 0 172 0 T — 0 T 192
5 3 TS 757 b7 A 2§ 287 2538
3L 305 3 5.2 28.3 245 302 . NS
34 REEY 315 ETN 303 325 333 36. 37
356 36 34 Y 353 0 1) 36 35
TS 37 363 55 3581 O E 58 B
A~ 303 346 TR . 363 0. 38.3
334 FIE] . T 38. 363 5.5 35.4
a2 ] 3.7 37 3 [ 407 20
[1¥] ] K] EEX ] i R
407 [ —ana 203 EEK L7 b
418 025 ] a1 365 24 413
a9 [ a13 395 [} 0 AL
304 0 417 415 a6
0 5 7T 0. © 0 — a5
29 aia BE i FEX] 0 o 435 — 29
365 3.1 35,7 L LY 52 FLE] ~ 33 397 334
; e —— — T R
Ase Tin 1 —Va TVha Via Vb Vid
0 0 Q 0 0 [] [} []
i o px] = FE] L 283 FLE
F] 313 08 322 307 ! 3t 312
3 5 33 X 323 EF) 33.4 334
4 35 364 35,8 36,5 34 343 - 3
E 367 37 367 2.2 T 355 K
8 37, 38 383 55 T 37 36.8
38! 35 387 5.9 4 352 365
354 98 3% E 33
: 350 399 404 374 ] N
10 0.8 41, a6 383 EL] 30 EXK]
T a X 413 413 412 72 EEX]
2 ais o a1, 39.5 2z E I T
3 304 0 a1 20.5 203 360 383 [
4 [ s 43, a 383 315 i — G
15+ 44 aa 7} 0 42 [ R -
[Allages 3.1 35.1 35 303 Y 3515 1. 295 TR
Dusner1d 7
et
Age T T TVa Tbc NI Vilbgk - | Vilefgh Tid
© [ o [ [ (2 8, )
i 23 263 Fi%] 26 ®2_ | 6 02
31 05 313 07 30. LT 289 293
3 L] FEE] ) 322 33 T 31, FiE
3 356 366 353 354 5. 353 36 34
5 373 378 36 32 6.4 6.7 35 352
3 384 303 37 33 7 8.9 36 381
T 354 399 35 3 38, 5, 39, 365
B 40 a 39. 37 393 0 35 38
3 a5 T 40 04 502 0 37 341
10 0, g ar #i8 S5 ER I 3.5
[¥] ai. s a1 aid a1 4.1 37 4Lz
4l v 4 395 aig 47 EE &
394 0 7 0.5 43 25 3.5 0
4 a3 [FE] 2. 0 13 455 34, 343
15+ RS aad a2 ] 42 7Y 36.5 363
All ages 364 351 36 504 34, 3 254 31
e\actmiwgmhaadfiT-283.xis
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Table2.84  Lengths [cm] at age by quarter and by Division for mackerel in sub-divisions VIIIC & IXa in 1996.

- _Quarterl - = i Quarter 2
_Age Viilc "IXa___ | All Divisions Age ViIic  Xa_ All Divisions
0. 0 0 .0 0 0o | 0 ' 0
T “TeL [ 238 222 1 25 ~ o ase T 254
3 24 314 317 2 283 30.1 28.9
3 33.6 33 334 3 34.1 33.1 33.8
G 3B 34,1 35 4 £ 247 355
E] 375 361 375 3 38.6 37 385
& 3 . . 371 . 35.9 5 305 379 39.5
7 ~397 384 397 7 39.0 389 395 -
3 0.4 — 389 403 3 04 393 403
g 4. | 404 41 g 409 | .. ..408 409
10 T 418 - 415 10 417 T 423 |, aiE
11 41.9 426 41.9 11 417 42.9 418"
12| %3 |49 ] a2 iz 421 429 | 422
13 | 438 446 439 13 aa4 443 Y
14 337 55 437 14 3.9 452 | 437
15+ 438, 471 438 15+ | ad4 Y 434
Allages 315 TEE 316 Al ages 6.8 324 363
Cuarcr 3 . Quartar4
Age Ve Xa Al Divisions Age Vlic IXa All Divisions
0 ¢ 196 19.6 0 214 22.1 22.1
1 276 279 76 T 28.6 286 28.6
2 282 | 297 284 . 28.9 30.2 294
3 3 348 - 324 3 32,7 34.5 33.3
4 35 "~ 3597 | 356 4 354 36 35.5
5 367 369 6.8 5. 37.9 36.7 37.5
g 176 [ 384 383 6 - 39.2 382 33.0
7 383 35 385 7 353 35.1 35.3
8- 389 415 41.3 8 406 40 40,5
) ] 403 402 : 9 416 403 T
T 02 40.5 —A04 [ T & 435 432
1 |, 403 415 _ 412 . S | . 436 425 - 436
12| - 4017 454 43 : 12 433 465 433
13 43 | 495 465 ' 13 45 0 “9
14 1. 434 . O 436 - : 14 43.R 0 438
5+ 4.3 0 443 15+ 265 0 168
All ages 284 222 244 : All ages 295 | 213 24.1
Quarter 1-4
Age VIIic Ia ‘Al Divisions
0 214 205 20.6
1 . 252 260 255
2 -~ 285 T304 . 26
"3 35 134 335
% 356 4% 255
5- 383 368 38.2
5 354 381 39.3
7 398 ) 39.8
] 404 5.5 40.4
] 209 40.5 40.9
0 aik 417 418
K] a1k -~ 428 41.9
12 422 429 42.2
13 a3 44.3 443
14 43.7 —45.2 437
5+ | 443 A48 a5
Al ages. . 33.9. 24,3 TV

elacimiwgmnsastiT-264.xis
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Table 2.8.5 ‘Weight (g) at age by quarter and by Division for mackerz] in seb-divisions II-VIII in 1996,
Quarter 1 _— W
Age [iny jiny a TVhe Via Nihok | Visern Vi Villabds | Al Divisions
[ [ T T i [ T T [ [ [
1] To1 il 0 75 [ 89 55 77 6
S 257 205 1] FiHy L 131 332 P e
252 352 289 ] T 252 167 160 256 257
3 35 a5 338 EH _3%0 255 ] 32 337 ‘
z 380 478 3% 1 388 368 238 207 [T} 385 ]
475 536 ) 337 268 LT 5% 450 43
37 D 308 337 373 T 230 47 a9
307 "D EF 518 TE33 315 31z s 52
547 R 373 556 564 2 236 30T 562 _
: 0 354 S0 608 5 52 T ¢ 53 T
Y I VR 7 638 TS 565 584 303 58 563 ~ 586 :
1z 666 [ 643 6535 554 404 ) SUE 7 .
. 3 7] 0 691 650 751 [l [ 648 E_»a_J
: 3 0 [ 656 632 BI7 T T 6% —_on7
B T 728 TG N 674 663 303 % €85 &
Al 7 395 _430 420 368 16 B 428 06|
Agt Tia T —iVa. Vee Via Viibck Vilaeigh ] Vilbde | Al Divisions
0 0. D D [ [ [ R T [
[ [ 101 56 I [ 3 ) [ [
2 241 257 L 19E 237 227 227 - 130 0 277 14 -
—3 | 317 353 252 311 306 506 165 376 32 01
- 368 W36 EF) 360 356 356 723 3 362 50
5 457 aT8 380 378 397 357 237 43 428 T
T & ] SaE N ann - 451 a5 E5l] a8 - 362 T
) 2 560 584 495 435 () L . 35y a0 TR
S 616 305 aal__ 318 318 53¢ 369 50 551
; ] 589 543 540 501 501 506 [ 511 FEEN
™10 610 0. 588 592 T4 TS 25 [REE 542 546
T 703 E 330 518 A15 476 321 596 570 3T
13 589 [ 662 [ i [ 213 587 591
13 [ [ 357 635 540 540
i3 51z S0 [ TIE 357 651 ELE
I E- F i At [ 537 30 829 559
All ages 333 T 8eS 348 335 358 358 T A3 220 3
AR T i TV TVbc Vi Viibegk. Vilsefgh VI Villahde _|_AN Divisions
- [ 0 ) [ ] ] [ — o [ i I
F dor |- 107 - 89 134 141 165 %6 0 135
365 | 258 7 231 213 172 07 < I 1] 236
36 352 367 254 736 157 317 © 308 a1 351
431 36 35 331 390 323 [ ~ 355 361 a7
T 5 [N 34z 55 %5 . a1 4I8 /e
I3 544 545 S35 306 523 [ A0 462 540
58] 54 5K 31z 541 [ 35 51 361
[F — 61 [5) 5T ] . 450 607
) 650 60 o 500 [ i 311 [T IR
0 560 63 © 3 [ AT 543 51 :
b 707 538 67 [ 634 [ AT 571 700
12 720 ] " E9] T i 0 707
13 - i T 685 i 703 0 0 - 645
T [ 680 797 o [ 0 — 780 |
15+ 75 T2E 742 T T 3 614 760
All ages 358 395 ) 26 192 &5 708 piE) 357 CiE
o : _ . Quarizrd - —_— : i
Ase Tia T Va TVhe Vi | Vilbek Viiactgh Vild Villabde | All Divisions
[ T 0 [ T 0 56 @ [ 3
G 101 08 182 93 165 158 50 135 &7
392 238 03 e 03 225 01 285 158 )
I EEH 165 %67 104 251 62 16 258 32
421 38 210 38 1 357 1B 383 s 355 -
3 477 478 353 432 358 363 415 405 AR #6
524 538 525 340 Az 17 419 410 g 5
561 [ 545 401 516 359 . 52 403 478 538
595 S8 31& 547 a7 30 ) 48 _ -~ 576
[k 605 531 45% 1] ] ] 513 591 .
10 653 657 691 Ei] 300 303 ETT 357 643
1 €30 (3 [} €75 76 [ 3¢ 302 357 652
12 701 [ 641 380 663 [ 19; 0 566 ez -
i 563 [ Gl & 655 418 4 [ 23 672
14 0 GB0 735 ] 450 435 © 631 7
FEX 320 738 750 [ 783 o a &6 4
All ages 457 3595 475 3 283 I 210 267 ] 33 -
Quarer 14
Ik T s TVa TVbe Via NiTbclk Viefgh | viig- Villabde | Al Divisions
[ T T B 5 . 0 & _ L
135 ] i56 83 W2 164 152 188 135 152
261 258 289 3 230 207 - 157 17 164 725
354 52 —an 263 786 265 T 215 - 314
4 337 436 401 363 384 333 284 29 ET 5E0__
s 352 478 45 432 380 372 Tk 317 35 436
538 545 500 334 4400 462 386 435 —a60 486,
578 544 ) 395 T i3 as7 400 —ax] TSR
604 574 a2 520 EEE] [ 400 97 338
&1 554 372 556 S50 409 FE 310 583
0 650 3 533 834 £ 555 365 311 5l 5
657 538 €23 &8 _ 585 560 383 580 569 &1
710, 7] 658 359 633 £ ) g ) 855
502 [ [ 530 690 85 0 [ 642 676
7 572 [ [ [ 652 505 257 P 661 63
15+ 75 728 724 T 675 663 o1 288 643 703
Allages 461 305 5z T34 360 338 i 220 380 382
sl\acimiwgmhaeads\T-285.xis
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Tahle 2.8.6 Weight (g} at age hy quarter and by Division for mackerel in sub-divisions VIIIC & TXa in 1996
Cuarter 1 Quarter 2
Age Vilic IXa All Divisions Age Yille Xa All Divisions
0 0 0 0 [ 0 0
1 72 o6 73 1 126 118 125
2 241 —_ 231 234 — 2 158 201 174
3 270 260 . | - 268 3 - 286 264 28l
4 313 287 310 a 336 307 334
5 387 352 385 5 420 381 419
6 436 388 - | 434 6 454 415 452
7 450 433 459 7 468 451 467
8 485 433 484 8 487 439 487
] 508 512 508 9 506 - 524 507
10 541 560 542 10 541 - 579 543
11 547 603 348 11 541 14 544
12 560 624 562 12 556 620 560
i3 629 709 634 13 636 692 639
14, - 622 . 741 -~ 623 Ty 624 | 717 626
" 15+ | 626 - 843 630 15+ 6§55 595 636
All ages 263 243 251 All ages 384 273 373
Quarter 3 e Quarter 4
Age Ve . I¥a. | Al Divisions : Age - VHic . - IXa. All Divisions
0 0 ~ 30 s 0 €5 72 71
1 145 155 147 1 162 174 160
2 154 207 T 2 167 215 . 186
3 29 35| 25 3 250 33 280
4 308 {381 1. 334 4 318 350 336
5 356 424 | : 408 5 3% 417 402
6. 387 439 T an 3 440 | 48] 455
7 355 515 T 454 7 466 523 474
S 428 |- 631 637 8 450 568 501
9 450 579 572 _ 9 529 582 534
10 440 590 577 E 10 |- 596 765 604
11 481 | 643 L 603 T 1L 616 712 620
12 494 s88 | sa7 12 600 963 600
13 651 1,202 888 - 13 | 610 0 1670
4 6is | 0 818 : id - 620 G 620
15+ | &5l . 0. 651 15+ 770 0 770
All ages 160 100 121 All ages 212 88 109
Quarter 1-4
Age Ville . - a | Al Divisions
0 &8 0 .50
1 1L - | 142 117
2 161 213 175
B} " 269 281 272
4 326 327 326
s 411 396 410
7 450 454 430
7 466 467 466
8 “487 "~ 562 393
9 507 551 510
10 542 S84 | 343
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
slachimwgmhsats\T-288. 1)
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Tahle 2.8.7

- Catch numbers ('0l|)0) at age of the Southern Mackerel

1992 i

- 1994

- 1995

AGE/YEAR| 1984 1985 1986 ws-.- 108 stsr 1990 1991 ‘ 1*993
0 287,887 81,221 30419 4,927 54 829 40,961 13 896 5.1 18 - 41,728 6,234 24,899 11,027 - 30,858] '
1 15285 30,856 27,323 16,783 46960 . 21433 31935 11330 8634 13484 2876 7436 | 29,026 -
2 3,788 3,046 13324 ¢ 8,040 7 4,347 5880 -7,518. - 0,842 5372 7,549 7,650 - 580 10551
3 8,599 1,934 4,862 10,580 6,652 4,360 © 2,662 11,5520 8889 - 2477 . 7,949 9249 . 10,077
4 4679 10506 54020 4660 9,719 | 4,159 28761 12,671 : 5482 10,810 7920 6757 . 15307
5 6475 3333 13251 9464 3220 6010 4683 6813 - 7,813 - 4435 13,126 5069 . 6300
6 1,643 2,050 3727 - T0i9. 5588 . 2767 . 6,615 413 0 3430 © 3,242 9425 7255 5041
7 931 722 377, L7077 12975 4,106 1,929 5609 2,060 . 4,352 6,608 .6907 ' 9,652)
8 1,583 524 152X 1,818 5610 0 5532 4TIE . 1337. 2908 2106 2,899 6944 . 6,187
9 1,540 1,024 638 L0812 1824 ¢ 1531 © 5468 " 1405: 868 2260: - 2735° 3759 | 6,172
10 608 941 5250 1,626 543 819 - 1,532 2,899 1,053 1484 1393 2511 ¢ 281t
11 732 775 198 N7 201 334 c. 697 SB3 L1866 . 17 . 957 2226 . 2179
12 3438 528 32247 483 764 0 ¢ 291 596 36 428 - 542 623 01243 . 939
13 500 364 1,714 cdB1- 716 . 290 0 58 il 195 643 275 644 . 208
14 360 313 0 115 125 85 137 79 14 279 336 642 251
15+ 4 558 3,237 241 940 346 145 351 68 1,183 148 623 295
TOTAL 334,962 138,694 109,745 69921 155105 98,956 90,465 73,851 90,128 66937 39,819 78261 1353853
CATCH(f) | 20308 18,111 2478% 22,087 24773 18321 21312 20781 18,046 19,719 25045 27,549 34,121
JJsoP (| 20045 17,833 25378 23,026 24931 19358 20,852 20,724 17,993 19704 25107 27,518 34,060
% R 9. 93 .oz 104 101 100' ' "9’8’="' U0 1000 TI00 T o0 1007 100
',-'].‘at_rle.2.8.'8, Caxtch wengluts at .age (kg) fmr the Southern Mal‘ke‘rel
|AGE/YEAR| 1984 . . 1985 1986 _ 1987 1988 1989 1990 _ :_1991- © 1992 1993 1994 - 995 - 1996
K 0031  0.055.. 0063 0.08% © 0055 0042 0092 . 0075 0051 0077 0046 0071 0.059
1 0059 00920 0122 0183 0081 0000 0118  0.160° 0190, 0116 0167  0.160 0117
2. | 0228 0189 0249 . 02510 0218 0197 . 0207 -0:208 0265 0200 0205 0246 0175
-3 - | 0248 0299 0289 0291 . 0251 0267 0256 0242 0279 0307 0262 | 0303 0272
iy 0303 0339 0390 0398 0286 0357 0310 0204 0325 0326 0352 ¢ 0370 0326
5 0344  0408° 0401 D442 03260 © 0392 0365 03335 0366, 0360 0379 0409 04D
6 [ 0378 0484 0404 D474 0342 0472 0401 0400 0404 0401 0422 © 0443 0450
g 0392 0502 0567 0560 0388 0499 0475 . 0439 © 0435 0443 0457 . 0478 0466
8 0457 © 0593 0512 0602 0395 OS5I 0494 0485 0463 0469 - 0498 * 0507 0493
9 0451 - 0596 0417 0638 0406, 0544 0525 0508 0480 0499 ©.525 . 0530 0510
10 - | 0441 70609 0567 - 0624 . 0480 - 0.545 0507 - 0520 0537 0491 0536 - 0.556--- 0,545 | -
1L ] 0465 0607° 0649 . D652 0494 0591 0565 - OSFY 0544 0518 0 ‘0579 0560 0.546
12 0345 0646 0528 - 0449 0492 0565 0540 - 0746 0.595 --0.597 0626 . 0619 . 0.561
13 0406. 0636 0526 0519 - 0543 . 0626 0729 . 0674 0523 0590 0629 = 0657 0656
14 0.504 0679 0000 D663 0549 0579 0553 0667 0718 0578 0625 0616 0626
154 0708 0667 0679 0769 0567 0735 0724 0720 0708 0744 0722 0.675 0463
0-15+ 0060 0153 0286 0339  0J61 086 0231 0281 0200 0.294 - 0280 0352 0.251

e\acimwgmhsaQa\T-287-8.xls
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Figure 2.4.4 (cont.) Juvenile mackerel distributions at age 1 1990-1993
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Figure 2.4.4 (cont) Juvenile mackerel distributions age 1 1986-89
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Flgure 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

- Scoitish st quarier survey
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Figure 2.9 The age composition of the western mackerel in the international catches from 1985-1995.
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3 NORTH SEA, WESTERN AND SOUTHERN MACKEREL (DIVISIONS Ia, ITa, IVa—c, Vb,
VIa-b, VIIa-k, VIIIa,b,c,c AND IXa)

3a North Sea Mackerel
3.1.1 Fishery independent 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 resu]ted in some egg produchon being missed on the first survey. A. total seasonal productlon of stage I

E‘rggS o1ouXx lU WaS cmculaxeu equwalem 10 a 35B of 64 UU'U L Usmg a mean au'csm COIICCUUII of i i 070 11'0111

AT b o QA f\ﬂf\‘.

the wesiern area, increases the estimaie of SSp io 110,000 1.

3. 1 2 Recrmtment

For the ﬁrst ume 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 studles indicate that the fish n'ught have mixed origins (Nesboe et al. WD, 1997). Also the ‘abundance
index of the 1996 year class as.preliminary calculated from the’ North Sea Internanona] Young Fish Survey, first
quarter of 1997, is very hxgh (Table 31, 1)

3 l 3 Assossment

The est:mated 5SB from the egg surveys in 1996:was 110,000 t. There seemed to be a siight increase in. ihe SSB

A st n.‘“

L
smce the esumate of 78, Uuu l Daseu on me surveys in 1996 (Tabie 3.1.2). ‘This estimate was not d.ujumcu for
) B

314 : I\'Iam_ilgeme_nt-measures_and considerations

The Working Group still considers the North Sea mackerel to be scverely depleted. Therefore the North Sea
mackerel still need maximium protéction until the spawning stock show evidence of recovery, while at'the saine
time allowing fishing on the western and southern mackerel.

ACFM has for several years recommended the closure of Division [Va 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 aliow a nsnery uunng the first quaner might solve the misreporting probiem. However, ihis

. WOI.UCI have mpllcauons for 1‘401'[['[ Sea mac:cere: ]Il ihis area.

" The Workmg Group enﬂorses the recommendatlons made by ACFM for several years

- Thexe should be no fishing for mackerel in Dwmnm Il and IVh,c at any time of the year;

- 'I'Ele 30 cm minimuri‘l landing '“s'ize at pres:éi"nt in force in Sub—areii IV shouid be' maiﬂtéined

The closure of the mackerel fishery in Divisions IVb ¢ and TiIa 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-directéd fisheries
in the these area as vessels at present aré permitied to take only 10% of their catch as mackerel by-catch: No data
on th_e actual size of mackerel by-catch have been available for the Working Group .concerning 1996 but the
reported landings of Mackerel in Divisions Ila and IVb,c for 1996 might be seriously under-estimated due to
discarded by-catch. '



-3.2 - 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 ttends in $SB and recruitment which.are not available for the combined stock.

3.2.1 Fishery independent information

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

L I P Y

estimates (Tabie 2.2.1).

Over 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 for 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 investigated, it was considered that this time series should be omitted from
the current analysis.

3.2.2 Recruitment

Spatial changes in the distributions of juvenile mackerel have resuited in trends in the survey times series of
recruitment indices, these are discussed in Sections 2.4 and 3.4.2.

3.2.3 Matuority ai age

The assumptions made about maturity, by the Working Group in previous years, were retained with the exception

of the reduced maturity at age 2 of the 1984 year class (see Section 1.4.3). '.l‘»’Iatuntyr 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 s & 7 8+
%0 8 - 60 . % 9 97 . %9 100 100

An estimation of the maturity ogive in 1998 will be obtained as part of the egg survey of the western area. In this
context samples will be taken over areas of predominantly juvenile distribution as well as on the spawning
grounds (see Section 13.1). .bampies 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).

3.24 Stock assessment

: Tables 3 2.1 10 3 2 3 show the catches in number, mean weights at age in the catch and mean weights 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 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. The catch at age data were screened using a preliminary ICA fit. There were no large
_ - residuals or aberrant patterns, indicating. selecnon pattern changes, within the residuals from the fit to the recent

. years. : ‘

_ ICA fits to the catch at age data and the egg producuon 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. 2.3). The short time span for the first period was selected in order to exclude the 1985 catch

data. which includes a zero catch of O-group. The zero value introdoces a large residnal to the analysis and its

omission from the model fit reduces the vartance and bias of the log catch re31duals from the separable fit. In this
years assessment a_terminal selection of 1.2 was used for both pericds as there is no evide_:nce for a difference
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between the values estimated for the oldest ages. Both selection patterns were calculated relative to the reference
ﬁshlng mortahty at age 5

The model was ﬁtted bv a non-hnear minimisation of

a=11y=1988 — N2
o e A (In(C, ) -In(F,.S 1, N, V)

ety =() Hy:lggﬁ"'ﬂ .y S

| Zﬁ‘“Zﬁg@gﬂa(ln(Cay ln(Fy S 2. RL,,))zJ-

T‘Y-—l%ﬁvn ; r'r'n"h N1 -n' J— nr v 04 TVAA AL \'2' , o
Lfv-ltm 2N L y} {2 Vo 5. Cus 7 Wa y.cutp L[ ydlg=d V.V W+ -
1989 M

""" Z(m(EP ) - m(zaN”.oa,,.w”.exp( -PF.F,.82,-PM.M))"

“wherg -

Nbar - mean exploited population abundance over the year.
N - population abundance on 1 January.
O - perceniage maturity.
7 M -natural mortality. "
" F “fishing mortality at sge 5. ST e : ‘
51, 82 - selection at age over the time penods 1986—1988 and 1989-1996 referenced to age 5

[EOFPL P WSS v, N1 N EFre nll adhan aoan
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au e e

y QEU a.uu _YCG.I. oubwl LpFL3.

PF, PM - propertion of fishing and natural mertality occurring before spawning.

EPB - Egg production estimates of mackerel spawning biomass.
C- Catches in number at age. and  year.

N 'Tables 3. 24 abc d and thures 3.2.1-3.2°4 present the ICA d1agnost1c output. Tablés 3.25,3.2.6and 3 2 '?
" present the estimated’ ﬂshmg mortahtles and populatmn numbers—at-age and the stock summary B

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 {Fos =0 30‘7} ‘This results from both the addmon of the new catch data and also the revisions

. L I TE TR IREY P S -
1o the egg prouucuon esumates of spawmng siock biomiass. However, mean I over the period 1992 to 1995
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25y
onditional on the assumnption of 2 eenstant selection pattern during the last few years. The assessment fo or the

' :':'years after the last survey would be very sensmve to dev1atlons from the h:stonc seleetron pattem

5 AAAL 1 th
added to the assessmient time series these fesults’are

MALRL protillar lasalin v el 2280 30T (S ML

- Figure 3.2.2 shows that WhllSt hie yleld remamed relatwely ‘stable between 1980 and 1990, the spawnmg stock
" biomass increased s]ow1}r ‘This resulted from a sustained level of good recruitment. Between 1990° and 1993 ‘the
yield and fishing mortality increased rapidly, they remained stable at 2 high level in 1994 and 1995, well'above
the long term mean. Fishing mortality is estimated to have decreased in 1996. Since 1992 the S5B has declined
"'sharply, Tast years assessment estimated’ the SSBin 1995 10 be at @ historical Tow of 2.12 million tonnes, Just
below the estimiate for 1994 2.14). Thls 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
T the errors mherent ‘within the assessment data sets the 1996 SSB is at an equtvalent level to that of the prewous
:';two years ana it appears tnat me uecreasmg treno may have been siowed or halted.

' The 1995 year class was estimated to be extremely low by Tast years assessment, the révised 1995 ICA estimate is
for a year class of average strength.



3 2 6 Comparatwe ass&ssments

In previous years’ the ICA ‘asses§ment was compared to the results from an XSA assessment tuned io the Western
Approaches ground fish survey and two simple biomass-dynamic models (ICES 1997/Assess:3, ICES
'1995/Assess:2). ‘No comparative -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 analys:s of the effects of distributional cha.nges on catchablhty

3.2.7 Consequences of using GAM estimates of egg productlon :

The Working Group has previously explored the sensitivity of the Western Mackerel assessment to the method
used to caiculate estimares of egg production from ihe egg surveys either the estimates caicuiated by the
Eaﬂlnonal memoa, or esumal:es calcular,eu usmg a U.FLLV]. d.ppl'Ud.Cﬂ U.\..E.D 17:" Hﬂssess_.) ) lllt: assessimenti was
found to be highly sensitive: Using the GAM-based stock size estimates and allowing a proportional catchability
relationship for the surveys, a stock size approximately 50% lower than the Working Group’s conventional
‘assessment could plausibly be calculated. The concomitant ﬁshmg mortahty estimate was appromnate}y 0.6

r-nmnnrpr] ta the conventional estimate of (0.2

As no new information on the GAM -based approach has been presented, this analysis has not been repeated.
-~ Instead for ¢ convemence Flg;ure 3.2.5 has been reproduced from the comparison made pre\nously and. menuoned
'above

The Workmg Group notes w1th CONCern that a plau51ble alternaUVe interpretation of the data, usmg an alternative
structural model, leads to a much lower perception of stock size.

33 Southern Mackerel Component

o 3'.3.1 " ‘Effort and catch per unit effort

: 'T'ablc 331 s;hews-tl'ze fighing effort data from Spanish and Portuguese eommercial fleste. The table includes
" Spanish effort of the hand-line fleets from Santona and Santander: (Sub-division VIIIc East) from 1989 to 1996

-~ and from 1990 to 1996 respectively, for which mackerel is the target species from March to May. The table also

showsthe effort-of the Aviles and I.a Corufia trawl fleets (Sub-division VIIIc East and VIIIc West) from 1983 to

1996 and the Vigo purse-seine fleet- (Sub-division [Xa North) from: 1983 to 1992 for which mackerel is a by

catch. The Spanish trawl] fleet effort corresponds to the total annual effort of the fleet for which demersal species

is the main target. Portuguese Mackerel effort from the trawl fleet (Sub-division IXa Central-North, Central-
South and South) during 1988-1996 is also included and as in Spain mackerel is 2 by-catch.

- Table 3.3.2 shows the CPUE corresponding to the fieets referred to in Tabie 3.3.1. The Spanish rawi fieets in
1996 showed again fluctuations in different trends compared with the ones from 1995, while the hand-line fleets
" are rélatively stable,-although a considerable increase was observed for the fleet of Santander in 1994 and 1993.
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=Spanish CPUE of the commercial:fleets indicate that there are seasonal fluctuations in the
abundance of adults and juveniles mackerel in Division VIIic and Subdivision IXa North and also.confirm that

seasonal and spatial variation of the fishery is re]ated to the spatxa] variation of the abundance of this specms in
- that area (V1]]a.m0r et al.; m press) o : .

