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l INTRODUCTION 

1.1 Participants 

The Work:ing Group met in Copenhagen from 5-14 October 1998 with the following participants: 

Frans van Beek (chainnan) Netherlands 
Odd Aksel Bergstad Norway 
Loes Bolle Netherlands 
John Casey England 
Uli Damm Germany 
Laurence Kell England 
Phil Kunzlik Scotland 
PeterLewy Denmark 
Paul Marchal Denmark 
Capucine Mellon France 
Richard Millner England 
Rasmus Nielsen Den mark 
Martin Pastoors Netherlands 
Stuart Reeves Scotland 
Anna Rindorf Denmark 
Odd M. Smedstad Norway 
Alain Tetard France 
Willy Vanhee Belgium 
Wolfgang Weber Gennany 

The Work:ing Group overlapped with the Work:ing Group on Mackerel, Horse Mackerel, Sardine and Anchovy for the 
first three days. The Working Group found this situation very uncomfortable since it had to meet in a room which is not 
well accommodated for the number of participants. Also work was delayed in this period because of competition for PCs 
with participants of the other Work:ing Group, lack of sufficiently fast stand-alone printing facilities and finding places 
in the building for having sub-group meetings. The Work:ing Group appreciated the help of the ICES staff to make the 
pain bearable but strongly advises to ICES to avoid overlap in the meetings of large assessment Work:ing Groups in the 
fu ture. 

1.2 Terms of reference 

The Working Group on the Assessment of Demersal Stocks in the North Sea and Skagerrak [WGNSSK] (Chainnan: Mr 
F van Beek, Netherlands) will meet at ICES Headquarters from 5-14 October 1998 to: 

a) assess the status of and pro vide catch options for 1999 for the stocks of cod, haddock, whiting, saithe, sole and plaice 
in Sub-area N, Division Illa (excluding sole in Division IIIa and cod in the Kattegat) and Division Vlld (excluding 
haddock and saithe), taking into account as far as possible the technical interactions among the stocks due to the 
mixed species fisheries; 

b) assess the status of, and provide catch forecasts for 1999 for, Norway pout and sandeel stocks in Sub-area IV and 
Divisions Illa and VIa, and identify any needs for management measures (including precautionary TAC's) required 
to safeguard the stocks; 

c) quantify the species composition of by-catches taken in the fisheries for Norway pout and sandeel in the North Sea 
and adjacent waters and make this infonnation available to the WGECO; 

d) consider the reference points proposed by the SGPAFM, adopting those reference points or presenting altematives 
with reasons for the alternative selection; 

e) consider the harves! contra! rules proposed by the SGPAFM, tak:ing into account uncertainties in the data, in the 
assessments and in the biological processes, and assuming a stock-recruitment relationship, to estimate the 
probability of avoiding limit reference points; 



f) update information on quantities of discards by gear type for the stocks and fisheries considered by this group using 
tbe format proposed by tbe WGECO with a view to establishing a time series 

g) provide the data required to carry out multispecies assessments (quarterly catches and mean weights at age in the 
catch and stock for 1997 for all species in the multispecies model that are assessed by this Working Group). 

The Working Group dealt with all Tenns of Reference except with e) (there are no control rules proposed by SGPAFM) 
and g) (data for multispecies assessments will be provided to after tbe meeting of the Working Group) 

A number of working papers were made available to the Working Group. Some of these were presented and discussed. 
Others were only for information. The working papers are listed in Annex l. 

1.3 Data 

1.3.1 Data sources roundfish and flatrJSh 

The data used in the assessment for roundfish and flatfish stocks are based on: 

• totallandings by market size categories 
• sampling market size categories for weight, length, age and sometimes maturity 
• discard data: available only for whiting and haddock in Division IV 
• !leet data: effort data from logbooks and CPUE data from associated !leet landings 
• survey data: catch per unit effort by age 
• data on natura! mortality from the MSVPA 

1.3.l.l Data on landings, age compositions, weight at age, maturity-ogive 

The Working Group estimates of total landings do for most stocks deviate from official figures. The discrepancies are 
shown in the landings Tables under the heading "unallocated landings". These unallocated landings will in most cases 
include discrepancies which are due to differences in the calculation procedures, for instance -that official landings 
Figures use nominal box weights whereas the Working Group estimates are based on box weights are as measured 
during market samplings. Also in some cases national gutted-fresh conversion factors have been changed in the official 
statistics but not in the Working Group database. The SOP and diffcrences introduced by conversion factors are in most 
cases miner. For all stocks except cod, haddock, saithe and whiting, SOP uncorrected estimates have been used in the 
assessments. The reason the SOP corrected data have been used for roundfish stocks is that some data in the historical 
time series have been corrected and that it has proven difficult to rectify this in a consistent manner. 

Uncertainties on the data on landings is a serious matter of concem. The unallocatcd landings do in same cases also 
include corrections for mis- or unreported landings. Such corrections may be based on direct information such as 
estimation from alternative sources or safter information. However, t~erc are also situations that signals of mis- or 
unreported landings exist but could not be verified or quantified. This contributes to the unccrtainty in the assessments 
and catch forecasts. 

Historical time series of age compositions, weight and length at age by !leet for most of the stocks, considered by the 
Working Group, are kept and maintained together at some national institutes. The roundfish stocks (cod, haddock, 
whiting and saithe) are kepi in Aberdeen. North Sea plaice and sole are kept in IJmuiden, Vlld sole in Lowestoft, Vlld 
plaice in Port-en-Bessin and sandeel and Norway pout in Denmark. NO major rcvisions have been made in the catch, 
and weight at age data in the roundfish and flatfish stocks for years before 1997. The revisions made, are indicated in the 
relevant stock sections. 

The mean weights at age used for stock biomass are in most cases derived from catch at age weights. Such weights may 
not represent the stock due to selectivity. The biomasses for these stocks can therefore be used to investigate trends bul 
the variability in relation of parti y versus full y recruited age classes may generate bi as. 

Maturity ogives are generally based on historical biological information and kepi constant over the whole time period of 
the assessment. For a number of stocks a knife-edge maturity has been assumed. Maturity at age data for some stocks 
from the samples of the landings in some fleets indicate that changes in age of first maturation occur. However, unbiased 
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estimates for the stock are not available. The assumption of constant maturity-ogives may introduce bias in the trends in 
SSB developments, especially when exceptionallarge or small year c Iasses enter the spawning stock. 

1.3.1.2 Discard data used in the assessment 

Estimates of discards are used in the assessment for North Sea haddock and North Sea whiting only. 

To tal annua! international discard estimates by age gro up were deri ved by extrapolation from Scottish data. The 
inclusion of discard catches is considered to gi ve more realistic values of fishing mortality and biomass for these stocks 
but also contributes to the noise in the data. For the other stocks no discards estimates are available presently. Discard 
sampling schemes have been set up in a number of countries recently and should become available within a few years. 

1.3.1.3 Natural mortality 

Natura! mortality for plaice and sole in all areas has been taken as O.l For roundfish, values of M based on predation 
mortality estimated from MSVPA were first adopted by the Roundfish Working Group for the assessment of North Sea 
Cod, Haddock and Whiting in 1986 (ICES 1986b). The values adopted were means at age over 1980-1982 as given by 
the MSWG (Section 3.1.1, ICES !986a). 

Subsequently, The Roundfish Working Group reviewed the values in use at its 1987 meeting (ICES 1987b), based on 
the results of a key run in the 1986 MSWG (Table 2.8.2, ICES 1987a). These used mean total Ms over the years 1978-
1982. This review resulted in slight changes to the values used for Haddock and Whiting, but the values used for Cod 
were unchanged. 

There was a further review by the Roundfish Working Group at its 1989 meeting (ICES 1990) which considered the 
values given by the 1989 MSWG (Table 2.8.2, ICES 1989). This used means over 1981-1986. As !hese values did not 
differ greatly from the values already in use by the Roundfish WG, the values were not changed. 

The values of M in use for the assessment of North Sea cod, haddock and whiting have not subsequently been reviewed. 
However, the 1997 MSWG (ICES 1997a) performed an extensively revised MSVPA key run which may necessitate 
further review of the natura! mortalities in use for these stocks. The values they give in Table 3.1.2.3 of the Report are 
means over the period 1974-1994. They compare with existing values for these stocks as follows: 

COD HADDOCK WHITING 
Age Old MWG97 Old MWG97 Old MWG97 
o [2.70] 2.21 2.05 2.19 2.55 2.08 
l 0.80 0.91 1.65 1.57 0.95 1.21 
2 0.35 0.40 0.40 0.34 0.45 0.46 
3 0.25 0.29 0.25 0.27 0.35 0.34 
4 0.20 0.19 0.25 0.27 0.30 0.38 
5 0.20 0.18 0.20 0.28 0.25 0.41 

As the MSWG note, "the values of total natura! mortality from the keyrun are surprisingly close to those used by the 
single species assessment Working Groups.'' 

1.3.1.4 Fleet and research vessel data 

Time series of CPUE and effort data from commercial fleets and research vessels have been used to 'tune' the 
assessments. The validity of many of these time series as indicators of stock size and fishing mortality in recent years has 
become more uncertain since enforcement of quota and technical measures are known to have led to changes in 
directivity of some fleets to other species. In general, there is a lack of representative effort and CPUE series for most 
stocks. 

For one survey series, the Scottish groundfish survey, there was a change in survey practicc this year due to the 
replacement of the previous research vesseJ, and also a changeover to a GOV Trawl and to a tow duration of 30 minutes. 
This means that indices from the 1998 survey are unlikely to be comparable with previous indices. Limited comparative 
fishing trials were performed to compare the performance of the old and new vesseVgear/haul length combinations, but 
!hese data have not yet been analysed fully, so it has not been possible to estimate correction factors for the new 
configuration. As a result, the 1998 indices have not been used in recruitment prediction for the relevant stocks this year. 
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1.3.2 Data sources Norway pout and sandeel 

The data sources for Norway poul and sandeel were described in detail in the 1995 report of the Working Group (ICES 
CM 1996/Assess:6). The sampling system has not changed since then. 

1.3.3 Sampling levels and sampling procedures 

1.3.3.1 Sampling levels in 1997 

Table 1.3.3.1.1. gives an overview of the contribution of the countries to the various categories of data in 1997. 
Sampling levels in that year for each stock are compared to landings in Table 1.3.3.1.2. Tbis table provides different 
information given in previous years, since it now presents the actual measurements made by country. Last year it 
included only those which were used to construct the age composition. 

1.3.3.2 Sampling procedures 

The methods of data collection and processing vary between countries and stocks. As part of the uncertainty in the stock 
assessments originale from the applied sampling procedures, they should be critically evaluated. The current procedures 
are briefly outlined: 

Industrial Fisheries 

In Norway, the sampling system in recent years is based on catch samples from three market categories: 

E02 - mainly sandeel 
D 13 · mainly blue whiting, no sandeel. Catches laken west of O 0 cxcluded 
0!2 · mainly Norway poul, no sandeel. Catches laken west of O 0 cxcluded 

The samples are raised to total landings on basis of sales slip information on the three landing categories. Effort is 
estimated from total number of trips and an estimate of average days absent from port per trip. For 1993 and onwards 
the estimation of average days absent per trip has been changed and the effort revised. The average days per trip is now 
estimated directly based on samples of vessel trips. Sincc 1997 the collection of biological samples of sandeel is 
increased. The aim is to collect in the period March-October two samples of 200 specimens per month for length and 
age determination from each port where sandeel is landed. Based on these samples, ALKs are derived that form the 
basis for estimation of the age composition of Norwegian catches. 

In Denmark, the catch estimates are based on datahases containing sales slip information, logbook: data, species 
compositions from inspectors and biological data including age-length keys from independent biological sampling. Total 
landings are estimated per statistical rectangle. 

Human Consumption Fisheries 

Belgium 

The market sampling scheme on demersal fish in the North Sea and English Channel is done in two harbours: Oostendc 
and Zeebrugge. Only cod, haddock and whiting are sampled from the North Sea; sole and plaice is sampled from both 
North Sea and Eastern Channel. From the 5 to 7 market categories depending on the harbour and the species, 
representative length measurements are taken covering the numbers per market category. Up to 10 otoliths per cm-group 
are taken for age detennination. The aim is to sample each species and area at least three times per quarter. 

The samples of the market categories are raised to the relevant quarterly landings. The quarterly age-length-keys are 
applied to the quarterly length compositions to give landings in numbers at age by quarter. For each species, the 
quarterly landings at age are sununed to annuallandings in numbers at age. 

Denmark 

The North Sea sampling scheme is a combination ofharbour- and at-sea-sampling. 
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The landing part of the catch is sampled by harbour sampling. All major fishing harbours on the west coast are included 
and all relevant information is recorded by commercial size catego:ry. The sampling scheme is stratified by month, area 
and fishery. All major fisheries are sampled. Employees from DIFRES sample the most northern harbours, while the rest 
is sampled by the Danish Fishing Control. Otoliths are collected for the following species relevant to the WG: cod, 
plaice, saithe and haddock. All age determinations are made by DIFRES. 

The sampling on discards is done as on board sampling. Observers employed at DIFRES participate in fishing trips 
made by commercial vessels. The sampling scheme is stratified by month, area and fishery. Each stratum is sampled in 
proportion to the number of landings. Within each stratum, the vessels are randomly chosen in order to retlect the 
fishery. 

All data are recorded in a central database of O !FRES. 

England 

Length and age compositions of landings of cod, haddock, whiting, saithe, plaice and sole from the North Sea and 
Eastern Channel are sampled at all major ports. Sampling is undertaken by Sea Fisheries Inspectors who have a weekly 
target for the number of fish measurements and the number of otoliths required. Sampling is carried out on a 
boat/category basis. All size categories from a particular landing are sampled for length composition. These samples are 
then raised to the total catch for each category and then summed over categories to derive a length composition for the 
landing from each sampled vessel. The numbers at length for the sampled vessels are then summed and raised to the 
total week:ly landings at the port. The totals for each port are then summed to give a week:ly length composition of the 
landings which are the basis for monthly values. These are finally summed to gi ve quarterly length compositions of the 
landings. 

Problems are sometimes encountered when not all size categories are sold through the fish markets. Some vessels are 
contracted to supply fish merchants with a particular size category of fish, and in such cases, the fish are transported 
directly to the buyers and the landing cannot be sampled. 

Otoliths for age determination are collected according to a week:ly target, which is length stratified. These are then 
combined to provide a quarterly age-length-key, which is applied to the quarterly length compositions to give landings 
in numbers at age by quarter. For each species, the quarterly Jandings at age are then sununed to give annuallandings in 
number at age. 

France 

Flatfish: The size composition of the landings are sampled at various fish markets. Untill996 in sub-division VI!d there 
were 7 markets between Boulogne and Cherbourg (!hese parts included) but ane (Hontleur) was closed in 1997. In sub­
division IV two fish markets are available for length measurements. Sampling is based on commercial categories. The 
length distributions are raised to the respective quarterly landings. Those landings, which are marketed directly, are 
estimated by an enquiry scheme, which covers up to 30% of the total landings. Certain problems for the sampling 
scheme in 1997 deri ved from the mentioned closure of the most important harbour for inshore trawl catches (30% to 
50% of the sole landings in fish markets during the period 1993-96). Another difficulty arises from possible gaps in the 
enquiry scheme. Discards are not investigated. 

ALKs are gained also on a quarterly basis. Those fish are bought on a different scheme. Same additional information is 
applied from surveys. Coastal surveys on nurseries, however, as the French young fish survey (FYFS) are excluded 
having been found to bias the age distribution when applied to commercial landings. The results are the basis for 
splitting the landings of both sub-<livisions VI!d and IV. 

Gadoid catches from the North Sea and Eastern Channel are mostly landed in only one port (Boulogne sur Mer) and are 
sorted in local categories. In the mid 70s a method was elaborated to obtain the mean length structure for these 
categories. Since then no regular sampling of gadoid fish is carried out. 

Otolithes of whiting are sampled at the fish market and during surveys, those of cod are taken at surveys only. The 
ALKs are combined for Sub-divisions VI!d and !Ve and for !Va and IVb. These ALKs are amended with data from 
other countries if necessary. For haddock and saithe there are no French ALKs, the landings therefore are converted by 
ALKs gained by neighbouring countries. The quarterly ALKs are applied to the relevant length demographic structure. 
Age reading of whiting is carried out from slides of sectioned otoliths. 
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Gennany 

The German market sampling scheme on demersal fish in the North Sea is concentrated mainly at the port of Cuxhaven 
and covers cod and saithe only. The aim is to collect quarterly at !east three samples each of the following stock 
categories: 

C od in IV a - C od in !Vb+c - Saithe in !Va. 

The length measurements cover representative numbers per mark et category. The y are amended by data from sea 
sampling. In these cases the length distribution normally is collected before the catch is assorted to market categories. 
Up to lO otoliths per cm-group are laken. They are embedded in coloured resin, thin slices are taken, which are mounted 
on glass slides and again embedded in resin for age determination. 

The quarterly landings figures (in tonnes) of the mentioned three stock categories are converted to numbers per length 
group by applying the relevant length frequencies. The age length keys by quarter are based on the respective samples. 
These are amended when necessary by material of research trips. The res ul ting numbers per age group for cod in the 2 
subdivisions of the North Sea are added finally. 

Data collection in Germany is hampered by the tendency among German fishermen to land their roundfish catch in 
Danish ports. In 1997, therefore, the German cod landings from sub-division !Vb+c parti y were converted by applying 
the results of Danish market sampling in Esbjerg. 

The Netherlands 

1 Plaice and Sole: Almost all of the plaice and sole landings in the Netherlands are caught by beam trawlers, fishing 
exclusively in the North Sea. Sampling is restricted to this flect and the results are raised to total national landings. 
There are three levels ofstratification: by harbour, quarter and market size category. 

Sampling is restricted to 4 major landing ports (Den Helder, Stellendam, Urk and !Jmuiden), which account for about 
80% of the national landings. The number of samples are taken approximately in proportion to the expected landings in 
these parts and take account of differences in effort of various fleet components in different fishing areas. 

Plaice landings are marketed in 4 and sole in 5 sizc categories. Sarnples consist of 15 (plaice) or 10 (sole) fish in each 
size category bought from the vessel selected. In addition, the totallandings of the vessel, the amount Janded in each size 
category, gear, fishing position, vessel narnc and vessel characteristics are recorded. No separate length samples are 
tak en. 

A total of about 80 samples for each species are planned annually. The fish are measured and weighed (gonads only 
during spawning time) in the laboratory. Sex and stage of maturity are recorded and both otoliths are removed for age 
determination. The age of the fish is determined by using the whole otolith (plaice) and the burnt and broken otolith 
(sole) respectively. 

Cod and Whiting: Roundfish is sampled in the auctions of !Jmuiden (all quarters) and Den Oever (first and fourth 
quarters). Cod is sorted in 6 market categories. Otolith samples and length mea.mrements are taken in the auction. An 
age sample from an individual vessel consists of approximately 50 otoliths (l per fish) and each length sample consists 
of at !east 50 fish. Age is determined from broken otoliths 

Whiting are usually sold unsorted. Length measurements are collected in the auction. The otolith sanaples are bought and 
processed in the laboratory. Each sarnple consists of 50 fish and both otoliths are collected. Age reading is carried out 
on transverse sections of broken otoliths. However, form 1997 onwards this is done from slides of sectioned otoliths. 

