
Advisory Committee on
Fishery Management

ICES CM 1998/Assess:6

REPORT OF THE

WORKING GROUP ON THE ASSESS:MENT OF ..~

_.' MACKEREL, HORSE MACKEREL, SARDINE AND ANCHOVY

leES Headquarters
9-18 September 1997

PART 1 OF 2

This report is not to be quoted without prior consultation with the
General Secretary. The document is areport of an expert group
under the auspices of the International Council for the Exploration of
the Sea and does not necessarily represent the views of the CounciI.

International Council for the Exploration of the Sea

Conseil International pour l'Exploration de la Mer

Pala:gade 2-4 DK-1261 Copenhagen K Denmark

bookeye
Thünen



•

•
Section

TABLE OF CONTENTS

PARTl

Page

'-'

1 IN1RODUCTION 1
1.1 Terms ofReference 1
1.2 Participants 2
1.3 Quality and Adequacy ofFishery and Sampling Data 2

1.3.1 Sampling data from commercial fishery 2
1.3.2 Catch data 5
1.3.3 Discards 5
1.3.4 Fleet data 5
1.3.5 Age reading 6
1.3.6 Biological data 7

1.4 Review oftheMackerel and Horse Mackerel Egg Survey Working Group 8
1.4.1 1998 western and southern area egg surveys 8
1.4.2 Review of mackerel fecundity and atresia 9
1.4.3 Basis for the 1986 mackerel maturity ogive 9
1.4.4 Maturity ogive for the 1992 and 1995 egg surveys 10
1.4.5 Future North Sea egg surveys 10

1.5 Species Mixing 10

Tables 1.5.1-1.5.2 12

2 MACKEREL - GENERAL 14
2.1 StockUnits 14
2.2 Spawning Stock Biomass Estimates from Egg Surveys 14

2.2.1 North Sea area 14
2.2.2 Western area 14
2.2.3 Southern area 15

2.3 Allocation of Catches to Stock 15
2.4 Distribution of Juveriile Mackerei 15

2.4.1 Surveys in winter 1996/97 15
2.4.2 Trends in age 0 fish in the fourth quarter surveys 1989-96 (Figure 2.4.3) 15
2.4.3 Trends in age 1 fish in the first quarter surveys 1986-97 (Figure 2.4.4) 16
2.4.4 Mackerel recruit indices 16

2.5 'The Fishery in 1996 17
2.5.1 ACFM advice and management applicable to 1996 and 1997 18

2.6 Distribution ofthe Mackerel Fisheries 19
2.7 Length Compositions by Fleet and Country 20
2.8 Catch in Numbers at Age 20
2.9 Mean Lengths at Age and Mean Weights at Age 20
2.10 Maturity Ogive 21

Tables 2.1.1-2.8.7 22
Figures 2.4.1-2.9 37

3 NORm SEA, WESTERN AND SOUTHERN MACKEREL (DIVISIONS IIa, lIla, Na-c, Vb, VIa-b,
VIIa-k, VIIIa,b,c,e AND IXa) 50
3.1 NorthSeaMackerel 50

3.1.1 Fishery independent information from egg surveys 50
3.1.2 Recruitment :.50
3.1.3 Assessment 50
3.1.4 Mariagement measures and considerations 50

3.2 Western Mackerei 50

E:\ACFM\WGMHSA98\REPORT98.DOC



Seetion Page

•

3.2.1 Fishery independent information ..............................................................................................•.. 51
3.2.2 Recruitment 51
3.2.3 Maturity at age 51
3.2.4 Stock assessment ............................................•......................................:.•................................... 51
3.2.5 Comments on the assessment.........•....................................................................•................•....... 52
3.2.6 Comparative assessments 53
3.2.7 Consequences of using GAM estimates of egg production 53

3.3 Southern Mackerel Component 53
3.3.1 Effort and catch per unit effort 53
3.3.2 Surveys 53

3.4 North East Atlantic (NEA) MackereI 54
3.4.1 Fishery independent information 54
3.4.2 Recruitment 54
3.4.3 Combining data 54
3.4.4 Stock assessment ...........................................•...................•......................•................•....•...........• 55
3.4.5 Comments on the assessment..........................................•..•...•.......................................•............. 56
3.4.6 Catch predictions ......................................................................................•.....•............................ 56
3.4.7 Medium-term predictions 57
3.4.8 Lang-term yield 58
3.4.9 Reference points for management purpose 58
3.4.10 Management measures and considerations ................................................•........•.............•....•..... 60

Tables 3.1.1-3.4.13 : 61
Figures 3.2.1-3.4.14 ..........•.: 93

4 HORSE l\1ACKEREL - GENERAL...................................•............................................................•............. 109
4.1 Stock Units•..........: 109
4.2 Spawning Stock Biomass Estimates from Egg Surveys 109

4.2.1 North Sea area 109
4.2.2 Western area 109
4.2.3 Southem area 109

4.3 Allocations ofCatches to Stock 109
4.4 The Fishery in 1996 110
4.5 Distribution of the Horse Mackerel Fisheries ..................................•.................................................... 110
4.6 Length Compositions by Fleet and by Country 110
4.7 Otolith Exchange in 1996 110

Tables 4.3.1-4.6.1 111
Figures 4.3.1-4.7.4 114

,.

5 NORTH SEA HORSE MACKEREL (DIVISIONS lIla - EXCEPT WESTERN PART OF SKAGERRAK-
IVb,c AND VIId) 124
5.1 TheFisheryin 1996 124
5.2 Fishery Independent Information 124
5.3 Catch in Numbers at Age 124
5.4 Mean Weight and Mean Length at Age in the Catch 124
5.5 Assessment 124
5.6 Reference Points for Management Purpose 125
5.7 Management Measures and Considerations 125

Table 5.3.1 125
Figure 5.3.1 126

6 WESTERN HORSE MACKEREL (DIVISIONS Ha, IlIa (WESlERN PART), Na, Vb, VIa, VIIa-c,
VIIe-k. AND VIIIa.b.d,e) 128
6.1 The Fishery 128
6.2 Fishery Independent Information from Egg Surveys ............................................•............................... 128

•

E:\ACFM\WGMHSA98\REPORT98.DOC ii



..

..
Seetion Page

6.3 Catch in Numbers at Age ;................................................................•............................ 128
6.4 Mean Length at Age and Mean Weight at Age .......•.....•...................................•................................... 129
6.5 Maturity at Age 129
6.6 Natural Mortality 130
6.7 Stock Assessment....................................................................................................•............................. 130

6.7.1 Model ..........................................................................................................•......................... 131
6.7.1.1 Structural model for assessment 131
6.7.1.2 Probability model ...........................................................................................•.............. 131

6.7.2 Data and priors 132
6.7.2.1 Data assumed known precisely ...........................................................................•.......... 132
6.7.2.2 Uncertainty in maturity 132
6.7.2.3 Egg survey precision 132
6.7.2.4 Summary ofprior assumptions 133

6.7.3 Perception of state ofthe stock 133
6.8 Short-Term Catch Prediction •...............................................................................................•............... 133
6.9 Medium-Term Projections •..........................................................................................................•.......• 134
6.10 Comparative Assessments 135

6.10.1 ADAPT Maximum-likelihood assessment 135
6.10.2 Comparison with GAM egg production estimate 136

6.11 Long-Term Yield 136
6.12 Uncertainty in Assessment 137
6.13 Reference Points for Management Purposes 137

6.13.1 MBAL 137
6.13.2 Fishing mortality reference points 137
6.13.3 Blim, Bpa and Fpa 138

6.14 Management Considerations 138

Tables 6.1.1-6.10.4 138
Figures 6.3.1-6.13.1 157

PART 2

7 SOUTHERN HORSE MACKEREL (DIVISIONS vmc AND IXa) 177
7.1 The Fishery in 1996 177
7.2 Effort and Catch per Unit Effort 177
7.3 Fishery Independent Information 177

7.3.1 Trawl surveys 177
7.3.2 Egg surveys 178

7.4 Catch in Numbers at Age 178
7.5 Mean Length at Age and Mean Weight at Age 178
7.6 Maturity at Age 178
7.7 Stock Assessment 179
7.8 Recruiunent 179
7.9 Catch Predictions 180
7.10 Short-Term and Medium-Term Risk Analysis 180
7.11 Long-Term Yield 180
7.12 Comments on Assessment 180
7.13 Reference Points for Management Purpose 180
7.14 Management Measures and Considerations 181

Tables 7.1.1-7.14.1 181
. Figures 7.2.1-7.13.1 : 213 .

E:\ACFM\WGMHSA98\REPORT98.DOC iii



8 SARDINE 222
8.1 Otolith Workshop .:........................................................................................................•...................... 222
8.2 The Fishery in 1996......................................................•............................................•.•........................ 223
8.3 Distribution of the Sardine Fishery ..........................•..................•......................................•.................• 224
8.4 Effort and Catch per Unit Effort ................•....................•.........................................~ 224
8.5 Fishery-Independent Infonnation......................................................................................................•... 224

8.5.1 Acoustic surveys ....................................••.................................................................................. 225
8.5.2 Daily Egg Production Method (DEPM) surveys 225

8.5.2.1 Adult parameters................•...................•..............................................•...........•............ 226
8.6 Length Compositions by Fleet and by Country......................................................•..•..•........................ 226
8.7 Catch in Number at'Age...............................•........................................................................................ 226
8.8 Mean Length at Age and Mean Weight at Age 227
8.9 Maturity at Age ...•.•: 227
8.10 Stock Assessment..•:..........•.................................................................................................•................. 227
8.11 Recruitment...........•..................................................•............................................................................ 228
8.12 Catch Predictions ...•...........•............................................•..................................................................... 228
8.13 Short-Tenn and Medium-Term Risk Analysis ..........•..........................................................................• 228
8.14 Long-Term Yield ................................................•.................................................•............................... 229
8.15 Comments on the Assessment..................•....................•....................................................................... 229
8.16 Reference Points for Management Purposes.•.....•..•............•............................•.........•.......................... 230
8.17 Management Considerations.....................................................................................................•........... 230

Seetion Page

I

i
;
i
:
i

• iI
I

. I

Tables 8.2.1-8.14.2b .......•....•........•..........................................••....••...................•................•.............; 230
Figures 8.1.1-8.16.2 :•........................•.................................................................................................... 265

9 ANCHOVY - GENERAL 293
9.1 Unh Stocks 293
9.2 Distribution of the Anchovy Fisheries ....•....................•..........•............................................................. 293
9.3 Length Compositions by Fleet and by Country..............................................•............................•......... 293

Tables 9.2.1-9.3.1b ...............•............................................................................................................................. 294
Figure 9.3.2 :............................................................................•...........................................•.... 302

10 ANCHOVY - SUB-AREA VIII 304
10.1 The Anchovy Fishery in 1996.....................................•.....•................................................................... 304

10.1.1 Fleets, scheme of fishing and regulation 304
10.1.2 Landings in Sub-area VIII 304
10.1.3 Landings by Divisions ...............................................•............................................................... 304
10.1.4 Landings by EU categories ............................•........................................................................... 304
10.1.5 Effort and catch per unit effort ........................•..•..•................................................................... 305

10.2 Fishery-Independent Infonnation 305
10.2.1 Egg surveys..:................................•............................................................................................ 305
10.2.2 Acoustic surveys ...........................•....•....................................................................................... 306

10.3 Catch in Number at Age 306
10.3.1 Catch at age in 1996 306
10.3.2 Revision of the catch matrix at age 306

10.4 Mean Weight at Age 307
10.5 Maturity at Age 308
10.6 Stock Assessment.....•............................................................................................................................ 308
10.7 Recruitment and Environment .................•...................................................•........................................ 309
10.8 Catch Forecast 310
10.9 Comments on Assessment 311
10.10 Reference Points for Management Purposes...............•...............................•........................................ 311

10.10.11'.1BAL, B lim and Bpa.•.......................•.....•.......•............................................•............................ 311
10.10.2 Fishing mortality targets 312

10.11 Management Measures and Consideration.................................................................................•......... 312

E:\ACFM\WGMHSA98\REPORT98.DOC iv



..

Seetion Page

Tables 10.1.1-10.10.1 313
Figures 10.1.1-10.10.1 .................................................................•...................................................................... 336

11 ANCHOVY IN" DIVISION IXa....................................................................................•................................ 359
11.1 TheFisheryin 1996 ......................................•.......................................................•............................... 359

11.1.1 Landings in Division IXa 359
11.1.2 Landings by Sub-division 359

11.2 Effort and Catch per Unit Effort ..........................................•................................................................ 360
11.3 Catch in Number at Age 360
11.4 Acoustic Surveys 360
11.5 Management Measures and Considerations ........................•...............................................: 360

Tables 11.1.1-11.2.2 360
Figures 11.1.1-11.2.1 364

12 DATA REQUESTED BY THE MULTISPECIES WORKING GROUP 367
12.1 Mackerei 367

12.1.1 Catch in nurnbers at age by quarter for the North Sea mackerel stock 367
12.1.2 Weight at age in the stock : 367
12.1.3 Stock distribution by quarter 367

12.2 Horse Mackerei 367
12.2.1 Catch in numbers and weight at age by quarter for the North Sea horse mackerel stock 367
12.2.2 Stock distribution by quarter 367

Tables 12.1-12.4 367

13 REQUEST FROM THE MACKEREUHORSE MACKEREL EGG SURVEY WORKING GROUP 370
13.1 Sampling for Maturity during Egg Surveys in 1998 370

Figures 13.1.1-13.1.2 370

14 REQUEST FOR NEAFC ADVICE 373

15 REQUEST FROM EU AND NORWAY 373

16 RECOM~ATIONS 373
16.1 Mackerei 373
16.2 Horse Mackerei 374
16.3 Sardine 374
16.4 Anchovy 374
16.5 General 375
16.6 leES 375

17 REFERENCES 376

18 WORKING DOCUMENTS 380

APPENDIX 1 381

Appendix Figure 1 383

E:\ACFM\WGMHSA98\REPORT98.00C v



1 INTRODUCTION

1.1 Terms of Reference

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

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

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

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

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

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

Additional request for advice

EU and Norway

Short and medium term levels of catches and spawning stock biomass, taking into account the risk of reduced
recruitment at low stock sizes natural variability in recruitment and using the longest possible time series of
recruitment. In particular, for the medium term analysis ICES is requested to provide 0-10 years stochastic
projections at levels of F of 0.1, 0.15, 0.175, 0.2, 0.225, 0.25 and 0.3 and a plot of the spawning biomass in 10
years time for levels ofF between 0.1 and 0.3 at percentiles of the distribution of5, 10, 20, 30, 50, 80 and 90%.

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

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

NEAFC

Indicate the seasonal and area distribution of mackerel in the NEAFC area for juvenile as weil as parental
components. .
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1.2 Participants

Pablo Abaunza
Sergei Belikov
Fatima Borges
Pablo Carrera
ChrisDarby
Guus Eltink
Svein A. Iversen
Michael Keating
Maria Manuel Martins
JohnMolloy
Alberto Murta (Part-time)
John Nichols
Kenneth Patterson
Gra~a Pestana (Part-time) ,
Carmela Porteiro (Chairperson)
Patrick Prouzet
DaveReid
Dankert Skagen
Eduardo Soares
Karl-Johan Strehr (part-time)
Andres Uriarte
Begoiia VilIamor

Spain
Russia
Portugal
Spain
UK (England)
Netherlands
Norway
Ireland
Portugal
Ireland
Portugal
UK (England)
UK (Scotland)
Portugal
Spain
France
UK (Scotland)
Norway
Portugal
Denmark
Spain
Spain •.-

1.3 Quality and Adequacy of Fishery and Sampling Data

1.3.1 Sampling data from commercial flShery

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

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

Mackerel

Year
1996

1995

1994

1993

1992

Total catch
563,600

755,000

822,000

825,000

760,000

Catch covered by sampling programme
446,085

642,400

657,000

688,400

645,000

SampIes
1,492

1,008

807

890

92

Measured
171,830

102,383

72,541

80,411

77,000

Aged
14,130

14,481

13,360

12,922

11,800

In rnackerel it appears that over 85% ofthe total catch was covered by sampling and in general the sampling level
appears to have improved during 1996. Gerrnany commenced a sampling programme and Portugal carried out an
extremely intensive programme on their catches. There are still, however, a number of important mackerel
catching countries which did not carry out any sampling programmes, e.g. Faroes, France and Sweden. The
summarised details of the more important mackerel catching countries are shown in the following table.
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Country Catch Catch covered by sampling programme SampIes Measured Aged
Norway 136,400 136,400 158 19,250 2,050

UK (Scotland) 108,700 106,300 78 7,329 2,716

Ireland 54,300 48,600 61 10,092 3,021

UK (Engl. + Wales) 36,200 15,750 29 3,670 655

. Netherlands 48,175 39,045 60 5,141 1,500

Denmark 28,500 17,136 8 712 712

Russia 44,500 44,200 13 19,556 607

Spain 33,400 33,400 338 . 24,563 1,130

Gennany 13,700 2,254 61 34,963 665

Faroes 16,800 0 0

France 15,700 0 0

Sweden 5,300 0 0

Portugal 3,000 3,000 686 46,604 1,074

Estonia 3,700 0 0

Others* 15,225 0 0

~
Total 563,600 446,085 1,492 171,830 14,130

*Including discards.

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

Year Total catch Catch covered by sampling programme SampIes Measured Aged
1996 460,200 . 291,000 2,498 208,416 4,719

1995 580,000 275,516 2,041 177,803 5,885

1994 447,153 272,100 1,453 134,269 6,571

1993 504,190 379,000 1,178 158,954 7,476

1992 436,500 195,450 1,803 158,447 5,797

Although the overall numbers ofhorse mackerel measured during 1996, increased the detailed sampling ofhorse
mackerel continued to be at a very low level. The only countries that carried out comprehensive sampling
programmes were Netherlands, Portugal and Spain. Other countries, e.g. Ireland, Denmark and United Kingdom
carry out no ageing programmes whatsoever. The lack of sampling data for large portions of the horse mackerel
catch has a serious effect on the accuracy and reliability of the assessment, and the Working Group are concemed
about the decreasing number of fish that have been aged during the last 4 years.

The following table shows the most important horse mackerel catching countries and the summarised details of
their sampling programme in 1996.
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Country Catch Catch covered by sampling programme SampIes Measured Aged
Ireland 127,500 63,000 26 3,076 0

Netherlands 136,000 164,000 76 9,105 1,900

Norway 15,500 14,600 5 564 142

Spain 35,800 35,800 621 49,051 663

England 33,700 330 1 101 0

Denmark 63,900 0

Germany 21,200 0 2 941

Portugal 14,000 14,000 1,767 145,578 2,014

Scotland 16,300 0

Others* -3,700 0

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

*Inc1udes discards, small catches by other countries, and some misreported catches.

Sardines
Tbe sampling programmes carried out on sardines in 1996 was again very similar to the programmes of recent
years and is summarised as folIows.

Year Total catch Catch covered by sampling programme Sampies Measured Aged
1996 126,926 11,431 833 73,220 4,830

1995 138,204 121,384 716 59,444 4,991

1994 162,900 134,700 748 63,788 4,253

1993 149,600 143,200 813 68,225 4,821

1992 164,000 130,000 788 66,346 4,086

In general the overall sampling intensity remains at a satisfactory level and good coverage is rnaintained
throughout the year. No sampling programmes are carried out by France or Denrnark or the United Kingdom.

Tbe summarised details ofi~dividual sampling programmes in 1996 are shown below on the following page.

•

Country
Portugal

Spain

Denmark

France

UK (England)

Catch
85,757

25,674

2,921

8,706

6,868

Catch covered by sampling programme
85,757

25,674

o
o
o

Sampies
392

441

Measured
32,237

40,983

Aged
3,073

1,757

Anchoyy
Tbe sampling programmes carried out on anchovy in 1996 are summarised be1ow. Tbe sampling levels are very
sirnilar to those of 1994 and 1995 although the number of fish aged has increased considerably. However,
sampling is stratified and appears to be satisfactory.

Year Total catch Catch covered by sampling programme SampIes 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 2,9~3

1993 39,700 39,700 323 21,113 6,563

1992 40,800 37,700 289 17,112 3,805
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Catches of anchovy were taken by Portugal in i996 but were not subject to a sampling progranime. The sampling
data from Spain and France, who carry out comprehensive programmes are shown below.

Country
France

Spain

Portugal

15,238

20,761

2,775

Catch covered by sampling programme
15,238

20,711

SampIes
26

188

?

Aged
668

3,361

1.3.2 Catch data

The possible underestimation of the total mackerel catch has been discussed by a number of receni working
groups. The 1996 Working Group expressed concern about the possible large scale misreporting of mackerel as
horse mackei:el in the northern areas. It has not however been able to darify this situation and the Working Group
therefore did not make any revisions to the catch data. The large decrease in mackerel catch recorded for 1996
appears to have heen a genuine decrease caused by more effective control of the reduced TACs. As in recent
years anumber of countries which have substantial mackerel fisheries e.g. France, Faroes, Sweden, Estonia, have
been unable to proVide data on the distribution of the catches per statistical recungle. The mounts of mackerel
"misreported" to incorrect areas in 1996 decreased considerably.

Misreporrlng ofmackerel 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 Januar)r. There may be a problem of
misreporting between IVa and IIa but the Working Group are unable to quantify the arnounts involved.

1.3.3 DiscardS

DiscardiJlg of smait mackerel has historically been a major problem in the mackerel fishery and was iargely
responsible for the introduction ofthe south west mackerel box. In the years prior to 1994 there was evidence of
large-scale discarding arid slipping of small mackerel in the fisheries in Division IIa arid Sub-area IV, mainly
because of the very high prices paid for larger mackerel (>600 g). This factor was put forward aS a possible
reason for the very low abundance of the 1991 year dass in the 1993 catches in numbers at age. In some fisheries
e.g. those in Sub-areas VI arid VII mackerel is taken as a by caich in the horse mackerel fisheries. ReportS from
these fishenes have suggested that discarding may be significaDt because of the low mackerel quota relative io
the high mackerel quota - paiticularly in those fisheries carried out by freezer trawlers. In the fishenes carried out
in Divisions IIa arid IVa the difference in prices paid for small arid large mackerel has deci:eased since 1994 arid
the Working Group assumed that discarding may have been reduced in these areas. In autumn 1997 an EU
funded progranime involving NorWay.and Scotland commenced with the intention of stud}ring the performance of
the jmrse seine fisheries for herring and mackei:el. This programme will provide data Oll discards for these fleets.
At present onl)' one country - the Nethei:lands -is providing information on mackerel discards but this information
is not applied to any other fleets. The Working Group would also like to draw attention to the possibility that
discarding of small mackerel ma)' again become a problem in all areas if the 1996 year dass is veiy strong as
seerns possible at present.

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

As with rnackei:el only the Netherlands provides information on discards in the horse mackei:ei fisheries.

No data is available on discards in the anchovy fisherles but the rate is assumed to be insignificant.

Because of the potential imporiance of significant discards levels on the mackerel. and horse mackerel
assessments the 'Vorking Group recolnmends that observers should be placed on boäi-d vessels in those
areas in which discarding may be a problem. This observer programme should be commenced as 5000 as
possible.
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1.3.4 . Fleet data

In 1993, the Working Group expressed concern that insufficient information was available about changes that
may be taking place in the various national fleets. It was, therefore, decided that data should be collected about
the different national fleets, particularly in relation to the introduction of riew technical equipment. the
improvement or increase in size of fishing nets and change in fleet capacity. It was feIt 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 ofrapid changes in efficiency. The Working Group therefore feIt that data on fleet size
and composition, e.g. size of vessels, type of vessel, overall horse power, size etc., should be updated each year.

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

However, the Working Group feIt that it remained useful to have information available profiling the different
national fleets and, most importaIitly 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 ~sembled for next years report, and uPdated as feIt necessary by the Working Group.

The information provided should include:

• target species
• areas worked
• gear and vessel types .
• any major changes in gear, type of vessel, areas or species worked, number of vessels in the fleets etc.

1.3.5 Age reading

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

Mackerel

A mackerelotolith exchange in 1994 showed that the ageing were of a poor quality. Therefore an otolith
workshop was held in February 1995 (ICES 19951H:1). This improved the quality considerably and the precision
of the age readings achieve~ was acceptable for the Working Group..
Horse Mackerel

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

As in recent years, the only countries carr)ring out age readings on otoliths of horse mackerel are the Netherlands,
Spain. Portugal and Norway. For the western area the catches of the non-sampling countries use the age
compositions of either the Netherlands or Norway (only for the Divisions Ha and IVa area) to raise these to their
own catches. In some cases this causes serious problems, e.g. where in a certain arealperiod the Netherlands took
onIy one sarnple because of low Dutch catches and the Dutch age composition was then msed to the high catches
of non-sampling countries. The quality of the catch in numbers at age would improve considerably, if the non
sampling countries. with relatively high catches would start to age horse mackereI and wouId take sampIes 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 tahle below shows
how the number of otolith readings relates to the catches by country for both the western and North Sea area in
1996.

*This includes discards.

Country
Netherlands

Ireland

UK
Denmark

Spain

Portugal

Germany

Norway

Catch (t)*
136,000

127,000

47,000

45,000

30,000

14,000

17,000

15,500

Otoliths read
1,900

o
o
o
663

2,000

o
142

•
Therefore the 'Vorking Group strongly recommends that all countries with relatively high horse mackerel
catches should sampIe for age at an adequate level.

Sardine

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

Besides several recommendations aiming to improve the age readings, this Workshop also adopted a protocol
with the criteria for the standardisation of sardine age determination. It was also planned that this protocol will be
complemented with a future guide that will assist the otolith readers.

Anchovy

The age readings of anchovy and the age sampling of all the catches appear to be satisfactory.

1.3.6 Biological data

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

Mackerel

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

Horse mackei-el

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 Seetion 1.4 and 6.5). There exists uncertainty about
the level of natural mortality (see Section 6.6).

Sardine

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

The main biological problems for anchovy lies in understariding the migration of O-group fish and their pre
recruit distribution. Information is also required about variations in natural mortality (M) as M may increase
dramatically irnrnediately "after spav.ning has been coinpleted. A better understanding is needed of seasonal
growth in weight and ]ength to modu]ate the time evo]ution"over time of cohorts, because of the large seasonal
changes in growth. The input of hydrocIirnatic conditions on the recruitrnent success needs to be studied more
intensive]y since the physical conditions strong]y affect the strength ofthe recruitrnent

1.4 Re,iew ofthe Mackerel and Horse l\Iackerei Egg Survey Working Group

The Working Group met in Lisbon from 3-7 February 1997. The main terms of reference were to plan the
sampling, for both plankton and adult parameters, for the proposed egg surveys of the western and southern areas
in 1998 and to review and report on previous estimates of mackerel fecundity, atresia and maturity. The
conclusions and recornrnendations of the Working Group and the sampling plan for the 1998 surveys are
presented in ICES (l9971H:4) and summarised beiow. The Working Group also considered the resuitS of the
1996 North Sea mackerei egg surveys. These resuits are fully reported in Section 2.2.1.

1.4.1 1998 western and southem area egg surveys
,

A total of nine institutes from eight countries are cornrnitted 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 Ju]y. Perlods 1-3 will on]y cover the southern area, periods 6-7 will on]y cover the •
western area and during penods 4-5 both areas will be samp]ed. The on]y changes noted to the plan since the Egg
Survey Working Group meiare: the Gerrnan stirvey (Walter Herwig) will now be from 13 March-8 April not 7-
29 March and the English survey will be carried out on RV 'Corystes' not RV 'Cirolana' arid will be extended by
4 days. '

It has been requested that, where space is avai]ab]e, vesse]s shOuld carry cetacean and seabird observers as part
of an international progranime organised by Mardik Leopold (NetherIands).

The plankton sarnpIing strategy will be targeted at the Annual Egg Production method onIy for both Inackerel and
horse mackereI 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
sarnpled area.

The Working Group was asked to consider ways of combining the western and southern area egg production
estimates for mackerel. Because the peak of spav.ning occurs at different times in these areas, combining the egg
production curves is not practical. Instead it was agreed that egg production estimates wou]d be calcu]ated
separate]y for the western and southern areas and then added together to produce a combined estimate for the
North East Atlantic mackerel.

Sarnple analysis will be comp]eted by the end of September 1998 and the data submitted to Dave Reid,
SOAEFD, Scotland, for the western area and Amor So]a, IEO, Spain. They will be responsible for subsequent
analysis of the data and calculation of total annual egg production of both species..
Sarnp]es of adults for total fecimdity analysis will be taken by Engiand and Spain for mackere] and hy The
Nether]ands and Portugal for horse mackereI. Sarnp]es for the estimation of atresia Will be taken on all the egg
surveys by all participants, and subsequently analysed by either Eng]and, Scotland or Spain for mackereI and
either Portugal, Spain or The Netherlands for horse mackereI. Sarnples for the estimation of maturity at age will
on]y be taken at the peak of spawning. It is important that these samp]es are not onIy taken from the peak
spa\\ning areas of predominantly adult abundance but also froin the areas juvenile distribution. In this context the
Working Group requested information on the distribution of I, 2 and 3 years o]d mackerel and horse mackereI,
from the Assessment Working Group.

Further investigation is needed before the estimates of mackerel fecundity in the western and southern areas can
be combined. There is a significant relationship between fish weight and eggs per gram in the southern area
which may be related to a sarnpling problem. Ir this can be reso]ved then the estimates can be combined. The
1998 estimate of atresia wiJ] be the first estimate for the southern area.
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For manirity 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 Me made
arid examined microscopically. A proposal for furiding for this work has been submined tothe EU. Because of
the cost of this sarnpling programme it is unlikely that it Will be carried out unless financial support becomes
available. The maturity ogives for the western and southerri areas can be combined by weighting for the spaWning
fraction in each area.
Sarnple 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 Group concluded that they eould not produce a provisional egg production or SSB estlniate for
either species in time for the 1998 Assessment WorkingGroup meeting or the October ACFM meeting. Instead
they recommended that the Egg Survey Working Group should meet from 13-19 April 1999 to produee these
final estimates. They suggested that relevant stock assessment biologists shoUId attend the last two days of that
meeting in order to use the data to re-tUne the VPA estimates ofstock size in time for the May 1999 meeting of
ACFM. For this reason it is importaitt that the Egg Survey Working Group meeting does not coincide with the
Herring Assessment Working Group meeting.

1.4.2 Review of mackerel fecundity and atresia

This Working GrOUP had. requested a review of. the historie data series with päiticular reference to the
signifieanee of the inter-annual differences in the estimates of fecundity and atresia. These have led to a number
of ehanges in the egg survey esiimates of SSB over Tecent Years. A eomprehensive working doeument was
prOdueed for the Working Group (ICES 19971H:4, Appendix 1).

Fecundity - It was eoncluded that there was a significant linear downward trend in potential fecundity,
equivalent to a 3.5% decrease, over the three egg s~ey 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 1986, 1989, 1992 and 1995 estimates (1526 oocytes/ gm. female) should be used. For the survey years
1986,1989, 1992 arid 1995 the observed values for those years should be used.

Atresia - this has only been estimated in the survey years from 1989..There was no evidence of a
significant difference in the prevalence of atresia between the three years. There was significant evidence .
that the intensity of atresia in those fish with atresia was different between the three yearS. The Working
Groupconchided that for the survey years from 1977 to 1986 a mean atresia (as oocyteslg female) from
the 1989, 1992and 1995 observations should be applied retrospectively. For the years 1989, 1992 and
1995 the observed values should be used. Sampling in future survey years should ensure that this
parameter can be calculated and used as a separate observation for that year.

The recalculated values of SSB based on the above advice on fecundity a.nd atresia are given in Table
2.2.1.

1.4.3 Basis for the 1986 mackerel niatuiitY ögive

The Working Group was asked to exarillne the basis for a different maturity ogive which has been used since
1986 for the 1984 year c1ass.

Over the i>eriod 1977-1989 maturlty ogives were bas~d on maturity. at age derived from fish examined over a
wide area of their distribution. The ogive was eonstructed from the proportion of mature fish found irrespective
of catch weights or the number of fish examined frOm different areas.

The 1984 year c1ass, as two year olds in 1986, was considered to be exceptional (20% mature) from the long term
average maturitJ ogive (2 year olds 60% mature). The conc1usion was supported by two other observations:

1. Two year olds on the spawning ground in 1986 were 3 em smaller tban two yem. oids in 1985 (1983 year·
dass).

2. The expeeted number of 1984 year c1ass fish mature in 1986, as a proportion of the total mature
population was 30%. The observed propoTtion was only 11%.
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As a consequence, for the 1984 year dass, the value of20% mature at two years old was accepted and used.

With respect to the fmt point the 1984 year dass was subsequently found to be above average numbers but it was
not exceptional. The smaller mean size on the spawning ground was later seen as a change in the distribution of
small fish rather thaß a charige in mean size for the whole year dass. At the 1987 and 1988 Assessment Working
Group meetings (leES 1987/Assess:12; lCES 1988/Assess:12), the weight at age ofthe 1984 year dass, as two
year olds, was revised upw~U'ds (300g) to greater than both the long term mean (275g) and the 1985 year dass
(250g).

With respect to the second point, a change in the basis for calculating the proportion of fish spawning on the
grounds was made. The change was to incIude fish about to spawn and spent fish, as weH as running females.
This resulted in arevision upwards from 11 % to 17% for the proportion of the population belonging to the 1984
year dass which were spa\\'Iling in 1986.

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

1.4.4 l\Iaturity ogive for the 1992 and 1995 egg surve)"s
I

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

1.4.5 Future North Sea egg surve)"s

There is uncertainty about the origin of the exceptionally high numbers of 1996 year dass mackerel observed in
the IBTS in the North Sea as '0' groups (Figure 2.4.1) and as 'I' groups (Figure 2.4.2). Ifthese are North Sea
stock mackerel then they should be fully mature by 1999 WheD the next egg surVey of the North Sea could take
place. The Working Group recommends that a survey of the North Sea spawning area is camed out in 1999.

1.5 Species l\lixing

Scombersp.

As in previous years, therewas also a Spanish and Portuguese fishery for Spanish mackereI, Scomber japonicus,
in the south of Division VIIIb, in Division VIIIc and Division IXa.

Table 1.5.1 shows the Spanish landings by Sub-division in the period 1982-1996. In 1996 the catch in Division
VIIIb was 778 t, an increase with respect to 1994 and 1995. In Sub-division VIIIc East the catch was 2,633 t,
sirnilar to the catch in 1995. In Sub-division VIIIc West this is the first year in which a catch of this species has
been registered, albeit only 471. As has been the case since 1993, there was also a Spanish fishery of Spanish
mackerel in Sub-division IXa North in 1996, mainly in the 3rd quarter, with a catch of 5,066 t. There is no error
in the identification of mackerel species in the Spanish fishery in Divisions VIIIbc and Sub-division IXa North.

In Sub-division IXa South, the Gulf of Cadiz, there is a small Spanish fishery for mixed mackerel species which
had a catch of 370 t in 1996. a fall in comparison with the period from 1992 to 1994 in which catches were
around 1,000 tonnes, but similar to the 1995 catch of 364 tonnes. In the bonom trawl surveys carried out in the
Gulf of Cadiz in 1996, catches of S. scombrus were scarce or even Don-existent, with S. japonicus making up
99% of the total catch in weight of both species (M. Milllin, pers. cornrn). Due to the uncertainties as to the
proportion of S. Scombrus in landings for this area, they have never been included in the mackerel catches
reported to this Working Group by Spain.

In Portugal the landings of Spanish mackerel from Division IXa (CN, CS and S) were 4,759 t in 1996, more
abundant in the southern areas than those ofthe north (Table 1.5.1). These species are landed by all fleets but the

•
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purse seiners accounted for 76% of total weight. There is no error in the identification of mackerel species in the
Portuguese fishery in Division IXa. Section 3 deals only with S. scombrus.

Trachurus sp.

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

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

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

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

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

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

As information is available on the amounts and distribution of catches of T. mediterraneus and T. picturatus for
at least eight years (lCES 1990/Assess:24; lCES 19911Assess:22; ICES 19921Assess:17; lCES 1993/Assess:19;
lCES 1995IAssess:2; ICES 1996/Assess:7 and lCES 1997/Assess:3), and as the evaluations and assessments are
only made for T. trachurus, the Working Group recommends that the TACs and any other management
regulations which might be established in the future should be related only to T. trachurus and not to T. trachurus
spp. in general. as is the case at present . It would then be appropriate to set TACs for the other species as weIl.
Section 4.2.7 deals only with T. trachurus.
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Tabl. 1. 5. 11 Catches in tonnes of Scornber japonicus in Divisions VIIIb. VIIIc and IXa in the period 1982-1996.

Country Sub-Divisions 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Division VllIb 0 0 0 0 0 0 0 0 0 487 7 4 427 247 778

VIllc East 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2633

VUIc west 47

Spain Total 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2679

IXa North 2557 7560 4705 5066

IXa South 895 800 1013 364 370

Total 0 0 0 0 0 0 0 0 0 0 895 3357 8573 5068 5437

Total Spain 322 254 656 513 750 1150 1214 3091 1923 1989 1761 5253 10903 7872 8894

IXa Centra1-North 785

Portugal IXa Centra1-South 2224

IXa South 1749

Total Portugal 664 373 8059 9118 8184 8261 3816 6447 8567 10142 8942 7341 4438 3884 4759
Division VIIIb 487 7 4 427 247 778

VIllc East 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2633
VUIc west 47
Division VIZZc 322 254 656 513 750 1150 1214 3091 1923 1502 859 1892 1903 2558 2679

TOTAL

IXa North 2557 7560 4705 5066
IXa Centra1-North 785
IXa Centra1-South 2224
IXa South 895 800 1013 364 2120
Division ZXa 664 373 8059 9118 8184 8261 3816 6447 8567 10142 9837 10698 13011 8952 10195
Total 986 627 8715 9631 8934 9411 5030 9538 10490 12131 10703 12594 15341 11756 13653
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Tab1e 1. 5. 2 I Catches (tl of Trachurus mediterraneus in Divisions VIIIab, Vlllc and IXa in the period 1989-1996 and Trachurus picturatus
in Divisi6n IXa, Subarea X and in CECAF Division 34.1.1 in the period 1986-1996.

Divhion. Sub-DivhioDI 1986 1987 1988 1989 1990 1991 1992 1993 1996 1995 1996

VIIIab - - - 23 298 2122 1123 649 1573 2271 1175

VIllc East - - - 3903 2943 5020 4804 5576 3344 4585 3443

VIIIc Vlllc west - - - 0 0 0 0 0 0 0

T. mediterranaua Total - - - 3903 2943 5020 4804 5576 3344 4585 3443

IXa North - - - 0 0 0 0 0 0 0 0

IXa IXa C. N& - - - 0 0 0 0 0 0 0 0

Total - - - 0 0 0 0 0 0 0 0

IXa 367 181 2370 2394 2012 1700 1035 1028 1045 728 1009

X 3331 3020 3079 2866 2510 1274 1255 1732 1778 1822 1715

T. picturatua Azorean Area

3•• 1.1 2006 1533 1687 1564 1863 1161 792 530 297 206 393

Madeira'. area

I-I Not avai1ab1e
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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
units into one. The tagging experiments have demonstrated that mackerel from the different spawning areas are
mixing in the North Sea and Norwegian Sea during the second half of the year (August-January). Since it is
impossible to split the mackerel caught in these areas by stocks all the fish caught have been allocated to the
Western stock. The catches of North Sea mackerel has been included in the assessment of Western mackerel
since 1988 (leES 1989IAssess:ll). Due to big differences in stock size levels this has negligible impact on the
assessment of the Western stock. The size of the North Sea stock is about 3% of the Western stock. In quarter 1
of 1997 there were unusually high catch rates of 1 group fish in the northern North Sea. As a result it has also
become difficult to separate the juveniles of the western stock from the N. Sea stock. This provides a further
rationale for treating the three stock as one. The total catches, estimated by the Working Group to have been
taken from the various areas, are shown in Table 2.1.1.

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

A joint EUlNorwegian mackere1 tagging project (1996/035) involving Spain. Portugal, Ire1and, and Norway has
been carried out in 1997.91,000 fish have so far been tagged using a combination of external and internal tags.
The purpose of this project was 1) to study the migrations of adult and juvenile fish in the southern and western
areas and 2) to obtain inforInation on the recruitment patterns of juvenile fish from the Iberian peninsula and off
north west Ireland. Pre1iminary results should be available for the 1998 meeting ofthe Working Group.

2.2 Spawning Stock Biomass Estimates from Egg Surveys

2.2.1 North Sea area

An egg survey ofthe North Sea was carried out between 6 June and 2 July 1996 with a total ofthree coverages of
the spawning area by Denmark and Norway. A total of 30 ship days was deployed compared with 90 days in
1990 when the last egg surv~y was carried out. (leES 19971H:4).

On the flI"st survey daily egg production was low (1.02 Xl012 eggs) but peak production occurred at the south
western corner ofthe surveyed area. It was possible that some production was missed on that survey.

The area coverage on the second and third surveys was adjusted to take into account the observed change in
distribution. Daily egg production peaked on the second survey (2.01 x1012 eggs) and declined to 1.07 xl012 eggs
on the final survey at the end of June.

A total seasonal egg produ~tion of 59 X1012 eggs was calculated from these surveys based on spawning starting
on 17 May and ending on 27 July, as used in the 1990 egg survey calculations. By applying the fecundity values
from Iversen and Adoff (1983), a spav.ning stock biomass of 84,000 t is calculated. Using mean atresia data from
the western area, 11.6%, this SSB estimate is increased to 110,000 t.

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

2.2.2 Western Area

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

•
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The area will be surveyed again in 1998 (see Section 104.1).