- 3.3. 2 Surveys
_Mackerel egg surveys carned out in the Spamsh and: Portuguese area are discussed in Sec’uon 2.1,

- ‘Table 3.3.4 shows the numbers at age per- half hour wawl from the Spamsh bottom trawl surveys ﬁorn 1984 to

1995 in September-October and the numbers at age per hour trawl (* 1000) Portuguese- bottom trawl autumn
enrvave from 1088 10 1005
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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 [Xa Central North, Central South and South (Portugal), from 20750 m depth.
:"The same samphng methodology ‘was vsed in both surveys but there were. differences in the gear design..

The data of the bottom trawl surveys. mdmate that mackerel were very scarce. Thls 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 abundanice of the species is very low. in this.area
(Villamor er al, submitted). The catches of these autumn survoys consist mzunly on ]uvemles both on the
Spanish coast and Portuguese coast (Martins er al op. cir). : coo

& 3.4 -‘North East Al:ia'nﬁc‘ (I\T'EA) Mackerei
344 rlsnery mnepelln 1 ii:f rriation
= Ag in previous. years the westem area egg survey esumates of spawmng stock blomass since. 1984 were !ra.lsed by

15% to provide a-spawning stock biomass series for the combined stock. The raising factor is based on the ratio
of the spawning stock biomass 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 companson 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 catchabzllty have been mvestlgated it was considered that this time series should be
“omitted from the.current analysis. : : : : ;

3.4.2 Recruiiment

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 incorporated.all
available assessment information. The results established that the index values have an increasing trend with
*time; whersas the estimatés of recrnitment have recently been declining. The discrepancy appears to have:been
- cansed by variation in the spatial distribution of juvenile mackerel (Sectlon 2.4). Until the causes of the change
i-are’ mvesngated further, the series can: only be used qualitatively. In the present assessment the first quarter
- Scottish.ground fish survey and the La Coruiia age 1 CPUE time series have been used as quahtatlve measures of

g the abundance of the 1995 and 1996 year classes (Flgures 2.4.5and 2.4. 6)
?-"3.4 «3 Combmmg data

[y o TP Y

A combined data set for the North East Auantic mackerel was caicuiated as in previous years, The analysis was

“ restricted 10 the years-1984—1596. The data series for ilic 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: Westem stock from 1988 onwards e

Mean weight in the catch was obtained as a catch number wemhted average of the vJeights used for the three
< stocks: Catch weights: for the 0 and 1+ ‘gTOUpS are. detemuned pnmanly from:the southern area and those for all
- other ages pnmanly from the western ared.. e ‘ : P C .

Welghts in the stock and matunty ogwes were obtamed as averagcs we:ghted by the relative propomon 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:? J, witch
corresponds to approXimately 1.5% to 4.5% of the combined North Sea and wesiern spawners. Thus, for
combining the North Sea and western stock data, weighting factors of (.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 sonthern ap_.-i western data. Similar weights were annhed to the maturity at age, the resulting maturity ogive is
given on the following page:



Age 0 1 2 3 4 5 6 7. 8+
Maturity 0 014 065 091 097 097 0% 1 1

: Natural rnm-ta]:tv was taken as 0. 15 and: the proportions of F and M before snawmng were 0 4.
3.4.4 : Stock assessinent

Tables 3.4.1 to 3.4.3 show the caiches in number, mean weights at age in the.catch and mean weights at age in
the stock. The caich 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 fii to the recent years. .

" 1CA fits tothe catch at age data and the egg production estimates were used to-examine the reiationship between
“the ‘indices and the caich 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 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

- vears assessment a terminal selection of 1.2 was used for hoth nerinds. 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:

oy ):3:1225 «((C.. ) -In(F,. 51, N, ) +
s ;:iii:zn(lncc »-In(F;.52,.N, ) +
z(ln(EPB,) ln(z Noy-Oay-Way-eXp(-PF.Fy.81,- PM. M) Y+

y—-1988
fy=1984

vy“lggs\"n..frnhh L . R e TAT. . AL LA 2
Ltyoiop 2AIN(E y)-mu..awa,y.u,,,y.wa,y.exp(—rr.ry..).aa—ru.1 )}

| Sli=S2=10
.81117: _Szll_= 1.2

e

N bar - mean exploited population abundance over the year.
N - population abundance on 1 January.
O - proporticn of fish mature at each age..
M - Natural mortality.
F - fishing mortality at age 5.
.- 51, 82 - selection at age over the time penods 1986-—1989 and 1990-1995, referenced to age 5.

1 _ i i Fantoe cat ¢t 11 1 Far aea 1 1 0 Far 211 nthar aoae
A wun,suu.us 1aCior 501 V. 1 108 age A BT O for all other aEw

A _ aos and vanr onl-mr-nnfc
fc A o e e e

PF, PM, proportion of fishing and natural mortality occurnng before. spawmng
EPB - Egg production estimates of mackerel spawning biomass.
C - Catches in number at age and vear.

: Pare:uhe.ter'estimates: and their standard deviations are fisted i in Tables 3.4.4af and illusirated in Figures 3.4.1—
.. 3.44.Tables 3.4.5, 34.6and34.7 present the estimated fishing mortalities, population numbers-at—agc and stock
~.. summary. _ .
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3.4.5 Comments on the assessment

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 censtant selection pattern
during the last few years. The assessment for the years after the last survey would be very sensitive to dewauons
a:from the hlstonc selectxon pattem ' i o s

Mean F on ages 4—8 s est1mated o have been 0 2lin 1996 and 0 27in 1995 the sarme as esumated in: last years
assessment (Fy; = 0.27). Mean F over the period 1992 to 1993 (0.265) is uncnangea rlgure 3.4.2 shows that as
:-with the 'Western mackerei the y:em remained reiatively siabiec beiween 1984 and 1:fyu, wiih a slow increase in
spawmng stock: biomass. This resulied from 4 sustained: buqucuu: of good recruitiment. Between 1990 and 1993
 the yield and referetice F indreased 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 asiessment estimated: the SSB in 1995;to be at a historical low of 2.54 million.tonnes, just
helow the estimate for 1994 (2 55). The differences between this years and last vears 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 guo 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 assessment. The forecast made this year will be sensitive to the estimate
of recruitment in 1995. The 1995 year class was estlmated o be extremely Jow-in last years assessment but there
were indications from survey and CPUE data that it may have been ai least of average sirength; in forecasis 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 Tecruitment has not
alterad substantially from the low value estimated last vear (Figure 3.4.5). The 1996 vear -class is estimated to be
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strong by the ICA it but this is not_gons;dered to-be rehable -as it is based on one catch at gge value from the
1996 ()-grnun '

34.6 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 aaamon of the Norih
Sea catches indicates that the year class may be at least of average sirengih. However, the predictive value of
these data series is, as yet, unknown. A precautionary 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 actimated Wegtern and Southern area rpr*nnt_mpnte for ﬂ'IF npnnﬂ 1024—-1 9G4,

WAFLARALEALAAL TP wTLAL Bd GAELNE L il RN AL PR A LS

Catch forecasts have been calculated for the provision of area ‘based 'TACs. Two. “fleets” have been defined,
corresponding to the exploitation of the western area, including the North Sea and the unregu.lated catches taken
in international waters, Division IIa (Northern), and the southern area (Southern) '

The explmtauon pattern used in the pred.lctlon was the separable ICA Fs' for the ﬁnal year “These were
subdivided into partial Fs for each fleet using the average ratio of the fleet catch at each : age and the total caich at
each age for the years 1994-1996. Wexght at age in the catch was taken as an average of the vaiues for the period
1994-1996 for each arca. Weight'at age m 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

Intarnational watsre T'h\,rls-u on’ __a\. The Southérn area has 5 TAC of

e g ~rdl
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30,9{_,“3 tinnos” Catches ih the Southern ‘area have rFr'Pnﬂv been incressing and exteeded the minta for the ‘first

time in 1996. Catches in international waters which are not subject to TAC, have recently averaged 45,000
tonnes. The combined over-shoot of the 1996 TAC was 23% (560kt).




- Four single option summary tables are presented (Tables 3.4.9.2—d) and summarised in the text table below. The
tables. illustrate status quo. fishing mortality and 560kt constant:caich options for 1997. These are followed by

. three .options: status quo fishing mortality, F98 = F99.= 0,15 the agreed between the EU and Norway for 1998,
and constant catch options. o '

Year Status quo (FI6) ICatch 97 =96 [Catch 97 = 96 [Catch 97 = 96
|catch 98,99=560 Kkt |F=0.15, 98,99 SqF 98, 99
Ref F SSB Ref F SSB Ref F SSB Ref F SSB
1997 0.20 2.56 0.20 2.57 fo.20 2.57 Io.z 2.57
1998 0.20 2.67 0.19 2.70 0.15 2.74 0.2 2.68
1909 0.20 271 !e 17 278 0.15 2.90 !@.2 272

The forecasts predict that SSB will begin to recover, as predicted last year, to an average of 2.8 million fonnes.
However, the 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.

Two manazement ODtIOIl tables are presented. Table 3.4.10 presents the option for Status guo 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 agreement for the _predicted SSB values. This results from the
dominant effect of the exploitation in the Western area on the forecast SSB estimates. The reference Fs in the
Southern area are so low that for the range of F multipliers used in the forecast their catches make no significant
impact on the predicted SSB i in the short term.

347 Medium-term predictions

Medium-term predictions were made using the methodology described in ICES (1997/Assess:7). The iﬁput
parameters were estimated as follows:

s Stock nnnul_af_w_\n nm‘a_m_eters fF’.smno mr_\rf_n_htv se!ecuon nnﬂulat!r_\n ahundanee a

from the ICA fit (Section 3. 44) apart from the 1996 year class at age (0. This v I_ue_'. was
geometric mean as described in Section 3.4.6.

¢ Due to the down-weighting of the 0 group during the fitting of ICA the estimated variance gave an 800%
coefficient of variation. The variance of the estimate in, the ICA covariance matrix was replaced by the
variance .of the geometric. mean of the full recruitrnent time series. The adjusted variance-covariance matrix

- - was then used as the estimate of uncertainty in the stock population parameters.

e Mean weights at age in the catches and the fleet partial-F rat:'.l'o at age were calculated as from the average
proportions in the 19941996 catches.

* The mean of the matunty ogwe and welghts in the stock were esumated from cbservations from 1994 to
.1996.

* Recruitment Funciion.

A simple, robust and precautionary approach to modelling recruitment was adopted. It is assurned that if spawning

.stock biomass falls below the lowest spawning stock biomass esumate then a hnear dependency is assumed to held.
Tan‘Pr'rmnfv about r.nr‘h a re‘ahnnehln was th modelled, ™

ThlS model was formulated on the basis of makmg the simplest assumptions about recruitment that are consistent
with the available data and with obvious constraints that are necessary from theoretical grounds. Firstly, there is no
detectable dependency of recruitment on stock size over the range of stock size estimates available. Attempts to fit
such functions having proved unsuccessful, it becomes necessary to retain the assumption that, over the observed
range of stock sizes, the recruitment is independent of stock size. A geometric mean recruitment has been used as the
estimate of central tendency over tl'us range of stock sizes. An additional necessary constraint is that when stock size
is zero, recruitment is-also zero. The dependency of recruitment 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.



Stot:ha’htic variation of ‘tectuitment abont the model for medium-term prediction purposes was modelled in' different

Ways sepa.rately for the : regions of stock size above and below the Jowest observed stock size. In the region over
which stock sizes have beeri ‘obsérved and recruitment is assumied ‘to be: stock-independent, pseudo-recrmtments iR
wara Aronm fram a .r-'lmi-nhuhnn as: R -
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where- Ryare the estimated recruitments over the n years, and the epsilon’ are re-sa:npled with replacement from the
_ _hlstonc dlsmbutlon of recnuunents about thelr geomeu-w mean.

For lower stock sizes, a dlfferent approach was used. For each pseudo recruitment, a new estimaté of the mﬂectlon
pomt of the stock-recruit relatlonshlp (the recruitment at the lowest observed’ stock size) was drawn from a

atte mmmnue ol alacserad  wen e ok el werithy ancs sqnal ta tha

,custnnuuon navmg a.'.-. llb mean um‘ gcul‘ ISINC Tmiean 01 ouseivea IClTuitments, and Wil vanance fqua: to e

P PRI P PR R ' vy,
anance of um observed recruitments. A pseude recnuuuent was then genereted usmg the gﬂmmteﬂ

“inflection pemt {and gssuming 3 linear dependeney of recruitment on ‘stock size down to the o gin) and nemwl_ﬂ_weﬂ

_ _w:th an error re-samp]ed from log res:duals w1th rep]acement 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 ﬁshlng

) mortauty of 0. 13 m 1995 umess Iur.ure 5cit nuut.. duvu.c lt:qque muuun.auuu of the agreement

© Brusséls §th Dec. 1985,

) _An MBAL ef 2 300 000 tonnes was used (see Section 3.4, 9)

" "The status guo F constraint led to'a gradual reduction in the risk of SSB fa]]mg below ‘MBAL (F1gure 3.4. 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 fo & range of 350~1,000,000
tonnes shghtlv I:ngher for F 0 2 (Flgure 34 7) than for F= 0 15 (Flgure 3 4.10).

348 Long-term yleld

" Table 3.4.12 and Figure 3 4.12 present the vield per recruit forecasts for the both areas. Fe., is poorly defined at
a combined r ference F of about 0.5. However, for pelagic species Fu,, 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 esumated last year
using the same selection pattern, the full age range and a 12 plus group, to be 0.175.

'The t1me series of stock and rectuitment estimates for thls management unit are short and the estimation of Foeg,
' Fh,gh and Fy,,, for short tirne series will be biased if the stock has prev:ously been reduced to a low'level. For this
reason the F reference points have been calculated from the Western mackerel assessment time series of
. _recruitment and SSB raised by the ratio of the respective series with the combined assessment time series. Figuie
3. 4,13 presents the résults, Fy,,, i is. esumated to be 0.08, Freq 0.28 and Frigy 0.765; currently F is estimated to be

o between F,m and F.W The ﬁshlng mortahty foreca.st for 1997 under the constant catch restriction is 0 2 ( F96)

Li,3.,4.9 Refer_en;:e pqints_forjmanage'm‘ent_ 'purpose S
" Even when the period back to 1977 is 1ncluded the SSB only spans the range of about 2.5-3.5 million fonnes.

W:thm thls range there is no ev:dence that the stock size influences the recruitment. One would expect that the
" recruitment would be reduced at some levei of SSB but there is nothmg in the present expenence to 1nd1cate
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what this level wounld be. In: recent years;: the trend in SSB: -has ‘béen downwards. The Working Group has

previously recommended that this development.should be reversed. This is both because of the uncertainty as to
- what the dangerous:level of S5B.would be, biat also because-the present fishing mortality is well above. FO.I,.
-which implies that the fishmg mortality could be reduced w1thout any appreciable loss in long term yield.

Smce the shape of the stock-recrult relat:on beiow the hlstoncal low. SSB is unknown, a: precauuonary
assumption about this relation would be a linear decrease in recruitment with decreasing 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 declining line. in the stock recruit plane would: represent the replacement line corresponding to the
“historicat low SSB and the mean recruitment, and any mgner F than the one corresponumg to this replacemeut
line: wouid iead to depletion of ithe stock in long term sinuiations. Thus, under these assumptions, ihe lowesi

hlstoncal SSB has the propertles of a limit biomass since the correspondmg F would appear as an Fo.q,.

The leve.l of 2.3 n:u]lion tonnes has been regarded a8 the lower bound of the experienced SSB-range by the
Waorking Group for several years. This is not to be taken as a By, and the comresponding F as an Fy,, as is the
usual interpretation of these concepts. In the present context, they represent the lower end of the range where by
experience, the recruitment is largely independent on the stock: biomass, but not necessarily the beginning of a
range where poorer recruitment is to be expected. However, since this biomass level is well below that
corresponding to F0.1 at. equilibrinm, an exploitation which leads to a lower SSB cannot be justified on the
grounds that it would increase the long term equilibrium catch appreciably. In this case, the argument sometimes
put forward, that using the lowest experienced SSB as a limit would preclude full exploitation of a 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.

. Simulations made I'Jy- the Comprehensive Working Group (ICES 1997/Assess:15) indicate FO.1 as a default
candidate for Fy, under a wide range of stock dynamics. As such, it should imply a good trade-off between yield

and risk. To explore this specifically for this stock, the long-term equilibrium distribution of SSB at various
IFVPIE of F was r-nmnnfpd_ The model nged ic similar to the one used 'hv (Tt:'ES IQQ'T)'AEG:PEQ_R\ It Pnhmatpc the
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stationary dmmbutmn of  SSB and recruitment at & fixed F.. __k_ng into account variations in recruitm nL and

ALY Wil =L 1118

- weights at age. The stock-recruitment function used was:

R = f(SSB)*exp(g),
where |

f(SSB) =13872 for SSB>2.3 million tonnes
=88B/2.3*3872 for 55B<2.3 million tonnes

and: ¢ is nermally distributed wﬂh expectation = 7 0 and s = 0.485. The paramsters.represent the geometric mean
and the standard deviation of the log résiduals of the recruitments in the -years 1972-1995, as described in

Qamttor B A £ Ml ot abemaatn cn?oPoae mb e wrmr bt oa d Lo Aot e o il e bl o et o] W
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As a reference point representing the precautionary exploitation (Fp), an F at about 0.185, which is.slightly
above F(.1, appears to be the highest F that is acceptable in terms of a less than 5% probability for the biomass to

* be below 2.3 million tonnes. The mean biomass at this level of Fis close to: 3.0 million {onnes, and the median
2.75 million tonnes. :

The choice of reference points, in particular B, and F,,, will to some extent depend on the harvest control law to
- which: they are to be applied. Some exploratory. simulations of a harvest control law was done using a medium-
" term simulation model. The harvest control law used was:

~r

A ™. . =
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" ‘Whiere F1 is a fishing mortality admitted when B<By,,, and Bi,, is the biomass which should be avoided. For the
= NEA ‘mackerel stock,: where the 'SSB ‘is close to the assumed By, of 2.3 million tonnes, and the assumed B, is
- 'somewhat’ arbitrary and ‘does not-represent a limit below which the recruitment is' known to be reduded,-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
" milliontcnnes. As an example, F corresponding 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 wis used. For 1997, a catch of 560,000 tonnes was -assumed, and for F,,,, the F0.1=0.175 was used. .

The medium-term simulation is a stochastic projection model, run over 10 years, with the same input data as the
“equilibrium-imodel described above. The: projection starts with the:stock numbers from the last assessment yéar,
“and includés the uncertainty in these as specified by the - variance-covariance matrix: estimated . in: the ICA
“-assgssiment: The model inciudes a decision rule, where next:-years F is deiermined 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 distribuied and specified as a mean and standard
dev:atten Likewise; deviation of the realized catches from-the TAC are also modelied with a smﬂar catch

ulnnhm- These optione allow for tegting the robustness of the model to these sources nf BTTOTS,

tiplier. These opta obusiness of the model
- Table 1,4,13-shows'the resu]-ts .ft:r a"eelectien of TURnS. Three-mea'sure_s-of perfonnance-are shown:

e “The pfdbability that the stock will reach the 2.3 million tonnes level at least once in the 10 years period.

- & A measure of 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 SRR
*“The médian total cateh over the 10 year expressed as average ‘catch per year

. The results indicate that in order to be robust towards uncertain assessment or overﬁshmg of TACs a fan'ly htgh
’ Bnis helpful This will increase the’ year to year variation in‘the catches 10 some extent A lower value- of the F1
"wnll also be helpful but will also mcrease the year to year vanatlon :
Possibie i narveSE coniroi laws would fteec‘l far more extensive

' :'pdl“uouta.r, oné shoitld be aware that the e s 1

uln
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investigated.

In consequence the Working Group invite comments on the appropnateness for management purposes of 2
harvest control law as defined above, with Biyy, = 2.3 million tonnes, Fy, = FO.1 and F1 = 0.122.

3.4.10 Management measures and considerations - o
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 assessiment has estimated. that

“. cateh resumng from the overshoi 1996 TAC has resulied in a reduction by 26% compated to 1994. The TAC for
7+ 1997 is the saine-as that 'of 1996 and if the resulting catchiis equivalent to that for 1996, the fishing mortality will

remnain at this level. Short- and medium-term forecasts predict that the recent decline in SSB hac been hdlted and

continued ﬁshmg at th.lS level wxll lead to gradual recovery to 2.7 llmn tonnes in 1998 and 2. 8 mllhon tonnes
""‘m 1999 : : S : R : ; ‘

: The Workmg Groun points -out- that catches have conmstently 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 o be the geomemc mean for the time series.

e the longer tertn, F i the order of 0 15—0 2 will result ina Iow nsk of going belew 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—199‘ the highest.on
record. This vear’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



and stablllsed the declmc in SSB Mmor revisions to the egg survey ‘¢stimates 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 Ila 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.



Table 3.1.1 Mackerel abundance indices from the North Sca Intcrnational Young Fish Surveys. Values ars
: 2o oo mean numbers per10hr. :
- Year oo o Firstwinter - . o o .Second winter: .- -
1970 L C 6536 . o S o A3
1971 3250 576
1972 o mhn B i S T : 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
1082 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
1954 22 !
1995 + +
1008 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

R
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Table3.12  North Sea Mackerel (Weight in ‘000 ).

Pt L—ur ¥ 4 4=}

Year Spawning Stock Biomass' Landings
1965 2850 % ' 208
1966 2700 % 530*
1967 1900 § 930 *
1968 1500 § 822+
1969 1113« 739 *
1970 550 323+
1971 580 243 =
1972 1249 1235+
1973 1087 ¢ 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 # 3+
1987 3+
1988 374 6
-1989 7
1990 784 10
1991 o ko
1992 - HF
1993 - Ak
1994 - W
1995 -k
1996 110 # -
$ 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 198%/Assess:11
# Estimations based on Mackerel Egg Surveys
*k Since 1990 assumed by the Working Group to be 10,000
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Table 3.2.1

Mackerel West (run:

The Western mackerel catch numbers at age.

1973

ICACDDO3/I03)

1974

1976

1977

1981

| 1982

______ +-"""“""‘"_—-——'——‘———______"""'--‘—"-_--""“'""""""“—————_____‘__"—-_‘—-""""-"-'"“____‘___""-"T".".!."""--‘“"“——-—“——-"_'"""--__;-“"“f"""—-_—

Age | 1972
4] 1.6
1 12.4
2 12.1
3 29.4
4 507.7
5 .0
6 .0
7 .0
8 .0
9 .0

10 .0

11 .0

12 .0
Thousands
Catch in number

Age | 1987
0 2.5
1 22.9
2 148.4
3 653.6
4 51.9
5 79.3
6 237.4
7 148.8
8 B3.9
9 33,0

10 18.0
11 24.7
12 60.8

Thousands

OO CONONWLNOUND

34.2
279.4
184.9

[
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154.
70.
74,

189.
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Table 3.2.2 The Western mackerel catch weights at age.

Weights at age in the catches (Kg)

0 .06600 06600 .06600 .06600 .06600 .06600 .00000 00000 .06600 .06600 _06600 .06600 .06900 .00000C .0QOQO0
1 .13700 .13700 .13700 .13700 .313700 .1370¢ .13700 .13700 .13100 .13100 .13100 .17800 .13700 .15100 .16600
2 .15800 .15800 .15800 .15800 .15800 .15800 .15800 .15800 .24800 .24800 .24800 .21600 .17600 27300 24500
3 .24100° .24100 .24100 .24100 .24100 .24100 .24100 .24100 28300 28300 .28300 .27000 .29400 .34900 .33%00
4 .41600 .31400 .31400 .31400. .31400 .31400 .31400 - .31400 .34300 _34300 .34300 .30600 .32400 .41800 .42100
5 -00000  .43700 .33400 .33400 .33400 .33400 .33400 .33400 .37300 .37300 . .37300 .38300 .34100 .41600 .47300
& .00000 .00000 .47200 .39800 .39800 .39800 .39800 .39800 ,45500 .45500 .45500 .42500 .42900 43400 .44400
7 .00000 ,00000 .00000° ,.48000 - .41000 .41000- .41000 .41000 . .49700 .49700 .49700 .43000 .53800 .52000 .45600
8 .00000 - .00000 .00000 .00000 .50800 .50300 . .50300 .50300 .50800 .50800 .50800 .49100 .46800 .54400 .54100
9 .Q0000 .00000° .00000 .00D00Q .00000 .511200 .51100 .51100 .53900 .53900 .53900 .54200 .56100 ,56200 59300

10 .00000 - .00000 * .00000 .00000 .00000 .51100 .51100  .51100 .57300 .57300 .57300 .60800 .61900 .62700 .54600

11 .00000 .00000 : .00000.° .00000 .00000 .000DG .00000 .51100 .57300 .57300 .57300 .60800 .63600 .66600 .69200

12 .00000 .00000 .0000C .00CC0 .00000 .00000 - .00000 .000CD  .57300 .57300 .57300 .60800 .63600 .70400 .69200

______ o e e e e e o e e i Y i Y L8 P ] o Y . St ol e i R Sk L B PR L B = e B e T T e L R A P ) e A Y T e ok ARk R e e 8
Units

VWeights at age in the catches (Kg)

0 -04300 .07100 .06100 .06100 .06000 .05500 .05300 .05400 .07300 .05500
1 .17600  .15700 .15400 .16700 .15500 .16400 .13600 .13500 .14100 .15200
2 .22200 .26000 .23800 .23400 .25500 .43800 .24100 .25700 .23400 .22900
3 -31800 .232600 .32100 .23700 .33200 .33400 .31700 .343100 .33400 .31400
4 .39900 .3%000 .37700 .38000¢ .39700 .39800 .37700 .,3%100 .39000 .38000
5 .47B00  .46200 .43400 .42500 .42600 .46200 .43700  .45100 .45300 .42600
6 .51300 .53700 .45500 .46300 .47100- .49700 .48600 .51700 .50300 .48600
7 .49200 .56700 .54600 .53000 .50800 .53400 _.53000 .54600. .5420¢ .52200
8 .49600 .56300 .59600 .55800 .55600 .55700 .55000 .59300 .5B200 .55800
9 .57700 .56800 .57900 .61200 .61200 .59900 .58500 .58500 .59800 .58300

10 .63500 .61700 .58200 .61100 .63500. .55400 .59900 .62900 .60900 .60200
11 -63400° .62700 .64900 .59200 .65100 .56700 .65100 .68300 .63500 .61100
12 .72100 .70500 .74200 .71700 .70800 .57000 .68B000 .71400 .67500 .67500
______ e



Table 3.2.3

Weights at age in

.0gooo0
-11300
013100

0
1
2
3

-4 .38000
5 -00000
6 . 00000
7 00000
B 00000
9

10 .| 00000
11 .00000
12 .60000

.20100 -

00000 .

The

Western mackerel stock weights age age.

the stock (Kg)

00000
.11300
.13100
. 20100
.25100
.26400
-44000
.00000

~.00000

L00000

;00000

. 90000
. 00000

.00000
11300
.13100
.20100
.25100
.26400

31600

-47000
.Qoono

~ 00000

.00000
.ao000
00000

0 .00000
1 - .07000
2 13900
3 .23300
4 . 26800
"5 ~. 36300
6 .37100
7 39200
8 L40200
-9 45900
0 L48300
11 -[4%200
12 54700

00000
.07000
.14600

23300

.30200

.32700
.43400
45500

-43600
.46000

~52800

.60600
. 64500

.060000
.07000
.17600
.23800
.29900

~.34200

.36300
.41900

.46800
.. 44100

.45100
.49600

58500 °

00000
L07000
.12800
-21300
28000

33100

386500
.40500
.33300

~42000
":51400

.51400
.51400

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

+.38000

49000
00000
.00000
00000
.00000

.00000
.07000
.14200

.22700-

.30700
+35600

40800

.43100

-.50600 ¢

.54700
.57400

..57400

.57400

.00000
.11.300
.13100
.20100
;25100
. 26400

-.31600

38000
.41200
51100
.51100
.00000
.00000

.00000
.07000
.21600
.25700
230900

735900

.40000

42400

. 46400
48900

32300

55600

'58200

.00000
.09500
.15000
.21500
.27500

+32000

"35500
.38000
.40000

.42000

48500
.ooooo
. 00000

.00000
.07000
.19300
.26400
.311.00

35700

.41600

-45800 -
..46400
48000

.51200
59700

. 56100

1979 1980
.00G0C  .00000
.09500 .09500
.15000 .15¢00
.21500 .21500Q
.27500 .27500
. 32000 .32000
.35500 (35500
.38000 38000
40000 . 40000

.42000 42000
- .48500 ., 48500
.4B500 _ 48500
.80000 '48500

1994 1995
. 00000 00000
.07000 .07000
L17500  .15100
23000 25900
.28900 -.31600
.35300 - .39200
.40700 .44500
.46800 49300
46400 .50600
LAT200 - . 54600
LB5000 50200
;.61200 62700

.56R00 .63300

.00000
.07000
.17200
.24100
.30000
.30000
.35900
.40100
$41200
.42700
.41300
.50900
150900

.00000D
-D7000
12200

24400

.31400

. 35600
.44300
46400
50500

57600
. 38000
.52400
.53800

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
07600
.18700
.24600
.2B8300
.30500
L37900
.42900
.42100
.46500
.51500
.49704

-54900

.59900

.00000
070600
.15000
.29200
.30000
.32800
36600
.42100
.44000
.44800
-55400
.57900

.00000.