Age and length sampling is intensified during 1st and 4th quarter compared to 2nd and 3rd quarter, because of extra 
sampling in Den Oever. Based on the samples, the quarterly length composition per market category is calculated. Age­
Jength keys are also prepared for each quarter. Usually also samples collected during surveys are included in the keys. 

The quarterly/monthly Dutch catches (in tonnes) are available by market categories and by area. They are converted to 
catches in numbers at age by area. ALK's are stratified by quarter, commercial category (and sex - for flatfish). Spatia! 
stratification is assumed in the sampling scheme but not taken into account in the calculation of the ALK's. Quarterly 
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total catches by species are obtained from the Ministry of Agriculture, Nature and Fishery (LNV) where they are 
reported as tonnes live weight. 

Norway 

Human consumption fishery are only sarnpled for saithe. Length data are mainly obtained at the fishing harbour by local 
people. Some sarnples are laken by the coast guard at sea. Age data are mainly obtained by an observer that follow at 
!east one fishing trip each quarter. In addition some age sarnples are obtained at the fishing harbour, some by research 
vessels and a few by the coast guard. 

Length and age sarnples from the inshore purse seine fishery are laken two times a quarter if available in the vicinity of 
Bergen. 

Otoliths are broken before they are read. 

Scotland 

The Scottish market sampling scheme is documented by Armstrong and Hall (1987). No major changes have been made 
since than. 

1.4 Methods and software 

1.4.1 XSA 

Extended survivors analysis (XSA) has been used as the main tool for catch-at-age analysis for all stocks. Three 
implementations were used: version 3.1 of the Lowestoft VPA package was used for roundfish and flatfish stocks; the 
Seasonal XSA (Skagen 1993, 1994) was used for Norway pout and sandeel to allow for seasonal data and missing data 
points and the Lowestoft algorithm (implemented in "Fishlab") modified to include seasonality, the estimation of 
missing data and the modelling oftrends in catchability was used to perform projections for North Sea sandeel. 

The implementation of the various analysis tools is chosen on basis of explorations. The decision on such choices as 
ages for which catchabilities are assumed dependent on stock size, time taper and fleets to be included is based on 
inspection of diagnostic output including residuals plots and retrospective analysis for a range of options. Such analysis 
has been done for all stocks included in the present report, but is not repeated every year since the outcome is normally 
not expected to change over a few years. An analysis of tuning choices has thcrefore only been repeated for same of the 
stocks. Details of such analysis are included for those stocks for which the settings were cbanged or will be found in 
earlier reports of this working group otherwise. 

Recruitment estimates have in several cases been made with RCT3. This is the case when recruitment indices from 1998 
are available and especially when indices are available from later than the first quarter. The present implementation of 
XSA cannot accommodate survey data in the year following the last catch data year and RCT3 is therefore implemented 
to utilise this information. This does in itself create some inconsistencies in the approaches used. The survey indices rna y 
end up being used twice for recruitment estimation- once in the survivors analysis (and thus in the VPA recruitment) 
and again with the same survey indices in RCT3. Another problem is the use of F-shrinkage for recruiting year classes in 
the present implementation of the XSA. This can not be tumed off and has in some cases been seen to have strong 
in:fluence on the recruitment estimates originating from XSA. The result of this feature is that the present implementation 
of XSA does not reproduce RCT3 values for recruiting year classes. 

1.4.2 Forecasts, sensitivity analysis and medium-term projections, Roundfish and Oattish 

Short-term forecasts were made for each stock subject to a full analytical assessment. They are based on initial stock 
sizes as estimated by XSA (in some cases supplemented with separate recruitment estimates as described above), natural 
mortalities and maturity ogives as used in the XSA, mean weights at age averaged over recent years (normally 3) and 
fishing mortalities at age as a mean F-pattem over the last 3 years. The value chosen as status quo F for each stock was 
considered in the light of recent variations or trends in the estimates ofF, as recommended by ACFM. In a change from 
previous Working Group practice, the estimate of status quo F used by default in short-term predictions was the 
unscaled mean F at age for the last three years. This was only scaled to the mean F in the tenninal year if there was clear 
evidence of a recent trend in F. This change in practice stemmed from the consideration that while the point estimate of 
terminal F represents the best available estimate of F in 1997, it does not necessarily follow that it will also be 

7 



appropriate as an estimate ofF in 1998 and subsequent years. In the absence of any-recent trends in F, an unscaled mean 
is considered a more appropriate estimate of status quo F than a scaled one 

Sensitivity analysis, and medium term projections made at the current Working Group meeting used the same software 
as at previous Working Group meetings. Details of the sensitivity analysis are given in Cook (1993), with an overview 
of the programs in ICES 1995 and more detailed documentation in Reeves and Cook (1994 ). 

The program 1NSENS' has again been used for manipulation of catch data for stocks where discard/industrial bycatch 
data are used in the assessment. The program has also been used for most stocks to calculate coefficients of variation 
(CVs) of the input parameters for sensitivity analysis of the short-term catch predictions. 

Short-term catch prediction with sensitivity analysis was based on the program WGFRAN4. In some cases the final 
prediction was run on IFAP and this output is presented in the Report in addition to the sensitivity analyses from 
WGFRAN4. 

The output from the sensitivity analysis refers to various input parameters by abbrcviations: 

Key to parameters used in short-term prediction with sensitivity analysis 

( HC =Human consumption, Disc= discards, Ind BC = industrial bycatch) 

Code Parameter 
NO Numbers at age O in 1998 
MO Natura! mortality, age O 
Nl Numbers at age l in 1998 
Ml Natur al mortality, age l 
N2 Numbers at age 2 in 1998 
M2 Natura! mortality, age 2 
etc. 
wso Weight in stock at age O 
MTO Proportion mature, age O 
WSl Weight in stock at age l 
MT! Proportion mature, age l 
WS2 Weight in stock at age 2 
MT2 Proportion mature, age 2 
etc. 
sHO Selectivity, HC, age O 
WHO Weight in HC catch, age O 
sHl Selectivity, HC, age l 
WHO Weight in HC catch, age l 
sH2 Selectivity, HC, age 2 
WHO Weight in HC catch, age 2 
etc. 
sDO Selectivity, Disc, age O 
WDO Weight in Discards, age O 
sD! Selectivity, Disc, age l 
WDO Weight in Discards, age l 
sD2 Selectivity, Disc, age 2 
WDO Weight in Discards, age 2 
etc. 
slO Selectivity, Ind BC, age O 
WIO Weight in Ind Bycatch, age O 
sil Selectivity, Ind BC, age l 
WIO Weight in Ind Bycatch, age l 
s12 Selectivity, Ind BC, age 2 
WIO Weight in Ind Bycatch, age 2 
etc. 
K97 Year effect on natura! mortality, 1997 
K98 Year effect on natura! mortality, 1998 
K99 Year effect on natura! mortality, 1999 
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HF97 
HF98 
HF99 
IF97 
IF98 
IF99 
R98 
R98 

Year effect on HC/discard fishing mortality, 1997 
Year effect on HC/discard fishing mortality, 1998 
Year effect on HC/discard fishing mortality, 1999 
Year effect on Ind. bycatch fishing mortality, 1997 
Year effect on lnd. bycatch fishing mortality, 1998 
Year effect on Ind. bycatch fishing mortality, 1999 
Recruitment in 1998 
Recruitment in 1999 

For medium term projections, stock-recruitment models were fitted using the program RECRUIT, which generates input 
data for the medium-term projection program WGMTERM. Both of these programs are basically as used at the previous 
Working Group meetings. Caution should be used in the interpretation of the medium-term projections. The estimated 
probabilities are contingent upon the model and the assumptions used in this program, and should not be interpreted toa 
literally. 

Short term forecasts have been given on a stock basis which in some cases includes more than one management areas. 
For management purposes it is suggested that the catch forecast could be split on Sub-areas and Divisions on basis of the 
distribution of recent landings. A recent average split of landings on the Sub-areas has been provided for these stocks. 

1.4.3 Catch prediclions and medium term projections, Norway poul and sandeel 

A model for projections for !hese stocks is presently under development. Given the large variability of basic biologic 
parameters (for instance growth and natura! mortality) for these stocks it is crucial that a projection model includes a 
complete model of variance sources. The model has been implemented on sandeel in the last years Working Group 
meeting. A description of the model is given in last years report. 

l.S Stocks and assessmenls 

The stocks which have been considered are listed in Table 1.5.1. This table also lists the type of assessment which has 
been applied by the Working Group and an indication of whether this retlects changes compared to the previous 
assessment. 

1.6 Biological reference points 

Well established biological reference points (Fm.", Fhigh• Fo.~o Fm~ etc) have been estimated according to standard 
procedures and given for each stock where possible. 

The Working Group considered the reference proposed by the ICES Study Group of the Precautionary approach to 
Fisheries Management (ICES CM 1998/ACFM:lO) and where appropriate suggested alternatives with reasons. 

SGPAFM defined limit- and precautionary reference points for fishing mortality and SSB (Flim• F,., Blim and B,J. 
ACFM states that future management advice by ICES will be constrained by F,, and B,., the precautionary thresholds 
which imply a reasonably high probability of remaining below a limit fishing mortality and abovc a limit spawning stock 
biomass. 

F,. and B,, are thus the main devices to be used by ICES in providing Management Advice. Following the guidelines by 
. SGPAFM the Working Group proposes a B., based on inspection of the Stock/ Recruitment plot. For most stocks B,. 

was deri ved using the following equation: 

where cr is an estimate of the coefficient of variation in the estimation of the stock biomass (usually taken as 0.2). For 
some of the stocks considered by the Working Group (VIId sole, sandeel), this approach was not considered appropriate 
and an alternative choice was made. 

For a number of stocks an estimate ofF .. was derived giving a low probability (O.l suggested by SGPAFM) that the 
stock would fall below B .. in the medium term. The medium term was defined as the period 10 years after the last year 
in the assessment (2007). 
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Stock recruiunent relationships were explored using Shepherd, Beverton & Holt or Ricker models. For (almost) all 
stocks the various these models show no significant relationships and a choice between them is rather arbitrary. Some of 
!hese models appear to be sensitive to a single point in the data series and are not robust to the addition.of further data 
points. For some flatfish stocks a Butterworth and Berg (1993) stock recruit model was used. This model takes 
geometric mean recruitment for SSB levels where observations are available and recruitment declines linearly from the 
lowest observed to the origin. This SR relationship is robust. Also it was considered !hat the recruitment of species like 
plaice and sole is mainly restricted by the size of the nursery areas available to the stock and !hat therefore assuming a 
flat curve would be appropriate. 

The proposed value ofF •• by the Working Group is based on the argument that it would give a low probability that SSB 
would decrease below (B,J in the medium term. For all stocks, the proposed F •• is compared to a number of established 
reference points (Fiow, Fmoo• Fhigh, F1oM• etc.) and a range of F-values observed within the historical period of 
exploitation. 

It is evident that the Fpa and Bpa should take into account interactions between species. All reference points discussed by 
the Working Group, however, are based on a single species analyses. since no tools were available which take into 
account these interactions. Also the mixed exploitation of groups of species should be taken into consideration in 
defining the points. 

Reference points suggested by this WG should be updated when new information: discards, maturity-ogives and 
estimates of weight at age and M changes the assessment in future. 

For calculating the reference points the PA software, developed in Lowestoft and the "Aberdeen" prograrnmes: 
!NS ENS, WGTERMA, RECRUIT, GLOSSC and REFPOINT were used. A new version of WGTERMA was compiled 
which included the Butterworth and Bergh stock recruit relationship. 

1.7 Summary of PA reference points 

In response to terms of reference d), the Working Group considered the precautionary reference points proposed by the 
SGPAFM. Table 1.7.1. lists the precautionary reference points proposed or suggested by this Working Group. The 
reasoning behind the Working Group proposals is dealt with in the relevant stock section. 
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Table 1.3.3.1.1: Countries providing assessment data for slacks covered by !his WorkingGrolJp 

Data eod Haddock Whiting Saithe Sole Sole Plaice Plaice Plaice N.Pout Sandeel 
IV, Vlld, llla IV, llla - lv~vTid--·rv.-lila IV Vlld 

..... 

IV Vlld Ill a IV, llla IV 

.. . .. 

eatch weiil'hl--_:::- BE-DK-EN- BE-DK-EN- BE:EN-f'R: .DK~EN-FR- BE-DK-EN- BE-EN-FR BE-DK-EN- BE-EN-FR DK-SW DK-FA-NO DK-FA-NO-
------------- - - - -----' -- --------1-- -- ----

(main_!lx_plcJiter_s) FR-GE-NL- FR-GE-NL- NL-Se ·GE-NO-Se- !FR-GE-N L- FR-GE-NL- se 
- ·t - -- - - _____ 1____ -

NO-Se-SW NO-Se-SW iSW ;SW NO-Se 
-----~---------- - r - - - --·-

i 
[;o-.------- - sc·-----·t<~;e:y 

-. + 
Discard weight _ (_SC) se ! l 

- ---, -- -- ! -----
' -

BE~Di(EN:-"t>K-EN-FR- • BE-DK-EN--
--- ----- -------
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se ; i ' ---se-----~se) - ------------ ·-------- -
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-- -- - r-___ ----+- -c~ ----- ________ "- ------- - ----

' ---------- ----- ----- ------- - ----------------· - . .. 
DK-NO eatch ALK BE-DK-EN- BE-DK-EN- BE-DK-EN- DK-EN-FR- BE-DK-EN- BE-EN-FR BE-DK-EN- BE-EN-FR DK •DK-NO 

FR-GE-NL- FR-Se FR-Ni.~sc- G-E-NO-Se FR-NL 
---------

FR-NL ---- ··---·-- --------- ----------- r------- -- ---
se ' 

Discard ALK (sC)-=_:_ ~ jse- - _- _ se (Se) 
-------:---------

-------------- -- -
------- ---- -- t •n 

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

eatc_hw!:al-a!Je BE-DK-EN- DK-EN-FR- BE-DK-EN- BE-EN-FR BE-DK-EN- BE-EN-FR DK DK-NO DK-NO BE-DK-EN- BE-DK-EN- -------------- -- ------------- --- l .;.. - -;o;--- . 
FR-GE-NL- •FR-Se FR-NL-Se GE-NO-Se FR-NL i FR-NL 

----- .... ------ ----- ···---- ----- ·----·--·-··· 
se ' ! -------- ------ - . . ..... 

l 

-- --

------ l ---------------

IBE~EN-FR Effort EN-FR-GE- FR-Se EN-FR-eS EN-FR-GE- EN-N L BE-EN-FR 'EN-N L DK DK-NO DK-NO 
- ------------ -·-- --- ---· ·------ ------

se NO-Se --------- -- - ---- =-- ------ ----

DK-NO ePUE EN-FR-GE- FR-Se EN-FR-eS EN-FR-GE- EN-NL BE-EN-FR EN-N L BE-EN-FR 'DK DK-NO 
-------- ----- ------- -------- ------

se NO-se 
-------- -r- ··-----·- - - ------

' 

·--
Surve:YJ~!l!<~-~_:-_ 

----------

DK-FR-GE-:-. 51<.-f'R:GE-
--·- -------

BE~GE-Nl- TEN-FR 
--
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Table 1.3.3.1.2: Biological sampling leve! by stock and country: Officiallandings (t) 
and num ber of fish measured and aged to analyse commerciallandings in 1997 

Cod in IV, llla, Vlld Haddock in IV, llla 
Landir19_sjtl Lengths(No) Ages (No) Landtngs ill_ Ler19_thsjNo) Aqes (No) 

Belgium 4952 2303 786 437 2280 880 
Den mark 37910 6025 5933 2553 5106 5032 
England 13891 100655 9394 3330 44188 4455 
Faroes 40 o o 9 o o 
France*'** 3779 o 1304 804 1043 87 
Germany 5260 5947 3495 1467 o .o 
Netherlands 11807 3372 1992 480 o 

i 
o 

Norway 7137 o o 2538 o o 
Scotland 32347 57955 12263 61098 213591 16327 
Sweden 5489 o o 1461 o o 
others 31 o o 8 o 'o 
Total 122643 176257 35167 74185 266208 26781 
Total No. landed 80281 487855 
(1 ooo fisht• J 

•• 
%o measured 2.20 0.55 

Whiting in IV, Vlld Saithe in IV, l lia 
Landinqs (t) LenQths (No) ~es (No) Landin!ls (t) Lenqths (No) AQeS (No) 

Belgium 489 2518 1080 254 o o 
Denmark 103 o o 4513 1515 1463 
England 2785 26507 3660 2556 2722 o 
Faroes 6 o o 158 o o 
France*** 3574 11799 2521 19658 o o 
Germany 196 o o 12581 14840 3451 
Netherlands 2540 6718 1200 40 o o 
Norway 75 o o 46484 10779 1507 
Scotland 22099 96929 8823 5329 14545 6685 
Sweden 1 o o 1592 o o 

others o o o 822 o o 
Total 31868 144471 17284 93987 44401 13106 
Total No. landedl 281497 77794 
(1 000 fish) .. •• 
%o measured 0.51 0.57 

Sole in IV Sole in Vlld 
Landings (t) Lengths (No) Ages (No) Landings (t) Lengths (No) Ages(No) 

Belgium 1519 8030 2080 1306 7445 111 o 
Denmark 689 381 376 o o o 
England 479 11525 1538 933 11661 2791 
Faroes o o o o o o 
France* 315 1935 1081 1609 4830 1081 
Germany 510 o o o o o 
Netherlands 10241 4081 4081 o o o 
Norway o o o o o o 
Scotland 202 o o o o o 
Sweden 3 o o o o o 
Total 13958 25952 9156 3848 23936 4982 
Total No. landedl 62258 20024 
(1 000 fish) 
%o measured 0.42 1.20 
• .. - .. 