2.2.3 Southern area

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

2.3 Allocation of Catches to Stock

Since 1987 a11 catches taken in the North Sea and Division lIIa have been assumed to belong to the Western
stock. This assumption also applies to all the catches taken in the international waters. It has not been possible to
calculate the total catch taken from the North Sea stock component separately but it has been believed to be less
than 10,000 t for a number of years. This is because of the very low stock size and because of the low catches
taken from Divisions Nb,c. This figure was originally based on a comparison of the age compositions of the
spav.ning stock calculated at the time ofthe 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 intematiOilal egg survey carried out in the
North Sea during June 1996 provided a very low index of stock size in the area.

Prior to 1995 catches from Divisions VIIIc and IXa were a11 considered to belong to the southern mackerel stock,
although no assessment had been carried out on the stock. In 1995 a combined assessment was carried out in
which all catches from all areas were combined, Le. the catches from the southern stock were combined with
those from the western stock. The same procedure was carried out by the 1996 Working Group and again by the
present Working Group; the new population unit again being called the North-east Atlantic mackerel imit

The TAC for the Southern area applies to Divisions VlIIc and IXa. Since 1990, 3,000 t of this TAC, which has
. been fixed at 30,000 t, has been permitted to be laken from Division VlIIb in Spanish waters. This area is

induded in the "Western" management area. These catches (3,000 t) have always been included by the Working
Group in the western component and are therefore included in the F values used in the assessment for the
Westerri area.

2.4 Distribution of Juvenile Mackerel

2.4.1 Surveys in winter 1996/97

Fourth quarter 1996

High catch rates of 1996 year dass fish were laken off the western Iberian coast, west of Ireland and in the
TampenlViking banks area and the central North Sea (Figure 204.1). Lower catch rates than usual were recorded
in the Hebrides NW Ireland area. For the 1995 year dass there were small catches at the NW corner of Spain.
The highest catch rates were recorded off NW Ireland and the Hebrides. However, these catches were
substantially less than catches from either this year dass 01' the 1994 year dass in 1995. This may suggest that the
high recruitment postulated in last years Working Group report was incorrect. The 1994 year dass was found
mainly concentrated in the NW IrelandIHebrides area, with some reasonable catches in the Viking Bank area and
in the southern North Sea

First quarter 1997

No data are yet available for the 1994 and 1995 year classes. The bulk of the fish from the 1996 year class were
caught in the TampenlViking Banks area of the North Sea (Figui-e 2.4.2). Smaller catches were also laken NW of
Ireland arid SW of CornwalI. A1though not a bottom trawl suivey it should be noted that the Spanish acoustic
survey in March 1997 found large quantities of juvenile mackerel in layers close to the seabed.

It should also be mentioned that the Scottish bottom trawl survey on the Rockall Bänk in August 1997 made large
. catches of juvenile mackerel which have not been observed here before. This waS also confmned by Irish

commercial trawling operations in July.
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2.4.2 Trends in age 0 flSh in the fourth quarter sUn"e~'s1989-96 (Figure 2.4.3)

• West Iberia: There has heen a consistent "hot-spot" around the area of the SpanishIPortuguese border except
for 1990 and 91.

• Biscay: Although this ar~a was not surveyed in all years there were moderate catches in all years surveyed in
areas in the central part ofthe Bay.

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

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

• North Sea: Data have only heen processed for 1995 and 96. Moderate catch rates were recorded in the central
North Sea in 1995. In 1996 the catch rates increased considerahly and the fish occupied a wider area to
include Tampen and Vi~ngBanks.

2.4.3 Trends in age 1 fis~ in the first quarter sUn"e~'s1986-97 (Figure 2.4.4)

There was no coverage south of48~ except in 1992 and 1993.

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

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

• North Sea: Data have only heen 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 rnajority of all the age 1 fish
were found in the area of the Tampen and Viking Banks. This is a highly unusual event, as can be seen from
both the distribution maps and the North Sea recruit index (Table 3.1.1). The provenance of these fish is
presently unknown and the Working Group feels that it is premature to consider whether these are North Sea
or Western rnackereI. This matter will be given further study.

2.4.4 l\Iackerel 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 (lCES 1996/Assess:7; ICES 1995/Assess:2). Evidence was presented in the 1996
report (ICES 1997/Assess:3) that this might be explained by the more northerly distribution ofthe juvenile fish in
recent years. The Working Group recommended that modelling and other studies be carried out to explore this.

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

It is interesting to note that the index derived from all the surveys also showed up the good recruit years weIl.
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 drarnatic increase in catch rates around Cornwall, and this would have tended to produce a high
overall index. There is still evidence of a generaI 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 rnuch 10wer. As described above, the juvenile distribution maps (Figure 2.4.2)
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showed adramatic 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" they were then included in the west coast index.
This resulted in a good fit with the assessment inde~..

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

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

2.5 Tbe Fisbery in 1996

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

During 1996 the highest catches (over 201,000 t) were again taken from Sub-area IV and Division lIla - over
97% ofthese having been taken in Division !Va. Tbere was, however, a considerable decrease in the catch taken
froin this area compared With that of 1995. A small decrease was also observed in the catches from Divisions IIa
and Vb (103,000 t) where the international fisheries take place. Significant decreases also took place in the
fisheries in Sub-areas VI and VII and Division VIIIa,b,d,e (213,000 t). Tbe catches taken in Divisions VIIIc and
IXa have sl()wly increased in recent years and the 1996 catch of over 34,000 t is the highest recorded since 1977.
The amounts misreported dUrlng 1996 also decreased compared with previous years. Approximately 52,000 t of
mackerei, taken in Division !Va, 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 fishenes arid also the. decreased
TACs. Catche;; from the fishery in the southern part ofDivision VIa which had developed considerably in recent
years decreased in 1996 and fell from 20,000 t to 13,000 t.

Tbe catches per quarter and per Sub-area and by Division are shovm in Table 2.5.1 and also in Figirres 2.5.1a~.
Tbe quarterly distribution of the fisheries in 1996 was very similar to that of 1995. Over 37% ofthe total catch
was taken during the 1st qu3.iier 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 VII. During
Quarter 3 the main catches were recorded from Division IIa and Division !Va from the sho3.ls on the summer

. feeding areas. DUring Quarter 4 the main catcheswere recorded from the overwintering areas in Division !Va.
Tbe main catches from Divisions VIIIc and IXawere taken in Quarter 2 - over 57% of the total heilig 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 acorresponding increase in the catches from Q1. .

Percentage distribution of the total catcbes from 1990-1996

Year Ql Q2 Q3 Q4
1990 28 6 26 40

1991 38 5 25 32

1992. 34 5 24 37

1993 29 7 25 39

1994 32 6 28 34
1995 37 8 27 28

1996 37 8 32 23
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National catches

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

The total catch recorded from Divisions Ha and Vb (Table 2.5.2) was believed to be about 103,300 t, which was
considerably lower than that for 1995 (135,493). Most of this catch was taken by Norway and Russia. The total
catch believed to have been laken from "international" waters in this area was about 51,300 1. There appeared to
have been no misreporting of catches from this area during 1996 but there is no data to support this assumption.
High levels ofmisreporting were recorded in 1994 (109,600 t).

The total catch recorded from the North Sea (Sub-area IV and Division IIIa) (Table 2.5.3) was 212,800 t
compared with 322,100 t in 1995. This figure is the lowest recorded from the area since 1986. This decrease was
mainly a result of a decrease in fishing effort in Division IVa as a result of the reduced quota and more effective
enforcement ofthe management measures? About 51,7oot 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, totalling 56,000 t were also' recorded by Denmark, the United Kingdom and Faroe
Islands.

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

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

2.5.1 ACFM adlice and management applicable to 1996 and 1997

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

IAssumed to be mamly Western stock mackerei, taken from Sub-area IV, DIVISion illa and IIa, and mcluded In

the total agreed TAC for the ,western stock.
2Division VllIc, Sub-areas IX and X and CECAF Division 34.1.1 (EU waters only).

1996 1997

Stock Advice recommended by ACFM AgreedTAC Catch Recommended TAC AgreedTAC

North Sea Stock Lowest possible level 52.8 ? LPL 52.8

Western Stock Significant reduction of F 369.2 530 see text 363.2

Southern Stock No advice given 30 34 see text 30.
...

The agreed TAC for 1997 for the Western and North Sea stocks combined amounts to 416,3OOt 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 within the range observed in the time
series available.

It is again important to stress that while the recommended TACs are meant to apply to the total catch of all
mackerel over the total distribution area the actual agreed TACs do not apply to the catches taken in international
waters. The total catches in international waters, which are mainly taken by Russia in the Norwegian Sea, have
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bt::en increasing in recent years and amounted to over 51,ooot in 1996. There are no restrictions o~ the amount of
fish which can be taken in this fishery.

In addition to the TACs and the national quok the follö\1Ang are some of the more important additional
management measures which were in force in 1996 and are agairi in force in 1997. These measures are mainly
designed to afford maxinlUnl protection to the North Sea stock while it remains in it's present depleted state while
at the same time alloWing fishing on the western stOCk while it is present in the North Sea.

1. Prohibition of fishing in Division !Va during Quarters 1 and 2, and of a directed mackerel fishery in Divisions
IVb and IVc thfoughout the year (Norway opened for a small fishery in Division IVa the frrst quarter of 1996
and 1997);

2. Prohibition ofadirected mackerel fishery in the "Cornwall Box"; , ,
3. Minimum landing size of 30 cm for Sub-area IV, Division illa and 25 cm for Divisions vmc and IXa.

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

2.6 Distribution of the Mackerel Fisberies

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 infoimation 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 OIi catches froni Netherlarids,
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 riot been corrected for any misreporting.

. Second quarter 1996

Catches during this ,quarter totalled about 47,000 t. The main. catches were again taken from the spawning
grounds west and south-west of Ireland. Small catches were agron 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 Norwegian sea. The distribution was again very similar to thai of 1995 and is shown in Figure 2.5.l.b.

Tbird quarter 1996

Catches dunng this quarter totalied 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. Catehes 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 ofthe quarter andthe catches are
taken in a more westerly, area than the catches taken in the ,later part of the quarter. Small catches were again
taken from around the Iberian Peninsula, particularly along the west coast of Portugal. The distribution is shov.n
in Figure 2.5.1.c.

Fourtb quarter 1996

Catches duririg this quarter totalled 128,8001. The main catches were again taken west of Norway. Catches were .
also taken from north-west of Ireland hut on a more reduced scale than in 1995. Considerable catches were again
laken from the ",'estern part of the English Channel. Sniall catches continued io be taken from around the Iberian
Penirisula. The distribution is shoWn in Figure 2.5.l.d.
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2.7 Length Compositions by Fleet and Country

Length distributions of some of the 1996 catches by some of the fleets were provided by Germany. Ireland,
Netherlands, Norway, Pornigal, 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 occm in many of the landings More detailed information on a quarterly basis is available
for some fleets on the Working Group files. The length distributions by country and by fleet for 1996 are shov.'n
in Table 2.7.1.

2.8 Catch in Numbers at Age

The catches in numbers at age by quarter for Divisions Ha; lIla; IVa; IVb,c; VIa; VHa,e,f,g,h; VIIb,c,j,k; VIId
and VlIla,b,d,e are shov.n in Table 2.8.1. The percentage catch by numbers at age from 1985 to 1995 is given in
Figure 2.9.

The catch in number at age by quarter for mackerel from Divisions VlIlc and IXa for southern mackerel is given
in Table 2.8.2 for 1996 and in Table 2.8.7 for the penod 1984-1996..
The overall age composition for the catches from the Western areas is mainly composed of 2-7 year old fish.
These age groups constitute 72% ofthe total catches. Three year old fish i.e. the 1993 year dominated the catches
throughout most areas. Fish belonging to the 1995 year dass 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 e
IVb,c and Divisions VIIa,e,f,g,h and Division VIId. These three areas contain much higher numbers of 0 and 1
year old fish. In most areas catches of 0 and 1 group mackerel are insignificant and less than 1%. However, in
Division IVb,c they amount to 50%; mainly being taken in the Quarter 4. In Divisions VIIa,e,f,g, VIa and VIId
the respective percentages are 26%, 11.6% and 12.8%.

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

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

The sampling intensity is fWther discussed in Section 1.3.1.

2.9 l\Iean Lengths at Age and l\lean Weights 3t Age

Mean lengths

The mean lengths at age per quarter for 1996 for the Western area and for the Southern area are shov.n in Tables
2.8.3 and 2.8.4 respectively. A long series of these data are available on mean lengths for both these areas and
should be investig:'lted for possible changes in relation to changes in stock sizes.
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Mean weights

The mean weights at age in the catches per quarter for 1996 for the western and southern areas are shown in
Tables 2.8.5 and 28.6 respectively. The mean weights at age in the stock for the western mackereI is shown in
Table 3.2.3. These are based on a combination of sampIes 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 sampIes obtained during Quarter 1 and Quarter
4. The same data set has been used since 1984 and the data is shown below.

Stock Weights at Age (kg) for Southem Mackerel

1
.161

2
.248

3
.305

4
'.354

Agein Years
5 6 7 8 9. 10 11 12
.385 .427 .455 .493 .511 .545 .548 .617

13
.622

14
656

15+
.716

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

2.10 Maturity Ogive

A comprehensive review of the problems related io the estimation of maturity at age was given in the report of
this Working Group in 1996 (leES 1997Assess: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 stJIiunarised 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 c1ass from 20% mature to 60% mature in line with the general
maturity ogive applied 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 c1ass 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
be addressed in the 1998 surveys when fish samplingwill be distributed across both predominantly adult and
juvenile distribution areas. The maturity ogive for 1998 will be based on histological exanunation of the ovaries
rather than the macroscopic examination used in previous survey years. In this context a proposal has been
subrnitted to the EU for funding this aspect ofthe 1998 surveys. Unless some financial support becomes available
it is unlikety that this part of the programme will be able to proceed. Histological maturity data indicate that
proportions matUre based on macroscopic examination tend to overestimate the proportions mature in the 1 to 3
age groups. This is because a large proportion of the yoimger age group which start to produce vitteUogenic
oocytes never actually spawn and those oocytes become atretic.
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Table 2.1.1 Catches of MACKEREL by area. Discards not estimated prior to 1978. (Data submitted by Working Group members.)

Year Sub-area VI Sub-area VII and Divisions Sub-area IV and Division lila Divs. Divs. Total
VIIIa,b,d,e Ua,Vb l VIIIc,IXa

Landings Discards i Catch Landings Discards i Catch Landings Discards, Catch Landings Landings Landings Discards i Catch
1969 4,800 I 4,800 66,300 , 66,300 739,182 , 739,182 810,282 I 810,282
1970 3,900 I 3,900 100,300 , 100,300 322,451 I 322,451 163 426,814 I 426,814
1971 10,200 I

10,200 122,600 I
122,600 243,673 I 243,673 358 376,831

1
376,831

1972 10,000 I
10,000 157,800 1 157,800 188,599 1 188,599 88 356,487 , 356,487

1973 52,200 I 52,200 167,300 I 167,300 326,519 1 326,519 21,600 567,619 1 567,619
1974 64,100 ... . I- 64,100 , 234,100 . ,.234,100 _298,391

' . .' . I 298,391 6,800 603,391
"

603,391
1975 64,800 I

64,800 416,500 1 416,500 263,062 I 263,062 34,700 779,062 I 779,062
1976 67,800 I 67,800 439,400 I 439,400 303,842 1 303,842 10,500 821,542 , 821,542
1977 74,800 , 74,800 259,100 I 259,100 258,131 , 258,131 1,400 27,417 620,848 1 620,848
1978 151,700 15,100, 166,900 355,500 35,500, 391,000 148,817 148,817 4,200 26,508 686,725 50,700

1
737,425

1979 203,300 20,300, 223,600 398,000 39,800, 437,800 152,323 5001 152,823 7,000 22,475 783,098 60,600, 843,698
1980 218,700 6,000, 224,700 386,100 15,600, 401,700 87,391 I 87,391 8,300 15,964 716,455 21,600, 738,055
1981 335,100 2,500

1
337,600 274,300 39,800, 314,100 64,172 3,216

1
67,388 18,700 18,053 710,325 45,516, 755,841

1982 340,400 4,100, 344,500 257,800 20,800, 278,600 35,033 450
1

35,483 37,600 21,076 691,909 25,350
1

717,259
1983 315,100 22,300, 337,400 245,400 9,000

1
254,400 40,889 96 40,985 49,000 14,853 665,242 31,396

1
696,638

1984 306,100 1,600
1

307,700 176,100 10,500
1

186,600 39,374 202l 39,576 93,900 20,308 635,782 12,302
1

648,084
1985 388,140 2,735

1
390,875 75,043 1,800

1
76,843 46,790 3,656

1
50,446 78,000 18,111 606,084 8,191

1
614,275

1986 104,100 I 104,100 128,499 , 128,499 236,309 . 7,431
1

243,740 101,000 24,789 594,697 7,431, 602,128
1987 183,700

1
183,700 100,300 , 100,300 290,829 10,789

1
301,618 47,000 22,187 644,016 10,789, 654,805

1988 115,600 3,100
1

118,700 75,600 2,700
1

78,300 308,550 29,766, 338,316 116,200 24,772 640,722 35,566, 676,288
1989 121,300 2,600, 123,900 72,900 2,300

1
75,200 279,410 2,190, 281,600 86,900 18,321 578,831 7,090, 585,921

1990 114,800 5,800, 120,600 56,300 5,500
1

61,800 300,800 4,300, 305,100 116,800 21,311 610,011 15,600
1

625,611
1991 109,500 10,700, 120,200 50,500 12,800

1
63,300 358,700 7,200

1
365,900 97,800 20,683 637,183 30,700

1
667,883

1992 141,906 9,620, 151,526 72,153 12,400, 84,553 364,184 2,980
1

367,164 139,062 18,046 735,351 25,000
1

760,351
1993 133,497 2,670, 136,167 99,828 12,790

1
112,618 387,838 2,720, 390,558 165,973 19,720 806,856 18,180

1
825,036

1994 134,338 1,390, 135,728 113,088 2,830
1

115,918 474,830 1,150
1

475,980 '. 69,900 25,043 817,198 5,370
1

822,568
1995 145,626 74 145,700 117,883 6,917

1
124,800 322,670 730 323,400 " 134,100 . 27,600 747,879 7,721

1
755,600

1996 129,895 255! 130,150 73,351 9,773. 83,124 211,451 1,3871 212,838 103,376 34,123 552,196 11,415 563,611

'For 1976·1985 on1y Division Ua.
2Discards estimated only for one fleet in recent years.

NB: Landings from 1969-1978 were taken from the 1978 Working Group report (Tables 2.1,2.2 and 2.5).
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Table 2.2.1 Spawning stock biomass tor the westem mackerel and western horse mackerel. Spawning stock
biomass estimates are corrected tor atresia. A sex ratio ot 1:1 is assumed. The SSB was calculated trom the
total ~99 p~oduction based on arithmetie mean of unsampled rectangles it available.

Mackerel: .
- '.

"

Total egg production (10'15) Total feeundity Total fecundity Pre-spawning Spawning stock
Vear (Mean used for unsampled eggslg femala •cOrrected for stock biomass biomass

rectangles) [atresia oocyteslgm atresia (x10-6 tonnes) (x10-6 tonnes)
Geometrie I Arithmetic female] , (eggslg famale) (conv. f.x1.08)

;"". ""'_0' .- ., •." "H' ' •• ,.,,, Annual egg production method • westem mackerel .- .~ " ... "'" ,........... ,

1977 1.98 1526 [211] 1315 3.01 3.25
1980 1.48 a 1526 [211] 1315 2.25 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 1.15 1.24 1457 [211] 1246 1.99 2.15
1989 1.45 1.52 1608 [326] 1282 2.37 2.56
1992 1.83 1.94 1569 [138] 1431 2.71 2.93

J995 . 1.49 .'" 1473, "~ [171J ....., 1302 ·..·.h .." . .2.28 -,~, ~ "'"'':''''' 2.47..,.
,-'-

Horse Mackerel: .. '., ,. .. ' . " -." .' .. ,." ." ..' • ·'0 -'" ,

--~.- . , --- -Total egg production (10'1, Total fecundity Pre-spawning Spawning stock
Vear (Mean used for unsampled Total fecundity corrected for stock biomass biomass

rectangles) .•. (eggslg female) 3.4% atresia (x10-6 tonnes) (x10-6 tonnes)
Geometrie I Arithmetic (eggslg female) (conv. f.x1.05)

'" ....."...'.' .. ., ", ',. ,Annual egg production method • westem horse mackerel , .... ,.,......'~ .•'~ .Cl. ,-, ,,, , .. .,..........
1977 0.533 c 1557 1504 0.71 0.74
1980 0.635 c 1557 1504 0.84 0.89
1983 0.381 c 1557 1504 0.51 0.53
1986 0.508 c 1557 1504 0.68 0.71
1989 1.54 1.63 1557 1504 2.17 2.28
1992 1.37 1.58 1557 1504 2.10 2.21
1995 .' "" ..,

, . 1.226 1557 ... ". 1504,., 1.63" I'" 1.71 '" "

a Egg suivey data for period 3 included
b Egg survey data for period 3 excluded
c Eaton (1989). Incomplete coverage in 19n

Estimates by Generalized Additive Modelling (from Augustin et al WD 1996)
" . .' .-~' "" ...... " "" . ,

, ",'" ','," .... ',"'" " "',H"" ., '.',' '.. , •• ,,"

'. ".'" 'n' "., ,,~,"'. , ,,' -" . .', . ......,. ,,,.. Egg Produetion x 10'.'," "",,, ', .. "."".•... ,':.",'''' .•~''''

Vear Area." _." ,.• ' ,-- "'" . Mackerel '. " " ,••_" 'N , .."... Horse mackerei". "
GAM (no be) GAM (with bc) GAM (no bc) GAM (with bc)

1995 Westem 0.854 1.623 0.886 1.554
0.02 0.05 0.09 0.24

'" '.' " " .•.••" .• , .'C.'" [2.7J ... " [2.9J .•,'" .'''.'''''-- . ., ,."'.'" " .'. [10.2] ".>",." ..,> [15.4], ."

I·", Southem ...• , 1-" 0.136, 0.202~>",••• " " .. ,.- ......,..... ' .., .",0.396·.·· ...... ·0.553.""
1992 Westem 1.744 2.366 1.44 1.804

0.05 0.07 0.11 0.21
...•... I··· .. "',.' '." , "., .[2.6] '> .. ,2.9 ••..·, .. '~,'" ,. . ... ' ' .. .> ~., .'" [7.5J ,... 1,,·[11.9, ...•
1989 Western 1.373 3.027 1.308 1.635

0.09 0.12 0.09 0.14
, . ,.,'.'\ .,. , .... [6.5} , .., [3.8] .. , •..·. '" ", 'i>," "'" [6.7],.•. " , •.... [9.2] ..

be =bias correction .
Figures in italicS are standard errorS

.... Figures in brackets are %cv's ·.'0' , .... _.' ,. ,-~ .. ,-;" • > .' . ,,"., ",.. , .. '~, .."""''''".' -". .,,"'C . ..'

" ,,-

e:\acfm\wgmhds98\T-221.xls
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Table 2.5.1 Catehes ofmackerel by Division and Sub-area in 19%.
(Data submitted by Working Group members.)