07000
.16400
.26100
.29000
.34500
.33700
.39500
. 46700
.44100
.45100
.47200
.56800




Table 3.2.4a The ICA diagnostic output for the Western mackerel.

IFAP run code: I03

No of years for separable analysis : 11

Age range in the analysis . = 012

Year range in the. analysls 1972 1996
Number of indices of & 1

Number of age- structured indices F
Patameters to estimate : 53

Number of cbservations =1 139
Two selection vectors to be fitted .

Abrupt change in. selection specified.
Select1on -assumed constant up to and including 198B

PARAMETER ESTIMATES

! parm?* ¥ Maximum ? 3 o 3 3 3} Mean of ?
! No. ? 3 Likelih.?* Cv 2 Lower 3 Upper 3 -g.e. ! +s.e., ? Param. °?
3 3 i Estimate?® (%)? 95% CL * 95% CL ? o3 3 gistrib.?
I Separable Model: Reference F by year :
1 1986 L1321 ie 0960 .1818- L1122 - L1554 .1338
2 1987 L1651 15 .1219 .2234 L1414 L1926 1671
3 19883 L1788 14 .1337 .2392 L1541 2074 .1808
1 198% L1718 12 L1337 .2207 L1512 L1952 1732
5 1990 L1793 12 .1392 .2309 21576 L2040 .1808
6 1991 21975 13 .1525 2558 L1731 L2254 L1992
7 1992 .2352 14 .1787 .3097 L2044 L2706 .2375
8. 1993 .3051 15 22235 4163 .2603 L3875 .3089
g 1994 .3028 19 .2076 L4418 .2497 L3670 .3084
10 . 1995 L2906 24 L1796 L4701 L2274 L3714 L2995
11 1996 L2170 30 .1168 .3967 .158%6 L2952 .2276
Separable Mpdel: Selection (S1) by age from 1986 to 1988
12 0 .0041 145 .0Q02 L0712 L0010 0176 .0119
13 1 .0818 . 20 .05446 .1225 D665 L1005 L0835
14 2 .4682 20 .3149 .6961 .3824 5732 .4778
15 3. .6011 20 L4049 .8925 .4913 L7354 .6135
16 4 .7135 20 .4810 1.0583 .5B35 L8724 . .7281
s 1.0000 : Fixed : Refersnce age
17 G 1.2779 1% .B642 . 1.8896 1.0467 1.%601 1.3036
18 7 1.6337 1% 1.1075% 2.4098 1.3398 1.9921 1.6662
19 g 1.6174 19 1.0951 2.3887 1.3256 1.9734 1.6497
20 g 1.2163 19 .B262 1.7906 . 9985 1.4816 1.2402
21 10 1.2934 1% . 8832 1.8942 1.0547 1.5713 1.3182
11 1.2000 Fixed : last true age



Table 3.2.4b The ICA diagnostic output for the Western mackerel.

Separable Model: Selection (52). by aqe‘ from 1939 to 1996 e
.0053' 25 L0008 ©.0348 0020 ) 0139 ...0084

22 o

“,23 1 .1212- 15 -0B38 U UL65S 1 .1034 o 1421 1227
24 2 L3842 .24 77,2910 - 5072 '3334 Do 4427 - L3881
25 3 .6610- 13 5093 18578 5786 - " .7550 .6668
26 4 - .B759 12 .6822 11246 7710 . 9950 .BB30

5 -1:0000 - SRR 'Fixed : Reference age :
27 "8 L.9729 11 »7604 1.2303 L8631 1.0967 -.9799
28 7 1.0774 -11 ~.B578 1.3532 . .9591 1.2103 1.0847
29 8 1.1306 11 L9070 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 1273311 10234 1.5842 © 1.1390 1.4234 1.2812

11 1.2000 Fixed : last true age - -

Separable Model: Populatlons in year 1996 ; - .
.6637E+07 270 .3294E+05 .1337E+10 .4429E+06 ,9945E+08 .2590E+09

32 0
33 1 3746385 44 1563648 8976064 2398852 5850863 4137786
34 2 1997494 35 992238 4021194 1397816 2§54441 2128913
35 . -3 2675214 .30 1473689 4856366 1973512 31626414 2801914
36 T4 1431225 28 823390 2487769 1079460 1897619 1489309
37 5 841618 27 489647 1448597 €38408 1109511 874376
38 -6 475924 27 277504 816218 361421 526704 494294
39 .7 541157 26 319507 216571 413587 708076 561071
40 .8 270016 27 158632 459607 205842 354197 280144
41 . 9. . 300065 .26. 177159 508239 229326 392624 311108
42 10 1099331 28 62570 193147 B2462 146557 114573
43 i - 73620 29 40915 %32469 54555 993418 77002
Separable Model: Populations at age 11
44 1986 147726 29 83385 261714 110342 197777 154150
45 1987 .. 144490 23 91318 228621 114331 182604 148504
46 "lo988 58026 20 38686 87034 47184 71360 59281
47 lLogs 77295 .19-. -53121 112470 (3833 93595 78723
48 1990 119888 17 84901 169293 100535 142967 121761
49 1991 146193 17 - 104734 - - 204063 ‘123319 173309 148324
50 1992 . - 199708 - -16 - . 144523 275964 169330 235536 202445
51 1993 . . 73985 -17 53013 103251 62415 87699 75062
52 1994 48637 19 33227 71193 40044 59073 49564
53 1995 180477 23 113513 286947 142455 228648 185599

5SE Index catchabllltles

’ INDEXl

Used as absolute estlmator o
No fltted catchablllty 10r thls 1ndex
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Table 3.2.4c The ICA diagnostic output for the Western mackerel.

RESIDUALS ABOUT THE MODEL FIT

,,,,,, +'—__.—-._—_._—_._—-—_.-_--———-——————-———-———————————--——‘———————————--————- il AL A A
Age ] 1986 1987 1588 1989 1590 1991 1992 1993 1994 1995 1996
______ e e o =t o 4 e e e e e ——
0 2.423 -.334 -2.089 1.820 771 .435 -.909 5383 -2.1B6 -.514 000

1 -.045 -.395 439 -, 374 .303 -.116 027 .Q70 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 .13%

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

6 276 -.040 -.225 ~-.1%8 D14 .021 089 -.165 .102 -. (04 079

7 189 -.092 ~-.247 -.022 -.096 ~.,095 003 L1056 -.0%6 231 047

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

9 -.348 192 125 ngs6 -,115 .076 385 -.373 117 .118 -.292
10 -.017 185 -.122 -, 010 -.253 . 098 240 .401 -.489 109 -.073
11 - 003 021 165 012 -.308 017 ~-.140 .286 L350 -.327 028
______ B e e e o e o 22 e e e 0 et £ 21 o £ S 0 At o .m0 £ 8 e 8 £ e

Units

INDEX1
______ Mmoo 2 ot £ 2 2 2 e
{ 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
17213 Tio00 -1.000 135 -1.000 -1.000 056 -1.000 -1.000 -.107 -1.000 -1.000 -.017 -1.000 -1.000
______ o oo
INDEX1
O
| 1992 1993 1994 1995
11 oa1 1.000 -1.000 092
______ Tl

ty



0L

PARAMETERS OF THE DISTRIBUTION OF 1ln CATCHES AT | AGE

Separable model fltted from 1986 to 199b

Variance

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

L0672

.2645

2.9749
.4773
.0000
89

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

' DISTRIBUTION STATISTICS FOR  INDEX1

Index used as absolute measure of abundance.

Varlance :
Skewness test statlstlc
Kurtogis test statistic
Partial chi-square
Significance in fit
Number of observations
Degrees of freedom )
Weight ‘in the analysis

ANALYSIS OF VARIANCE TABLE

Unweighted Statistics
Variance

SSE Indices
INDEX1 -

Weighted Statistics
Variance

3SB Indices -
INDEX1

..p126
1.2999

-.3504
. 0060
L0000

1
7 -
1.0000

. 88Q Data

Total for Model 25.8362 - 139
Catches at Age 25.7483 132

.0879 -7

550 Data

Total for Model 5.3932 139
- Catches at Age 5.3054 132

.0879 7

Params

53

Params
53
53

Table 3.2.4d The ICA diagnostic output for the Western

d.f.

BE -
79 -

a.f.

86
79

.3004
.3259

.0126

L0627
.0672

.012¢

mackerel .




Table 3.2.5 The Western mackerel fishing mortality at age.

Fishing Mortality (per year)

0 .00085 .00000 .00041 .00022 .00725 .00221 .00331 .01560 .00381 .00576 .00114 .00000 .00008 .00000 .00054
1 .00252 .02111 .02482 .01920 .07337 .03869 .04110 .14052 .11785 .06235 .03620 .02932 .01384 .04486 .01080
2 .00681 .01173 .01798 .03552 .08258 .09609 18397 10078 .26611 .16463 .13050 .16265 .06508 .01714 .06183
3 .01352 .04288 .03486 .08548 .13929  .08698. .18853 . ,26828 . ,16285 .18667 . .22117 .18042 .21128 .04946 .07938
4 .07580 .06410 .09018 10772 .20689 .09375 .18257 .23217 .28196 .09069 -.21684 .26495 .21502 .19070 .09422
5 .00000 .11081 .1365i .21559 .13303 .08333 .19535 23228 .26678 19078 .0B985 .22222 .24138 .19910 .13206
6 .00000 .14160 .14216 .13629 .18940 .0R358 .15340 .25621 .22703 .22286 .21170 .09357 .22810 .23691 .16876
7 .00000 .18103 .22302 .49166 .39883 14114 .11636 .26426 .26206 .22679 .22156 .20225 .09176 .21149 .21575
8 .00000 .17922 .22079 .34868 .30164 .20143 .16843 .15720 .23852 .29589 .283900 .20845 .15888 .12369 .21359
) .00000 .13477 .16604 .26222 .16180 16019 .27583 .30726 .19719 .23678 .35421 .24478 .16162 .17818 .16062

10 .00000 .14332  .17657 .27885 .17206 .10778 .31190 ,40104 .20905 .28946 .24149% 32528 .1887%1 .18778 .17081

11 | .o0000 .13297 .16381 .25871 15963 10000 .23442 ,47915 .45854 .31886 .29%291 .28540 .21770 .21802 .15847

12 -00000 .13257 16381 .25871 .15963 .10000 .23442 .47%15 .45854 .31B86 28291 .28540. .21770 .21802 .15847

—————— +—————'—————‘-—f—————--———————w—————--———T——_-'——-—--—--————————'——'--——.‘“—"——————'——-'————‘——————"—--——‘————-———-—"'—--—'————————--—--—--————-———
Units

.Fishing Mortality (per year)

~ . emma g

¢ .00068 .00074 00091 .000%5 .00105 .00125 .00162 .00161 .Q0154 .00115
1 .01350 .01462 .02082 .02173 ,023%4 02851 .03698 .03670 .03522 ,02631
2 .07728  .08370 06600 .06889% 07588 .09037 .11720 .11632 11165 .0B339
3 .09923 10747 11355 .11852 .13054 ,15547  .20163 .200i1 .19208 .14346
4 L11777  .12756 15048  .15705 ,17298 .20603 .26720 .26517 .254%4 .19011
5 .16507 17879 17180 17931 .19749% ,23522 .30506 .30275 .29061 .21705
6 -21094  .22847 .16714 .17445 19214 22885 29679 29455 .28273 21117
7 .26968 .29208 .18510 .19319 .21278 .25343 .32867 .32619 .31311 .23385
8 .26698 .28916 .19423 .20273 ,22329 .26594 .24490 34229 32856 24539
9 .20077  .21745 .2349%1 ,24518 .27005 32163 .41712 .41397 .39737 .29678

10 .21351  .23135 ,21875 .22832 25147 29951 .38843 ,38549 .37003 .27637
11 .19808 .21454 .20616 .21517 .23699 28227 .36607 .36330 ,34873 .26046
12 .19808 .21454 .20616 21517 .236599 .28227 ,36607 .36330 34873 .26046
______ o e o e 1 i e 0 P i e e e e e e e



Table 3.2.6

Population Abundance (1 January)

5530.3
2879.0

691.1
2581.3.

1894.2
1125.2
1107.1
401.2
1139.3
285.9
242.0
53107
'Jfo

The Western mackerel population numbers at age.

U e T et e — e e

—————— o e e e e o o T T e i S i T e mm

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.% 1213.3  738.5 1878.2
7 ] 0 .0 3434.2 911.3 525;9

8 .0 0 0 cw=.8 1B07.8 526.4

9 :0 0 0 ¢ .-.0 1150.8
10 9 0 <0 0 -0 20
1t .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.

4 631.7 2983.2 141i2.6 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 37%.8 486.5 625.0 251.2 194.0 824.0

9 150.7 250.3 313.6 443.0 176.5 -133.5
10 33.5 113.2 173.4 213.4 298.4 116.0
11 144.5 58.0 77.3 119.9 146.2  1%9.7
12 363,31 2916 200.6 -149.6 266.5 294.6

Thousands

3
35
v

OO MNRMN WD WS &

6679.2
1193.9
1357.7
3732.4
2079.5
1192.5
484.4
190.7
376.6
282.8
156.9
117.4
242.9

3174.5
2693.9
4730.6
857.5
B97.0
1849.8
1018.2
547.6
231.2
113.9
199.1
147.7
440.7

e e e e e e e e i L b S - .;.._.-.--.———.____-.-.---——-‘-.--.--———-——_-..---_--—--—--——-————,._.. _____________________________________________



Tab.l.e 3.2.7 The‘_-W-as:te;rn mackerel 'st:ock sunmary.

STOCE. SUMMARY

3

* Year 3 Recruits ? Total ? Spawning? Landings® vield/ ® Mean F 3 SoP

3 * aAge 0. .2 Biomass * Biomass 3 . . 1 _.88B ! BAges °? A
3 . * thousands ? tonnes 3 tonnes. 3 tofnes ' ratio 3 4- B 1 (%)
1972 2025310 4169035 3106180 170775~ .0550 = .0152 129
1973 4439000 - 4074425 ° 3212076 219445 . 0683 -1353 145
1974 ‘3454420 - 4194057 - 3242893 298054 L0219 .1625 - 138
1975 4938250 4093581 2994589 491380 .164% - .2600 175 -
1976 5094810 3714176 2640334 507178 .1921 .2460 134
1977 974120 3617208 = 2627487 .- 325974 L1241 .1206 116
1978 3356000 3603484 2314991 503913 .1790 .1832 124
1579 5530340 3309601 2485863 605744 . 2437 .2284 126
1930 5524490 3084500 21232118 604761 -2850 .2553 132
1981 7182580 3183374 2220708 661762 .2980 L2054 105
1982 1889410 3085671 2116151 623819 .2948 .2058 112
1983 - 1387150 3253802 2372638 614287 .2589 .1983 110
1984 6679210 3035758 - 2378906 550929 .2316 L1870 102
1985 - 3129870 3195576 2363152 561292 .2375 .i924 99
1986 3174500 3213985 2392909 537615 .2247 - .1649 99
1987 "~ B505870 3176714 2438347 615380 .2524 - 2061 102
1988 - 3422780 3442641 2564421 628000 .2449 L2232 95
1989 4676890 3493412 ° 2604335 567400 .2179 L1737 100
1990 2801580 3271368 24610938 6059137 .2462 -1813 99
1991 3251060 3675238 2834169 646169 .2280 .1997 101
1992 3688250 3746484 2840649 - 742305 L2613 .2379 100
1593 4874400 3468166 2529635 805039 .3182 .3085 99
1994 2797490 3148143 2213471 797688 .3604 -3062 99
1995 4359400 3094587 2253114 728627 .3234 .2939 100

1996 6637000 - 2875022 21296665 529464 .2486 L2195 99



-~
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Table 3.3.1 SOUTHEFN MACKEREL. Effort data by #leets.

HPATH PORTUGAL
TRAWL HOOCK (HAND-LINE) PORSE SEINE TRAWL
AVILES L3 CORUNA SANTANDER SANTORA VIGO
(Subdiv,VIII¢ East} {Subdiv, VIIIc Weat} {Subdiv ,VIIIc East){{Subdiv.VIIIc Rast) {Subdiv.T¥a North) {Subdiv.IXa CN.C5 &S
{ Hp*fighing days*10"-2) {(Av, HP*fishing days*10~-2) |(N® fighing tripg)|(N¢ fishing trips}] (N® fishing trips) (Fishing hours}
YEAR ANUAT, . ANUAL MARCH o MAY .| - MARCH to MAY . ANUAL ANUAL
1983 12558 - 33999 - - 20 -
1984 10815 32427 .. - - 700 -
1985 2856 30255 ' = - 215 -
1986 10845 26540 | - - 157 -
1987 8309 " 23122 - - 42 -
1988 2047 28110 B - 374 60601
1989 8063 "29628 = 605 153 53428
1990 8492 28578 3z2 509 161 49532
1591 7677 ' 26959 209 724 &6 45467
1092 12693 26199 0 698 286 78272
1993 : 7635 29670 151" 1214 - 48565
1394 1T 9620 39590 130. 1925 - 39062
1995 6146 . 41452 O 217 1695 - 44463
1996 . . 4525 - 35728 - 560" 2007 - 316002
- Not available : n
Table 3.3.2 BOUTHERN MACKEREL. CPUE series in ccmmercial fishuries.
. . sikazR _ PORTUGLE
TRAWL _ HOUCK  (HAMD-LINE) PURSE ESBINE TAAWL
AVILES LA CORURA | SANTANDER SANTORR ) VL3O
{Subdiv.VIIIc ﬁaat) {Subdiv.VIIIc¢ West) {Subdiv.VITIc Bast)|iSubdiv.VIITIe East) {Subdiv.IXa Norkeh) {Subdiv.IXa ¢NH,C5 &S
{ Kg/HP*fishing days*10~-2) {Xg,/ Av. HP*fighing day=*10"-2)Kg/N®* fishing tripsfig/N® fishing tripd (t/Ne fishing trips) {Kg/Fishing hours)
vEAR | - ANUAL ANUAL - MARCH Eo MAY MARCH to MAY ANUAL _ AKUAL
1983 14.2 34,2 - ‘- 1,3 -
1984 24,1 40.1 - - 5.6 -
1988 17.6 38.1 - - 4.2 -
1986 41.1 34.2 - - 5.0 -
1247 13,0 36.5 - - 2.1 -
1988 15,9 48.0. - - 3.7 33.1
1989 1%.0 43.0 - 1427.5 2.1 26.4
1990 82.7 59,0 734.6 1924.4 2.7 30.6
1991 68,2 54.6 . 632.9 1394.4 2.0 3B.6
1992 EL¥E] Lo18.7 TN B56,4 - 1.9 20,3
1as3 12.8 19.2 613.3 1790.9 16.6
1994 57.2 41.4 2388.5 15%0.6 - 20.7
1995 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\wonhea98\1r-331-2.X1e




Table 3.3.3 SOUTHERN MACKEREL. CEUE at age firom fleets. -

VIIIc East handline flest (Spain:Santofa) (Catch thousands)

~ tmbch Catdh Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch - Catch  Catck Catch Catch
Year Rffort age'0 age 1 sge:2 age 3 age-4 age S age § age 7 age 8.age 9 age 10 age 11 age 12 age 13 age Jdage 15+

1983 605 v} a 3 . 74 142 289 1597 30 441 132 47 27 23 19 T 27
1990 505 ¢’ 0 o 17 717 216 - 485 177 384 378 127 40 51 -2 1 5
1891 724 o -0 52 435 - 785 473 .309 - 323" 100 98 150 28 3 7 7 18
1992 698 a 0 35 568 442 477 139, €9 77 20 - 15 17 4 4 -0 i
1993 1214 a a 40 65 1043 a821 1487 771 345 338 215 126 539 66 30 52
1894 1926 0 23 168 526 1060 2005 1443 1003 406 360 176 L] 54 24 24 E]
1995 16396 o o4l a3 793 1001 783 - 1032 9%°B 28 18 138 300 159 - 83 81 83
iys6 2007 ] 3 2B 401 - 1234 3865 W01 1381 BG4z 773 338 288 145 13 28 i3
NIIIc East handline £lest. (Spain:Santander) {Catch thousmnds) .

"catch ‘Catch Catch Catch Catch Catch ¢atch Catch Catch Catch Catch Gatch Catch Catch Catch Catch

Year EfZfort age O aga 1 age 2 age-3 age 4 age'S ags 6.age 7 age '8 aga % age 10 ags 11 age 12 age 13 age ldage 15+
1ss0 322 .- 0 o 6 25 66 132 41 86 83 28 8 11 . g 2 )
151 208 S ¢ 5 45 EH £0 39 43 14 14 23 4 1 1 1 4
1552 70 o 0 g 60 47 51 15 B 2 2 2 ] ¢ o o
1593 151 a 0 1 2 43 28 63 33 15 15 E 5 3 3 1 2
1994 130 gt . 18; 56 110 205 46 . 101 40 36 i8 - 10 H] 2 2 1
1995 z17 o] 3 33 171 lé8 144 225 227 222 107 70 56 22 ] 11 ]
2996 S50 . @ o 5 89 276 191 152 293 171 164 70 50 22 3 [ 4

VIilo Eist trawl fleet (Spain:Aviias) (Catch thousands)

- Catech Catch Catch Catch Catch Catch Catch Cstch Catch Catch Catch Catchk Catch Catchk Catch Catch

Yoar Effort age 0 age 1 age 2 age 3 age 4 age 5 age € age 7 age 8 age § age 10 age 11 age 12 age 13 age ldage 15+
1988 9047 o 333 25 78 ' 126 2B 34 31 15’ a o 1 2 a 1
1589 BO63 0 535 201 66 kx| 53 17 23 29 7 3 2 2 4 Q 4
1950 B452 1B34..6690 145 123 . 147 158 181 .21 24 17 .8 1 z. 3 5 24
issi  TE77 55 2415 5582 205 108 35 57 55 6 14 -1 4 3 Sz i 13
1982 12693 236 1495 329 122 65 115 56 a3 52 18 12 27 13 4 4 2
1583 7835 3 31 49 B 4% 20 37 24 1l 13 7 & 9 -1 3 -2
1984 9620 0 33 317 293 180 302 204 144 56 45 21 12 3 4 1
1995 6146 0 9 139 261 168 125 177 156 147 74 50 44 20 10 11 2
1596 4525 0 327 126 274 527 149 81 134 70 63 27 21 8 1 2 3

VIIIc West trawl fleet (Spain:La Corufia} (Catch thousands}

Cateh Catch Catch Catch Gatch Cateh Catch Cateh Catch Catch Catch Catch Catch Catch Catch Catch

Yeaar BEffort aga 0 ags 1 aga 2 age 3 age 4 age 5 age 6 age 7 ags 8 age 9 age 10 age 11 age 12 age 13 age ldage 15+
1988 29119 a 6095 S5B4 625 594 167 239 244 195 53 1z 8 21 26 0 7
1989 2962B 462 482 719 345 289 541 231 355 444 117 63 24 22 22 6 15
1990 2957B 27 4535 939 175 235 370 624 184 40% 405 145 45 69 5 ] 5
iSsi 26955 i 35 454 373 83% 551 445 504 185 185 266 53 4 10 i1 23
1892 26185 1 154 lo2 298 251 3585 128 &1 84 25 az 33 13 -3 1] 2
1893 23670 & 307 440 118 529 188 265 a8 41 33 22 11 3 4 2 3
1894 33590 [} 237 1531 1085 821 1156 575 264 &3 40 17 [3 1 1 i3 0
1895 41452 735 249 400 624 324 251 381 376 402 175 116 104 44 17 13 20
1896 35728 54 S5B65 104 562 695 14B 77 127 65 59 27 20 B 1 2 2

IXa trawl fleat {F 1) (Catch th |

catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Cateh Cateb

Year Effort ags ¢ age 1 age 2 Ege 3 age 4 aga 5 age ¢ age 7 age 8 age 5 age 10 ags 11 age 12 ags 13 age ldage 15+
1988 60601 8076 4510 536 457 76 14 3 ¢ 1 5 o 0 4 a 0 [
1988 53428 6092 6468 1080 572 185 51 15 4 7 4 3 0 a a 0 o
1990 49532 2840 5729 1967 137 36 11 4 4 ] 0 ] 0 4 a ] 0
1991 45467 1695 2397 1504 1080 138 85 &5 24 3 5 0 0 4 a [ ]
1892 7R272 49B 2211 1H15 684 2631 100 45 22 17 1a 70 0 a o b} D
1993 4BS65 101D 2365 442 172 155 32 8 5 L ] 1 0 0 0 0 0
1584 39062 650 1128 1447 342 125 94 65 21 4 1 2 0 1 0 ] 0
19895 44463 1001 2690 983 295 99 59 46 40 25 17 16 k] 5 0 0 1
1996 36002 423 1293 778 490 269 Bf B3 1z9 98 109 66 34 17 6 ] 1

s \esim\wommsad B\T-233 . x5




Table 3.3.4 SOUTHERN MACKEREL. CPUE at age frxom surveys.

Octcber Spain

- Cateh ..
Effort age 0
1 1.467
1. 2.653
1 0.026
1. G.z288
3. 0.510
1 0,400
1 0.130
1.. 1%.%00
1 0.071
1 0.468
1 0.916
1. 46.092
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Table 3.4.1
Mackerel NE Atlantic (rhn:

Catch_in number

The North Rast Atlantic mackerel catch numbers at age.

------ +———_—;-_——————77_w____—-q-_-____————_-_____n;__é@___y____-ﬂ_ﬂ-“____—--__unh_f——__—---__huh_______é_ﬂ__m_

Age | 1984 1985 1985

1

991 .

______ +_____m___;_______;a______f___“_f-_____—7_;_h___f_f__-____—wyf-“____—-,-_n--_m———,?—-n-—f"--~-f__h_-___-;

288.40 , 81.22  48.52
32.02 2e7.06 ° 56.42

0
1
2 86.40 20.75 412.12
3 685.13 57.93 37.26
4 389.08 442.21  74.30
5 252,48 250.43 353.45
6 98.44 164.05 201.9]
7 42.17  61.92 122.48
8 €2.05 19.42  41.32
9 48.11  47.22  13.14
10 37.63 -37.34 31.83
11 30.22  26.77 22.30
12 €9.45 96.96 78.78
Thousands

INDICES OF SPAWNING BIOMASS

Thousands

ICACDDO6/1I06)
1987 1988
7.42.  55.12

40.20 145.97
156.97 131.61
664.65. 182.06

56.79 %514.81

89.17  €9.72

245.04  83.50

150.88 192.22

86.03 117.13

34.86  53.46

19.70 19.80

25.80 12.60

63.27 54.98

1987 1988
1.0 1.0

156.74
254,02
42.55
49.70

5 19.35..