-Age data are apphed tn SD IV and Vlld - tncl. Scottish dtscards of haddock and whtttng 
••• = French officiallandings data on cod and whiting for SD Vlld not available 
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Table 1.3.3.1.2 cont.: Biological sampling level by stock and country: Officiallandings (t) 
and number of fish measured and aged to analyse commerciallandings in 1997 

Plaice in IV Plaice in Vlld 
Landings {t) Lenaths (No) Ages {No) Landings (t) Lenaths (No) Ages (No) 

Belgium 
Denmark 
England 
Faroes 
France* 
Germany 
Netherlands 
Norway 
Scotland 
Sweden 
others 
Total 
Total No. landed 
{1 000 fish) l 
%o measured 

Belgium 
Den mark 
England 
Faroes 
France 
Germany 
Nethertands 
Norway 
Scotland 
Sweden 

others 
Total 

Total No. landedl 
(1 000 fish) 
%o measured 

Belgium 
Den mark 
England 
Faroes 
France 
Germany 
Netherlands 
Norway 
Scotland 
Sweden 

Total 
Total No. landed 
{1 000 fish) l 
%o measured 

5223 5470 947 1161 5154 350 
13940 4246 4129 o o o 
13789 27991 2900 1078 9442 1694 

o o o o o o 
587 2610 1544 3336 4504 1544 

4159 o o o o o 
34143 4908 4908 o o o 

1775 o o o o o 
8345 o o o o o 

4 o o o o o 
o o o o o o 

81965 45225 14428 5575 19100 3588 
235214 18334 

0.19 1.04 

Plaice in llla 
Landings (t) Lengths (No) Ages (No) 

o o o 
9505 4930 4720 

o o o 
o o o 
o o o 

39 o o 
o o o 

93 o o 
o o o 

512 o o 
o o o 

10149 4930 4720 
31218 

0.16 

N.Pout in IV, llla Sandeel in IV 
Landings (t) Lengths (No) Ages (No) LandinQs (t) Lengths (No) Ages (No) 

o o 
143498 7139 

o o 
7033 o 

o o 
o o 

85 o 
39006 2185 

o o 
2 o 

189624 9324 
11674275 

0.001 

o o o 
6797 760845 17792 

o 2575 o 
o 11221 o 
o o o 
o o o 
o o o 

181 350563 8001 
o 24017 42603 
o o o 

6978 1149221 68396 
1075866000 

6.36E-05 

o 
11140 

o 
o 
o 
o 
o 

878 
1144 

o 
13162 

• -Age data are apphed 1n SD IV and Vlld 
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Table 1.5.1 Overview oftypes ofanalysis carried out by WGNSSK in 1997 and 1998 on the 
considered stocks 

Cod in Illa, IV and Vlld 
Haddock in IV and Illa 
Whiting in IV and V!Id 
Whiting in Illa 
Saithe in IV and Illa 
Sole in IV 
Sole in V!Id 
Plaice in IV 
Piaice in Illa 
Plaice in V!Id 
Norway Pout in IV and llla 
Sandeel in I V 

XSA: Extended Survivor Analysis 

1998 Working Group 
XSA,CF, MT 
XSA,CF,MT 
XSA, CF, MT 
no analysis 
XSA,CF,MT 
XSA, CF, MT 
XSA, CF, MT 
XSA,CF,MT 
XSA,CF, MT 
XSA, CF, MT 
SXSA 
SXSA, probabilistic CF 

SXSA: Quarterly Extended Survivor Analysis 
CF: Short term prcdiction 
MT: Medium term predictions 

1997 W or king Gro up 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 
as 1998 



Table 1.7.1: Biological reference points based on the precautionary approch criteria. Biomass in '000 tonnes 

Stock Blim Bpa 

Cod in Illa (Skagerrak). N and Vlld 70 150 

Haddock in IIIa and N 100 140 

Whiting in N and Vlld 200 280 

Saithe in N and IIIa 150 

Sole in IV 25 35 

Sole in V!Id 8.0 

Plaice inN 210 300 

Plaice in Vlld 5.6 7.8 

Plaice in llla 24 

Norway poul in IV and IIIa 150 

Sandeel N 330 460 

a) Bpa = Blim * e"·6.,.~1 and B1im = Bloss 
b) Bpa based on decline in recruitment 
c) Bpa = Bloss 
d) Fpa =Fat which P< 10%, where P= probablity of SSB < Bpa 
e) Fpa= Fmed 
t) Fpa = Flim * e1·'·

64
'"nl and Flim = Fmed 

g) no value can be estimated 

Criteria 

b) 

a) 

a) 

b) 

a) 

c) 

a) 

a) 

c) 

b) 

a) 

0:\Acfm\Wgreps\Wgnssk\Reports\1999\T -171 .Doc 

Flim Fpa Criteria 

0.70 d) 

0.70 d) 

g) 

0.40 d) 

- 0.40-0.45 d) 

0.50 d) 

0.30 d) 

0.50 d) 

0.80 0.58 t) 

0.76 e) 

g) 
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2 OVERVIEW 

2.1 Stocks in the North Sea (Sub-area IV) 

Description of the fisheries 

The demersal fisheries in the North Sea can be grouped in human consumption fisheries and industrial fisheries which 
land their catch for reduction purposes. Demersal human consumption fisheries usually either target a mixture of 
roundfish species (cod. haddock, whiting), or a mixture of flatfish species (plaice and sole) with a by-catch of roundfish. 
A fishery directed at saithe exists along the shelf edge. The catch of !hese fisheries is landed for human consumption. 
The catch of the industrial fisheries mainly consists of sandeel, Norway poul and sprat. The industrial catches also 
contain by-catches of other species including herring, haddock and whiting (Table 2.1.2). 

Each fishery uses a variety of gears. Demersal fisheries: otrer trawls, pair trawls, seines, gill nets, beam trawls. Industrial 
fisheries: small meshed otter trawls. 

Some major technological developments changed the fisheries in the North Sea in the 1960s such as the development of 
the beam trawl fishery for flatfish. 

Trends in effort of the major fleets are shown in Figure 2.1.1. The trends in landings of the most important species 
landed by !hese fleets during the last 25 years, togethcr with the total international landings. are shown in Table 2.1.1 
and in the Figure 2.1.2. The human consumption landings have steadily declined over the last 25 years. The landings of 
the industrial fisheries increased to approximately 1.8 million t in the early 1970s, but has fluctuated around l million t 
in recent years. These landings show the !argest annua] variations, probably due to the short life span of the species. The 
totallandings from the North Sea reached 3 million t in 1974, and have been around 2.5 million t since the 1980s. 

A general upward trend in effort has been observed can be seen in all beam trawl fleets, in the Scoltish light trawl fleet 
and the English gill netters. Most other demersal effort series show a downward trend. Whether or not this is caused by 
poor economic results of the fishery is not clear. Effort in some fleets may vary between years because they visit other 
areas as well. The effort in the Danish and Norwegian fishery for Norway poul and sandeel has been gradually 
decreasing since 1989. 

Most commercial species are managed by TAC/quota regulations that apply for Sub-area IV. For saithe the TAC is set 
for Sub-area IV and Division Hia. The national management measures with regard to the implementation of the quota in 
the fisheries differs between species and countries. The industrial fisheries are subject to regulations for the by-catches 
of protected species. 

2.1.1 Human consumption fisheries 

Data 

The data available from scientific sources for the assessment of roundfish and flatfish stocks are relatively good. The 
level of biological sampling of most of the commerciallandings has been maintained. Discard data are only available for 
haddock and whiting, but a historical series exists only for one country. Regular discard sampling programmes are 
ongoing in fou.r countries in recent years. 

In previous years there was misreporting of roundfish and flatfish landings associated to restrictive TACs. This was not 
known to be the case in 1997. 

Several series of research vessel survey indices are available for most species and were used in the final VPA runs in 
some stocks. Analytical assessments were perforrned on the main roundfish stocks and the principal flatfish stocks using 
XSA 

Only whiting are subject to a significant by-catch in the industrial fisheries and this appears to be much reduced in recent 
years. 

Combined assessments were made for cod in Sub-area IV, Division llla Skagerrak and Division VI!d. Also combined 
assessments were made for whiting in Sub-area VI and Division Vlld and for haddock in Sub-area IV and Division Illa. 
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Multispecies considerations are not incorporated in the assessments or the forecasts for the North Sea stocks. However, 
natural mortalities estimated by multispecies assessments for cod, haddock, whiting, norway poul and sandeel are 
incorporated in the assessments of cod, haddock and whiting. 

Stock impressions 

In the North Sea all stocks of roundfish and flatfish species have been exposed to high levels of fishing mortality for a 
long period. For most of !hese stocks their Iowest observed spawning stock size has been seen in recent years. This in 
itself is a clear indication of an excessive effort. Last year's indication of a decline in fislting mortality in the roundfish 
assessments has not been bome out consistently across stocks in this year's assessment. Fishing mortality on sole and 
plaice has been varying at a high leve! over a long period with no trend. 

Information from several recruit surveys, and the catch-at-age analyses, indicate that a number of stocks in the North Sea 
have simultaneously produced a strong year class 1996. These stocks are cod, plaice, sole, Norway poul, sandeel, 
mackerel and herring. The expected high recruitment for !hese stocks may help to rebuild these stocks within safe 
biologicallimits. 

For a number of years, ACFlvl has recommended significant and sustained reductions in fishing mortality on some of 
these stocks. In order to achieve this, significant reductions in fishing effort are required. 

Landings of cod in 1997 were 124,000 t. Recruitment has been well below average in most years since 1985 but the 
1996 year class seems to be reasonably abundant and is estimated to be close to the aritmetic mean. The ongoing discard 
prograrnmes indicate that 70-90% of the catch of this year class has been discarded in 1997. The cod spawning stock has 
been stable in recent years but on a very low leve!. It has increased recently to about l 00,000 t in !996 and 1997 due to 
the contribution of an average 1993 year class. The present assessment indicates a decrease in fishing mortality in the 
last few years. 

The spawning stock of saithe is at a low leve) compared to the seventies when it was lightly exploited and recruitment 
was higher. In recent years it has slightly increased. Landings in 1997 were 103,000 t. Fishing mortality has declined 
considerably since 1986. 

Human consumption landings of haddock in 1997 were 79,000 t. The present spawning stock size is below, but close to 
the long term average. Historically the stock size has shown large variation due to the occasional occurrence of a very 
strong year dass. It is by no means sure that the present stock size will be maintained in the medium term. 

The assessment of whiting has always been of lower precision than the assessment for other stocks. Totallandings are 
gradually decreasing since 1976, and are on a record low leve!; 36,000 t in 1997. Fishing mortalities have been highly 
variable with no clear trend the downward shift indicated in last year's assessment is not supported in this year's 
assessment.. Different surveys gi ve different signals about year-class strength, and do not always correlate with XSA 
estimates. In recent years recruitment has been stable, but at a level well below the long term geometric mean, and the 
1996 yearclass is indicated to be the weakest on record. 

The spawning stock of plaice has been decreasing and the stock and was at its lowest observed leve! in 1996. Landings 
have fallen since 1990 to 83,000 t in 1997. There are no trends in fishing mortality and it varies on a historically high 
leve!. Recent good recruitment from the 1996 year class is expected to increase the stock in the short term but at At its 
present leve! of exploitation there is a high probability that is will remain below the levels observed in the 1970s and 
1980s in the medium term. 

Landings of sole were at a high levels in recent years but decreased in 1997 to 18,000 t. There are no trends in fishing 
mortality and it varies on a historically high leve!. The stock seems also to have suffered from extra natural mortality in 
the 1995-1996 winter but the leve! of this mortality could not be quantified. The spawning stock in 1998 is estimated 
near a historically low but is expected to recover in !999 because of an strong 1996 year class. Because of that the state 
of the stock is uncertain. However, there is a high probability that it has declined below an agreed MBAL of 35,0001 in 
1997. 
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2.1.2 Industrial fisheries 

2.1.2.1 Description of fisberies 

The industrial fisheries dealt with in this report are the small meshed trawl fisheries targeted at Norway pout and 
sandeel. 

Data available 

Data on landings, fishing effort and species composition are available from all industrial fisheries. 

Trends in landings and efforts 

The leve! of the sandeel catches in 1976-1986 of about 600,000 t has increased to about 800,000 t in 1987-1996. In 
1997 the combined Danish and Norwegian landings are the highest on record since 1970. The Norway pout catches 
showed a decreasing trend in the period 1974- 1988. Thereafter the catches fluctuated around a leve! of 200,000 t. 

Trends in effort of the Norwegian and Danish fleets fishing for Norway pout and sandeel are shown in Figure 2.1.1. The 
effort of the Danish fleet is gradually decreasing from 1989 to 1994 and then remaining at the same leve! while there has 
been no trend in effort of the Norwegian fleet. 

2.1.2.2 Stock impressions 

The SSB of Norway pout, which include both the North Sea and the Skagerrak, was increasing in the period 1974-1984. 
The next two years SSB dropped to a low leve! and has since been increasing and reached high levels in 1996 and 1997 
due to the big 1994 and 1996 year classes. Fishing mortality has generally been decreasing in 1974- 1987. In 1995-
1997 the fishing mortality fell to about 0.4 compared lo the stable leve! of about 0.6 in 1988-1994. 

Over the years, SSB of sandeel has been fluctuating around l million t without a trend. There is a general pattern of 
large SSB being followed by a low SSB. This is caused by similar fluctuation in recruiting year classes. The 1996 year 
class and the spawning stock biomass at the start of 1998 is the highest since 1976. 

2.1.2.3 By-catches of protected species 

By-catches of the protected species, haddock, whiting and saithe in the industrial fisheries are presented in Table 2.1.2 
for the years 1974-1997. For the last five years quarterly data are presented. In 1997 the combined by-catch of haddock, 
whiting and saithe was about 17,000 l, which is well below the average of 72,000 t in the period 1974 - 1996. Detail ed 
catches of "other" species mentioned in Table 2.1.2 are given in Tab1e 2.1.3. 

For four industrial fisheries the distribution of industriallandings and the associated by-catches of. a number of species 
for 1997 is shown in Table 2.1.4 for two areas, north and south of 57' N. This tab1e is based on Danish and Norwegian 
estimates. In the northern area, the Norway poul fishery is associated with by-catches of blue whiting and the protected 
species haddock and whiting, the sandeel fishery with a by-catch of herring and same sprat, and the sprat fishery with a 
by-catch of herring. Overall the by-catches of protected species and herring were at the same leve! as in 1996, and lower 
than in 1995 (Anon. 1997, 1998). In the southern area the sandeel fishery is associated with a by-catch of sprat and 
comparatively small by-catches of herring and whiting, the sprat fishery with a large by-catch of herring and sandeel and 
some protected species. Also in this area the by-catches were low in 1996-1997 compared with 1995. · 

2.2 Overview of the stocks in the Skagerrak and Kattegat (Division lUa) 

The fleets operating in the Skagerrak and Kattegat (Division Illa) include vessels targeting species for both human 
consumption and reduction purposes. The human consumption fleets include gill-netters and Danish seiners exploiting 
flatfish and cod and demersal trawlers involved in various human consumption fisheries (roundfish, flatfish, Panda/us 
and Nephrops). Demersal traw1ing is also used in the fisheries for Norway pout and sandeel which are landed for 
reduction purposes. 

The roundfish, flatfish and Nephrops stocks are mainly exploited by Danish and Swedish fleets consisting of bottom 
trawlers (Nephrops trawls with > 70 mm mesh size and bottom trawls with > 90 mm mesh size), gill-netters and Danish 
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seiners. The number of vessels operating in Illa has decreased in recent years. This is partly an effect of the EU 
withdrawal programme, which until now has affected the Danish tleets only, but these tleets still dominate the fishery in 
Illa. 

The industrial fishery is a small-mesh trawl fishery mainly carried out by vessels of a size above 20m. This !leet 
component has also decreased over the past decade. The most important fisheries are those targeting sandeel and 
Norway poul. There is also a trawl fishery landing a mixture of species for reduction purposes. Landings in the industrial 
fisheries in Division IlJa are given in Table 2.2.1. 

There are important technical interactions between the fl.eets. Most of the human consumption demersal fleets are 
involved in mixed fisheries and the Norway pout and the mixed clupeoid fishery have by-catches of protected species. 

Misreporting and non-reporting of catches have occurred in recent years, particularly for cod, but the amounts vary 
between years. There are no discards available for assessments. The time series of age samples from landings for 
industrial purposes is short and there are gaps in this series. 

The Skagerrak-Kattegat area is to a large extent a transition area between the North Sea and the Baltic, with regards to 
the hydrology, the biology and the identity of stocks in the area. The exchange of water between the North Sea and the 
Bal tie is the main hydrographic feature of the area. 

Several of the stocks in the Skagerrak show close affinities to the North Sea stocks: cod, haddock, whiting, plaice and 
Norway pout. 

The landings of cod in the division Illa were of 22,144 t in the human consumption fishery, of which 14,900 t were 
laken from Skagerrak. Landings have been stable since 1991. The majority of catches were taken hy Denmark and 
Sweden. 

The landings ofhaddock in division Illa, in the human consumption fishery. amounted to 3,500 t in 1997, compared to 
3,200 t taken in 1996. Most of the catches are taken in Skagerrak. 

The catches of whiting for human consumption were about 200 tonnes in 1997, which is about two third of the reported 
landings in 1996. Most of the catches are taken in the Skagerrak. No analytical assessment of whiting in IIIa was 
possible. 

The plaice catches in division Illa arnounted to 10,000 t in 1997, at about the same leve! as in 1996. About 75% of the 
catches were taken in Skagerrak. 

The industrial fisheries yie1ded a total catch of 141 ,000 t in 1997, at about the same leve! as in 1996. Most of the catches 
consisted of sandee1, Norway pout, herring and sprat (Table 2.2.1.). 

2.3 Stocks in the eastern Channe1 (Sub-area Vlld) 

Description of the fisheries 

There are 5 main commercial tleets fishing in Division Vlld. Be1gian and English offshore bearn trawlers (>300HP) 
which fish mainly for sole and also take plaice. These vesse1s are highly mobile and can switch effort to other areas 
leading to periodic changes in effort. The English vessels also switch to scalloping at some times of the year. The 
offshore French trawlers are the main !leet fishing for cod and whiting using high headline trawls and also take a range 
of other species. There are also numerous inshore boats main1y < lOm using fixed nets on the English and French coasts 
which fish with a variety of gears targeting sole in the spring and autumn and cod in the winter months. The minimum 
mesh size for trawls was increased from 75mm to 80mm in 1989. A mesh size of IOOmm will be required from 1999. 

Overall effort has more than doubled from the early 1980s to early 1990s and has remained at a high leve! in all the 
main tleets. (Figure 2.3.1). 
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Data 

a) Landings and discards: There is no data available for the leve! of discarding on any of the main species. The large 
1996 year dass of cod has been widely discarded as a result of quota controls in some countries. There is also 
thought to be wide scale discarding of juvenile plaice. No information is available for sole but discard levels are 
expected to be low. 

b) Catch at age: French fleets are responsible for the major landings of cod. whiting, sole and plaice, taking around 80-
95% of the roundfish species and between 45 and 60% of the flatfish. The leve! of sampling for age for cod is poor 
but has improved since 1994. 

Sampling for flatfish species was poor before 1986 but has improved since then. Quarterly sampling for age is taken, 
covering more than 95% of the landings. 

State of the stocks 

General: As in the North Sea, the 1996 year dass has been strong for the stocks cod, sole and plaice. The estimation of 
the strength of this year dass has an important effect on the short and medium term prognosis for each of these stocks. 
For sole in particular, recent year dasses have been slightly above the long term average and could be related to the 
general wanning of water in the Channel in the first quarter of the year. 

Cod and whiting have been assessed with the North Sea stocks for the first time last year and are included in the 
overview for the North Sea. 

Sole: The stock appears to remain at a relatively high leve! following good recruitment in the late 1980s and early 
1990s. However, fishing mortality has been increasing since 1993 and appears to be near a historically high leve! in 
1997 (F3-8 = 0.54). 