Quarter 1 2 3 4 Total
Ha + Vb 3100 5,500 93800 1000 103400
lIla 500 500 2700 2400 6100
rva 55900 300 63200 83900 203300
rvb,c 900 2500 3400
VI 103000 2200 13100 11800 130100
VII 36100 16200 2700 24900 79900
~~~~E~ ~20 ~QO ~~ ~L~

Sub-total 199100 26800 176400 127000 529300--------------------------------------
VlIlc 7000 18700 2000 600 28300
IXa 700 1500 2300 1200 5700
Grand total 206800 47000 180700 128800 563300

Calcbes rounded 10 DeareSt 100.

E:\ACFMlWGMHSA98\T-2-5-I.DOC 25109/97
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Table 2.5.2 Catches (t) ofMACKEREL in the Norwegian Sea (Division lla) and offthe Faroes (Division Vb).
(Data submitted by Working Group members.)

1984 1985 1986 1989

6,433
1,247

11

2,409
68,300

380 .

4,265
22

86,400

3,133

292
25,000

1,653

99
16

85,400

16

7,610

82,005 61,065

11,787
137

Denmark
Faroe Islands
France
Germany, Fed. Rep.
German Dem. Rep.
Norway
Poland
United Kingdom 2,131 157 1,413
.y.§.§.~.._.__._.._..__._ _._ _ ~.!~2~_._..2!iQ:? ~.!.&~_~_._ ..L~.&~_ ~7.!?.f.i_ ..__~.f_!Q~~.
Discards
Total 98,222 78,096 101,112 47,186 120,404 90,488

Country 1990 1991 1992 19932 19942 1995 19961

Denmark 6,800 1,098 251 4,746 3,198
Estonia 216 3,302 1,925 3,741
Faroe Islands 3,100 5,793 3,347 1,167 6,258 9,032 2,965
France 23 6 6 5 5 0
Germany 1
Iceland 92
Latvia 100 4,700 1,508 389 233
Netherlands 561
Norway 77,200 76,760 91,900 110,500 140,708 93,315 47,992
Russia 42,440 49,600 28,041 44,537 44,545
United Kingdom 400 514 802 1,706 194 48
_~§'§'~:_ _ _ __.__._..~~.!~QQ_ ..!~!.~lJ~_._.__._ __ _ __ _ __ __.._.__ _._.._ _ .
Misreported (IVa) -109,625 -18,647
Discards 2,300
Total 118,700 97,819 139,062 165,973 71,903 135,496 103,376

1Preliminary.
2Russia.

E:IACFMIWGMHSA98\T·2·5-2.DOC·2SI09197
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Table2.5.3 Catch (t) ofMACKEREL in the North Sea, Skagerrak, and Kattegat (Sub-area IV and Division ma).
(Data submitted by Working Group members).

Country 1984 1985 1986 1987 1988 1989
Belgium 68 49 14 20 37
Denmark 10,088 12,424 23,368 28,217 32,588 26,831
Faroe Islands 1,356 2,685
France 322 '1,200 2,146 1,806 2,200
Germany, Fed. Rep. 112 217 1,853 474 177 6,312
Ireland 8,880
Netherlands 340 726 1,949 2,761 2,564 ,7,343
Norway 27,311 30,835 50,600 108,250 59,750 81,400
Sweden 1,440 760 1,300 3,162 1,003 6,601
United Kingdom 15 170 559 19857 1,002 38,660
USSR

..............................n ••_ ......................._ .........___• __• ___••___..................__....................._ ...............• ___••____••

Misreported (Ila)
Misreported (VIa) 148,000 117,000 180,000 92,000
Unallocated & Discards 202 3,656 14,822 19,737 59,406 8,651
Total 39,576 50,466 243,700 301,618 338,316 281,600

Country 1990 1991 1992 1993 1994 1995 19961

Belgium 125 102 191 351 106 62
Denmark 29,000 38,834 41,719 42,502 47,852 30,891 24,057
Estonia 400
Faroe Islands 5,900 5,338 11,408 11,027 17,883 13,886
France 1,600 2,362 956 1,480 1,570 1,599 1,316
Germany, Fed. Rep. 3,500 4,173 4,610 4,940 1,479 712 542
Ireland 12,800 13,000 13,136 13,206 9,032 5,607 5,280
Latvia 211
Netherlands 13,700 4,591 6,547 7,770 3,637 1,275 1,996
Norway 74,500 102,350 115,700 112,700 115,741 108,785 88,444
Sweden 6,400 4,227 5,100 5,934 7,099 6,285 5,307
United Kingdom 30,800 36,917 35,137 41,010 27,479 21,609 18,545
Russia
.ß~!E~!.~_..._......_._......_......_............_......_.___..._....__.._....__.....__.._....___._.__._...~!~Q~_ ..._ ..___._._......._._
Misreported (Ha) 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

1 Preliminary.

E:\ACFM\WGMHSA98\T·2·S-3,DOC·25/W197
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Table2.5.4 Catch (t) ofMACKEREL in the Western area (Sub-areas VI and VII and Divisions VllIa,b,d,e).
(Data submitted by Working Group members).

Country 1984 1985 1986 1987 1988 1989
Belgium
Denmark 200 400 300 100 1,000
Faroe Islands 9,200 9,900 1,400 7,100 2,600 1,100
France 12,500 7,400 11,200 11,100 8,900 12,700
Germany 11,200 11,800 7,700 13,300 15,900 16,200
Ireland 84,100 91,400 74,500 89,500 85,800 61,100
Netherlands 99,000 37,000 58,900 31,700 26,100 24,000
N6rway 34,700 24,300 21,000 21,600 17,300 700
Poland
Spain 100 1,500 1,400
United Kingdom 198,300 205,900 156,300 200,700 208,400 149,100
USSR 200_.........._-_..._ ..-.....__....__..-......_......._...--_..................-----........---.....---........--...- .....--..--....--
Unallocated 18000 75100 49299 26000 4700 18900
Misreported ( IVa) -148,000 -117,000 -180,000 -92,000
Discards 12,100 4,500 5,800 4,900
Grand Total 479,600 467,700 232,599 284,100 197,000 199,100

Country 1990 1991 1992 1993 1994 1995 1996

1,271

14,347
15,685
49,033
34,203

1,443
361

4,248
10,178
23,703
72,927
34,514

2,2391941,573
Belgium
Denmark
Estonia
Faroe Islands 1,000 4,095 2,350 4,283
France 17,400 10,364 9,109 8,296 9,998
Germany 18,100 17,138 21,952 23,776 25,011
Ireland 61,500 64,827 76,313 81,773 79,996
Netherlands 24,500 29,156 32,365 44,600 40,698
Norway 600 2,552
Spain 400 4,020 2,764 3,162 4,126 4,509 2,271
..Q!!:!!~~..!Si~.g~.~~_.__....J.~f..!?Q9 .!.~~!~?~_ ..l~.§.&?.Q_._~.!.~~~.~..s_.._.?Q~.!§:?§. .....].Y-.9.!~±! .....!.~?!§.!.~.
Unallocated 11,500 -3,802 1,472 0 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 15,660 4,220 6,991 10,028
Grand Total 182,400 183,509 236,079 248,785 251,646 270,476 213,272

E:\ACFM\WGMHSA98\T-2-S-4.DOC·2SKYJI97
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Table2.5.5 Landing (tonnes) ofMackerel in Divisions vmc and IXa, 1977 - 1996.

(Data submitted by Working Group members).

Division VIDc Dilision IXa

Years Spain Portugal Spain Poland USSR Total TOTAL

1977 19,852 1,743 2,935 8 2,879 7,565 27,417
,

1978 18,543 1,555 6,221 - 189 7,965 26,508

1979 15,013 1,071 6,280 - 111 7,462 22,475

1980 11,316 1,929 2,719 - - 4,648 15,964
I

1981 12,834 3,108 2,111 - - 5,219 18,053

1982 15,621 3,018 2,437 - - 5,455 21,076

1983 10,390 2,239 2,224 - - 4,463 14,853•

1984 13,852 2,250 4,206 - - 6,456 20,308

1985 11,810 4,178 2,123 - - 6,301 18,111

1986 16,533 6,419 1,837 - - 8,256 24,789.
1987 15,982 5,714 491 - - 6,205 22,187

1988 16,844 4,388 3,540 - - 7,928 24,772
..

1989 13,446 3,112 1,763 - - 4,875 18,321

1990 16,086 3,819 1,406 - - 5,225 21,311

1991 16,940 2,789 1,051 - - 3,840 20,780

1992 12,043 3,576 2,427 - - 6,003 18,046

1993 16,675 2,015 1,027 - - 3,042 19,719

1994 21,146 2,158 1,741 - - 3,899 25,045

1995 23,631 2,893 1,025 - - 3,918 27,549

1996 28,386 3,023 2,714 - - 6,737 34,123

E:\ACFM\WGMHSA98\T-2-5-S.DOC
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Table 2.7.1' Length distribution in 1996 catches (thousands) by various fleets.

Scotland Norwav" Netherland~
, Spaln> Ireland ' UK (Enl!land & Wales) , Russla. Portul!al· Germany

LenJ:lh cm P. Seine Other P. Trawl P. Seine Pelalric Trawl P.Seine Artisanal I, Trawl' P. Trawl Trawl' Handline Commercial P.seine Artisanal Trawl
14 45
15 445
16 1 1,436 1

11 325 1,214 , 0.00 i , I
18 0 361 1,123 . 0.00 3
19 I 934 6,196 100 0.00 I 161

20 0 1,485 5412 581 21 0.00 98 2 .. 1,451
21 01' 1,621 5,613 3,198 0.00 184 19 . 5 1,633

22 6 11 1,431 5,116 4,183 62 0.00 604 36 34 1098

23 20 6 4 1,631 1463 620 0.00 455 9 62 452
24 1 0 536 525 119 143 0.00 9 I 90 2 69 tl2
25 0 850 , 2861 46 566 0.00 64 18 146 31 61 23
26 22 2,444 1,155 102 1,102 0.00 216 311 141 54 206 . 3
21 70 2 75 5,784 . 6,948 2 119 1,155 0.00 261 1,367 145 50 . 381 . 23
28 I· 5 23 30 2,188 8,415 5,712 8 292 2,363 0.00 403 2,703 96 29 418 , 74
29·' 0 tl2 178 50 ." 6,472 5,196 1,001 31 281 5,164 0.03 518 4.629 149 29 203 173
30 545 410 351 8,121 6,139 • 581 45 314 8,466 0.261" 755 8,072 203 17 tl4 509

31 1,692 741 392 ,; 10,182 6,508 , 669 tl9 632 9,733 0.62 687 tl,693 425 11 96 " 970
32 3,005 1,164 504 ., 21,193 i 7,667 ' 1,689 ' 665 987 11,829 0.94 563 15765 654 29 126 1,371
33 5,222 1,506 919 34,732 tl,517 .,' 2,436 989 1,011 14,010 1.114 592 12,546 678 . 62 180 2,052
34 6,555 1,570 1,421 45,708 .. 11,223 ;i 2,293 1332 1,022 16,768 1.10 499 10.614 479 51 184 , 2,701

35 8154 1,858 1,710 44,422 .., 12,736 i 2,144 1915 921 14,266 1.17 249 7,983 480 51 166 • 2,461
36 6,727 2,131 1,951 • 31,464 10.020 1,509 2,183 684

"

11,561 1.68 114 6.006 369 81 118 1961
31 6,484 2,214 1,484 " 29,796 7,891 1,422 2748 455 8,444 1.26 104 5,464 204 80 154 ; 2,050
38 5,863 2,562 1,613 25,764 7,664 1,528 4,610 406 9,195 0.53 55 2,981 176 425 89 1,955
39 5,760 2,346 1,519 20,419 i 5,794 I, 2,428 5,288 438 7,667 0.32 86 1,993 54 156 139 I' 2.043
40,' 3,489 1,512 2,091 12,515 ; 4917 I 2,803 6,150 321 • 7,056 0.09 50 • 922 51 333 128 1,639
41 2,434 898 1,559 6,788 3,213 • 2,451 3,286 162 I'. 4,452 0.09 35 318 ' 7 55 94 1,010

42 1,111 852 894 4,586 1,5231, 1,332 2901 132 3,046 0.09 4 183 I'· 2 40 61 665
43 667 169 308 1452 615 ~ 732 1,358 72 1,735 :' 1 , 172 23 302
44 189 215 104 231 295 • 304 410 35 . 540 44 7 121
45 96 88 49 71 83 ; 126 135 . 9 ' 415 0.03 28 2 78
46 . 101 6 , 21 . 103 66 3 83 10 18
41 . 15 I, 25 5 2 5 4
48 ' . 5 9 2 5
49 202 5 3 3
50 , .. . 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 21,149
Tonnes 28,717 8,976 7,356 136,436 39,045 , 14,711 15307 3,292 48,894 4 1,317 44,545 } 1,231 755 1038 i 13,193

'ICES Dlvslons lIa,lIla and IVa comblned .

e:\acfm\wgmhsa98\T-271.xls·
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Table2.8.1 CalCh in numbcrs ('000) at age by quaner and by Division for matkere1 in sub-divisions n·vm in 1996.

I (C8lr'b'mlO)

'" 11a m. IV. lVb<: "'la VlIbcik VI1add> Vlld VllLahdo All Divisions

0 0 0 0 0 0 0 0 0 0 0
I 16 10 115 0 133 26 437 39 I 327
2 774 .3 2.358 0 2.727 337 3.383 3.351 17 I 8,l)4 I

3 2.933 733 20.945 0 33.9!! 20.9)2 9.n6 4.3ll 148 94233
4 1.6(16 .63 24.724 0 53.944 21.770 2212 387 259 105,571

5 1.163 180 22.694 0 43,456 )6.781 618 206 151 352.5S
6 5.2 109 11.1)9 0 20.673 7.636 190 73 1)2 4O,5on
7 623 23 17.985 0 33631 7.407 51 14 174 S9.969
3 365 0 7.661 0 14.767 2,563 47 31 124 25.564
9 355 0 10.945 0 18.,41& 2.314 4. IS 122 32.778
10 232 0 3.310 0 7.723 1.484 0 0 71 1).320
11 1)0 I) 3.339 0 6.410 1,029 I. 3 42 11.034
12 1)) 0 2.218 0 5.941 1% 11 0 22 3,5 1I
I) 0 0 467 0 614 170 0 0 6 1213
14 0 3 414 0 966 527 45 7 3 1.990
1\+ 55 4 3S0 0 2.009 511 36 6 3 3.484

Total 9,032 1,341 1~.7S2 0 24504050 342" 21.8H 9.4'1 1282 5002·"7.
T"""", 3.129 5m 55.390 0 102.031 31.077 3,525 1,4n S40 199....9

o.wu. 2 (Cal<h '000,

'" . 11a lila IV. 1Vb< Via \oltbtik VI1ad... "'lid VIl1abde All Divisions

0 0 0 0 0 0 0 0 0 0 0
I 0 9 2 0 0 0 55 0 0 66
2 257 30 82 0 194 5.419 1.038 0 9 7.67.
3 3.61. 626 311 • .,537 10.11.16 1.173 113 214 13,571
4 2240 144 .65 0 1,75S 11.977 262 237 657 17.433
5 1.649 154 113 0 753 5.lll 74 113 430 8.479
6 1.114 93 5. 0 111 4.347 23 2'6 S02 7.646
7 1,048 24 61 0 376 2,563 8 39 14S 4._
3 71S 0 35 0 42 2&6 6 39 551 1.615
9 301 0 33 0 125 8SS 6 0 55. 2.379
10 334 0 20 0 34 569 I 0 352 1.360
11 257 11 12 0 42 286 3 153 193 961
12 210 0 11 0 0 0 I 0 93 315
I) 0 0 0 0 0 0 0 0 23 2.
14 33 3 0 0 0 0 5 0 26 72

IS+ 0 3 5 0 0 0 4 0 9 22
Total 12.361 1.146 91S 2 6210 42.776 2.661 .31 4,4.'09 71.S60

T..... 5.480 453 311 12 2246 15.331 425 448 2.092 26.7'1"

Qow= 3 (Cateh '(00)

'" 11a lila "'. ".... Via VII k VIIad.. \lUd VII....,. AßDiYisions
0 0 0 0 0 969 0 0 0 0 %9
I 34 53 2.399 UM 35.3<'3 269 4)1 4 0 40.379
2 a.a5S 482 14.090 814 19.92S 5.101 4.742 23 0 S4.0?o8
3 48.903 3.790 37.007 683 3.4<)8 2.9t1'L,) 216 23 I 101.951
4 51,56. 371 31.732 230 1.412 32 0 6 2 87.915
5 27.874 919 19.689 1 ~71 403 0 2 I 49,410
6 16.042 563 10.324 32 5022 0 0 I 2 27.481
7 13.737 143 102'10 31 61S 0 0 0 2 29.389
8 8.819 0 4.864 64 IS.3 0 0 0 2 13.%1
9 3291 0 4,947 0 209 0 0 0 2 1).449
10 2.604 0 1.169 0 40 0 0 0 I 3.314
11 2.0ll0 65 401 0 72 0 0 0 I 2.626
12 3.435 0 4.0150 0 24 0 0 0 0 7.4M
Il 38. 0 409 0 40 0 0 0 0 839
14 0 U 3& 0 0 0 0 0 0 103

1\+ 688 20 699 0 16 0 0 0 0 1.423
Total 200.".32 6.932 142.138 3.1.2 6&,325 8.765 5.339 71 14 435.353

T..... 93.772 2,741 63.117 859 11.I26 1.620 1,093 20 6 176.414

0uarter4 (CaU:-h 'OlJO
,..". Da lila "'. IV.... Via Vllbcik VDaofd> Vlld VII....,. All Div'lsJons

0 0 0 0 0 0 0 2263 0 3.861 6.129
I 0 47 2.316 S,7.5 5.778 6.05. 26.188 2.3JO 1.041 49,554
2 63 429 25,558 2.829 10.150 5,512 312.57 2.309 45-9 78,571
3 535 3.314 53.621 1.754 13.461 7.623 IH,;,; 2.411 12 108,534
4 642 776 39.605 342 4.319 \,531 4349 744 23 52,8.2
5 273 827 24.014 51 1,541 334 1.029 79 U 23.164
6 121 SOl 13.3'3 141 483 104 716 47 14 15,531
7 163 121 13.773 4S7 110 178 542 9 29 15.452
8 114 0 7,514 0 25 15 738 0 19 8.425
9 32 0 4.",24 0 92 0 3tl6 0 20 5.023
10 41 0 4.213 0 30 30 104 11 10 4.499
11 21 53 1.316 0 3 0 133 9 3 1,552
12 47 0 2.1CKl 0 16 0 3 0 3 2,260
I) 3 0 317 0 3 42 5 0 I 375
14 0 13 279 0 0 17 0 0 I 311

IS+ 4 13 419 0 0 0 0 0 I 441
Total 2.173 6.111 198.007 11.375 41.686 21.450 33.364 7,970 5,511 377.713

T.....' - 2.440 83.31. 2,541 11.794 52.51 17,551 2.129 518 127.103

1·4 (Catcb '00(1)

"'.. lla lila IVa "....
Via VlIbcik Vllac12b VUd VUlab<k All Divisions

0 0 0 0 0 969 0 2263 0 3.861 7.098
I SO 120 4.811 7.616 41.269 6.354 27.111 2.313 1.042 90.826
2 9.95S 1.01l 42.088 3.643 31,5% 16.370 45.421 5.689 435 158.331
3 56.ISO 8523 \16.884 2.443 62.389 42.306 26.78S 7.413 395 323289
4 58M7 1.%0 96.226 622 62.011 35.361 6.&24 1.314 942 263.816
5 3O.9M 2.09. 66.,515 52 46.321 22.Ml 1.721 406 641 171.368
6 17.889 1,26S 34.360 180 22.38. 12.631 989 401 650 91262
7 20.626 322 42.109 488 34.862 10.153 606 62 951 110.179
3 10.072 0 20.014 64 14.987 2.869 792 71 696 49.625

• 9528 0 20.448 0 18.344 3.729 ),61 15 703 S3.629
10 3210 0 9,223 0 7.927 2.083 104 11 434 22.993
11 2.41\9 147 5.124 0 6~32 1.314 154 170 244 16.174
12 3.82S 0 3.454 0 S.<HH 1% 15 0 118 18,590
I) 391 0 1.193 0 677 212 5 0 35 2,520
14 38 34 301 0 %7 544 50 7 35 2.416

1S+ 741 45 1.981 0 2.026 511 41 6 13 S.369
Total 223.9'<08 ISSA9 470.812 15.170 ~~1.746 157.291 113,241 13.soo 112.52 1.387.604

T...... 10~.37S 6.164 20l.2S7 .3.418 BO.14' 53.279 22 ....Q4 4,07. 3.156 529.464
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Table 2.8.2

l,... • ~ ••

Catch in numbers ('000) at age by quarter and by Division for mackerel in sub-divisions VIIIC & lXa in 1996.. .

•

Quaner 1
A2e Vll1e 1Xa All Divisions

0 0 0 0
1 9,417 492 9.909
2 411 862 1,273
3 3.405 914 4.320
4 5.573 495 6,069
5 1.428 66 1,494
6 931 35 965
7 1.735 59 1.794
8 1.052 37 1.089
9 1.080 20 1.099
10 507 13 521
11 388 6 394
12 165 5 171
13 27 2 29
14 47 0 48
15+ 40 1 40

Total 26,207 3,008 29,215
TOllMs 7.037 732 7,769

Ouaner3
A2e 'lIDe lXa All Divisions
0 0 18.506 18.506
1 6,551 1.952 8.503
2 5.121 872 5.993
3 850 495 1.345
4 303 505 809
5 56 186 242
6 25 203 228
7 36 141 177
8 16 238 254
9 12 210 221
10 5 55 60
11 3 9 12
12 1 0 1
\3,. 0 0 0
14 0 0 0
15+ 0 0 0

Total 12.980 23.372 36.352
Tonnes 2.074 2.343 4.417

Quaner 1-4
Ape Vllle IXa All Divisions
0 690 30.168 30.858
1 23.902 5.124 29.026
2 7.616 2.935 10.551
3 7.636 2.441 10.077
4 \3,620 1.687 15.307
5 5.840 460 6.300
6 4,650 391 5.041
7 9.100 552 9,652
8 5.671 516 6.187
9 5.741 431 6.172
10 2.600 211 2.811
11 2.089 89 2.179
12 885 54 939
13 190 17 208
14 245 6 251

15+ 286 9 295
Total 90.762 45091 135,853
Ton~s 28.384 5.737 34.121
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Quaner2
A2e Vllle IXa All Divisions

0 0 0 0
1 7.049 1,544 8.593
2 1.776 992 2.768
3 3.226 952 4.178
4 7.559 622 8.181
5 4.296 187 4,483
6 3.656 \33 3.789
7 7.252 339 7.591
8 4.555 234 4.789
9 4.591 195 4.786
10 2,038 140 2,178
11 1.658 73 1,731
12 703 49 751
13 156 15 171
14 192 5 198
15+ 219 9 228

Total 48,926 5,488 54,414
Tonne~ 18.713 \,496 20.209

,

Quaner4
A2e VIDe IXa All Divisions

0 690 1\,662 12.351
1 885 1.\36 2.021
2 308 209 517
3 155 79 234
4 185 64 249
5 59 22 81
6 38 20 59
7 77 12 89
8 48 7 55
9 59 6 65
10 50 3 52
11 40 2 42
12 16 0 16
13 7 0 7
14 5 0 5
15+ 27 0 27

Total 2.649 13.223 15.872
Tonne~ 560 1.166 \,726



Table2.8.3
"

Lengtb (cm) at age by quaner and by Division for mackerel in sulHiivisions ll-VllI in 1996.

0uI ,..1,..,.. IIlI UIlI 1\'. IV"" VlA \'Ub<jk VIJ.d" VlId VUlabde AU DiviS'oDS
0 0 0 0 0 0 0 0 0 0 0,0
I 21,6 23 226 0 22.6 22.5 212 21.5 29.5 218
2 296 306 30,2 0 30.5 21,3 27S 28 323 28,5

3 31,6 338 332 0 33.1 329 29.8 299 34.3 326
4 34.7 366 35,2 0 35,2 35,2 329 323 36 35.1
5 36 379 363 0 36.4 36.6 335 32,6 38.2 36.•

6 37 I 393 37,4 0 378 388 349 35 393 37.8
7 38.7 399 39 0 389 391 35,1 339 40 38,9
8 389 0 39,7 0 395 40.2 366 373 402 396
9 39.8 0 405 0 40.4 41 353 34.1 40,7 404
10 408 0 41.1 0 40,5 40,8 0 0 41,4 40.7
11 30S 425 40.9 0 41 4\.3 365 365 42\ 409
12 42,2 0 41.8 0 419 417 38.S 0 431 41,9

13 0 0 42,7 0 4H 444 0 0 441 431
14 0 4.l5 42 0 4L7 45.8 345 345 45.1 42.7

15+ 431 444 429 0 42,5 424 36.5 36 S 448 425
AJI ..... 34,9 3S1 .36.9 0 37 362 29.3 29.6 385 36.3

2
lIa ll10 I'oa IV"" VIlI VUb<'ik Vfi.ar'hzb VlId VUI>hd< All Di:vhiew;

0 0 0 0 0 0 0 0 0 0 0.0
I 0 23 21,6 0 0 0 21,2 0 0 21,5
2 302 30,6 29.6 315 n5 325 21.5 0 338 317
3 33.1 33.8 326 342 3S 3 3S,3 29.8 36.2 361 344
4 35.8 366 34.6 3S8 36,7 367 329 36,2 36,7 36S
5 37.7 379 36 363 37.3 373 336 38,8 38,7 374
6 3. 393 37 377 39,2 392 351 39,2 39,7 392
7 40,1 399 38,7 384 39.4 39,4 3S9 37.5 40,5 39,7
8 41,2 0 389 38 40S 40.5 37,2 385 40,7 408
9 40,8 0 397 40,4 408 40,8 36,1 0 41 40.8
10 414 0 40,6 416 40 40 417 0 41.7 40,8
11 43 425 394 41.4 40S 40.5 37,2 415 424 4\.7
12 41,6 0 42,1 0 409 0 39,6 0 428 420
13 0 0 0 0 404 0 43,9 0 44 440
14 41.3 43.S 0 0 38.4 0 34.6 0 44,2 41.9

15+ 0 44.4 43.2 0 40 0 365 0 43,8 423
AJI .... 36.8 35,1 347 349 365 36 S 29.3 38,3 39,8 3•. 5

0uI ...3
A.. IIlI Dill I\a 1'01>< \1lI V 'k VIJad VUd VlIl..abde AU Divisions
0 0 0 0 0 17.2 0 0 0 0 17.2
I 295 23 243 28,. 257 27 28 28,7 0 25,8
2 31.1 30. 31.3 305 294 28,3 28.8 305 0 30.1
3 34 338 34 319 31,5 30,3 325 33.2 36,1 33,7
4 3S.6 36.• 3S 5 34 348 3S5 0 34,8 36,7 3S5
5 373 379 37 363 3.9 33.8 0 36.6 387 372
6 384 393 38 346 38.3 0 0 368 39,7 38.3
7 39,4 399 39 345 387 0 0 365 405 39,2
8 402 0 397 37 39 0 0 0 40.7 40,0
9 40,1 0 40,\ 0 3" 0 0 0 41 40,1
10 40,7 0 401 0 403 0 0 33.5 41.7 40.5
11 418 425 41 0 417 0 0 36.5 42,4 41-7
12 41,9 0 4L8 0 3' 5 0 0 0 0 4\.9
B 394 0 41.7 0 41.9 0 0 0 0 40,6
14 0 43.5 448 0 0 0 0 0 0 446
15+ 42' 44.4 428 0 43.5 0 0 0 43.S 429

AJI .... 365 3S 1 357 30,2 28 29,2 28,9 32,2 39.7 346

Du. ... 4
Mo IIlI IIIl1 IVa (',be; VIlI V1'hcJk VIlad2h VlId VIII>hd< AU Divisions
0 0 0 0 0 0 0 20,6 0 21 20.
I 0 23 296 28.8 296 28,3 27 294 268 27,9
2 31.3 306 322 307 313 31 29.5 312 28 307
3 34 338 344 32.3 33,4 334 32 334 328 337
4 3S.5 36,6 350 36.5 34,7 348 34 3S 3 36S 35.4
5 3.,7 37. 36.7 322 348 35.6 371 36S 387 366
6 378 393 383 3S.5 3.,2 37 37 368 397 38 I
7 38,7 399 38.7 369 38.4 35,2 39.6 36S 40,1 387
8 394 0 396 38 385 38,5 398 0 40,7 396

• 399 0 399 40.4 374 0 381 0 41 398
10 406 0 411 41.6 38.8 39 337 335 421 409
11 40 425 415 41.4 41.2 0 372 36S 422 411
12 415 0 41.1 30S 42 0 365 0 423 411
B ,.4 0 418 40S 408 369 385 0 445 412
14 0 435 431 0 38,5 37S 0 0 438 42,8

15+ 444 44.4 429 0 422 0 0 0 435 4].0
AJI .... 361 35,1 3S 8 30.5 326 315 295 318 232 334

(}ow 1-4
Ag< IIlI IIIl1 IVa IVbe; VIlI VIltw:'1k Vllad V1ld VU.- All Divi~ioos
0 0 0 0 0 172 0 20,6 0 21 20.4
I 27 23 26.8 28.7 262 282 269 29.2 268 269
2 31 30.6 31,8 107 30\ 10,6 289 291 282 30.3
3 33,9 13.8 34 32.2 33 334 311 312 151 114
4 356 366 3S S ~S4 3S2 3S 7 336 34 '365 3S 4, 373 37.9 ~66 323 364 367 3'7 3'2 386 367
6 38.4 39.3 379 H3 378 389 366 38 I )Q,6 38.1

7 394 399 389 367 389 391 391 366 404 39,0

8 402 0 197 37 19S 40.2 19,6 38 40,6 398
9 401 0 403 404 404 409 377 .34 I 41 403
10 408 0 41 416 40S 40S 338 33S 417 407
11 418 42 S 41 414 41 411 371 412 423 411
12 41.9 0 41.6 30S 419 41,7 38.1 0 42,8 418
13 194 0 42,1 40,5 4l 429 38 S 0 44 420
14 413 4l S 427 0 417 4» 34 S 34S 444 42,7
15+ 429 444 429 0 4,26 424 ~6,S 36,S 44 42.7

All .. ~fl4 3S I ;\61 ~O4 348 3' 3 294 31 31 S 3.5.0
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Table2.8.4 Length [ern) at age by quarter and by Division for maekerel in sub-divisions VllIC & IXa in 1996.

Quarter I
Age Vlllc IXa All Divisions

0 0 0 0
I 22.1 23.9 22.2
2 32.4 3 \.4 3 \.7
3 33.6 33 33.4
4 35.1 34.1 35
5 37.5 36.1 37.5
6 39 37.1 38.9
7 39.7 38.4 39.7
8 40.4 38.9 40.3
9 41 40,4 41
10 418 4\.8 4\.8
11 4 \.9 42.6 4 \.9
12 42.2 42.9 42.2
13 43.8 44.6 439
14 43.7 45.5 43.7

15+ 438 47.1 43.8
All a~es 31.5 3 \.7 3\.6

Ouaner3
A~e VUlc IXa All Divisions

0 0 19.6 19,6
I 27.6 27.7 27.6
2 28.2 29.7 28.4
3 31 34.8 32.4
4 35 35.9 356
5 36.7 36.9 36,8
6 37.6 38.4 38.3
7 38.3 39 38,9

8 38.9 4\.5 4\.3
9 39.5 40.3 40.2
10 39.2 40.5 40.4
11 40.3 4\.5 4\.2
12 40.7 45.4 4\.3
13 44.3 49.5 46.5
14 43.6 0 436

15+ 44.3 0 44.3
All a~es 28.4 22.2 244

Quaner 1-4
A~e Vlllc \Xa All Divisions

0 21.4 20.6 20,6
1 25.2 26,9 25.5
2 28.5 30.4 29
3 33.5 33.4 33.5
4 35,6 34.9 35.5
5 38.3 368 38.2
6 39.4 38.1 39.3
7 39,9 38.9 398
8 40.4 40.5 40.4
9 40.9 40.5 40.9
10 41.8 4\.7 4\.8
tI 4\.8 42,8 4\.9
12 42.2 42.9 42.2
13 44.3 44.3 44.3
14 43.7 45.2 43.7

15+ 44.5 448 44.5
A1132es 33,9 24,3 30.7
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Ouarter2
A~e Vlllc \Xa All Divisions

0 0 0 0
I 26,5 258 26,4
2 28.3 30.1 28.9
3 34.1 33.1 33.9
4 36 34.7 359
5 38.6 37 38.5
6 39.5 37.9 39.5
7 39.9 38.9 399
8 40.4 39.8 40.4
9 40.9 40.8 40,9
10 4 \.7 42.1 4\.8
tI 4 \.7 42.9 4\.8
12 42.1 42.9 42.2
13 44.4 44.3 44.4
14 43.7 45.2 43.7

15+ 44.4 446 44.4
All a~es 36.8 32.4 36.3

Ouaner4
A~e VIllc IXa All Divisions
0 2 \.4 22.1 22.1
1 28.6 28.6 286
2 28.9 30.2 29.4
3 32.7 34.5 33.3
4 35.4 36 35.5
5 37.9 36.7 37.5
6 39,2 38.2 38.9
7 39.9 39.1 398
8 40.6 40 40.5
9 4\.6 40,3 4 \.4
10 43.1 43.5 43.2
11 43,6 42,6 43,6
12 43.3 46.5 43.3
13 44.9 0 44.9
14 43.8 0 43.8

15+ 46.8 0 46,8
All a~es 29.5 23 241



Table2..S.5
,

Weighl (g) alage by quarter and by Division for mackerei in sub-divisions II-VllI in 1996.

Qua=1
A.. Ua llia IV. "'1><: Via VI ·k VIIad... Vlld VllloMe All Divisions

0 0 0 0 0 0 0 0 0 0 0
I 54 101 77 0 75 62 59 59 177 60
2 173 257 2QS 0 211 IlS 131 132 242 15<>
3 252 352 239 0 277 252 167 160 296 257
4 322 436 353 0 342 320 225 200 342 337
S 330 473 393 0 383 368 Ha 207 414 335
6 425 546 440 0 437 463 268 253 4SO 443
7 497 544 S08 0 437 473 271 230 414 491

3 S07 0 542 0 SI9 S3S 315 312 4S6 527
9 547 0 sn 0 SS6 SM 279 236 S02 5<>2
10 S'i4 0 603 0 567 S72 0 0 533 S80
11 S.17 6'8 S'i4 0 S3S S34 303 233 563 586
12 - 0 643 0 6~S S94 4l)4 0 603 637
13 0 0 6~1 0 690 7S1 0 0 64S 698
14 0 6SO 65<> 0 632 317 257 143 693 677

IS+ n4 723 693 0 614 603 302 288 63S 675
AO ~7 ~~s 430 0 420 368 16t 156 429 3%

2
AR< Ua lila "'. 1\1><: Via VlIbcik Vlladllb \1Id VlIlabd< All Divisions
0 0 0 0 0 0 0 0 0 0 0
I 0 101 S8 0 0 0 S9 0 0 65
2 241 257 173 217 227 227 130 0 277 214
3 317 3S2 252 311 )(16 306 I.S :;'6 342 301
4 398 4" 322 360 35<> 356 223 3SO 362 360
5 4S7 413 3SO 379 397 397 237 449 423 411
6 S03 546 425 4,30 4~ 454 271 439 462 463
7 S60 544 495 4SS 434 434 300 459 490 SOl
8 616 0 SOS 441 SI3 SI8 336 469 499 S51
9 S39 0 543 S4Q SOl SOl 306 0 511 sn
10 610 0 588 S92 514 514 543 0 542 546
11 703 638 S30 5.8 416 416 331 S96 510 S77
12 S39 0 663 0 513 0 413 0 537 S91
13 0 0 0 0 SS7 0 635 0 640 640
14 572 680 0 0 4'6 0 257 0 651 531

15+ 0 n3 731 0 S37 0 301 0 629 S99
AO .... 443 39S ~ 336 358 353 160 4S2 469 373

3
A<. 11a lila IV. 1\1><: Via Vllbcik 'iUxI vnd VIUabd< All Divisions

0 0 0 0 0 II 0 0 0 0 33
I 201 101 107 189 Il< 141 I.S 196 0 135
2 269 2.'3 279 231 213 172 207 237 0 236
3 3.3 3S2 367 2S4 276 191 317 303 341 3S1
4 431 _H6 411 1lI 390 327 0 3SS 361 427
5 483 413 489 442 466 266 0 410 428 486
6 544 546 SlS 306 523 0 0 419 462 540
7 S81 544 S34 312 541 0 0 402 491 S31
8 607 0 611 412 SS7 0 0 0 499 607
9 .~ 0 ti'lO 0 "10 0 0 0 SII 642
10 660 0 631 0 613 0 0 311 543 6S1
11 707 6.~8 616 0 694 0 0 4tl2 S7I 700
12 720 0 097 0 577 0 0 0 0 707
II 592 0 63. 0 70~ 0 0 0 0 64S
14 0 680 791 0 0 0 0 0 0 730

IS+ ny 723 742 0 790 0 0 0 614 760
AO os 468 3~S ... 216 192 I8S 203 283 467 4tlS

Qua ,.4

AR< lla lila IVa 1\1><: VIa Vlfhcik \'Ilart2h V1ld VULatde All DivisiOGS

0 0 0 0 0 0 0 S6 0 60 S9
I 0 101 209 132 19~ 165 IS3 190 IlS 167
2 292 258 303 219 2.l6 225 201 246 159 243
3 371 3S2 36S 267 304 291 263 31. 2.'8 312
4 421 41. 410 388 3S1 337 318 38l 354 395
S 477 4'8 4Sl 411 3S8 363 41S 40S 4~8 ...
6 S14 546 525 ~ 422 417 419 419 462 514
7 563 544 54S 401 SIO 359 S23 402 478 Sl8
8 S9S 0 S83 S'4 542 478 S06 0 498 SI.
9 617 0 60S 631 4S9 0 432 0 Sll 591
10 653 0 .57 691 503 500 30.3 311 SS7 ...
11 632 b,l8 681 675 676 0 3% 402 5<>2 6S2
12 701 0 641 S80 66l 0 392 0 S66 642
II 5~3 0 711 6;0 6SS 418 4&8 0 661 672
14 0 680 7350 0 450 4,~6 0 0 632 716

IS+ 820 728 750 0 783 0 0 0 ... 749
AO .... 457 19S 425 223 283 245 210 267 94 lJ7

Ouar 1-4,... lla lila IV. 1\1><: lila lillbck \ Daef2h V1ld lillloMe AU Divis1clb!;

0 0 0 0 0 33 0 56 0 60 SS
I ISS 101 15<> 134 142 164 IS2 188 IJS IS2
2 2.1 258 289 222 220 207 187 179 164 229
3 354 3S2 352 2.3 28. 269 224 1lS 322 314
4 427 41. 401 363 344 331 234 292 3<6 380
5 482 478 44' 432 389 312 ~ 117 425 426
6 538 546 500 3~ 440 462 386 4;6 - 486

7 518 544 S39 395 488 474 497 400 487 522
8 604 0 574 412 510 SB 491 41)1) 497 SS8
9 .... 1 0 594 S72 5$6 SSO .... 236 SIQ !>8J
10 MO 0 6" 634 S66 s!>s lOS 311 541 602
11 .9' ... 62~ 608 >&, """ '" 580 56'9 ."
12 710 0 ""8 S80 6,3S 5... 402 0 590 ""5
Il ~92 0 .95 630 690 63S 489 0 642 676
14 572 680 6~ 0 632 80S 257 141 601 683

1S+ 77S 728 72" 0 67S 66l 301 2g8 643 703
AO .... "'1 395 4>2 22" l"" 3" 200 220 2.0 :-82
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Table 2.8.6 Weight (g) at age by quarter and by Division for mackerel in sub-divisions vrnc & IXa in 1996.

Ouarter 1
Al!e VIDe lXa All Divisions
0 0 0 0
1 72 96 73
2 241 231 234
3 270 260 268
4 312 287 310
5 387 352 385
6 436 388 434
7 460 433 459
8 485 455 484
9 508 512 508
10 541 569 542
11 547 603 548
12 560 624 562
13 629 709 634
14 622 741 623

15+ 626 843 630
All al!es 263 243 261

Ouarter3
Age VIDe IXa All Divisions
0 0 50 50
I 145 155 147
2 154 207 162
3 209 345 259
4 308 381 354
5 356 424 408
6 387 489 477
7 409 515 494
8 428 651 637
9 450 579 572
10 440 590 577
11 481 ' 643 603
12 494 888 547
13 651 1,202 888
14 618 0 618

',-15+ 651 0 651
All ages 160 100 121

Ouarter 1-4
Al!e VIDe IXa All Divisions
0 65 59 59
1 111 142 117
2 161 213 175
3 269 281 272
4 326 327 326
5 411 396 410
6 450 454 450
7 466 467 466
8 487 562 493
9 507 551 510
10 542 584 545 .
11 543 619 546
12 557 621 561
13 652 696 656
14 623 719 626

15+ 662 706 663
All al!es 312 127 251
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Ouarter2
Age VIDe IXa All Divisions
0 0 0 0
1 126 118 125
2 158 201 174
3 286 264 281
4 336 307 334
5 420 381 419
6· 454 415 452
7 468 451 467
8 487 489 487
9 506 524 507
10 541 579 543
11 541 614 544
12 556 620 560
13 656 692 659
14 624 717 626

15+ 655 695 656
All al!es 384 273 373

Ouarter4
Age Vllie IXa All Divisions
0 65 72 71
1 162 174 169
2 167 215 186
3 250 339 280
4 318 390 336
5 396 417 402
6 440 481 455
7 466 523 474
8 490 568 501
9 529 582 534
10 596 765 604
11 616 712 620
12 600 963 600
13 670 ·0 670
14 620 0 620

15+ 770 0 770
Allages 212 88 109



Table 2.8.7 Catch numbers ('000) at age of the Southern MackereI.

AGElYEAR 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
0 287,887 81,221 30,419 4,927 54,829 40,961 18,896 5,118 41,728 6,234 24,899 11,027 30,858
1 15,285 30,856 27,323 16,783 46,960 21,433 31,935 11,339 8,634 13,484 2,876 7,436 29,026
2 3,788 3,046 13,324 8,040 4,347 5,880 7,518 9,842 5,372 7,549 7,650 5,870 10,551
3 8,599 1,934 4,862 10,580 6,652 4,360 2,662 11,552 8,889 2,477 7,949 9,249 10,077
4 4,679 10,506 5,402 4,660 9,719 4,159 2,876 12,671 5,482 10,810 7,920 6,757 15,307
5 6,475 3,333 13,251 9,464 3,220 6,010 4,683 6,813 7,813 4,435 13,126 5,069 6,300
6 1,643 2,050 3,727 7,019 5,588 2,767 6,615 4,136 3,430 8,242 9,425 7,255 5,041

" .. 7 . . 931
'0

.722 377 1,707 .• 12,975 4,106 1,929, , 5,609. 2,060 • .4,352 • 6,608 .,6,907 9,652.
" -

8 1,583 524 1,522 1,818 5,610 5,532 4,718 1,337 2,908 2,106 2,899 6,944 6,187
9 1,540 1,024 638 1,082 1,824 1,581 5,468 1,405 868 2,260 2.735 3,759 6,172
10 608 941 525 1,626 543 819 1,532 2,899 1,053 1.424 1,393 2,611 2,811
11 732 775 198 917 291 334 697 523 1,186 917 957 2,226 2,179
12 348 528 3,224 483 764 291 596 56 428 542 623 1,243 939
13 500 364 1,714 461 716 292 58 111 195 643 275 644 208
14 360 313 0 115 125 85 137 79 14 279 336 642 251

15+ 4 558 3,237 241 940 346 145 361 68 1,183 148 623 295
TOTAL 334,962 138,694 109,745 69.921 155,105 98,956 90,465 73,851 90.128 66,937 89,819 78,261 135,853
CATClI(t) 20,308 18,111 24,789 22,187 24,773 18,321 21,312 20,781 18,046 19.719 25,045 27,549 34,121
SOP (t) 20,045 17,833 25,378 23,026 24,931 18,358 20,852 20,724 17.993 19.704 25.107 27,518 34,060
% 99 98 102 104 101 100 98 100 100 100 100 100 100

Table 2.8.8 Catch weights at age (kg) for the Southern MackereI.

AGElYEAR 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
0 0.031 0.055 0.063 0.089 0.055 .0.042 0.092 0.075 0.051 0.077 0.046 0.071 0.059
1 0.059 0.092 0.122 0.183 0.081 0.100 0.118 0.160 0.190 0.116 0.167 0.160 0.117
2 0.228 0.189 0.249 0.251 0.218 0.197 0.207 0.208 0.265 0.200 0.205 0.246 0.175
3 0.248 0.299 0.289 0.291 0.251 0.267 0.256 0.242 0.279 0.307 0.262 0.303 0.272
4 0.303 0.339 0.390 0.398 0.286 0.357 0.310 0.294 0.325 0.326 0.352 0.370 0.326
5 0.344 0.408 0.401 0.442 0.326 0.392 0.365 0.333 0.366 0.360 0.379 0.409 0.410
6 0.378 0.484 0.404 0.474 0.342 0.472 0.401 0.400 0.404 0.401 0.422 0.443 0.450
7 0.392 0.502 0.567 0.560 0.388 0.499 0.475 0.439 0.435 0.443 0.457 0.478 0.466
8 0.457 0.593 0.512 0.602 0.395 0.511 0.494 0.485 0.463 0.469 0.498 0.507 0.493
9 0.451 0.596 0.417 0.638 0.406 0.544 0.525 0.508 0.480 0.499 0.525 0.530 0.510
10 0.441 0.609 0.567 0.624 0.480 0.545 0.507 0.521 0.537 0.491 0.536 0.556 0.545
11 0.465 0.607 0.649 0.652 0.494 0.591 0.565 0.517 0.544 0.518 0.579 0.560 0.546
12 0.345 0.646 0.528 0.449 0.492 0.565 0.540 0.746 0.595 0.597 0.626 0.619 0.561
13 0.406 0.636 0.526 0.519 0.543 0.626 0.729 0.674 0.523 0.590 0.629 0.657 0.656
14 0.504 0.679 0.000 0.663 0.549 0.579 0.553 0.667 0.718 0.578 0.625 0.616 0.626
15+ 0.708 0.667 0.679 0.769 0.567 0.735 0.724 0.720 0.708 0.744 0.722 0.675 0.663

0·15+ 0.060 0.153 0.286 0.329 0.161 0.186 0.231 0.281 0.200 0.294 0.280 0.352 0.251
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Figure 2.4.1 Juvenile Mackerel catch rates: Quarter 4 1996
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Figure 2.4.2 Juvenile Mackerel catch rates: Quarter 11997
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Figure 2.4.3. Mackerel juvenile distributions (age 0) 1993-96
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Figure 2.4.3 (cant.) Mackerel juvenile distribution at age 0 1989·92.
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Figure 2.4.4 Juvenile mackerel distributions age 11994-97
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Figure 2.4.4 (cant.) Juvenile mackerel distributions at age 11990-1993
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Figure 2.4.4 (cont) Juvenile mackerel distributions age 11986·89
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Figure 2.4.5 The time series of ICA estimated recruitments and the indices of abundance
from the Scottish 1st quarter groundfish survey before and after the addition
of the North sea index of 1year old mackerei in 1996
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Figure 2.4.6 The time series of ICA estimated recruitments and the indices of
age 1 catch per unit effort trom the La Coruna fleet
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Figure 2.9 The age composition of the western mackerel in the international catches from 1985-1995.
Age 12 is a plus group.
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3 NORTH SEA, WESTERN AND SOUTHERN l\IACKEREL (DIVISIONS na, IDa, IVa-c, Vb,
VIa-b, VIIa-k, VIna,b,c,e AND IXa)

3.1 North Sea Mackerel

3.1.1 Fishery independe~tinformation from egg surveys

An egg survey ofthe North Sea was carried out in 1996, the flrst 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. Tbe limited
coverage resulted in some egg production being missed on the flrst survey. A total seasonal production of stage 1
eggs of S9 x 1012 was calculated equivalent to a SSB of 84,000 t. Using a mean atresia correction of 11.6%, from
the western area, increases the estimate of SSB to 110,000 1. .

3.1.2 Recruitment

For the flfst time in many years there was mackerel juvenile in the North Sea and Skagerrak during the autumn
1996 (O-group) and in 1997 (l-group). Tbe origin ofthis mackerel is at present unclear. Preliminary results trom
genetic studies indicate that the fish might have mixed origins (Nesboe et ale WO, 1997). Also the abundance
index ofthe 1996 year dass as preliminary calculated from the North Sea International Young Fish Survey, flfst
quarter of 1997, is very high (Table 3.1.1).

3.1.3 Assessment

Tbe estimated SSB trom the egg surveys in 1996 was 110,000 1. Tbere seemed to be a slight increase in the SSB
since the estimate of 78,000 t based on the surveys in 1990 (Table 3.1.2). This estimate was not adjusted for
atresia so it might compare ~th the unadjusted estimaie in 1996 of 84,000 t.

3.1.4 Management measüres and considerations,

Tbe Working Group still c~nsiders the North Sea mackerel to be severely depleted. Tberefore the North Sea
mackerel still need maximum proteetion until the spawning stock show evidence of recovery, while at the same
time allowing flshing on the western and southern mackerel.

ACFM has for several years recommended the c10sure of Division IVa for fishing during the flfSt half of the year
until the Western Mackerel stock enter the North Sea in July early August to stay there untillate Deceinber and
in January the following year. Tbere are restrictions for fishing in the North Sea and this has particularly during
the frrst quarter resulted in large scale misreporting from the Northern part of the North Sea (Division IVa) to
Division VIa. To allow a fishery during the frrst quarter inight solve the misreporting problem. However, this
would have implications for North Sea mackerel in this area.

Tbe Working Group endorses the recommeridations made by ACFM for several years:

Tbere should be no flshiog for mackerel in Divisions lila and lVb,c at any time ofthe year;

Tbere should be no flshing for mackerel in Division IVa during the period 1 January-31 July;

Tbe 30 cm minimum landing size at present in force in Sub-area IV should be maintained.

Tbe c10sure ofthe mackerel flshery in Divisions lVb,c and lila the whole year will protect the North Sea stock in
this area and the juvenile Western flsh which are mimerous particularly in Division lVb,c during the second half
of the year. Tbis c10sure haS unfortunately resulted in increased discards of mackerel in the non-directed fisheries
in the these area as vessels at present are permitted to take only 10% of their catch as mackerel by-catch. No data
on the actual size of mackerel by-catch have been available for the Working Group concerning 1996 but the
reported landings of Mackerel in Divisions lila and lVb,c for 1996 might be seriously under-estimated due to
discarded by-catch.
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3.2 Western l\lackerel

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

3.2.1 Fishery independent information

Tbe Egg Survey Working Group recornrnended,that the time series ofspawning stock biomasses used for fitting
of the ICA separable VPA models to the Western arid North East Atlantic catch data be revised io iake into
account significant between year variation in the rate of atresia (ICES 19971H:4). Tbe effect ofthe revisions on
the time senes is discussed Section 2.2, which also inc1udes a compleie time series of egg stirvey biomass
estimates (Table 2.2.1).

Overthe last few years a tiine series of catches from the CEFAS Western Approaches :&larch ground fish survey
has been utilised within an XSA llSsessment for companson with the ICA results. Tbe 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 investigaied, it was considered that this time series should be omitted from
the current analysis.

3.2.2 . Recruitment

Spatiai changes in the distributions of juvenile mackereI. have resulted in trends in the survey tiIiies series of
recruitment indices, these are discussed in Secticins 2.4 and 3.4.2.

3.2.3 MattiritY 3t age

Tbe assumptions made about maturity,bY the Working Group in previous years, were retained Withthe exception
of the reduced maturity at age 2 of the 1984 year class (see Secticin 1.4.3). Manirity at age is now constant for
each year ofthe assessment. Tbe values are given in the text table below:

AgeO

%0

1

8

2

60

3

90

4

97

5

97

6

99

7

100

8+

100

An estimatlon of the maturity ogive in 1998 Will be obtaim~d as part of the egg survey of the western area. In this
context sampIes will be laken over areas of predominantly juvenile distribution as weIl as on the spawning
grounds (see Section 13.1). SampIes Will be analysed by histological examination to proVide ämore accw-ate
estimate of the numbers of fish which Will actu3Ily spawn in that year (see Section 2.10).

3.2.4 Stock assessment

Tabies 3.2.i to 3.2.3 show the catches in number, mean weights at age in the catch and mean wdghts 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 inc1udes the all ofthe avmlable data from the years 1972-1996. In 1996,low saInple
numbers in the Dutch sampling scheme resulted in low,values forthe stock weightS atthe older ages. Weight at
age data available from the Irish catches in March arid April 1996 v.ere usedto estiniate new values for the older
ages. Tbis data set will be explored furthef dUring the next year in order to ev3Iuate its potential use in estimating
stock weights at age. Tbe catch at age data were screened using apreliminary ICA fit. Tbere were. no large
residuals or aberrant patterns, indicating selectlon pattern changes, Within the residuals from the fit to the recent
years.

ICA fits to the catch at age data and the egg prod~ction estimates were used to examine the reiationship between
the indices and the catch at age data asestimated bya 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 seIected in order to exchlde the 1985 catch
data, which includes a zero catch of Q.group. Tbe zero value introduces alarge residu3I to the analysis and its
omission from the model fit reduces the variance arid bias of the log catch residuals from the separable fit. In this
years assessment a terminal selection of 1.2 was used for both periods aS there is no evidence for a difference