. 128.14 -
210.32
266.68

198.24
244.29
155.47
149.53
97.75
121.40
38.79
29.07
68.22



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

Weights at age in the catches (Kag)

0 .03100° .05500 .03900 07600 .05500 04300 .08500 .06B00 .05100 06100 -04600 .07200  .05800
1 .10200 .14400 .14600 .17800 .13300 .13600 .I5600 .15600 .16700 .13400 .13600 14300 .14300
2 18400 .26200° _24500° .22300 .25900 - .23700 .23300  -.25300 .23900 - .24000 -.25500 .23400 .22600
3 .29500 .35700 .33500 .32800 .32300 .32000 .33600 .32700 .33300 .31700 .33900 .33300 .31300
4 .32600 .41800 .42300 .39900 .38800 .37700 37900 .394D0 .39700 .37600 .39000 .39000 .37700
5 .34400 .41700 .47100 .47400 .45600 .43300 .42300 .42300 .46000 .43600 .44800 .45200 42500
6 . .43100 .43600 .44400 .51200 .52400 .45600 .46700 .46900 .49500 .48300 .51200 .50100 48400
7 154200  .52100 .45700 .49300 .55500 .54300 .52800 .50600 _53200 .52700 .54300 53900 51800
8 .48000 .55500 .54300 .49800 .55500 .53200 .5520¢ .55400 .55500 .54800 .59000 .57700 .55100
9 .56900 .56400 .59100 .58000 .56200 .S57800 .60600 .60900 _59700 .S583C00 .58300 .59400 .57600

10 .62800 .62900 .55200 .63400 .61300 .58100 .60600 .63000 .65100 .59500 .62700 .60600 .59600

11 .63600 .67900 .€9400 .63500 .62400 .64800 .59100 .64900 .66300 .64700 .67800 .63100 .60300

12 L.66300 71000 .€8800 .71800 69709 73900 71300 .70800 .66900 .67500 .71300 .67200. .67000

_______ +--—____________.__.__...- - ——— e e o = Ak B BN e e e o o et e vw SE SN S e e e e e e e e G v e A . — . g g —— e g P W T ——
Units

~-Table 3.4.3 The North East Atlantic mackerel stock weights age age.

weights at'age in the stock (Kg)

Age [|.. 1984 1985 1986 1987 ., 1988 1989 1950 1991 1992 1993 1994 11995 1996
i e e e e
0 ~ .00000 .00000 .00000. .00000. 00000 .00000 .00000--.00000 ,.oouoo:n.oooeoz £00000 ..00000 00000
1’ 08700 '.08700 '.0B700. .08600. .08400 .08400 .08400 ..08400 .08400 . .0B400 08400 . .0E400 .08400

z .19800 ~.16800 .18000 .15800 .16100 .18700- .14600 .16400 .22100 .20100 .18600 .16600 .14100
3 .25700 . 29500  .27000 .24600 .24400- ..24800 .22700 - .23900 -.26400 .27000 - .24100 -.26600 .25300

4 29700 . .31100 .30200 .28400 . .31000 -.30700 ..29100  .31400  .31600 :.31800 .29900  .32200 32000

5 32100 34000 .35300 .36800 .33600 .34800. .33900 .36000 ..36300 ..36100 .35800 .39100 36000
6 .38900 .37800 .35400 .38200 .43300 .37300 .37400 .41100 .40400 _41800 .41000 .44200 44000
7 | .43500 .42900 .40700 .40400 .45500  .42400 ..41200 .43500 .42900 .45800 .46600 .48700 .46300

8 .. -43500 45100 .47300 .41900 .44500 .4720C .40800 .50400 .46800 .46800 .46800 .50400 50300
-9 .| _..47400 .46000 .45500 .47000 .46800 .45200 .43400 .54200 .49200 .4B500 .47800 .54100 .56600
10 .52100 .55400 .46900 .49500 .53100 .46500 .51900 .57000 .52600 .51700 .54900 .50800 .57500
L1 | . 50800 57500 .48800. .46200 .59700 .5040C .51900 .57000 .55500 .59000 .60200 .61500 .61300
2.} .57300. .61100 . .58600 -.56900 .64700 .59700 .53700 .58600 .59200 .57400 .57900 .63500 63800



Table 3.4.4a

Predicted

The ICA diagnostic output for

Catch in Number

the North East Atlantic

mackerel.

—————— +—>————-——————————— -—--—u—&-«.u_-u.n‘.u-u-—-———-— A L S S D W S ek e e ek o ke = i ! e gy ey ey v WY R T

105.43
45.34
18.42
32.76
22.24

= OWwoe oW d b D
[ %
Lo
=~
-
-

e

Thousands

Weighting factors

101.48
232.69
115.86
47.10
22.26
10.87

1989

72.26
250.92
193.65
195.72
339.73

57.38

60.06
110.08

63.74 -

32.36
13.61

1991

1994

1996

______ e e e e e e e e e e e e e e A e e R L e i ke P T T T i 4R

HFOWmSoWw e W e O
P
L=
[
(=
L=

-

1950
14.51 18.02
99.85 64.25
169.51 245.05
345.20 243.34
198.01 3687.50
167.42 176.11
248.46 127.28
47.26 212.60
46.46 37.96
94.77 41.46
41.88 54.53
21.88 29.37
in number
1990 1991
.0100 L0100
1.0000 1.03000
1.0000 1.0000
1.0000 1.9000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.06000
1.0000

1.4000

.0100

©1.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

L0100
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

.0100
1.0000
1.0000
1.0000
1.0000
1.0000
1.0600
1.0000
1.0000
1.0000
1.0000
1.0000

i
1
1
1
1
1
1

btk

0100
L0000
-0000
0000
.0G00
0000
0000
L0000
. 0000
.0000
L0000



Table 3.4.4b

Predicted 5SB iIndex wvalues

Thou'ands

Predlcted Age Structurpd Index Valuea

Age f 1984 1985 1986 1987 1988
0 1771 1295 .0437 0437 0437
1- 1083 2487 .13646 1366 1366
2 2621 L1040 L4604 4604 L4604
3 1394 2700 .6166'* ,6166 ..6166
4 3727 .9565 7226 7226 L7226
5 1.0000 1.0000 1.0000 1.0000 1.0000

6 9460 ~1.1979 1.2494 1.2494 11,2494
7 4779 - 1.0772 1.58%5 1.5895 1.5B95
8 1257 .6878 - 1.6101 1.6101 1.6101
9. 7488 L9611 1.2487 . 1.2487 1.2487

10 - 8036 - 1.0199 - 1.3191 - 1.3141 - 1.3191

i1 9178 1.0097 - 1.2000 1.2000  1.2000

12 9178 - 1,0097 .. 1.2000 1.2000,- 1.2000

Units

-, 0296
L1429
.3954
- &711
LE830

1.0000

.9764

1.0809
. 1.1398
- 1.3703
1.2734
1.2000

1.0000

1

1.
~1.3703.

1

1

ozwﬁ
.1429

3954
L6711
.8830
1.0000
.9764
1.0809

1.1393 -
1.3703 -
“1.2734 -
1.2000

1. 2000‘

The ICA diagnostic output for the North East Atlantic mackerel.




Table 3.4.4c

IFAP run code:

The ICA diagnostic output for the North East Atlantic mackerel.

I06

No of years for separable analysis :
Age range in the analysis
Year range in the analysis
Number of indices of SSB

Number of age-structured indices :
Parameters to estimate
Number of observations

Two selection vectors to ba fitted
Abrupt change in selection spec1f1ed
Selectlon assumed constant up to and includ1ng 1988

1984 1996
1

o

53

136

PARAMETER ESTIMATES

3 Parm? ¥ Maximum * 3 3
1 No. 3 3} Likelih.* CV 3 Lower 3
ER * Estimate’ (%)3 95% CL ?

Separablz Model: Reference F by year

1 1986 .1398 15 L1039

o0 2 1987 L1647 14 L1242

- 3 1388 L1743 13 -1348

4 1989 L1695 12 .1338

5 19940 .1748 12 .13?5

6 1991 .1893 12 L1479

7 1952 L2197 13 L1690

‘B 1993 .2812 15 L2091

9 1994 L2762 18 . .1938

10 1995 L2656 22 1706

11 1994 L2050 27 1187
Separable Model: Selection (51) by age

12 0 .0437 134 .0031

13 1 .1366 19 L0939

14 2 .4604 18 L3185

i5 3 .6166 18 L4274

16 4 L7226 1B .5012

5 1.0000 '

17 6 1.2494 18 .8692

1B 7 1.5895 18 1.1079

19 8 1.6101 18 1.1211

20 9 1.2487 13 .B726

21 10 1.3191 18 .9263

11 1.2000

. Upper ? -s.ea. 3 +s.e
95% CL 3 3
.1881 .1201 .1626
.2185 .1426 .1903
2289 L1517 .2003
.2148 L1502 .1913
L2223 L1547 .1975
.2422 L1669 L2147,
.2858 L1922 L2513
.3781 .2418 .3271
L3938 L2305 L3310
L4133 L2119 T .3328
.3539 .1551° L2708
from 1986 to 1988
.6107 L0114 L1678
. 1987 L1128 L1654
.6656 03815 .5556
.8897 L5115 . 7435
1.04le .5996 .B708
Fixed : Reference age
1.7960 1.0383 1.503%
2.2805 1.3221 1.9109
2.3124 1.338¢6 1.9367
1.7868 1.0401 1.4992
1.8785 1.1014 1.5799
Fixed : lasl true age

" Mean of ?
4 param. °?
3 distrib.?

1414
.1664
11760
1707
.1762
.1908
.2217
2844
. -2808
.2724
.2131

.1080
L1391
.4686
.6275
.7352

.2710
6167
.6378
.2697
.3407

R e



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 Q- .0296 g8 .0052 .1688 " _;0122 '”.0720 .0439
23 1 .1429 14 .1070 .1908 .1233 1556 .1445
24 2 1.3954 13 ..3051° ;.5124 . 3464 L 4B13 ©.3988
25 3 L6711 12 . 5263 .8559 05928 . 1598 .6763
26 4 .8830 11 '.6995 1. 1144 .T841 .9944 . .8893
5 1.0000 i leed : Reference age v
27 6 L9764 1i .7853 1.2141 . 8737 1.0912 .9825
28 7 1.0809 10 .8748 1.3354 b9703 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
R 1t 1.2000 “o . ror . Fixed : last true age :

Separable Model: Populations in year 1%96

a2 o 6757009, 251 49217 927652633 548436 83249668 158191007
kY B § 4427881 40 1995866 9823370  294B712 6649048 4809358
34 ‘2= 2136963 32 1127010 4051970 1541796  2961B77 2253909
35 3 2758000 27 1596581 4764281 2086749 3645174 2867377
36 4 1574604, 25, 947618 2616431 1215212 2040285 1628349
it .5 929602 25 566246 1526121 721862 1197126 959816
38 "6 543446 25 332524 888156 422973 698232 560784
39 T 631483 24 391083 1019659 . 494529 BOG36S 650638
40, 1 325082 24 200566 526902 254088 415912 335101
41 9 342873 24 212272 553825 268465 437903 353288
4% . 10 . 129534 26 . . 77681 216000 99789 168146 134018
43 11 | B8B942 27 52239 151431 67794 115686 92281
Separable Model._Populatlons at age 11 - : . e
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 7 19897 79566 17 56018 112986 66519 95149 80841
48 1990 124179 16 89761 171794 105228 145544 125894
43 1991 155225 16 113251 212757 132162 182314 157247
50 1992 218790 15 . 160914 297483, 187046 255921 221495
51 ' 1993 . 784157 16 . 61293 115549 71589 92931 85265
52 7’1994 " 55844 18 3p981 80001 46486 67085 56791
53 1995 205644 21 133823 316010 165166 256043 210644

558 Index catchabllltles
INDEXl
Used as absolute estlmator
No flttEd catchabllltyﬁfcr this 1ndex




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

RESTDUALS ABOUT THE MODEL FIT

______ At Lk e e e ke kS Ak L e A L AR R AR A T T T 8 T S0 T W NS
Age | 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
—————— +——_.________.________....___—..——_-nm—._--n---_-...—..-_—_.-_—._——_—_——_.-——.—_——————-———.___‘_._______.....__.__
0 930 -1.650 721 1.018 513  -.liB8 588  -.695 105 -.938 oo
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 © ~-.l1685 -.045 -.028 020 024 011
4 ~.164  -.296 .416  -.155 050 021 -.024 " -.109 -083 034 -140
5 39z -.19%0 -.177 .065  -.066 063 -.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 L2001 -.146  -.122
9 -.338 .193 -127 .03 -.104 046 371 -.355 102 116 -.265
10 -.029 -193 -.117 -.004 -.237 083 .219 398 -.489 090 -.072
11 002 .032 - 147 L0240 -.277 013 -.143 257 329 -.321 16
——————— At T o o e e e e e e e o o st e ok ok e 8 e P YR P " T o
‘Units

£8

SPAWNING BIOMASS INDEX RESIDUALS

INDEX1

—————— k1 T e R T e e e e e R e
] 1984 1985 1986 1987 1988 1989 1990 1991 1993 1993 1994 1995
______ +__”—_"-_77__7f_f-f-_-—“‘“‘--_""““”_""-—"—___"___________“_”_____""----"“-““'-“"“““-"---'““‘_""
1 | -1.000 -1.000 -.103 -1.000 -1.000 .020 -1.000 -1.000 .065 -1.000 -1.000 . 089
______ T T T e e o ik R = e e e



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-scquare
Significance in fit
Degrees of Ereedom

.0566
.0962
3.4479
.3933
.0000
89

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

. DISTRIBUTION STATISTICS FOR  INDEX1

Index used as absolute measure of abundance.

Variance ]
Skewness test -statistic - :
Kurtosis test statistic i~

Partial chi-sguare :
% Significance in fit 3
Kumber of observations :

Degrees of freedom
Weight-in the analysis

ANAL?SIS OF "VARIANCE TABLE -

Unweighted Stacistics
Variance
SSB Indices
INDEX1
-Weighted Statistics
Variance -

8588 Indices
INDEX1

Params d.E.°
Total for Model 11.8886 136 53 83
Catches at Age 11.8656 132 53 79
10231 Y- | 0 B |

S5Q I2ata Params d.f.
Total for Model  4.4916 136 53 83
- - -Catches at Age 4.4686 132 53 79
L0231 4 [4] q

.0058
-.0418

~=:6366

.0016
.0000
q

4
1.0000

©'88Q NData

.1432
L1502

. 0058

.0541
.0566

.00%8




' Table 3.4.0

The North East Atlantic mackerel population numbers at age.

Population Abundance (1 January)

Thousands

Fishing Mortality {pex year)

3473.2 4007.4 5039.5
2591.7 2972.7 3426.9
3656.4 2171.2 2479.6
2193.2 2920.2 1713.3
2566.0 1662.5 2168.8
1097.2 1868.6 1178.6

810.4  781.5 1291.1
1234.3  579.8 542.8

210.1  865.8  393.6

194.8 145.7 580.1

'323.5  129.3 92.8
155.2  218.8  84.2
280.0 315.8 255.4

3020.8
4301.6
2833.3
1909.6
1221.0
1456.3
765.8
B44 .4
344.7
245.8
339.6
55.8
21B.8

8
1
i
1
i
1
1
+
]
3
1
]
i
i
I
1
t
|
|
|
|
1
i
1
1
1
1
i
]
]
]
[}
'
I
1
1
1
i
r
]
3
|
|
1
1
1
i
1
]
1
I
!
1
1
1
]
1
)
L}
1
k
t
k
i
l
1
i
i
i
i
1
1
1
]
]
[}
1
1
]
3
I
|
t
|
1
[}
I
1
1
!
]
1
]
I
i
|
]
|
|
|
{
1
[}
!
|
1
]
]
H

0 .04356
1 .02664
2 .06448
3 .20652
4 .21470
5 L 24602
6 23274
7 .11757
8 .17854
9 .168421
1¢ .19774Q
11 .22580
12 .22580

Table 3.4.5

The North East

.00611
.01909
.06435
.08619
.10100
.13978
.17464
.22217
.22506
.17453
.18438
.16773
L16773

.00720
.02250
07584
.1015%8
.11902
.16471
.20582
.26183
.26523
.20569
L21729
19767
19767

.00502
.02422
6702
.11376
.14i968
.16951
.16551
18321
.19321
.23228
.21585
.20341
.20341

Atlantic mackerel

©.00560 .006%0 - .00832

.02705 .03140 .D4019
.07483 .086H8 .)1118
.12703  .14748  .18873
.16713  .19403 24831
.18927 .21974 .18120
.18481 .21456 .27458
L20458  .237512  .30394
.21574  .25046 .32052
.25936 30111 38534
.24102  .27962 .35808
L2713 .2636%  .33745
.22713 26369 .33745

.o0818
.03948
10921
.16539
.24392
.27623
.26972
. 29857
.31485
.371852
.35175
.33148
.331448

fishing mortality at age.

.20496
.20013
.22153
-23361
. 28086
.2609%
. 24595
.24595
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Table 3.4.7

} Year. 3 Recruits 3 Total 2 Spawning? L&ndings? Yield/ * Mean F ? Sop ?
* Biomass ' Biomass ?

1984
1985
1986
1987
1988
1589
1590
1991
1992
1993
1994
1995
1996

¥ Age 0

. 3 thousands

7281310
3463640
3386450
5799150
3805090
5086000
3026780
3473230
4407420
5039500
---3020780
.-5185060

757010

} tonnes

3488632
1670211
3650931
3545016
3789610
3840867
3682675
40601674
4121989

3861019

35648013

3504273
~3323920-

3 tonnes

2748697

2708072
2736806
2725600
2827004
2893121
2768656
3144915
3157600
2853050
2556340
2598039
2456109

! tonnes
648084
614275
602128
654805
676288
‘585921
625611
667883
760351
825036

‘822570

756186
- 563585

3 S55B
¥ - ratio

.2358
.2268
.2200
.2402
.2392
.2032
.2260
.2124

.2408

L2852

.3218

.2911
L2295

3 Ages
3. .-4- 8

.1979
21942
L1725
L2033
.2152
L1722
L1777
-1923

2233
.2857
L2807,

L2698

.2002

3 b ]

(%) 2




Table 3.4.8

Mackerei

in the North East Atlantiz

Muiti fleet prediction: Input data

The SAS

System

ET?G% : Nﬁfrﬁeﬁn .Southern s
”,- --ééxploit. jHeight Exploit.] Weight Stock !at&rel:"ﬂétu?iﬁy prog.of FlProp.of M| Weight
Age | pattern | in catch| pattern | in catch| size |mortality| ogive |bef.spaw.|bef.spow.| in stock
0 o000l - goeset 00850 2.05%; 3872.000] 5.4500; ©.0000] 0.4000 0.4000 0.000
1 0.0260| © :0.141 0.0030 0.148| 3312.000 0.1500f - 0.1400 0.4000 0.4000 0.084
z2 . 0.0780| © 0.244 0.6030| - 0.209| 3701.000 0.1500 0.5500 0.4000 0.4000 0.164
3 0.1340 0.329 0.0040 0.279 1696.000f '0.1500 0.9100 0.4000 0.4000 0.253
4 0.1740 0.386 0.0070 0.349} 2069.000| 0.1500( .0.970G| - 0.4000 0.4000 0.314
‘5 0.1980 0.441 0.0070]  0.400] 1131.000 ¢.1500 0.5700] ~ 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
T 0,2100 0,518 0,01208 | D.45T| 383.000 8.1580 4.0000 0.4G00 0.4000 0.472)
8: 0.2180 0.575 0.01801 - 0.4%9| 4346.000| -0.1500 1.0000 0.4000 0.4000 0.492
g - 0.2830| .0.588 0.0180 0.521| 222.000 0.1500 1..0000 0.4000 0.4000 0.528
10 0.2440( 0.615 0.0170 0.545! 223.000 0,1500% . - -1.0000} 0.4000 0.4000 0.544
1 0.2280 0.550 c.0130 0.562 856,000f 0.1500( - 1.0000 0.4000 0.4000 0.410
__42+ : 0.2330 0.691 0.0130 0.6241 151.000 0.1500| - 1.0000 _ 0.4000 0.4000 0.517
Unit . Eilograme - gilograms! Mittians! ¢ - - - - Kilograms
1998 . _ . Northern Southern '
_' S | Exﬁ;dit-. ~ Weight | Exploit.| Meight | Recruit-| Natural | MaturityiProp.of F|Prop.of M| weight
- Age | pattern | in catch| pattern | in eatech ment (mortality| ogive |bef.spaw.|bef.spaw.| in stock
“'ﬁ: 0.0070 ¢.056 0.0050 0.059| 3872.000| :0.1500 0.000Q 0.4000 0.4000 0.000
1 0.02£0 0,941 0.0030 0.148 . 18,1500 0.1400 0.4000 0.4000 0.084
2 | ¢.0780 0.24% 0.0030 0.209 . i0.1500|  0.46500 0.4000 0.4000 0.1564
-3 0.1340]. 0.329| . 0.0040 0.279 - ‘0.1500| * 0.9100 0.4000 0.4000 G.253
4 0,1740 2.385| 0.0070 0.34%9 . 0.1500 0.9700 0.4000 0.4000 0.314
- 0.1980).  0.441 0.0070 0.400 . 0.1500 0.9700 6.4000 0.4000 0.370
6. . 1910} 0.502 0.0090 0.438 . 0.1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.536 0.0120 0.4567 . 0.1500] - 1.0000; ©.4000 0.4000 0.472
8. 0.2180 n_s7s 0,0150 nlioa . 01800 1.00081  C.4008 0.4000 G.4%2
e 0.2630 0.585 0.0180 0.521 . 0. 1500 1.0000} 0.4000 0.4000 0.528
10 |- -0.2440 0.615 g.0170 0.544 . -0.1500 1.0000{- 0.4000 0.4000 0.544
11 0.2280 0.45C g.0180 G.562 . 0.1500 1.0000f 0.4000 0.4060 0.610
2+ 0,2330 0.691 0.0130 07624 . {.1500 1.0000 0.4000 0.4000 0.617
‘Unit . - Kilograms| - Kilograms| Miltions - - - - Kitograms
L ‘ 7 (cont.)}
{cont.)
1999 | Horthern Southern _
Exploit.| Weight | Expleit.{ Weight | Recruit-| Natural | Maturity Prop.of F Prop.of M _Height
Age | pattern | in catchi pattern | in catch ment {mortality| ogive- [bef.spaw.|bef.spaw,| in stot_:k
o | c.o0t0{ o0.056| o0.0050]  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 £.,0780) 0.2%4 0.08030 g.20% . © D.i500 5.6500 0.4000 0.4GG0 0.164
3 0.1340| °  0.32% 0.0040 0.279 . 0.1500 0.9100 0.4000 0.4000 0.253
[ 0.1740) - 0.386 0.0070;; 0.349 B 0.15a0 0.9700 0.4000 0.4000 0.314
5 .|. B.seo 0.441 6.0070 3,400 . “0.1508 0.9700 0.4000 0.4000 0.370
6 “0.1910 0.502 0.0060{ 0.438] . . '0,1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.536 6.0120| 0.467 . -0.1500 1.0000 0.4000 0.4000 0.472
8 0.2180 0.57% 0.0%60| . 0.4%9 . '0.1560 1.0000 0.4000 0.4000 0.492
- n:;26x0l . a.s8s a.0g0 - 0,521 . 0.1502 1.0000 0.4000 B.4000 0.528
1o 0.2640 0.615 0.0170| - 0.548] . 0.1500| 1.0000 0.4000 0.4000 0.544
“1 © 0.2280 0.5650 0.0180 - D.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 - Kitegrams| Millions - n - - - Kilograms
- Notes: Run name * SPRCDDO2

" Date and time: 15SEP97:21:27




Table 3.4.9a Multlfleet predlctlon summary table for the Mackerel .in the North East. Atlantlc,

a status quo F. constralnt f01 eaqh fleetlln_lQQqund_status qud “F in 1998 :and 19991l' :

S The SAS System i SRR ﬂ!:SS ‘.-Sun?da)”f,f Eiépl:éﬁber 14, 1997
Mackerel in the Horth East Atlantic _ ’ L ' R C
B ‘.ll_lulti fleet prediction:. 3mmary_t_§b!e___ R

Northern j Southern - - Total - 1 .ianuéry‘- . ' -\Spa'un'inQ t_‘imn.e
Year F Reference| Catch in| Catch in| F:° ‘|Reference| Catch in] catch in| catch in| Catch in| Stock Stock Sp.stock Sp.stock Sp.stocl - Gp.stock
Factor F rumbers uelght _Factor F nurbers | weight ' | rumbers-| weight |- size | biomass size 1 biomass |- sue | biomass
1997 | 1.o0000| 0.1982 14230:1' 561906|  1.0000| 0.0%02|  @5769|  2s128| 1s08800| -s87032| 17wéeton| 3e4voet geTs70| zoz3ess| eseczen| 2ssodve|

1998 1.0000 0.1982] 1461673] - 582788} . 1.0000] - 0.0702 85458 . 23197) 1547129 60986) 17920927 35341317| . 9875726] 3044274) BT31574| 2665657

1999 | 1.0000] 0.1982| 1468709| 591508]° 1.0000|  0.0102| < 87322  26054| 1556031 . &17563| 17B65648| 3I5754B5| < 9B73565| 3091763| 8722935 2706025

Unit - - Thousands  Tornes - =2+ |Thousands| - Tonnes:i“_ ;l‘housahds Tt?r.!nes"- T!mbuéaﬁds Tonnes Thoﬁsarﬂs ‘Tc'l.'“_"tes" fhbusard;i . Tonnhes

“Notes: Run name : SPRCDDOZ .
% Date and time 2. 16SEP9T7:08:35 S e : . . . . o . . e
Computation of ref F: Northern: Simple mean, age: 4 - 8- : Sl S . O E
Suuthern- Simple mean, age._lo-_-,_ 8 : e o o T

Prediction basis F fautmrs TR

Table 3.4.9b Multlfleet predlctlon
as sumlng a status quo

summary table for the Mackerel in the North East ALlantlc,- :
catch constzalnt for each flept in. 1997 and status quo F in 1998 and 1999

The SAS S)rstem

Mackerel in the North East Atiantic

Mutti fleet préd__ic[:;ion;_slunnary__table‘_

18155 Sunday, Septemher 1%, 1997

Northern Southern Total - 1 Jarwary IISpauning time
Year F Rweference '3€atql_1 in) Catch inj . F - [Reference| Catch in| Catch in] Catch in| Catch in| Stock Stock | Sp.stock| Sp.stock stock| Sp.stock
Factor | . F . | numbers | weight' | Factor i  f | numbers | weight . | rumbers | weight' | 'size . | biomass 'gi'ze. . blionias's .'sgize ‘ b!i:;ma's_s .
1997 | 0.9400| 0.1863| : 1342048| 530103| 1.3400 0.0137| 115194  33783| 1457242 S63886| 17944000] 3649021| 9673I70| 2923853 B584853| 2568805|
1996 ( 1.0000) O.1982¢ 1469777( SB66U6(  1.0000| 0.0102{: 0SB19[ © 25360 1555506] 611966| 17968492| 3560840 9925774 3063612| BITS134| 2682432|
1999 [ 1.0000) 0.1982] 6 1474688( 594589| 1.0000|  0.0102| ' 67628 - 26198|..1562315|. 620787 17898760 3500653|- -9907648|- 3106984| 8752314{ -2719154]
Unit - E I 'I"héhseﬁdfs Tonnes - - |thousands Yonnes: | Thousarids| - Tonnes Thousands{ Tonnes __Thbus'a'nds: * Tonnes Thousands| Tnnriegjf_

Notes:; Run name
Date and time

Computation of ref. F:

Prediction basis

: SPRCDDOZ
¢ 15SEP97:20:20

: F factors

Northern: Simple mear, age 4 - 8

Southern: Simple mean, age 4 - 8
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Table 3.4.9c Multlfleet predlctlon summary t
assuming a status quo catch constraint for each fl

Mackerel in the North East Atlantic’

- The SAS

System

Multi fleet prediction: Sumary table

" Total

able for the Mackerel in the North East Atlantic,
eet in 1997 a 560kt catch in 1998 and 1999

18:55 Sunday, September 14, 1997

. Northern * Southern _ 1 January Spawning - time
Year F  |Reference| Catch in| Catch in F Reference| Catch in| Catch in| Catch i'_n-' catch in| $tock Stock sp.stock| Sp.stock| Sp.stock 's;_).stock
Factor | °F numbers - | weight Factor | F numbers | weight - | numbers | weight | size biomass | size biomass size biomass
1997 0.9569| 0.1897] 1366352 S39752| . 0.9569 . 0.0098) 82295 24135|  i44Be47| 5638E6| 17944000 449021 9673170 2923853| 8585031] 2568882
1998 0.9074] 0.1798| 1343774| - 536789 - 0.9074| 0.0093 70358 23211| 1422132| . Se0000| 17976451| 3562041 9927733| 3064273} B5B28208; 2701111
1999 0.8790( 0.1742} 1326039 536365|  0.8790| 0.0090) 18446 23636 1404485| 560000 18028811( 1638584 10028550| 3153126 B926543} 2783762
Unit - = |thousends| - Tonnes | - Thousands| Tonnes _[hq@sards_ ;Tpnunes;_ . _Thuus&ands Tonnes |Thousands| Tonnes |Thousands| Tonnes

Notes: l!uﬂ name :

Pate and time

Predlctmn basi

. 2> SPRCDDO2

: 155EP9T:20:20
 Computation of ref. F: Northern: Simple mean, age &4 - 8
Southern: Simple mean, age & - 8

s : TAC constraints - -

Table 3.4.9d Multifleet prediction summary table for the Mackerel in the North East Atlantic,

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

Mackerel in the North East Atlantic

The SAS

System

Multi fleet prediction: Summary table

Southern

18:55 Sunday, September 14,

Nurthe_m ‘ Total 1 January Spawning time
Year F Reference| Catch in) Catch in F Reference| Catch in| Catch in| Catch in| Cateh in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.st
Factor F narbers | weight Factor F nurbers [ weight mmbers | weight size biomass gi ze b?nma»ss gi ze b?(.;ag:k
1967 0.9400 0.1863] 1342048 530103 1.3400 0.0137 115194 33783| 1457242 563806) 17954000| 34470217 9673170 2923853 850485 i
) . . i B853| 245686
1998 0.7203 0.1428 1082?66 433172 0. 705!3 0.0072 61348 18255| 1143914 451426 17968492 1560840] 9925774 3063612 8931554 2?’3763‘50
1999 0.7M75 0.1422}F 1125105 457750 0.717% 0.0073 66080 20178| 1191185 477928) 10278942) JI734054) 10265635) 3245890 92302317 2099237
Unit - - Thousands|" Tonnes - Thousands| * Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tornes Thousandis| Tonnes

Notes: Run name

Date and time

Prediction basi

: SPRCDDUZ
= 15SEP9T:21:07
Computation of ref. F: Northern: Simple mean, age 4 - 8

Southern; Simple mean, age 4 - 8
s : F factors

1997
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Table 3410 Multifl’eét, 'méﬂagement option table for the Mackerel in the North East At.l_antic:,'
~assuming a status quo F 1997.