Plaice: Fishing mortality is variable and remains dose to historically high levels at 0.59 in 1997. The spawning stock has 
declined since the early 1990s following a similar trend to plaice in the North Sea but has stabilized in recent years. The 
recruitment of the strong 1996 year class has resulted in a slight increase in CPUE in most !leets in 1997. With the 
current leve l of fishing mortality the SSB is expected to remain stable in the medium term. Recruitment since 1985 has 
fluctuated around the average leve l except for the strong 1996 year class which seems to be strong as in the North Sea. 
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Table 2.1.1 Landings of demersal and industrial species lrom the North Sea (Division IV). ('000 t) (Data compiled by working group members) 

cod had had whit whit saithe saithe sole plaice N pout sandeel demersal indllstrial total 
he lb he lb he lb total total 

1970 226 525 160 63 115 163 59 20 130 236 191 1147 763 1930 
1971 326 235 32 61 72 216 35 24 114 305 362 980 626 1606 
1972 354 193 30 64 61 216 26 21 123 445 359 973 923 1696 
1973 239 179 11 71 90 195 31 19 130 346 297 633 775 1606 
1974 214 150 46 61 130 231 42 16 113 736 524 607 1460 2267 
1975 205 147 41 64 66 240 36 21 106 560 426 605 1153 1956 
1976 234 166 46 83 150 253 67 17 114 435 466 667 1166 2055 
1977 209 137 35 78 106 190 6 16 119 390 766 751 1323 2074 
1976 297 66 11 97 55 132 3 20 114 270 767 746 1126 1672 
1979 270 63 16 107 59 113 2 23 145 329 578 741 984 1725 
1980 294 99 22 101 46 120 o 16 140 463 729 770 1260 2050 
1981 335 130 17 90 67 121 1 15 140 239 569 631 693 1724 
1962 303 166 19 81 33 161 5 22 155 395 612 668 1064 1952 
1963 259 159 13 68 24 167 1 25 144 451 537 642 1026 1666 
1984 226 126 10 66 19 192 6 27 156 393 669 617 1097 1914 
1985 213 159 6 62 15 192 8 24 160 205 623 610 657 1667 
1966 196 166 3 64 16 163 1 16 165 176 646 772 1046 1620 
1967 210 106 4 66 16 145 4 17 154 149 625 702 996 1700 
1966 176 105 4 56 49 104 1 22 154 109 693 617 1056 1673 
1969 140 76 2 45 43 90 2 22 170 173 1039 543 1259 1602 
1990 125 51 3 47 51 66 2 35 156 152 591 500 799 1299 
1991 102 45 5 53 36 96 1 34 146 193 643 460 1080 1560 
1992 114 70 11 52 27 92 o 29 125 300 655 462 1193 1675 
1993 122 60 11 46 20 104 o 31 117 164 579 502 794 1296 
1994 111 60 4 43 10 97 o 33 110 182 766 474 962 1436 
1995 139 75 6 41 27 114 o 30 98 241 918 497 1194 1691 
1996 126 76 5 36 5 110 o 23 62 166 835 453 1011 1464 
1997 124 79 7 31 6 103 o 16 63 201 1140 436 1354 1792 

N 
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Table 2.1.2 Specics composition in the Danish and Norwegian small meshed fisheries in the North Sea ('000 t). 
(Data provided by WG members). 

Year Sandeel Sprat Herring Norway Blue Haddock Whiting Saithe Other Total 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
Mean 
1974-1996 

1993 q1 
1993 q2 
1993 q3 
1993 q4 

1994ql 
1994 q2 
1994 q3 
1994 q4 

1995 ql 
1995 q2 
1995 q3 
1995 q4 

1996q1 
1996 q2 
1996 q3 
1996 q4 

1997 ql 
1997 q2 
1997 q3 
1997 q4 

22 

525 
428 
488 
786 
787 
578 
729 
569 
611 
537 
669 
622 
848 
825 
893 

1039 
591 
843 
854 
578 
769 
911 
761 

1091 
706 

26 
430 

88 
33 

2 
643 
124 

+ 

18 
752 
132 

8 

3 
479 
256 

22 

37 
802 
238 

13 

314 
641 
622 
304 
378 
380 
323 
209 
153 
88 
77 
50 
16 
33 
87 
63 
71 

110 
214 
153 
281 
278 

81 
99 

214 

16 
5 

72 
61 

19 
Il 

175 
76 

20 
6 

!57 
96 

34 
3 
7 

37 

7 
l 

28 
63 

out whiting 

736 62 
560 42 

12 435 36 
lO 390 38 
8 270 100 

15 320 64 
7 471 76 

84 236 62 
153 360 118 
155 423 118 
35 355 79 
63 197 73 
40 174 37 
47 147 30 

179 102 28 
146 162 28 
115 140 22 
131 155 28 
128 252 45 
102 174 17 
40 172 Il 
66 181 64 
39 122 93 
15 126 46 
75 284 55 

23 
5 

51 
23 

2 
3 

22 
13 

l 
49 
15 

5 

Il 
22 

l 
2 
5 
7 

36 
28 
59 
51 

34 
15 
51 
72 

36 
17 
48 
79 

21 
7 

54 
41 

Il 
7 

59 
49 

l 
6 
4 
5 

3 
4 
4 
+ 

4 
48 
Il 

4 
28 
30 
31 

4 

Il 
16 
14 

48 
41 
48 
35 
Il 
16 
22 
17 
19 
13 
10 
6 
3 
4 
4 
2 
3 
5 

Il 
Il 
5 
8 
5 
7 

15 

2 
4 
3 

l 
2 

2 
l 
2 
3 
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Table 2.1.3 Sum of Danish and Norwegian by-catch by species (excluding those species accounted for in Table 2. l .2) and year in tonnes. 