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between the values estimated for the oldest ages. Both selection patterns were calculated relative to the reference
fishing mortality at age 5. .

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

subject to the constraints

Sls =S2s=1.0
SIll = S211 = 1.2

where

Nbar - mean exploited population abundance over the year.
N - population abundance on 1 January.
0- percentage maturity.
1\1 - natural mortality.
F - fishing mortality at age 5.
SI, S2 - selection at age over the time periods 198~1988 and 1989-1996, referenced to age 5.
J.. - weighting factor set to 0.1 for age 0, 1.0 for allother ages.
a,y - age and year subscripts.
PF, PM - proportion of fishing and natural mortality occurring before spawning.
EPB - Egg production estimates of mackere1 spawning biomass.
C - Catehes in num.ber at age and year.

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

3.2.5 Comments on the assessment

Mean F on ages 4-8 is estimated to have been 0.220 in 1996 and 0.294 in 1995 (4% lower than estimated in last
year's assessment (F9S =0.307). This results from both the addition of the new catch data and also the revisions
to the egg production estimates of spawning stock biomaSs. However, mean F over the period 1992 to 1995
(0.287) is unchanged. Since no new tuning data has been added to the assessment time series these results are
conditional on the assumption of a constant selection pattern during the last few years. The assessment for the
years after the last survey would be very sensitive to deviatioris from the historic selection pattern.

Figure 3.2.2 shows that whilst the yield remained relative1y stable between 1980 and 1990, the spawning stock
biomass increased slowly. This resulted from a sustained level of good recruitment. Between 1990 and 1993 the
yield and fishing mortality increased rapidly, they remained stable at a high level in 1994 and 1995, weIl ahove
the long term mean. Fishing mortality is estimated to have decreased in 1996. Since 1992 the SSB has declined
sharply, last years assessment estimated the SSB in 1995 to be at a historicallow of 2.12 million tonnes, just
below the estimate for 1994 (2.14). This years assessment has increased both estimates by 4% (1995: 2.25 and
1994: 2.21 million tonnes). The most recent estimate, at 2.13 million tonnes, is elose to the historicallow. 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.

The 1995 year c1ass was estimated to be extremely low by last years assessment, the revised 1995 ICA estimate is
for a year c1ass of average strength.
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3.2.6 Comparative asSeSsments

in previous years the lCA assessment was compared to the results from an XSA assessment tuned to the Western
Approaches ground fish survey and two simple biomass-dynamic models (lCES 1997/Assess:3, lCES
1995/Assess:2). No. comparative assessments have been made this year. Olle to the· spatial changes in the
distribution of mackerel affecting the ground fish survey it was considered that no runs of XSA should be made this
year Without an analysis ofthe effects ofdistributional changes 011 catchability.

3.2.7 Consequences oe using GA~1 estimates of egg production .

The Working Group has previously explored the sensitivity of the Western Mackerel assessment to the inethod
used to calculate estimates of egg production fromthe egg surveys: either the estimates calculated by the
traditional method, or estimates calculaied using aGAM approach (lCES 1997/Assess:3). The assessment was
foulld to be highly sensitive: Using the GAM-based stock size estimates and alloWing a proportional catchability
relationship for thesw-veys, a stock siie approximately 50% lower than the Working Group's conventiorial
assessment could plausibly be calculated. The ccincomit3.rit fishing moitaIity estimate was approximaiely 0.6
compared to 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 convenience Figure 3.2.5 has been reproduced from the comparison made previously and mentioned
above.

The Working Group notes With concern that a plausible alternative interPretation ofthe datil, using an alternative
striJetural model, leads to amuch lower perception of stock size.

3.3 Southem l\lackercl Component

3.3.1 Effort and eatch per uDit effort

.Table 3.3.1 shows tbe fishing effort data from Spanish and PortugiJese commerciai fleets. The table includes
Spanish effort of the hand-line fleets from Saniona and Santarider (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
shows the effort ofthe Aviles arid La Coruiia trawl fleets (Sub-divisionVIIIc Bast and Villc West) from 1983 to
1996 and the Vigo purse-seine fleet (Sub-division IXa North) from 1983 to. 1992 reir which mackerel is a by
catch. The Spanish trawl fleet effort corresponds to the iotal anIlual effort of the fleet for which demersal species
is the main target. Portuguese Mackerel effort frorri the trawl fleet (Sub-division IXa Central-North, Central
South and South) during 1988-1996 is also included and as in Spain mackerel is a by-catch.

Table 3.3.2 shows the CPUE corresponding to the fleets referred to in Tabie 3.3.1. The Spanish trawl fleets in
1996 showed again fluctuations in different trends compared With the ones from 1995, while the hand-line fleetS
are relatively stable, although a considerable increase was obser-ved for the fleet of Santarider in 1994 and 1995.
The Portuguese trawl fleet shows a relative stability. The catches per effort, expressed as the numbers fish at each
age group, for the various fleets is s~own in Table 3.3.3.

The senes of the Spanish CPUE of the commerCiai fleetS illdicate that there are seasonal. fluctuations in the
abundance of adults and juveniles mackerel in Division VIIIc and Subdivision IXa North and also confmn that
seasonal and spatial vanation of the fishery is related to the spatial variation of the abundance of this species in
that area (Villamor et aZ., in press).

. 3.3.2 Surveys

Mackerel egg surveys carried out in the Spanish and Portuguese area are discussed in Section 2.1.

Table 3.3.4 shows the numbers a.t age per half hour trawl fro~ the Spanish bottom trawi surveys from 1984 to
1995 in September-October and the numbers at age per hOuf trawl (* 1000) Porttiguese bottom trawl autUrrin
surveys from 1986 to 1995.
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Tbe two sets of auturnn surVcys covered Sub-divisions VIIIe East, vnIe West and IXa North (Spain) from 20
500 m depth lind Sub-divisions IXa Central North, Central South and South (portugal), from 20-750 m depth.
Tbe same sampling methodology was used in both surveys but there were differenees in the gear design.

Tbe data of the bottom trawl surveys indicate that mackereI were very scarce. Tbis may be explained because of
the gear used in these surveys, in which the main aiIit was to obtain the hake recruitment index, and also because
the season in which these surVeys are earried out is a time when abundance of the species is very low in this area
(Villamor et aL, submitted). Tbe eatches of these autumn surveys eonsist Inainly on juveniles, both on the
Spanish eoast and Portuguese cOaSt (Martins er al ap. cit).

3.4 North East Atlantic (NEA) Mackerel

3.4.1 Fishery independent information

As in previous years the western area egg survey estimates of spawning stock biomass since 1984 were raised by
15% to provide a spawning stock biomass series for the eombined stock. Tbe riUsing factor is based on the ratio
of the spawning stock biomass estimates for the two eomponents in the 1995 and 1992 surveys.

During the last few years a time series of eatches from the CEFAS Western Approaches March ground fish
survey has been utilised within an XSA assessment to provide a eomparison with the ICA results. Tbe survey was
eompleted in 1997, however, until the potential effects of changes in the spatial distribution of the mackerel
(Section 2.4) on the survey's eatchability have been investigated, it was eonsidered that this time series should be
omitted from the eurrent analysis.

3.4.2 Recroitment

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 ineorporated all
available assessment infomiation. Tbe results established that the index values have an increasing trend with
time, whereas the estimates of recruitment have recently been declining. Tbe diserepaney appears to have been
eaused by variation in the spatial distribution of juvenile mackerel (Section 2.4). Until the eauses of the change
are investigated further, the series ean only be used qualitatively. In the present assessment the first quarter
Scottish ground fish survey lind the La Coruiia age 1 CPUE time series have been used as qualitative measures of
the abundance ofthe 1995 and 1996 year classes (Figures 2.4.5 and 2.4.6).

3.4.3 Combining data .~

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

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

Weights in the stock and maturity ogives were obiained as averages weighted by the relative proportion of the
egg production spawning stock biomass within the respective areas. For the North Sea spawners, the biomass
estimates by egg surveys since 1984 range from 37 to 133 thousand tonnes (ICES 1989/Assess:?), which
eorresponds to approximately 1.5% to 4.5% of the eombined North Sea and western spawners. Thus, for
eombining the North Sea and westerri stock data, weighting factors of 0.03 and 0.97 respectively were applied. In
1996,1ow sampie numbers in the Dutch sampling scheme resulted in low values for the stock weights at the older
ages ofthe western mackerel. Weight at age data available from the Irish catches in March and Apri11996 were
used to estimate new values for the older ages. This data set will be explored further during the next year in order
to evaluate its potential use in estimating stock weights at age. Weighting factors of 0.15 and 0.85 were used for
the southern and western data. Similar weights were applied to the maturity at age, the resulting maturity ogive is
given on the following page:,
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Age
Maturity

o
o

1
0.14

2
0.65

3
0.91

4
0.97

, , t i

5
0.97

6
0.99

7
1

8+
1

Natural mortality was taken as 0.15 and the proportions ofF and M before spawning were 0.4.

3.4.4 Stock assessment

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

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

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

subject to the constraints:

Sls =S2s = 1.0
SI 11 = S211 =1.2

where

N bar - mean exploited population abundance over the year.
N - population abundance on 1 January.
o -proportion of fish mature at each age.
M - Natural mortality.
F - fishing mortality at age 5.
SI, S2 - selection at age over the time periods 1986-1989 and 1990-1995, referenced to age 5.
A. - weighting factor set to 0.1 for age 0, 1.0 for allother ages.
a,y -age and year subscripis.
PF, PM, proportion of fishing and natural mortality occUrring before spav-ning.
EPB - Egg production estirnates of mackerel spawning biomass.
C - Catches in number at age and year.

Parameter estimates and their standard deviations are listed in Tables 3.4.4a-f and illustrated in Figures 3.4.1- .
3.4.4. Tables 3.4.5, 3.4.6 and 3.4.7 present the estimated fishing mortalities, population numbers-at-age and stock
summary.
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3.4.5 Comments on the äSsessment

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

Mean F on ages 4-8 is estimated to have been 0.21 in 1996 and 0.27 in 1995 the same as estimated in last year's
assessment (F9S = 0.27). Mean F over the period 1992 to 1995 (0.265) is unchanged. Figure 3.4.2 shows that as
with the Western mackerel the yield remained relatively stable between 1984 and 1990, with a slow increase in
spawning stock biomass. This resulted from a sustained sequence of good recruitment. Between 1990 and 1993
the yield and referenee F increased rapidly, they remained stable at a high level in 1994 and 1995, weIl above the
long term mean. Fishing niortality is estimated to have deereased in 1996. Since 1992 the SSB has deelined
sharply, last years assessment estimated the SSB in 1995 to be at a historicallow of 2.54 million tonnes, just
below the estimate for 1994 (2.55). The differenees between this years and last years assessments for these values
are negligible. The most recent estimate, at 2.46 million tonnes, is at the historieal low for this restricted tiuie
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 deereasing trend may have been slowed or halted.

lCES (19911Assess:?) performed a sensitivity analysis for status quo foreeasts made using data from this stock. a
The results revealed that the forecasts were sensitive to the estimates of the strength of the year dass that .,
recruited two years before the year of the assessment. The forecast made this year will be sensitive to the estimate
ofrecruitment in 1995. The 1995 year dass was estimated to be extremely low in last years assessment but there
were indications from survey and CPUE data that it may have been at least of average strength; in foreeasts the
geometrie mean of the time series was used. Both of the new ICA fit and the index of abundance derived from the
Seottish 1st quarter groundfish survey and the La Corufia age 1 CPUE time series confrrm that the 1995
reeruitment was of average strength (Figures 2.4.5 and 2.4.6). The estimate for the 1994 reeruitment has not
altered substantially from the low value estimated last year (Figure 3.4.5). The 1996 year dass is estimated to be
strong by the ICA fit but this is not considered to be reliable as it is based on one eatch at age value from the
19960-group.

3.4.6 Catch predictions :

Table 3.4.8 presents the input values for the eatch forecasts. Apart from the reeruitment in 1996, the ICA
estimated abundanees at all ages were used as the starting populations in the prediction. The recruitlnerit for 1996
is estimated to be 6,757 million. The index from the Scottish groundfish survey, with the addition of the NoCth
Sea eatehes indieates that the year dass may be at least of average strength. However, the predietive value of
these data series is, as yet, tiriknown. A precautionary approach is to assume that the 1996 year dass is of average
strength. Therefore, the geometrie mean was used for the 1996 recruitIrient, the value is ealculated from the
geometrie mean (1972-1995) of the recruiunent to the Western mackerei, raisoo by the average ratio (1.09) of
the estimated Western and Southern area recruitments for the period 1984-1994.

Catch forecasts have been calculated for the provision of area based TACs. Two ''fleets'' have been defined,
eorresponding to the exploitation of the western area, including the North Sea and the unregulated eatches taken
in international waters, Division lla (Northern), and the southern area (Southern).

The exploitation pattern used in the prediction was the. separable ICA Fs for the final year. These were
subdivided into partial Fs for eaeh fleet using the average ratio of the fleet eatch at each age and the total eatch at
each age for the years 199~1996. Weight at age in the catch was taken as an average ofthe values for the period
1994-1996 for each area. Weight at age in the stock was calculated from an average (1994-1996) of the
eombined data. .

The TACs for 1997, in each area, are the same as those for 1996. For the Northern area it is 350,000 tonnes
(including unregulated eatches taken in International waters, Division lIa). The Southern area has a'TAC of
30,000 tonnes. Catches in the Southem area have recently been increasing and exeeeded the quota for the frrst
time in 1996. Catches in international waters which are not subject to a TAC, have recently averaged 45,000
tonnes. The eombined over-shoot ofthe 1996 TAC was 23% (560kt).
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Four single option summary tables are presented (Tables 3.4.9 a-d) and sumrmirised in the text iable below. The
tables illustrat~ status quo fishing mortality imd 560kt coristant catch 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,
aiid constant catch options.

Year Status quo (F96) Catch97 =96 Catch 97 =96 Catch97 =96
...; " ',' . ".,. ," Catch 98,99=560 kt F= 0.15,98,99., , ~ SqF98,99, ',-

RefF '" SSB ., RefF " SSB "" . RefF SSB ,., Ref F. " . SSB.""

1997 0.20 2.56 0.20 2.57 0.20 2.57 0.2 2.57
1998 0.20 2.67 0.19 2.70 0.15 2.74 0.2 2.68
1999 0.20 2.71 0.17 2.78 0.15 2.90 0.2 2.72

The forecasts predict that SSB will begin to recover, as predicted last year, to an average of 2.8 million tonnes.
However, the recovery is sensitive to the estimate of the 1996 year dass abundance, which has been taken to I:>e
the geometric mean for the time series. '

Two management option iables are presented. Table 3.4.10 presents the option for Status quo F in 1997, Table
3.4.11 presentS a constaiit catch for each fleet in 1997; each is followed I:>y a range ofF98 values for both areas.
The forecasts for the two scenarios are in dose agreement for the predicted SSB values. This results from the
dominant effect of the exploitation iri the Western area on the forecast SSB estimates. Thc: reference Fs in the
Southem 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 in the short tenn. .

3.4.7 l\ledium-term predictions

Mediuni-term predictions were made using the methodology described in ICES (l997/Assess:7). The input
parameters were estimated as folIows:

• , Stock population parameters (Fishing mortality, selection, population abundance at age) were laken directly
froin the ICA fit (Section 3.4.4), apart from the 1996 year dass at age O. This value was replaced by the
geometrie mean as described in Section 3.4.6.

. .

• Due io 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 geometrie mean of the full recruitment time series. The adjusied vanance-covariance matrix
was then used as the estimate of unceriainty in the stock population parameters.

• Mean weights at age in the caiches arid the fleet partlal-F ratio at age were calculated as from the average
proportions in the 1994-1996 catches.

• The mean of the matuiity ogive and weights in the stock were estimated frorn observations from 1994 io
1996.

• RecruitmentFunction.

A sunple, robust and precautionary approach to modelling recruitment was adopted. It is asstimerl that if spawning
stock biomass falls below the lowest spawnhlg stOCk bioinaiis estimate, then a linear dependency is assumect to hold.
Uncertainty about such a relatic:inship was also modelIed. '

, 1: • . . • , ~

This model was fonnulatect on the basis of ffiaIcirig the simplest assumptions about recruitment that, are consistent
v.ith the available data imd with obVious constraints that are iiecessaly from theoretic3.l grounds. Firstly, there is no
detectable dependeney of recruitInent on stock size over the range of stock size estimates available. Attempis to fit
such funcuons h::wing proved unsuccessful, it becomes neeessary to retain the assumption that, over the ol:>served
range of stock sizes, the recruitment is independent of stock size. A geometrie mean recrWcinent ha.s been used as the.
estimate of central tendency over this 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 (Recruitrrieni = Geometric mean) and stock size = zero (Recruiunent = zero), ruis been chosen by
Ockharn's razor, a simple linear dependeney ofi-ecmits on stock size in this region.
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Stochastie variation of recruitment about the model for medium-term predietion purposes was modelIed in different
ways separately for the regions of stock size above and below the lowest observed stock size. In the region over
which stock sizes have been observed and recruitment is assumed to be stock-independent, pseudo-recruitments R'
were drawn from a distribution as:

1
R' = exp(- Ly(ln( Ry»+ e')

n

where Ry are the estimated reCruitments over the n years, and the epsilon' are re-sampled with replacement from the
historie distribution of recruitments about their geometrie mean.

For lower stock sizes, a different approach 'was used. For each pseudo recruitment, a new estimate of the inflection
point of the stock-recruit relationship (the recruitment at the lowest observed stock size) was drawn from a
distribution having as its mean the geometrie mean of observed recruitments, and with variance equal tothe
estimated variance of the observed recruitinents. A pseudo recruitrnent was then generated using the generated
inflection point (and assuming a linear dePendency of i-ecrUitment on stock size down to the origin) and perturbed
with an error re-sampled from log residuals with replaceinent, as above.

Bias in the medium term projections (differences between the inean values of F frorn the stochastie simuhitions
horn the deterministie trajectory horn the stock assessment least squares estimates), were corrected by adjuSting
F-multiplier values in the stochastie projections so that the mean values in the projections eonformed to the
desired F-values. The predictions have been calculated for the following F - constraint options for 10 years
ahead:

F96
F15

F as in 1996 (0.208)
F =0.15, which has been agreed by EU and Norway as a TAC that is consistent with a fishing
mortality ofO.15 in 1998l1nIess future scientifie advice requires modification ofthe agreement.
Brussels 9th Dee. 1995.

An MBAL of2,3oo,ooo tonnes was used (see Section 3.4.9).

The status quo F eonstraint led to a gradual reduction in the risk of SSB falling below MBAL (Figure 3.4.8),
starting from around 30% and falling to 20% in 10 years. At the lower agreed fishing mortalitythis risk was
considerably lower (=5%, Figure 3.4.11). Under these options the catches increased to a range of 350-1,000,000
tonnes, slightly higher for F =0.2 (Figure 3.4.7) than for F =0.15 (Figure 3.4.10).

3.4.8 Long-tenn yield

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

The time series of stock and recruitment estimates for this management umt are short lind the estimation of Fmed,

Fhigh and F10w for short time series will be biased ie the stock has previously been reduced to a low level. For this
reason the F reference points have been calculated from the ,Western mackerel assessment time series of
recruitment and SSB raised by the ratio of the respective series with the combined assessment time series. Figure
3.4.13 presents the results, F10w is estimated to be 0.08, Fmed 0.28 and Fhigh 0.765; currelltly F is estimated to be
between Fmed and F1owo The t:ishing mortality forecast for 1997 under the eonstant catch restriction is 0.2 ( = F96).

3.4.9 Reference points for management pUrPose

Even when the period back to 1977 is included, the SSB only spans the range of about 2.5-3.5 million tonnes.
Within this range, there is no evidence that the stock size influences the reeruitinent. One would expeci that the
recruitment would be reduced at some level of SSB, but there is nothing in the present experience to indicate
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what this levei would be. In recent yem, the treIld in SSB has been dowIlv:ards. 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 SSB would be, but also becailse the present fishing mortality is weIl above FO.l,
whieh implies that the fishing mortalit}r could be reduced wlthout any appreciable loss in lang term yie1d.

Since the shape of the stock-recruit relation below the historical low SSB is imknown, a precatitlonary
assumption about this relation wauld be a linear decrease in recruitment With decreasing SSB below the historical
low, arid a constant recruitment at the geometrical mean above it, as has been used within the stochastic
projections.

Ho~ever, this dedining line in the stock recruit plane woUld represent the replacemellt line correspoIlding to the
historical low SSB and the mean recruitment, and any higher F than the one corresponding to this replacement
line would lead to depletion of the stock in long term simulations. Thus, under these assumptioIls, the lowest
historical SSB has the propeTties of a limit biomass since the corresponding F would appear as an Faasb•

The level of 2.3 million tonnes has been regarded as the lower bound of the experienced SSB-range by the
Working Group for several years. This is not to be taken as a Biim, and the corresponding Fasan Fllit; as is the
usüal interpretation of these concepts. In the present context, they represent the lower end of the range where by
experience, the recruitriient is largely independent on the stock biomass, but not necessarily the beginning of a
range where poorer recruitIIient is to be expected. However, since this biomass level is weIl below that
corresporiding to FO.l· at equilibriuffi, an exploitation which leads to a lower SSB cimnot be justified on the
grounds that it would increase the long term equilibrium catch appreciably. In this case, the argument sometimes
put foiwärd, that using the 10westexperieIlced SSB as a limit would preclude full exploitation of a stOCk, does
not applY.,Thus, until better insightin the stockrecruitment dynamics is achieved, the level of 2.3 nullion tonnes
is a candidate reference point for the biomass that it would be advisable io remain above.

SiInulations made by the Comprehensive Working. Group .(ICES i997/Assess: i5) indicate FO.las adefault
candidate for Fpa under a wide range of stock dymunics. As such, it should imply a good trade-off betweeri yield
arid risk. To explore this specifically for this stock, the long-term equilibnum distribution of SSB .ai varlous
levels of F was computed. The mOdel used is similar to the one used by (lCES 1997/Assess:8). It estim~iesthe
stationary distribution of SSB lind recruitment at a fixed F, iaking into account variations in reCruitrnent and
weights at age. The stock-recruitment ftinction used was:

R =f(SSB)*exp(E),

f(SSB) =3872 . for SSB>2.3 million tonnes
=SSBI2.3*3872 for SSB<2.3 rllillion tonnes

and e is normally distributed with expectation = 0 and s = 0.485. The parameters represent the geometric meari
and the standard deViation of the log residuals of the recruitIIients in the years 1972-1995, as described in
Section 3.4.6. The stochäsiic weights at age were obtained by draWing ayear randomly each time a weight was
needed by the model, and using the weightS at age from that year. The year range used was 1984-1996. A
selection of percentiles for the SSB-distrlbution is shown iri Figure 3.4.14.

As areference point representing the precautionarY expioitation (Fpa), an F at about 0.185, which is slightly
above FO.l, appears to be the highest F that is acceptable in temis of a less than 5% probability for the biomass to
be beIow 2.3 million tonnes. The mean biomass at this level of F is dose to 3.0 million tonnes, and the median
2.75 million tonnes.

The choiee of reference points, iri particular Bpa and Fpa• will to some extent depend on the harvest controi la~ 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 controllaw used was: .

At
At

B>Bpa:
B1ow<B<Bpa:
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Where Fl is a fishing mortaIlty admitted when B<B1ow, and B10w is the biomass which should be avoided. For the
NEA mackerel stock, wherethe SSB is elose to the assumed B10w of 2.3 million tonnes, and the assumed B10w is
somewhat arbitrary and does not represent a limit below whieh the recruitrnent is known to be reduced, less
drastic meaSures than elosing 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 recruitrnent and the 2.3
million tonnes. As an example, F corresponding to areplacement line at 2.3 million tonnes and one standard
deviation below the geometric mean recruitrnent was used. This F-value is 0.122. AS another example, a very low
F of 0.05 was used. For 1997, a catch of 560,000 tonnes was assumed, and for Fpa, the FO.l =0.175 was used.

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

Table 3.4.13 shows the results for aselection ofruns. Three measures ofperformance are shown:
..

• The probability 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.
• The median total catch o~er the 10 year, expressed as average catch per year.

The results indicate that in order to be robust towards uncertain assessment or overfishing ofTACs, a fairly high
Bpa is helpful. This will increase the year to year variation in the catches to some extent. A lower value of the FI
will also be helpful, but will luSO increase the year to year vanation.

,

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

In consequence the Working Group invite comments on the appropriateness for management purposes of a
harvest control law as defined above, with B10w =2.3 million tonnes, Fpa =FO.l and Fl =0.122.

3.4.10 Management measures and considerations

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

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

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

The catches from this management unit have been increasing, with those of the period 1993-1995 the highest on
record. This year's assessment has confirmed the previously, relatively high levels of F and the recent rapid
decline in the spa\\ning stock biomass. The reductions in quota imposed in 1996 have reduced fishing mortality
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and stabilised the decline in SSB. Minor revisions to the egg survey estimates have had no effect on the
perception of the state of the stock.

The management of the Western component in recent years has reflected the need to protect the North Sea
spawning stock by recommending that there should be no fishing for mackerel in Divisions illa and IVb,c at any
time ofyear and in Division !Va for the ftrst seven months ofthe year (see Seetion 3.1).

The TAC should take into account catches from a1l areas induding those in international waters.
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Table3.1.1 MackereI abundance indices from the North Sea International Young Fish Surveyso Values are
mean numbers per 10 hro

Year First winter Second winter
1970 6536 13
1971 3250 576
1972 13 226
1973 28 2
1974 14 12
1975 165 1
1976 4 2
1977 14 <.5
1978 23 <05
1979 2 <.5
1980 <.5 <.5
1981 1 <.5
1982 1 1
1983 19 52
1984 1 4
1985 7 0
1986 5 21
1987 89* <05
1988 13 1
1989 11 17
1990 350 12
1991 69* 2
1992 160* 4
1993 10 8
1994 22 1
1995 + +
1996 104 7
1997 7200** 36**

Notes: Data for survey years 1970-1974 based on standard area south of59°30'N, 1975-1992 based on standard area
south of 61°30'N; *Values dominated by catch in one or two rectangles only; ** Preliminary
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Table3.1.2 North Sea Mackerel (Weight in '000 t).

Year Spawning Stock Biomass Landings
1965 2850$ 208
1966 2700$ 530*
1967 1900$ 930*
1968 1500$ 822*
1969 1113 .. 739*
1970 550" 323 *
1971 580" 243 *
1972 1249 .. 125+
1973 1097 .. 226+
1974 1036 .. 190+
1975 826+ 138 +
1976 700+ 165 +
1977 583+ 188 +
1978 436+ 103+
1979 336+ 66+
1980 258 + 61 +
1981 189+ 60+
1982 162+ 40+
1983 168 + 43+
1984 133 # 67+
1985 35 +
1986 45# 25+
1987 3+
1988 37# 6
1989 7
1990 78# 10
1991 - **
1992 - **
1993 - **
1994 - **
1995 - **
1996 110# - **

$ Hamre, J. 1980 Rapp.P.-v. Reun.Cons.Int.Explor.Mer. 177:212-242
* Report ofthe Mackerel Working Group 1975. ICES CM 19751H:3.. Report ofthe Mackerel Working Group 1981. ICES CM 19811H:7
+ Report ofthe Mackerel Working Group 1989. ICES CM 1989/Assess:11
# Estimations based on Mackerel Egg Surveys
** Since 1990 assumed by the Working Group to be 10,000 t

E:\ACFM\WGMHSA98\T-312.DOC 63



Table 3.2.1 The Western mackerel catch numbers at age.

Mackerel West (run: ICACDD03/I03)

Catch in number

------+------------------------------------------------------------------------------------------------------------------------
Age I 1972 1973 1974. 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
------+------------------------------------------------------------------------------------------------------------------------o I 1.6 .0 1.3 1.0 34.2 2.0 10.3 79.5 19.5 38.3 2.0 .0 .5 .0 18.1

1 12.4 33.8 87.0 52.5 279.4 153.5 31.3 351.1 484.5 266.1 203.0 43.6 15.2 234.3 25.7
2 12.1 49.4 24.3 104.0 184.9 289.5 563.8 61.6 468.7 506.4 435.9 712.7 79.5 16.0 397.8
3 29.4 64.0 123.5 94.5 322.3 154.0 425.0 602.5 75.2 225.1 483.6 444.6 661.8 49.1 29.9
4 507.7 115.5 108.5 306.3 170.6 166.0 243.7 365.5 381.3 31.7 184.1 391.6 374.6 420.3 63.6
5 .0 582.3 191.8 192.2 288.8 51.0 258.3 217.2 282.0 174.8 24.7 130.4 238.2 242.6 331.9
6 .0.0 567.0 143.8 118.6 140.0 71.9 233.1 145.2 158.5 136.6 20.2 92.0 158.4 193.9
7 .0.0.0 1246.2 279.7 64.4 151.9 86.8 158.4 99.5 108.6 91.3 15.5 58.9 119.5
8 .0.0.0.0 438.8 89.4 56.7 154.2 52.4 116.6 84.5 70.9 51.5 16.2 38.3
9 .0.0.0.0.0 158.5 83.2 70.5 139.6 35.3 87.0 47.1 39.3 42.0 11.1

10 .0.0.0.0.0.0 210.8 74.6 43.6 138.7 24.4 48.9 25.1 33.0 28.6
11 .0.0.0.0.0.0.0 189.1 47.9 29.4 90.3 19.1 21.4 20.4 20.2
12 .0.0.0.0.0.0.0.0 115.4 176.1 147.6 126.2 44.2 80.3 60.1

------+------------------------------_._----------------------------------------------------------------------------------------
Thousands

Catch in number

------+--------------------------------------------------------------------------------
Age I 1987 1988 19~9 1990 1991. 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------

o 2.5 .3 24.4 5.4 4.9 1.7 13.1 .5 3.7 7.1
1 22.9 99.0 42.8 108.6 47.1 75.0 114.7 144.5 74.1 90.8
2 148.4 127.3 306.9 202.3 202.7 150.9 202.8 215.1 335.0 158.3
3 653.6 175.4 203.3 408.1 194.9 347.3 264.2 301.1 331.0 323.3
4 51.9 505.1 163.4 205.3 362.8 261.1 387.4 261.0 268.3 263.9
5 79.3 66.5 356.5 152.1 181.8 298.3 239.9 289.7 181.8 171.4
6 237.4 77.9 45.9 247.4 125.0 152.6 247.2 176.3 190.6 91.3
7 148.8 179.2 54.0 40.6 192.3 111.8 145.6 183.8 135.4 110.2
8 83.9 111.5 105.7 45.0 49.7 135.6 95.6 103.5 106.5 49.6
9 33.0 51.6 66.7 80.0 42.0 50.3 119.1 77.5 65.4 53.6

10 18.0 19.3 31.4 31.5 67.9 35.6 37.4 56.4 39.8 23.0
11 24.7 12.3 13.6 15.9 29.2 39.8 28.2 19.6 35.7 16.2
12 60.8 52.4 34.8 27.0 52.4 67.5 65.6 56.4 36.6 29.0

------+--------------------------------------------------------------------------------
Thousands



Table 3.2.2 The Western maCk~l catch weights at age. •
Weights at age in the catches (Kg)

-----------------------------------
------+-----------------------------------------------~------------------------------------------------------------------------
Age I 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
------+------------------------------------------------------------------------------------------------------------------------

0 .06600 .06600 .06600 .06600 .06600 .06600 .00000 .00000 .06600 .06600 .06600 .06600 .06900 .00000 .00000
1 .13700 .13700 .13700 .13700 .13700 .13700 .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 .33900
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
6 .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 .00000 .00000 .00000 .00000 .00000 .51100 .51100 .51100 .53900 .53900 .53900 .54200 .56100 .56200 .59300

10 0.00000 .00000 .00000 .00000 .00000 .51100 .51100 .51100 .57300 .57300 .57300 .60800 .61900 .62700 .54600
11 . .00000 .00000 .00000 .00000 .00000 .00000 .00000 .51100 .57300 .57300 .57300 .60800 .63600 .66600 .69200
12 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .57300 .57300 .57300 .60800 .63600 .70400 .69200

------+------------------------------------------------------------------------------------------------------------------------
Units

Weights at age in the catches (Kg)

------+--------------------------------------------------------------------------------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------o .04900 .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 .23800 .24100 .25700 .23400 .22900
3 .31800 .32600 .32100 .33700 .33200 .33400 .31700 .34100 .33400 .31400
4 .39900 .39000 .37700 .38000 .39700· .39800 .37700 .39100 .39000 .38000
5 .47800 .46200 .43400 .42500 .42600 .46200 .43700 .45100 .45300 .42600
6 .51300' .53700 .45500 .46900 .47100 .49700 .48600 .51700 .50300 .48600
7· .49200 .56700 .54600 .53000 .50800 .53400 .53000 .54600 .54200 .52200
8 .49600.56300.59600.55800.55600.55700.55000.59300. 58200 .55800
9 .57700.56800.57900.61200.61200.59900.58500 0.58500 .59800 .58300

10 .63500.61700.58200.61100.63500.65400.59900.62900. 60900 .60200
11 .63400 .62700 .64900 .59200 .65100 .66700 .65100 .68300 .63500 .61100
12 .72100.70500.74200.71700.70800.67000.68000.71400.67500. 67500

------+--------------------------------------------------------------------------------
Units



Table 3.2.3 The Western mackerel stock weights age age.

Weights at age in the stock (Kg)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
------+------------------------------------------------------------------------------------------------------------------------

0 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000
1 .11300 .11300 .11300 .11300 .11300 .11300 .09500 .09500 .09500 .07000 .07000 .07000 .07000 .07000 .07000
2 .13100 .13100 .13100 .13100 .13100 .13100 .15000 .15000 .15000 .17200 .10800 .15600 .18700 .15000 .16400
3 .20100 .20100 .20100 .20100 .20100 .20100 .21500 .21500 .21500 .24100 .20200 .22000 .24600 .29200 .26100
4 .38000 .25100 .25100 .25100 .25100 .25100 .27500 .27500 .27500 .30000 .26000 .26100 .28300 .30000 .29000
5 .00000 .41000 .26400 .26400 .26400 .26400 .32000 .32000 .32000 .30000 .37900 .32200 .30500 .32800 .34500
6 .00000 .00000 .44000 .31600 .31600 .31600 .35500 .35500 .35500 .35900 .32900 .36000 .37900 .36600 .33700
7 .00000 .00000 .00000 .47000 .38000 .38000 .38000 .38000 .38000 .40100 .38800 .38400 .42900 .42100 .39500
8 .00000 .00000 .00000 .00000 .49000 .41200 .40000 .40000 .40000 .41200 .41700 .42000 .42100 .44000'.46700
9 .00000 .00000 .00000 .00000 .00000 .51100 .42000 .42000 .42000 .42700 .42500 .49700 .46500 .44800 .44100

10 .00000 .00000 .00000 .00000 .00000 .51100 .48500 .48500 .48500 .41300 .46000 .45300 .51500 .55400 .45100
11 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .48500 .48500 .50900 .51300 .55000 .49700 .57900 .47200
12 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .48500 .50900 .51300 .55000 .54900 .59900 .56800

------+------------------------------------------------------------------------------------------------------------------------
Units

Weights at age in the stock (Kg)

------+--------------------------------------------------------------------------------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------

o .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000
1 .07000 .07000 .07000 .07000 .07000 .07000 .07000 .07000 .07000 .07000
2 .13900 .14600 .17600 .12800 .14900 .21600 .19300 .17500 .15100 .12200