TMulti fleet pr‘éc!it:titpn with merigement option table

Year 1\991’" :

" Northern t 7 " Southern’ oo "Tol_;al _
" F Reference| Catch in| = F " |Reference| Catch in| Catch in Stock | Spistéek|
Factor |  F weight | Factor F weight | weijht biomass | biomass

1.0000| 0.1982| 561906 1.0000f TOL0102| 25126 - 587032{ 3449021 — 2560899

- - Tonnes - - Tonnes Torines Tonnes |~ Tonnes
Year: 1998 . Year: 1999
Northern = = TS ~§outhérn .. 7 Total . .

CF Reference| catch in| F Reference| Catch in} Cstlc‘h in| Stock Sp._s‘toc:k © Stock - | Spistock
Factor £ _ seight Fattor F "wizight weight biomass | biomass | biomass | biomass
0.0000f  0.0000 o . .c.o000| o0.0000f . 0 o| 3541317 28sesm9| 4119009 3408098
0.1000%1  -0.0198| - 63183] < 0.1000} 0.0010| . - 2730 65913 2846128] 4050008; 5329183
0.2000]" - 0:0396 125217 . 0.20001 0.0020 5411 130628 2825433{ 4002097 3252352

2804901 3945254 3177547
2784532 3889456 3104711

© 0.3000] - 0.0595 1861256)" " 10,3000 0.0031 8044 194169
0.4000]  0.0793] 245930| . 0.4000) 0.0041 10629| 256559
0.50001 0.0991|  304654| - 0.5000) 0,005% 13167 317821} . . . . 2764324 3834683| 3033787
0.6000| 0,1189| 362318| '0.4000] ' -0.006% 15660] 377978 : - 2Th4276|  3TBODIL| - 2964722
0,7000]  0.1387 418942 0.7000 0.0071 1810% 437051 s o] - 2T243HT| 3728130\ 2897463

- 0,8000(---0.1586|  474549] - 0.8000| - 0.0082] 20514} 495063 .| 27T04655) . 3676310| 28319560 .
0.9000( - <0.178%&( - 529158] - . .0.9000{ - 0.0092| - 22B77) . 552034| .- 2685079]. . 3625434 .. 2768163
1.0000]  g.1982] - 582788) - 1.0000; ©0.0102| < -25197| - 607986 . 2665657| - 33754853 | . 2705025
1.1000] ° 0.2980}  635460|  1.1600} 0.0112 2747T| - 662937 2646389| 3526443| 2645499

_1.2000  ©.2378] &BTAH] T1.2000f - 0.0122 29717] 716909 2627273 - 3478290| - 2585540
" 1.3000] o.2577  738002|  1.3000) 0.0133 31918 769919 2608307 3431009 2529104
1.4000 ©.2775 787909  1.4000] 0.0143 34080| - 821989 2589491| 3384582 2473149
1.5000 0.2973| 836931 1.5000 0.0153 36205| - 873135 2570823 3338992( 2418633

L T T T B

1.6000]  ©.3171 885084 1.6000] ~0.0163 38292 - 923377 | 2552303| - 3294222| 2385517
1.7000 0.3369 932387 1.,7000 0.0173 40344 o213 .1 2533928 3250257 2313762
1.8000 (.3568 978856 1.8000 0.0184 42360) 1021216) - - - -] -2515698] 320708B0) 2263329
- .1.9000 0.3766] 1024507 1.9000 0.0194 443421 1068849 1 2497611 31646761 2214183
2.0000 0.39584| 1069356] 2.0000 0.0204 46290 1115646 .| 24T9866| 31230281 2166287
- - Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes
Notes: Run hame - ;2 MANCDDO3S .
: . Date ard time : 156SEP9T: 083 14

Computation: of refs F. NoRthern: - Simple méan; age: 4-- B
Southern: Simple mean, age 4 - 8
Basis for 1997 : 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 quec catch constraint for each fleet in 1997.

Multi fleet prediction with mangement option table

Year: 1997
forthern Southern Total
F Reference| Catch in F Reference}! Catch in| Catch in| Stock | Sp.stock
Factor F weight Factor F sieight weight biomass | bjomass

0.9400 0.1863 530103 1.3400 0.0137 33783 S63386| 34490211 2568605

- - Tonnes - - Tonnes Tonnes Tonnes Tonnes
Yéar: 1958 Year: 1999
- Northern _ - Southern ‘ . Total _
~ F . "|reference| Catch in| ~F ‘|Reference Catch in| Catch in| Stock :| Sp.steck| Stock | Sp.stock
Factor F-° weight Factor F weight ue:iighjt biomass | biomass ‘| biomass | biomass
0.0000 0.0000 0 0.0000| - 0.0000 SR © 0| 3560B40| 2885201 4137684 3425709
0.1000 2.0198 63601 o.to00! -0.0010 2748 66149 ’ 2854191 4078299 3346284

2843347 4020011 3268958
2822669 3962798| 3193672
2802154 3906639 3120368
2781802 3851513| . 3048991
2761611  3797398| 2979486
2741580 3744274| 2911800
2721707| 3692121| 2845882
2701992 3s40921| 2781683
2682432| 3590653| 2719154
2653027| 3541299| 2658249
2643774| 3492840| 2598922
2624676| 3445260 2541128
2605724 3398540| 2484826
2586924 | 3352663 2429973

0.2000] 0.0396] 126044| 0.2000] 0.0020 5446] 131491
0.3000| ©0.0595| 187354} 0.3000] 0.0031 8096) 195450
0.4000f  0.0793| 247552| 0.4000{  0.0041 10698 258249
0.5000f 0.0991| 306640| 0.5000] 0.0051 13253] 319913
0.6000} 0.1189 364701 0.6000| 0.C0&1 15762 - 380463
0.7000| 0.1387| 421696} 0.7000{ ~0.€071 18226| 439922
0.8000] ©0.1586] 477664| 0.8000f{ 0.0082 20647| 498311
0.9000| ©0.1784| 532628] 0.9000{ 0.0092 23024| 555652
1.0000| ©0.1982 586606| 1.0000| 0.0102 25360 611966
1.1000| ©0.2180{ 639619 1.1000] O0.0112]  27654) - 667273
1.2000| ©0.2378] - 691684 1.2000] -0.0122} 29908| 721492
1.3000| 0.2577] 742822 1.3000{ 0.0133 32122| 7444
1.4000| 0.2775{ 793050] 1.4000] 0.0143 34296] B2T348
1.5000| 0.2973] 842386] 1.5000] 0.0153 36436  B7sB22

1.6000 '-10.31?1 890848 1.46000 0.0163 38537 929:584 C .| - 256B8272| 33076%2| 237'6530
1.7000 D.3389 938452 1.7000 0.0173 40501 9753 .| 2549767| 3263372| 2324457
1.8000 ‘3.3568 985217 1.8000 0.0184 42630 1027347 © .| 2531407| 3219925| 2273716
1.9000 0.3766) 1031157 1.9000 0.0194 44624 07578 .| 2513192| 3177257 2224270
- 2.0000 0.39647 1076290 2.0000 0.0204] 46584] 1122874 .| 2495121 313_5351' - 2176084 :
- - Tonnes - - Tonhes Tonnes . Tonnes Tonnes Tonnes Tonnes
Notes: Run name : MANCODO3
Date ardd time : 165EP97:08:14

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



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

Multl flleet yield per recruit: Summary table

Northefn L " Southern . | Total | B 1 January 1 Spauning time

F ﬁefej_",_énti:_e .Cateh in| " F Reference Catch in| Catch in| "Stock : Stcbck Sp.stock 55|:|.sto'ck' sp.stock]| Sp.stock
" Factor | F | weight | Facter | F weight [ weight size tuomass. ~ size | biomass-| size biomass

o.0000] o.oc00] ©0.000] o.cocol o.o000] o.000] o.c0| 7.179| z29m.418]  5.088[ 2167.032]  4.791] 2040.834
0.2000| 0.0396]. 70.508| ©0.2000] 0.0020|, 3.466| 73.954]. 6.169| 1735.619| 4.084| 1505.842]  3.789| 1486.868
04000 0:0793] 107.967| 0.4000) 0.0041|  5.151( 113.129  5.544[ 1402.799|  3.465| 1274.545|  3.171]| 1161.619
0,6000{ 0.1189] 129.942| 0.6000} 0.0061]  6.074] 136.017|  5.114| 1183ieu3| U 3.041{ 1057.145|  2.748| 949.357
0.8000]: 0.1588| 143.694| o©.B000| ©0.0082|  6.577| 150.270  4.796 1029.426| 2729 903.994|  2.437] 800.630
1.0000] 0.1982{' 152.684| 1.0000| 0.0102|  6.856| 159.540f  4.550| 914.558] 2.489| 790.435  2.198] ¢90.926
1.2000{. 0:2378 158.734| 1.2000] 0.0122| 7.012| 165.746|  4.352| 82s.780| - 2.296| vo2.907|  2.008] &06.797
1.4000] 0.2775| 162.875| 1.4000 0.0143|  7.090|' 16%.974|  4.189| 755.047| - 2.138| e33.368[  1.849| 540.283
1.6000(. 0.3171) 165.727| 1.6000| o0.0163|  7.147[ 172.87%]  4.051| 697301  2.005| 576.764|  1.717] 486.398
1.8000{: 0.3568| 167.679|: 1.8000|  0.0%84|  7.175| 174.853]  3.932| 649.201| 1.891[ 529.769|  1.605| 441.865
2.0000]: 0:3064| 168:084| 2.0000| o0:0204|  7.193| 176177  3.828| eom.4vs| 1793f aco.105|  1.507| 404.447
2.2000{ 0.4366| 169.817| 2.2000). 0.0224| 7.208| 177024 3.737|: S73.544| - 1.708| 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| o0.0286|  7.263| 177.778| 3.516] 492.955| 1.499| 378.386|  1.218| 300.106

3.00000 0.5646| 170.364| 3.0000| 0.0806| 7.288]° 177.652|" 3.456] 471.912] . 1.443] 358.216].  1.164| 281.478

3.2000] 0.6342| 170.090| 3.2000 o.0326|  7.317] 177407 3.400] 453.009)  A391| 340a57|  1.114| 264.867

340000 0.6739| 169.720| 3.4000| 0:0347  7.350{ 177.070]  3.349| 435.924| 1.344| 323.889|  1.068| 249.965
. 3.6000| 0.7135| 169.274| 3.6000| o:0367|  7.388] 176.661] 3.302| 420.397| 1.301| B09.155)  1.026| 236.522
©'3.8000( 0.7532[ 168.768| 3.8000) 0.0388| 7.428] 176,196 ~3.258| 406.216]  1.261) 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

(4]

- 1< 7| Grams |, = - o= Grams | Grams | Numbers | 'Grams | Numbérs | Grams Numbers Grams

Notes Run name r YLBCBDO3 _
Date and time : 1VSEP9T:08:1%
Computation of ref. F: Northern: Simple mean, age 4 - 8
Southern: Simple mean, age 4 - 8
"Reeruitment : Single recruit
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Table 3.4.13 The medium term simulation harvest control rqlé_s for North East Atlantic mackerel

Medium term simulations harverst control rules for mackerel

Fixed parameters: . : .
Lower fimit of S3B: 2300
F above upper limit of SSB: ' o 0175
Stock assessment SD _Catch multipller  Catch muit SD  F lower level
0 1 0 0.05
0.122
0.1 1 0 B 0.05
0.122
0.3 1 0 : 0.05
0.122
a1 14 01 0.05
0.122
0.1 1.2 0:1 0.05
0.122°

Upper limit 5SB

2500
3000
2500
3000

2500
3000
2500
3000

2500
3000
2500
3000

2500
3000
-2500
3000

2500
3000
2500
3000

Prob 2=>1 (%}

0.9
0.9
3.7
14

1.7
0.5
3.7
1.5

6.6
7.4
1.2
12.5

4.4
13
11.3
6.6
127
33
21.8
16.3

Catch variation

20
20
20
23

42
64
41
51

150
160
116
121

62
88
59
67

74
99
65
70

Avg. catch

584
584
584
574

580
558
583
572

567
550
583
574

608
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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Figure 3.4.6 The medium term projection results for status quo (F96) fishing mortality
~ for North East Atlantic mackerel. Total landings, fishing mortality , =
recrultment and stock size.
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Figure 3.4.7 The medium term projection results for status quo (F26) fishing mortality
for North East Atlantic mackerel. Fleet catches. :
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Figure 3.4.8 The meditum term projection results for statﬁs qti'o (F96) fishing mortality
for North East Atlantic mackerel. Stock size and risk of going below MBAL.
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Figure 3.4.9 -

IR -t ot ol
ISCrUuLlTInenc

{t>

Catch

Landings

“__,“.."l-' LTI VT pa Y T 14
-
-

0 -y -

AT

-
-
-

[N - g

Aecruid 1I:$

N
N

PEl A T A T e m e ——

p—
]

Ila;nn F

=]

The medium term projection‘fésuits for an F = 0.15 fishing mortality
for North East Atlantic mackerel. Total landings,

+ b &S e
ana STOCK SizZe.

fishing mortality .,

eE et e e

g

e e —————— = P SRp—

d ke Bdlgiod

-~ ‘3.&6--"- _A.-’"-" JPR—
v ’-'/,./—7 -
[*) A -_=____--"
- 3 pettio iy —
ry :-—- pRRE—— [ =
9 1.8269"
[/ I - .
1997




Figure 3.4.10 The medium term projection results for an F =

F-Multiplier

F-Hultiplier

for North East Atlantic mackerel.
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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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4 HORSE MACKEREL - GENERAL
- 4 Stock Umts

The last 8 years the Workmg Crroup has con31dered the horse maclcerel in the north east Atlanl‘.lc 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 spawnlng area. In later years some horse mackerel have been laggeu in rortuguese and Spanish

R PR [ ', WO S —

wawrs, Dul 50 far no l.dgb have been. rewfcwu \nurg,ea and Porigiio PErs. Copii. )

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 Westemn
= horse mackerel :

4.2 Spawmng Stock Blomass Estimates from Egg Surveys

f.4.21 NorthSeaarea :

No new egg surveys covering the spawning of herse mackerel have been carried oui since 1951 and none are

) cun'cnuy pldIll'lEU J.Ul' HIB l.l.l.tl.ll.":
4,22 Woestern area

“There iz no new mfonnanon to report since the 1995 egg survey. The -estimates of egg nroducnon and SSB from

[ =g~

that suivey (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
'-Secuon 1.4.1). :

ri.3 Aiiocanons of Caiches io Stock

Usually, the catches in the Western part of Division ITa (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 ITla 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 I1a the distribution of the fishery in 1996 was similar to previous years.and thereby the
caiches were allocated to the different stocks as:

Western stock.: Di\‘.risions. IIa, Vb, IVa, Vlla—c.e-k and VIIT ab.d.e

Morth Sea stock: Divisions TVh.c, Vild and liia

Southern -stock:. Divisions VOIc andIXa -

 The catches by stock are given in Table 4.3.1 and Figure 4.3.1.



4.4 The Fishery in 1996

The total international catches of horse mackerel in the North Bast Atlantic are shown in Table 4.4.1 and Figure
4.3.1. The total caich from all areas in 1996 is 460,000 t which 120,000 t lower than the record high catches in

- 1995, ‘Ireland, Denimark and the Netherlands have a-directed: traw] 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
prowdes data for dlscards 'I'herefore the amount of d:sca.rds glven in Table 4.3.1 are not representatwe for the
'tota]ﬁshery ST iR L s . s

45 Dlstnbutmn of the Horse Mackerel Flshenu

The distribution of the fisheties in 1996 are- glvcn m rlgure 4.3:2a-d: The 11gun:b are based on data provided-by
- ~F

OV
ot T 1 Qe e TTE T A ol Vralash noacneine 10 oF tha
Denmark, Ireland, ihe Nethertands, nurw-iy, ruu.ugcu, opd.ul and UK j:,ugm.uu and vy aes) COVEINnE »170 O Uil

total catch. The total catch was allocated to quarters according to the data from the above countries and are given

in Table 4.5.1." As usual ‘the main catches were taken in Dmsmns VIIa—e e-k. and the main Seasons were the first
*and fourth quartets R o : : o

: First ammr 163,000 1. This is 42,000 t-moré than 1995, The d1str1but10n of the. catches are sm:nlar to previous

vears. The main catches were taken along the western continental shelf west of Ireland and the British Isles, in.the
western Channel, in the Bay of Biscay and along the Porruguese and Spamsh west coast (Flguxe 4.3. Za)

Second quarter, 58,000 t. This is 34,000 t less than last year The fishery was as in prevmus years, mamly carried
out south west of Ireland, south of Cornwall, in the Bay of Biscay, along the west coast of the Iberian peninsula

(Figure 4.3.2b).

P . 7, 1

Third quarter, 86,000 t. This is 21,000 t Iess than in i996. The fishery is simiiar io the second: quarwr but in
addition the fishery increased slightly in the North Sea and Skagerrak (Figure 4.3.2¢).

Fourth guarter, 153,000 t. This is considerable lower (107,000 t) than in 1997. This is mainly due to a reduced

: ﬁ.;her}' in the northern pait of the Notth Sda (Division TVa), The main fishery is carried out west of Ireland; in'the

P s § A ERl g Lt EER=E- L ERL]

wectern Channel and to some extent’in the Rav of Biscav d _a_lgﬂg the: Ibanan west coast (Figure 4.3.2d).

SO0 SIS A e ey L Dlabdy

4.6 Length Compositions by Fleet and by Country

The 1996 annual length compositions by fieet were provided by Germany, Ireland (third and fourth quaiter),

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 counu'y and ﬂeet are shown in Table
4.6.1.

Otohth Exchange in 1996

“Last years Workmg Group recommended that @ new horse mackerel otolith exchange be camed out'in 1996 to
‘setimatathe ?IEC!SEGH of tha age ‘vendinog of the” gfnhl-h readars -in the northedst Atlantie area (ICES,

ngs of the
1997/Assess:3), The results of this 1996 otolith exchange are presented in Eltink (1997).
Two eatlier horse mackerel otolith exchangés have beeir 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 19851995 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 otoliths 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 readms., of set B and C of each otolith reader have heen evaluated, Difficunlties in the

Hultemrg.rohnn of the edge of the otolith were nnnlvqu by r*nrnnm-mu naPmcr results of set B and C. The age

e U Ramaa fLeh 100 L. QD) . L

readings of the three sets were analysed for the age range 0—15 in addmon 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 readings as well as the bias in the ageings are discussed by otolith set. Precision by reader
differed considerably and appeared to be related to experience in otolith reading. When ageings were compared
to ‘actual’ age, validation 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 comparisons to the ‘actual’
age decreased from 75% to 20% over age range 3 to.13, but from comparisons to the modal age it decreased only
from 80% to 50% (see Figure 4.7.3). In general it can be said ‘that the modal or average age are good
representations 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
indicated by the modal age. In future age comparisons it is therefore essentiai that caicified structures of known
age are avaiiabie to show presence of absence or bias. if bias can be exciuded than ihe agreement o modai or
average age can DE I'ng[(.lﬂu as l.l'.I.ﬂ d.gl'ﬂﬂmt'rlll. ia uw iTue dgc -

The absolute bias in ageing was estimate(i for each age. group (see Figuré 4.7.4).

conclusions were drawn:

. All seven otolith readers appeared to have a bias in their age readings based on age reading comparisons from
otoliths of “known” or “actual” age. Six readers underestimated the ages; this bias started in general at age 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.

[y

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

3. There is no reason to change the age range (ages 0-14 with a 1:>+ group) for data to be supplied to the ICES
Assessment Working Group. :

4. Both the bias and the outer edge problem in ageing horse mackere] otoliths should be solved as soon as
“QSS'.blE This could be done by the uce of the 1982 vear class otoliths (hoth with translucent and: opaque

edges). Discussions on how to read and 1nternret the rlngr stmctures ccmld help to 1mnrove the precigion and
accuracy.

The Mackerel, Horse Mackerel, Sardine and Anchovy Working Group recommends that a horse mackerel
otolith workshop be held in 1998 in ... from ... to ... 1998 to be organised by A. Eltink, Netherlands to
improve the quality of the age r&admgs

The workshop is requested to provme

a) a synopsis of the biology of the specxes (stocks mxgranons spawmng, feedmg, maturity, growth, etc.).

b} an overview on how the ageing tﬁchmque was validated.

¢} areview of sample processing methods. _

d) a manual for age reading (date of birth, interpretation of rings
can be achieved, etc.). :

¢) available 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 readings comparisons 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 yeaIr and diviston, for the North Sea, Wesﬁam ancl Southern horse nnackerel
(Data submmed by Workmg Group members ) .

Year North Sea honjse mackerel - : Westem horse, mackere'l Southern horse mackerel " Total

11 IWbc Discards VId Towl| Il . IVa VIa Viacek. ViIabde Discards  Towl| ViIic Xa © Tott| CAllstocks
1982 - 2,788° - 1247 4,035 - - 6283 . 2N 3073 - 41,587] 19,610 39,726 59336 104,958
1983 - 4,420° 3600 8020 412 . - 24881 . 3696 2,643 - 64862] 25,580 48,733 74313| 147,195
1984 - 25,893 - 3,585 29478) 23 94 31,716 38782 2,510 500 73,625| 23,119 23,178 “46,207]- 140,400
1985 | 1,138 22,897 2715 26750 79 < 203 33,025 3529 4448 - 7,500 80,551| 23,292 20,237 43,529 150,830 :
1986 | 39 19,49 4756 24648) 214 776 20,343 72761 3071 s;sob 105,665 40,334 - 31,159 71,493 201,806,
1987 | 436 9,477 - 1721 11,634| 3311 1,185 35197 © 9942 7,605 - . - 157.240] 30,098 24,540 '54,638|: 223512
1988 | 2,261 18,290 ' 3120 23,671| 6,818 42,174 45842  SL9TE 7,548 | 3,740 188,100] 26,629 29,763 56.392| 268,163 -
1989 | 913 125,830 6:522 33265 4,809 85304° 34870 131,218 11,516 1,150 268,867| 27,170 29.231 .56,401| 358,533
1990 | 14,872" 17,437 0 - 1325 18762| 11,414 112,75% 20,794 182,580 21,120 9930 373463 25,182 24,023 -49,205| 441,430
1991 | 2,725 15,4000 = 600 12,000 4,487 63.860° 34,415 196,926 25,693 5440 333,555 23,733 21,778 45511| - 391,066
1992 | 2,374! 13,955 . 400 688 15043| 13457 101,752 40,881 180,937 29329 - 1,820 370,550| 24,243 26,713 50,955| 436,548 = .
1993 { 850" 35895 " . 930 8792 13,617 3,168 134,908 53,782 204,318" 27519 - 8,600 433,145 25,483 31 945 57,428{ 504,190
1994 | 2,492' 2,496 630 2,503 5,689 750 106,911 69,546 . 194,188 ';11044 - 3,935 338,875| 24,147 28,442 52,580} 447,153
1995 | 240 7,048 30 8666 16756| 13,133 90,527 83486 320,102 1,175 " 2,046 510,597| 27,534 25147 52.681| 530,034
1996 [ 1,657 7,558 212 9,416 18,843| 3,366 18,356 81259 252,823 23,978 16,870 306,652| 24,200 20,400 44,690| 450,185

"Norwegian and Danish catches are included in the Western horse mackerel:
INorwegian catches in Division TVD included-in the. Westcm horse macki'rel

*Divisions Ma and IVb,c combmed

ENACEMAWGMHSASINT431.DOC 26/09/97
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Table 4.4.1 - Landings () of HORSE MACKEREL by Sub-area. Data as submitted by
Work_.ipg_Group members.
Sub-area 1979 1980 1981 1982 1983 1984
I 2 -+ - 412 23
IV + Illa 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 35903 35873 39726 48733 . 23178
Total 137,504 130,970 129,074 104,958 147,195 © 149,485
~ Sub-area 1985 1986 1987 1988 1989 1990
o 79 214 . 3311 6818 4809 11,414
V40 24238 20,746 20,895 62,802 112,047 145,062
VI 33,025 20,455 35,157 45,842 34,870 20,904
viI 39,034 = 77,628 100,734 00,253 138,890 192,196
VIO 27,740 43,405 37,7703 34,177 38686 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
Sﬁb—area._ 1991 1992 1993 1994 1995' 1996"
o+ Vb 4437 13457 3,168 750 13,133 3,366
IV + Illa 77,994 - 113,141 146,383 112,580 98,745 27,782
AY 34,455 . 40,921 53,822 69,616 83,595 81,259
vII 201,326 - 188,135 - 221,120 200,256 330,705 279,109
VII 49426 54,136 53,753 35500 28,709 48,269
X 21,778 26,713 31,544 28,442 25,147 20,400
Total 380,466 436,553~ 504,190 447,153 580,034 460,185
"Preliminary.



Table 4.5.1 . Quarterly catches (1000 t) of HORSE MACKEREL by Division and Sub-division in 1996.
Division 1Q 2Q 3Q 4Q| TOTAL
ITa+Vb -0 0 . 0 34 34
mMa o+ 0 07 10 L7
IVa'* 1.6 + 0 16.8 184
IVbc, VIId 3.6 1.3 3.1 9.2 17.2
Via 337 1.1 359 105 81.2
Vlla-c.e-k 114.1 424 32.1 811 269.7
VHlabde: 0.6 B W) 1.5 202 24.0
VIIc 5.4 7.0 BRAY 4.5 24.3

. Xa 44 49 53 58 204
- Sum - 163.4 58.4 856 - 1529

460.3..

Table 4.6.1 Anrual length distributions (in-millions) of HORSE- MACKEREL catches by fleet and coﬁﬁtry-in--lgss.

114

Netherlands| Eng.&Wales | Norway | Germany A : Spain Portugal - j Ireland
Pelagic Pel.trawl | Purse [Pel.trawl| Purse Demersal Gill net Hook |Artisan Trawl Purse |Pel.trawl
em | trawl UK tandings | seine g seine . trawl ) L
| S 20 ' NG 3+4 Q
5 o . .
3 0.15 )
¥l 3.35° :
8 .62 T 0.00
g '3.76 . 0.00 0.61 -
10 3.31 001 2.8L oo
11 9.66 . 0.01 12.83_ 1.31
12 13.55 0.80 9.68 3.44
12 9.17 1.78 3.99 7 D65
14 4.96 2.55 727, o.08|"
15 4.44 5.11 4.63° 0.00
16 11.92 . B.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 2.84 0.02
19 55.53 14.85 4.60 S 0.00 0.24 4.88  0:04
20 74.20 13.54. 2.21 0.00 0.00 0.75 7.75  0.77
21 130.28 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 5.5§
23 - 14R .34 7.55. J1.10 "g.01 . 0.02 7.07 &8.71. 4.13 0.67
24 88,28 0.00f  12.19 1.31 0 0.03 D0.04 8.96 6.33 .2.52 5.96
25 84.01 0.00| . 16.65 1.39 0.04 . 0.05 6.94 32.14.. .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]. 40.38
28 60.01 0.13 n.00! 10.58 4.77 0.05 0.08 3.85 1.01 Q.00 49.81
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 D0.07 3.11  0.63  7.17 43 .42
31 41.28 2.01 0.72 0.05 3.58 4.22 0.04 0.0% 2.96 0.52 13.15 22.18
3z 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 T op.22 0.78 3.02 0.04 0.06 3.07 0.37 1.5% 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 Q.17 1.32
37 3.51 0.47 2.11 0.07 8.17 1.03 g.02 o0.01 2.15  0.10 1.42
as 0.37 0.35 0.76 0.05 0.26 0.52 0.01 0.01 1.69 0.04 0.58
39 0.74 0.12 0.19 0.01 0.18 0.50 0.01 0.01 1.74 0.02 0.12
a0 0.05 0.00 0.13 0.02 0.27 0.19 0.01 0.01 1.22  0.01 0.17
a1 0.12 0.00 0.22 0.12 0.01 0.01 0.55 0.00 0.086
42+ 0.00 ) 0.00 0.08 0.00 0.01 0.37 0.00 .
N 1209 01 11 04l 40.20 1.18k 247 .10 23 .43 n_60 0_%0 77.23 106.17 52.76 nz._ 92
ars '
1000 166.21 3.55f 15.53 0.41] 22.64 12.81 0.15 0.22 4.39 7.58  2.09 63.13
tons . . R
0.00=<5000




St

Catch ('000 tonnes)
600 .+

500 +

400 +

300 +

200 +

100 +

(N : o U SN

:}*!;H““*‘.'«'F!'