Species 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
~~~-------·--·-------- ------- ···---~------·- -·-------
Gadus morhua 4175 544 710 1092 1404 2988 2948 570 1044 1052 876 

Scomber scombrus 1278 4 534 2663 6414 8013 5212 7466 4631 4386 3576 

Trachurus trachurus 1n' 22789 16658 7391 18104 22723 14918 5704 6651 6169 4886 

Trigla sp. 2168 o 8882 453422 53942 9391 2 25982 56222 4209 1593 1139 

Limanda limanda 149' 187 3209 4632 3781 7743 4706 5578 3986 4871 528 

Argentina spp. 6977"1 8714 5210 3033 1918 778 2801 3434 2024 2874 2209 

Hippoglossoides platcssoides 1701 59 718 1173 946 2160 1673 1024 1694 1428 529 

Pleuroncctes platcssa o 34 119 109 372 582 566 1305 218 128 143 

Merluccius merluccius4 546 349 165 261 242 290 429 28 359 109 lO 

Trisopterus minutus o o 68' o 5' 482 121 2 792 Ill 36 o 
Mol va molva3 528 51 l 40 39 37 13 65 lO 28 o 
Glyptocephalus cynoglossus 241' 2363 132 341 44 2553 251' 14391 1953 246 40 

Gadiculus argenteus3 2690 1210 729 3043 2494 741 476 801 o o o 

Others 29261 317151 3853 3604 3670 3528 3154 4444 4553 4106 5141 

Total 48316 65892 32994 72724 44827 59277 39866 37559 29685 27026 19077 

1Danish cod and mackerel included. 
20nly Danish catches. 
·
1Norwegian catches. Danish catches included in "Others". 
4Until 1995 Norwegian catches only with Danish catchcs includcd in "Others". 

O: \A.c fm\ W greps\ W gnssk\Repurts\ 1999\T-213.Doc 
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Ta ble 2.1.4 Distribution of landings and associated by-<:atches of selected species ('000 t) from industrlal fishertes 
by Norway north and south of 57" N 

Area north Fishery Species composition Total 
(target species) 

Norway pout Sandeel Sprat Herring Haddock Whiting Saithe Blue whiting others 
Nor.pout 119 1 + 2 4 3 3 31 3 166 
Sandeel 478 + 3 + + 6 489 
Sprat + + + + + + 
other 7 + + + + + 14 3 25 
Sum 127 479 + 4 6 3 3 45 12 

Area south Fishery 
target species) 
Sandeel + 608 6 3 + 2 + 4 623 
Sprat + 4 92 7 + + + 104 
Other + + + 1 
Sum + 612 99 10 + 2 + + 5 
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Table 2.2.1 Catches of the most imponant species in the industrial fisheries in Division Jlla ('000 t). 1974-19961
. 

Year Sandeel Sprat2 Herring3 Norwaypout Blue whiting Total 

1974 8 71 76 13 168 

1975 17 JOl 57 19 194 

1976 22 59 38 42 161 

1977 7 67 32 21 127 

1978 23 78 16 25 142 

1979 34 96 13 25 6 174 

1980 39 84 25 26 14 188 

1981 59 76 63 30 + 228 

1982 25 40 54 44 5 168 

1983 29 26 89 30 16 190 

1984 26 36 112 46 15 235 

1985 6 20 116 9 19 170 

1986 73 li 65 6 9 164 

1987 5 14 72 3 25 119 

1988 23 9 97 8 15 152 

1989 18 JO 52 6 9 95 

1990 16 JO 51 27 JO Jl4 

1991 23 14 22 32 Il 102 

J992 39 2 47 42 18 148 

J993 4 45 2 7J 8 32 J58 

1994 55 58 30 7 J2 162 

1995 J2 41 2J 50 lO J34 

1996 54 lO 26 36 15 141 

J997 81 12 6 32 4 l4J 

Mean 

1974-1997 31 39 52 24 J44 157 

'Data from 1974-1984 from Anon. (1986), 1985-1993 provided by Working Group members. 
2Total Jandings from all fisheries. 
3For years 1974-1985, human consumption landings used for reduction are included in these data. 
4Mcan J979-1995. 
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Figure 2.1.1. Fishing effort of the Norwegian and Danish industrial trawlers 
targeting Norway poul and sandeel in the North Sea. 

Danish and Norwegian industrial fleet based on 

~: 

1
. s~~=: and ~orway pout fishery 

" . · .. o /. m~---~.--~--m..___.._ 
:;: 15ooo / ''m... ..$. ill! -; ......... __"__.-"' ....... *.~-~· 
.5 l "mr i 10000 J 

"' ~ <!! 5000 

~~Danish 
-1 . l -

87 88 89 90 91 92 93 94 95 96 
971 

Year 

26 



N __, 

l 

Figure 2.3.1 Fishing effort of demersal fleet in section Vlld 
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3 COD IN AREAS IIIA (SKAGERRAK), IV AND VIID 

For the third year in succession, this assessment relates to the cod stock in the Skagerrak (Division IIIa), the North Sea 
(Sub-area IV), and the Eastern Channel (Division Vlld). Prior to 1996 cod in these areas were assessed as separate 
stocks. A discussion of the implications of a combined assessment was presented in Section 1.3.3.4 of the 1996 report of 
this working group (ICES 1997e). 

3.1 The Fishery 

3.1.1 ACFM advice applicable to 1997 and 1998 

The advice for 1997 was for a reduction in mean F (2-8) by at !east 20% compared to 1995. The catch corresponding to 
this advice for the three areas combined was 135,000 t. 

The advice for 1998 was that fishing mortality should not exceed the 1996 (F = 0.64), which implied landings for Sub­
area IV, Divisions Illa and VIId combined of 180,000 t. 

3.1.2 Management applicable in 1997 and 1998 

Management of cod is by TAC and technical measures. The agreed TACs for Cod in Division Illa (Skagerrak) and Sub­
area IV were as follows: 

Illa(Skagerrak) 
Ila+ IV 

1997 

Agreed 
TAC COOO tl 
16,1 
115 

1998 

Agreed 
TAC (000 tl 

20 
140 

There is no TAC for Cod set specifically for Division Vlld separate! y .. 

The overall TAC for 1997 corresponded to ACFM advice whereas that for 1998 was set at a levellower than advised by 
ACFM. The EU minimum mesh size for towed gears, in Sub-area IV and Division Illa is 100 mm, and 80 mm in 
Division Vlld. Trawlers directed to Nephrops, are permitted to use a 70 mm codend mesh but have to use a 80 mm 
square mesh panel, and are also subject to whitefish by-catch limits. Trawlers fishing in Division !Ve are permitted to 
use a 90 mm codend mesh in fisheries directed to whiting. The full EU technical measures legislation is available in 
Council regulation 3094/86 and its amendments. The minimum mesh size for towed gears in Norwegian waters is 
l 00 nun. Minimum landing size for c od in all are as is 35 cm. 

In response to a recommendation from the Interrnediate Ministerial Meeting (!MM) of March 1997, An additional 
management measure, a temporary area closure, was implemented in 1998 by Germany. In an attempt to reduce the 
catch and discarding of undersized cod, the German Government implemented a closure in a restricted area (12 by 
25 nm) in the German Bight for the month of February. This was in response to high discard es ti mates from the German 
fleet amounting to about 2 million young cod being discarded in the area over the period November 1997 to January 
1998 (Ehrlich, et al., Working document, No. 5) 

3.1.3 The fishery in 1997 

Landings data from human consumption fisheries for recent years as officially reported as well as !hose estimated by the 
Working Group are given for each area separately and combined in Table 3.1.1 and the data are plotted in Figure 3.1.1. 
The Working Group estimate for combined landings in 1997 is 124,151 t, and as follows for the separate areas. 

Illa(Skagerrak) 
IV 
Vlld 
Total 

28 

1997 

Landings 
000 t 

15 
102 
7.0 
124 



Landings from Vlld in 1997 were 2- 3 times higher than in any other year since 1989. The TAC in Sub-area IV and 
Division Vlld was not laken in 1998. The reasons for the shortfall in these areas are not clear The 1996 year class of cod 
as l-group was estimated at the 1997 WG meeting to be about the same strength as the 1985 year class. A plot of the 
catch at age by area in 1997 and 1986 is given in Figure 3.1.2. It is evident that in 1997 and 1986 1-group cod were 
represented in the landings from Vlld in about the same numbers in both years bul that in IV and Illa the 1996 year class 
was less well represented than in 1986. The same feature can be seen in Figure 3.1.3, which shows the catch in number 
of 1-group cod by year and area. The WG recognises that the changes to minimum landing size and minimum mesh size 
introduced in the mid 1980s may explain pan of the difference in 1-group catch, but the slower growth of the 1996 year 
class in Sul>-area IV coupled with the increased minimum landing size, could have resulted in higher discarding of 1-
group cod in 1997 compared to 1986. 

Estimates of total international discards are not available but it is known that discards of l year-old cod can be 
considerable for some fleets in some years (Weber, 1995). Discard sampling carried out for some fleets indicate that 
between 70% and 90% of l-year old cod caught in 1997 were discarded. The industrial by-catch of cod, other than that 
sorted for human consumption, is small. 

Cod are caught by virtually all the demersal gears in these areas, including trawls, seines, gill nets and lines. Most of 
these gears take a mixture of species, but some of the fixed gear fisheries are directed mainly towards cod. 

3.2 Natura! Mortality, Maturity, Age Compositions, and Mean Weight at Age. 

Values for natura! mortality and maturity are given in Table 3.2.1, and they are unchanged from those used in last year's 
assessment and are applied to all years. The sources of these data are multi-species VPA as performed by the Multi­
species Working Group in 1986 (natura! mortality, see Section 1.3.1.3), and the International Young Fish Survey 
(maturity). Tbese values were derived for the North Sea and are equally applied to the three stock components. Age 
compositions were provided by Belgium, Denmark, England, France, Germany the Netherlands and Scotland, based on 
a total of more than 35 thousand age readings (Table 1.3.3.1.2). Mean weight at age data for landings are given in Table 
3.2.3. Tbese values were also used as stock mean weights. 

The VPA catch input data are given in Table 3.2.2. SOP corrections have been applied. These catches do not include 
industrial fishery by-catches landed for reduction purposes, or discards. By-catch estimates are available for the total 
Danish and Norwegian small-meshed fishery in Sub-area IV (Table 2.1.3) and separately for the Skagerrak (Table 
3.1.1.), but as in previous years, these data were not included in the assessment. Minor revisions to the 1996 landings 
data were provided by UK (E+W) for Sul>-area IV. 

3.3 Catch, ElT ort, and Research V essel Data 

Catch and effort data by age group for a total of 18 fleets were available. including 12 commercial and 6 survey fleets. 

3.4 Catch at Age Analysis 

Single fleet diagnostics from XSA tuning runs carried out over 20 years with no taper were examined for trends in 
catchability and fit to the catch data. At its 1997 meeting the WG carried out a thorough examination oftuning fleet data 
and excluded a number of fleets that contributed li ule to the tuning. This exercise carried out this year large ly supported 
the decisions made at the 1997 meeting. However closer exarnination of the log catchability residuals revealed that the 
age group l should be excluded from both the Scottish trawl and English trawl tleets in Sub-area IV. Furthermore data 
for age l on! y. ·for the French offshore trawl tleet in VIId gave a good tit to the catch data. Coupled with the fact that 
this fleet mainly exploits 1-group cod, the WG agreed to include it as a tuning fleet. The effect of including these 
changes in the tuning was examined in a comparison with exact1y the same tuning configuration used at the 1997 
meeting of the WG. The results were unaffected. 

The final XSA configuration therefore included the same eight fleets as in last years assessment, but excluded age group 
l in the English and Scottish trawl tleets in Sub-area IV, and included the French offshore trawl tleet in VIId. 

The complete set of tleet data available for tuning the VPA are given in Table 3.4.1, and are stored on the ICES IFAP 
system, listed as fleets 1-18. The modified set used for the assessment are listed in Table 3.4.2, and are stored on IFAP 
as fleets 19-27. 
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Tuning was performed over the period 1988-1997 with no time taper, and a shrinkage factor of 0.5 was applied to the 
terminal population estimate. The recruiting age was set at age l, and catchability was fixed for ages 6 and above. The 
age range used for VPA was l to 11 (the plus group). This was the same configuration as the final VPA in the 1997 
assessment, except that the lO-year tuning window was advanced by one year. 

The diagnostics from the final XSA run are given in Table 3.4.3. and plots of the log catchability residuals for each !leet 
from this run are given in Figure 3.4.3. The relative importance for the result in terms of regression weights by type of 
!leet or shrinkage, respectively, are shown in Figure 3.4.4, indicating that for older age groups the commercial fleets 
have the greatest influence in tuning, whereas the surveys have more influence for the younger ages, as would be 
expected. Plots of the log CPUE against log XSA population numbers by !leet and age are given in Figures 3.4.5 to 
3.4.13. 

The estimates of fishing mortality rates and population numbers resulting from the tuning procedure and XSA are given 
in Tables 3.4.4 and 3.4.5 and are summarised in Table 3.4.6 .. The results from a retrospective analysis using XSA with 
the options specified above are shown in Figure 3.4.14. The present assessment indicates that F for 1996 was 
underestimated in the 1997 assessment. Since it was only possible to carry out a retrospective run over 3 years using a 
lO-year tuning window, it was not possible to detect any pattern in the retrospective runs. 

3.5 Recruitment Estimates 

Average recruitment in the period 1963-1995 was 399 million (arithmetic mean) or 342 million (geometric mean) l­
year old fish. The GM recruitrnent in the recent period 1987-1995 is 250 million 1- year old fish. 

Using RCT3, Research vessel survey data for 0-, 1- and 2-year old fish (Table 3.5.1) were regressed against VPA 
population numbers for year classes back to and including 1996, on the criterion of a minimum cumulative P of 1.0, to 
estimate recruitrnent at age l of the 1996, 1997 and 1998 year classes, and the 1996 year class at age 2 in 1998. The 
indices for the English groundfish surveys after 1991 have been adjusted to take accounl of the change of gear to the 
GOV trawl in 1992. Estimates from the Scottish GFS in 1998 were not included since this year the survey was carried 
out using a new vessel and different gear and comparability evaluations have not yet been undertak.en. The results of 
survey indices regressed against XSA recruitment at age l are presented in Table 3.5.2.1 and those against age 2 are 
given in Table 3.5.2.2. 

Year class 1996: RCT3 predicts the 1996 year class at age l as 557 million, compared to the XSA estimate of 390 
million. The predicted recruitrnent of this year class in last years assessment from RCT3 was 528 million. The RCT3 
estimate of the 1996 year class at age 2 in 1998 is 218 million compared to the XSA estimate of 160 million. Both XSA 
estimates are poorly defined and indicate that the 1996 year class is about average (AM). Evidence from surveys and the 
fishery in 1997 and 1998, points to a stronger than average 1996 year class. Furthermore, the RCT3 estimate is based on 
additional information from surveys in 1998. Hence for predictions, the XSA estimates was replaced with the RCT3 
estimales of the 1996 year class both at age l and at age 2. 

Year class 1997: The weighted mean estimaled by RCT3 using l group recruitment from XSA was 71 million l-year 
olds in 1997. The eslimate using XSA 2-group estimates was 31 million at age l in 1998. Both ofthese estimates point 
to the 1997 year class being the lowest on record. The RCT3 v XSA 1-group estimate of 71 million was accepted by the 
Working Group. 

Year classes 1998 and 1999. The only recruitrnent estimate available for the 1998 year class at age l in 1999, is derived 
from the EGFSQ4 research vessel survey 0-group index. The RCT 3 output (Table 3.5.2.1) indicates that the survey 
estimate (224 million) is less than the long-term GM (342, XSA: 330 million, RCT3). 70% of the RTC3 estimate of the 
1998 year class is derived from the long-term mean. Since recruitment has been lower in the recent time period than in 
the earlier period, the WG decided lo use the short-term mean XSA estimate of 250 million (1986-1995) for the 1998 
year class, a value which is el ose to thal predicted by the survey. 

The short-term GM (250 million at age l) was chosen as the appropriate estimate ofrecruitrnent for the 1999 year class. 

Year class strength estimates used for the predictions can be sununarised as follows: 
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Year-class Millions Millions Basis 
(age l) (age 2) 

1996 557 218 RCT3 
1997 71 RCT3 
1998 250 Short-term GM 
1999 250 Short-term GM 

3.6 Historical Stock Trends 

Historical trends in mean fishing mortality,landings, spawning stock biomass, and recruitment are shown in Table 3.4.6 
and Figure 3.1.1. Mean fishing mortality has shown a more or less continuous increase over the whole period up to the 
early 90's and an overall dedine since 1993. The estimate of reference F for 1996 on 2-8 year olds has been revised 
from 0.64 in the 1997 assessment to 0.73 in the current assessment. Spawning biomass decreased from a peak of 
277,000 l in 1971 to a historicallow of 63,000 t in 1993 and 1994. Recruitment has fluctuated considerably over the 
period bul the frequency of good year dasses has become reduced in recent years. Until recently, only one year dass 
(1993) spawned since 1985 has reached the long term arithmetic mean. However, the 1996 year dass is still estimated 
the !argest since 1985. Historically, landings increased in the 1960s and early 1970s to reach a peakof 350,000 l in 
1972. Mter a further peak of about 335,000 t in 1981, landings have declined to levels similar to those observed in the 
early 1960s. 

3.7 Short Term Forecast 

The input data for the catch prediction are given in Table 3.7.1, and the parameter label values for the sensitivity plots 
are shown in Table 3.7.2. The CVs used for the population numbers are the values associated with the RCT3 estimates 