3 .23300 .23300 .23800 .21300 .22700 .25700 .26400 .23000 .25900 .24400
4 .26800 .30200 .29900 .28000 .30700 .30900 .31100 .28900 .31600 .31400
5 .36300 .32700 .34200 .33100 .35600 .35900 .35700 .35300 .39200 .35600
6 .37100 .43400 .36300 .36500 .40800 .40000 .41600 .40700 .44500 .44300
7 .39200 .45500 .41900 .40500 .43100 .42400 .45800 .46800 .49300 .46400
8 .40200 .43600 .46800 .39300 .50600 .46400 .46400 .46400 .50600 .50500
9 .45900 .46000 .44100 .42000 .54700 .48900 .48000 .47200 .54600 .57600

10 .48300 .52800 .45100 .51400 .57400 .52300 .51200 .55000 .50200 .58000
11 .44200.60600.49600.51400.57400.55600.59700.61200. 62700 .62400
12 .54700.64500.58500.51400.57400.58200.56100.56800. 63300 .63800

------+--------------------------------------------------------------------------------
Units

•



Table 3.2~4a

1FAP run code: 103

The lCA diagno~c output for the Western mac~el.

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

11
o 12
1972 1996
1
o
53
139

Two selection vectors to be fitted .
Abrupt change in se1ection specified.
Selection assumed constant up to and inc1uding 1988

-----------------------------------------------------------------
PARAMETER EST1MATES

) Parm) Maximum ) ) Mean of )
) No. ) Likelih. ) CV ) Lower Upper -s.e. +s.e. ) Param. )

) Estimate) (%)3 95% CL 95% CL 3 distrib. 3

0- Separable Model: Reference F by year--..I
1 1986 .1321 16 .0960 .1818 .1122 .1554 .1338
2 1987 .1651 15 .1219 .2234 .1414 .1926 .1671
3 1988 .1788 14 .1337 .2392 .1541 .2074 .1808
4 1989 .1718 12 .1337 .2207 .1512 .1952 .1732
5 1990 .1793 12 .1392 .2309 .1576 .2040 .1808
6 1991 .1975 13 .1525 .2558 .1731 .2254 .1992
7 1992 .2352 14 .1787 .3097 .2044 .2706 .2375
8 1993 .3051 15 .2235 .4163 .2603 .3575 .3089
9 1994 .3028 19 .2076 .4416 .2497 .3670 .3084

10 1995 .2906 24 .1796 .4701 .2274 .3714 .2995
11 1996 .2170 30 .1188 .3967 .1596 .2952 .2276

Separable Model: Selection (Sl) by age from 1986 to 1988
12 0 .0041 145 .0002 .0712 .0010 .0176 .0119
13 1 .0818 20 .0546 .1225 .0665 .1005 .0835
14 2 .4682 20 .3149 .6961 .3824 .5732 .4778
15 3 .6011 20 .4049 .8925 .4913 .7354 .6135
16 4 .7135 20 .4810 1.0583 .5835 .8724 .7281

5 1.0000 Fixed : Reference age
17 6 1.2779 19 .8642 1. 8896 1. 0467 1. 5601 1. 3036
18 7 1. 6337 19 1.1075 2.4098 1. 3398 1. 9921 1.6662
19 8 1. 6174 19 1. 0951 2.3887 1. 3256 1. 9734 1. 6497
20 9. 1.2163 19 .8262 1.7906 .9985 1. 4816 1. 2402
21 10 1.2934 19 .8832 1.8942 1. 0647 1.5713 1. 3182

11 1. 2000 Fixed : last true age



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

Separable Model: Selection (S2) by age from 1989 to 199622 0 .0053 95 .0008 .0348 .0020 .0139 .008423 1 .1212 15 .0888 .1655 .1034 .1421 .122724 2 .3842 14 .2910 .5072 .3334 .4427 .388125 3 .6610 13 .5093 .8578 .5786 .7550 .666826 4 .8759 12 .6822 1.1246 .7710 .9950 .88305 1.0000 Fixed : Reference age27 6 .9729 11 .7694 1. 2303 .8631 1.0967 .979928 7 1.0774 11 .8578 1.3532 .9591 1. 2103 1. 084729 8 1.1306 11 .9070 1.4093 1.0104 1. 2651 1.137830 9 1. 3674 10 1.1049 1.6922 1.2264 1.5245 1.375531 10 1.2733 11 1.0234 1. 5842 1.1390 1.4234 1.281211 1. 2000 Fixed : last true age

Separable Model: Populations in year 1996
32 0 .6637E+07 270 .3294E+05 .1337E+10 .4429E+06 .9945E+08 .2590E+0933 1 3746385 44 1563648 8976064 2398852 5850883 413778634 2 1997494 35 992238 4021194 1397816 2854441 212891335 3 2675214 30 1473689 4856366 1973512 3626414 280191436 4 1431225 28 823390 2487769 1079460 1897619 148930937 5 841618 27 489647 1446597 638408 1109511 87437638 6 475924 27 277504 816218 361421 626704 49429439 7 541157 26 319507 916571 413587 708076 56107140 8 270016 27 158632 459607 205842 354197 2801440- 41 9 300065 26 177159 508239 229326 392624 311108

00 42 10 109933 28 62570 193147 82462 146557 11457343 11 73620 29 40915 132469 54555 99348 77002
Separable Model: Populations at age 1144 1986 147726 29 83385 261714 110342 197777 15415045 1987 144490 23 91318 228621 114331 182604 14850446 1988 58026 20 38686 87034 47184 71360 5928147 1989 77295 19 53121 112470 63833 93595 7872348 1990 119888 17 84901 169293 100535 142967 12176149 1991 146193 17 104734 204063 123319 173309 14832450 1992 199708 16 144523 275964 169330 235536 20244551 1993 73985 17 53013 103251 62415 87699 7506252 1994 48637 19 33227 71193 40044 59073 4956453 1995 180"477 23 113513 286947 142455 228648 185599
SSB Index catchabilities

INDEX1
Used as absolute estimator.
No fitted catchability for this index.



Table 3.2.4c The lCA diagndllic output for the Western mac~el.

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals

------+----------------------------------------------------------------------------------------
Age I 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+----------------------------------------------------------------------------------------o I 2.423 -.334 -2.089 1.820 .771 .435 -.909 .583 -2.186 -.514 .000

1 -.045 -.395 .439 -.274 .302 -.116 .027 .070 .030 -.042 .005
2 .412 -.066 -.308 .252 .276 -.127 -.075 -.171 -.222 -.019 .064
3 -.710 .665 .013 .104 .193 -.152 -.041 -.024 -.004 .010 -.028
4 -.165 -.305 .419 -.116 .073 -.008 .000 -.116 .071 .016 .135
5 .444 -.227 -.178 .071 -.050 .049 -.159 -.075 -.098 .045 .114
6 .276 -.040 -.225 -.158 .014 .021 .089 -.165 .102 -.004 .079
7 .189 -.092 -.247 -.022 -.096 -.095 .003 .105 -.096 .231 .047
8 -.078 .012 -.021 .029 .047 .319 -.280 -.015 .208 -.172 -.098
9 -.348 .192 .125 .086 -.115 .076 .385 -.373 .117 .118 -.292

10 -.017 .185 -.122 -.010 -.253 .095 .240 .401 -.489 .109 -.073
11 .003 .021 .165 .012 -.308 .017 -.140 .286 .350 -.327 .028

------+-----------------------------------------------------------~----------------------------
Units

SPAWNING BIOMASS INDEX RESIDUALS

INDEX1

------+------------------------------------------------------------------------------------------------------------------------
I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

------+------------------------------------------------_._---------------~-----------------------------------------------------
1 I .213 -1.000 -1.000 .135 -1.000 -1.000 .056 -1.000 -1.000 -.107 -1.000 -1.000 -.017 -1.000 -1.000

------+------------------------------------------------------------------------------------------------------------------------
Units

INDEX1

------+--------------------------------I 1992 1993 1994 1995
------+--------------------------------

1 I .031 -1.000 -1.000 .092
------+--------------------------------

Units



Table 3.2. 4d The lCA diagnostic output for the Western mackerel.

PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE

Separable model fitted
Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Degrees of freedom

from 1986 to 1996
.0672
.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.

-.J
o

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

ANALYSIS OF VARIANCE TABLE

.0126
1. 2999
-.3504

.0060

.0000
7
7

1. 0000

unweighted Statistics

Variance
Total for Model

Catches at Age
SSB Indices

INDEX1

Weighted Statistics

Variance
Total for Model

Catches at Age
SSB Indices

INDEX1

SSQ

25.8362
25.7483

.0879

SSQ

5.3932
5.3054

.0879

Data Params d.f.

139 53 86
132 53 79

7 0 7

Data Params d.f.

139 53 86
132 53 79

7 0 7

.3004

.3259

.0126

.0627

.0672

.0126



Table 3.2.5 The weste'l mackerel fishing ~ortality a!tage.

Fishing Mortality (per year)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1972 1973 1974 1975 1976 i977 1978 1979 1980 1981 1982 1983 1984 1985 1986

------+-------------------------------------------~----------------------------------------------------------------------------o .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 .28828 .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 .13651 .21559 .13303 .08333 .19535 .23228 .26678 .19078 .08985 .22222 .24138 .19910 .13206
6 .00000 .14160 .14216 .13629 .18940 .08358 .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 .28900 .20845 .15888 .12369 .21359
9 .00000 .13477 .16604 .26222 .16180 .16019 .27583 .30726 .19719 .23678 .35421 .24478 .16162 .17818 .16062

10 .00000 .14332' .17657 .27885 .17206 .10778 .31190 .40104 .29905 .28946 .24149 .32528 .18871 .18778 .17081
11 .00000 .13297 .16381 .25871 .15963 .10000 .23442 .47915 .45854 .31886 .29291 .28540 .21770 .21802 .15847
12 .00000 .13297 .16381 .25871 .15963 .10000 .23442 .47915 .45854 .31886 .29291 .28540 .. 21770 .21802 .15847

------+------------------------------------------------------------------------------------------------------------------------
Units

Fishing Mortality (per year)

------+--------------------------------------------------------------------------------
Age I 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------o .00068.00074.00091.00095.00105.00125.00162.00161. 00154 .00115

1 .01350 .01462 .02082 .02173 .02394 .02851 .03698 .03670 .03522 .02631
2 .07728.08370.06600.06889.07588.09037 .11720 .11632 .11165 .08339
3 .09923 .10747 .11355 .11852 .13054 .15547 .20163 .20011 .19208 .14346
4 .11777 .12756 .15048 .15705 .17298 .20603 .26720 .26517 .25454 .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 .34490 .34229 .32856 .24539
9 .20077 .21745 .23491 .24518 .27005 .32163 .41712 .41397 .39737 .29678

10 .21351 .23125 .21875 .22832 .25147 .29951 .38843 .38549 .37003 .27637
11 .19808 .21454 .20616 .21517 .23699 .28227 .36607 .36330 .34873 .26046
12 .19808 .21454 .20616 .21517 .23699 .28227 .36607 .36330 .34873 .26046

------+--------------------------------------------------------------------------------
Units



Table 3.2.6 The Western mackerel population numbers at age.

Population Abundance (1 January)
---------------------------------

------+------------------------------------------------------------------------------------------------------------------------
Age I 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
------+------------------------------------------------------------------------------------------------------------------------

0 2025.3 4439.0 3454.4 4938.3 5094.8 974.1 3356.0 5530.3 5524.5 7182.6 1889.4 1387.2 6679.2 3129.9 3174.5
1 5313.2 1741.7 3820.7 2972.0 4249.5 4353.5 836.6 2879.0 4686.3 4736.9 6146.6 1624.4 1193.9 5748.4 2693.9
2 1919.9 4561. 6 1467.8 3207.9 2509.4 3398.8 3604.8 691.1 2153.1 3585.2 3830.6 5102.4 1357.7 1013.5 4730.6
3 2357.3 1641.3 3880.4 1240.8 2664.7 1988.7 2657.4 2581. 3 537.8 1420.2 2617.4 2893.7 3732.4 1095.0 857.5
4 7482.4 2001.7 1353.3 3225.5 980.5 1995.3 1569.1 1894.2 1665.3 393.3 1014.2 1805.8 2079.5 2600.7 897.0
5 .0 5970.1 1615.9 1064.4 2492.7 686.2 1563.7 1125.2 1292 .6 1081.2 309.2 702.8 1192.5 1443.5 1849.8
6 .0 .0 4599.5 1213.3 738.5 1878.2 543.4 1107.1 767.7 852.0 769.0 243.2 484.4 806.3 1018.2
7 .0 .0 .0 3434.2 911.3 525.9 1487.0 401.2 737.5 526.6 586.9 535.6 190.7 331. 9 547.6
8 .0 .0 .0 .0 1807.8 526.4 393.1 1139.3 265.1 488.4 361.3 404.7 376.6 149.7 231.2
9 .0 .0 .0 .0 .0 1150.8 370.4 285.9 837.9 179.8 312.7 232.9 282.8 276.5 113.9

10 .0 .0 .0 .0 .0 .0 843.9 242.0 181.0 592.2 122.1 188.9 156.9 207.1 199.1
11 .0 .0 .0 .0 .0 .0 .0 531.7 139.4 115.5 381.6 82.5 117.4 111.8 147.7
12 .0 .0 .0 .0 .0 .0 .0 .0 336.0 691.8 623.7 545.4 242.9 440.2 440.7

------+------------------------------------------------------------------------------------------------------------------------
Thousands

Population Abundance (1 January)

------+----------------------------------------------------------------------------------------
Age I 198? 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
------+----------------------------------------------------------------------------------------

o 5505.9 3422.8 4676.9 2801.6 3251.1 3688.3 4874.4 2797.5 4359.4 6637.0 3035.7
1 2730.8 4735.7 2943.9 4021.8 2409.1 2795.3 3170.6 4188.6 2404.0 3746.4 5705.9
2 2293.8 2318.9 4016.9 2481.6 3387.1 2024.4 2338.3 2629.9 3475.3 1997.5 3140.8
3 3827.6 1827.4 1835.7 3236.6 1993.7 2702.3 1591.9 1790.0 2015.0 2675.2 1581.7
4 681.7 2983.2 1412.6 1410.4 2474.4 1506.0 1991.0 1120.0 1261.3 1431.2 1994.9
5 702.6 521.6 2260.2 1046.0 1037.5 1791.4 1054.9 1311.9 739.4 841.6 1018.6
6 1395.2 512.7 375.4 1638.3 752.5 732.9 1218.7 669.2 834.2 475.9 583.1
7 740.3 972.5 351.2 273.4 1184.4 534.5 501.8 779.6 429.1 541.2 331.7
8 379.8 486.5 625.0 251.2 194.0 824.0 357.0 310.9 484.2 270.0 368.7
9 160.7 250.3 313.6 443.0 176.5 133.5 543.6 217.7 190.0 300.1 181.8

10 83.5 113.2 173.4 213.4 298.4 116.0 83.3 308.3 123.8 109.9 191.9
11 144.5 58.0 77.3 119.9 146.2 199.7 74.0 48.6 180.5 73.6 71.8
12 363.3 291.6 200.6 149.6 266.5 294.6 229.3 198.4 133.3 135.5 138.7

------+----------------------------------------------------------------------------------------
Thousands

•



Table 3.2.7 The Western mackerel stock summary.

STOCK SUMMARY
-------------

3 Year 3 Recruits 3 Total 3 Spawning 3 Landings 3 Yieldl Mean F 3 SoP
Age 0 3 Biomass 3 Biomass 3 3 SSB Ages
thousands 3 tonnes 3 tonnes 3 tonnes 3 ratio 3 4- 8 3 (%) 3

1972 2025310 4169035 3106189 170775 .0550 .0152 129
1973 4439000 4074425 3212076 219445 .0683 .1353 145
1974 3454420 4194057 3242893 298054 .0919 .1625 138
1975 4938250 4093581 2994589 491380 .1641 .2600 175
1976 5094810 3714176 2640334 507178 .1921 .2460 134
1977 974120 3617208 2627487 325974 .1241 .1206 116
1978 3356000 3603484 2814991 503913 .1790 .1632 124
1979 5530340 3309601 2485863 605744 .2437 .2284 126
1980 5524490 3084500 2122118 604761 .2850 .2553 132
1981 7182580 3183374 2220708 661762 .2980 .2054 105
1982 1889410 3089671 2116151 623819 .2948 .2058 112.....
1983 1387150 3253802 2372638 614287 .2589 .1983 110VJ

1984 6679210 3035758 2378906 550929 .2316 .1870 102
1985 3129870 3195576 2363152 561292 .2375 .1924 99
1986 3174500 3213985 2392909 537615 .2247 .1649 99
1987 5505870 3176714 2438347 615380 .2524 .2061 102
1988 3422780 3442641 2564421 628000 .2449 .2232 99
1989 4676890 3493412 2604335 567400 .2179 .1737 100
1990 2801580 3271368 2461098 605937 .2462 .1813 99
1991 3251060 3675238 2834169 646169 .2280 .1997 101
1992 3688250 3746484 2840649 742305 .2613 .2379 100
1993 4874400 3468166 2529635 805039 .3182 .3085 99
1994 2797490 3148143 2213471 797688 .3604 .3062 99
1995 4359400 3094567 2253114 728637 .3234 .2939 100
1996 6637000 2875022 2129666 529464 .2486 .2195 99



Tabl. 3.3.1 SOtJTHERN MACKEREL. Ettort data by neets.

SPAIN PORTtl'GAL I
TRAWL BOOCK (IlA.ND-LINB) PURBB BBINB TRAWL I

AVILES LA CORlmA SANTANDER SANToRA VIGO I
(Subdiv.Vlllc East) (Subdiv.Vlllc West) (Subdiv.Vlllc East) (Subdiv.Vlllc East) (Subdiv.IXa North) (Subdiv.IXa CN.CS &S)

( HP*fishing days'10"-2) (Av. HP'fishing days'10"-2) (N' fishing trips) (N' fishing trips) (N' fishing trips) (Pishing hours)

YKAR ANUAL ANUAL MARCH to MAY MARCH to MAY ANUAL ANUAL
1983 12568 33999 - - 20 -
19840 10815 32427 - - 700 -
1985 9856 30255 - - 215 -
1986 10845 26540 - - 157 -
1987 8309 23122 - - 92 -
1988 9047 28119 - - 374 60601
1989 8063 29628 - 605 153 53428
1990 8492 29578 322 509 161 49532
1991 7677 26959 209 724 66 45467
1992 12693 26199 70 698 286 78272
1993 7635 29670 151 1216 - 48565
1994 9620 39590 130 1926 - 39062
1995 6146 41452 217 1696 - 44463
1996 4525 35728 560 2007 - 36002

- Not available

Tabl. 3.3.2 SOtJTHERN MACKEREL. CPOE .erie. in commercial ti.herie••

SPUK PORTtl'GAL I
TRAWL BOOCK (IlA.ND-LINB) PURBB SBINB TRAWL I

AVILES LA CORlmA SANTANDER SANToRA VlGO I
(Subdiv.Vlllc East) (Subdiv.Vlllc West) (Subdiv.Vlllc Eastl (Subdiv.Vlllc Eastl (Subdiv.IXa North) (Subdiv.IXa CN.CS &S)

( Kg/HP*fishing days'10"-2) (Kg/Av. HP'fishing days'10"-2) gIN' fishing trip gIN' fishing trip (tIN' fishing trips) (Kg/Pishing hours)
YKAR ANUAL ANUAL MARCH to MAY MARCH to MAY ANUAL ANUAL

1983 14.2 34.2 - - 1.3 -
19840 24.1 40.1 - - 5.6 -
1985 17.6 38.1 - - 4.2 -
1986 41.1 34.2 - - 5.0 -
1987 13.0 36.5 - - 2.1 -
1988 15.9 48.0 - - 3.7 33.1
1989 19.0 43.0 - 1427.5 2.1 26.4
1990 82.7 59.0 739.6 1924.4 2.7 39.6
1991 68.2 54.6 632.9 1394.4 2.0 38.6
1992 35.1 19.7 905.6 856.4 3.9 20.3
1993 12.8 19.2 613.3 1790.9 - 16.6
1994 57.2 41.4 2388.5 1590.6 - 20.7
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\wgmhsa98\T-331-2.xls



'1'able 3.3.3 SOtl'1'BER!l 1lACla:IlEL. CPOE et age from fleets.

VXIIc East handline fleet (Spain'SantoDa) (Catch thousaDds) ;

catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Yeer Effort age 0 age 1 age 2 age 3 age , age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age l'age 15+

1989 605 0 0 3 14 142 299 191 309 441 134 67 27 23 19 1 27
1990 509 0 0 0 17 11 210 465 111 384 378 127 40 51 2 7 5
1991 724 0 0 52 435 185 413 309 323 100 98 150 29 3 1 1 18
1992 698 0 0 35 568 442 477 139 69 77 20 15 17 4 4 0 1
1993 1216 0 0 40 65 1043 621 1481 111 345 339 215 126 59 66 30 52
199& 1926 0 23 168 526 1060 2005 1443 1003 406 360 176 98 54 24 24 9
1995 1696 0 41 83 793 1001 189 1092 998 928 519 339 300 159 83 81 63
1996 2001 0 0 28 401 1234 865 101 1361 802 113 330 288 105 13 28 18

VXIIc Bast handline fleet (Spain.SantaDder) (Catch thousaDds)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Yeer Effort age 0 age 1 age 2 age 3 age , age 5 age 6 age 1 age 8 age 9 age 10 age 11 age 12 age 13 age l'age 15+

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

.995 217 0 3 33 111 168 144 225 227 222 107 10 56 22 9 11 9
1996 560 0 0 6 89 216 191 152 293 111 164 70 60 22 3 6 4

VXIIc East trawl fleet (Spain.Aviles) (Catch thousaDds)

Catch Catch Catch Catch Catch Catch Cateh Catch Catch Cateh Catch Catch Catch Catch Catch Catch
Yeer Effort age 0 age 1 age 2 age 3 age , age 5 age 6 age 1 age 8 age 9 age 10 age 11 age 12 age 13 age l&age 15+

1988 9041 0 333 25 18 126 28 34 31 15 6 1 0 1 2 0 1
1989 8063 0 535 201 66 38 53 11 23 29 7 3 2 2 2 0 4
1990 8492 1834 6690 145 123 147 158 181 21 24 17 6 1 2 3 5 24
1991 7611 95 2419 592 205 108 99 57 55 16 14 26 4 3 2 1 13
1992 12693 236 1495 329 122 65 115 56 38 52 16 19 27 13 4 0 2
1993 7635 3 31 48 8 49 20 37 20 11 13 7 6 9 5 3 9
199& 9620 0 83 317 299 180 302 204 144 56 45 21 12 7 3 4 1
1995 6146 0 9 139 261 168 125 111 156 147 14 50 44 20 10 11 9
1996 4525 0 327 126 214 527 149 81 134 10 63 27 21 8 1 2 3

VXIIc West trawl fleet (Spun.La Co:nma) (Catch t:housaDds)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
Yeer Effort age 0 age 1 age 2 age 3 age , age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 1& age 15+

1988 28119 0 6095 584 625 594 167 239 444 195 53 12 8 21 26 0 7

.989 29628 462 482 119 345 289 541 231 355 444 117 63 24 22 22 6 15
990 29578 27 4535 939 175 235 370 624 184 409 405 145 45 69 5 9 5

1991 26959 1 39 454 573 839 551 445 504 165 165 266 53 4 10 11 23
1992 26199 1 154 102 298 251 355 128 61 84 25 32 38 14 6 0 2
1993 29670 0 307 440 118 528 188 265 98 41 33 21 11 3 4 2 3
199& 39590 0 237 1531 1085 821 1156 575 264 63 40 17 6 1 1 1 0
1995 41452 135 249 400 624 324 251 381 376 402 175 116 104 44 17 19 20
1996 35728 54 5865 104 562 695 148 11 127 65 59 27 20 8 1 2 2

Ixa trawl fleet (Portugal) (Cateh thousaDds)

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

1988 60601 8076 4510 536 457 76 14 3 0 1 5 0 0 0 0 0 0
1989 53428 6092 6468 1080 572 185 51 15 4 7 4 3 0 0 0 0 0
1990 49532 2840 5729 1967 137 36 11 4 4 0 0 0 0 0 0 0 0
1991 45467 1695 2397 1904 1090 138 85 65 24 3 5 0 0 0 0 0 0
1992 78272 498 2211 1015 664 263 100 45 22 17 10 70 0 0 0 0 0
1993 48565 1010 2365 442 172 155 32 8 5 1 0 1 0 0 0 0 0

199' 39062 650 1128 1447 342 125 94 65 21 4 1 2 0 1 0 0 0
1995 44463 1001 2690 983 295 99 59 46 40 25 17 16 8 5 0 0 1
1996 36002 423 1293 118 490 269 86 88 129 98 109 66 34 17 6 0 1

e:\acfm\wgmhsa98\T-333.x1s
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'l'abla 3.3.4 SOU'l'BERN MACDREL. CPUE at age from survays.

October Spain SUrvey, Bottom trawl survey (Catch: numbers)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch

Yaar Effort age 0 age 1 aga 2 age 3 age 4 age 5 aga 6 age 7 age 8 aga 9 age 10+

1984 1 1.467 0.200 0.106 0.371 0.149 0.209 0.039 0.013 0.029 0.018 0.065

1985 1 2.653 1.598 0.016 0.055 0.370 0.138 0.085 0.030 0.017 0.029 0.084

1986 1 0.026 0.174 0.140 0.022 0.026 0.060 0.025 0.002 0.000 0.004 0.029

1987
1988 1 0.286 0.028 0.027 0.014 0.021 0.005 0.010 0.012 0.004 0.001 0.001

1989 1 0.510 0.000 0.020 0.000 0.040 0.020 0.000 0.010 0.000 0.000 0.000

1990 1 0.400 0.940 0.040 0.000 0.010 0.020 0.000 0.000 0.000 0.000 0.000

1991 1 0.130 0.270 0.220 0.270 0.340 0.070 0.030 0.010 0.030 0.000 0.010

1992 1 19.900 0.480 0.160 0.150 0.090 0.030 0.010 0.000 0.000 0.000 0.000

1993 1 0.071 1.256 0.789 0.026 0.063 0.018 0.008 0.002 0.002 0.002 0.005

1994 1 0.468 0.106 0.122 0.145 0.043 0.040 0.012 0.006 0.002 0.001 0.000

1995 1 0.916 0.031 0.187 0.164 0.049 0.013 0.011 0.003 0.002 0.001 0.000
1996 1 46.092 6.396 1.316 0.074 0.101 0.019 0.000 0.007 0.010 0.000 0.000

October Portugal SUrvay, Bottom trawl survay (Catch: number * 1000)

Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch •Yaar Effort aga 0 age 1 aga 2 aga 3 aga 4 aga 5 aga 6 age 7 age 8 aga 9 aga 10+

1986 1 515 2759 1004 512 36 14 9 4 0 0 0
1987 1 1026 23280 14792 2939 545 0 0 0 0 0 0
1988 1 86467 24547 354 328 35 11 0 0 0 0 0
1989 1 11643 28427 4707 3452 22 9 0 0 0 0 0
1990 1 1344 2991 1753 89 5 1 0 0 0 0 0
1991 1 309 374 288 185 32 19 15 6 1 1 0
1992 1 123551 2738 664 302 57 14 5 0 0 0 0
1993 1 52323 385 115 47 75 0 0 0 0 0 0
1994 1 12211 771 297 106 42 49 18 14 0 0 0
1995 1 318598 9076 282 110 31 10 5 2 0 0 0

1996* 1 235262 2157 216 22 4 1 0 0 0 0 0

* DIFFERENT SHIP

e:\acfm\wgmhsa98\T-334.x1s
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Table 3.4.1
e e

The North East Atlantic mackerel catch numbers at age.

Mackerel NE At1antic (run: ICACDD06/I06)
-----------------------------------------
Catch in number

------~--------------------------------------------------------------------------------------------------------Age 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------~--------------------------------------------------------------------------------------------------------0 288.40 81.22 48.52 7.42 55.12 65.40 24.25 10.01 43.45 19.35 25.37 14.76 37.961 32.02 267.06 56.42 40.20 145.91 64.26 140.53 58.46 83.58 128.14 147.32 81. 53 119.852 86.40 20.15 412.12 156.91 131. 61 312.14 209.85 212.52 156.29 210.32 221.49 340.90 168.883 685.13 51.93 31.26 664.65 182.06 207.69 410.15 206.42 356.21 266.68 306.98 340.22 333 .314 389.08 442.21 14.30 56.19 514.81 167.59 208.15 315.45 266.59 398.24 261.42 215.03 219.185 252.48 250.43 353.45 89.17 69.72 362.41 156.74 188.62 306.14 244.29 301.35 186.86 111.616 98.44 164.05 201.93 245.04 8'3.50 48.10 254.02 129.15 156.07 255.41 184.93 191.86 96.301 22.11 61. 92 122.48 150.88 192.22 58.12 42.55 197.89 113.90 149.93 189.85 142.34 119.838 62.05 19.42 41. 32 86.03 111.13 111.25 49.70 51.08 138.46 91.15 106.11 113.41 55.819 48.11 47.22 13 .14 34.86 53.46 68.24 85.45 43.42 51. 21 121.40 80.05 69.19 59.8010 37.63 31.34 31.83 19.10 19.80 32.23 33.04 10.84 36.61 38.19 51.62 42.44 25.8011 30.22 26.11 22.30 25.80 12.60 13.90 16.59 29.14 40.96 29.01 20.41 31.96 18.3512 69.45 96.96 18.18 63.21 54.98 35.81 21.91 52.99 68.21 68.22 51.55 39.15 30.65
------~--------------------------------------------------------------------------------------------------------Thousands

INDICES OF SPAWNING BIOMASS

INDEX!

------~------------------------------------------------------------------------------------------------I 1984 1985 1986 1981 1988 1989 1990 1991 1992 1993 1994 1995
------~------------------------------------------------------------------------------------------------

1 I 1.0 1.0 2470.0 1.0 1.0 2940.0 1.0 1.0 ]]10.0 1.0 1.0 2840.0

------~------------------------------------------------------------------------------------------------
Thousands



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

Weights at age in the catches (Kg)

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

o I .03100 .05500 .03900 .07600 .05500 .04900 .08500 .06800 .05100 .06100 .04600 .07200 .05800
1 .10200 .14400 .14600 .17900 .13300 .13600 .15600 .15600 .16700 .13400 .13600 .14300 .14300
2 .18400 .26200 .24500 .22300 .25900 .23700 .23300 .25300 .23900 .24000 .25500 .23400 .22600
3 .29500 .35700 .33500 .31800 .32300 .32000 .33600 .32700 .33300 .31700 .33900 .33300 .31300
4 .32600 .41800 .42300 .39900 .38800 .37700 .37900 .39400 .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 ·.54200·' .52100' .45700 ~49300 .55500 .54300 .52800 .50600 .53200· .52700 .54300 .53900 .51800
8 .48000.55500.54300.49800.55500.59200.55200.55400. 55500 .54800 .59000 .57700 .55100
9 .56900.56400.59100.58000.56200.57800.60600.60900. 59700 .58300 .58300 .59400 .57600

10 .62800 .62900 .55200 .63400 .61300 .58100 .60600 .63000 .65100 .59500 .62700 .60600 .59600
11 .63600.67900.69400.63500.62400.64800.59100.64900. 66300 .64700 .67800 .63100 .60300
12 .66300 .71000 .68800 .71800 .69700 .73900 .71300 .70800 .66900 .67900 .71300 .67200 .67000

------+--------------------------------------------------------------------------------------------------------
Units

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

Weights at age in the stock (Kg)
---------------------------------

------+---------------------------------------~----------------------------------------------------------------
Age I 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------------------------------

0 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000
1 .08700 .08700 .08700 .08600 .08400 .08400 .08400 .08400 .08400 .08400 .08400 .08400 .08400
2 .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 .47200 .40800 .50400 .46800 .46800 .46800 .50400 .50300
9 .47400 .46000 .45500 .47000 .46800 .45200 .43400 .54200 .49200 .48500 .47800 .54100 .56600

10 .52100 .55400 .46900 .49500 .53100 .46500 .51900 .57000 .52600 .51700 .54900 .50800 .57500
11 .50800 .57500 .48800 .46200 .59700 .50400 .51900 .57000 .55500 .59000 .60200 .61500 .61300
12 .57300 .61100 .58600 .56900 .64700 .59700 .53700 .58600 .59200 .57400 .57900 .63500 .63800

------+--------------------------------------------------------------------------------------------------------
Units



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

Predicted Catch in Number

------+----------------------------------------------------------------------------------------
Age I 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

------+----------------------------------------------------------------------------------------o 1~.15 38.62 26.81 23.64 14.51 18.02 24.13 38.80 22.85 37.71 37.96
1 51.05 59.87 108.32 72.26 99.85 64.25 85.38 125.41 154.69 89.23 118.73
2 284.80 166.58 174.79 250.92 169.51 245.05 167.95 242.62 272.59 329.87 154.62
3 71.14 356.37 185.55 193.65 345.20 243.34 372.51 274.27 300.77 332.20 329.70
4 87.56 76.36 339.65 195.72 198.01 367.50 .272.95 444.21 246.16 265.84 242.61
5 238.77 107.79 83.24 339.73 167.42 176.11 343.25 269.22 327.52 17B.94 160.38
6 15B.23 255.05 101.48 57.38 248.46 127.28 140.52 288.B5 168.61 202.35 91.76
7 105.43 164.5B 232.69 60.06 47.26 212.60 114.17 132.60 203.15 117.03 116.85
8 45.34 85.02 115.86 110.08 46.46 37.96 178.70 100.62 86.80 131.27 63.07
9 1B.42 28.74 47.10 63.75 94.77 41.46 35.32 173.10 72.28 61.63 78.24

10 32.76 16.25 22.26 32.36 41.8B 64.53 29.42 26.06 93.94 3B.78 27.72
11 22.24 24.9B 10.87 13.63 21.8B 29.37 47.25 22.48 14.69 52.32 18.06

------+----------------------------------------------------------------------------------------
Thousands

Weighting tactors tor the catches in number
-...J
\0 --------------------------------------------

------+----------------------------------------------------------------------------------------
Age I 1986 19B7 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+----------------------------------------------------------------------------------------

0 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100 .0100
1 1.0000 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2 1.0000 1. 0000 1. 0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3 1.0000 1.0000 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000
4 1.0000 1.0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1. 0000
5 1.0000 1.0000 1.0000 1. 0000 1. 0000 1.0000 1. 0000 1.0000 1.0000 1.0000 1.0000
6 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1.0000 1.0000 1. 0000 1.0000
7 1. 0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
8 1. 0000 1.0000 1.0000 1. 0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1.0000
9 1.0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000

10 1. 0000 1.0000 1. 0000 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000
11 1.0000 1.0000 1.0000 1. 0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1.0000

------+----------------------------------------------------------------------------------------
Units



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

00o

Predicted SSB Index values

INDEXI

------+------------------------------------------------------------------------------------------------I 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
------+------------------------------------------------------------------------------------------------

1 I 1.0 1.0 2736.8 1.0 1.0 2883.1 1.0 1.0 3157.6 1.0 1.0 2598.0
------+------------------------------------------------------------------------------------------------

Thousands

Predicted Age-Structured Index Values

Fitted Selection Pattern

------+--------------------------------------------------------------------------------------------------------
Age I 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------------------------------

o .1771 .1295 .0437 .0437 .0437" .0296 .0296 .0296 .0296 .0296 .0296 .0296 .0296
1 .1083 .2487 .1366 .1366 .1366 .1429 .1429 .1429 .1429 .1429 .1429 .1429 .1429
2 .2621 .1040 .4604 .4604 .4604 .3954 .3954 .3954 .3954 .3954 ".3954 .3954 .3954
3 .8394 .2700 .6166 .6166 .6166 .6711 .6711 .6711 .6711 .6711 .6711 .6711 .6711
4 .8727 .9565 .7226 .7226 .7226 .8830 .8830 .8830 .8830 .8830 .8830 .8830 .8830
5 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
6 .9460 1.1979 1.2494 1.2494 1.2494 .9764 .9764 .9764 .9764 .9764 .9764 .9764 .9764
7 .4779 1.0772 1.5895 1.5895 1.5895 1.0809 1.0809 1.0809 1.0809 1.0809 1.0809 1.0809 1.0809
8 .7257 .6878 1.6101 1.6101 1.6101 1.1398 1.1398 1.1398 1.1398 1.1398 1.1398 1.1398 1.1398
9 .7488 .9611 1.2487 1.2487 1.2487 1.3703 1.3703 1.3703" 1.3703 1.3703 1.3703 1.3703 1.3703

10 .8036 1.0199 1.3191 1.3191 1.3191 1.2734 1.2734 1.2734 1.2734 1.2734 1.2734 1.2734 1.2734
11 .9178 1.0097 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000
12 .9178 1.0097 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000

------+--------------------------------------------------------------------------------------------------------
Units



Table 3.4.4c The ICA diagnostic Ittput for the North East Atlant~ mackerel.

IFAP run code: 106

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

11
o 12
1984 1996
1
o
53
136

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

PARAMETER ESTlMATES

] Parm] Maximum ] ] Mean of ]
] No. ] Likelih. ] CV Lower ] . Upper ] -s.e. +s.e. ] Param. ]

] ] Estimate] (%)3 95% CL ] 95% CL ] ] distrib.]

Separable Model: Reference F by year
1 1986 .1398 15 .1039 .1881 .1201 .1626 .1414

00 2 1987 .1647 14 .1242 .2185 .1426 .1903 .1664.... 3 1988 .1743 13 .1328 .2289 .1517 .2003 .1760
4 1989 .1695 12 .1338 .2148 .1502 .1913 .1707
5 1990 .1748 12 .1375 .2223 .1547 .1976 .1762
6 1991 .1893 12 .1479 .2422 .1669 .2147 .1908
7 1992 .2197 13 .1690 .2858 .1922 .2513 .2217
8 1993 .2812 15 .2091 .3781 .2418 .3271 .2844
9 1994 .2762 18 .1938 .3938 .2305 .3310 .2808

10 1995 .2656 22 .1706 .4133 .2119 .3328 .2724
11 1996 .2050 27 .1187 .3539 .1551 .2708 .2131

Separable Model: Selection (SI) by age from 1986 to 1988
12 0 .0437 134 .0031 .6107 .0114 .1678 .1080
13 1 .1366 19 .0939 .1987 .1128 .1654 .1391
14 2 .4604 18 .3185 .6656 .3815 .5556 .4686
15 3 .6166 18 .4274 .8897 .5115 .7435 .6275
16 4 .7226 18 .5012 1. 0416 .5996 .8708 .7352

5 1.0000 Fixed : Reference age
17 6 1.2494 18 .8692 1.7960 1. 0383 1.5035 1.2710
18 7 1.5895 18 1.1079 2.2805 1.3221 1.9109 1. 6167
19 8 1. 6101 18 1.1211 2.3124 1.3386 1. 9367 1.6378
20 9 1. 2487 18 .8726 1.7868 1. 0401 1.4992 1.2697
21 10 1.3191 18 .9263 1. 8785 1.1014 1.5799 1.3407

11 1. 2000 Fixed : last true age



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 0 .0296 88 .0052 .1688 .0122 .0720 .0439
23 1 .1429 14 .1070 .1908 .1233 .1656 .1445
24 2 .3954 13 .3051 .5124 .3464 .4513 .3988
25 3 .6711 12 .5263 .8559 .5928 .7598 .6763
26 4 .8830 11 .6996 1.1144 .7841 .9944 .8893

5 1.0000 Fixed : Reference age
27 6 .9764 11 .7853 1.2141 .8737 1. 0912 .9825
28 7 1.0809 10 .8748 1. 3354 .9703 1. 2040 1.0872
29 8 1.1398 10 .9289 1.3985 1.0268 .1.2652 1.1460
30 9 1.3703 10 1.1235 1.6714 1. 2382 1. 5165 1.3774
31 10 1.2734 10 1. 0385 1.5615 1.1476 1.4130 1. 2803

11 1.2000 Fixed : last true age

Separable Model: Populations in year 1996
32 0 6757009 251 49217 927652633 548436 83249668 158191007
33 1 4427881 40 1995866 9823370 2948712 6649048 4809358
34 2 2136963 32 1127010 4051970 1541796 2961877 2253909
35 3 2758000 27 1596581 4764281 2086749 3645174 2867377
36 4 1574604 25 947618 2616431 1215212 2040285 1628349
37 5 929602 25 566246 1526121 721862 1197126 959816
38 6 543446 25 332524 888156 422973 698232 560784
39 7 631483 24 391083 1019659 494529 806365 650638
40 8 325082 24 200566 526902 254088 415912 335101
41 9 342873 24 212272 553825 268465 437903 353288

00 42 10 129534 26 77681 216000 99789 .168146 134018IV

43 11 88942 27 52239 151431 67794 116686 92281

Separable Model: Populations at age 11
44 1986 154788 27 91049 263146 118074 202917 160566
45 1987 149614 21 97566 229427 120293 186081 153216
46 1988 61875 19 42375 90349 51007 75058 63040
47 1989 79556 17 56018 112986 66519 95149 80841.
48 1990 124179 16 89761 171794 105228 146544 125894
49 1991 155225 16 113251 212757 132162 182314 157247
50 1992 218790 15 160914 297483 187046 255921 221495
51 1993 84157 16 61293 115549 71589 98931 85265
52 1994 55844 18 38981 80001 46486 67085 56791
53 1995 205644 21 133823 316010 165166 256043 210644

SSB Index catchabilities
INDEX1

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



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

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals

------+----------------------------------------------------------------------------------------
Age 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+----------------------------------------------------------------------------------------o .930 -1.650 .721 1.018 .513 -.588 .588 -.695 .105 -.938 .000

1 .100 -.398 .298 -.117 .342 -.094 -.021 .022 -.049 -.090 .009
2 .370 -.059 -.284 .220 .213 -.142 -.072 -.143 -.208 .033 .088
3 -.647 .623 -.019 .070 .174 -.165 -.045 -.028 .020 .024 .011
4 -.164 -.296 .416 -.155 .050 .021 -.024' -.109 .083 .034 .140
5 .392 -.190 -.177 .065 -.066 .069 -.114 -.097 -.083 .043 .102
6 .244 -.040 -.195 -.164 :022 .015 .105 -.123 .092 -.022 .048
7 .150 -.087 -.191 -.033 -.105 -.072 -.002 .123 -.068 .196 .025
8 -.093 .012 .011 .011 .067 .297 -.255 -.029 .201 -.146 -.122
9 -.338 .193 .127 .068 -.104 .046 .371 -.355 .102 .116 -.269

10 -.029 .193 -.117 -.004 -.237 .093 .219 .398 -.489 .090 -.072
11 .002 .032 .147 .020 -.277 .013 -.143 .257 .329 -.321 .016

------+----------------------------------------------------------------------------------------
Units

SPAWNING BIOMASS INDEX RESIDUALS

INDEX1

------+------------------------------------------------------------------------------------------------I 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993" 1994 1995
------+------------------------------------------------------------------------------------------------

1 I -1.000 -1.000 -.103 -1.000 -1.000 .020 -1.000 -1.000 .065 -1.000 -1.000 .089
------+------------------------------------------------------------------------------------------------

Units



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

PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE

Separable model fitted
Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Degrees of freedom

from 1986 to 1996
.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
Partial chi-square
Significance in fit
Number of observations
Degrees of freedom
Weight in the analysis

ANALYSIS OF VARIANCE TABLE

Unweighted Statistics

Variance

.0058
-.0418
-.6366

.0016

.0000
4
4

1.0000

SSQ Data Params d.f.

Total for Model
Catches at Age

SSB Indices
INDEX1

Weighted Statistics

11. 8886
11.8656

.0231

136
132

4

53
53

o

83
79

4

.1432

.1502

.0058

Variance

SSB Indices
INDEX1

SSQ Data Params d. f.

Total for Model 4.4916 136 53 83 .0541
Catches at Age 4.4686 132 53 79 .0566

.0231 4 0 4 .0058

e e



Table 3.4.6 The North East At~tiC rnackerel population nUrnbe!! at age.

Population Abundance (1 January)

------+----------------------------------------------------------------------------------------------------------------
Age f 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
------+----------------------------------------------------------------------------------------------------------------o 7281.3 3463.6 3386.5 5799:2 3805.1 5086.0 3026.8 3473.2 4007.4 5039.5 3020.8 5185.1 6757.0 3369.8

1 1311.2 5999.9 2905.9 2897.0 4955.6 3250.2 4355.7 2591.7 2972.7 3426.9 4301.6 2578.8 4427.9 5780.6
2 1488.7 1098.9 4916.8 2453.9 2438.0 4164.9 2730.5 3656.4 2171.2 2479.6 2833.3 3559.1 2137.0 3701.1
3 3944.0 1201.4 926.6 3968.2 1957.8 1936.6 3352.4 2193.2 2920.2 1713.3 1909.6 2186.4 2758.0 1696.1
4 2162.7 2761.2 980.4 731.7 3085.5 1513.3 1487.6 2566.0 1662.5 2168.8 1221.0 1365.5 1574.6 2068.8
5 1242.8 1501.8 1967.7 762.7 559.1 2341.4 1121.5 1097.2 1868.6 1178.6. 1456.3 823.5 929.6 1130.9
6 509.1 836.4 1061.0 1472.7 556.8 404.2 1701.1 810.4 781.5 1291.1 765.8 950.9 543.4 651.8
7 214.9 347.2 568.3 766.9 1031.8 385.4 294.9 1234.3 579.8 542.8 844.4 503.3 631.5 382.9
8 407.8 164.5 241.6 391.7 508.0, 673.1 276.2 210.1 865.8 393.6 344.7 539.2 325.1 435.5
9 307.2 293.6 123.6 166.0 258.6 330.2 477.6 .194.8 145.7 580.1, 245.8 216.6 342.9 221.5

10 225.3 220.0 209.0 89.3 116.3 179.0 225.3 323.5 129.3 92.8 339.6 144.9 129.5 222.9
11 160.6 159.2 154.8 149.6 61.9 79.6 124.2 155.2 218.8 84.2 55.8 205.6 88.9 85.9
12 369.0 576.4 548.2 378.9 312.8 209.0 158.4 280.0 315.8 255.4' 218.8 156.2 150.9 161.4

------+----------------------------------------------------------------------------------------------------------------
Thousands

Fishing Morta1ity (per year)

00

~ ------+--------------------------------------------------------------------------------------------------------
Age I 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------------------------------------------------------o .04356 .02557 .00611 .00720 .00762 .00502 .00518 .00560 .00650 .00832 .00818 .00786 .00607