0 bt 4
65 67 69

71

73 75

77 79 81 83 85 87 89 91 93 95 97

e Total Nottheast Alantic
S USSR catches

- —a—Southem Horse Mackerel Stock
—&— Wastern Horse Mackerel Stock
-—i-— North Seq Horse Mackerel Stock

Flgure 4.3.1 Total catches of horse mackerel in the northeast Atlantic during the period 1965 - 1996. The catches taken by the USSR and

* caiches taken from the southern, western and North Sea horse mackerel stocks are shown in relation (o the total catches in
the northeast Atlantic.
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SET A (against 'actual’ ‘age)”E '

' HORSE MACKEREL OTOLITH EXCHANGE 1996
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In above age bias plols the mean age recorded +/- 2stdev of each reader and of all readefs '

combined is plotted agdinst the 'actual’ age.

Figure 4.7.1
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Percentage agreement in the age readings of all readers

SETA -

—+~Modalage | -
| ~e=—'Actual' age |

]n%___- _______ T o

|

‘__123456789101_112131415Age:

F'GU'e 4. 7.3 The Derceniage of agreemeni in the age readings of all readers
g o “h*"'“ﬂd from mmnansons to 'actual' and modal aae :
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5 NORTH SEA HORSE MACKEREL (DIVISIONS Illa - 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 ITla decreased considerably from 99,000 t in 1995 to
26,000 t in 1996. However, only catches taken in Divisions Illa - except western part of Skagerrak - [Vb,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-caich in ihe small mesh indusirial fisheries in the fourth quarter carried out

FTT 1

malmy in Divisions IVb and VIid. However, in 1995 and 1996 at kast 70% of the catch has been tzken fo

huwnan consumptici.
5.2  Fishery Independent Information

Horse mackerel ege surveys in the North Sea were carried out from 1988 to 1991 and the spawning stock
biomass estlmated were resnectwelv 120, 217, 255 and 247 thousand tonnes (Eltink, 1992). The 1988 estimate
was regarded as an underestimate. No egg surveys were carried out in the years 19921997,

5.3 Catch in Numbers at Age

Catch in number data are now provided for the first time; because the catch for human consumption mcreased
above 70% both in 1995 and 1996 (Tabie 5.3.1).

Catch in number daia were not provided in eatlier years, because the majority of the catoh 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 period 1987-1996. In the earlier
years the Duich samples cover only a small proportion of the total catch, but give a rough indication of the age
composition of the stock (F'umre 53 ﬂ

The strength of the 1982 year: class in the central and southern North Sea does not seem as strong as in the
western area (compare Figure 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

PR, skt
Al

Tabie 3.3.1 provides informaiion on the mean length and mean weight i
only. Dutch samples from commercial andresearch vessels. .. .- .

- bl + H
o the catch in

55 Ass&ssment

As the available biclogical 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 {o do an anaiytical 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 19839 year ciasses are recognized in ifie situciure o
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/S5B ratio during the period of the
19201001 ig nnlv 0.00,

4 acr

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.



5.6 Reference Points for Mahaéement ‘i:’urpﬁse . l . “

Reference points and lumts can not be deﬁned with the very Jittle: cun'ent mformauon about this stock.
5.7 | Manazement Measures and Cons:derauons | b |

No forccast is available for 1998. ,

The Working Group recommends, that if a TAC is set for this stock, it should apply only to those ateas where
North Sea horse mackerel are ﬁshed i.e. Divisions IVb,c, VIId and Division IIia.
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Figure 5.3.1
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6 WESTERN HORSE MACKEREL (DIVISIONS IIa, Illa (WESTERN PART), [Va, Vb, VIa,
VIIa-c, VIle-k, AND VIIIab,d,e)

6.1  TheFishery .

The fishery for the western horse mackerel stock is mainly ¢carried out in Divisions ITa, IVa, VIa, Vie,gh 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 caiches 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, e

Sub-areas ii and Division Vb

The national catches in this area are shown in Table 6.1.1. The caiches in this area have varied from year to year.
The catches dropped from the record high catch in 1995.0f 14,000 t to about 3,400 t in 1996.

an-are.a IV and Dmsmn I]Ia (western'D )

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
etal. WD, 1997). - - - S o

Sub-area VI

The caiches in this area have increased from 21,600 t in 1550 to historical high leve! of 84,000 t in 1995 with a

slight decline in 1996 to 81,000 t. (T able 6.1.3). The main part of the catches are taken in a directed Irish trawl
fishery for horse mackerel. *© °

Sub-area VIT

The catches from this area are 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, 000t and dropped by about 50, 000 t
in 1996.

Sub-area VIII
The catches from this area are mamly taken in Divisions VIiia,b,de and given in Tabie 6.i.5. Historical high
catches of more than 53,000 t were taketi both in 1992 and 1993, then dropped to 28,000 ions in 1995 and

increased to 48,000 tin- 1996
6.2 Flshery Independent Informatlon from Egg -Surveys

As mentioned in Sectmn 422 there are No New rev:smns of the SSB eshmatlons based on egg surveys used b}r
the assessment _Workl_ng Group last y:ar_(ICES 1997/Assess:3).

63  Catch in Numbers at Age

* As in previous years only two' countries provide samplé data with age readings, the Netherlands (Divisions VIa,
Sub-areas TV, VII and ‘VIII): and Norway: (Division IIa, IVa). Catches from other countries were converted io

o vn

numbers at age usmg the Dutch and Norwegian. data. This means that about 57% of ihe caiches were noi sampied
at all. :

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 i in numbers for 1996 is shown in Table 6.4.3. The sampling intensity is discussed in Section
1.3. The 1982 vear 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.



6.4 - ' Mean Length at Age and Mean Weight at Age
Mean weight and mean length at age in the éatcﬁes in 1996
Mean weights and mean lengths at age in the caiches by quarters in 1996 were provided only by Netherlands and

-Norway. These data were applied to the caiches 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 ag in the stock

As for previous years the mean weight at age is-based on ail mature fish sampled from Dutch freezer rawiers the

first and second quaner in Divisions \’u],.l( uame 0.4 J)

Prolected welghts at age in catches and in the stock 1997-2002

Pro_]ected welghts at age in the catches and welghts at age in the stock are needed for the forecasts. The mean
weights at age in the catch and in the stock for the peried 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 vear classes were obtained from extrapolated growth curves over the period 1997-
2002..The mean weights at age in the catch and in the stock of the 1982 year class have been used for the 15+
group since the majority of this group consists of the 1982 year class.. The pro_;e.cted weights at age in catches and
N -stock for 1997—2002 are givenin Table 6.7.2 and Table 6.7.3 respectxvely

6.5' '-Matuntyat Age :

Fish which are mature were assumed io be either maturing prior io spawning, io be spawning or io have spawned
in the current spawning season. Immature fish were not expected to do so. The definition of mature fish is
changed because-in the assessment the tuning takes place to the spawning stock biomass as estimated from the
egg surveys. In this-context the spawning stock biomass only:includes fish which contribute to the annual egg
produetion. Therefore figh; .which are apparently maturing but which do not produce any eggs because of mass

atresia, should not be included as mature fish.. This will reduce the. proportion mature of _especxally the ages 2 and
3.

The sampling for the ‘proportion mature at age should be equally distributed over the total distribution area..In
. most cases the sampling scheme should be different. for younger age groups since the distribution over the
- juvenile/adult areas differs by age group.-However, the proportion mature-at age for most species is estimated
* from fish samples from the. commercial fleet, where no weighting of the fish samp]es by juvenile/adult area and
by age group is applied. The pmpmnon manire at.age of the younger age groups. is often overestimated because
relauvety oo many samples are iaken Il.'OlIl me aﬂl.l.l[ areas and. noL anuugn II'OII! me _]I.IVEIIIIB arcas. IS.CIEI[IVCI}"
more samples should be taken from the adult area when fish are older.

The maturity ogives of different species are in most cases based on macroscopically estimated maturity stages.
However; histological analysis of the ovares of younger fish shows that the. macroscopically estimated

FLLi ) i A R L L i AlgeItaLoieall Catlliiiatt

- proportion mature might be overestimated (ICES 1996!1_-1 2, 1997/H:4).

. Annual changes in the mean weights af age are.expécted to be related to annual changes in the maturity ogive
‘Therefore, the maturity oglve shuuld be estimated for each year to take into account possible dlfferences in
- growth rates. . . . : .

The extremely abundant 1932 year class showed a very much retarded growth itself, but i in addition it rcduced 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: commercial 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 (JCES 1988/Assess:22). In 1990 the
‘Working Group decided not to change the maturity. at age, although the proportion mature of the 1982 year class
in 1986 should be reduced from 0.6 to 0.1 if the spawning stock is to correspond with the estimate from the egg

gurvey (ICES 19Q0/Ascess:24) From 1987 onwards the nrnmmnn mature at age was not r-h;mcarl her-nncp it

could_ not be replaced by a more reliable data set. For the assessment and predlcnon the proportion mature at age
was kept the same for the period 19962002 as for the period 1987-1995 (Table 6.7.4). .



Daring the mackerel/horse mackerel egg surveys in 1998 herse mackere]l will be collected to estimate .the
proportion mature by histological analysis to improve the maturity ogive (see Section 13).

ﬁ.lj Na nral Mnrtallt\r

V'For the first assessments ‘of both western and somhem horse mackerei a natural mortahty of M = 0. 2 was used in
1987 (ICES 1987/Assess:23). In 1989 M was reduced to 0.15: only for westérn horse mackerel, because of its
longevity up to 30 years based on the ageing technique of counting each translucent ring as an annuval 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 juvenile fish and therefore were expected to suffer a much
“highet natural mortality than older fish. Furthermore M was kept high for southern horse mackerel because ofa
different ageing technique by which two transiucent ring's in an -annual g[O‘Wul Zoile were coumied once fHish were
spawning (ICES 1989/Assess:19). The age readings of older fish according to this techniguc were approximately
a factor of 2 times lower. From 1992 onwards a natural mortality of 0.E5 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 §.15
ag singce beep ncad: for the assessments for ‘both’ snuthern and western horse mackerel. - The natural mOl'tahw of
5 mnv hava been chosen too hmh for a fish with a oresent maximum observed age of 37 years. I-Iorse mackerol

sb g

‘obtmnsd ﬁ'om catches in the Dutch mackerel and horse ‘mackerel: ﬁshenes southwest of Ireland, md;ca_te .t];at
‘there-is a preference for mackerel compared: to horse mackerel (Couperus, 1997).: Mackerel is a species which
lives in the same area as horse mackerel -and: which carries out similar migrations. Therefore, comparison. of
natural mortalities for both species seems appropriate. For the assessment of the northeast Atlantic mackerel an
M of 0.15 is used, where the maximum age is approximately 20 years. This ievel of natural mortality agrees with
eshmates ﬁ'om the Norwegnan taggmg expenments {Ha.mre 19!5}

- The natural- mortality of horse mackerel is eXpected to be at least lower than that of mackerel At ]ast years
“Working' Group mesting a the: potent:al magnitude of bias for assumptions of the-M of 50% higher and.lower
“than the routinely used value'of M = 0.15 was investigated (ICES'1997/Assess:3). These preliminary sensitivity
‘fagults indicated that a lowsr M rate would reduce the substantial diserepancies between the model estimate of
épawning stock biomase and the agg sarvey hiomass-estimate in 1983
On account of this the Working Group decided to admit uncertainties in M in the range of 0.05 to 0.15. A longer
‘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 havé 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. I~ and 2-group fish and regarcleo iess lmporta.m for
* the assessment of the western horse macKerel which is- malmy concentraied on /.-ycar and oider fish.. ;

(_5.7 Stock As'sessment _

—

LA Bavesian approach has been 1 sed tocalenlate the .stock assessment. Thm hm: ‘been chossn as bemg an
anprooriate methnd of adm .ltu..g Pg_r_'_lved uncertamhes in assumntlons in-the -assessment. - and Df estlmatmg

‘to Bayesian methodology ina ﬁshenes 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 assumptions, the data are
' compared ‘with the asséssment model uising a'likelihood function: For any. particular parameter such as spawning
- stock size or a future'catch under a: partlcular catch option, the perceived (‘posterior’) probability. of each stock
* gize ‘or catch option ‘can be calculated. It:is not necessarily .the: case that the likeliest estimates of all the

'parametors, ‘or even their expected values; should: be consistent through asingle 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 prov1des expscted values and

uxau;uuuﬁi‘i perccuulw fu, qua:mt:es judged to be of managﬂmﬂm interbst.

The ca]culating mechanism is de'sfcribed' brieﬂy in -Appendik 1 to this report, which is a summary of a‘description
given in Patterson (1997).



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. Although there exist plausible catch-at-age data for the period 1932 to 1996 and there
-algo exists a time-seri¢s: of egg survey estimates of spawning biomass:(ICES 1996/H.:2) it is not a straightforward
task to use the egg survey estimates to 'tune’ a population model to the egg survey estimates. This is because
maturation of horse mackerel appears to be density-dependent, and also because sampling for maturation is
subject to unknown bias due to migration effects. Lastly, the assumption of natural mortality, M = 0.15 was made
arbitrarily. Alternative choices of M were explored briefly by ICES (1997/Assess: 3) which suggested that lower
rather than higher values of M -may prov:de better fits of VPA-denved pOpu]auon models 1o egg survey biomass
estimates. , ‘

-.The pmmematic patare of the assessment has led to rather poor consistency in advice. Estimaies of the
abundance of the 1982 year-class have been revised upwards successively by successive working groups, and as
new egg survey est:mates were added to the tune-senes the perceptlon of the precision of the earller SUrveys was
' dmumshed . _

Here an attempt is made to make a more comnrehenswe assessment of uncertainty in some guantities. used for
management purposes (spawning stock size, fishing mortality, F-status-quo catch) that includes uncertainty in
some critical quantities {maturity ogive, natural mortality) that has up to now proven impossible for this stock. A
Bayesian VPA-based method based on a Markov Chain Monte Carlo method similar to that used for Norwegian
Spring-Spawning Herring (Patterson, 1997) is used. In addition to the age-structured observation data set, this
~. requires the specification of prior dlstnbuuons for: quantmes -about which limited or sub_]ectwe knowledge is
available. ;

6.7.1:° Model
6.7. 1 1 Structural model for assessment

Tl'-.e und.eﬂ:,n.no strictural nnnulat_lon maodel is of AT)_AP’T' type smnrchgrgd £0 as to make all h1stor1c and recent
population abundances and mortalities dependent on two parameters, being the abundance of fish aged 13 on 1
January 1997 and the natural mortality. The model is similar to that described by ICES (1997/Assess:3), albeit

with shghtly different explcutatlon pattern assumpuons 'I'he followmg constramts were 1mposed

. Selectlon (relanve ﬁshmg mortahty) in 1996 and later years is consn'a.ined 1 onages4 and older

 Selection on ages 0 to 3 in 1996 is calculated by linear interpolation between 1 at age 4 and 0 at age 0.

« Fishing mortality on the oldest age taken as the arithmetic mean from age 6 to the penultimate true age in the
catch at age matrix.

s Recruitments from 1993 to 1996 were modelled as a geometnc mean of recruitments 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.

. 8.7.1.2 Proba mi:y:iﬂﬂﬂ&i

'T'1- lil-alil I
The likelihood function is deﬁned analogously o t’.".a! for '.he conventional assessment, baced on the 1egne... al

distribution. With usual notation indexed by year y and age a, (Egg surveys U Populauon abundance Ngy,

Maturity ogive O, fishing mortality F, natural mortality M, survey variance sigma- and the proportiens of fishing
and natural mortality experienced before the time of the survey PF and PM):

) LAt { en  awr g omy o~ wwr S I, BN
. ; . flog(U, 7 Z,N, y0, W, , exp(—PF,F, y — PM, M, y )i*
P(Data\Model)=IIyL pt y f £alNayYay adz S ey Vay J
: c

; (=4
Uyo(2m)'’?



: descnbed in Secnon 6. 5

'-,:6;7;.2.3 ;Egg,survey precision p

£6. '7.2 Data and prlors
: 6 7.2 1 Data assumed known preclsely

‘-Esumates of landmgs and estlmates of catches at age in numbers, we1ghts at age in the catches and welghts at age
~in tbe stoclc were as: descnbed in Sectlons 6 3—6.5 and’ gwen in Tables 6.7.1106.74.

BN

. 7 2 2 Uncertamty in matul'lty

: '-'Relatlvely few propomons mature at age are rclevant in the asscssment., because of the- existence of ‘ane

exlremely abundant cohort {1934 year clags) and because of the ava.uanmry of Ol‘l.ly triennial estimates of
i

s) an
L . ) kI ~ o R - A0 o 10N L ¥ a2 la] I WY ¥-aY R o TR L L N . (U o
Spawnlng SICCK DIOIMAass 1roIn egg bl.lI'VB)’b LE¥DD, 1¥00, 170Y, 1554 alld 1550) LIC | HUWI E dasSunpuuns 101
-the prior. distributions: for maturity have been made, based on. hypotheses. -about plausible maturities..that are

1. 'I'he strongest year class before the 1982 year class was the 1979 year class whlch d1d not show a retarded
growth until 1983, The percentage mature is assumed to be in the range of 75% to 100% with equal

t'nrobab:htvforallvalues SO IPILEUSES Ce : R
2.0 F:sh of the 1982 year class in 1983 at age 1 are assumed to bc all: 1mmature no uncertmnty admltted

13, Because of the retarded growth tbe ﬁsh of the 1982 year class in 1986 -and 1989 at respecuvely ages. 4 and 7

+iare-assamed to have a: ccmpletely nknown-maturity in the range of 0 to 100% with.equal pmbablllty It 18
assumed that the maturity in 1989 must be greater than in 1986.
Fish of the 1982 year class in 1992 ai age 10 are assumed in the range of 80 to 100% mature with equal
probability.

:h.

5. Fish of the year class 1992 in 1995 at age 3 are assumed to have a matunty in the range of Oto 100%, but less

CE r_rpm\rp tl-mn the: 107(} year clags. in 1983,

:6 Flsb of the: 1982 year class in 1995 at age 13 arée assumed to be all mature w1th no uncertamtv admxtted

These matunty assumpt:lons descnbed above were parametcnscd as fo]lows and dependmg on ﬁve paramcters

X1~5:

MO(1983 48X,
MO(1986,4)=X,
- MO(1989, 7)=X3(1-X2)+X2
- MO(1992,10)=X, : e e e
MO(1995,3)=X:.X, R

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 ‘estimatéd with a CV of 25%. on.a lognormal distribution. -No
uncertainty was admitted in this variance estimate. :



6.7.2.4 Summary of prior assumptions

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

[Parameter | R : . | Lower Bound Umaer Bound | Comient -
Ny997,14 Population Abundance 1000 — 8 10’ — Unrestrictive,
| (thousands) . . o L ! - | reference
parameter for
_ S ‘ VPA
M - - | Natiral Mortalicy. 0.03 0.15 Range from iong-
' : : : lived species io
xua.\..-kEi'ci .
_ - S DRI . - _ assumptions.
X . .| Maturity 1983.age 4 . - 075 11.0
Xz - Maturity 1986 age 4 |0 10
X3 Maturity 1989 age 7, additionai to | O 1.0
maturity 1986 age 4
Xy | Maturity 1992 age 10 ' 10.8 ' 1.0

X5 Relative Maturity 1995 age 3 0 _ LO

6.7.3 Perceptmn of state of the stock

- Posterior dlstnbutlons for populauon abundance, natural mortallty and spawning biomass in - 1996 and 1997 (the
latter predicated on an assumption of a catch-of 400,000 t in 1997) are shown:in Figure 6.7.1. The distribution of
the ratio F/M is plotted because as both F and M are uncerlam parameters, the distribution of F alone has an
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2. The lower limit of natural mortality is constrmned by the pnor assumpuons and the data and model do not
‘give information about this lower limit. :

Spawning stock size estimates of 936,000 t to 1,795,000 t (25th and ‘?Sth percent:lles) in 1996 are calculated.

Estimatés of the fatio of fishing mortality to nataral mortality in 1996 1.67 t0-3.30 (25th and 75th percentiles)

are calculated.

5. The distribution of the estimate of spawning stock biomass in 1983 whlch has been used for reference
purposes, is 705,000 t to 907,000t 30 (25th and 75th percentiles), -

Bow

Perceptions of maturity parameter estimates (34, to X5) are given in Figure 6.7.2. This shows that there is little
information in the model and data about these parameters, with the excepuon that lower values of maturity of the

i AL S e ok s e, Ry

a apsc < 1mu in- .l:"oU d.ppcm LG IILGI.}'-

Feotimmatac nf tha hictaric davalanment af tha. stasl naramatarce ara nlatted in Fimira & 7.2 - and tha avynactationg
ALSURATeS Uh Wi dadevoiae GQUVOLIOPINCRL O WS S0t PURIGICILTS Gl Phalnecl I DIgIS W f oy il WiC CApCUIRnaUiis

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 relaxation of assumptions allowed in this assessment compared with the
conventional assessment procedure, the egg survey time series does not appear to be compatible with the reported
catches, the VPA assumptions and the assumiption of a 25% CV in egg survey estimates. -

6.8 Shori-Term Catch Prediction

A calculation of the consequences of different short-term catch options can be made from the Bayesian
assessment, but a different presentanon is necessary to take account of the fact that most of the meortant
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version of the conventional catch option table: has been calculated here.



The following assumptions were made in the calculations: : : O T T

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. vanance

of the weak year classes, 1gnor1ng the few sttonger year classes. - . . oo

2 _Explmtauon in 1997 and 1ater was assuined to follow the selection pattern assumed for 1996, o

'3, Catches.in 1997 were assumed to be 400,000 t, on the basis of a TAC of 300,000 t to be taken by EU
¢ - countries and an additional catch’ ot 100,000 t assumed to be taken by non-EU counties. A morwegmn catcn
© was -predicted: ‘of about 70,000 t in 1997 based on a correlation between the amouni of iish emr;nug
Norwegian fistiing areas and the influx of Adantic water (Iversen ef al, 1997 WD). The assumption of

- 400,000 t in 1997 was thought preferable to an assumption of status guo 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. toa
belief that by ggggbg; the full 'mn Q00 t will he taken by the EU countries, and the total international: catch

“may reach 400, ﬂm t by the end of the year.

4. 'Weights-at age in the stock and in the catch, and- matunty in years 1997 and later, were taken as va]ues as
' g1ven1nTabIesG72 673and674 :

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

6. In the simulations, an upper bound restriction was piaced on fishing mortality = i.5, in order io avoid
s girnilations of extreme fishing mortalities when a catch:constraint is- imposed on a stock size which: has a
i stochashc dlsmbuuon whxch may extend to low values: (p0551b1y lower than the put.atwe catch consu'amt)

d 199- and t.h ’7‘“.11 'mfh and ’ch nercont_iles
mav

fall under each of two reference levels.

“ ALl X Ll

Presentatlon of the F—M based optxon is somcwhat complex as both M and the F—M catch are here con51dered as
uncertain. Here, fof the F=M option, the:distribution of corresponding' SSB- has been tabulated, and also the
~distribution” of the corfésponding catch. However, it would beincomrect.to interpret the former. as:being
condmonal on the expectanon of the latter.

'I'hls form of Bayeswn catcn option table is glven as Tabie 6 8'.1. -
69 Medium-Terin Projecl:ions

rysct ctratemiag in the medium-term wag p-\rnhmrpd hv tnkma SArpy

arvest strategies in the medium-term was evalnated by samp ples from the

ion of parameters for the stock assessment, and projecting from each drawn

=
=

arameter sample under the harvest control from 1998 until 2002, o
The assumpuons descnbed in. Secuon 6 7 were retamed for all cases. The follomng scenarios were modelled
_ app]ymg from 1998 onwards N T : : :

(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, recrmtment spawnlng stock size and landmgs
=calculated under these: assumpmns, are gnven in Fjgures 6.9.1 0 6.9.6. : L

1-
skiwas made "cr

probability .of the stock being under 50,0,..“,

estimates of the probability distribution of spawning stock:size using. the assumpuons gwen above but snlning
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. maxlmum-hkelxhood assessment

A method to agsess this stock is I:he ‘ADAPT type method (Gavans, 1988) in. wh1ch an arbm'arjr chmce of selecuon
pattern is made. This.method has been used at earlier Working Group meetings in 1994—1996 to estimate the size.of
this stock and associated mortality rates. Thizs method is again used at this year's Working Group meeting for
comparability with last years maximum-likelihood ADAPT assessment and with this years new Bayesian assessment
(see Section:6.7). The Working Group considers that the Bayesian VPA provides. an improved perception of
" uncertainty in the assessment compared to the traditional maximum-Tikelihood ADAPT, The use of this maximum-
- Iikelihood ADAPT method aiso altows estimation of some of the uncertainty in the assessment, and of the sensitivity

of ihe assessmeni io ihe assumed seleciion pam:m. As IlSl'.liIlg mona.uty has msmncauy DeCT raiher iow in m.ls SIOCK,

\'l.'ﬂ bUllVU[gUIle UUUb not llUl.p bl.dUl.l.lbt'r I..II.U dl.ld.lyb].b 1up1u1y auu I.IUII.LU I.I.IG pupl.uauuu lll.UUt.'-l. lb 1].&51}' io UGS
strongly dependent on starting assumpuons. ‘

The model is a conventional VPA, wlm:h is fitted by a non—hnear mlmmlsatlon of the sum of squa.res. Given
. population abundance N, fishing mortality F,:natoral mortality M; weights at age W, and maturity .at age O ege

survey estimates of SSB U, and the propertion of fishing and natural mortahty exerted before spawning PF and. PM
IeSDeCTlVelY, the VPA is fitted by minimising:

N (ln(U ) ln(zayNa.y.oM.Wm-exp( -PF.Foy- PM. Mmy)f

e e s . ot

= JRER. P, T
10 ¥ OETIOIC A8 &nd yeat respecuvely.

elal 1c GH-AA to fl-n h-e(‘-hnna] Srer r“-nrlnnhnn nc-hmd:'l'ae of l‘\rnmoeo I"'T'ok‘a &1 n '1\ nrﬂn fnr the 1007 ond 1008

L LD Alauuva. B &, Yam Pl /L RFARALEECEO) &GS Uiy ML L7 il LS

fl-:-_.esumates At last, year s meeting (ICEs 199?/Assess 3) a calculatlon was made for ﬂlusn'anve purposes using GAM

... estimates of egg productlon (ICES 1596/H:2), but as these estimates have not yet been shown to be more accurate

. ,thau tradmonal estimates of egg production, this calculation has been provided only to show the sensitivity of the
. assessment to the choxce of method for calculating egg production (see Section 6.10.2).

Gwen the lack of age-stmctm-ed surveys itis neeessary to nmpose some constraints about the explmtauon pattern on
the model, Although some of these constraints are not very realistic there are insufficient observations available to
make ob_]ecuve parameter estimations. These constraints are somewhat arbitrary: -

S . Selecuon pattem in 1996 and 1ate1' years is equal to 1 on ages 4 and older (based on exploratory Tuns};

. ..» 3Selection on ages. Uto 4 in. 1995 and 1a1er yecars set 10 mean trom pI'E\']OUS 5 yecars. 1991 to 1Y9> (the same as in

last years assessment); . . . . :
.l‘l a[l.lIa.l mG)lTB.ll[y, welgnts ai, Age in the S[DCK and in the ca[cn are: aSSUIIlﬁﬂ o be K]'lOWD PI'ECISBI.Y,
- e Maturity ogive is assumed to be known precisely; . S
- = .:Fishing mortality. on the-oldest age taken as an arithmetic mean from age 6 to the penultmate true age in. the
-+ catch at age'matrix. o S

The choices made abont constrainte listed ahove were made after a nn

docomented in TCES {1996/Assess:7). As hafore, egg survey in ation prior to

LT AANSEN

uncertamty mtroduce by the unknown maturity of th 982 cohort_

: Input data for the ‘assessment aml pro_]ecuons is given .in Table 6.7.1-6.7 4 and the ﬁtted populanons fishing
mortalities and stock sizes are given 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 Predictions

A very simp]e paraxﬁeuic boofstrap approach to the assessment of the consequenees of management action under

Tmnartainte 10 vead hara Do nanscbarnie in the asa osrosac hinmees astimataon 16 comcidarad and all Athar sosaomataea
il talliny 15 Waldl UUIG. orliay alivuivaling ifi Wiv VEE SUll vy CRUIINRGS Loulfias 15 CUNSIoLILG, aiiG du Guilld palanicicrns

and observations are assumed to be knpown Frprmnlv and the model ig assumed to be r-nmrlﬂu formulated, This

AT Y X,

approach considerably underestimates the uncertainty in the stock projections, bat is con51dered preferable to
presenting a purely deterministic view of stock dynamics.