used. For all other parameters, the values supplied by the program INSENS were used. The mean weight at age is the 
average for the period 1995-97 The fishing mortality is the unscaled mean for the same period. Population numbers in 
1998 are XSA survivor estimates, except for ages l and 2 which were derived using RCT3. 

The results of a status quo landings prediction for 1998 and 1999 are given in Tables 3.7.3 and 3.7.4 and shown 
graphically in Figure 3.7.1D. The predicted status quo landings are 182,000 t for 1998, and 158,000 t for 1999. 
Spawning biomass is estimated to be 136,000 t at the start of 1998, and 145,000 t in 1999. Continued fishing at status 
quo gives an estimate of SSB in 2000 of 148,000 t. The detailed output tables (Table 3.7.4 and Figure 3.7.2) confirm the 
importance of the estimate of the strength of the 1996 year class to predicted landings in 1998. About 50% of the 
predicted landings in 1998 and 1999 are accounted for by this year class which is also predicted to contributc 45% lo the 
spawning stock in 2000. 

The results of sensitivity analyses of the status quo catch prediction are shown in Figures 3.7.3 and 3.7.4, with the input 
parameters given in Table 3.7.2. The sensitivity of the predictions (Figure 3.7.3) to the various input parameters shows 
that the predicted yield in 1999 is mostly dependent on the estimates of overall fishing mortality (HF) in 1998 and 1999 
followed by the strength of the 1996 year class. 15% of the variance in the estimate of yield in 1999 is attributed to the 
assumption ofF in that year, with a further 30% of the variance dependent on the variability of the estimate of the 1996 
year class. 

The results also indicate that the estimate of SSB in 2000 is sensitive to the assumptions about fishing mortality in 1998 
and 1999, with 20% of the variance of the estimate of SSB in 2000 dependent on the variance of the 1996 year class 
estimate. 

Figure 3.7.4 shows probability profiles for yield and spawning biomass in 1999 and 2000 respectively. 

3.8 Medium term projections 

Projections were run for status quo F for a lO year period to estimate probabilities of predicted yields. The input values 
are given in Table 3.7.2. Four different stock-recruit relationships were fitted to the stock and recruit data (Shepherd, 
Ricker, Beverton and Holt and Gamma). None of the fits were significant. In an attempt to objectively choose the most 
appropriate tit, each was compared to a LOWESS smoother (span 0.75, log-transformed recruits) through the stock­
recruit data, to test which of the models gave the closest match to the recruitment predicted by the smoother. It was clear 
that over the recent period (since the mid I980s), the Shepherd model gave the dosesl match to the LOWESS estimates. 
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None of the curves gave a good match earlier than the 1980s. The Working Group. therefore. decided that for medium 
term projections, the Shepherd model was the most appropriate. 

Medium term projections were carried out using the software WGMTERMA. The results of medium term projections 
are given in Figure 3.8.1. For status quo F, Spawning stock biomass is predicted to increase over the next lO years. 

The medium term trajectories differ markedly from those presented in the 1997 report of the Working Group on the 
Assessment of Demersal Stocks in the North Sea and Skagerrak (ICES 1998, Figure 3.8.1). This is partly a visual 
perception since the percentiles plotted in the 2 figures are different. However it is probably also a function of the 
different starting values for the projections. The exploitation patterns differ; with a higher F on 2 and 3 year olds in the 
current projection; 0.67 and O. 84 compared to 0.57 and O. 71 in the previous projection respectively. The estimate of the 
size of the 1997 year class as l year olds has been revised downwards to 71 million from 259 million. 

3.9 Long Tenn Considerations 

Compared to the period prior to the earl y l990s, landings and spawning biomass remain at a relative! y low leve!. Fishing 
mortality appears to have declined over the last 4 years and SSB has recovered slightly from the lowest recorded levels 
of the early 1990s. lnputs for long-term equilibrium yield and SSB-per-recruit analyses are given in Table 3.9.1 and 
results are presented in Table 3.9.2 and Figure 3.7.1C. The stock recruit relationship showing Fhigh, F...., and Fcurrent 
is given in Figure 3.9.1. 

3.10 Biological reference points 

Biological reference points were estimated using the PA software developed at CEFAS, Lowestoft. These are given in 
Figure 3.10.1 and the assumptions used for the calculations are given in Table 3.10.1. Graphical output from PA 
software calculations are shown in Figure 3.10.2 

The Working Group proposes that B1im be equated to B1oss for North Sea cod. The lowest observed SSB in the historie 
series is 66,000 t. Since there is a degree of uncertainty in this estimate, a value of 70,000 t therefore seems to be a 
suitable candidate for Bum-

The Working Group suggests that B,, be set as 150,000 t, the SSB below which there is evidence of impaired 
recruitment. 

In an attempt to evaluate the suitability of different values of F that can be considered as precautionary, the software 
WGMTERMA, was used to estimate the probability of SSB being below B,, in 2007. Based on the criteria outlined in 
Section 3.8, a Shepherd Stock-recruit relationship was assumed. The fitted parameters of the Shepherd model and 
residuals are given in Table 3.10.2. A comparative run was made assuming a Ricker stock-recruit model, and the fitted 
parameters and residuals are also given in Table 3.10.2. The results of the two runs are presented in Tables 3.10.3 and 
3.10.4. The comparison highlights the sensitivity of the medium-term projections to the stock recruit model chosen. It 
appears for the Shepherd model, there is a 10% probability of SSB being below B,. (150,000 t), by 2007 at a reference 
F (2-8) of 0.7, but a 95% probability if F = F10,. (0.86). For the Ricker model however, these probabilities values are 
extremely different. The model predicts that the F associated with the l 0% prohability of being below B"' in 2007 is 
F = 2.0, which is more than double the highest historie F. Clearly, the estimates derived using a Ricker lit are unrealistic. 

The results from using the Shepherd model suggests that a value of about F = 0.7 could be a candidate for Fp" and that 
this value is ratber consistent with the history of the stock. Examination of Figure 3.10.3 indicates that as the 
exploitation leve! increased above about F = 0.7 in the 1970s and 1980s, the SSB declined to a historie low in the early 
1990s. Since 1993, there has been a decline in F to about 0.7, and the SSB is recovering. 

The Working Group therefore suggests that the results of projections carried out using the Shepherd model for stock and 
recruitment may be appropriate to use for the estimation of precautionary reference points and proposes that Fpa could be 
set in the region ofF= 0.7, which suggests a 90% probability of the SSB being above the suggested Bp, value of 
150,000 t by 2007. 

3.11 Comments on the Assessment 

The overall patterns ofF, recruitment and SSB are relatively consistent with the assessment presented in last year's 
report. However, the main difference is an upward revision of reference fishing mortality for 1996 from 0.64 to about 
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0.73, and reduced estimates of SSB for 1995 and 1996 of 77,000 t and 91,000 t, compared to 81,000 t and 104,000 t 
estimated at the 1997 meeting. 

It appears that for some fleets the TAC in 1997, was not restrictive since they did not exhaust their quota. 

The ana1ysis carried out comparing the use of different stock recruit relationships in medium term projections, indicated 
that the estimates of precautionary reference points are high1y sensitive to the relationship used. 
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Tab le 3.1.1 Nominal calch (in tonnes) ofCOD inllla (Skagt::rrak), IV and Vlld, 1984-1997 us officiully reported to ICES and as used by the working group. 

Countn• 
Bdgiurn 
D.::nmark 
Farm: Islands 
Franco:: 
c.rennany 
Neth.::rland~ 

Nu1way 

Pol and 

Sweden 
UK (E/W/NI) 
UK {Scotland) 

Total Nominal Catch 

Lna1loca1<:d landings 
wc; estimat~;: uftota1\andings 

Agreed 7/JC 

Country 

l3dgillm 

Dcnmark 

Fram:.: 

Ndh<:rlandx 
liK (F, W) 

UK (Scutlaud) 

19!!4 
5,1Hl4 

46,751 

~.129 

13,453 

25,460 

7,005 

7 
575 

35,605 
54,359 

l97,14K 

7,723 

2ll4,K71 

215,000 

19l!!4 
331 

2,492 

2<2 

19K5 
4,Ki5 

42,547 

71 
4,!-:34 
7,675 

30,!-:44 
5,766 

74, 
29,692 

60,931 

187.923 

6,772 

194,695 

250,000 

19K5 

50 l 

2,5K9 

:U6 

191!6 
6,604 

32,1!92 
45 

K402 

7,667 

25,lHQ 

4,!-:64 

Ill 
lB9 

25,361 
45.741'! 

157.514 
11.2()2 

l6X,X06 

l 70,000 

19K6 

650 

4 
9,93X 

K30 

19::<7 
6,693 

:l6,94K 

57 
K,l99 

::<,230 
21,347 

5,00\l 

13 

'" 
29,960 

49,671 

I66,K06 

15,2!<7 

IK2,U93 

175,000 

19K7 

"' 
7,541 

1,044 

19KM 

5.501! 
34,905 

46 
K,323 
7,707 

16,96K 
3,5::<5 

19 
367 

23,496 

41,3K2 

142,306 
14,252 

156,55M 

!60,000 

19KK 

4K6 

K.795 

l 

"'7 

Sub-area. IV 

19K9 
3,39K 

25,7K2 

35 

2,sn 
11,430 
12,l)2K 
4,1!13 

24 

501 

11!,375 
31,4KU 

110,444 

5,256 

115,700 

/24,000 

Division Vlld 

19K9 

173 

n!o 

562 

1990 

2,934 
21,601 

96 

1.641 

11,725 

S,445 
5,161! 

53 

620 

15,622 

31,1211 
99,025 

5,726 

104,751 

105.000 

1990 

237 

n/a 

420 

7 

1991 

2,331 
1K,99K 

23 
975 

7,27K 

6,K'I 
6,022 

15 
7 .. 

14,249 

29J)60 

86,566 

1,967 
8~.533 

100,000 

1991 

IS2 

n/0 

341 

2 

1992 

3,356 
IX,479 

109 
2,146 

!<,446 

11,133 

Hl,476 

823 
14,462 

2~,677 

9!<,107 

·75K 
97,349 

100.0(){) 

1992 

m 

2,079 

2 

443 

22 

Tota1Numina1Catch 3,lll5 J,416 11,422 9,4ll0 10,149 n1a nla nla 2,734 

t:nallocatcdiJnding~ 419 -Ill 3,722 4,819 SKO -GS 

WCi <:stimatc oftota1landin!::s 3,524 ],1115 15.144 14,219 10,729 5,53K 2,76~ ___ 1,KX6 _2,669 

Country 
Lknmark 

Sw.:d~.:n 

:.lonvay 
c;t::[lnany 

< aht::rs 
Nonv<=gian ..:oast + 
Danish industrial hv-catch + 

Total Nominal Cal..:h 

llnallocah:d landin~s 

V./G estimat~ oftot.allamlings 

Agreed TAC 

1984 
17,443 

1,981 

Jll 

156 
1,187 

1,084 

l9,K91 

235 

2U,126 

28,000 

19K5 

14,521 

1,914 

193 

990 

1,751 
16,62X 

9K3 

17,611 
29,()(;() 

19X6 

18,424 
1,505 

174 

917 
997 

20,103 

1,039 

21,142 

29,fHJ0 

Unallo;;at~.:d landings K,377 7,644 16,053 

1910 

17,X24 
1.924 

!52 

83K 

491 
19,9()0 

955 

20,X55 

22.500 

l)j-,.·ision Ill a (Skagerrak) 

1988 19K9 1990 

14,806 16,634 15,7!-iK 
1,64K 1,902 1,694 

392 256 143 

106 
769 

1,103 

16,952 

-7 

16.945 

21,500 

12 

34 

"' 428 

18,K3K 

KlO 

19,64-K 

20,500 

IlO 
65 

.. 6 
6K7 

17,800 

7S9 

IK,5X9 

2/JHJO 

1991 

10,396 
1,579 

72 
12 

12 
K54 
953 

12,071 

370 

12,441 

15,000 

WG <:stimatc uftotallnndings 22K,521 215.611 205,092 217, Hi7 184,232 140,KK6 126, 10] 102.1!60 

* Th~ Damsh inJu~tne~l by-c~tch and th~ Norw~gmn co~t ce~t~hes ~r~ nolmcluJ~d m the (\Vl_; ~~t1mak ol) tl•lal hmdmg.~ of D1vi~wa illa (Sk>~gg~ral..) 

1992 

11,194 
2,4?16 

270 

ltll 
923 

1,360 

14,002 

792 
14,794 

15.000 

-l l 
114-.Kll 

W:\ACFM\WGNSSKICOD_347D\T AB_311 .XLS 

1993 

3,374 
19,547 

46 

1,~6~ 

6,~00 

10,220 
8,742 

646 
14,940 

2M,I97 
94,3KO 
)(),200 

!ll4,580 

101,000 

1993 

157 
l 

1,771 

530 

2 
2,461 

·29 
2,432 

l99J 
11,997 

2,574 

75 

91 
909 

511 

14,737 

lK7 

15,324 
15,0()0 

Hl,75K 

122,336 

1994 

2,64M 

19,234 

80 
I,M6H 

5,974 

6,512 
7,707 

630 
13,941 
28,!'!54 

87,44K 

7,075 

94,523 

102,000 

1994 

228 

9 
2,33K 

312 

2,M87 
-37 

2,K50 

1994 

11,953 
1,821 

60 
301 

25 
760 

666 
14,160 

-250 

13,910 

15,500 

6,7KK 

111,2K3 

1995 

4,K27 

24,067 

219 
3,040 

9,457 
11,11)1) 

7,358 

709 

14,991 
35,X4K 

111,715 

H,30tol 

120,023 

120,000 

1995 

377 

3,261 

336 

+ 

3,974 
.JO 

3,964 

1995 

1!,948 
2,65K 

169 
200 

134 

"6 
749 

12,109 

o 
12,109 

20.000 

K,298 

136,096 

1996 

3,45K 
23,573 

44 

1,920 

S,344 

9,271 
S,S84 

" 617 
15,930 

35,349 
104,408 

2,129 

l06,537 

l 30,000 

1996 

321 

2,7KK 

+ 
414 

4 

3,527 
-24 

3,503 

1996 
13,573 

2,208 

265 
203 

748 

676 
16,249 

134 
16,3K3 

23,000 

2,239 
126,423 

1997 
4,642 

21,870 

40 
3,779 

5,179 

11,807 

5,K29 
31 

774 

13,413 

32,344 
99,70K 

2,454 
102,162 

115,000 

1997 

310 

n1a 

47< 
3 

nlo 

7,043 

1997 

12,164 
2,303 

34< 

" 
911 
205 

14,896 

50 
14,946 

!6,100 

124,151 

--------- ----- ·----·'-·-



Table 3.2.1 Natura! mortality and proportion mature in COD in Illa (Skagerrak), IV and VIId 

Age Natura! Proponion 
Monalitv Mature 

0.80 O. OI 
2 0.35 0.05 
3 0.25 0.23 
4 0.20 0.62 
5 0.20 0.86 
6 0.20 1.00 
7 0.20 1.00 
8 0.20 1.00 
9 0.20 1.00 
lO 0.20 1.00 

l l+ 0.20 1.00 
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'-' Ta ble 3.2.2 "' 
Run title ' Cod in IV,IIIa,VIId (run: XSALJB02/X02) 
At 10-0ct-98 14:59:39 

Tab le l Catch numbers at age Numbers*lD**-3 
YEAR, 1963, 1964, 196S, 1966, 1967, 

AGE 

l' 3214, 5030, 15813, 18224, 10803, 
2, 42591, 22493, 51888, 62516 l 70895, 

3' 7030, 20113, 17645, 29845, 32693, 
4, 3536, 4308, 9182, 6184, 11261, 
5, 2788, 1918, 2387, 3379, 3271, 
6, 1213, 1818, 950, 1278 l 1974, 

7' 81' 599, 658, 477, 888, 

8' 492, 118, 298, 370, 355, 

9' 14, 94, 51, 126, 138 l 

10, 6' 12, 75' 56, 40, 

+gp, o' 4' 8' 83, 17, 
o TOTALNUM, 60965, 56507, 98955, 122S38·, 132335, 

TONSLAND, 116457, 126041, 181036, 221336, 252977, 
SOPCOF %", 100, 100, 100' l 00 l 100, 

Tab le l Catch numbers at age Numbers*l0**-3 
YEAR, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 

1\GE 

l, 5829, 2947 l 54493, 44824, 3832, 25966, 15562, 33378, 5724, 75413, 
2 83836, 22674, 33917, 155345, 187686, 31755, 58920, 47143, 100283, 51118, 

3' 42586, 31578, 18488, 17219, 48126, 54931, 11404, 18944, 18574, 25621, 
4, 12392, 13710, 13339, 6754, 5682, 14072, 15824, 4663, 6741, 4615, 

5' 6076, 4565, 6297, 7101, 2726, 2206, 4624, 7563, 1741, 2294, 
6, 1414, 2895, 1763, 2700, 3201, 1109, 961, 2067, 3071, 836, 

7' 870, 588, 961, 893, 1680, 1060, 438 l 449, 924, 1144, 

8' 309, 422 l 209, 458' 612, 489, 395' 196, 131, 371, 
9, 151, 147, 186, 228, 390, 80, 332, 229, 67, 263, 

10, 111, 46' 98, 77' 113, 58, Bl, 95' 63, 26, 

+gp, 24, 78, 40' 94, 18, 162, 189, 63, 43, 96, 

o TOTALNUM, 153598, 79650, 129791, 235693, 254066, 131888, 108730, 114790, 137362, 161797, 

TONSLAND, 288368, 200760, 226124, 328098, 353976, 239052, 214279, 205245, 234169, 209154, 

SOPCOF %, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 

0:\Adin\\V grcps\\V gnssk\Rcporu\1999\T-322.Doc 
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Table 3.2.2 (Continued) 

Run title : Cod in IV,IIIa,VIId (run: XSALJB02/X02) 
At 10-0ct-98 14:59:39 

Table l Catch numbers at age 

o 

YEAR, 1978, 1979, 

AGE 

l, 

2, 

3, 

4' 

5' 

6' 
7, 

8, 

9, 

10, 

+gp, 
TOTALNUM, 
TONSLAND, 
SOPCOF %, 

29731, 
175727, 

17258, 

9440, 

3003, 

1108, 

410, 

405, 

153, 

36, 

44, 

237315, 
297022, 

100, 

34837, 

91697, 

44653, 

4035, 

3395, 

712, 
398, 

140 l 

158 l 

42, 

17, 

180084, 

269973, 

101, 

Numbers*l0**-3 

1980, 1981, 

62605, 20279, 

104708, 189007, 

35056, 34821, 

12316 l 9019, 

1965, 4118, 

1273, 

495, 

197, 

74, 

55, 

25, 

218769, 

293644, 

100, 

785, 

6041 

134, 

65, 

37' 

21, 

258890, 

315497, 

100, 

1982, 

66777, 

65299 l 

60411, 

95671 

34761 

2065, 

428, 

236 l 

78, 

27, 

16, 

2083801 

3032511 

99, 

Table 
YEAR, 

l Catch numbers at age Numbers*10**-3 

o 

AGE 

l, 

2, 

3' 

4' 

5' 
6' 
7, 

8, 

9' 
lO, 

+gp, 
TOTALNUM, 
TONSLAND, 
SOPCOF %, 

1988, 1989, 1990, 

21480, 

55330 l 

43955, 

3134, 

2557, 

655, 

295, 

66, 

63, 

23, 

18, 

127576, 

184240, 

100, 

22239, 

36358, 

18193, 

9866, 

1002, 

1036, 

251, 

140 l 

27, 

31, 

10, 

89153, 

139936, 

100, 

11'/38 l 

54290, 

11906, 

4339, 

2468, 

310, 

310 l 

54, 

60, 

12' 

9' 
85496, 

125314, 

99, 

1991, 

134661 

234561 

167761 

3310, 

1390, 

1053, 

225, 

139, 

28' 
4, 

10, 

59857, 

102478, 

100, 

1992, 

27668, 

32059, 

8682, 

5007, 

1060, 

4911 

3291 

52' 

40; 

l 7' 

9' 
75414, 

114020, 

99, 

0:\Adin\\V gr.:ps\W gnssk\R.:ports\ 1999\T-122. Doc 

1983, 

25733, 

129632, 

21662, 

11900, 

2830, 

1258 l 

5951 

181, 

90, 

28, 

23, 

193932, 

259287, 

100, 

19931 

4783, 

55272, 

11360, 

3190, 

1577, 

435, 

204, 

108, 

18, 

10, 

13, 

76970, 

121749, 

99, 

1984, 19851 

64 751 l 8845 l 

66428, 118047 l 

31276, 18995, 

4264, 7823, 

3436, 1377, 

1019 l 

4371 

244, 

60, 

45, 

20, 

1719801 

2282861 

100, 

1994, 

15557, 

25279, 

211441 

3083, 

8701 

5191 

1421 

58' 

32' 
7, 

16, 

66707, 

110634, 

99, 

1265, 

373, 

173, 

79, 

16, 

31, 

1570241 

214629, 

100, 

19951 

157171 

635861 

129431 

5301, 

8021 

286, 

151, 

42, 

15' 
13, 

5' 
988611 

138623, 

100, 

1986, 

1002391 

32437, 

341091 

58141 

2993, 

604, 

556, 

171 l 

69, 

44, 
23, 

177059, 

2040531 

1011 

1996, 

4938, 

36805, 

23364, 

3169, 

1860 l 

3991 

1621 

88, 

43' 

4, 

8, 

70840, 

126454, 

1001 

19871 

249151 

128282, 

9800, 

8723, 

15341 

1075, 

235, 

215, 

55' 

48' 

12, 
1748941 

216213, 

100, 

19971 

23768, 

291911 

186451 

6498, 

1238, 

700, 

153, 

47, 

14' 

15' 
lO, 

80279, 

124151, 

100, 



w 
fable 3.2.3. 00 

Run title Cod in IV,IIIa,VIId (run: XSALJ802/X02) 

At 10-0ct-98 14:59:39 

Tab le 2 Catch weights at age l kg) 