1 .02664 .04909 .01909 .02250 .02381 .02422 .02499 .02705 .03140 .04019 .03948 .03795 .02929
2 .06448 .02053 .06435 .07584 .08026 .06702 .06913 .07483 .08688 .11118 .10921 .10500 .08103
3 .20652 .05329 .08619 .10158 .10750 .11376 .11735 .12703 .14748 .18873 .18539 .17824 .13755
4 .21470 .18881 .10100 .11902 .12596 .14968 .15439 .16713 .19403 .24831 .24392 .23451 .18098
5 .24602 .19740 .13978 .16473 .17433 .16951 .17485 .18927 .21974.28120 .27623 .26558 .20496
6 .23274 .23647 .17464 .20582· .21782 .16551 .17073 .18481 .21456 .27458 .26972 .25932 .20013
7 .11757 .21265 .22217 .26183 .27710 .18321 .18899 .20458 .23751 .30394 .29857 .28705 .22153
8 .17854 .13578 .22506 .26523 .28070 .19321 .19930 .21574 .25046 .32052 .31485 .30271 .23361
9 .18421 .18972 .17453 .20569 .21768 .23228 .23960 .25936 .30111 .38534 .37852 .36392 .28086

10 .19770 .20134 .18438 .21729 .22996 .21585 .22265 .24102 .27902 .35808 .35175 .33818 .26099
11 .22580 .19932 .16773 .19767 .20920 .20341 .20982 .22713 .26369 .33745 .33148 .31869 .24595
12 .22580 .19932 .16773 .19767 .20920 .20341 .20982 .22713 .26369 .33745 .33148 .31869 .24595

------+--------------------------------------------------------------------------------------------------------
Units

Table 3.4.5 The North East Atlantic rnackerel fishing rnortality at age.



Table 3.4.7 The North East Atlantic mackerel stock summary.

STOCK SUMMARY
-------------

J Year J Recruits Total J SpawningJ Landings J Yield/ Mean F J SoP
Age 0 J Biomass J Biomass J J SSB Ages
thousands J tonnes J tonnes J tonnes ratio J 4- 8 J (%) J

1984 7281310 3488632 2748697 648084 .2358 .1979 99
00 1985 3463640 3670211 2708072 614275 .2268 .1942 990- 1986 3386450 3650931 2736806 602128 .2200 .1725 97

1987 5799150 3545016 2725600 654805 .2402 .2033 100
1988 3805090 3789610 2827004 676288 .2392 .2152 96
1989 5086000 3840867 2883121 '585921 .2032 .1722 99
1990 3026780 3682675 2768656 625611 .2260 .1777 100
1991 3473230 4060674 3144915 667883 .2124 .1923 101
1992 4007420 4121989 3157600 760351 .2408 .2233 100
1993 5039500 3862019 2853050 825036 .2892 .2857 99
1994 3020780 3568013 2556340 822570 .3218 .2807 99
1995 5185060 3504273 2598039 756186 .2911 .2698 100
1996 6757010 3323920 2456109 563585 .2295 .2082 99
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Table 3.4.8

Mackerel in the North East Atlantic

Multi fleet pr~iction: Input data

,
The SAS System

•

•

1997 Northern Southern

Exploit. lJeight Exploit. lJeight Stöclc Natural Maturity Prop.of. F Prop.cf M lJeight
Age pattern in catch pattern in catch size mortality ogive bef.spaw. bef .spaw. in stoclc

0 0.0010 0.056 0.0050 0.059 3872.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0260 0.141 0.0030 0.148 3312.000 0.1500 0.1400 0.4000 0.4000 0.084
2 0.0780 0.244 0.0030 0.209 3701.000 0.1500 0.6500 0.4000 0.4000 0.164
3 0.1340 0.329 0.0040 0.279 1696.000 o~ 1500 0.9100 0.4000 0.4000 0.253
4 0.1740 0.386 0.0070 0.349 2069.000 0.1500 0.9700 0.4000 0.4000 0.314
5 ' 0.1980 0.441 0.0070 0.400 1131.000 0.1500 0.9700 0.4000 0.4000 0.370
6 0.1910 0.502 0.0090 0.438 652.000 0.1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.536 0.0120 0.467 383.000 0.1500 1.0000 0.4000 0.4000 0.472
8 0.2180 0.575 0.0160 0.499 436.000 0.1500 1.0000 0.4000 0.4000 0.492

,9 0.2630 0.586 0.0180 0.521 222.000 0.1500 1.0000 0.4000 0.4000 0.528
10 0.2440 0.615 0.0170 0.546 223.000 0.1500 1.0000 0.4000 0.4000 0.544
11 0.2280 0.650 0.0180 0.562 86.000 0.1500 1.0000 0.4000 0.4000 0.610
12+ 0.2330 0.691 0.0130 0.624 161.000 0.1500 1.0000 0.4000 0.4000 0.617

Unit . lCilograms - KilogramS Milliöns . . - - KilogramS

1998 Northern Southern

Exploit. lJeight Exploit. lJeight Recruit· Natural Maturity Prop.of F pröp.of M lJeight
Age pattern in catch pattern in catch ment mortality ogive bef.spaw. bef.spaw. in stoclc

0 0.0010 0.056 0.0050 0.059 3872.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0260 0.141 0.0030 0.148 · 0.1500 0.1400 0.4000 0.4000 0.084
2 0.0780 0.244 0.0030 0.209 ; 0.1500 0.6500 0.4000 0.4000 0.164
3 O~ 1340 0.329 0.0040 0.279 · 0.1500 0.9100 0.4000 0.4000 0.253
4 0.1740 0.386 0.0070 0.349 · 0.1500 0.9700 0.4000 0.4000 0.314
5 0.1980 0.441 0.0070 0.400 · 0.1500 0.9700 0.4000 0.4000 0.370
6 .0.1910 0.502 0.0090 0.438 · 0.1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.536 0.0120 0.467 · 0.1500 1.0000 0.4000 0.4000 0.472
8 0.2180 0.575 0.0160 0.499 · 0.1500 1.0000 0.4000 0.4000 0.492
9 0.2630 0.586 0.0180 0.521 · 0.1500 1.0000 0.4000 0.4000 0.528

10 0.2440 0.615 0.0170 0.546 · 0.1500 1.0000 0.4000 0.4000 0.544
11 0.2280 0.650 0.01S0 0.562 · 0.1500 1.0000 0.4000 0.4000 0.610
12+ 0.2330 0.691 0.0130 0.624 · 0.1500 1.0000 0.4000 0.4000 0.617

Unit lCilograms Kilograms Millions
••••••• v- . . - - . Kllograms

(cont.)

(cont.)

1999 Northern Southern

Exploit. ~eight Exploit. lJeight Reeruit-
,....

Maturity Prop.of F Prop.öf M lJeightNatural
Age pattern in catch pattern in catch ment mortality ogive bef.spaw. bef.spaw. in stoclc

0 0.0010 0.056 0.0050 0.059 3872.000 0.1500 0.0000 0.4000 0.4000 0.000
1 0.0260 0.141 0.0030 0.148 · 0.1500 0.1400 0.4000 0.4000 0.084
2 0~07S0 0.244 0.0030 0.209 · . 0.1500 0.6500 0.4000 0.4000 0.164
3 0.1340 0.329 0.0040 0.279 · 0.1500 0.9100 0.4000 0.4000 0.253
4 0.1740 0.386 0.0070 0.349 · 0.1500 0.9700 0.4000 0.4000 0.314
5 0.19S0 0.441 0.0070 0.400 · 0.1500 0.9700 0.4000 0.4000 0.370
6 0.1910 0.502 0.0090 0.43S · 0.1500 0.9900 0.4000 0.4000 0.431
7 0.2100 0.536 0.0120 0.467 · 0.1500 1.0000 0.4000 0.4000 0.472
8 0.2180 0.575 0.0160 0.499 · 0.1500 1.0000 0.4000 0.4000 0.492
9 0.2630 0.586 0.01S0 0.521 · 0.1500 1.0000 0.4000 0.4000 0.528

10 0.2440 0.615 0.0170 0.546 · 0.1500 1.0000 0.4000 0.4000 0.544
11 0.22S0 0.650 0.01S0 0.562 · 0.1500 1.0000 0.4000 0.4000 0.610

. 12+ 0.2330 0.691 0.0130 0.624 · 0.1500 1.0000 0.4000 0.4000 0.617
' .. '. " .....

Millions . KilogramsUnit - Kilograms - Kilograms . - -
.....

Notes: Run name : SPRCDD02. ..
Date and time: 15SEP97:21:27
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Table 3.4.9a Multifleet prediction summary table for the Mackerel in the North East Atlantic,
a status quo F constraint for each fleet in 1997 and status quo F in 1998 and 1999

Hackerel In the North East Atlantle
The SAS System

Multi fleet predletlon: Summary table

18:55 Sunday, September 14, 1997

Northern . Southern Total 1 January Spawnlng time'. . .. '. .... .'A ... ', . .. . '. . . . ,

Year F Reference Cateh In Cateh In F Referenee Cateh In Catch In Catch In Catch in Stock Stock Sp.stoek Sp.stock Sp.stoek Sp.stock
Faetor F nurbers weight Factor F nlJlbers welght nlJIbers welght slze biomass slze blomass size blomass

1997 1.0000 0.1982 1423031 561906 1.0000 0.0102 85769 25126 1508800 587032 17944000 3449021 9673170 2923853 8562262 2560899
1998 1.0000 0.1982 1461673 582788 1.0000 0.0102 85456 25197 1547129 607986 17920927 3541317 9875726 3044274 8731574 2665657
1999 1.0000 0.1982 1468709 591508 1.0000 0.0102 87322 26054 1556031 617563 17865648 3575485 9873565 3091763 8722935 2706025

Unlt . . Thousands Tonnes - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tomes

00
00

Notes: Run name : SPRC0002
Date and time . : 16SEP97:08:35
Computation of ref. F: Northern: Simple mean,

Southern: Simple mean,
Predletlon basis : F faetors

age 4 - 8'
age 4 • 8

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

Mackerel In the North East Atlantle
The SAS System

Mutti fleet predletlon: Summary table

18:55 Sunday, September 14, 1997

Northern Southern Total 1'January Spawnlng time
Year F Reference Catch .In Cateh In F Referenee . Cateh In Cateh In Cateh In Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stockFactor F nLJJbers welght Factor F nlJlbers welght nLJJbers welght slze blomass slze blomass slze blomass
1997 0.9400 0.1863 1342048 530103 1.3400 0.0137 115194 33783 1457242 563886 17944000 3449021 9673170 2923853 8584853 25686051998 1.0000 0.1982 1469n7 586606 1.0000 0.0102 85819 25360 1555596 611966 17968492 3560840 9925n4 3063612 8775134 26824321999 1.0000 0.1982 1474688 594589 1.0000 0.0102 . 87628 26198 1562315 620787 17898760 3590653 9907648 3106984 8752316 2719154
Unlt - - Thousands Tomes - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tomes Thousands Tonnes

Predlctlon basis

Notes: Run name
Date and time
Computat Ion of

: SPRCDD02
: 15SEP97:20:20

ref. F: Northern: Simple mean,
Southern: Simple mean,

: F·factors

ag"- 8
a9.· 8

,.
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Table 3.4.9c Multifleet prediction,summary table for the Mackerel in the North East Atlantic,
assuming astatus quo catch constraint for each fleet in 1997 a 560kt catch in 1998 and 1999

Mackerel In the North East Atlantlc -
The SAS System

Multi fleet predictlon: Summary table

18:55 sunday, September 14, 1997

Northern, Southern Total 1'January Spawnlng time

Year F Reference Catch In Catchln ' F Reference Catch in Catch In Catch In Catch In Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock

Factor F nlJTbers, welght Factor F nlJTbers welght: nlJTbers welght atze blomass size, blomass stze blomass

1997 0.9569 ! 0.1897 1366352 '. 539752. , 0.9569 0.0098 82295 24135 1448647 563886 17944000 I, 3449021 9673170 . 2923853 8585031 2568882

1998' 0.90741, o~ 1798 I·· 1343774 536789 0.9074 0.0093 78358 23211 1422132 1
' 560000 17976451 3562041 992m3 3064273 8828208 2701111

1999 0.8790 , 0; 1742 1326039 536365 0.8790 0.0090 78446 23636 .'1404485 560000 18028811 3638584 10028550 3153126 • 8926543 2783762

UnH - . Thousands Tonnes . . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tannes

Notes: Run name .
Date and time' ,
C~tation of;ref.

Predlctlon basis

: SPRCDD02
: .,15SEP97:20:20'

F: Northern: Simple mean, age 4 • 8
Southern: Simple mean, age 4 • 8

: TAC constralnts

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 Atlantlc
The SAS' System ,

Multi-fleet predlctlon: Summary table

18:55 Sunday, September 14,' 1997

Northern Southern Total 1 January Spawnlng time

Year F· Reference Catch In ' Catch In . F' Reference Catch, In Catch, In Catch In Catch In Stock Stock Sp.stock Sp.stock
Factor - F nlJTbers welght Factor F nlJTbers weight.: nlJTbers. welght

Sp.stock Sp.stock ..'
stze, blomass slze blomass stze' blomass,

1997 0.9400 0.1863 1342048 530103 1.3400 ' 0.0137 115194 33783 ' 1457242 . 563886 17944000 , 3449021 9673170 2923853 ' 8584853 2568605
1998 0.7203 , 0.1428 1082566 433172 0.7023 0.0072 61348 18255 1143914 451426 17968492 3560840 .... 9925774 3063612 8931554 -
1999 0.7175 0.1422 1125105 457750 0.7175

2737694
0.0073 66080 20178 1191185 477928 18278942 3734054 10265635 I' 3245890 9230237 . 2899237

UnH - . Thousands Tonnes . .. Thousands Tonnes Thousands Tannes Thousands Tonnes Thousands I' Tonnes. Thousands Tonnes

Notes: Run name
Date and time'
C~tatlon ofref.

Predictlon basis

: SPRCDD02
: 15SEP97:21:07'

F: Northern: Simple mean, age 4 • 8
Southern:'Simple mean, age 4 • 8

: F factors



\0o

Table 3.4.10 Multifleet management option table for the Mackerel in the North East Atlantic,'
assuming a status quo F 1997.

Multi fleet prediction with mangement option table

Year: 1997

Northern Southern Total,

F Reference Catch in F Reference Catch in Catch in Stock Sp.stock
Factor F weight, Factor' F weight weight biomass biomass

1.0000 0.1982 561906 1.0000 0.0102 25126 587032 3449021 2560899

- - Tonnes. - - . TOMes· Tonnes, TOMes, ..ToMes'

Year: 1998 Year: 1999

Northern Southern Total

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

0.0000 0.0000 0 0.0000 0.0000 0 0 3541317 2866989 4119009 3408098
0.1000 0.0198 63183 0.1000 0.0010 2730 65913 · 2846128 4060008 3329183
0.2000 0.0396 125217 0.2000 0.0020 5411 130628 · 2825433 4002097 3252352
0.3000 0.0595 186126 0.3000 0.0031 8044 194169 · 2804901 3945254 3177547
0.4000 0.0793 245930 0.4000 0.0041 10629 256559 · 2784532 3889456 3104711
0.5000 0.0991 304654 0.5000 0.0051 13167 317821 · 2764324 3834683 3033787
0.6000 0.1189 362318 ' 0.6000 0.0061 15660 3n978 · 2744276 3780914 2964722
0.7000 0.1387 418942 0.7000 0.0071 18109 437051 · 2724387 3728130 2897463
0.8000 0.1586 474549 0.8000 0.0082 20514 495063 · 2704655 3676310 2831960
0.9000 0.1784 529158 0.9000 0.0092 22877 552034 · 2685079 3625434 2768163
1.0000 . 0.1982 582788 1~0000 0.0102 .25197 607986 · 2665657 ',3575485 2706025
1.1000 0.2180 ' 635460 1.1000 0.0112 27477 662937 · 2646389 3526443 2645499
1.2000 0.2378 687191 1.2000 0.0122 29717 716909 · 2627273 3478290 2586540
1.3000 0.25n 738002 1.3000 0.0133 31918 769919 · 2608307 3431009 2529104
1.4000 . 0.2n5 787909 1.4000 0.0143 34080 821989 · 2589491 3384582 2473149
1.5000 0.2973 836931 1.5000 0.0153 36205 873135 · 2570823 3338992 2418633
1.6000 ',' 0.3171 885084 1.6000 0.0163 38292 9233n · 2552303 3294222 2365517
1.7000 0.3369 932387 1.7000 0.0173 40344 972731 · 2533928 3250257 ' 2313762
1.8000 0.3568 978856 1.8000 0.0184 42360 1021216 · 2515698 3207080 2263329
1.9000 0.3766 1024507 1.9000 0.0194 44342 1068849 · 2497611 3164676 2214183

, 2.0000 0.3964 1069356 2.0000 0.0204 46290 1115646 · 2479666 3123028 2166287

- - Tomes - - Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
COII'pUtat ion of ref.

Basis for 1997

: MANCDD03
: .16SEP97:08: 14

F: Northern: Simple mean, age 4 • 8
Southern: Simple mean, age 4 - 8

: F factors



Table 3.4.11 Multifleet management option table for the Mackerel in the North East Atlantic,
assumingastatus quo catchconstraint for each fleet in 1997.

Multi fleet prediction with mangement option table

Year: 1997

Northern Southern Total

F Reference Catch in ' F Reference Catchin Catch in Stock Sp.stock
Factor F weight Factor F weight weight biomass biomass

0.9400 0.1863 530103 1.3400 0.0137 33783 ' 563886 3449021 2568605

- - Tonnes - - Tonnes Tonnes Tonnes Tonnes

Year: 1998 Year: 1999

Northern' Southern Total

F Reterence Catch in F Reference Catch in Catch in Stock Sp.stock Stock Sp.stock
Factor F welght Factor F weight weight biomass biomass biomass biomass

0.0000 ' 0.0000 o ' 0.0000 0.0000 0 O' 3560840 2885201 4137684 3425709
0.1000 I' 0.0198 63601 1 , 0.1000 0.0010 2748 66349 · 2864191 4078299 3346284
0.2000 I, 0.0396 126044 0.2000 0.0020 5446 131491 · 2843347 4020011 3268958
0.3000 1\ 0.0595 187354 0.3000 . 0.0031 8096 195450 · 2822669 3962798 3193672
0.4000 0.0793 247552 0.4000 0.0041 10698 258249 · 2802154 3906639 3120368
0.5000 0.0991 306660 0.5000 0.0051 13253 319913 · 2781802 3851513 .3048991
0.6000 0.1189 364701 0.6000 0.0061 15762 380463 · 2761611 3797398 2979486
0.7000 0.1387 421696 0.7000 . 0.0071 18226 439922 · 2741580 3744274 2911800
0.8000 0.1586 477664 0.8000 0.0082 20647 498311 · 2721707 3692121 2845882
0.9000 0.1784 532628 0.9000 0.0092 23024 555652 · 2701992 3640921 2781683
1.0000 0.1982 . 586606 1-, 1.0000 . 0.0102 25360 ' 611966 · 2682432 3590653 2719154
1.1000 0.2180 639619 1.1000 . 0.0112 27654 667273 · 2663027 3541299 2658249
1.2000 0.2378 6916841 1.2000 . 0.0122 29908 721592 · 2643774 3492840 2598922
1.3000 0.2577 742822 1.3000 0.0133 32122 774944 · 2624674 3445260 2541128
1.4000 0.2775 793050 1.4000 0.0143 34298 827348 · 2605724 3398540 2484826

'1.5000 0.2973 842386 1~5000 0.0153 36436 878822 · 2586924 3352663 2429973
1.6000 0.3171 890848 1.6000 0.0163 38537 929384 · 2568272 3307612 2376530
1.7000 0.3369 938452 1.7000 ' 0.0173 40601 979053 · 2549767 3263372 2324457
1.8000 0.3568 985217 1.8000 0.0184 42630 1027847 · 2531407 3219925 2273716
1.9000 0.3766 1031157 1.9000 ' 0.0194 44624 1075781 · 2513192 ' 3177257 2224270
2.0000 0.3964 1076290 2.0000 . 0.0204 46584 1122874 · 2495121 3135351 2176084

- . , Tonnes - - Tonnes Tonnes Tonnes' Tonnes Tonnes Tonnes.

Notes: Run name : MANCDD03
Date and time : 16SEP97:08:14
Computation of ref. F: Northern: Simple mean, age 4 - 8

Southern: Simple mean, age 4 - 8
Basis tor 1997' : F factors

."



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

Multi fleet yield per recruit: Summary table

Northern Southern Total 1 ·January Spawning time

F Reference Catch in F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F weight Factor F weight weight size biomass size biomass size biomass

0.0000 0.0000 0.000 0.0000 0.0000 0.000 0.000 7.179 2298.416 5.088 2167.032 4.791 2040.834
0.2000 0.0396 70.508 0.2000 0.0020 3.446 73.954 6.169 1735.619 4.084 1605.842 3.789 1486.868
0.4000 0.0793 107.967 0.4000 0.0041 5.161 113.129 5.544 1402.799 3.465 1274.545 3.171 1161.619
0.6000 0.1189 129.942 0.6000 0.0061 6.074 136.017 5.114 1183.953 3.041 1057.145 2.748 949.357
0.8000 0.1586 143.694 0.8000 0.0082 - - 6.577 150.270 4.796 1029.426 2.729 903.994 . 2.437 800.630 ,
1;0000 ' . 0.1982 152.684 1.0000 0.0102 6.856 159.540 4.550 914.558 2.489 790.435 2.198 690.926
1.2000 0.2378 158.734 1.2000 0.0122 7.012 165.746 4.352 825.780 2.296 702.907 2.006 606.797
1.4000 0.2775 162.875 1.4000 0.0143 7.099 169.974 4.189 755.047 2.138 633.368 1.849 540.283
1.6000 0.3171 165.727 1.6000 0.0163 7.147 172.874 4.051 697.301 2.005 576.764 1.717 486.398
1.8000 0.3568 167.679 1.8000 0.0184 7.175 174.853 3.932 649.211 1.891 529.769 1.605 441.865
2.0000 0.3964 168.984 2.0000 0.0204 7.193 176.177 3.828 608.496 1.793 490.105 1.507 404.447
2.2000 0.4360 169.817 2.2000 0.0224 7.208 177.024 3.737 573.544 1.706 456.163 1.422 372.566
2.4000 0.4757 170.296 2.4000 0.0245 7.223 177.519 3.656 543.183 1.629 426.774 1.347 345.081
2.6000 0.5153 170.508 2.6000 0.0265 . 7.241 177.749 3.582 516.541 1.561 401.068 1.279 321.142
2.8000 0.5550 170.515 2.8000 0.0286 . 7.263 177.778 3.516 492.955 1.499 378.386 1.218 300.106
3.0000 0.5946 . 170.364 3.0000 , 0.0306 7.288 177.652 3.456 471.912 1.443 358.216 1.164 281.478 .
3.2000 0.6342 170.090 I· 3.2000 I·· 0.0326 7.317 177.407 3.400 453.009 1.391 340.157 1.114 264.867
3.4000 0.6739 169.720 3.4000 0.0347 7.351 177.070 3.349 435.924 1.344 323.889 1.068 249.965
3.6000 0.7135 169.274 3.6000 0.0367 7.388 176.661 3.302 420.397 1.301 309.155 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 1 ' 0.7928 168.216 . 4.0000 0.0408 7.472 175.688 3.217 393.206 1.224 283.479 0.951 213.236

. . Grams . - Grams Grams Nl.IIbers Grams Nl.IIbers Grams Nl.IIbers Grams

Notes: Run name : YLDCDD03'
Date and time : 17SEP97:08:19
computation of ref •. F: Northern: Simple mean, age 4 - 8

Southern: Simple mean, age 4 - 8
Recruftment : Single recruit
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Table 3.4.13 The medium term simulation harvest control rules for North East Atlantic mackerel

Medium term simulations harverst control rules for mackerel

Flxed parameters:
Lower limit of 55B: 2300

F above upper limit of 55B: 0.175

Stock assessment SO Catch multiplier Catch mull SO F lower level Upper limit SSB Prob 2=>1 (%) Catch variation Avg. catch

0 1 0 0.05 2500 0.9 20 584

3000 0.9 20 584

0.122 2500 3.7 20 584

3000 1.4 23 574

0.1 1 0 0.05 2500 1.7 42 580

3000 0.5 64 558

0.122 2500 3.7 41 583
3000 1.5 51 572

\0
V.l 0 0.05 2500 6.6 150 567

0.3 3000 7.4 160 550

0.122 2500 11.2 116 583
3000 12.5 121 574

0.1 1.1 0.1 0.05 2500 4.4 62 609

3000 1.3 88 581

0.122 2500 11.3 59 613
3000 6.6 67 598

0.1 1.2 0.1 0.05 2500 12.7 74 632
3000 3.3 99 601

0.122 2500 21.8 65 639
3000 16.3 70 622
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Flgure 3.4.5 Comparlsons between the Western and North East Atlantlc mackerel aueasments •
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Figure 3.4.6 The medium term projection results for status quo (F96) fishing mortality
for North East Atlantic mackereI. Total landings, fishing mortality ,
recruitment and stock size.
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Figure 3.4.7 The medium term projection results for status quo (F96) fishing mortality
for North East Atlantic mackerel. Fleet catches.

1. Landings

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

,.....
.........• ...- - - - -........

..._- _---_.. ---.----- ---_ -- .

0+-.......-....--,.-__.....,...-,..-.......-_.,
1.997 2000 2003 2006

Vear

Fleet
1..4e6

" ~- ----------------- ----; O.?S-l_J_-_'-----------... ~

>

20062000 2003

Yaar

D+-..-........--r---.--.--r-.......-...--,
1.997

0.8· ~-,--_._--_••-_._-~-••-.--
......................................................

0.4

Fleet :L F tlult.
1..6 ......................., , .

i 1.2-'-~_~---,-_..__ -_-._. __----.....
11.......
::I

:E:
I

11.

•
Fleet 2 F Hult.

1..6 .._.-- _-- -_.-- --- - .
Fleet: 2 Land1ngs
5«JOO

; 1..2....
Co
: 0.8...
::I
f
11. D."

~------~-------------------

- -.-.-.._-- _.............•......"
"-Ir...
>

36DDD

1.8OOQ

-~..- -._-_ -- _-_ ............-
----- -----------------

~_. __..-_.-_._._------~._~.
._--.-.-.--_.....-...-.....-......-.---.- -.-.-..-..-

200620032000
o-r_-..,......-,.-......--.---r-"""T"-....---,
19972OD62003200D

O+-........-......--r-..------r-......-.....,
1.997

Vear

101



Figure 3.4.8 The medium term projection results for status quo (F96) fishing mortality
for North East Atlantic mackereI. Stock size and risk of going below MBAL.
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Figure 3.4.9 The medium term projection results for an F = 0.15 fishing morta1ity
for North East At1antic mackereI. Total landings, fishing mortality ,
recruitment and stock size.
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Figure 3.4.10 The medium term projection results for an F = 0.15 fishing mortalit~

for North East Atlantic mackereI. Fleet catches.
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Figure 3.4.11 The medium term projection results for an F = 0.15 fishing mortality
for North East Atlantic mackerel. Stock size and risk of going below MBAL.
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Figure 3.4.12 NEA mackerel multifleet yield per recruit
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Figure 3.4.13 The NEA mackerel stock-recruitment relationship
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4 HORSE MACKEREL • GENERAL

4.1 Stock Units

<., . '.

•

The last 8 years the Working Group has considered the horse mackerel in the north east Atlantic as separated into
three management stocks, the North Sea, the Southern and the Western stock (ICES 1990/Assess:24, lCES
19911Assess: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 detennine a realistic border between a western
and southern spav-ning area. In later years some horse mackerel have been tagged in Portuguese and Spanish
waters, but so far no tags have been recovered (Borges and Porteiro pers. comm.).

Until recently linIe 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 ofmorphometric characters
of horse mackerel in the southern region (Murta and Borges, WO 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 coilsist of three units, the North Sea, the Southern and the Western
horse mackereI.

4.2 Spawning Stock Biomass Estimates from Egg Suneys

4.2.1 North Sea area

No new egg surveys coveri~g the spaWning of horse mackerel have been carried out since 1991 and none are
currently planned for the futUre.

4.2.2 Western area
. ..

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

4.2.3 Southern area

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

4.3 AUocatioDS of Catches to Stock

Usually, the catches in the Western part of Division I1Ia (third and fourth quarters) are closer to the catch
distributions in Division IVa than in Divisions IVb,c both spatially and temporally. Therefore these catehes have
been allocated to the western stock. However, in 1996 the catches in Division IIIa were taken in the eastern part
(Figures 4.3.2a-<1) 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 IIIa the distribution of the fishery in 1996 was similar to previous years arid thereby the
catches were allocated to the different stocks as:

Western stock: Divisions Ha, Vb, IVa, VIIa-c,e-k and VIII a,b,d,e

North Sea stock:' Divisions IVb,c, VIId and llIa

Southern stock: Divisions VIIIc and IXa

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

E:\ACFM\WGMHSA98\REPORT98.DOC 07/10197 10:33 109



4.4 Tbe Fishery in 1996

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

i
4.5 Distribution oe the Horse l\lackerel FisherieS

The distribution of the fishenes in 1996 are given in Figure 4.3.2a-d. The figures are based on data provided by
Denmark, Ireland, the Netherlands, Norway, Portugal, Spain and UK (England and Wales) covering 91% ofthe
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 Divisions VIIa-c,e-k. and the main seasons were the first
and fourth quarters.

First quarter, 163,000 t. This is 42,000 t more than 1995. The distribution of the catches are similar to previous
years. The main catches were taken 3.Iong the western continental shelf west of Ireland and the British Isles, in the
western Channel, in the Bay ofBiscay and along the Portuguese and Spanish west coast (Figure 4.3.2a).

Second quarter, 58,000 t. This is 34,000 t less than last year. The fishery was as in previous years, mainly 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).

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

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

4.6 Length Compositions by Fleet and by Country

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

4.7 Otolith Exchange in 1996

Last years Working Group recommended that a new horse mackerelotolith exchange b6 carried out in 1996 to
estimate the precision of the age readings of the otolith readers in the northeast Atlantic area (ICES,
1997/Assess:3). The results ofthis 1996 otolith exchange are presented in Eltink (1997).

Two earlier horse mackereI otolith exchanges have been carried out in 1984 and 1988 (Eltink, 1985 and Borges,
1989). However, this 1996 otolith exchange differs from the two earlier exchanges, because now one exchange
set contained otoliths of 'kn~Wn' age. This enables the estimation ofboth accuracy and precision.

During the 1996 horse mackereI otolith exchange three sets of otoliths were circulated arriong 7 readers from 6
countries. Set A contained oioliths of 'kßown' or 'actual' age, which were only otoliths of the extremely strong
1982 year dass collected dunng the period 1985-1995 of which the original ageings had a very high probability
to agree with the true age. Set B contained otoliths of fish caughi 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 arid
opaque edges). Set A has been used to validate the age reading method of each otolith reader. Based on this
validation the age readings of set B and C of each otolith reader have' been evaluated. Difficulties in' the
interpretation of the edge of the otolith were analysed by comparing ageing results of set B and C. The age
readings of the three sets were analysed for the age range 0-15, in addition set B was analysed over the age range
10-25 in order to get informätion on the relative bias in the ageings of especially the older fish. The accuracy and

E:\ACFM\WGMHSA98\REPORT9S.DOC07/10I9710:33 110



•

the precision of the age readings as weIl 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 bad 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 (FigiJre
4.7.2). The perceritage of agreement in the age readings of all readers obtained from comparisons to the 'actual'
age decreaSed from 75% io 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 DO 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 futtife age comparisons it is therefore essential that calcified structures of known
age are available to show presence of absence or bias. If bias can be excluded than the agreement to modal or
average age can be regarded as the agreement to the true age.

The absolute bias in ageing was estimated for each age group (see Figure 4.7.4).

The foIloWing conclusions were drawn:

1. 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 tmderestimation of approximately one year at age 13. Orie of the
readers appeared to overestimate the ages. especially the ages 7-9.

2. Interpretation ofthe outer edge (translucentlopaque) appeared to cause problems in the age detemunation.

3. There is no reason to change the age range (ages 0-14 with a 15+ group) for data to be supplied to the leES
. Assessment Working Group. .

4. Both the bias arid. the outer edge problem in ageing horse mackerelotoliths should be solved as soon as
possible. This could be done by the use of the 1982 year class otoliths (both with transhicent and opaque
edges). Discussions on how to read and interpret the ring structures could help to improve ~e precision arid
accuracy.

The Mackerei, Horse Mackerei, Sardine and AnchovY Working Group recommendS that ahOrSe mackerel
otolith workshop be held in 1998 in _. from ••• to ••• 1998 to be organised by A. Eltink, Netherlands to
improve the quality oe the age readings.

The workshop is requested to provide:

a) a synopsis of the biology of the species (stocks. migrations, spawning, feeding, maturity, gTowth, etc.).
b) an overview on how the ageing technique was validated.
c) a review of sampIe processing methods.
d) amanual for age reading (date ofbirth. interpretation ofrings and edges. guide-lines on how the best ageings

can be achieved, etc.). .' .
e) available information on when trarislucent and opaque otolith edge structures occur by month arid by age

group for both western and southern horse mackerel stocks. .
1) an exercise to estimate the precision, acctiracy arid bias from anage readings comparisons on otoliths of

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

........
IV

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

lila IVb,c Discards VlId Total lIa IVa VIa Vlla-c,e-k Vllla,b,d,e Discards Total VllIc IXa Total All stocks

1982 - 2,7883 - 1,247 4,035 - - 6,283 32,231 3,073 - 41,587 19,610 39,726 59,336 104,958

1983 - 4,4203 - 3,600 8,020 412 - 24,881 36,926 2,643 - 64,862 25,580 48,733 74,313 147,195

1984 - 25,8933 - 3,585 29,478 23 94 31,716 38,782 2,510 500 73,625 23,119 23,178 46,297 149,400

1985 1,138 22,897 2,715 26,750 79 203 33,025 35,296 4,448 7,500 80,551 23,292 20,237 43,529 ,150,830

1986 396 19,496 4,756 24,648 214 776 20,343 72,761 3,071 8,500 105,665 40,334 31,159 71,493 201,806

1987 436 9,477 1,721 11,634 3,311 11,185 35,197 99,942 7,605 - 157,240 30,098 24,540 54,638 223,512

1988 2,261 18,290 3,120 23,671 6,818 42,174 45,842 81,978 7,548 3,740 188,100 26,629 29,763 56,392 268,163

1989 913 ' 25,830 6,522 33,265 4,809 85,3042 34,870 131,218 11,516 1,150 268,867 27,170 29,231 56,401 358,533

1990 14,8721 17,437 1,325 18,762 11,414 112,7532 20,794 182,580 21,120 9,930 373,463 25,182 24,023 49,205 441,430

1991 2,7251 11,400 600 12,000 4,487 63,8692 34,415 196,926 25,693 5,440 333,555 23,733 21,778 45,511 391,066

1992 2,3741 13,955 400 688 15,043 13,457 101,752 40,881 180,937 29,329 1,820 370,550 24,243 26,713 50,955 436,548

1993 8501 3,895 930 8,792 13,617 3,168 134,908 53,782 204,318 27,519 8,600 433,145 25,483 31,945 57,428 504,190

1994 2,4921 2,496 630 2,503 5,689 759 106,911 69,546 194,188 11,044 3,935 388,875 24,147 28,442 52,589 447,153

1995 240 7,948 30 8,666 16,756 13,133 90,527 83,486 320,102 1,175 2,046 510,597 27,534 25,147 52,681 580,034

1996 1,657 7,558 212 9,416 18,843 3,366 18,356 81,259 252,823 23,978 16,870 396,652 24,290 20,400 44,690 460,185

INorwegian and Danish catches are included in the Western horse mackerel.
2Norwegian catches in Division IVb included in the Western horse mackerel.
3Divisions lIIa and IVb,c combined.
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Table 4.4.1 Landings (t) of HORSE MACKEREL by Sub-area. Data as submitted by
Working Group members.

Sub-area 1979 1980 ' 1981 1982 1983 1984

TI 2 + 412 23
N+llIa 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
VTI 43,525 45,697 34,749 33,478 40,526 42,952
vrn 47,155 37,495 40,073 22,683 28,223 25,629
IX 37,619 36,903 35,873 39,726 48,733 23,178

Total 137,504 130,970 129,074 104~958 147,195 149,485

Sub-area 1985 1986 1987 1988 1989 ' 1990

TI 79 214 3,311 6,818 4,809 11,414
N+llIa 24,238 20,746 20,895 62,892 112,047 145,062
VI 33,025 20,455 35,157 45,842 34,870 20,904- VTI 39,034 77,628 100,734 90,253 138,890 192,196
vrn 27,740 43,405 37,703 34,177 38,686 46,302
IX 20,237 31,159 24,540 29,763 29,231 24,023

Total 144,353 193,607 222,340 269,745 358,533 439,901

Sub-area 1991 1992 1993 1994 19951 19961

TI+Vb 4,487 13,457 3,168 759 13,133 3,366
N +llIa 77,994 113,141 140,383 112,580 98,745 27,782

VI 34,455 40,921 53,822 69,616 83,595 81,259 :
VTI 201,326 188,135 221,120 200,256 330,705 279,109'

vrn 49,426 54,186 53,753 35,500 28,709 48,269
IX 21,778 26,713 31,944 28,442 25,147 20,400

Total 389,466 436,553 504,190 447,153 580,034 460,185

1Preliminary.
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Table4.5.1 Quarterly catches (1000 t) ofHORSE MACKEREL by Division and Sub-division in 1996.

Division lQ 2Q 3Q 4Q TOTAL
IIa+Vb 0 0 0 3.4 3.4
illa + 0 0.7 1.0 1.7
Na 1.6 + 0 16.8 18.4
Nbc, Vlld 3.6 1.3 3.1 9.2 17.2
VIa 33.7 1.1 35.9 10.5 81.2
Vlla-c,e-k 114.1 42.4 32.1 81.1 269.7
VIIIabde 0.6 1.7 1.5 20.2 24.0
VIIIc 5.4 7.0 7.0 4.9 24.3
IXa 4.4 4.9 5.3 5.8 20.4
Sum ,163.4 58.4 85.6 152.9 460.3

Table 4.6.1 Annual length distributions (in millionsl of HORSE MACKEREL catches by fleet and country in 1996.

Netherlands Eng.&Wales Norway Germany Spain Portugal Ireland
Pelagic Pel.trawl Purse Pel.trawl Purse Demersal Gill net Hook Artisan Trawl Purse Pel.trawl

I cm trawl UK landings seine seine trawl
2 Q 3+4'"

5
6 0.15
7 3.35
8 6.63 0.00
9 3.76 0.00 0.61

10 " 3.31 0.01 2.81
11 9.66 0.01 12.83 1.31
12 13.55 0.80 9.68 3.44
13 9.17 1. 78 3.99 0.65
14 4.96 2.55 7.27 0.08
15 4.44 5.11 4.63 0.00
16 11.92 8.66 1.79 0.00
17 6.07 16.55 10.63 0.00 2.06 0.00
18 14.14 14.89 9.82 0.00 0.04 2.94 0.02
19 55.53 14.85 4.60 0.00 0.24 4.68 0.04
20 74.20 13.54 2.21 0.00 0.00 0.75 7.75 0.77
21 130.18 9.96 0.73 0.00 0.01 1.49 9.43 2.14
22 134.02 6.63 1.00 0.01 0.01 2.95 9.55 5.56
23 148.34 7.55 1.10 0.01 0.02 7.07 8.71 4.13 0.67
24 98.28 0.00 12.19 1.31 0.03 0.04 8.96 6.33 2.52 5.96
25 84.01 0.00 16.65 1.39 0.04 0.05 6.94 3.14 0.78 15.78
26 64.05 0.00 17.02 1.85 0.06 0.05 6.85 1.92 0.14

~~27 83.71 0.00 13.83 3.19 0.06 0.06 5.04 1.37 0.11
28 60.01 0.13 0.00 10.58 4.77 0.05 0.08 3.85 1.01 0.00 49. 1
29 74.11 0.35 0.06 0.01 7.08 6.15 0.05 0.09 3.80 0.79 1.20 66.61
30 53.94 1.54 0.33 0.02 6.24 6.33 0.04 0.07 3.11 0.63 7.17 43.42
31 41.28 2.01 0.72 0.05 3.58 4.22 0.04 0.08 2.96 0.52 13.15 22.18
32 26.39 2.25 2.94 0.10 2.13 4.12 0.04 0.07 3.04 0.43 7.57 8.57
33 23.29 2.13 8.37 0.22 0.78 3.02 0.04 0.06 3.07 0.37 1.59 4.93
34 16.13 0.59 10.61 0.25 0.45 2.61 0.03 0.08 3.36 0.35 0.40 4.30
35 9.66 0.83 8.05 0.26 0.37 1. 78 0.03 0.05 3.21 0.23 2.59
36 7.01 1.18 5.81 0.14 0.23 1.21 0.02 0.03 2.76 0.17 1.32
37 3.51 0.47 2.11 0.07 0.17 1.03 0.02 0.01 2.15 0.10 1.43
38 0.37 0.35 0.76 0.05 0.26 0.54 0.01 0.01 1.69 0.04 0.58
39 0.74 0.12 0.19 0.01 0.18 0.50 0.01 0.01 1.74 0.02 0.12
40 0.05 0.00 0.13 0.02 0.27 0.19 0.01 0.01 1.22 0.01 0.17
41 0.12 0.00 0.22 0.12 0.01 0.01 0.55 0.00 0.06

42+ 0.00 0.00 0.08 0.00 0.01 0.37 0.00
Nurnb 1209.01 11.94 40.20 1.19 247.10 93.43 0.60 0.90 77.23 106.17 52.76 303.92
ers

1000 166.21 3.55 15.53 0.41 22.64 12.81 0.15 0.22 4.39 7.58 2.09 63.13
tons
0.00=<5000
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---Total Northeast Atlantlc

. . - - . USSR catches

• Southern Horse Mackerel Stock

• Western Horse Mackerel Stock

• North Sea Horse Mackerel Stock
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Figure 4.3.1 Total catches of horse mackerel in the northeast Atlantic during the period 1965 - 1996. The catches taken by the USSR and
catches taken from the southern, western and North Sea horse mackerel stocks are shown in relation to the total catches in
the northeast Atlantic.
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Horse Mackerel Quarter 1 1996
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Horse Mackerel Quarter 2 1996
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Horse Mackerel Quarter 3 1996
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Horse Mackerel Quarter 4 1996
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HORSE MACKEREL OTOLITH EXCHANGE 1996 SET A (against 'actual' age)

~
20

1
- >8 {l 15e Vi
.. N
~ -!. 10

~+:~
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

~ 20
"E
8 ~ 15
e':E
~r:l 10
"'-!.
~ +
~ 5

O-l-"'+--+--+--+--+--+--+--+-+-+-+-t--l--l~

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

"0 20

1
"0 20.. ..

1:

15~
1:

o > ~ i; 15u ..
~'B -~.. ~ .. ~

co N
~~ 10

N "'-!. \C
~ + ~ +=: .. .. 5 =:

~ ~ ':1::: ~
'Actual' age ~

l:l 0 l:l
< <
~

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ~=:
"0 20

1
"0 20.. ..

"E 1:
o >

15~
o > 15u .. u ..

e:9 e'E.. ~ .. ~

co N co N 10
~

"'-!. "'-!. t--~ + ~ +=: .. 1:1~ .. 5 =:
~ ~ ~ ~
l:l 0 l:l
< <
~

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
~

~ 20

1~~15~.. N
~ i: 10

~:l~
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

~ 20
"E
8 ~ 15
~"E.. ~

~::;: 10
ä +
~ 5

O+",,+-t-t-t-t-f--l--f--+-+-+-+--+--+---l
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

.'
~ 20
"E
8 ~ 15
:::'B
~r:l 10
"'-!.
~ +
~ 5

O+-"'t-t-t-f--l--f--+-+-+-+--+--+--+--+---l
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15-:< L..- --J

Figure 4.7.1 In above age bias plots the mean age recorded +/. 2stdev of each reader and of all readers
combined is plotted against the 'actual' age.
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HORSE MACKEREL OTOLITH EXCHANGE 1996 SET A (against modal age)
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Figure 4.7.2 In above age bias plots the mean age recorded +/- 2stdev ot each reader and ot all readers
combined is plotted against the 'actual' age.
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Percentage agreement in the age readings of all readers
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Figure 4.7.3 The percentage of agreement in the age readings of all readers
obtained from comparisons to 'actual' and modal age.
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Figure 4.7.4 The absolute bias is plotted as obtained 1rom the mean 01 ages recorded
compared to the 'actual' age (horse mackerelotolith exchange set A).
Absolute bias is the bias in a comparison to true age.
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5 NORTH SEA HORSE MACKEREL (DMSIONS ma -EXCEPT WESTERN PART OF
SKAGERRAK· IVb,c AND VlId)

5.1 Tbe Fishery in 1996

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

5.2 Fishery Independent Information

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

5.3 Catch in Numbers 3t Age

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

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

The strength of the 1982 year class in the central imd 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.