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

The ADAPT assessment mode] described above was used to fit 500 VPA populations to the ‘catch:at ageidata:for
each of 500 Monte-Carlo simulations of pseudo-egg surveys, assuming a lognormal emor distribution and a
- coefficient of variation of 20%. The population vectors were then projected forwards through 1998-to’2002 under
“five constant-catch Optlons ranging from 50 000 t-to 400 DDOt annua]ly and under & ﬁslung mortallty conslramt of F
":"‘--""M 015 S : o :

'The ‘conservative: approach o modellmg forthcolmng recruitment use.d by ICES (1996!Assess 7) and ICES '
*'(1997/Assess:3) was Tetained here.’ Reécruitments in 1996 and later years were assumed equal to the geometric mean
" of the 'weak year clastes” (1981, 1983-1986, 1988—1992) as estimated in the ADAPT procedure ( ="1860 nnmon),
- ~because me weak recn.ntments occur far more trequent tnan me su'ong ones. R R

Percenules of the s:mulatlons of stock size falhng abovo and below ths 500 00t (see Section 6 13) were used as
estimates of the risk of the stock falling below this level. Resulis of these simulations are given in Figures 6.10.2—
/'6.10.6. An additional simulation was caltulated with a constant fishing mortality multiplier-constraint (relative to
1/96} Cmspendlng !_0 ﬁs}‘.}ﬂ" at! a I'm-u'pt rnm-tnhm n'F'FG' M - (¥ 15 hpmnnmc m 1QQR fF1 01“'? ﬁ l(".l 7\ Tahle ﬁ Iﬂ4

e dwdy LR E-iLli=pd By}

* shows the 'predicted spawning stock hmmam and g.atr'het: (medians) 'Fnr the nennd 1998—2002.

maflly UL DL e A

The simulations indicate that for constant catch levels of 300,000 t or 400000 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
fishing mortality would be kept constant at F = M = 0.15, the decline would be somewhat slower. The associated
tisks to the stock, in terms of the probability that the stock wﬂl fall below 500 000 t in each forthcormng year, are
plotted in Flgu:os 6.10.2-6.10.7.

Vj'below 500 000 t, at a cost of a progresswe reducnon in catches from 221,000 t in 1998 down ‘to 138,000 1 in 2002
" (Table 6.10.4). ‘Howevet; these calculations are sensitive to the assumed value for maximum fishing ‘mortality
~ xmposed on the stock. This is particularly the case for hlgher Tevels of catch constraint, which cannot be maintained

unless cxtremcly high values of fishing mortality {:r. excess of 1.5) are allowed in'the projections, Such valies may

sy wrad LA ol lies LAY

: f ' he P_redl_gteﬂ in _h_ meditim f__g-.;m; but it annearq hkeiv that a ramd denletlnn in stock s1ze would occur.

not be fnomk‘e in pracnce. The cencmnﬂnr'ﬂe of attempting to remove catches exceeding 200,00 ¢ cannot therefnre
&

Table 6.10.4 shows for the fishing mortahty constraint and for the different catch constraints in'what year over the
period 1998 to 2002 the spawning stock biomass is expected to have a 50% probability of falling below 500,000 t.
~ This table also shows the corresponding catches Telated to the option of fishing mortality constraint F'=M = 0.15.
** The calciilations are also'of course highly sensitive to the assumed valves of natural mortality, which is not known
for ﬂ]lS stock. The probabllmes of stock fa]lmg bolow 500 000 t are lowar than those from the sunulamons i:rom the
in the biomass estimates from the egg surveys The year classes 1993 and- 1994 ‘appear to be relauvely strong
+ according to the ADAPT analysis, however it should be'taken into account that the calculations: are very: sensitive to
the assumed exploitation pattem of 1996, Similarly the 1992 year class, which seemed to be strong in 1994 (Figure

e B T QRN Ty Syt Ny Al Pl Y
U2, J.) pc 3 uuiu in the 1995 catches and in this aS%SSIﬁcﬂt m‘dch WEaker.

Population parameter estimates obtained using GAM estimates of egg production were presentsd 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 orthe GAM estlmates of egg producuon and the companson was not- camed jout. agmn at this yea: 8

4 meeting:”

6.11 Long-Term Yield

~_ Given the uncertamty, both to the mortahtles and to the future recrumnent long-term yle]d has not been
_ "computed - ‘ -

EAACFMAWGMHS AYS\REPORTYB.OC



6.12 Uncertainty in Assessment

- 'The-asgessment calculation expressed-ir 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 biomass 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 quentified
uncertainty. Distribution percentiles in medium-term forecasts are given in Section 6.9.1 10 6.9.6.

Additional, unquannfied uncenamty exists. .The follomng sources of uncertamty have not been . taken into
“-account in the assessment:

Urjcertamty aoout reportec't catches; -

s fd et

Unceriainty aboui seleciion paitern dbhl.l]ﬂpﬁo_ which have a sitong eifeci on the. estimaiion of receni
I'ecrulnneuts, '

Uncertainty. in matunty except for the years and ages mentloned an Sect:on 6 7 2 2;

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

W

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.

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
assumption that the likelihood of a strang vear class apnearing wonld decline if stack 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 assumption
of the MBAL being the stock size in 1983.

As noted above, population 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 tc 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 conservation strategy. A
later stage, a hﬂrveqhncr strategy will need to bhe m'mnded which can br-_- nl1ed when a new Iar;re vear clas

appears.

Given the extreme dynamics of the stock it is inappropriate to attempt to calculate Fp.y . Freq or Fiy reference
points over the short time-series available. Possibly useful reference points for management purposes might be
F=M, F=2/3M or F;; A probability distribution for estimates of Fy; and Fy; 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%
1.21 0.99 1.10 121 1.34 145

This illustrates that even these measures may be problematic as management tools, due to the uncertainty of their
estimates in thig aggessment.



6.13.3 By, Bp.and Fy,

“Given:the extremely limited knowledge about parameters of stock dynamics the Working Group-believes there
:exists-insufficient basis in data to propose values of By, By OF Fra. The-'MBAL may continue to be a usefuI
_‘ freference nomt whlch marks the. reg:lon of wholly unknown stock dynanncs :

6-14 | Management consnderatlons ,,,,,
‘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 wiil 'meiy a graduai decrease in the risk for

the stock of Iaumg below MBAL of 500,000 i in the years mmlemawly after 1998. Boih ihe mediufn-ierm
: pmjecuons and' comparisons - wiili other stocks suggest that fishing with FM=1 would Jead 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 fallmg under MBAL by 2002 The ADAPT -based

~predictions give a largely similar impression. - : : 0

TAC has been overshot considerably since 1988 (ICES: .1997!Assess.3) : The Working Group adviseé tliat if a
TAC is set for this stock, it should apply to all areas where western horse mackerel are caught ie. D1v1s10ns Ia,
- ITia (westem part), IVa, Vb VIa VIIa—c, VI e-kand VHIa b d e. . : :

A ewwes avwwy o0 T T T LG TV — mney

ENACFMAWGMOASASSWREFURTIS.DOC §7/10/57 1041 13R



Table 6.1.1 Landings ()} of HORSE MACKEREL in Sub-area II. (Data as submitted by- Working Group members.)

Couniry
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Denmark

412

22

412

23

Couniry

[
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W vaT.)

- 1900

-

1909

J
]
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L

Faroe Islands

Denmark

12

4,770
21

964°

6.818

4,309

1891

1993

1994

1995

Tiasren nel-
LG B

France
Germany
Norway
Russia

UK {England + Wales)

1,115°

1,068

950

NN

11,300
1,633

887
881

Total

159

14,083

3,366

'Preliminary. o
nchuded in Sub-area IV.

*Includes 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 1,500 23,730

Farne Igla_nds R ) & ) I - - -

France 292 421 567 366 827

Germany, Fed.Rep. + 139 30 52 +

Ireland 1,161 412 - - -

Netherlands , 101 355 55¢ 2,020 824

Norway - 119 2,292 7 322 ¢

Poland - - - -2 94

Sweden - - - - -

UK (Engl. + Wales) i 15 6 4 -

UK(Scotland) - N . 3

USSR . _ - - - = .. 489

Total . 2,151 7,245 2788 4,420 25,987

Comtry.- .. - .. 1985 . .1986 . 1987. .. 1988. 1989 _

Belgium 13 13 9 10 10

Denmark 22,495 18,652% . 7,290° 20,323 23,3297

Estonia - - - - -

Faroe Islands - - - - -

France 2a% 2313 1897 784 248

Garmany, Fed. R_en S - 3 153 306

Ireland o . - - .

Netherlands 160* 600* 850° 1,060 14,172

Norway” 203 776 11,728° 34,425 84,161

Poland - - - - -

UK{Engl + Wales) 1. 3 339 373 10

UK. Ireland). .. - .. - = - - -
- UK (Scotland)... .. 998 531.. 487 . 5749 2,003

USSR L - - - -
Una]]ocated+dlscards‘ : S s S - -12,482° .

Total ) 124,238 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 -
Farpe Islands 942 340 - 360 275 - -
- France . 220 174 162 . 302 - T T
* Germany, FedRep - 2,4695- - 5995 -2,801 - 1,570 - 1,014 - 1,600 o B
" Ireland 687 2,657 . 2,600 408 415 220 1,100
"Netherlands =~ = 1,970 3,852 3,000 2,470 1,329 528 6,205
Norway? 117,903 50,0007 96,000 126,800 94,000 84,747 14,639
Poland - - - - S
Sweden 102 9532 800 697 2,087 - 85
UK (Engl. + Wales) 10 132 4 115 389 478 40
UK (N. Ireland) - 350 - - - -
UK (Scotland) 458 7,309 996 1,059 7,582 3,650 2,442
USSR ' - - - - - -
Unallocated + discards 317 750 278 - 3270 1,511 28 136
Total 145,062 77,994 114,133 140,383 1i2,580 98,505 26,125

“Preliminary. 2Includes Division Illa. *includes Division ITa. *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 () 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 - - 4,014
France 45 454 4 10 4 13
Germany, Fed. Rep. 5,550 10,212 2,113 4,146 130 191
Freland - - - 15086 13858 27,102 -
Netherlands 2,38 100 50 94 17,500 18.450
Norway - 5 - i -
Spain - - - - -
UK (Engl. + Wales) 9 5 -+ 38 + 996
UK (N. Ireland) o -
UK (Scotland) 1 17 83 - 214 1,427
USSR - - - -
Unallocated + L -19,168
discards L
Total 8,724 11,134 6,283 24,881 31,716 33,025
Country 1986 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° 4,0000 3,059 628 255 - 820 80 - .
France 12 20 0 2 17 4 3+ .- -
Germany, Fed. Rep. 354 174 615 1,162 2474 2,500 6,281 10,023 1,430 1,368 943
Ireland L. 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 3369 2,150 550 341 2,326 572
Norway 83 75 41 - - - - - - -
Spain 22 2 22 3 - - - -
UK (Engl. + Wales) 198 404 475 44 145 1220 577 144 109 208 612
UK (N.Ireland Ce e e . - . - 1970 723 - - - -
UK (Scotland) Coc o138 1,027 7,834 1,737 267 1,640 8 4,523 1,760 789 2,665
USSR ' R - 4 - - - - - -
Unallocated + - -13,897 -7,255. - 6,493 143 -1,278 -1,940 -6,960° -51 -41,326 -11,523
discards N : - - ' . : )
Total 20,455 35,157 45,842 34,870 20,904 34,456 40,469 53,942 69,527 83,595. 81,255
"Preliminary. o '
Included in Sub-area VIL.

3Includes Divisions Ia, TVa,b and VIb. =
“Includes a negative unallocated catch of <7,000 t.

EAACFM\WGMHSA9S\T-613.DOC 26/09/97 14:36
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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 L I
France 1,983 2,800 - 2,314° 1,834 2,387 P e o e
Germany, Fed.Rep. 2,280 1,079 12 1,977 228 : ey
Ireland - 6. - - 65
Netherlands 23,002 25,000 27,500 34,350 38,700
Norway 304 - - s
Spain . 50 234 . 104 142 - 560 1
UK (Engl. 4+ Wales) 12,933 2,520 2,670 1,230~ - 279
UK (Scotland) 1 - - e 1
USSR - - . - .
Total 45,697 34,749 33,478 40,526 42,952
Conptry 1985 1986 1987 1988 1980
Faroe Isiands - - - - -
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. - 5 314 4705 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.Feland) . Lo Te - L. SR o , . S R
UK (Scotland) : -1 -+ 2 2,873 L : S
USSR . 120 . S L
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 - X
Deilinaik - 30,594 28,888 18,584 16,978 '741,505 78,300 43,330
France . 2,538 1,230 1,198 1,000 - _
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 15281 . 58,011 38455
Netherlands 111,900 104,107 109,197 157,110 092903 116,126 114692
Norway ) - - - - - - -

- Spain-- ‘% e 1 S113 106 - 84 29 L 285 13

-+ UK (Engl. + Wales) 13,371 6,436  7.870 6,090 12418 31,641 28,605

¢ UK (N.Irelandy. . -0 - 2,026 1,690 . - 587 o 119 - . = -
UK (Scotlandy ™ T 139 1,992 5,008° 3,123 9015 10,522 11,241
USSR - - - - - - -
Unallocated + discards 7.614 24,541 15,563 4,010° 14057 68,644 26,795 . .o i
Total 192,196 201,326 188,135 221,000 200,256 330,705 279,100 i -oi o
Provisional.
‘Includes Sub-area VI.

‘Includes a negative unallocated catch of -4,000 t.

-
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Tahle 6.1.5 Landings (1) of HORSE MACKEREL in Sub—area VIH by countrv (Data

submitted by Workmg Group members)

1982

Country 1980 1981 1983 1984

Denmark - _ - - - -

France 3361 3711 3073 2,643 2,489

Netherlands - - - - -2

Spain 34,134 - 36,362 19,610 25580 23,119

UK (Engl. + Wales) - 4+ 1 - 1

USSR - - - - 20

Total 37,495 . 40,073 22,683 28203 . 25,629

Country logs 198 1987 1988 1989

Denmark - 446 3,283 2,793 6,729

France 4,305 3,534 3,983 4,502 4,719

Germany .- - - - -

Netherlands 4 2 2 - -

Spain 23,292 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 1950 1991 1992 1993 1994 1995 1996'
Denrnark 5,726 1,349 5,778 1,955 - 340 140
France 5082 6164 6220 4,010 28 - 7
Germany ; 80 62 g ; -
Netherlands 6,00 12,437 9339 19000 7272 - 14,187
Spain 25,182 23,733 27,688  27.521 - 25405 28345 25,428
UK (Engl. + Wales) 6 70 88 123 753 20 924
USSR - - - - - -
Unallocated + discards 1,500 2,563 - 5011 700 2,038 - 3,583
Total 43,496 46,396 54,186 ¢ 53,709 .. 35500 . 28,709 48,269
!Preliminary.

’ncladed in Sub-area VI

ENACFM\WGMHSA98\T-615.DOC 26/09/97 14:38
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Table 6.3.1 - Gatch in numbars (000} at age of WESTERN HORSE
MACKEREL by quarter and by Division{s) in 1995,

7o Ty LY T
g iR via WG g1

e Ml AICaS
1st0 | 1stQ| 1st@ forso | vsQ s foovsia o
Age _[catch{'000)catch(*000catch {000} catch{000)cath{* 000} catch({ 000 catch (‘000
0 0 0 0 0 ol 0 0
1 0 0 ¢ o o 103 103
2 | 0 0 o . ol treesa]  s7E1| - 180,738
s f 0 0 o} 3650 265470 2,335 271454
4 : ) ) of ‘347 " o 280 377
5 o 0 Of 40636 S u 154 4,810
& 0 0 ol 6603 ! 121 6.725
7 | 0 -0 of- . 13213 -0 o 13213
] 5 & I S G T 16,251
g 0 0 o 21,568] S0 o 21586
10 0 of . 0] as3187 o . o 33187
1" 0 1 ol 51813 o - o| 51818
12 0 0 of  asi7e 0 o 45178
13 0 0 Of 41404 0 o - 4404
14 0 ol 3zisol 78071 ¢ 511 110301
15+ 0 of s57.2s8f 20180 o of 77438
o ) U coAcb| o9,194] A492,40Z] G009 - B/F.929
Tonnes 0 o - 333400  76.186 38.228| §12|  148:266
lla Wa Via Viib,e,jk [Vila,efg,h Vilabde| Al areas
2ndC | 2ndQ | 2ndQ | 2ndQ | ZrdQ | 2ndQ | 2ndC
Age __[catch{'000)catch(*000 eateh {000 catch {000 DO0)cateh('000) catch {1000}
e . 0 -0 o) . ] 0 of - -, o
1 0 [ o o o vl ‘2m0
2 I 0 ol of . anal 74912l q0amsl T ssond
8 0 0 of -s222] 123e7 6341 121,930
F 0 . @ of- 1611 of - @iy .. 2424
5 0 TP o 84 o a8l - 1,222
6 a 0 0 804 o 330 1,134
7 0 o 0 1,611 o 0 1,611
8 0 0 0 161 o 190 1,802 .
g 0 0 0 5,637 0 0 5,697 i
0 o 1) ol agae . o . 4gsz
1t 0 c ol 0 5,637 Tof o - 5637
12 o 0 o]. 8859 -0 0| . - 8859
13 0 0 ol 7248 o 0 7.248 '
14 0 o 1520] 54759 o 139) 36,419
15+ 0 of 2705] 23385 0 0| 26.060
Total 0 o| 2225] 120796 ta7270] 18,606 320,007
Tonnes 0 ol 1575] 26140] 16,181 1862 45558
la [ Wva [ Via [ Vibeclk [Vilaetgh Villa,bdel Alareas AT R
: gl el smo | gda | oswa 1 ogwo l Fdo |
Age - |calch('000)catehf0o0catch('000)eaieh (000} catch(000} catch('000% catch (1000)
[} ] of . o0 0 of . of.. .o
1 0 0 0 o 0 2sof - - z60
2 0 0 0 s54] 86809 9438] ' oeaez|
3 a 0f 0| - 7748] ea207| 5914 - 96867 e
4 0 0 of 11482 2,001 758} 14,251 o
5 0 o o . 11674 0 asn] 12264
= & s o 17,718, 2 acs 18028
7T 0 of - 0| 13,787 0 o] 13787
) o T o] 4837 0 17a| 5014
o . o ol ol arre 0 0 8779
10 o o o 6750 0 0 6,750
1 0 ol 874 434 0 ol . 13,028]
12 0 ol 4m48] 1878 0 ol 6421
13 0 a o 455, 0 0 455
14 0 o| 61530 19,868 0 130 81528
15+ 0 o]l 35211 2485 0 ol . - 37696
Total [ 0 7 6] 4
Tornes ¢ ol - ol - 80
Ha Va Via | VIlB.GhK [Viia,e4,0,0 villande| Al areas
2hQ | 4hQ | 4thQ | 4tha | 4thQ
Age ‘000 cateh(000)oateh('000
0 [ 0 0 0 0
1 o o 0 0 0
2 e o ¢ o 128187
3 [¢] DI 4] 582 273231
4 o 0 0 1,152| 125580
5 [+] O Q o) 44,536
& 5 o6 0 582 15,354
7 0 0 0 1,722] 18,284
8 8 144] 0| 2a04] 21268
] 7] 226 0 1,152 8,821
10 100 1,900 0 of 1868
1 33 616 2540 sas0|  v0s0
12 80| 1,144] 1208 s82| 1,668
13 & 122 0 5,007
14 1,702| 32185, 17935 31,697
15+ 371 7.018{ 10264 2771
Tatal 2267 43461 22,035 637,161] 227,743] 1,021,494
Tonnes 3,366f 16,763 10474

76422) 20245 132,904

mlantenlusmeeia eaOOUVT. L84 wle
VR T Pt 8 SO e

SVamm
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Table 6,41  Length (cm) at age of WESTERN HORSE
- MAGKEREL by quarter and Division'ih 1898

19 a |- va - Vie Vit G Viia,e.f-,g.nl iila,b,d.e] All areas
1t 1'stQ sty tstQ ] 1'81Q-1 1'stQ 1'stQ
Age | Ieﬁ@gm}imgﬁgmﬁeﬂﬂml
0 T IR Y T
1 o 19l - 19.51
2 o2 218 7 219
3 222 230 - 222
4 Q.0 250] - 254
5 2.0 255] - 260
& 0.0 - 28,5 2731
7 0.0 0.0 281|°
1 0.4 27.5) 29.6
] oM - 0.0 29.8
10 0.04 0.0 303
11 0.0/ - 0.0 30.5
12 0.0 0.0 1.4
13 0.0 Q.0 35
14 (00l - 278 335
15+ 0.0 00l . 383
0-15+ 218 23 26.9|
lla - Wa Via Vilb,c,jk VTta,e.f.gh Villa,b.d,e] All arans
2nd Q 2nd Q 2nd G 2nd Q 2'nd O
Age e 10) thicm omn)
[] 0.0 0.0 0.0 0.0 X X X
1 Q.0 0.0 - 00 0.0 0.0 195] @ 195
2 2.0 0.0 o0 238 2t 213 0 A
3 . 00 0.0 0.0] © 240 : 222 230 22.3|
4 - 0.0 0.0 on] - 25.0 0.0 25.0 250
E 0.0 0.0 0.0 265 0.0 25.5 255
6 0.0 - 00 00| , 265 00| . 265 28.5
7 0.0] - 0.0 -0 - 27s] 0.0 0.0 27.5
8 Q.0 0.0 Q.0 280| -+ Q0 27.5 27.9
L] 0.0 0.0 00| . 284 - 0.0 0.0 284
10 PRy 2.c o o 287 - L0 .0 287
11 0.0 0.0 0.0 29.0 © 0.0 0.0 29.9
12 0.0 0 X0] 0.0 | SO.SE . 0.0 0.0 20.8
12 0.0 [ Xa] BRI i X angt a.0 0.0 208
14 0.0 0.0 371 312 - 00 27.5[ 391.3
15+ 0.0 0.0 37.3 33.1 - 0.0 0.0 335
O-15+ 0.0 0.0] .. 37.2] 30.7] 21.8 2_2.3} . 25.3
la-:- ] :iva Via | Vilbcijk [Vilaefgh] Villa,b.de| Al areas
G TG g Sl § Q] O I
Age  lengih (cmilength (cm cmijlel emijlength (cmjlangth (crr}le (o)
[1] 0.0 0 - 0q 0. 00| 0.0 0.0|
1 Q.0] Q.0 0.0 0y - - 00 18.5 18.5
2 0.0 0.0 0.0 23.3 204 213 205
3 0.0 0.0 00] © 243 28 - 230 22,0
4 00 0o © oq| | 253] - 245 25.0 25.2
5 Q.0 00l . o00] ! 268 0.0 255 26.6
& o0 0.0 SOy o 28 - GOy . 285 26,7
7 0.0 Q.0 o0 - 278 o 00f 60 278
8 0.0 Q.0 00] - 278 - oof - 278 27.9
Q g Q.0 o0 283 -+ ool oo - 2832
0 - 0.0 Q.0 00 1282] [+ 2] I 282
1 0.0 0 - 325 2941 . . 00 0.0 314
12 0.0 0.0 315 ‘294 ¢ L 00 0.0 308
13 0.0 0.0 00| . -299 [ R Q.0 29.9
14 L 00 . 00 35.0 259 0.0 275 335
15+ : 0ol - 0.0 34.4 282 0.0 001 . 341
O-15+ 00 - 00 . 345 27.3 21,1 22.3 264
la Va ~Via } VHbejk [Vilaefgh| Vilabde| Al areas
4thQ- 4thQ | 4HhQ ‘thQ | 4thQ ARG | AhQ
Age  llengthiem)|le om)liel )| length{em)| lergthicm)
o 0o - 00 0.0 0.0 0.0/
1 0.0 0.0 0.0 0.0 0.0
2 &3 &8 0.8 8.0 215 21.3 214
3 0.0 0.0 0.0 245 228 23,0 2248
4 : 0.0 - oo Qo| . 255 251 25.0 251
5 0.0 00 0ol - 0.0 258 255 . 258
-3 30.8 309 - 00 . 285 288 - 265 - 265
7 0.0 [sX)] 00 . 268 ar2 0.0 274
8 285 285 .. 00 27.8 27.5 275 278
9 319 3t9] - G0 . 200 28.8 0.0 28.9
10 33.5 335 0.0 0.0 28.6 0.0 3.3
1 32.7 2.7 32s5) 280 28.9 0.0 29.6
12 342 342 - 35f 0 sos] 270 o.o| 30.5
13 < <A .35y G0 30.5 27.7 3.5 28,1
14 34.6 346 3590 29,3 283 2?.5| 3.9
15+ 364] . 364 344] . 288 31.3 0.0 33.8
=15+ 34.8{ 348] - 345 26.8 24.0| 228 - 248

T e OOVT_ 244 wls
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Table 6.4.2 Weight (g) at age of WESTERN HORSE
- MACKEREL by quarter and by Division{s} in 1998,

Teo6 | Wm. | e | Via- | VADGLK|viBedgH vileoae] Al aeas
1sta ] 1sta] 1sto | 1sae} rst@ pstQ | stQ
égoe weight(g) |- waight(g) | weight(g) | weight(g) weigmtg?) weight(g) | welght(g)
. o - 0 : o - 0 ° i 0 ]
1 EEN 0 o 0 0 so] . 59
2 i - D) -0 .9 a1 78 . 81
3 ol g 0 0 93 %0 s .0
4 0 .0 0 420 o : 1zsf o120
5 O o 0 126 o ! 139 - 128
& o S0 ol 152 o 182 - 182
7 cog 0 o . . 166 o 0 166
a RO 1 0 [+ 20 o 148 99
] NI 0 o .. 198 Q 0 199
10 SRR 0 of 200 L - of .- 209
11 0 0 0 224 -0 of o 224
12 -0 o of 233 o -0 233
13 0 g ¢ 239 u - of v 239
14 ) 0 aral : -om3 o 148 28R
15+ 0 0 aze| 209 o - 0 35§
0=15+ w B . -0 375] - 2261 - 86| - 170
Tla-. | Wa. |- Vi ] Vb [Vila,elgh vVilabde] Al areas
2ndQ | 2nd@ | 2adQ | 2nd0:f ZndQ | 2ndQ | 2edG

Age | weightig) | weight() {-weight(g) | weight(g)| weightig} | waight{g) | weight(g) | -
) : o v o] ~ o o ;- o of .. ©
1 : 0 ©o 0 0 0 EBJ <. B
2 2 .o o 87 3] 78 a1
3 0 o 0 gof - 90 o4 90
4 o o 0 04 0 0 O 125 11
5 0 o 0 107 0 139 - 118
6 o ) o - . 0 152 130
7 ] 0 0 451 0 0 151
8 0 o of 139 o 149 140
9 ) ¢ 0 1861 0 o 161
& & g o - 178y o e 178
11 0 ¢ of . 195| 0 0 186
12 ! 0 of 21a| 0 o] 213
153 ) o ol - ozis] 0 o - 218
14 o 0 s:-'s' 224 o 48| - ozm
15+ 0 0 a76 270 ] 281
015+ 1] 0 - 375} - 216 88 B3 137
ha- |- dva- ] Via . | -VibejkVilaetgh Vilabde| Al areas
e ] o] he ] RO ] ARG ] 3G ) e

Aoge weign-[% ‘wslgmm(})_ | weight (g{)) weight Lq% w«‘al_grrt ggop welght {g) | weight(g) ] -
- . B B ] I Q|
1 of v o 0 0 0 so| - so
2 0 o 0 . 124 69 78 .70
3 0 [ 9 128 © 83 el - w7
4 0 0 9 144| 102l cazs 137
5 0 o - 0 163 i0 BRE| AR T
[ 5 & & o & 52 88
7 0 of 0 479, 0 ©oo 179
8 0 0 0 185 0 149 184
2 o 0 ) - 108 o 0 1998
10 0 0 0 - 181 0 © o 181
1 0 of 284 192 0 o - 254
12 0 of o278 194 0 - 0] --es2
13 0 of 0 211 0 o 211
14 0 o| .+ 338 - 185 0 148 303
15+ 0 ol - - sesl -0 0 [+ 317l
D15+ 0 0 327 173 78 89 1701
e |- Va s Vla ] Vibepk: (Vilaef.g.h] Villabdet Al areas

e | G| AhQ | 4hQ] 4tha Q| 4athe |

Age | weightig) | weight(a) | weight(q) | weidtitta) |-weightig) | -waigti(g) | weight(a) | -
0 O ) B S o - of o . o
1 0 of -7 0 0 ol 59 59
z o b o o ™ - T T8
3 b 0 0 145 o1] + - o4] - 92
4 o 0 0 153[ - 124] . 128 o . 1z
5 o 0 o . - o] 138 i 130 138
[ 201 - of aro| o147 ¢ 1s2| o149
7 op| 0 of - e7| - 159 ¢ 0 159
8 27s| . 275 of - 185 82| - 149 163
g a09| - - 309 of ~ <=z - 181 ¢ o| - 187
10 Lo-ads| oo 34| of - o - o1re| - 0 265
1 SRR 3T 4 IR RS -*.71 IR -1:) IR T of - 2n
12 vogri| s ocosm| o ave| o ooezs|  as 0 246/
i3 Doustgy o stel 0 U oOf TRy 473 4 g 75
14 Lo sl as1| .- zssl o eo7| - 18] ¢ oem - 284
15+ { cooam7| o oaar| - aee] g 24t - ¢ 381
015+ | - 8as| _  @ap| - - S27| - 186] 111 - B9 128
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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 Catchin numbers  Mean length  Mean weight (kg)
{rnilliong} © o {om) incatch * * -in stock
0 0.000 - '
1 4.036 18.5 0.059
2 £15.759 211 0.078 0.087
3 841.304 225 . 0.090 0.095
4 157.053 251 - 0425 7 0.118
5 B7.924 25.9 0.141 0.129
6 45.939 267 0.155 0.148
7 48597 = 278 © 0166 - 0.172
8 49,091 283 0177  0.183
9 44,193 29.2 0.191 0.185
10 48.439 29.9 0.206 0.202
11 89.046 806 0224 . 02086
12 65.209 312 0233 0217
13 54.915 31.0 0.229 0.221
14 343831 = 327 - 0.280. . 0.237
15+ 165.073 - 35.0 0.332 0.273

etacfmwamhsad8\T-643 xls
147



8t

Year

1982
1983
1984
1985
1986

1987
- 1988

1989
1990
1991
1992
1993
1994
1995
1996

Age O

o
OoONOOoOODOoOOOD

.-.UI
28
[~ =]