YEAR, 1963, 1964, 1965, 1966, 1967, 

AGE 
l, . 5380, . 4960 J .5810, .5790, . 5900 J 

2, 1.0040, .8630, .9650, .9940, 1.0350, 

3, 2.6570, 2.3770, 2.3040, 2.4420, 2.4040, 

4, 4.4910, 4.5280, 4.5120, 4.1690, 3.1530, 

5, 6.7940, 6.4470, 7.2740, 7.0270, 6.8030, 

6, 9.4090, 8.5200, 9.4980, 9.5990, 9.6100, 

7, 11.5620 J 10.6060, 11.8980, 11.7660, 12.0330, 

8' 11.9420, 10.7580, 12.0410, 11.9680, 12.4810, 

9' 13.3830, 12.3400, 13.0530, 14.0590, 13.5890, 

lO' 13.7560, 12.5400, 14.4410, 14.7460, 14.2710, 

+gp, .0000, 14.9980, 15.6670, 15.6720, 19.0160, 

o SOPCOFAC, .9998, .9998, 1.0001, 1.0001, l. 0001, 

Tab le 2 Catch weights at age l kg) 

YEAR, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
l, .6400, .5440, .6260, .57901 .61601 .5590, .5940, .6190, .5680, .5420, 

2, .97301 .9210, . 9610 l .94101 .8360, .8690, 1.0390, .8990, 1.0290, . 9480 l 

3' 2.2230, 2.1330, 2.0410, 2.19301 2.0860, 1.9190, 2.2170, 2.3480, 2.4700, 2.16001 

4, 4.0940, 3.8520, 4.0010, 4.2580, 3.9680, 3.77601 4.1560, 4.2260, 4.5770, 4.6070, 

5' 5.3410, 5.7150, 6.1310, 6.5280, 6.0110, 5.48801 6.1740, 6.4040, 6.4940, 6.7130, 

6' 8.0200, 6.7220, 7.94501 8.6460, 8.2460, 7.4530, 8.3330, 8.6910, 8.6200, 8.8280, 

7' 8.5810, 9.2620, 9.95301 10.3560, 9.7660, 9.0190, 9.8890, 10.1070, 10.1320, 10.0710, 

B, 10.1620, 9.74901 10.1310, 11.2190, 10.2280, 9.8100, 10.79001 10.91001 11.34101 11.05201 

9, 10.7200, 10.3840, 11.9190, 12.8810, 11.8750, 11.0770, 12.17501 12.3390, 12.8880, 11.8240, 

lO' 12.4970, 12.7430, 12.5540, 13.14701 12.5300, 12.3590, 12.4250, 12.9760, 14.1400, 13.1340, 

+gp, 11.5950, 11.56701 14.3670, 15.54401 14.35001 12.8860, 13.73101 14.4310, 14.55701 14.3620, 

o SOPCOFAC, .9999, .9999, 1.0000, .9998, 1.0001, .9999, . 9999, .9999, 1.0000, .9999, 

0:\Adin\\V gr~ps\W gnssk\R<!pnrts\ l ~99\T -323.Dn~ 
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Table 3.2.3. (Continued) 

Run title Cod in IV,IIIa,VIId (run: XSALJB02/X02) 

At 10-0ct-98 14:59:39 

Table 2 
YEAR, 

AGE 

'· 2, 

3' 

4' 

5' 

6' 

7' 
8, 

9, 

lO, 

+gp, 

SOPCOFAC, 

Table 2 
YEAR, 

AGE 
l, 

2' 

3' 
4, 

5, 

6, 

7, 

8, 

9' 
10, 

+gp, 
SOPCOFAC, 

Catch weights at uge (kg) 
1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

.5720, .5500, .5500, .7230, ,5890, ,6320, .5940, .5900, .5830, .6350, 

.9370, .9360, 1.0030, .8370, .9620, .9190, 1.0070, .9330, .8560, .9760, 

2.0010, 2.4110, 1.9480, 2.1890, 1.8580, 1.8350, 2.1560, 2.1400, 1.8340, 1.9550, 

4.1460, 4.4230, 4.4010, 4.6150, 4.1300, 3.8800, 3.9720, 4.1640, 3.5040, 3.6500, 

6.5310, 6.5800, 6.1090, 7.0450, 6.7840, 6.4910, 6.1900, 6.3240, 6.2300, 6.0520, 

8.6670, 8.4750, 9.1200, 8.8840, 8.9030, 8.4230, 8.3620, 8.4300, 8.1400, 8.3070, 

9.6860, 10.6370, 9.5500, 9.9340, 10.3990, 9.8480, 10.3170, 10.3620, 9.8960, 10.2420, 

11.0990, 11.5500, 11.8670, 11.5190, 12.5000, 11.8370, 11.3520, 12.0730, 11.9400, 11.4610, 

12.4270, 13.0570, 12.7820, 13.3380, 13.4690, 12.7970, 13.5050, 13.0720, 12.9510, 12.4470, 

12.7780, 14.1480, 14.0810, 14.8970, 12.8900, 12.5620, 13.4080, 14.4430, 13.8590, 18.6910, 

13.9810, 15.4780, 15.3920, 16.6290, 14.6080, 14.4260, 13.4720, 16.5880, 14.7070, 16.6040, 

1.0035, 1.0087, .9963, .9985, .9946, .9968, .9992, .9951, 1.0098, .9969, 

Catch weights at age (kg) 
1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 

.5860, .6730, .7370, .6700, .6990, .6990, .6780, .7210, .6990, .6560, 

.8810, 1.0520, .9760, 1.0780, 1.1460, 1.0650, 1.0750, 1.0200, 1.1170, .9610, 

1.9820, 1.8460, 2.1760, 2.0370, 2.5460, 2.4790, 2.2010, 2.2100, 2.1470, 2.1200, 

3.1870, 3.5850, 3.7910, 3.9710, 4.2230, 4.5500, 4.4710, 4.2920, 4.0340, 3.8220, 

5.9920, 5.2730, 5.9]20, 6.0830, 6.2480, 6.5400, 7.1670, 7.2200, 6.6370, 6.2290, 

7.9140, 7.9210, 7.8890, 8.0340, 8.4830, 8.0940, 8.4360, 8.9800, 8.4940, 8.3950, 

9.7640, 9.7250, 10.2350, 9.5450, 10.1020, 9.6410, 9.5360, 10.2830, 9.7290, 9.9810, 

12.1270, 11.2110, 10.9240, 10.9490, 10.4810, 10.7350, 10.3230, 11.7430, 11.0800, 11.4270, 

14.2420, 12.5860, 12.8020, 13.4810, 11.8500, 12.3290, 12.2240, 13.1070, 12.2640, 12.3060, 

17.7870, 15.5570, 15.5250, 13.1700, 13.9050, 13.4430, 14.2470, 12.0520, 12.7560, 12.4680, 

16.4770, 14.6940, 23.2330, 14.9890, 15.7940, 13.9610, 12.5230, 13.9540, 11.3040, 13.1330, 

1.0001, .9950, .9945, .9970, .9929, .9948, .9940, 1.0018, .9999, 1.0000, 
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Table 3.4.1 Tuning fleets avai1able for COD in Hia (Skagerrak), IV and Vlld 

First Last First Last 
F1eet code F1eet Year Year Age Age 

SCOTRL IV Scottish traw1 (IV) 1978 1997 l lO 
SCOSEI IV S cotti sh seine (IV) 1978 1997 1 12 
SCOLTR IV Scottish light traw1 (IV) 1978 1997 l Il 
ENGTRL IV English traw1 (IV) 1978 1997 l 12 
ENGSEI IV English seine (IV) 1978 1997 l 12 
FRATRB IV French traw1 (IV) 1978 1997 l Il 
FRATRO IV French traw1 offshore (IV) 1986 1997 7 
SCOGFS IV Scottish groundfish survey (IV) 1982 1997 l 6 
ENGGFS IV Eng1ish groundfish survey (IV) 1977 1997 l 5 
IBTS Ql IV Int. bottom traw1 survey Q l (IV) 1976 1997 l 6 
IBTS_Q2_IV Int. bottom trawl survey Q2 (IV) 1991 1997 l 6 
IBTS Q4 IV Int. bottom traw1 survey Q4 (IV) 1991 1996 1 6 
FRATRO 7d French traw1 offshore (V!Id) 1986 1997 9 
Den_ Gill_ Skag Danish gill net (IIIa) 1987 1995 1 7 
Den_Neph_Skag Danish nephrops traw1 1987 1995 l 7 
Den_ T raw1_ Skag Danish trawl (!Ila) 1987 1995 7 
Den_ Sei_ Skag Danish seine (IIla) 1987 1995 l 7 
IBTS_Skag Int. bottom traw1 survey (IIIa) 1983 1995 l 6 

40 
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Table 3.4.2 Tuning fleets used for COD in IIIa (Skagerrak), IV and VIID 

Cod in Fishing Areas IV, Skagerrak and VIId (run name: XSALJB02) 
109 

FLT19: SCOTRL_IV (Catch: Unknown) (Effol.-t: Unknuwn) 

1978 1997 

l l 0.00 1.00 

2 6 
135220 

87467 

55475 

51553 

47889 

48339 

34574 

33103 

27839 

27208 

21559 

16657 

14325 

13495 

10887 

11657 

15671 

17728 

13471 

12651 

1424.419 
914.453 

849.920 

928.202 

305.760 
1427.663 

772.341 
781.283 

190.609 

606.030 

346.285 

29.428 

327.585 

94.909 

99.870 

124.610 

40.799 

254.011 

139.583 

81.864 

285.883 

447.243 
379.327 

387.683 

389.066 

208.383 

345.964 

196.005 
256.042 

3 8 .4 63 

159.513 

134.388 

18.792 

103.953 

30.235 

31.231 

124.960 

93.718 

108.299 

91.362 

181.926 

73.875 

127.393 

113.695 

73.236 

112.430 

32.726 

79.313 

19.914 

39.401 

8.077 

40.929 

22.486 

7.731 

33.291 

4.273 

9.461 

49.032 

23.909 

26.785 

63.974 

46.921 

19.965 

51.256 

17.394 

23.261 

16 . 831 

9.116 

10.431 

8.443 

8.077 

2.974 

5.118 

6.998 

1.153 

6.325 

1.713 

1.501 

15.045 

4.988 

FLT20: SCOSEI_IV (Catch: Unknown) (Effort: Unknown) 

1978 1997 

l l 0.00 1.00 

l 10 

325246 

316419 

297227 

289672 

297730 

333168 

388085 

382910 

425017 

1703.941 

2522.256 

1067.994 

855.604 

4070.478 

1342.728 

4839.125 

543.929 

5425.851 

14715.490 

8021.633 

5957.458 

13328.760 

4794.063 

13320.380 

9954.796 

18367.311 

2656.135 

1385.952 

3257.039 

2341.237 

2355.389 

6023.739 

1813.966 

3783.950 

2498.646 

6865.172 

850.971 

382.887 

828.826 

698.688 

822.294 

1289.703 

453.752 

835.287 

824.863 

15.993 

22.961 

19.965 

13.979 

6.408 

9.692 

7.480 

4.558 

0.948 

1.876 

4.038 

2.233 

1.215 

1.718 

1.211 

0.634 

1.656 

0.465 

1.580 

2.978 

201.993 

344.898 

144.370 

204.816 

291.107 

227.494 

381.259 

127.187 

285.816 

0:\Adin\W g.r~ps\W gnssl-..\R~ports\ 1999\T -342.Doc 

47.998 

66.980 

89.579 

18.169 

151.409 

98.353 

108.292 

107.343 

42.826 

22.999 

43.987 

33.049 

10.736 

25.095 

39.341 

46.539 

26.159 

38.171 

20.999 

18.994 

14.785 

12.388 

20.913 

18.815 

25.954 

24.355 

13.965 

8.000 

11.996 

8.697 

3.303 

11.711 

15.394 

6.265 

9.922 
7.448 

3.000 

3.999 

4.349 

0.000 

o. 837 

2.566 

7.160 

3.608 

2.793 
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Ta ble 3.4.2. (Continued) 

418536 

377132 

355735 

270869 

336675 

300217 

268413 

264738 

204545 

177092 

166817 

1361.396 

842.968 

1684.028 

379.134 

1708.483 
1056.525 

259.816 

1172.846 
7.43.283 

303.656 

740.271 

13452.120 

7091.734 

3495.714 

12625.370 

4746.648 

4120.136 

5561.367 
3129.865 

8029.209 

3696.333 

2267.133 

680.241 

4631.826 

3173.118 

1096.540 

2986.177 

942.427 

776.714 
2378.035 

912.815 

2598.453 

1581.460 

1423.568 

201.992 

1092.2'97 

671.531 

241.370 

618.214 

208.932 

301.222 

496.574 

239.201 

687.769 

FLT21: SCOLTR_IV (Catch: Unknown) (Effort: Unknown) 

1978 1997 

l l 0.00 1.00 

l 8 
236929 

207494 

333197 

251504 

250870 

244349 

240725 

268136 

279767 

351131 

391988 

40588"3 

398153 

408056 

473955 

447064 

480400 

442010 

445995 

479449 

2255.601 

1973.132 

1849.470 

690.987 

4703.856 

1321.201 

2723.570 

430.874 

4140.451 

2045.224 

403.133 

1574.048 

327.094 

1821.110 

1401.577 

250.643 

722.752 

879.046 

448.536 

1477.022 

5379.048 

5845.391 

5356.235 

5236.821 

2940.357 

6293.185 

3022.983 

5959.050 

11.66.751 

5662.771 

3300.276 

1205.534 

5739.588 

1904.532 

2749.504 

4891.675 

1924.201 

5807.931 

4060.709 

2931.063 

670.881 

1808.121 

2100.709 

1474.781 

2301.849 

1020.032 

1543.958 

865.407 

1847.672 

530.278 

1912.375 

1594.526 

523.696 

2125.128 

747.952 

1262.363 

2364.757 

1579.502 

3048.116 

2805.271 

269.952 

178.012 

549.199 

293.606 

377.382 

459.821 

180.369 

293.653 

250._965 

468.273 

133.375 

565.7·12 

456.829 

138.039 

646. '/29 

163.983 

370.592 

797.169 

424.148 

808.326 

FLT22: ENGTRL_IV (Catch: Unknown) (Effort: Unknown) 

1978 1997 

l l 0.00 1.00 

2 8 

559930 

553020 

442036 

423658 

10576.000 

7698.000 

3786.000 

12703.000 

1093.000 

3341.000 

2106.000 

1886.000 

987.000 

393.000 

865.000 

535.000 

338.000 

403.000 

122.000 

250.000 

283.434 

471.982 

91.156 

291.604 

173.924 

97.903 

142.388 

60.540 

84.516 

165.108 

118.726 

50.991 

61.004 

71.405 

81.839 

109.995 

111.146 

85.675 

39.337 

95.651 

45.347 

148.417 

48.605 

186.518 

131.995 

185.066 

38.807 

113.164 

59.252 

26.401 

37.716 

21.557 

19.699 

71.214 

6.999 

3.000 

4.408 

5.906 

8.048 

27.995 

15.001 

15.868 

10.968 

39.348 

31.372 

36.074 

21.041 

12.311 

31.465 

33.093 

45.236 

25.746 

48.099 

36.368 

14.341 

9.920 

3.659 

8.523 

10.180 

14.039 

13.343 

11. 3 24 

8.199 
179.523 

94.188 

44.077 

80.122 

4 7. 312 

73.989 

296.499 

112.982 

9.885 

42.371 

8.577 

31.730 

114.511 

11.912 

5.161 

5. 792 

6.861 

9.559 

10.293 

117.000 

99.000 

114.000 

38.000 

57.000 

54.000 

38.000 

48.000 

0:\Adln\ v..: gr0ps\W gmsk\R!!port.s\ l ':J99\T-342.l)oe 

24.686 

55.998 

44.650 

50.407 

32.981 

31.805 

19.572 

13 . 2 82 

16.616 

8.662 

17.325 

7.999 

4.000 

3.526 

0.000 

6.260 

5.378 

7.215 

2.744 

4. 735 

5.553 

2.006 

3.382 

3.712 

8.482 

2.053 

3.794 

2.346 

0.637 

5.477 

0.947 

60.000 

15.000 

16.000 

8.000 

35.658 

15.999 

18.698 

11.534 

25.229 

8.852 

9.165 

5.077 
0.914 

5.688 

6.006 

15.543 

10.000 

2.391 

3.699 

7.592 

8.416 

2.347 

2.267 

0.967 

1.849 

2.108 

4.572 

3.000 

7.744 

1.793 

0.570 

3.235 

0.806 

0.873 

0.903 

1.188 

0.850 



... 
c.> 

424272 

392364 

358387 

342844 

288867 

275899 

296092 

310444 

255314 

258037 

223702 

209869 

184764 

173463 

159155 

152030 

3063.000 

14220.000 

3459.000 

8212.000 

2107.000 

10435.000 

2102.000 

1958.000 

3101.000 

1559.000 

2171.000 

4054.000 

2454.287 

3799.572 

3179.345 

2752.811 

3802.000 

1185.000 

2656.000 

1047.000 

2388.000 

682.000 

2428.000 

718.000 

513.000 

1092.000 

481.000 

442.000 

1146.382 

871.882 

1646.846 

890.250 

587.000 

907.000 

267.000 

533.000 

209.000 

596.000 

90.000 

501.000 

134.000 

88.000 

234.000 

96.000 

78.190 

158.030 

189.238 

334.563 

FLT23: ENGSEI IV (Catch: Unknown} {Effort: Unknown) 

1978 1997 

l l 0.00 1.00 

l 10 
203382 

187180 

201169 

185423 

183209 

177004 

167699 

157815 

136358 

123281 

91178 

88782 

80537 

84346 

67810 

54574 

39667 

28406 

14991 

898.000 

1718.000 

2111.000 

343.000 

1486.000 

566.000 

1232.000 

125.000 

890.000 

262.000 

297.000 

343.000 

176.000 

129.000 

408.000 

44.000 

163.456 

91.043 

18.371 

12831.000 

7004.000 

7760.000 

12689.000 

3191.000 

4741.000 

1513.000 

3242.000 

312.000 

2395.000 

879.000 

748.000 

1009.000 

262.000 

463.000 

497.000 

265.085 

444.628 

196.618 

11823 23.430 76.342 

746.000 

2438.000 

1370.000 

1053.000 

2473.000 

573.000 

1215.000 

326.000 

572.000 

82.000 

594.000 

216.000 

116.000 

207.000 

57.000 

41.000 

138.494 

83.186 

166.980 

35.304 

FLT24: SCOGFS_IV (Catch: Unknown) {Effu:r.l: Unknown) 

1982 1997 

l l 0.50 0.75 

298.000 

127.000 

217.000 

72.000 

161.000 

36.000 

126.000 

25.000 

101.000 

25.000 

19.000 

55.000 

14.284 

11.028 
43.970 

41.120 

547.000 

162.000 

611.000 

398.000 

330.000 

557.000 

147.000 

241.000 

65.000 

184.000 

19.000 

138.000 

45.000 

33.000 

42.000 

19.000 

11-3 73 

21.000 

19.592 

27.906 
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179.000 

87.000 

42.000 

54.000 

15.000 

26.000 

17.000 

34.000 

11.000 

17.000 

5.000 

5.000 

7.036 

2.992 

6.812 

14.836 

131.000 

280.000 

146.000 

359.000 

294.000 

207.000 

290.000 

72.000 

139.000 

44.000 

80.000 

9.000 

58.000 

26.000 

10.000 

22.000 

17.040 

5.216 

16.881 

6.115 

35.000 

49.000 

32.000 

16.000 

12.000 

3.000 

10.000 

5.000 

13.000 

2.000 

5.000 

3 . 00 o 
1.762 

1.896 

1.649 

2.063 

78.000 

76.000 

210.000 

61.000 

189.000 

150.000 

72.000 

117.000 

34.000 

77.000 

19.000 

46.000 

4.000 

38.000 

8.000 

4.000 

14.114 

3.742 

4.434 

5.284 

24.000 

16.000 

16.000 

10.000 

4.000 
4.000 

0.000 

4.000 

4.000 

2.000 

0.000 

2.000 

0.673 

0.662 

l. 464 

o. 781 

21.000 

35.000 

54.000 

74.000 

38.000 

104.000 

50.000 

40.000 

52.000 

10.000 

12.000 

7.000 

15-000 

6.000 

8.000 

3.000 

3.077 

5.623 

1.542 

1.700 

37.000 

14.000 

29.000 

12.000 

31.000 

18.000 

32.000 

27.000 

13.000 

22.000 

3.000 

8.000 

3.000 

16.000 

2.000 

2.000 

0.889 

3.043 

1.136 

0.333 

9.000 

18.000 

9.000 

8.000 

9.000 

17.000 

6.000 

13.000 

7.000 

8.000 

3.000 

1.000 

1.000 

1.000 

3.000 

0.000 

0.519 

0.608 

0.148 

0.357 

1.000 

4.000 

12.000 

6.000 

3.000 

8.000 

5.000 

4.000 

7.000 

2.000 

1.000 

2.000 

1.000 

l. 000 

0.000 

1.000 

0.070 

0.162 

0.240 

0.260 



Table 3.4.2. (Continued) 

t: l 6 
100 

100 

100 

100 

100 

100 

100 
100 

100 

100 

100 

100 

100 

100 

100 

100 

0.614285714 

0.325316456 

0.819512195 

0.066265060 

0.801250000 

0.219178082 

0.162790698 

0.561627907 

0.114117647 

0.303333333 

0.642528736 

0.347126437 

1.158000000 

0.475000000 

0.318000000 

0.999000000 

0.350649351 

0.781012658 

0.390243902 

1.142168675 

0.105000000 

0.749315068 

0.288372093 

0.134883721 

0.490588235 

0.154444444 

0.193103448 

0.749425287 

0.334000000 

1.443000000 

0.356000000 

0.278000000 

0.571428571 

0.181012658 

0.253658537 

0.196385542 

0.396250000 

0.034246575 

0.16~116279 

0.168604651 

0.058823529 

o .133333333 

0.072413793 

0.101149425 

0.288000000 

0.130000000 

0.542000000 

0.224000000 

FLT25: ENGGFS IV (Catch: Unknown) (Effort: Unknown) 
1977 1997 

l l 0.50 0.75 

l 5 
0.323423423 

0.098230088 

0.200000000 

0.153043478 

0.127192982 

0.329166667 

0.120270270 

0.178048780 

0.10G849315 

0.202439024 

0.027272727 

0.198666667 

0.118823529 

0.060465116 

0.072413793 

0.045945946 

0.081690141 

0.153850000 

0.119000000 

0.162000000 

0.180519481 

0.197468354 

0.050000000 

0.112048193 

0.057500000 

0.091780822 

0.025581395 

0.094186047 

0.074117647 

0.013333333 

0.066666667 

0.025287356 

0.031000000 

0.085000000 

0.074000000 

0.102000000 

0.057657658 

0.099115044 

0.027350427 

0.073043478 

o. 038596491 

0.052777778 

0.110810811 

0.040243902 

0.056164384 

0.029268293 

0.061038961 

0.001333333 

0.061176471 

0.013953488 

0.012643678 

0.035135135 

0.015492958 

0.018690000 

0.056000000 

0.018800000 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1"00 

100 

100 

100 

100 

100 

6.269369369 

2.284070796 

2.423076923 

5.084347826 

1.135964912 

3.237500000 

1.539189189 

6.121951220 

o .430136986 

3.437804878 

1.422077922 

0.836000000 

2.284705882 

0.608139535 

0.751724138 

2.440540541 

0.742253521 

2.636970000 

1.028000000 

0.619000000 

4.044000000 

0.447747748 

1.249557522 

0.580341880 

0.670434783 

1.386842105 

0.290277778 

1.095945946 

0.474390244 

1.189041096 

0.114634146 

1.064935065 

0.406666667 

0.248235294 

0.503488372 

0.155172414 

0.158108108 

0.650704225 

0.295300000 

1.277000000 

0.668000000 

0.284000000 0.054000000 0.025200000 

FLT26: IBTS Ql IV (Catch: Unknown) (Effort: Unknown) 
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0.092207792 

0.074683544 

0.057317073 

0.030120482 

0.040000000 

0.028767123 

0.032558140 

0.019767442 

0.025882353 

0.005555556 

0.028735632 

0.011494253-

0.012000000 

0.011000000 

0.034000000 

0.022000000 

0.010810811 

o. 013274336 

0.035897436 

0.011304348 

0.040350877 

0.037500000 

0.028378378 

0.020711707 

0.020~47945 

0.010975610 

0.014285714 

0.042666667 

0.005882353 

0.011627907 

0.003448276 

0.008108108 

0.016901408 

0.004990000 

0.002000000 

0.019600000 

0.001500000 

0.059740260 

0.022784810 

0.015853659 

0.024096386 

0.018750000 

0.006849315 