5.4 Mean Weight and Mean Length at Age in the Catch

Table 5.3.1 provides information on the mean length and mean weight in the catch in 1996. These are based on
only Dutch sampIes from commercial and research vessels.

5.5 Assessment

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

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

The strong 1982 year class and relatively strong 1986 and 1989 year classes are recognized in the structure ofthe
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 1. Tbere is a high catch of the 15 plus group (Figure 5.3.1). Tbe Y/SSB ratio during the penod of the
1989-1991 is only 0.09.

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

Reference points and limits can not be defined with the very little current infonnation about this stock.

5.7 Management Measures and ConsideratioDS

No forecast is available for 1998.

The Working Group recommends, that if a TAC is set for this stock, it should apply only to those areas where
North Sea horse mackerei are fished, Le. Divisions Nb,c, VIld, and Division IIIa.

E:\ACFM\WGMHSA98\REPORT98.DOC 07/10/97 10:36 125



Table5.3.1 cateh in numbers ('000), mean length (ern) and mean weight (g) at age of

NORTH SEA HORSE MACKEREL by quarter and by Division(s) in 1996.
'.

1996 lila lVb,c Vlld All afllas 1996 lila IVb.c Vlld All areas 1996 lila IVb,c Vlld All areas
l'stQ l'stQ l'stQ l'stQ l'stQ l'stQ l'stQ l'stQ l'stQ l'stQ l'stQ l'stQ

Aae eatchrooo eatchrDOO) eatchrDOO) eatchrDOO) Aae length(cml length(ern) 'ength(cm Iength(cml Age welgllt{g) weillht{c) welaht/al welahtlal
0 0 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 0
1 0 0 .0 0 1 0.0 0.0 0.0 0.0 1 0 0 0 0
2 0 815 0 815 2 0.0 22.5 0.0 22.5 2 0 102 0 102
3 0 2,038 0 2.038 3 0.0 24.0 0.0 24.0 3 0 123 0 123
4 0 1,020 0 1.020 4 0.0 25.3 0.0 25.3 4 0 142 0 142
5 0 1,427 0 1.427 5 0.0 25.9 0.0 25.9 5 0 162 0 162
6 0 1.427 466 1.693 6 0.0 26.8 26.5 26.7 6 0 177 183 178
7 0 1.020 935 1.955 7 0.0 27.1 27.0 27.1 7 0 179 188 183
8 0 408 93S 1.343 8 0.0 28.0 27.5 27.7 8 0 202 182 188
9 0 408 1,869 2.277 9 0.0 28.0 28.8 28.7 9 0 190 203 201
10 0 204 0 204 10 0.0 28.5 0.0 28.5 10 0 194 0 194
11 0 612 93S 1,547 11 0.0 30.2 29.5 29.8 11 0 252 244 247
12 0 0 ,0 0 12 0.0 0.0 0.0 0.0 12 0 0 0 0
13 0 0 466 466 13 0.0 0.0 29.5 29.5 13 0 0 219 219
14 0 612 2,802 3,414 14 0.0 31.2 31.0 31.0 14 0 284 258 263

15+ 0 204 3,270 3.474 15+ 0.0 32.5 32.1 32.1 15+ 0 325 268 271
Total 0 10,193 11.679 21.872 ().15+ 00 26.4 30.0 283 ().15+ 0 171 235 205

To""es 0 1.737 2.742 4,479

lila IVb,c Vlld All areas lila lVb.c Vlld All areas lila lVb.c Vlld All areas
2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ 2'ndQ

Aae eatchrooo~ catchrOOO eatchrooo: catchroooJ Aae length(cm Iength(cm) length{cm length{cm) Aga welght{g) weiaht(g) welahtlal weiaht/al
0 0 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 0
1 0 0 ·0 0 1 0.0 0.0 0.0 0.0 1 0 0 0 0
2 0 153 0 153 2 0.0 22.5 0.0 22.5 2 0 102 0 102
3 0 384 0 384 3 0.0 24.0 0.0 24.0 3 0 123 0 123
4 0 192 0 192 4 0.0 25.3 0.0 25.3 4 0 142 0 142
5 0 269 • 0 269 5 0.0 25.9 0.0 25.9 5 0 162 0 162
6 0 269 235 S04 6 0.0 26.8 26.5 26.7 6 0 177 183 lSO
7 0 192 471 663 7 0.0 27.1 27.0 27.0 7 0 179 188 185
8 0 77 471 S48 8 0.0 28.0 27.5 27.6 8 0 202 182 185
9 0 77 943 1,020 9 0.0 28.0 28.8 28.7 9 0 190 203 202
10 0 38 " 0 38 10 0.0 28.5 0.0 28.5 10 0 194 0 194
11 0 115 471 586 11 0.0 30.2 29.5 29.6 11 0 252 244 246
12 0 0 0 0 12 0.0 0.0 0.0 0.0 12 0 0 0 0
13 0 0 235 235 13 0.0 0.0 29.5 29.5 13 0 0 219 219
14 0 115 1.413 1,528 14 0.0 31.2 31.0 31.0 14 0 284 258 2SO

15+ 0 38 1,650 1.688 15+ 00 325 32.1 32.1 15+ 0 325 268 269
Total 0 1.9t9 5,890 7.809 ()'15+ 0.0 264 300 29.1 ()'15+ 0 0 235 219

Tonnes 0 327 1,383 1,710

lila IVb.c Vlld Allafllas lila IVb.c Vlld All areas lila IVb.c Vlld All areas
3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ 3'rdQ

Aoe catchrOOO catchrooo catchrDOO\ catchrDOOl Ace lenQth {cm lenoth Icm Ilenath (ern 'Ienglh{cm Age weight(g) weight{g: weight la' welchtlal
0 0 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 0
1 0 0 0 0 1 0.0 0.0 0.0 0.0 1 0 0 0 0
2 379 2.158 0 2.158 2 22.5 22.5 0.0 22.5 2 113 108 0 128
3 1.325 6,528 2 7,854 3 23.6 23.8 22.5 23.7 3 124 124 101 124
4 1.230 4,962 2 6.194 4 25.3 25.3 25.5 25.3 4 144 143 116 143
5 852 4,342 • 12 5,206 5 25.7 25.8 25.9 25.8 5 153 157 151 156
6 284 2.645 12 2,942 6 26.8 26.8 26.5 26.8 6 175 176 170 176
7 284 2,133 28 2.445 7 27.5 27.3 27.8 27.3 7 185 181 194 182
8 189 1.0SO 20 1,289 8 28.5 28.3 28.8 28.3 8 219 211 211 212
9 9S 797 11 902 9 27.5 27.8 28.3 27.8 9 168 182 193 181

10 0 256 4 2SO 10 0.0 28.5 29.5 28.5 10 0 194 246 195
11 0 770 '11 781 11 0.0 30.2 29.7 30.2 11 0 252 230 252
12 0 0 2 2 12 0.0 0.0 33.5 33.5 12 0 0 307 307
13 0 0 4 4 13 0.0 0.0 29.5 29.5 13 0 0 201 201
14 95 1.053 '12 1.lSO 14 25.5 29.7 31.2 29.3 14 155 249 264 241

15+ 0 256 14 271 15+ 00 32.5 324 32.5 15+ 0 325 285 322
Total 4.735 26.981 133 31,846 0-15+ 25.1 25.7 287 25.6 0-15+ 146 146 210 146

Tonnes 687 4,241 . 28 4.956

lila IVb.c Vlld All areas lila lVb,c Vlld All afllas lila IVb,c Vlld All areas
4'thQ 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ 4'thQ

Aae catchrDOO' catchrDOOl catchrOOOI catchrOOO Ace length(cm length{cm\ lenoth(cm\ length(ern Age weight{g) weight(c\ we'llht{c) weight{c)
0 0 0 0 0 0 0.0 0.0 0.0 0.0 0 0 0 0 0
1 0 0 0 0 1 0.0 0.0 0.0 0.0 1 0 0 0 0
2 53S 538 0 1.073 2 22.5 22.5 0.0 22.5 2 113 102 0 107
3 1.871 1.344 288 3.503 3 23.6 24.0 22.5 23.7 3 124 123 101 122
4 1,737 1.613 288 3.637 4 25.3 25.5 25.5 25.4 4 144 147 116 143
5 1,202 1,747 2.016 4.965 5 25.7 26.1 25.9 25.9 5 153 161 151 155
6 401 1.881 2.016 4,298 6 26.8 27.2 26.5 26.8 6 175 184 170 177
7 401 2.419 4.609 7,429 7 27.5 27.3 27.8 27.6 7 185 183 194 190
8 267 1.344 3,168 4,779 8 28.5 28.1 28.4 28.3 8 219 197 211 208
9 134 538 1,728 2,400 9 27.5 28.3 29.2 28.9 9 168 200 193 193

10 0 403 576 979 10 0.0 28.2 29.7 29.1 10 0 206 246 230
11 0 672 1,728 2,400 11 0.0 29.7 32.6 31.8 11 0 236 230 232
12 0 0 288 288 12 0.0 0.0 30.5 30.5 12 0 0 307 307
13 0 0 576 576 13 0.0 0.0 30.8 30.8 13 0 0 201 201
14 134 672 2.016 2.822 14 25.5 30.1 32.1 31.3 14 155 262 264 258

15+ 0 269 2.304 2,573 15+ 00 31.5 29.6 298 15+ 0 286 285 265
Total 6,681 13,441 21,600 41,722 0-15+ 251 26.9 28.7 27.6 0-15+ 146 178 210 189

Tonnes 970 2.392 4.542 7.904
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6 WESTERN HORSE MACKEREL (DIVISIONS Da, IDa (WESTERN PART), IVa, Vb, VIa,
VIIa-c, VIIe-k, AND vma,b,d,e)

6.1 The Fishery

The fishery for the western horse mackerel stock is mainly carried out in Divisions Ha, IVa, VIa, VIIe,g,h and
VIIIa. The national catches taken by the countries fishing these areas are shown in Tables 6.1.1-6.1.5, while
information on the deve10pment of the fisheries by quarter and division is shown in Table 4.4.1, Table 4.5.1 and
in Figures 4.3.2a-<1. Usually catches in the western part of Division lIla has been allocated to the western stock.
In 1996 no catches were taken in this part of that Division.

Sub-areas 11 and Division Vb

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

Sub-area IV and Division lIla (western part>

The total catches in this area have heen above or elose 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 he caused bya lesser extensive migration into these areas due to environmental changes (Iversen
et aL WO, 1997).

Sub-area VI

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

Sub-area VII

The catches from this area are mainly taken in directed Dutch and Irish trawl fisheries in Divisions VIIb,e,hj
(Table 6.1.4). The catches increased to a historical high level in 1995 of 330,000 t and dropped by about 50,000 t
in 1996. '

Sub-area VIII

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

6.2 Fishery Independent Information from Egg .Surveys

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

6.3 Catch in Numbers 3t Age

As in previous years only two countries provide sampIe data with age readings, the Netherlands (Divisions VIa,
Sub-areas IV, VH and VIII) and Norway (Division Ha, IVa). Catches from other countries were converted to
numbers at age using the Dutch and Norwegian data. This means that about 57% of the catches were not sampled
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 in numbers for 1996 is shown in Table 6.4.3. The sampling intensity is discussed in Section
1.3. The 1982 year elass has untillast year (Figure 6.3.1) been the most numerous in the catches from the western
stock. The age distributions ofthe catches in 1996 demonstrate that the relative proportion ofthe 1982 year elass
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 elasses might be strong.
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6.4 ~Iean Length at Age and ~IeanWeight at Age

Mean weight arid mean length at age in the catches in 1996

Mean weights iind meiin lengtlls at age in the catches by quarters in 1996 were provided only by Netherlands arid
NorwaY. These data were applied to the catches froril other countries. Tbe mean weight and mean len~ at age in
the catches are shown in Tables 6.4.1, 6.4.2 and 6.4.3.

Mean weight 3.t age in the stock

As for previous yem the mean weight at age is based on all mature fish sampled from Dutch freezer trawlers the
first and second quarter in Divisions VIlj,k. (Table 6.4.3).

Projected weight;; 3t age in catche;; and in the stock 1997-2002

Projected weights at age in the catcltes arid v/eights at age in the stock are needed for the forecasts. Tbe mean
weighiS at age in the catch änd in the stock for the period 1997-2002 for all ages except for the 1982 and 1987
year claSses were set as the meari weightS from 1994, 1995 arid 1996. Tbe weights at age in the catch and in the
stock of the 1982 arid 1987 year classes were obtained frOIn extr3polated growth curves over the period 1997
2002. Tbe mean weights at age in the catch and in the stock of the 1982 year dass have been used for the 15+
group since the majority ofthis group consists ofthe 1982 year class. Tbe projected weightS at age in catches arid
stock for 1997-2002 3re given in Table 6.7.2 and Table 6.7.3 respectively.

6.S l\fanirlty at Age

Fish ""hich are mature were aSsumed to be either rilaiuririg pool- to spawning, to be spawning or to have spawned
in the cUrrent spawning season. IIDmature fish were not expected to do so. Tbe definition of mature fish is
chariged because in the assessment the tuning takes place to the spawning stock biomass as estirnated from the
egg sui-veys. In this context the spaWning stock biomass only includes fish which contribute to the annuaJ. egg
production. Therefore fish, ,which are apparently iriatUririg 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 especially the ages 2 and
3.

Tbe sampling for the proportion mature at age should be equaliy distributed over the total distribution area. In
most cases the sampling scheme should be different for younger age groups since the distribution over the
juvemleJadult areas differs by age group. However, the proportion mature at age for most species is estimated
from fish sampIes from the commercial fleet, where no wdghting of the fish sampIes by juvenile/adult area and
by age group is applied. Tbe proportion mature at age of the younger age groups is often overestimated because
relatively too many sampIes are taken from the adult areaS and not enough from the juvenile areas. Relatively
more sampIes should be taken from the adult area when fish are older.

The maturity ogives of different species are iii most Cases baSed on macroscopicaÜy estimated matlirity stages.
However, histological analysis of the ovanes of younger fish shows that the macroscopiCally estimated
proportion mature Dught be overestirriäted (ICES 19961H:2, 19971H:4)..

. , . .
Annual changes in the mean weights ai age are expected to be related to arinuaI changes in the matUrity ogive.
Tberefore, the maturity ogive should be estimated for each year io take into account possible differences in
growth rates.

Tbe extremely abundant 1982 year dass showed a very much retarded gro'Wth itseif, but in addition it reduced the
growth of allother year classes as weIl. In the earlier years the proportion mature at age of western horse
mackerel was estirriated from commercial sampIes, but in 1988 the maturity at age data set was revised based on
mean lenith-at-age data taking into account that fish mature at 23-24 cm (ICES 1988/Assess:22). In 1990 the
Working Group decided not to change the niatUrity at age, although the proportion matme of the 1982 year dass
in 1986 should be reduced from 0.6 to 0.1 ifthe spawning stock is to correspond with the estimate from the egg
siuvey (ICES 1990/Assess:24). From 1987 onwards the proportion mature at age was not changed, because it
could not be replaced by a more reliable data set. For the assessment and prediction the proportion matUre at age
wäS kept the same for the period 1996-2002 as for the periOd 1987-1995 (Table 6.7.4).
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During the mackerellhorse mackerel egg surveys in 1998 horse mackerel will be collected to estimate the
proportion mature hy histological analysis to improve the maturlty ogive (see Section 13).

6.6 Natural Mortality .

For the flrst assessments of hoth western and southern horse mackerel a natural moitaIity of M = 0.2 was used in
1987 (ICES 1987/Assess:23). In 1989 M was reduced to 0.15 only for western horse mackerei, because of its
longevity up to 30 years based on the ageing technique of counting each träDslucent ring as an annual ring in the
brokenlburnt otoliths (ICES1989/Assess:19). However, M remained 0.2 for southern horse mackerei, because a
large proportion of the Iberian catches consisted of juvenile flsh and therefore were expected to suffer a much
higher natural mortality than older flsh. FUrtherInore M was kept high for southern horse mackerel because of a
different ageing technique by which two translucent rings in an annual growth zone were counted once flsh were
spawning (ICES 1989/Assess:19). The age readings of older flsh according to this technique were approxirriately
a factor of 2 times lower. From 1992 onwards a natUral mortality of 0.15 waS also adopted for the assessment of
the southern horse mackerel after the revision of the catch in nUmbers at age data series according to the ageing
technique of counting each translucent ring as an annual ring (ICES 19921Assess:17). A natural mortality of 0.15
haS since been uSed for the assessments for both southem and western horse inackerel. The natural mortalit)t of
0.15 may have been chosen too high for a flsh with a present maximUm observed age of37 years. Horse mackerel
is probably a less preferred prey by predators compared to mackerel. Stomach sampies of white-sided dolphins
obtained from catches in the Dutch mackerel and horse mackerel flsheries southwest of Ireland, indicate that
there is a preference for mackerei compared to horse mackerel (Couperus, 1997). Mackerel is a species which
lives in the same area as horse mackerei and which carries out similar migrations.,Therefore, comparison of .....
natural mortalities for both species seems appropriate. For the assessment of the northeast Atlantic mackerd an _
M ofO.15 is used, where the maximum age is approximately 20 years. This level ofnatural mortalitY agrees With ,,-
estimates from the Norwegian tagging experiments (Hamre, 1978).

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

On account ofthis the Working Group decided to admit uncertainties in M in the range ofO.05 to 0.15. A longer
time series of egg surveys would show more clearly how the discreparicies, 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 difflcult to aSsume natUral mortalities for the younger age gl-OUPS (0- and
l-group), which are regarded to have a higher M. This is regarded to be more important for the assessment ofthe
southem horse mackerei, since this is a directed flshery on the 1- arid 2-group flsh and regarded less imporUnt for
the assessment of the western horse mackerei, which is mainly concentrated on 2-year and older flsh.

6.7 Stock Assessment
, ,

A Bayesian approach has been used to calculate the stock assessment. This has been chosen as being an
appropriate method of admitting perceived uncert:iinties in assumptions in the assessment, and of estimating
uncertainties in the perceptions of stock size, and in short and medium-term forecasts. An accessible introduction
to Bayesian methodology in aflsheries context is given by Hilbom and Wallers (1992). Estimates calculated by
this approach can reflect ullcertainty in assumptions as weIl as neise in the data around a given structural model.
One difference between the Bayesian and conventional approach is that no attempt is made to flnd a 'best' set of
parameter estimates or 'best' VPA. Instead, over a wide range of plausible prior assurnptions, the data are
compared with the assessment model using a likelihood function. For any particular parameter such as spawning
stock size or a future catch under a particular catch option, the perceived ('posterior') probability of each stock
size or catch option Can be calculated. It is not necessarily the case that the likeliest estimates of all the
parameters, or even their expected values, should be consistent through a single calculation of the assessment
model. This can happen because of nonlinearities lind parameter correlations in the assessment model. The
Working Group does not therefore provide a single 'flnal' VPA, but instead provides expected values and
distribution percentiles for quantities judged to be of management interest.

The calculating mechanism is described bnefly in Appendix 1 to this report, which is a sumniary of a descnption
given in Patterson (1997). .
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As has been noied in !Wo previous Assessment Working Group Reports (ICES 1996m:2, lCES 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 reeruitments comprising the bulk of the
eatches in recent yem. Although there exist phlusible eatch-at-age data for the Period 1982 to 1996 and there

. also exisis a tinie-series of egg survey estimates of spawning biomass (ICES 19961H:2) it is not a straightforward
task to use the egg siuvey. estiIIlates to 'tune' a population model to the egg sUrvey estimates. This is because
matUration of horse mackereI' appears to be density-dependent, and also because sampling for maturation is
subject to uiuaiown bias due to migration effects. Lastly, -theassumption of natUral mortaIity, M = 0.15 was made
arbitrarily. Alternative ehoices of M were explored briefly by ICES (l997/Assess: 3) which suggested that lower
rather than higher values of M may provide better fits of VPA-derived population models to egg sUrVey biomass
estiniates.

The problematie miriire of the assessment has led to rather poor. consisiency in advice. Estimates of the
abundance of the 1982 year-ClaSs have been revised upwards sueeessively by successiveworking groups, and as
new egg survey estimates were added to the time-series, the perception of the precision of the earlier surveys was
diminished. .

Here an attempt is made to make amor~ eomprehensive assessment of uncertaintY in same quantities used for
management PurPoses (spawning stock size, fishing mortaIity, F-status-quo eateh) that. includes uneertainty in
some critieal quantities (manirity ogive, natural Inortality) that has up to now proven impossible for this stock. A
Bayesian VPA-based method based on a Markov Chain Monte Carlo method similarto thai used for Norwegian
Spring-Spawning Herring (pattersori, 1997) is used. In addition to the age-strUctured observation data set, this
requires the specifieation of prior distributions for quantities about which limited or subjective knowledge is
available.

6.7.1 Model

6.7.1.1 Stroctural model for assessment

The underlying strUctw-al population model is of 'AoAPT tYPe structured so as to malee all historie and recent
population abundarices 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 (l997/Assess:3), albdt
with slightly different exploitation pattern assumptions. The following eonstraints were imposed:

; Seiection (relative fishing moriaIity) in 1996 and later years is eonstrained = 1 on ages 4 and oider.
• Seleetion on ages 0 to 3 in 1996 is ealeulated by linear interpolation between 1 at age 4 and 0 at age O.
~ Fishing mOrtality on theoldest age taken as the arithIDetie mean from age 6 to the penultimate tnie age in the

eatch at age matrix. _ .
~ Recruitrilents from 1993 to 1996 were modelIed as a geometrie mean ofreeruiunenis in the yem 1981, 1983

1986 and 1988-1992 (see Section 6.8) in order to avoid inferring recent recmitments from aselection pattern
assumption.

6.7.1.2 Probability model

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

Matunty ogive 0, fishing mortality F, natural inortality M, survey varianee sigma and the proportions of fishing
and natural mortality experieneed before the time of the stirvey PF arid PM):

(
_ 1 . (P(Data \ Model) = ny 1/2 exp
UyO'(2n)

[log(Uy / iaNa.y0a.yWa.y exp(-PF,Fa.y - PM,~fa.y))]2 ))

20'2

E:\ACf1\,f\WGMHSA98\REPORT98.DOC 07/10197 10:41 131



6.7.2 Data and priors

6.7.2.1 Data assumed known precisely

Estimates of landings and estimates of catches at age in numbers, weights at age in the catches and weights at age
in the stock were as described in Sections 6.3-65 and given in Tables 6.7.1 to 6.7.4.

6.7.2.2 Uncertainty in maturity

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

1. The strongest year c1ass before the 1982 year dass was the 1979 year dass, which did not show a retarded
growth until 1983. The percentage mature is assumed to be in the range of 75% to 100% with equal
probability for all values.

2. Fish ofthe 1982 year c1ass in 1983 at age 1 are assumed to be all immature, no uncertainty admitted.

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

4. Fish of the 1982 year c1ass in 1992 at age 10 are assumed in the range of 80 to 100% mature with equal
probability.

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

6. Fish ofthe 1982 year c1ass in 1995 at age 13 are assumed to be all mature with no uncertainty admitted.

These maturity assumptions described above were parameterised as folIows, and depending on five parameters
X:

1-5

MO(l983,4)=XI

MO(l986,4)=X2
M0(1989,7)=X3(l-X2)+X2 .

M0(1992,1O)=)4
M0(1995,3)=Xs.x1

In the 1996 assessment of this stock trials with M in the region +/- 50% around M=O.15 were made. Here we
consider admissible hypotheses for M in the range 0.05 to 0.15, for reasons given in Section 6.6. No attempt was
made to explore uncertainty about possible differences in natural mortality at age. .

6.7.2.3 Egg survey precision

The coefficient of variation of the 1992 western horse mackerel egg survey estimates was estimated at between
18 and 22% depending on the analytic method used (leES 19941H:4).For present purposes the egg survey
abundances estimates were assumed to be estimated with a CV of 25% on a 10gnormal distribution. No
uncertainty was admitted in this variance estimate.
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Parameter LowerBound UpperBound Comment

N1997,14 Population Abundance 1000 8.109 Unrestrictive,
(thousands) reference

parameter for
, VPA

M Natural Mortality 0.05 . 0.15 Range from long-
lived species to
mackerel
assUmptions

Xl Maturity 1983 age 4 0.75 1.0

X2 Maturity 1986 age 4 0 .. 1.0
'.

X3 Maturity 1989 age 7, additional to 0 1.0
matuntv 1986 age 4

X4 Maturity 1992 age 10 0.8 1.0
.'

X5 Relative Maturity 1995 age 3 0 1.0
- "'~

6.7.3 Perception ofsläte ofthe stock

Posterior distributions for population abundance, natural mortality and spawning biomass in 1996 and 1997 (the
laUer predicated on an assumption of a catch of 400,000 t in 1997)are shown in Figure 6.7.1. The distribütion of
the ratio FIM is plotted because as both F and M are Uncertain parameters, the distribution of F alone has an
uncertain meamng. This shows that:

1. The data arid modei indicate Values of natUral mortality higher than 0.12 irre improbable (P<0.95).
2. The lower limit of riaiural mortality is constrained by the pnor assUmptions, and the data and model do not

give information about this lower limit. . . .'. . ' ..
3. Spawning stock size estiniates of936,ooo t to 1,795,000 t (25th arid 75th percentiles) in 1996 are calculated.
4. Estimates of the ratio of fishing mortality to natural mortalitY in 1996 1.67 to 3.30 (25th arid 75th percentiles)

are caIculated. .
5. The distribution of the estimate of spawrnrig stock biomäss in 1983, which has been used for reference

purposes, is 705,000 t to 907,ooot 30 (25th and 75th percentlles).

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

Estimates of the historic development of the stock parameters are plotted in Figure 6.7.3, and the expecutions
and 5th, 25th, 50th, 75th and 95th percentiles ofthese 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 v.ith the
conventional assessment procedure, the egg survey time series does not appear to be compatible with the reported
catches, the VPA assumptions and the assumption of a 25% CV in egg survey estimates.

6.8 Sbort-Temi Catch Premction

A calculatiori of the consequences of different short-term catch options can be made from the Bayesian
assessmeIlt, hut a different presentation is riecessafy to take acc6imt of the fact that most of the important
vanables (stock size, natural mortality, fishing mortality ete.) are treated as stochastic and no attenipt is made to
find a joint maximum-likelihood solution: There is no 'final VPA' in the usual sense. Consequently, a stochastic
version of the conventional catch option tahle has been calculated here.
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The following assumptions were made in the calculations:
,i

1. Recruitments in 1993 and laier were tn,:ated 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
lCES (1997/Assess:3) and represents a cautious approach to modellirig recmitment as the mean and variance
of the weak year classes, ignoring the few stronger year classes.

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

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

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

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

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

• I

For each option, the expectation of spawning stock size in 1998 and 1999, and the 25th, 50th and 75th percentiles
of the SSB distribution are tabulaied. The risk that the stock size may fall under each of two reference levels.
These reference levels are the model estimate of SSB in 1983 and a value of 500,000 1.

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

This form ofBayesian catch .option table is given as Table 6.8.1.

6.9 Medium-Term ProjectioDS

The outcome of some simple harvest strategies in the medium-term was evaluated by taking sampIes from the
multivariate posterior distribution of parameters for the stock assessment, and projecting from each drawn
parameter sampie under the harvest control from 1998 until2oo2.

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

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

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

A calculation of risk was made for some levels of fishing mortality between O.IM and 3M, expressed as the .
probability of the stock being under 500,000 t at spawning time in 2002. This calculation was made from
estimates of the probability distribution of spawning stock size using the assumptions given above, but assuming
exploitation between 1998 atld 2002 = O.IM, O.25M, ... 3M. Risk so calculated is given in Figure 6.9.7.
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6.10 Companitive ASsessments

6.10.1 ADAPT maxiIDiun.llkelihood assessment

A methOd to assess tms stock is th~ 'ADAPr'-type niethod (Gavarls, 1988) in which äri arbitrary choice of selecrlOll
pattern is rnade. This method has been used at earlier Working Group meetings in 1994-:-1996 to estini3.te the size of
this stock and associated niorialitj rates. This method is again used at this year's WorkiIlg Group meeting for
comparability v.ith last )rem maXimiun-likeIihood ADAPT assessment and v.ith this years Ilew Bayesian assessment
(see Section 6.7). The WorkiIlg Group considers that the Bayesiari VPA pro\ides an imProved perception of
uncertaint}r in the ässessment compared to the traditional inaximum-likelihood ADAPT. The use of this IDaxinium
likelihoOd ADAPT method also allows estiIDaiioil of some of the lJncertaintY iri the assessment, and of the sensitivity
of the assessment to the assumed selection pattern. As fishing mortality has historically been rather lciw in this stock,
VPA 'convergence' does not help stabilise the analysis rapidly and hence the population model is likely to be
strongly dePendent on starting assumpiions.

The model is a convenrlonal VPA wtrlch is fitted by a. nein-linear minimisatioil of the sum of sqUares. eÜveil
population abundance N, fishing mortality F, natural niortality M, weights at ageW, and maturity at age 0, egg
survey estim3.tes of SSB U, and the proportion of fishing and natural mortaIitY exerted b6fcire spav.ning PF and PM
respectively, the VPAis fitted by IDinimising:

Ly(ln( U y)-ln(La.yNa,y.Oa,y. Wa.y~exp<-PF.Fa,y - PM. Ma,y) f

v.'here sUbscripts a and y denote age änd year respectively.

The model is fitted to the traditicinal egg production estiniates ofbioIDasS (fable 6.10.3) only fOf the 1992 arid 1995
estimates. At last year's meeting (lCES 1997/Assess:3) ä calculation waS made for illustrative purposes using GAM
estimates of egg productioIl (lCES 19961H:2), but as these estiniaies have not yet been shciMi to be niore acctirate
than traditiorial estiniates of egg production, this calculation häs b6en proVided only to show the sensitivity of the
assessmeni to the choice of method for calculating egg prOduction (see Seciion 6.10.2).

Given the lack of age-structured surveys ii is ßeCessaIY to iIDpOse some constraints about the exploitatiori pattern on
the model. Altbough some of these constraints are not very ri::alistic there are inSUrficient observations ävailable to
make objective parameter estimations. These constraints are somewhat arbiti-ary:

• SeleCtio~ pattern in 1996 and iaiery~ is equaI to i on ages 4 and older (based on eXl'loratory rußs);
• Selecticin on ages 0 to 4 in 1995 and later years set to mean from previous 5 years 1991 to 1995 (tbe same as in

last yeärs assessment);. . ,
• Natural mortaIity, weights at age in the stock and in the catch are assuined io be knOwD. precisely;
• Matllii.ty ogive is assumed to be kriown precisely; . . .
• Fishirig mortalit}r on the oldesi age taken as an arithmetic meäß from age 6 to the penUltimate true age in thci

catch at age m:itrix.

The choices made about constraints listed above were made äfter a mirnber of explor3.tory mOdel fits, which are
documented in leES (l996/Assess:7). As before, egg survey information prior to 1992 was excluded on account of
uncertaintY introduced by the unkßOWll maturity of the 1982 cohort.

• I' ,- ,

Input data for the assessmerit arid projections is given in Table 6.7.1-6.7.4 and the fitted populations, fishing
mortalities and stock sizes are given in Tables 6.10.1 and 6.10.2. Figure 6.10.1 shows the estimates ofspaWning
stock biomass With egg survey estimates of 1992 and 1995, recruitrnent, 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 simple paraffietric booistrap approach· to the assessment of 1he consequences of inanagement action under
uncertainty is iJsed here. Only uncertainty in the egg smvey biomass estimates is considered, änd allother parameters
and observations are assumed to be knOwD. precisely and the model is assumed to be correctly fonnulated. This
approach considerably underestiIrulies the unceriainty in the stock projections, but is considered preferable to
presenting apUrely deterIDinistic view ofstock dynamics.
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A catch of400,000 t was assUmed for 1997 (arguments for this are given in Section 6.8).

The ADAPT assessment mOdel described above was used to fit 500 VPA populations to the catch at age data for
each of 500 Monte-Carlo simulations of pseudo-egg surveys, assuming a lognomial error. distribution and a
coefficient of variation of 20%. The population vectors were then projected forwards through 1998 to 2002 Under
five constant-catch options ranging from 50,000 t to 400,0001 anniiaIly and under a fishing mortality constraint of F
=M=0.15.

The conservative approach to modelling forthcoming recruitment used by lCES (l9961Assess:7) and lCES
(1997/Assess:3) was retained here. Recruitments in 1996 and later years were assumed equal to the geometric mean
of the weak year classes (1981, 1983-1986, 1988-1992) as estimated in the ADAPT procedure ( = 1860 million),
because the weak recruitmenis occur far more frequent than the strong ones.

Percentiles of the simulations of stock size falling above and below the 500,000 t (see Section 6.13) were used as
estiIruites of the risk of the stock falling below this level. Results of these simulations are given in Figures 6.10.2
6.10.6. An additional simulation was calculated with a constint fishing inortality. multiplier constraint (relative to
1996) corresponding to fishing at a target rnortality ofF = M = 0.15, beginillng in 1998 (FigUre 6.10.7). Table 6.10.4
shows the predicted spawning stock biomass and catches (Illedians) for the period 1998-2oo2~ .

The simulations indicate that for constant catch levels of 300,000 t or 400,000 t. both stock size and catch will
decline rapiclly 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 declinewould be somewhat slower. The associated •
risks to the stock, in terms of the probability that the stock will fall below 500,000 t in each forthcoming year, are ..
plotted in Figures 6.10.2-6.1.0.7. .

,
. I. . • . . . ' •.

Fishing at a target fishing mortality rate of 0.15 leads to a slower decline in stock size and a lower risk of falling
below 500,000 t. at acost of a progressive reduction in catches from 221,000 i in 1998 down to 138,000 t in 2002
(Table 6.10.4). However, these calculations are sensitive to the assumed value for ffiaximum fishing mortallty
imposed on the stock. This is particularly the'case'for higher levels of catch constraint. which cannot be maintained
unIess extremely high values of fishing nioi:tality (in excess of 15) are allowed in the Projections. Such values may
not be feasible in practice. The consequences of attempting to remove catches exceeding 200,000 t cannot therefore
be predicted in the medium term, but it appears likely that a rapid depletion in stock size would occur.

Table 6.10.4 shows for the flshing mortaIit)r constraint and for the different catch constraints iri what year over the
period 1998 to 2002 the Spav.ning stock biomass is expected to have a 50% probability of falling below 500,000 l
This table also shoWs the cörresponding catches related to the option of fishing mortality constraint F = M = 0.15.
The calculations are also of course highly sensitive to the assumed values of natural inortality, which is not kDOwD
for this stock. The probabilities of stock falling below 500,000 t are lower than those frOm the simulations from the
Bayesian assessment (see Sections 6.7-6.9), becalise in the ADAPT based simUlations only uncertainty was included
in the biomass estimates from the egg surveys. The year classes 1993 and 1994 appear to be relatively strong
according to the ADAPT anatysis, however it should be taken into account that the calculations are very sensitive to ~
the assumed exploitation pattern of 1996. Similarly the 1992 yearclass, which seemed to be strong in 1994 (Figirre •
6.3.1) appears both in the 1996 catches and in this assessmentmuch weaker.

6.10.2 Comparison with GAM egg production estimate

Population parameter estimäies obtained using GAM estimates of egg production were presented in last years report
(lCES 1997/Assess:3, Figure 6.2). The assessment calculation \vas clearly very robust to the choice of either the
traditional or the GAM estimates of egg prOduction arid the comparison was not carried out again at this year's
meeting.

6.11 Long-Term Yield

Given the uncertainty, both to the mortalities and to the future recruitment, long-term yield has not been
computed.
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6.12 Uncertainty in Assessment

Tbe assessment calculation expressed in Section 6.7 and concomitant forecasts in Sections 6.8 and 6.9. are made
with an explicit consideration of perceived unceruiinty irinatural 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 quantified
uncertainty. Distribution percentiles in medium-term forecasts are given iri Section 6.9.1 to 6.9.6.

Additional, .unquantified uncertainty exists. Tbe fo1Iowing sources of uncertainty have not been taken into
account in the assessment:

1. Uncertainty about reported catches;
2. Uncertainty about selection pattern assurnptions, which have a strong effect on the estimation of recent

reciuitments; . '
3. Uncertainty in maturity, except for the years lind ages mentioned in Section 6.7.2.2;
4. Uncertainty in stock weights and catch weights at age, either for the historic, measured values of for future,

projected values;
5. Uncertainty in sampling and ageing commercial catches.

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

6.13 Reference Points for Management Purposes

6.13.1 MBAL

Tbis 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 precautionaiy
assumption thai the likelihood of a strong year dass appeanng would decline if stock size were to falllower than
the stock size at which the only such event has been observed. This has been the basis for the historic assumption
ofthe 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. Tbe
model estimates are in the range 739 to 2,479 thousand t with 90% confidence, yet the egg sirrvey biomass
estimate was 530,000 t. In Section 6.12. it is noted that the assessment of uncertainty in the population model,
estimates is incomplete, and therefore it is proposed to retain the use of the egg survey biomass estimate as the
reference value for MBAL. Conventionally this has been rounded to 500,000 l

6.13.2 Fishing mortality reference points

Tbe stock is at present in a transition from harvesting the large 1982 year dass to a conservation strategy. At a
later stage, a harvesting strategy will need to be provided, whieh can be applied when a new large year dass