2315
0

Age 1

2523
5668

1267

a3
23975

19117
19570
83830
94250
15324

50843 -

4036

Table 6.7.1. Western Horse Mackerel. Estimated catch in number (Tho'usands of fish),

The SAS System 09:57 Friday, September 12, 1997
HOM-WEST:. Western horse mackerel (ila,IVa,Via,Vlla-c,e-k,ViIla-b,d-e} :

CANUM: Catch in Numbers (Thousands)

Age 2 Age 3 Age & Age 5 Age 6 Age T Age 8 Age 9 Age 107 Age 1 Age 12 © age :1-,.’: Age 14 Age 15

14320 91566 7825 3968 7979 6013 1122 281 1122 4473 12560 19489 . 13205 5579
1627 23395 18374 11005 31942 37775 12854 2360 3948 2428 12204 17142 27505 33335
1834682 3378 621 114001 17009 29103 25830 11230 21 0 486 1337 . 3866 3a732
3802 L6TTiHA 3462 32441 77862 9508 12545 4509 - 7156 263 659 .. - 2808 . 970 " 27005

0 1120 4139397 6316 57149 79428 18609 15328 11052 2255. . T4 419 211 37295

414 0 2476 748405 1730 34186 76224 9854 - BO1S. - 16252 T4B4 - "73 - . 168 27613
5354 1839 3856 16616 824940 10613 34963 59452 8531 14301 15158 4537 - 4285 28378

] 188560 16606 4821 13169 1159554 10940 53909 THa95 12629 21975 12411 8162 16468

4219 130153 57961 31195 - 9883 19305 1297370 34673 66058 95505 14040 32696 16935 53023
4T240 13980 187410 126310 68330 19000 21090 1173940 21140 13060 51200 orin - 9000 49400
24040 66180 50210 243720 110620 42340 14202 17930 . 1063912 12000 22750 49970 12110 32200
49520 7700 52870 83770 307370 124050 65790 25250 . %250 . 1177060 6420 16110 - 52610 33490

_ 796606 104631 49463 40466 26961 205842 87767 IT045 - 4453 21847 909325 98461 | 14411 37138
411412 352838 198181 52812 85565 26425 230028 107838 95799 58051 62531 1044929 38647 149957

615739 841304 157053 67924 45939 48597 49091 44193 43439 89046 65209 §4915 . 343831 165073
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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 (lla,l‘la,\llg,\lila-:,e-k,\lllla-h,d-e)

WECA: Mean Weight in Catch (Kilograms)

Year Age O Age 1 Age 2 Age % Age & Age 5 Age 6 Age. 7 Age B Age 9 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  0.356% D.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.z282 = 0.281 0.254 0.260 0.300 0.%10 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 a.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 0.3 0.346 0.321
1986 0.015 0.029 0.045 0.110 0.107 017 0.196 0.223 0.251 0.2%6 0.280 0.319 0.287 0.345 0.260 0.360
1987 0.M5 0.068 0.067 0.110 0.155 06.143 0.174 0.198 0.24% 0.264 0.321 0.336 0.4 0.328 0.245 0.373%
1988 g.015 0.031 0.07% 0.1%4 0.132 0.147 0.157 0.240 0.304 0.335 0.386 0.434 0.404 0,331 0.3192 0.424
1989 0.012 0.050 0.07% 0,149 0.142 g.142 0.220 0.166 0.258 0.327 0.330 0.381 0.400 0.421 0.448 0.516
1990 0.115 0.032 0.031 0.090 0.124 0.126 0.129 0.202 0.183 n.227 0.320 0.328 0.355 0.39%9 0.3188 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 0139 0.143 0.157 0.163 0.172 0.235 0.222 0.288 0.306 0.35¢9 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 0n.199 0.280 0.275 G.40 0.326 0.342 0.383
1995 0.5 0.038 0.052 0.073 0.089 0.126 0.130 0.170 0.175 0.200 0.204 0.222 0.5 0,246 0.237 0.298
1996 0.015 0.059 0.078 0.090 0.125 0.141 0.155 D.166 0177 0.191 0.206 0.224 0.23% 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 n.197 0.208 0.2 0.229 0,268 0.286 0.266
1998 0.017 0.045 0.061 0.0%0 0.112 0.142 0.146 0.168 0.1a2 0.197 0.230 0.220 0.229 0.268 - 0.286 0.2M1
1999 0.M7 0.045 0.051 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 0.051 0.090 0.112 0,142 0.1456 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% 0.0%90 0.112 0.142 0.146 0,168 0.182 0.197 0.230 0.241 0,229 0.268 0.286 0.282



Table 6.7.3. Western Horse Mackerel. Estimated mean weight in the stock (Kg).

The SAS System

09:57 Friday, September 12, 1997
KOM-WEST: Western horse mackerel (lla,1Va,Via,Vila-c,e-k,VIlla-b,d-e} g . R

0st

Age 2

Age 4

0.112

* WEST: Mean Weight in:;Stock tKilograms) - -

0.162

0.169

0.184

0.188

Age‘iﬁ

0.196

ﬁée 12

AQ_e.:13

Age' 14

Age 15

Year Age 0 Age 1 Age 3 Age S Age & Age.7 Age B Age 9 ‘Age 11
1982 0.000 0.000 0.050 0.080 0.207 0.232 0.269 0.280 0.292 .305 0.369 0.344 0.548 0.348 0.361 0.364
1983 0.000 0.000 0.050 0.980 0.179 0.227 0.257 0.276 0.270 0.243% 0.390 0.305 0.309 0.311 0.312 0.310
1984  0.000  0.000  0.050° 0.077  0.122  0.155  0.201 0.223  0.253  0.246 0.338  0.300 0.300 0.300 0.305  0.28%
1985  0.000  0.000  0.050  0.08 0.148 0140  0.193  0.236  0.242  0.289  0.247  0.300  0.300 0.325  0.325 0.303
1986 0.000 0.000 0.050 0.080 0.105 0.134 0.169 0.195 0.242 0.292 0.262 0.300 0.3500 0.300 0.300 0.346
1987 0.000 0.000 0.050 0.080 0.105 0.126 0.150 0.171 0.218 0.254 0.281 0.291 0.:297 0.303 0.303 0.33¢
1988 0.000 0.000 0.050 0.080 0.105 0.126 0.141 0.143 0.217  0.27% 0.305 0.337 0.352 0.351 0.352 0.390
1989  0.000  0.000  0.050 0.080 0.105 0.103  0.13  0.159 0.2/  0.210  0.252  0.263 0.302 0.411 0.383  0.356
1990 0,000  0.000  0.050 0,080  0.105  0.127  0.135  0.124  0.15 0176  0.282 - 0.272  0.404  0.406  0.404  0.404
1991 0.000 0.080 0.050 0.080 0.121 0.137 0,143 0.144 0.150 0.182 0.189 0.266 0.295 0.349 0.361 0.381
1992 0.000 0.000 0.050 0.080 0.105 0.133 0.151 0.150 0,158 .160 0.182 0.292 0.211 0.245 0.3561 0.403
1993 0.000 0.000 0.050 0.080 0.105 6.'53 0.166 0.173 G172 0.170 0.206 0.211 0.258 0.288 0.338 0.40%
1994 0.000 0.000 0.050 0.080 0.105 0. 147 0.185 0.169 0.191 0.191 0.190 0.197 0,231 0.270 0.270 0.338
1995 0.000 0.000 0.050 0.066 0,119 0.095 0.152 0.166 0.178 0.187  0.197  0.187 0.229 0.218 0.272 0.348
1996 0.000 0.000 0.050 0.095 0.118 0.129 0.148 0.172 0.183 #.185 0.202 0.206 0.217 0.221 0.237 0.273%
1997 0.000 0.000 0.050 0.080 0112 24 0.162 0.169 0.184 n.188 0.208 0.197 0.226 0.236 0.260 0.254
1998 0.000 0.000 0.050 0.080 0.112 0.124 0.162 0.169 0.184 0.188 0.196 0.220 0.:26 0.236 0.260 0.251
1999 0.000: 0.000 D.050 0.080 0.112 0.124 0.162 0.169 0:184 0.188 0.196  0.197 0.433 0.234 0.250 0.264
2000 0.00¢ 0.000 0,050 0.080° 0.112 0.124 0.162 0.169 0.184  0.188 0.196 0.197 0.:26 0.243 D.260 0.268
200 0.000 0.000 0.050 0.080 0.112 0.124 - 0.162° 0.169 . 0.1847< 0,788 0.196 0.197 0.226 0.236 0.252 6.270
2002 ¢.000 0.000 0.050 0.080 0.124 0.197 0.:226 0.235 0.260 0.272



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 {Ila,IVa,Via,VI1la-c,e-k,Viila-h,d-e)

* *MATPROP: Proportion Mature at Year Start

lge Age Age Age . Age - Age = Age Age Age Age  Age Age Age Age ~Age lige
. Year 0 1 2. 3 4 - 5 | ] 7 - B 9 10. " 12 13 14 - 15
1982 .0.00 0.00 0.40 0.80 1.00 1.00 1.0 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 t.00 1,00 “1.00
1984 0.00 0.00 0.10 - -0.60 0.85 1.60  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 0.8BD 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 0.60 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 .00 1.00 1.00 1.00. 100 .3.00 . t.00 . 1.00 1.00
1988 0.00 0.00 0.1 0.40 . 0.50 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 0.50 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° 0.560 0.80 1.00 1.00 1.00 1.000 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 t.00 1,000 1.00 1.00 1.00 1.00 N
1993 0.00 0.00 0.10 0.40. 0.50 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.B0 1.00 1.00 1.00 1.00 1.00 -1.00  -t.00 .00 0 1.00° 1.00
1995 -0.00 - 0.00 0.10- 0,40 ° 0.50 0.80 - 1.00- 1.00 1.0G 1.00  -%:00 - -1,00 " 1.00- 'l.OD-- 1.00 - 1.00
1996 0.00 0.00 0.10 0.40 0.50 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00 1.00 1.00
1997  0.00 0.00 - .10 0.40 0.450 D.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  0.50 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 0.50 0.80 - 1.00 1.00 1.60 .00 1.00 - 1.00 1.00 1.00 1.00 1.00
2000 . 0.00 .00 0.10 0.40 - 0.60 . D.BO 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 0.50. .. 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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Tably 6.7.5. Western Horse Mackerel . Summary results of Biayesian stock assessment.
Percantiles of the distribution of fishing mortality relative to natural mottality {Population mean
fishing mortality over ages 4 to 14 divided by natural mortality), spawning stock size, and
racruitment by year from 1982-1996. Percentiles calculated from 750 drawn parameter vactors
from the Markov Chain.

a. Fishing Mortality relative to Natural Mortality ( F 4-14w/M)

Percentile 1982 1983 1984 1985 1986 1387] 1988 1989 1990 1991 1992 1993 1994/ 1995 1996
5 0.20 0.29 0.37 0.24 0.20 .29 0.36 0.54 0.1 0.80 0.93 1.32 1.24 2.02 1.09

25 0.34 0.49 0.61 0.39 032 0.46 0.54 0.81 1.08 1.18 1.35 1.88 1.76 2.95 1.87

50 050 = 070 086| 055 - 044| . . 063 . 074] 108 1.43 155 176 246 231|400, 226

75 065 - 092 112 Covel . os7| o .ost| - oses|. 138l  18i] 195 223 342 295! 531 330

95 0.79) .. 142 1.35 089 088 . - 097 . 1.16]. 1.74} 233 253 1292 - 4,29 4.36{  8.79| 643
Expectation 050 .. 070 0.86 - 056 044 0 0630 0741 1.40] 1.46 1.59 1.82) U288 247 449 2.82}

b. Spawning Stock Size (Thousand t at spawning time)

Percentile 1982 . 1983]- 1984 1985] . 1986] © . 1987} . © 1988] = 1989] 1890 1g91] . 1992 1993 1994 1995| 1686
5 B25| . 695| 717|104 . &38| 2046 . 2482] 1460 2127  2066| 1602 1632 . 1161  787] &30

25 705 . 786  816| 1853| - 1014| = 2341 - 28e2| . 1apz| 2505  2438| - 193s| 1916 1534 17| o3

50 789 . 880 204 1507 CA268| 2591 0 3153 2282| - 2833 2799| . 2258| .. 2302| . 1925] - 1587 1481

75 goz| -~ 1o08| 1023 “1708| - -tb88} " '28001" . 3685|: 2665[- 3183 3164; - 2613| + -.&706| -~ 2333].: 1979 1795

95 1173 - 1204 1272 2099| L 2160 - --34321 - 4191 3223 3865 3867| 3230 S| : 3042 Lo g7tal 2559
Expectation 828/ - 916G} -936 1554) 1852 - - 28401 - 3220 2305|: 20889 2953 © 2320 2372f - 1982 1624 1415

c. Recruiiment (Miltions of fish aged 0) . *

Percantile 19821 1983) 1984 1935 1986] . 1987 1988 .. 1989 1990 1991 1982 _1993) - 1994} . 1995 1696
5 20895 730  768]  1974| _ 1285  2182] 5080 52| 412 841 - 2167|  &71| . 627 586 588

25 23567 1088 1155 1657 1549 2428 791 8§38 564 1057 2620 973 980 985 1008

50 26920 - 1368 1458 2006 1782 2680 974} - 1006 nz 1260 3060 - 1397 1384 - 1386 1403

75 32119 1775 1891 2612 2079 ~an20| - - et} t1es|- 869 1473 3508, - 2015| - 1888 1958 115
95 43134 2473 2622 3502 2629 3663 1562| 1541| 1150 1857 4361 70 3035 3144 3147),
Expectation 28819 1465 1552 2167 1844 2769 1011 10390 738 1202 3125 1610 1551 1563 1552

d. Matural Mortality {all ages} (approx.}

Percentile |M
5 0.052
25 0.056
50 0.068
75 0.084
a5 0.115
Expectation 0.074

elactmiwgmhsa98\T-675.xls



Table 6.8.1. Western Horse Mackerel. Catch option table, ealculated as expectation and percentiles of Bayes
posterior distributions. {a)-SSB, catch and F/M.in 1987, {b} S5B.in 1998, for F=M or catch = 50 to 400Kt in

1988; (c) SSB in 1999, for F=M or caich = 50to 400Kt in 1998 and 1999 (d) Catch correspondmg to F=M; (e)
FMin 1998 () F/Min 1998 - :

{2) . - )
- . 1897 : ‘|Estimated Risk in 1997
Expected _Percentiles
. 25% 50% 75% | P{SSB<5600,0001) | F{SSE<SSB(1983)
SSB (Thousand t} - 1088 699 1172 1850
Catch (Thousand 1) 400 110 unceriainiy admiited - G.15 0.43
Fia-14wM 2.00 408 | &332 | 1008
b ' L ;
: SSB in 1988 (Ki) Estimated Risk in 1998
Calch {Thousand t) Expected _ Percentiles .
o 1 25% | _50% 75%_ . P{SSBéOO 000t | P(SSB<SSB(1983)
Caich for F=M - 1080 554 026 480 0.21 0.44
50 1070 541 1010 1480 022 041
100 1080 521 989 1460 0.23 .46
200 11O 477 847 1420 026 0.54
300 958 429 o 1370 . 0.29 0.62
400 833 414 851 1320 (.32 0.7
(c)
SSEBin 1922 {Ky Est.ma:sd Risk in 1900
Catch (Thousand t) Expected Percentiles
o 25% 50% .| 75% P(SSE<500 0001 | P(SSB<SSB(1983)
Catch for F=M" - 1130 [ 554 1020 | 1490 02 0.39
50 Ktin 1998 and 1993° | ~ 1100 557 1040 7| 1530 o.21 0,39
100 Ktin 1998 and 1999 1 1040 495 973 1460 0.26 046
200 Ktin 1998 and 1999 | 840 385 840 1330 | 033 059
300 Kt in 1998 and 1999 | =816 280 . 704 1190 .| 0.4 0.71
400 Kijn 1998 and 1898 731 285 556 1050 | 0.45 .5
@
- Catch for F=M
Catch (Thougand 1 Exnoctad Percenfiles :
_ 25% 50% 75% |
1998 #. | 24 | .38 53 -
1999 44 26 21 55

=)

Fishing Mortailty Flelatve to Matural Mortality in 1998, for catch

options in 1588 = 50 o 400 000t and catch in 1897=400 GO0

Catch in 1998 (Thous. t) Exnectad Parcentiles

S . 25% | 50% | 75%
50 1.35 66 ‘096 1.57

100 2.84 137 1.87 329
200 5.85 29 4.24 7.40
300 8.31 4.61 695 - 11.05 .
400 10,36 657 '9.58 13438

]

Fishing Mortahty Reiatwe to Natural Mortallty in 1999 forcatch
options in 1998 -1999 = 50 to 400-000t and catch in-1997=400 000t -

Catch in 1988 and 1999 | Expected Percantiles
(Thousandt) . 25% 50% 75%
50 1] 0.65 0.9 1.43
100 3.04 1.38 200 3.28
300 2.45 564 864 12.54
400 11.65 8.14 11.23 14.88

elacimiwgmheaOB\T-681.xls

=

-
n
L]




TABLE 6.10.1 Results from ADAPT analysis

HOM-WEST: Western horse mackeral (fla, IVa, Via, VIIIa-c,e-k,\!lllaf—ti,d-’-e) P oo T M=045

Proportion of F and M before spawnling s 0.45
FISHING MORTALITY
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 - 1993 1994 1995 1996
o . | ooco 0.000 0000 ~ 0000 0000 = 0000  0.009 0000 OO0 0.002  C.004  0.000 0.001  0.000 0.003
e 0 o002 0.0086 0.0000  0.001 0000~ 0000 0007 . 0000 0017 0026  (.060 0.034 0.002 0013 0.081
2 -} 0008 0001 0004 . 0002 0000 0000 0003 0000 0043 0050 - 0039 0050 0406 - 0.055 . 0.201
o8 ] oo 0016 = 0003 . .-0.013 0001 0000 0001 0010 0051 0017 0087 0015 01435 0.329 0144 |
_ 4 0.008 0010 0022 0003 0016 ~ 0002 0003 0008 0.037 0.092 0.074  0.088 0.118 0.382 0.205. |
— S 870 100090 0013 U 0086 - 0031 0007 ¢ 0.030 0013 . 0004 0018 0402 (4587 . 0160  0.0B6° .. 0.160. | 0.205°
® 6 | "o009 o038 - 0024 0030 0085 ¢ 0.002 0.039° 7 0.012 . 0.009 0487 0115 7 0288 0.067 " 0248 - 0205 |
' T [ om2 0.051 0041 - 0016 (0036 . 0049 0017 0.067 © .0.020 © ©0.020 0037 0473 ., 0300 0083 . 0205 |
8 | 0004 - 0031 0043 . 0021 0036 0042  0.061 0.020. - 0.085 0.026 0017 - 0069 0169 0603 - 0.205
9. | 0014 0008 00322 - 0010 0031 0023 0040 . -0119  0.079 0110 " 0027 - 0.037 0048 - 0304 0205 |
10 © | '0.057 0267 0014 0024 0026  0.019 0.024 0062 0198 0060 0131 0006 0072: 7 0158 0205
11 0105 . 0160 0000 .0.001 0009  0.046 -D.041..- 0.042° 0098 . 0052 0042 - 0.198 0.045 . 0.133, © 0.205
12 ‘| 0068 0431 0.041 - Q072 0.005 0.035  0.052 0078 = 0057 - 0068 . 0114 0027 0219 - 0.167 . 0.205
13 © 0.076 0118~ 0071 0342 0085 . 0009 0026 0052 03151 - 0048 . 0115 0104 0048  0.395 0.205
14 | 0043 . 0.138 0033 . 0064 0035 ° 0028 0037 0057 - 0088 0.054 0075  0.113 0121 .0.262 - 0205
-~ 15 ~0.043 01438 0033 0084 0035 - 0028 0037 0057 - -0.)88 0.054 - -- 0.075 0.113 0.121 0262 0905 .
Fz4 | 0012.  0.009 010" 6006 0006 © 0001 - 0002 0006  0.044  0.053 0.067 0.051 0220 . 0.255- . 0.183
FG-140 | 0.040 0.126 0.034 7" 0.061 0033 0028 00395 - -0.051 0.081 0.059 .083- 0117 . 018 0252  0.205

F(5-1aw ‘| 0.022 0.046 0.035 0.025 0032 . 0030 0038 0.060 " o.n82 0.090 0.112 0.167 ' 0470 0.313 0.205:

aacfmiwgmhsa9s\T-6-10-1.xis




TABLE 6.10.2 ; .- Results from ADAPT analysis

HOM-WEST: Western horse mackerel (lla, IVa, Via, Vila-c,e-k,Villa-b,d-e) .= S M=0,15 _
. ' o Proportion of F and M before spawning Is 0.45
POPULATION ABUNDANCE .
Unit: thousands o - i’
Age 1982 1983 1084, . 1985 ‘1986 1987 1988 1989 1990 1991 1992 -~ 1983 1994 1995 1956 1997
0 60,712 3,072 3082 = 3,952 @ 3,129 . 4416 - 1470 1429 943 = 1575 3583 11,186 4,971 86 2,196 2,196
1 1,730 52,256 2,644 2636 3402 2,603 3801 1,266 1,280 812 1,353 3,072 9,628 4277 74 1.884
2 1,880 1,487 44972 - 2,276 2,268 2,028 2,318 3,249 1,089 1,041 661 1,087 2,667 8,273 3,654 60
3 4818 1,505 1,278 38,547 1,055 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 ~ 1007 32736 1,682 1680 2167 1,69 2,287 760 672 478 669 809 5,022
tn 5 1,096 928 3,461 1,145 . o941 27,722 1,445 . 1442 - 1,850 1,408 1,795 607 530 366 393 637
6 955 935 788 2873 955 804 23,167 1228 1,237 1,583 1,083 1,319 445 418 266 275
7 541 814 775 663 2,401 778 691 16,176 1,045 1,055 1,282 ‘B38. 852 358 281 186
N ag2 460 666 840 © 561 1,993 638 585 16,49 882 891 1,084 607 543 284 197
9 21 276 384 BAg 539 . 466 1645  Hi7 493 12,081 739 754 855 441 256 199~
10 22 8 236. 320 - ¢ 468 ° . 450 . 392 1,360 . 395 292 9,311 620 625 701 2a0 1795
1 48 8 12 2000 - 2690 - 393 280 329 1,101 279 318 - 7,030 530 501 515 1963
12 206 eerd 13 10 172 29 323 314 272 859 228 263 4,962 436 377 361
13 287 166 21 1 8 147 190 264 250 221 692 . 175 220 3,431 318 264
14 337 229 127 w7 6 126 160 216 185 181 531 136 180 1,889 223
15 142 278 1,773 466 1,158 . 1,067 832 322 - 875 1,015 482 338 450 700 955 2,788

Unit: tonnes . - . i
1982 1983 1984 ‘1985 1986 1987 1988 1989 1991) 1991 1992 1593 1994 1995 1966 1997

Egg Surv, 558 o T 2,210,000 1,710,000
Fittled SSB: | 1577035 1753222 1891705 2648009 3545450 4152512 4686132 4128613 3715105 _ 3590282 2808692 2480073 1925140 1491251 1380700 1368000

eacimwvgmhsa98\T-6-10-2.xls




Table 6.10.3_;

- Stock: summary table for WESTERN HORSE MACKEHEL
© " Results are taken from the ADAPT analy3|s
SSB ; _ , L Yield Recrunmentaiagei Egg Survey
(o004 F-fU-  EEASU  EE-iaw  {oo0h {millions) SSE r00on
1977 . . - - - . 740
1978 - - . - - - -
1979 - - - o . . )
1980 - - - - - 890
1981 Ce . - . . -
1982 | 1577 - 0012 0040 . 0022 42 1,730 -
1983 | 1,753 0008 = 0126 0046 65 .. 52,256 530
1984 | 1,892 0.010 0.034 0.035 74 2,644 -
1085 | 2,648 0.006 0.061 0.025 81 2,636 -
1986 | 3545 0006 . 0033 . 0032 . . 106 3,402 710
1987 4153 0.001 "0028 0030 - 156 2,693 .
1988 | 4,686 «  0.002 0.035 0.038 188; 3,801 -
1989 | 4;120: Q006 0061 _ . 0060 & = 269 1,265 2,280
1990 | 37157 0044 G081 0082 . 373 1,230 -
1991 | 3590 0.053 0.059 0.080 334 812 -
1992 | 287. 0067 0083 0112 . .. 368 . 1,353 2,210
1993 | 2480 0051 . 0117 0167 - 432 3,072 -
1994 | 1,925 - 0.220 0.118 0.i70 348 8,628 -
1995 1491 0.256 0.252 0.3i3 _ 613 4,277 1,710
1986 | 1381 0183 . 0205 02056 - 396 . 74 -
ARmean 2785  0.062 0.088 0.095 250 6,058 1,488
GMmean 2576  0.019 0.070 0.068 193 2,343 1,265
GM mean ofvear classes 1981,1983 - 1986,19&8 1992 (predlctlon) g 1,860

Eqq survay Kinmags nehrni-gr.- are taken from ICES f't a97/Assess'3 Tahlu‘-' 2. 1\

i

WY WA AT L

Only 1992 and 1995 egg survey 558 estlmates have bean used for tumng the assessment
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Table 6.10.4 Predicted épaWning stock biomass (SSB) and catchés (medrans)f m & period 1997 - 2002 for a fishing
o . RN al . the

- pttaiity consiraint of F = M = 0.15 and ior 5 different annu
Catch eonstrained to 400,000 1 in 1997,

T ) A A

12 PENIdU 1330 - SWAJL,

Results from ADAPT analysis _

WESTERN HORSE MACKERE_L.. o
Fand Catch constraints>[ F=M 50 100 200 300 400

T e Annne [ 04:4) ' o Oy O
yowr § W § R T TR L \ g 3 wrararil
[ =g = | - o ana 4 s ER-T-7s1 4 non 1 Ane L RE-T-1-1
=== 1T § phE [C.CS] 1,30c 1 03 g 1,000

1998 - 1,143 1,205 1,217 1,200 . . 1,085 1,106

1999 1,085 = 1,265 1,234 1,130 - 922 857
12000 - 927 1,232 1,187 968 - - 684 - 53
2001 793 1,168 1,086 796 451 246
2002 708 1,144 - 993 6562 260 102

'Fand Catch constraints > F=M 50 . 100 200 300 400
year | (ooOt)  (OOOG  (DOOD (00D (DOOD (000N

Catch | 1vo7 400" 400" 400 400" 400* 400"
' 1908 | 221 50 100 200 300 400
1909 | ¢ o1m7 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

*= catch' assumed to be taken

. S : 157
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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 6.7.2. Westemn Horse Mackerel.Estimates of posterior probability density for some parameters
‘|of maturity proportions in the stock assessment.See secnon 6.7. 2 2, ior descrlptlon of the expressmn e

of matunty in terms of parameters X1-X5
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Figure 6.10.2
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~ 50,000 t/y from 1998-2002  ADAPT ANALYSIS
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S A projections. Upper pamnels: Landings, fishing mortality, recruitment and spawning

. stock size estimates for an annual catch contraint of 50,000t over the period 1998-2002.

- Catch-contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to

be less than § times fishing mortality in.1996. Lower pannels: Trajectories of stock size

estimates, and the estimated. probability of the: stock size being below the 500,000 t by

‘year. Full lines, medians. Dashed lines, 25th and 75th percentiles. Dotted lines, 5th and
95th percentiles. s
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200,000 t/y from 1998 - 2002 :ADAPT ANALYSIS
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«Figure 6.10.6 . :
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300,000 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 contrdint of 300,000t over the period 1998-2002.

Catch contrained to400,000 t in 1997, Flshmg mortahty in the projéctions 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 size being below the 500,000 t by

- year. Full lines; medians: Dashed lines, 25th ‘and 75th percentlles Dotted lines, 5th and

95th percentiles.
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Figure 6.10.7

400,000 ty from 1998-2002  ADAPT ANALYSIS
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Catch contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to
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