appears.

Given the extreme dynamics of the stock it is inappropriate to attempt to calculate Fmsy , Fmed or F10w reference
points over the short time-series available. Possibly useful reference points for management purposes might be
F=M, F=213M or Fo.J. A probability distribution for estimates of FO.1 and FO•1 relative to M from the stock
assessment is shown in Figure 6.13.1. Tbe percentiles of the distribution FO•1 relative to M are given in the text
table below:

Expected
1.21

5%
0.99

25%
1.10

50%
1.21

75%
1.34

95%
1.45

Tbis illustrates that even these measures may be problematic as management tools, due to the uncertainty of their
estimates in this assessment.
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Given the extremely limited knowledge about parameters of stock dynamics the Working Group believes there
exists insufficient basis in data to propose values of Bpa, Blim or Fpa. The MBAL may continue to be a useful
reference point which marks the region of wholly unknown stock dynamics.

6.14 Management considerations

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

TAC has been overshot considerably since 1988 (ICES 1997/Assess:3). The Working Group advises that if a
TAC is set for this stock, it should apply to all areas where western horse mackerel are caught, i.e. Divisions lla,
Illa (western part), Na, Vb, VIa, VIla-c, VII e-k and VIIIa,b,d,e.
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Table 6.1.1 Landings (t) of HORSE MACKEREL in Sub-area II. (Data as submitted by Working Group members.)

Country

Denmark

France

Germany, Fed.Rep.

Norway

USSR

Total

1980 1981

+

+

1982 1983

412

412

1984

1

22

23

Country 1985 1986 1987 1988 1989 1990

Faroe Islands 9643

Denmark 39

France 1 _2 _2 _2

Germany, Fed.Rep. 64 12 +

Norway 78 214 3,272 6,285 4,770 9,135

USSR 469 27 1,298

UK (England + Wales) 17

Total 79 214 3,311 6,818 4,809 11,414

1991 1992 1993 1994 1995 19961

1,1153 9,1573 1,068 950 1,598

Denmark 200

France 55

- Germany• Norway 3,200 4,300 2,100 4 11,300 887

Russia 172 700 1,633 881

UK (England + Wales)

Total 4,487 13,457 3,168 759 14,083 3,366

1Preliminary.
2Included in Sub-area IV.
3Inc1udes catches in Division Vb.
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Table 6.1.2 Landings (t) of HORSE MACKEREL in Sub-area IV by country. (Data submitted by Working Group
members).

Country 1980 1981 1982 1983 1984

Belgium 8 34 7 55 20
Denmark 199 3,576 1,612 1,590 23,730
Farce Islands 260
France 292 421 567 366 827
Germany, Fed.Rep. + 139 30 52 +
Ireland 1,161 412
Netherlands 101 355 559 2,0294 824
Norway 119 2,292 7 322 4

Poland 2 94
Sweden
UK (Eng}. + Wales) 11 15 6 4
UK (Scotland) 3
USSR 489

Total 2,151· 7,245 2,788 4,420 25,987

Country 1985 1986 1987 1988 1989

Belgium 13 13 9 10 10
Denmark 22,495 18,6522 7,29ü2 20,3232 23,32!P
Estonia
Farce Islands
France 298 2313 189' 7843 248
Germany, Fed.Rep. + 3 153 506
Ireland
Netherlands 1& 6004 85Q4 1,0& 14,172
Norwaf 203 776 11,7285 34,4255 84,161
Poland
Sweden - 22

UK (Eng}. + Wales) 71 3 339 373 10
UK (N. Ireland)
UK (Scotland) 998 531 .487 5,749 2,093
USSR
Unallocated + discards - -12,4825

Total .24,238 20,808 20,895 62,877 112,047

Country 1990 1991 19927 1993 1994 1995 1996\

Belgium 13 + 74 57 51 28
Denmark 20,6052 6,9822 7,755 6,120 3,921 2,432 1,433 •Estonia 293 17
Farce Islands 942 340 360 275
France 220 174 162 302
Germany, Fed.Rep. 2,4696 5,995 2,801 1,570 1,014 1,600 7
Ireland 687 2,657 2,600 4,086 415 220 1,100
Netherlands 1,970 3,852 3,000 2,470 1,329 5,285 6,205
Norwaf 117,9032 50,OW 96,000 126,800 94,000 84,747 14,639
Poland
Sweden 102 9532 800 697 2,087 95
UK (Eng!. +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 -3175 -75OS -278 -3,270 1,511 -28 136

Total 145,062 77,994 114,133 140,383 112,580 98,505 26,125

\·Preliminary. 2Includes Division lIla. 3Includes Division Ha. 4Estimated from biological sampling. 5Assumed to be m-
isreported. 6Includes 13 t from the German Democratic Republic. 7Includes a negative unallocated catch of -4,000 t.
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Table 6.1.3 Landings (t) of HORSE MACKEREL in Sub-area VI by country. (Data submitted by Working Group
members).

Country 1980 1981 1982 1983 1984 1985

Denmark 734 341 2.785 7

Faroe Islands 1.248 4.014

France 45 454 4 10 14 13

Germany.Fed. Rep. 5.550 10.212 2.113 4.146 130 191

Ireland - 15.086 13,858 27.102

Netherlands 2.385 100 50 94 17.500 18,450

Norway 5

Spain
UK (Eng!. + Wales) 9 5 + 38 + 996

UK (N. Ireland)

UK (Scotland) 1 17 83 214 1.427

USSR

Unallocated + -19.168
discards

Total 8.724 11,134 6.283 24.881 31.716 33.025

Country 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 19961

Denmark 769 1.655 973 615 42 294 106 114
Faroe Islands 1.992 4,45e>3 4.OW 3.059 628 255 820 80
France 12 20 10 2 17 4 3 +
Germany. Fed. Rep. 354 174 615 1.162 2,474 2.500 6,281 10,023 1,430 1,368 943

Ireland 28,125 29,743 27,872 19,493 15.911 2:t.766 32,994 44,802 65,564 120,124 87,872

Netherlands 3,450 5,750 3.340 1.907 660 3.369 2.150 590 341 2.326 572

Norway 83 75 41

Spain _2 _2 _2 _2 _2 1 3

UK (Eng!. + Wales) 198 404 475 44 145 1.229 577 144 109 208 612
UK"(N.Ireland 1.970 723

UK (Scotland) 138 1,027 7.834 1.737 267 1.640 86 4.523 1.760 789 2.66c;

USSR 44

Unallocated + -13.897 -7,255 6,493 143 -1.278 -1.940 -6.9604 -51 -41.326 -11.523
discards

Total 20,455 35.157 45.842 34.870 20.904 34,456 40.469 53.942 69.527 83.595 81.25c;

IPreliminary.
2Included in Sub-area VII.
3Includes Divisions lIla. IVa.b and VIb.
4Includes a negative unallocated catch of -7.000 t.
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Table 6.1.4 Landings (t) of HORSE MACKEREL in Sub-area VII by country. Data submitted by the Working Group
members).

104 142 560
2,670 1,230 279

1

Country

Be1gium
Denmark
France
Germany, Fed.Rep.
Ireland
Netherlands
Norway
Spain
UK (Engl. + Wales)
UK (Scotland)
USSR

1980

5,045
1,983
2,289

23,002
394
50

12,933
1

1981

1
3,099
2,800
1,079

16
25,000

234
2,520

1982 1983

1
877 993

2,314 1,834
12 '1,977

27,50Cf 34,350

1984

732
2,387

228
65

38,700

Total 45,697 34,749 33,478 40,526 42,952

Country

Faroe Is1ands
Be1gium
Denmark
France
Germany, Fed.Rep.
Ireland
Netherlands
Norway
Spain
UK (Eng}. + Wales)
UK (N.Ireland)
UK (Scotland)
USSR
Unallocated + discards

1985

+
1,4772

1,881

100
33,550

275
1,630

1
120

1986

+
30,4082

3,801
5

703
40,750

137
1,824

+

1987

2
27,368
2,197

374
15

69,400

148
1,228

2

1988

33,202
1,523
4,705

481
43,560

150
3,759

2,873

1989

34,474
4,576
7,743

12,645
43,582

14
4,488

+

28,368

Total 39,034 77,628 100,734 90,253 135,890

7,614 24,541 15,563 4,016' 14,057 68,644 26,795

Country

Faroe Is1ands
Be1gium
Denmark
France
Germany, Fed.Rep.
Ireland
Netherlands
Norway
Spain
UK (Engl. + Wales)
UK (N.Ireland)
UK (Scotland)
USSR
Unallocated + discards

1990

28
+

30,594
2,538
8,109

17,887
111,900

16
13,371

139

1991

28,888
1,230

12,919
19,074

104,107

113
6,436
2,026
1,992

1992

18,984
1,198

12,951
15,568

109,197

106
7,870
1,690
5,008

1993

16,978
1,001

15,684
16,363

157,110

54
6,090

587
3,123

1994 1995 19961

1
41,605 28,300 43,330

14,828 17,436 15,949
15,281 58,011 38,455
92,903 116,126 114,692

29 25 33
12,418 31,641 28,605

119
9,015 10,522 11,241

Total 192,196 201,326 188,135 221,000 200,256 330,705 279,100

1Provisional.
2Includes Sub-area VI.
3Includes a negative unallocated catch of -4,000 t.
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Table 6.1.5 Landings (t) of HORSE MACKEREL in Sub-area VIII by country. (Data
submitted by Working Group members).

Country 1980 1981 1982 1983 1984

Denmark

France 3,361 3,711 3.073 2,643 2,489

Netherlands _2

Spain 34,134 36,362 19,610 25,580 23,119

UK (Eng!. + Wales) + 1 1

USSR 20

Total 37,495 40,073 22,683 28,223 25,629

Country 1985 1986 1987 1988 1989

Denmark 446 3,283 2,793 6,729

France 4,305 3,534 3,983 4,502 4,719

Germany

Netherlands _2 _2 _2

Spain 23,292 40,334 30,098 26,629 27,170

UK (Eng!. + Wales) 143 392 339 253 68

USSR 656

Unallocated + discards

Total 27,740 45,362 37,703 34,177 38,686

Country 1990 1991 1992 1993 1994 1995 19961

Denmark 5,726 1,349 5,778 1,955 340 140

France 5,082 6,164 6,220 4,010 28 7

Germany 80 62

Netherlands 6,000 12,437 9,339 19,000 7,272 14,187

Spain 25,182 23,733 27,688 27,921 25,409 28,349 29,428

UK (Eng!. + Wales) 6 70 88 123 753 20 924.- USSR

Unallocated + discards 1,500 2,563 5,011 700 2,038 3,583

Total 43,496 46,396 54,186 53,709 35,500 28,709 48,269

IPreliminary.
2Included in Sub-area VII.
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lIa IVa Via Vllb,cj,k Vlla,e,t.g.~ Vllla.b,d.e AlIareas
4'hO 4'hO 4'h0 4'h0 4'h0 4'h0 4'hO

AQe catch('OOO catch('ooo catch('ooo catch('OOO catch('OOO catchl'OOO catchCooo
0 0 0 0 0 0 0 0
1 0 0 0 0 0 3.395 3,395
2 '0 0 0 0 128,187 124.075 252,262
3 0 0 0 582 273,231 n,240 351,053
4 0 0 0 1.152 125,550 9,905 136,607
5 0 0 0 0 44.536 5,092 49,628
6 5 96 0 582 15,354 4.018 20,055
7 0 0 0 1,722 18,264 0 19,986
8 8 144 0 2.304 21,268 2.320 26,044
9 12 226 0 1,152 8,821 0 10,211

10 100 1.900 0 0 1,668 0 3.668
11 33 616 2,540 6.330 9,050 0 18.568
12 60 1.144 1,296 582 1.668 0 4.750
13 6 122 0 582 5.097 0 5.807
14 1.702 32,195 17.935 10.356 31,697 1,697 95.582

15+ 371 7,018 10,264 3.456 2nl 0 23,880
Total 2,297 43,46t 32.035 28.797 687,161 227.743 1.021,494

Tonnes 3,366 16.763 10,474 5,634 76,422 20,245 132,904

lIa Na Via Vllb,cj,k Vlla,e,t.9,h Vllla,b,d.e All areas
3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO

Aoe catchrOOO catchl'OOO catchl'OOO catch('ooo catchrOOO catchrOOO catch_('ooo
0 "- 0 0 0 0 0 0 0
1 0 0 0 0 0 260 260
2 0 0 0 554 86.809 9,499 96.863
3 0 0 0 7,746 83,207 5,914 96.867
4 0 0 0 11.492 2.001 758 14,251
5 0 0 0 11.874 0 390 12,264
6 0 0 0 17,718 0 308 18.025
7 0 0 0 13,787 0 0 13,787
8 0 0 0 4.837 0 178 5,014
9 0 0 0 6,n9 0 0 6,779
10 0 0 0 6.750 0 0 6,750
11 0 0 8,714 4.314 0 0 13,028
12 0 0 4.446 1.976 0 0 6,421
13 0 0 0 455 0 0 455
14 0 0 61.530 19.868 0 130 81.528
15+ ~ 0 0 35,211 2,485 0 0 37,696

Total 0 0 109.900 110.635 172,017 17,436 409,988
Tonnes 0 0 35,922 19,086 13,042 1.550 69,600

lIa IVa Via Vllb.cj.k Vlla,e.t,g,~ Vllla,b.d.e All areas
2'ndO 2'ndO 2'ndO 2'nd0 2'ndO 2'nd0 2'000

Aoe catch('OOO catch('OOO eatch('OOO catch('OOO catch('OOO catch('OOO catchroooJ
0 0 0 0 0 0 0 0
1 0 0 0 0 0 279 279
2 0 0 0 804 74,912 10.186 85.902
3 0 0 0 3,222 112.367 6.341 121,930
4 . 0 0 0 1,611 0 813 2.424
5 0 0 0 804 0 418 1,222
6 0 0 0 804 0 330 1,134
7 0 0 0 1,611 0 0 1.611
8 0 0 0 1,611 0 190 1.802
9 0 0 0 5,637 0 0 5.637
10 , 0 0 0 4,833 0 0 4.833
11 • 0 0 0 5,637 0 0 5,637
12 0 0 0 8,859 0 0 8,859
13 0 0 0 7,248 0 0 7,248
14 0 0 1.520 54.759 0 139 56,419

15+ 0 0 2.705 23.355 0 0 26.060
Total 0 0 4,225 120.796 187,279 18,696 330,997

Tonnes 0 0 1,575 26.140 16,18t 1.662 45,558
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"Catch in numbers ('000) at age of WESTERN HORSE
MACKEREL by quarter and by Division(s) in 1996.

Table6.3.1

1996 lIa Na Via Vllb.cj,k VIIa,e.t.g.t V1l1a.b,d,e All areas
1'st 0 1'$10 1'st0 1'$10 1'$10 1'st0 1'$10

AQe catch('OOO catch('OOO catch('ooo catchrooo: catch('ooo catch('OOO catch ('000
0 0 0 0 0 0 0 0
1 0 0 0 0 0 103 103
2 0 0 0 0 176,982 3,751 180,733
3 0 0 0 3,650 265.470 2,335 271,454
4 0 0 0 3,471 0 299 3.nl
5 0 0 0 4.656 0 154 4.810
6 0 0 0 6.603 0 121 6,725
7 0 0 0 13,213 0 0 13,213
8 0 0 0 16,161 0 70 16,231
9 0 0 0 21,566 0 0 21,566
10 : 0 0 0 33,187 0 0 33,187
11 0 0 0 51.813 0 0 51,813
12 0 0 0 45,178 0 0 45,178
13 0 0 0 41,404 0 0 41,404
14 0 0 32,180 78,071 0 51 110.301

15+ 0 0 57,258 20,180 0 0 n,438
Total 0 0 89,438 339,154 442,452 6,885 8n,929

Tonnes 0 0 33,340 76,186 38,228 612 148,366
."
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Table6.4.1
t."."" i.. ~-1~~t,:, ~ '('~.~.~,r"'· CI ~.~~. j . ~~

Length (ern) ai age of WESTERN HORSE
MACKEREL by quarter and Division in 1996

e:\aclm\wgmhsa98\T-641.xJs

1996 lIa lVa Via Vllb,cJ,k VIla.e,f,Q,t Vllla,b,d,e AB areas
1'stO 1's1 0 1'si 0 1's1 0 1'stO 1'si 0 1'stO

Aae Ienalhlcm Ienath(an Ienalhlan Ienath(cm lenalhlan Ienathlan IenalhCan
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 19.5 19.5
2 0.0 0.0 0.0 0.0 21.1 21.3 21.1
3 0.0 0.0 • 0.0 23.5 222 23.0 222
4 0.0 0.0 I 0.0 25.4 0.0 25.0 25.4
5 0.0 0.0 0.0 26.1 0.0 25.5 26.0
6 0.0 0.0 0.0 27.3 0.0 26.5 27.3
7 0.0 0.0 0.0 28.1 0.0 0.0 28.1
8 0.0 0.0 0.0 29.6 0.0 27.5 29.6
9 0.0 0.0 0.0 29.8 0.0 0.0 29.8
10 0.0 0.0 0.0 30.3 0.0 0.0 30.3
11 0.0 0.0 0.0 30.8 0.0 0.0 .30.8
12 0.0 0.0 0.0 31.4 0.0 0.0 31.4
13 0.0 0.0 0.0 31.5 0.0 0.0 31.5
14 0.0 0.0 37.1 32.1 0.0 27.5 33.5

15+ 0.0 0.0 37.3 33.6 0.0 0.0 36.3
0-15+ 0.0 0.0 372 30.9 21.8 22.3 26.9

lIa IVa Via Vllb,cJ,k Vlla.e,f.g.~ Vllla,b,d.e AB areas
2'nd0 2'000 2'000 2'nd0 2'000 2'nd0 2'000

Aae IenalhCan lena!hCcm lenalhCan lena!hCcm length(an length(an length(an
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 ·0.0 0.0 0.0 0.0 0.0 19.5 19.5
2 0.0 0.0 0.0 23.5 21.1 21.3 21.1
3 0.0 0.0 0.0 24.0 222 23.0 22.3
4 . 0.0 0.0 0.0 25.0 0.0 25.0 25.0
5 0.0 0.0 0.0 25.5 0.0 25.5 25.5
6 0.0 0.0 0.0 26.5 0.0 26.5 26.5
7 0.0 0.0 0.0 27.5 0.0 0.0 27.5
8 0.0 0.0 0.0 28.0 0.0 27.5 27.9
9 0.0 0.0 0.0 28.4 0.0 0.0 28.4
10 0.0 0.0 0.0 28.7 0.0 0.0 28.7
11 0.0 0.0 0.0 29.9 0.0 0.0 29.9
12 0.0 0.0 0.0 30.8 0.0 0.0 30.8
13 0.0 0.0 0.0 30.8 0.0 0.0 30.8
14 0.0 0.0 37.1 312 0.0 27.5 31.3

15+ 0.0 0.0 37.3 33.1 0.0 0.0 33.5
0-15+ 0.0 0.0 372 30.7 21.8 22.3 25.3

lIa IVa Via Vllb.cJ.k Vlla.e,f.g,~ Vllla,b.d.e AB areas
3'ldO 3'ldO 3'ldO 3'ldO 3'ldO 3'ldO 3'ldO

Aae lenqth (an enqth(cm enqth(an ength (cm ength(an englh(an Iength(an
0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 19.5 19.5
2 0.0 0.0 0.0 23.3 .20.4 21.3 20.5
3 0.0 0.0 0.0 24.3 21.8 23.0 22.0
4 0.0 0.0 0.0 25.3 24.5 25.0 252
5 0.0 0.0 0.0 26.6 0.0 25.5 26.6
6 0.0 0.0 0.0 26.7 0.0 26.5 26.7
7 0.0 0.0 0.0 27.8 0.0 0.0 27.8
8 0.0 0.0 0.0 27.9 0.0 27.5 27.9
9 0.0 0.0 0.0 28.3 0.0 0.0 28.3
10 0.0 0.0 0.0 282 0.0 0.0 282
11 0.0 0.0 32.5 29.1 0.0 0.0 31.4
12 0.0 0.0 31.5 29.4 0.0 0.0 30.9
13 0.0 0.0 0.0 29.9 0.0 0.0 29.9
14 0.0 0.0 35.0 28.9 0.0 27.5 33.5

15+ 0.0 0.0 34.4 29.2 0.0 0.0 34.1
0-15+ 0.0 0.0 34.5 27.3 21.1 22.3 26.4

lIa IVa Via Vllb,c.i,k Vlla.e,f,g,~ Vllla.b,d,e All areas
4'hO 4'hO 4'hO 4'hO 4'hO 4'hO 41h0

Aae lenathlan length(an lenathCan lenQlh(an lenathCan ",ength(an Ienqth(an
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 19.5 19.5
2 0.0 0.0 0.0 0.0 21.5 21.3 21.4
3 0.0 0.0 0.0 24.5 22.8 23.0 22.8
4 0.0 0.0 0.0 25.5 25.1 25.0 25.1
5 0.0 0.0 0.0 0.0 25.8 25.5 25.8
6 30.9 30.9 0.0 26.5 26.S 26.S 26.S
7 0.0 0.0 0.0 26.8 272 0.0 . 27.1
8 28.5 28.5 0.0 27.8 27.S 27.S 27.5
9 31.9 31.9 0.0 29.0 28.8 0.0 28.9
10 33.5 33.S 0.0 0.0 28.6 0.0 31.3
11 32.7 32.7 32.5 29.0 28.9 0.0 29.6
12 342 342 31.S 30.5 27.0 0.0 30.5
13 32.5 32.5 0.0 30.5 27.7 0.0 28.1
14 34.6 34.6 35.0 29.3 28.3 27.5 31.9

15+ 36.4 36.4 34.4 28.8 31.3 0.0 33.8
0-15+ 34.8 34.8 34.S 26.8 24.0 22.3 24.6
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Table6.4.2 Weight (g) at age of WESTERN HORSE
MACKEREL by quarter and by Division(s) in 1996.

e:\actmlwgmhsa98\T-642.x1s

1996 lIa IVa Via VlIb,cJ,k Vlla,e,f,9,~ Vllla,b,d,e All areas
1'$10 1'st 0 1'$10 1'st0 1'st 0 1'$10 1'$10

Aae weiahtla) weiahtla) weiahtlQ) weiQht(<:I) weiaht(Q) weiQhtlQ) weiQht(Q)
0 0 0 0 0 0 0 0
1 0 0 0 0 0 59 59
2 0 0 0 0 81 78 81
3 0 0 0 93 90 94 90
4 0 0 0 120 0 125 120
5 0 0 0 126 0 139 126
6 0 0 0 152 0 152 152
7 0 0 0 166 0 0 166
8 0 0 0 200 0 149 199
9 0 0 0 199 0 0 199
10 0 0 0 209 0 0 209
11 0 0 0 224 0 0 224
12 0 0 0 233 0 0 233
13 0 0 0 239 0 0 239
14 0 0 373 253 0 148 288
15+ 0 0 376 299 0 0 356

()'15+ 0 0 375 226 86 89 170

lIa lVa Via Vllb,c,i,k Vlla,e,t,9,h Vllla,b,d,e All araas
2'000 2'000 2'000 2'nd0 2'000 2'nd0 2'000

AQe weiahtla\ weiahtla) weight(g) weight(g) weight(g) weight(g) weight(g)
0 0 0 0 0 0 0 0
1 0 0 0 0 0 59 59
2 0 0 0 87 81 78 81
3 0 0 0 90 90 94 90
4 0 0 0 104 0 125 111
5 0 0 0 107 0 139 118
6 0 0 0 121 0 152 130
7 0 0 0 151 0 0 151
8 0 0 0 139 0 149 140
9 0 0 0 161 0 0 161
10 0 0 0 178 0 0 178
11 0 0 0 196 0 0 196
12 0 0 0 213 0 0 213
13 0 0 0 215 0 0 215
14 0 0 373 224 0 148 228
15+ 0 0 376 270 0 0 281

()'15+ 0 0 375 216 86 89 137

lIa IVa Via Vllb,c,i,k Vlla,e,t,9,t Vllla,b,d,e All areas
3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO 3'rdO

Aae weiaht (0) wei<:lht (0) wei<:lht (<:11 weiaht (<:I) weiaht (0) weiahl (g) weight(g)
0 0 0 0 0 0 0 0
1 0 0 0 0 0 59 59
2 0 0 0 124 69 78 70
3 0 0 0 128 83 94 87
4 0 0 0 144 102 125 137
5 0 0 0 163 0 139 162
6 0 0 0 163 0 152 163
7 0 0 0 179 0 0 179
8 0 0 0 185 0 149 184
9 0 0 0 196 0 0 196
10 0 0 0 181 0 0 181
11 0 0 284 192 0 0 254
12 0 0 278 194 0 0 252
13 0 0 0 211 0 0 211
14 0 0 338 195 0 148 303

15+ 0 0 326 193 0 0 317
()'15+ 0 0 327 173 76 89 170

lIa IVa Via Vllb,c,j,k Vlla,e,t,9,~ Vllla.b,d,e All araas
4'th0 4'th0 4'th0 4'th0 4'hO 4'th0 4'hO

Aae weiahtla) weiahtla) weioht(o) weioht(o) weiahtlo) weioht(g) weight(g)
0 0 0 0 0 0 0 0
1 0 0 0 0 0 59 59
2 0 0 0 0 78 78 78
3 0 0 0 145 91 94 92
4 0 0 0 153 124 125 125
5 0 0 0 0 138 139 138
6 291 291 0 170 147 152 149
7 0 0 0 167 159 0 159
8 275 275 0 185 162 149 163
9 309 309 0 210 181 0 187
10 343 343 0 0 172 0 265
11 317 317 284 199 192 0 211
12 371 371 278 229 138 0 246
13 319 319 0 211 172 0 179
14 381 381 338 207 181 148 284

15+ 437 437 326 192 241 0 331
().15+ 386 386 327 196 111 89 128
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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

o
1
2
3
4
5
6
7
8
9
10
11
12
13
14

15+

Catch in numbers
millions

0.000
4.036

615.759
841.304
157.053
67.924
45.939
48.597
49.091
44.193
48.439
89.046
65.209
54.915

343.831
165.073

19.5
21.1
22.5
25.1
25.9
26.7
27.6
28.3
29.2
29.9
30.6
31.2
31.0
32.7
35.0

Mean weight (kg)
in catch in stock

0.059
0.078 0.087
0.090 0.095
0.125 0.118
0.141 0.129
0.155 0.148
0.166 0.172
0.1n 0.183
0.191 0.185
0.206 0.202
0.224 0.206
0.233 0.217
0.229 0.221
0.280 0.237
0.332 0.273

e:\acfm\wgmhsa98\T-643.xls
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Table 6.7.1. Western Horse Mackerel. Estimated catch in number (Thousands offish).

The SAS System 09:57 Friday, September 12, 1997
HDM-WEST: Western horse mackerel (1Ia,IVa,Vla,Vlla-c,e-k,Vllla-b,d-e)

CANUM: Catch ;n Numbers (Thousands)

Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Age 11 Age 12 Age 13 Age 14 Age 15

1982 0 2523 14320 91566 7825 8968 7979 6013 1122 281 1122 4473 12560 19489 13205 5579
1983 0 5668 1627 23595 38374 11005 31942 37775 12854 2360 3948 2428 12204 17142 27505 33335
1984 0 0 183682 3378 27621 114001 17009 29105 25890 11230 3121 0 486 1337 3866 38732
1985 0 1267 3802 467741 3462 32441 77862 9808 12545 4809 7155 263 659 2888 970 . 27005- 1986 0 0 0 1120 489397 6316 47149 79428 18609 15328 11052 2255 746 619 211 37295

~
00 1987 0 83 414 0 2476 748405 1730 34886 76224 9854 8015 16252 7484 1173 168 27613

1988 767 23975 5354 1839 3856 16616 824940 10613 34963 59452 8531 14301 15158 4537 4285 28378
1989 0 0 0 18860 16604 4821 13169 1159554 10940 53909 75496 12629 21975 12471 8162 16468
1990 0 19117 42191 130153 57561 31195 9883 19305 1297370 34673 66058 95505 14040 32496 16935 53023
1991 3230 19570 47240 13980 187410 126310 68330 19000 21090 1173940 21140 13060 51200 9710 9000 49400
1992 12420 83830 24040 66180 50210 243720 110620 42840 14202 17930 1063910 12000 22750 69970 12110 32200
1993 0 94250 49520 7700 52870 83770 307370 124050 65790 25250 3250 1177060 6420 16110 52610 33490
1994 2315 15324 796606 104631 49463 40466 26961 205842 87767 37045 40453 21847 909325 9861 14411 37138
1995 0 50843 411412 382838 198181 52812 85565 26425 230028 107838 95799 58051 62531 1044929 38647 149957
1996 0 4036 615759 841304 157053 67924 45939 48597 49091 44193 48439 89046 65209 54915 343831 165073



Table 6.7.2. Western Horse Mackerel. Estimated mean weight in the catches (Kg).



Table 6.7.3. Western Horse Mackerel. Estimated mean weight in the stock (Kg).

The SAS System 09:57 Friday, September 12, 1997
HOM-YEST: Yestern horse mackerel (1Ia,IVa,Vla,Vlla-c,e-k,Vllla-b,d-e)

YES!: Mean Yeight in Stock (Kilograms) .' ; . .. '

Yeal" Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age9 Age 10 ·Age11 Age 12 Age 13 Age 14 Age 15

1982 0.000 0.000 0.050 0.080 0.207 0.232 0.269 0.280 0.292 0.305 0.369 0.344 0.348 0.348 0.361 0.364
1983 0.000 0.000 0.050 0.080 0.171 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 0.285
1985 0.000 0.000 0.050 0.081 0.148 0.140 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 0.300 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 0.339
1988 0.000 0.000 0.050 0.080 0.105 0.126 0.141 0.143 0.217 0.274 0.305 0.337 0.352 0.361 0.352 0.390
1989 0.000 0.000 0.050 0.080 0.105 0.103 0.131 0.159 0.127 0.210 0.252 0.263 0.302 0.411 0.383 0.358

.... 1990 0.000 0.000 0.050 0.080 0.105 0.127 0.135 0.124 0.154 0.174 0.282 0.272 0.404 0.404 0.404 0.404
IJI 1991 0.000 0.000 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 0.3810

1992 0.000 0.000 0.050 0.080 0;105 0.133 0.151 0.150 0.158 0.160 0.182 0.292 0.211 0.245 0.361 0.403
1993 0.000 0.000 0.050 0.080 0.105 0.153 0.166 0.173 0.172 0.170 0.206 0.211 0.258 0.288 0.338 0.405
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 0.096 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 0.185 0.202 0.206 0.217 0.221 0.237 0.273
1997 0.000 0.000 0.050 0.080 0.112 0.124 0.162 0.169 0.184 0.188 0.208 0.197 0.226 0.236 0.260 0.256
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 0.226 0.236 0.260 0.261
1999 0.000 0.000 0.050 0.080 0.112 0.124 0.162 0.169 0;184 0.188 0.196 0.197 0.233 0.236 0.260 0.264
2000 0.000 0.000 0.050 0.080 . 0.112 0.124 0.162 0.169 0.184 0.188 0.196 0.197 0.226 0.243 0.260 0.268
2001 0.000 0.000 0.050 0.080 0.112 '0.124 0.162 0.169 0.184 0.188 0.196 0.197 0.226 0.236 0.252 0.270
2002 0.000 0.000 0.050 0.080 0.112 0.124 0.162 0.169 0.184 0.188 0.196 0.197 0.226 0.236 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
HDM-WEST: Western horse mackerel (1Ia,IVa,Vla,Vlla-c,e-k,Vllla-b,d-e)

MATPROP: Proportion Mature at Year Start

Age Age Age Age Age Age Age Age Age Age Age Age Age Age Age Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1982 0.00 0.00 0.40 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1983 0.00 0.00 0.30 0.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1984 0.00 0.00 0.10 0.60 0.85 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1985 0.00 0.00 0.10 0.40 0.80 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1986 0.00 0.00 0.10 0.40 0.60 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 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1988 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1989 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1990 0.00 0.00 ·0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1991 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00.-
1992 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00VI- 1993 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 /;"
1994 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1995 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1996 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1997 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1998 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ·1.00

.-.:,

1999 0.00 0.00 0.10' 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2000 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2001 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2002 0.00 0.00 0.10 0.40 0.60 0.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table 6.7.5. Western Horse Mackerei. Summary results of Bayeslan stock assessment.
Percentiles of the distribution of fishing mortaiity relative to natural mortaiity (Population mean
fishing mortaiity over ages 4 to 14 dlvlded by natural mortaiity), spawnlng stock slze, and
recruitment by year from 1982·1996. Percentiles calculated from 750 drawn parameter vectors
from the Markov Chaln.

a. Fishing Mortality relative to Natural Mortality (F 4-14wlM)

Percentire 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
5 0.20 0.29 0.37 0.24 0.20 0.29 0.36 0.54 0.71 0.80 0.93 1.32 1.24 2.02 1.09

25 0.34 0.49 0.61 0.39 0.32 0.46 0.54 0.81 1.08 1.18 1.35 1.88 1.76 2.95 1.67
50 0.50 0.70 . 0.86 . 0.55 .. 0.44 ·0.63 0.74 1.08 1.43 1.55 '1.76 2.46 2.31 4.00 2.26
75 0.65 0.92 1.12 0.72 0.57 0.81 0.93 1.39 1.81 1.95 2.23 3.12 2.95 5.31 3.30
95 0.79 1.12 1.35 0.89 0.68 0.97 1.16 1.74 2.33 2.53 2.92 4.29 4.35 8.79 6.43

Expectatlon 0.50 0.70 0.86 0.56 0.44 0.63 0.74 1.10 1.46 1.59 1.82 2.58 2.47 4.49 2.82

b. Spawning Stock Size (Thousand tat spawnlng time)

Percentire 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
5 625 695 717 1184 839 2046 2482 1460 2127 2066 1602 1532 1161 787 539

25 705 786 816 1353 1014 2341 2862 1922 2505 2436 1935 1916 1534 1176 936
50 789 880 904 1507 1269 2591 3153 2282 2833 2799 2258 2302 1925 1587 1381
75 907 1008 1023 1706 1588 2900 3555 2665 3183 3164 2613 2706 2333 1979 1795
95 1173 1294 1272 2099 2180 3432 4191 3222 3865 3867 3230 3441 3042 2713 2559

Expectation 828 916 936 1554 1352 2640 3220 2305 2889 2853 2320 2372 1982 1624 1415

c. Recruitment (MIlIIons of fish aged 0) .

Percentile 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
5 20695 739 768 1174 1285 2182 590 652 412 841 2167 571 627 586 588

25 23567 1088 1155 1667 1549 2428 791 838 564 1057 2620 973 980 965 1008
50 26920 1368 1458 2056 1782 2680 974 1006 712 1260 3060 1397 1384 1386 1403
75 32119 1775 1891 2612 2079 3020 1181 1195 869 1473 3506 2015 1898 1958 1915
95 43134 2479 2622 3502 2629 3683 1562 1541 1150 1857 4361 3470 3035 3144 3147

Expectation 28819 1465 1552 2167 1844 2769 1011 1039 736 1292 3125 1610 1551 1563 1552

d. Natural Mortaiity (all ages) (approx.)

Percentire M
5 0.052

25 0.056
50 0.068
75 0.084
95 0.115

Expectation 0.074
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Estimated Risk in 1997

75%
1.43
3.29
8.82
12.54
14.88

,I ,
! .•

ected

25% 50% 75%
41 24 39 53
44 26 41 55

1088
400
8.09

SSB in 1998 (Kt) Estimated Risk in 1998
Exected Percentiles

25% 50% 75%
1090 554 1020 1490
1070 541 1010 1480
1050 521 989 1460
1010 477 947· 1420
968 429 901 1370
933 414 851 1320

SSB in 1999 (Kt) Estimatect Risk in 1999
ed Percentiles

25% 50% 75% P SSB<5oo,OOOt)
1130 554 1020 1490 0.2
1100 557 1040 1530 0.21
1040 495 973 1460 0.26
840 365 840 1330 0.33
816 280 704 1190 0.4
731 265 596 1050 0.45

Catch for F=M
Ex ected Percentiles

153

25% 75%
50 1.35 0.66 1.57

100 2.84 1.37 3.29
200 5.85 2.91 7.40
300 8.31 4.61 11.05
400 10.36 6.57 13.43

1998
1999

98\T-681.xls

(Thousand t)
h (Thousand t)
4,wIM

h

h

usand t) 25% 50%
50 1.31 0.65 0.91

100 3.04 1.38 2.00
200 6.55 3.19 4.88
300 . 9.45 5.64 8.64
400 11.65 8.14 11.23

h

e 6.8.1. Westem Horse Mackerei. catch option lable, calculated as expectation and percentiles of Bayes
erior distributions. (a) SSB, catch and FIM in 1997, (b) SSB in 1998, for F=M or catch = 50 to 400Kt in
; (c) 5SB in 1999, for F=M or catch = 50 to 400Kt in 1998 and 1999; (d) catch corresponding to F=M; (e)
n 1998; (f) FIM in 1999

ng Mortality Relative to Natural Mortality in 1999, tor catch
ns in 1998 -1999 = 50 to 400 000t and catch in 1997=400 000l
h in 1998 and 1999 Ex ected ' Percentiles

chfor F=M
50

100
200
300
400

chforF=M
Kt in 1998 and 1999
Kt in 1998 and 1999
Kt in 1998 and 1999
Kt in 1998 and 1999
Kt in 1998 and 1999

.
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catc
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(d)

catc

e (e)
FlShi
optio
catc

(f)
Fishi
optio
Catc
(Tho

e:\acfm\wgmhsa-



TABLE 6.10.1 Results from ADAPT analysis

HOM-WEST: Western horse mackerel (lIa, IVa, Via, Vlla-c,e-k,Vllla-b,d-e)

FISHING MORTALITY

M=0.15
Proportion of Fand Mbefora spawnlng 19 0.45

Aga 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

0 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.004 0.000 0.001 0.000 0.003
1 0.002 0.000 0.000 0.001 0.000 0.000 0.007 0.000 0.017 0.026 0.069 0.034 0.002 0.013 0.061
2 0.008 0.001 0.004 0.002 0.000 0.000 0.003 0.000 0.043 0.050 0.039 0.050 0.406 0.055 0.201
3 0.021 0.Q16 0.003 0.013 0.001 0.000 0.001 0.Q10 0.051 0.017 0.087 0.015 0.135 0.329 0.144
4 0.008 0.010 0.022 0.003 0.016 0.002 0.003 0.008 0.037 0.092 0.074 0.088 ' 0.118 0.382 0.205
5 0.009 0.013 0.036 0.031 0.007 0.030 0.013 0.004 0.018 0.102 0.158 0.160 0.086 0.169 0.205
6 0.009 0.038 0.024 0.030 0.055 0.002 0.039 0.012 0.009 0.048 0.115 0.288 0.067 0.248 0.205
7 0.012 0.051 0.041 0.016 0.036 0.049 0.017 0.067 0.020 0.020 0.037 0.173 0.300 0.083 0.205
8 0.004 0.031 0.043 0.021 0.036 0.042 0.061 0.020 0.095 0.026 0.017 0.069 0.169 0.603 0.205
9 0.014 0.009 0.032 0.010 0.031 0.023 0.040 0.119 0.079 0.110 0.027 0.037 0.048 0.304 0.205

10 0.057 0.267 0.014 0.024 0.026 0.019 0.024 0.062 0.198 0.060 0.131 0.006 0.072 0.159 0.205
11 0.105 0.160 0.000 0.001 0.009 0.046 0.041 0.042 0.098 0.052 0.042 0.198 0.045 0.133 0.205
12 0.068 0.431 0.041 0.072 0.005 0.036 0.052 0.078 0.057 0.066 0.114 0.027 0.219 0.167 0.205
13 0.076 0.118 0.071 0.342 0.085 0.009 0.026 0.052 0.151 0.048 0.115 0.104 0.049 0.395 0.205
14 0.043 0.138 0.033 0.064 0.035 0.028 0.037 0.057 0.088 0.054 0.075 0.113 0.121 0.262 0.205
15 0.043 0.138 0.033 . 0.064 0.035 0.Q28 0.037 0.057 0.088 0.054 0.075 0.113 0.121 0.262 0.205

F(2-4)U 0.012 0.009 0.010 0.006 0.006 0.001 0.002 0.006 0.044 0.053 0.067 0.051 0.220 0.255 0.183
F(S·14)U 0.040 0.126 0.034 0.061 0.033 0.028 0.035 0.051 0.081 0.059 0.083 0.117 0.118 0.252 0.205
F(S·14)W 0.022 0.046 0.035 0.025 0.032 0.030 0.038 0.060 0.082 0.090 0.112 0.167 0.170 0.313 0.205
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TABlE 6.10.2 Results from ADAPT analysis

HOM-WEST: Western horse mackerel (lIa, IVa, Via, Vlla-c,e-k,Vllla-b,d-e)

POPULATION ABUNDANCE

Unit· thousands

M=0.15
Proportion of F end M before spawnlng Is 0.45

Age 1982 1983 1984 1985 1986· 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

0 60,712 3,072 3,062 3,952 3,129 4,416 1,470 1,429 943 1,575 3,583 11,186 4,971 86 2,196 2,196
1 1,730 52,256 2,644 2,636 3,402 2,693 3,801 1,265 1,230 812 1,353 3,072 9,628 4,277 74 1,884
2 1,880 1,487 44,972 2,276 2,268 2,928 2,318 3,249 1,089 1,041 681 1,087 2,557 8,273 3,634 60
3 4,818 1,605 1,278 38,537 1,955 1,952 2,520 1,990 2,797 898 852 563 890 1,466 6,739 2,558
4 1,087 4,062 1,360 1,097 32,736 1,682 1,680 2,167 1,695 2,287 760 672 478 669 909 5,022
5 1,096 928 3,461 1,145 941 27,722 1,445 1,442 1,850 1,406 1,795 607 530 366 393 637
6 955 935 788 2,873 955 804 23,167 1,228 1,237 1,563 1,093 1,319 445 418 266 275
7 541 814 775 663 2,401 778 691 19,176 1,045 1,055 1,282 838 852 358 281 186
8 322 460 666 640 561 1,993 638 585 15,431 882 891 1,064 607 543 284 197
9 21 276 384 549 539 466 1,645 517 493 12,081 739 754 855 441 256 199
10 22 18 236 320 468 450 392 1,360 ' 395 392 9,311 620 625 701 280 179
11 48 18 12 200 269 393 380 329 1,101 279 318 7,030 530 501 515 196
12 206 37 13 10 172 229 323 314 272 859 228 263 4,962 436 377 361
13 287 166 21 11 8 147 190 264 250 221 692 175 220 3,431 318 264
14 337 229 127 17 7 6 126 160 216 185 181 531 136 180 1,989 223
15 142 278 1,273 466 1,158 1,067 832 322 675 1,015 482 338 350 700 955 2,788

Unit: tonnes
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

2,210,000 .1,710,000
1753222 1891705 2648009· 3545459 4152512 4686182 4128613 3715105 3590282 2806692 2489073 1925140 1491251 1380700 1368000
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Table 6.10.3 Stock summary table tor WESTERN HORSE MACKEREL
Results are taken trom the ADAPT analysis.

,

SSB Yield Recruitment at age 1 Egg Survey
('oQOt) F(2-4)U F(5-14)U F(5-14)W ('000t) (millions) SSB ('OOOt)

1977 - - - - - - 740
1978 - - - - - - -
1979 - - - - - - -
1980 - - - - - - 890
1981 - - - - - - -
1982 1,577 0.012 0.040 0.022 42 1,730 -
1983 1,753 0.009 0.126 0.046 65 52,256 530

1984 1,892 0.Q10 0.034 0.035 74 2,644 -
1985 2,648 0.006 0.061 0.025 81 2,636 -
1986 3,545 0.006 0.033 0.032 106 3,402 710
1987 4,153 0.001 0.028 0.030 156 2,693 -
1988 4,686 0.002 0.035 0.038 188 3,801 -
1989 4,129 0.006 0.051 0.060 269 1,265 2,280
1990 3,715 0.044 0.081 0.082 373 1,230 -
1991 3,590 0.053 0.059 0.090 334 812 -
1992 2,807 0.067 0.083 0.112 368 1,353 2,210
1993 2,489 0.051 0.117 0.167 432 3,072 -
1994 1,925 0.220 0.118 0.170 348 9,628 -
1995 1,491 0.255 0.252 0.313 513 4,277 1,710
1996 1,381 0.183 0.205 0.205 396 74 -

AR mean 2,785 0.062 0.088 0.095 250 6,058 1,488
GM mean 2,576 0.019 0.070 0.068 193 2,343 1,265
GM mean of year classes 1981,1983 -1986,1988 -1992 (prediction) 1,860

Egg survey biomass estimtes are taken from leES (1997/Assess:3 Table 2.1)
Only 1992 and 1995 egg survey SSB estimates have been used for tuning the assessment
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400
('OOOt)

1,308 1,368

1,085 1,106

922 857

684 531

451 246

260 102

157

50 100 200
'000t

1,333 1,362 1,383

1,205 1,217 1,200

1,265 1,234 1,130

1,232 1,157 968

1,169 1,056 796

1,144 993 662

50 100 200 300 400
C'000t)

400· 400· 400· 400· 400·

50 100 200 300 400

50 100 200 300 400

50 100 200 300 400

50 100 200 300 400

50 100 200 300 400

ssumed to be taken

from ADAPT analysis

RN HORSE MACKEREL

ock biomass (SSB) and catches (medians) tor the period 1997· 2002 tor a tishing
F = M = 0.15 and tor 5 different annual catch contraints over the period 1998 • 2002.

400,000 t in 1997.

.

•

Table 6.10.4 Predicted spawning st
mortality constraint ot
Catch constrained to

Results

WESTE

e Fand C8tch constraints > F=M
. vear ('0000

SSB 1997 1,334

1998 1,143

1999 1,065

2000 927

2001 793

2002 708

Fand Catch constraints > F=M
year C'000t)

Catch 1997 400·

1998 221

1999 187

2000 166

..-' 2001 150• 2002 138

• = catch a

-
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Figure 6.3.1 The age composition of the WESTERN HORSE MACKEREL in the intemationa

catches from 1982-1996. The age composition of Dutch catches for the first half

1997 is shown (a fishery in the adult area).
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Figure 6.7.1. Westem Horse Mackerel.Estimates of posterior probability density for some key parameters
in the stock assessment.'P here is taken as the population-weighted arithmetic mean F
from agas 4 to 14, and is referenced to M because M is a stochastic variable. Distributions caJculated
from 4000 sampies from Markov Chain thinned at intervals of 100 iterations.
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X1: Maturlty 1983 Age 4 X2: Maturlty 1986 Age 4 •

0.75 0.80 0.85 0.90 0.95

ProportIon mIlture

1.00 0.00 0.20 0.40 0.60

Proportion mature

0.80 1.00

X3: Maturlty 1989 Age 7 (Relative) X4: Maturlty 1992 Age 10

1.000.85 0.90 0.95

RelatIve Additional MaturIty

0.801.000.20 0.40 0.60 0.80

RelatIve Additional MaturIty

0.00

X5: Maturlty 1992 Age 3 (Relative)

0.00 0.20 0.40 0.60 0.80

RelatIve AddltlonalllBturity

1.00

Figure 6.7.2. Western Horse Mackerel.Estimates of posterior probability density for some parameters
of maturity proportions in the stock assessmenlSee section 6.7.2.2. for description of the expression
of maturity in terms of parameters Xl-X5
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Figure 6.7.3. Western Horse Maekerel. Estimated historie stock trajectories tor some population dynamics parameters. Fishing mortality
caleulated as population-weighted mean over ages 5 to 14 and referenced to natural mortality.Square markers indicate egg survey biomass
estimates. +/- 95% confidence intervals based on 25% CV. Bold Iines. rnedians. Dashed lines, 25th and 25th percentiles. Dotted Iines. 5th and
95th rcentiles.
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F = M == 0.15 from 1998· 2002 ADAPT ANALYSIS •
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Figure 6.10.2 WESTERN HORSE MACKEREL. Uncertainty in assessment and in medium-term
projections: Upper pannels: Landings, fishing moriaIity. recruitment and spawning stock
size estimates for afishing mortality constraint equivalent to fishing at F = 1\1 = 0.15 over
the period 1998-2002. Catch contrained to 400,000 t in 1997. Fishing mortality in the.
projections constrained to be less than 5 times fishing mortality in 1996. Lower pannels:
Trajectories of stock size estimates, and the estimated probability of the stock size being
below the 500,000 t by year. Fulllines, medians. Dashed lines, 25th and 75th percentiles.
Dotted lines, 5th and 95th percentill::s.
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.Figure 6.10.3 WESTERN HORSE MACKEREL. Uncertainty in assessment. and in medium-term
projections. Upper pannels: Landings, fishing mortality, recruitrriemt 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 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. Fulllines, medians. Dashed lines, 25th and 75th percentiles. Dotted lines, 5th and
95th percentiles.
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100,000 tly from 1998· 2002 ADAPT ANALYSIS
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Figure 6.10.4
.WESTERN HORSE MACKEREL~ Uncertainty in assessment and in medium-term
projections. Upper pannels: Landings, fishing mortality, recruitment and spawning
stock size estimates foran annual catch contraint of 100,000t over the period 1998-2002.
Catch contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to
be less than 5 times fishing mortality in 1996. Lower pannels: Trajectories of stock size
estimates,and the estimated probability of the stock being below the 500,000 t by year.
Full lines, medians. Dashed lines, 25th and 75th percentiles. Dotted lines, 5th and 95th
percentiles.
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estimates, and the estimated probability of the stock being below the 500,000 t by year.
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Catch contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to
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Figure 6.10.7 ~WESTERN HORSE MACKEREL. Uncertainty in assessment and in medium-term
projections. Upper panDels: Landings, fishing mortality, recruitmeDt and spawning
stock size estimates for an annual catch contraint of 400,OOOt over the period 1998-2002.
Catch contrained to 400,000 t in 1997. Fishing mortality in the projections constrained to
be less than 5 times fishing mortality in 1996. Lower paDnels: Trajectories of stock size
estimates, and the estimated probability of the stock size being below the 500,000 t by
year. Fulllines, medians. Dashed lines, 25th and 75th percentiles. Dotted lines, 5th and
95th percentiles. .
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