0.011627907 

0.008139535 

0.009411765 

0.004444444 

0.018390805 

0.003448276 

0.007000000 

0.007000000 

0.004000000 

0.010000000 



... 
V. 

1976 1997 

l l 0.00 0.25 

l 6 

7.9 

36.7 

12.9 

9.9 

16.9 

2.9 

9.2 

3.9 

15.2 

0.9 

17.0 

8.8 

3.6 

13.1 

3.4 

2.4 

13.0 

12.7 

14.8 

9.7 

19.9 

3.2 

29.3 

9.3 

14.8 

25.5 

6.7 

16.6 

8. o 
17.6 

3.6 

28.8 

6.1 

6.3 

15.2 

4.1 

4.5 

19.9 

4.4 

22.1 

-l. o 
-l. o 
-l. o 
-l. o 
-l. o 
-l. o 
-l. o 
2.7 

3. 9 

3. 5 

6. 8 

1.4 

5. 8 

5.0 

2.0 

3.4 

1.2 

2.0 

3.0 

2.8 

-1.0 

-l. o 
-l. o 
-l. o 
-l. o 
-l. o 
-l. O 
1.6 

0.9 

1.7 

2. 3 

1.7 

0.6 

2.3 

1.0 

0.8 

1.0 

0.7 

0.8 

1.1 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

3.5 8.0 6.0 0.7 

40.0 6.9 2.3 1.1 

-1.0 

-1 . o 
-1.0 

-l. o 
-l. o 
-l. o 
-l. o 
0.6 

1.0 

0.5 

1.3 

0.6 

0.9 

0.4 

1.0 

0.4 

0.3 

0.6 

0.5 

0.3 

0.6 

0.4 

-l. o 
-1 . o 
-1.0 

-l. o 
-l. o 
-l. o 
-l. o 
1.5 

0.9 

1.0 

1.1 

0.9 

1.1 

1.0 

0.8 

0.8 

0.5 

0.4 

0.5 

O. 1 

0.4 

0.4 

FLT27: FRATR0_7d (Catch: Unknown) (Effol:t: Unknown) 

1986 1997 

l l 0.00 1.00 

l l 

257794 

188236 

215422 

320383 

236327 

300624 

285783 

283999 

286019 

268151 

274495 

282216 

7166.948 

1754.084 

717.923 

169.508 

45.086 

33.728 

1308.228 

23.002 

1349.246 

1356.050 

145.115 

6062.722 

():\A.:Iin\W gr.:ps\W gtlsHI<:\I~.::ports\ 1999\T-342. Do.:: 



Table 3.4.3 

Lowestoft VPA Version 3.1 
10-0ct-98 14:54:57 

Extended Survivors Analysis 
Cod in IV,IIIa,VIId (run: XSALJB02/X02) 
CPUE data from file /users/fish/ifad/ifapwork/wgnssk/cod_347d/FLEET.X02 
Catch data for 35 years. 1963 to 1997. Ages l to 11. 

Fleet, First, Last, First, Last, Alpha, Beta 
year, year, age age 

FLT19: SCOTRL_ IV (Ca, 1988, 1997, 2, 6' .000, 1.000 
FLT20: SCOSEI IV (Ca, 1988, 1997, L lO' . 000, 1.000 
FLT21: SCOLTR_ IV (Ca, 1988, 1997' l, 8, . 000, l. 000 
FLT22: ENGTRL - IV (Ca, 1988, 1997, 2' 8, .000, l. 000 
FLT23: ENGSEI_IV (Ca, 1988, 1997, l, lO, .000, l. 000 
FLT24: SCOGFS_IV {Ca, 1988, 1997, l, 6, .500, .750 
FLT25: ENGGFS IV (Ca, 1988, 1997, l, 5, .500, . 7 50 
FLT26: IBTS_Ql_IV {C, 1988, 1997, l, 6' .000, . 2 50 
FLT27: FRA TRO_ 7d (Ca, 1988, 1997, l, l' .000, 1.000 

Time series weights : 

Tapered time weighting not applied 

Catchability analysis : 

Catchability dependent on stock size for ages < 2 

Regression type = C 
Minimum of 5 points used for regression 
Survivor estimates shrunk to the population mean for ages < 2 

Catchabil~ty independent of age for ages >= 6 

Terminal population estimation 

Survivor estimates shrunk towards the roean F 
of the final 5 years or the 5 oldest ages. 

S.E. of the mean to which the estirnates are shrunk .500 

Minimum standard error for population 
estimates derived from each fleet = .300 

Prior weighting not applied 

Tuning bad not converged after 30 iterations 

Total absolute residual be~ween iterations 
29 and 30 . 00133 

Final year F values 
Age l, 2' 3' '' Iteration 29, .0951, . 69 81' .8417, . 4956 l 

Iteration 30, . 09 Sl, .5981, .8417, .4956, 

Regression weights 

5, 
.5143, 
.5142, 

6' 
. 4512' 
.4Sll, 

,, 
.6:.82, 
.o::.ao, 

8, 
.7678, 
.7674, 

, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, l.OOO, 1.000 

46 

9' 
.3898, 
.3895, 

1G 
.8174 
. 8170 



'rable 3.4.3 (Continued) 

Fishing mortalities 
Age, 1988, 1989, 1990, 1991, 1992, 1993, 

l, .177, .129, .140, .126, .143, .048, 
2' .914, .877' .908, .764, .843, .787, 
3, 1.185' 1.090, .969, .961, .851, l. 002' 
4, .858, L016, .890, .843, .925, .960, 
5, .790, .755, . 773' .825, . 729' . 881' 
6, .801, .906, . 556' .936, .806, .771, 
7' .729, .855, . 774, 1.075, .895, .990, 
8, . 679. . 972, .439, 1.021, .787, .869, 
9, .552, . 664. 1.971, .429. .978, . 705' 

10, .744, .585, .718, .699, .506, .707, 

XSA population numbers (Thousands) 

YEAR 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
199 6 
1997 

7' 
6.30E+02, 
4.838+02, 
6.368+02, 
3.77E+02, 
6.158+02, 
3.598+02, 
3.39E+02, 
3.57ET02, 
2.97E+02, 
3.678+02, 

AGE 
l, 

l . 97E+05, 
2.74E+05, 
1.348+05, 
1.69E+05, 
3.10E+OS, 
l, 52E+05, 
3. 50E+05, 
2.388+05, 
1.618+05, 
3. 918+05, 

8, 
1.488+02, 
2.49E+02, 
l. 688+02, 
2.408+02, 
L OSE+02, 
2.06E+02, 
L 09E+02, 
L 49E+02 1 
l. 56E+02, 
9.70E+Ol, 

2' 
1 .10E+05, 
7.42ET04, 
1.088+05, 
5.238+04, 
6.71E+04, 
1.21E+05, 
6.498+04, 
1.47E+05, 
9.65E+04, 
6.92E+04, 

9' 
1.648+02, 
6.158+01, 
7.70E+01, 
8.878+01, 
7.08E+01, 
3.938+01, 
7.05E+01, 
3.68E+01, 
8.38E+01, 
4.80E+01, 

3' 
7. 18E+04, 
3. 118+04, 
2.17E+04, 
3.08E+04, 
1.728+04, 
2.038+04, 
3.88ET04, 
2.458+04, 
5.018+04. 
3.718+04, 

10, 
4.84E+01, 
7.748•01, 
2. 598.,.01, 
8. 798+00, 
4.738+011 
2 .18E+01, 
l. 59E+01, 
2. 88E+01, 
L 66E+Ol, 
2.97E+01, 

4, 
6.02E+03, 
l. 718+04, 
8.138+03, 
6.428+03, 
9.178+03, 
5.718+03, 
5.82E+03, 
1.15E+04, 
7.668+03, 
l. 848+04, 

Estimated population abundance at 1st Jan 1998 

1994, 1995, 1996, 1997 

.069, .104, .047, .095 

. 524' .726, .605, .698 

. 962, . 913 . .752, .842 
-881' .708, . 611, .496 
.770, .597, .582, .514 
. 83 9' . 626' .685, .451 
. 623' .630, -921, .618 
.886, .374, .978, .767 
.696, .598, .837' .390 
.667, .691, . 310' .817 

5, 6' 
5.17E+03, L31E+03, 
2.09E+03, l. 92E+03, 
5.07E+03, 8.04ET02, 
2.738+03, 1.91E+03, 
2.268+03, 9.81E+02, 
2.98E+03, 8.94E+02, 
1.798+03, 1.01E+03, 
1.97E+03, 6.798+02, 
4. 66E+03 1 8.89E+02, 
3.408+03, 2.13E+03, 

.00E+00, 1.60E+05, 2.43E+04, 1.25E+04, 9.17E+03, 1.67E+03, 1.11E+03, 1.62E+02, 3.69E+Ol, 2.66E+Ol, 

Taper weighted geometric mean of the VPA populations: 

3.36E+05, 1.36E+05, 4.44E+04, l,44E+04, 5.57E+03, 2.41E+03, 9.81E+02, 4.24E+02, 1.77E+02, 6.97E+Ol, 

Standard error of the weighted Log(VPA populations) 

.5585, .5439, .5043, . 5311' .6010, . 642 3, .6907, . 7691, .8253, . 8996' 

Log catchability residuals. 

Fleet FLT19: SCOTRL _'I.V (Ca 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 199 6, 1997 
l No data for this fleet at this age 
2 . 51, -1.32, . 88' .37. .42' -. 04' -.90, .03, .08, -.02 
3 -. 36' -53' -.98, .44, - .04, - .18' .25, . 2 8' .09, .14 
4 -.76, .14' . 3 8' - .41, .94, -. 69' -.24, .52, .44, -.30 
5 -.23, -.08, -.26, -75, -.69, .73, - .41, -.83, .88, .12 
6 .51, -.16' .10, -.20, .28, -.36, .21, -. 87' .38, .lO 
7 No data for this fleet at this age 
8 No data for this fleet at this age 
9 No data for this fleet at this age 

lO No data for this fleet at this age 
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Table 3.4.3 (Continued} 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log q), 

2' 
-15.6840, 

.6576, 

Regression statistics 

3, 
-15.0987, 

. 4418, 

4, 
-15.3439, 

.5679' 

5' 
-15.7595, 

.6104, 

6 
-15.8125, 

.4089, 

Ages with q independent of year class strength and constant w.r.t. time. 

Age, Slope t-value Intercept, RSquare, No Pts, Reg s .e, Mean Q 

2, . 66, .757, 14.22, .38, 10, .45, -15.68, 
3, . 93' .196, 14.79, .53, 10, .44, -15.10, 
4, . 68, l. 059' 13.37 l .59, 10, .39, -15.34, 
5' .63, 1.183 l 12. 89, .56, 10, .38, -15.76, 
6' .84, . 550' 14.41' .59, 10, . 3 6, -15.81, 

Fleet FLT20: SCOSEI_IV (Ca 

Age 1988, 1989' 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
l -.05, .26, -.09, .80, -. 12' -.58, -.07, .16, -.14, 
2 -. 16. -.43, .76, . 23' -. 01' -. 21, -. 22, .21, -.05, 
3 -.14, .34, -.14, .29, -. 21' -.40, . 08' -.18, . 23' 
4 -. 66, .11, .58, - .44, . 2 9' -.19, .14, .14, -.08, 
5 .33, -. 3 6 l .19, .10, -.22, .06, -.32, .10, .05, 
6 .45, . 51, -' 06, .08, .l 7' -. 45, -. 17 l -.17 l -. 36, 
7 .29, . 44, .53, .53, .05, . 2 5' -.22, .. 21, .01, 
8 .47' .28, .24, .69, .49, .00, .07, -1.92, . 26, 
9 -.16, -.50' .48, . 24 l . 91' . 23' -. 38 l -.37, -. 3 o. 

lO -.06, .41, .37, .08, .16, -. 25' .14, -.15, . 65, 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

1997 
-.17 
-.11 

.12 

.11 

.06 

.01 

.43 

.76 

.26 

.01 

Age , 
Mean Log q, 
S.E(Log q), 

2' 
-14.8531, 

.3320, 

3, 
-14.8089' 

.2464, 

4' 
-15 0923' 

.3591, 

5, 
-15 1093' 

. 2253' 

6' 
-15.1251' 

'3135' 

7' 
-15 125L 

.3634, 

8' 
-15.1251' 

.7767, 

Regress ion statistics 

Ages with q dependent on year c lass strength 

Age, slope t-value I~tercept, RSquare, No Pt.s, Reg s.e, Mean Log q 

l, . 88, .363, 17.1'.., . 53 l 10, . 38, -17.77, 

Ages with q independent of year c lass strength and constant w.r.t. time. 

Age, Slope t-value Intercept, RSquare, No Pts, Reg s.e, Mean Q 

2' .83, .601, 14.25, .60, 10, .29' -14.85, 
3, .81, 1.320, 13 .95, .85, lO, .19, -14.81, 
4, . 74, 1.294, 13 .55, . 76, 10, . 2 6' -15.09, 
5, . 70, 3.287, 12. 98, . 94, 10, .11, -15.11, 
6, .69, 2.074, 12.60, .85, 10, .18, -15.13, 

7' . 77' 1.023, 12.88, .72, 10, .19, -14.87, 
8, l. 05, -.062, 15. 52' .15, 10, . 85,· -14.99, 
9' .99, . 015, 15.03, .48, 10, .48, -15.09, 

10, . 99' .076, 14.85, .84, 10, .29, -14.99, 
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9' 
-15.1251, 

.4581, 

10 
-15.1251, 

.3104, 



"rable 3.,.3 (Continued) 

Fleet ' FLT21: SCOLTR_IV (Ca 

Age 1988, 1989, 1990, 1991' 1992, 1993, 1994, 1995, 1996, 
l -.32, .54, -.15, 1.15, .18, -.65, -.59' . 06 l -.19, 
2 -. 01' -.67, .54, .09, .09' .11, -.34, .07, .07' 
3 -.44, .14, -.64, .38, -.28, .20, .09. . 21' .08, 
4 -.53' -.10, .40, . 60, .47 • -.36, .34, .43, .16, 
5 .05, -. 21, .24, .21, -.55, -.11, -.24, .12, . 63' 
6 .07, .01, .19, . 08, .27' -. 90, .39. -.82, .24, 
7 .08, .15, -.31, -. 01, -. 34' -.55, -.60, -. 40, . 23' 
8 .60, -.51, -.24, .46, -.39, -.35, -.26, -2. 01, . 35' 
9 No data for this fleet at this age 

lO No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

4' 6, 

1997 
-.04 

.05 

.26 
-.20 
-.12 

.47 
-.10 

-l. 09 

7, Age , 
Mean Log q, 
S.E{Log q), 

2' 
-15.8115, 

. 3162' 

l ' 
-15.4271, 

. 33 66' 
-15.6783, 

.4106, 

5' 
-16.0255, 

.3246, 
-16.1694, 

.4748, 
-16.1694, 

. 3525' 

Regression statistics 

Ages with q dependent on year class strength 

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q 

.91, .185' 17.71' . 3 3' 10, .57, -18.26, 

Ages with q independent of year class strength and constant w.r.~. time. 

Age, Slope ~-value Intercept, RSquare, No Pts, Reg s .e, Mean Q 

2, . 75, l. 055' 14.70, . 69' 10, .24, -15.81, 

3' 1.01, -.023, 15.46 f .63, 10, .36, -15.43, 
4, .86, .501, 14.74, .61, 10, .37, -15.68, 
5, .67, 2 .134, 13. 39, .84, 10, .18, -16.03, 
6, . 66, 1.418, 13. 05, .68, 10, .30, -16.17, 
7, 1.02' -. 055' 16.57, . 50' 10, .31, -16.37, 
8, . 59' .998, 11.86, .42, 10, .41, -16.63, 

Fleet F:::...T22: ENGTRL - IV (Ca 

Age 1988, 19 89' 1990, 19 91, 1992, 1993, 1994, 1995, ::.996' ::..997 
l No data for t.h is ::leet at t.h is age 
2 -. 71' -. 45' -.16, -.:9, .07, .14, .32, . 05' . 33' .60 
3 -.os' -.51, -. 3 4 l .os, -. 09' -. 22 f .20, . 43' . 3 7 l .14 
4 -.48, .21, - . 2 2 ' -.44, .36, . 02' -. 11' -.lO' . 54' .23 
5 .46' -. 31' . 40 l -.37, -.35, .57, -. 19' -.56, .04, .31 
6 .17, .48, .27' -.OL -. 48, . 33' .04, -.44c, .22, .07 
7 . 3 5' --07' . 77' -.47, . 03 l . 16' -.34, -. 2 6' .00, .07 
8 99.99, . 41' .77, -.04, 99.99, . 26' -.06, -.54, .55, .35 
9 No data for this fleet at this age 

lO No data for this fleet. at this age 

8 
-16.1694, 

. 8552' 
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Table J.4.3 (Continued) 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log ql, 

2, 
-15.2781, 

.3904, 

3, 
-15.3061, 

.3026, 

4, 
-15.8362, 

.3347, 

5, 
-16.3195, 

.4075, 

6' 
-16.5604, 

. 3211, 

7, 
-16.5604, 

.3575, 

Regression statistics : 

Ages with q independent of year class strength and constant w.r.t. time. 

Age, Sl ape t-value Intercept, RSquare, No Pts, Reg s.e, Mean Q 

2, l. 22 f -.433, 16.13' . 33' 10, .50, -15.28, 
3, . 82, . 930, 14.43' . 77' 10, .25, -15.31, 
4, . 74, 1.443, 14.08, .79, 10, .23, -15.84, 
5, .57, 3 .167' 12.73' .87, 10' .16, -16.32, 
6, .73, 1.463, 14 .11, .79, 10' . 22' -16.66, 

7' .55, 2.482, 11.88' .79, 10, .16' -16.65, 
8, . 88' .265, 15.14, .47, 8, .39, -16.45, 

Fleet ' FLT23: ENGS EI_ IV (Ca 

Age 1988, 1989. 1990, 1991, 1992, 1993, 1994, 199 5' 1996, l997 
l .44, . 26' . 43' -. :s' .56, -. 69' .os, . 21' -.35, -.75 
2 -.04, .20, .23, -.49, .08, -. 25' .00, .08, .27, -.07 
3 .20, . o 1' -.20, -. 02' -.55, -.77, . 10' .37' .92, -.06 
4 . 71, . 31' -.02, -.16, -.02, - .11' -.35, -.16, .78, .44 
5 . 33' -.93, . 15' -.06, -. 65' .14' . 67' -. 35' . 68' .10 
6 08, . 49' -1.13, . 3 7' -. 35' -.75, . 73' .05, . 61' .os 
7 .17, -.03, . 52' .20, .15, -.04, . 2'' 1.10, .75, . 7 5 
8 .21, .821 .10, l. 62' . 48, . 07' . 21, l. 25, l. 11, .51 
9 .05, . 01, . 37' -. 41 l 1.36' 99.99, .03, 1.13' -. 3 6' 1.12 

10 . 2 5' .44, . 99 l 2. 02 f 99.99, l. 55, -.49, .10, l. 51, 1.47 

Mean log catchability and standard er ror of ages with catchabili ty 
independent of year c lass strength and constant. w.r.t. time 

Age , 2, 
Mean Log q, -15.6398, 
S.E(Log q), .2330, 

3' 
-15 7804, 

.4689, 

4, 
-15.9808, 

.4207, 

5, 
-15.4673, 

.5155, 

6, 
-15.1187, 

.6027, 

7, 
-15.::.187, 

5521, 

8, 
-15.1187' 

. 8613' 

Regression statistics 

Ages with q dependent on year class strength 

Age, Slope , t-value , Intercept, rtSquare, No Pts, Reg s.e, Mean Log q 

l' . 96' .091, 17.70' . 3 9 l 10, .50, -"'..7.92, 

Ag es with q ir.dependent of year c1ass strength and constant w. r. t. t.:..me. 

Age, Sl ape t.-value Intercept, RSquare, No Pts, Reg s. e, Mea::1 Q 

2' .80, 1.052, 14.80, . 78' 10, .19 f -15.64, 

3' ,58, 2.630, 13.49' '83' 10, . 21, -15.78, 
4, .65, l. 846' 13.59' .78, 10, .24, -15.98, 
5, .63, 1.483, 12.67, .66, 10, '30' -15.47' 
6, .641 1.151, 12.23, . 56, 10, . 3 8' -15.12, 
7, l. 87 l -1.058, 22.27, .16, 10, . 71, -14.74, 
8, .63, 1.075, 11.04, .52, lO' .34, -14.48, 
9' 16. 75, -1.8931 179.75, . 00, 9' 9.81, -14.75, 

10, 2. 31, -1.267, 28.64, .12, 9, l. 86, -14.25, 
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8 
-16.6604, 

.4728, 

9, 
-15.1187, 

.7782, 

lO 
-15. 1187' 

1.2453, 



Table 3.4.3 (Continued) 

F1eet FLT24: SCOGPS IV - (Ca 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
l -.39, -.01, -.22, .11, -.05, .27' . 15' .02, .16, 
2 -.32, -.70, .23, -. 2 9' -.27, .47, .18, .89, -.17, 
3 -.61, .19, -.58, - .12, -. 21' .05, .42, . 06' .67, 
4 -.25, .11, . 53' -.98, .33, -.15, -.01, . 21, .42, 
5 .10, .49' -.12, -1.01, . 77' -.33, . 15, - .14, . 12' 
6 .37' -.30, .49, -. 89' 1.12, - .48, . 15' . 41, -.38, 
7 No data for this fleet at this age 
8 No data for this fleet at this age 
9 No data for this fleet at this age 

lO No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age l 

Mean Log q, 
S.E(Log q), 

'' -16.3554, 
.4558, 

Regress ion statistics ' 
Ag es with q dependent 

Age, Slope t-value 

l, . 58' 2. 295 l 

3' 
-16.0847, 

.4026, 

4, 
-16.0650, 

.4346, 

on year c1ass strength 

Intercept, RSquare, No 

15.20, .79, 

5' 
-16.0675, 

. 4749, 

Pts, Reg 

10, 

6 
-15.9843, 

.6073, 

s.e, Mean Log 

.20, -17.25, 

q 

1997 
-.04 
-.02 

.14 
-.21 
-.04 
-. 48 

Ag es with q independent of yea:r- class strength and constant w.r. t. time. 

Age, Slope t-value Intercept, RSquare, No Pts, Reg s.e, Mean Q 

2' . 53' 2.310, 14.03, . 75, lO' .20, -16.361 
3' .88, .412, 15.41, .61, 10' .37, -16.08, 
4, .83, .610, 14.84, .60, 10, . 37' -16.06, 
5, l. 23' -. 459. 17.96, .32, 10, . 61' -16.07, 
6, 5.60, -l. 871, 57.05, .02, 10, 3. 01' -15.98, 

Fleet. FLT25: ENGGFS IV (Ca 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 19961 
l -.081 .12, .11, -.01, .04, .07, -. 06' - .18, -. 09' 
2 -.081 -. 20' .15, -.39, -.57, .22, -.05, . 66' .36, 
3 . 05, .31, . 08' -. 25' -.19, . 31' . 27' .44, -. 06' 
4 -2.21' .67, . :4, -.04, .68, .36, .48, . 7 8' .04, 
5 1.26' .17, 02, -.59, .391 .95, .17, - . 9 5' . 46' 
6 No data for this f1eet. at this age 
7 No data for th:.s fleet. at this age 
8 No data for this fleet at t.h is age 
9 No data for this fleet at this age 

10 Ola data for this fleet at this age 

Mean log ca:.chability and standard error of ages with catchability 
independent of year c1ass strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log q), 

'' -16.2506, 
. 3613' 

3, 
-16.5609, 

. 3 692' 

4, 
~17.0581, 

.8923, 

5 
-16.9592, 

.9157, 

1997 
.08 

-.11 
-. 81 
-. 61 

-1.84 
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Table 3.4.3 (Continued) 

Regression statistics : 

Ages with q dependent on year class strength 

Age, Slepe , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q 

l, .55, 4.664, 14.41, .93, lO, .11, -16.12, 

Ages with q independent of year class strength and constant w.r.t. time. 

Age, Slepe t-va1ue Intercept, RSquare, No Pts, Reg s.e, Mean Q 

2, . 53, 4 .131, 13 .94, .90, 10, .11, -16.25, 
3, 1.11, -. 321' 17.21, .54, 10, .43, -16.56, 
4, . 70, .616, 14-62' .34, 10, .64, -17.06, 
5' . 63, .742, 13.67' .34, 10, .59, -16.96, 

P leet FLT26: IBTS_Q1_IV (C 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
l - .31, .os, .os, -.37, -.08, . 62' -.14, -03. - .13, 
2 -.50, -.08, .43' -.17, -.32, . 57 l -. 33, .48, -.141 
3 -.13' .54, -.03, .15, -.32, . 04, -. 20 l .18, .21, 
4 -.07, .25, .151 .15, . 03' .15, .26, -.13, -.lB, 
5 . 05, .14, .18, -.12' -.23, .21, .52, - .11, -.27, 
6 .55, . OB, .69, - .13' .05, -.08, .03, -.11 l -.09, 
7 No data for this fleet at this age 
8 No data for this f1eet at this age 
9 No data for this fleet at this age 

lO No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age l 

Mean Log q, 
S.E(Log q}, 

Regress ion 

Ag es with q 

Age, Slepe 

2, 
-9.1459, 

.3738, 

statistics 

dependent 

t-value 

l, .53, 1.746, 

3' 
-9.1156, 

.2893, 

4, 
-9.0180, 

.2665, 

on year c lass strength 

Intercept, RSquare, No 

11.14, .63, 

5, 
-8.5867, 

. 2713' 

Pts, Reg 

10, 

6 
-7.5107, 

.4488, 

s.e, Mean Log 

.30, -10. 11, 

q 

Ag es with q independent of year c lass strength and constant w.r.t. time. 

Age, Sl ape t-value Intercept, RSquare, No Pts~ Reg s .e, Mean Q 

2, .60, 2.114, 10.04, .77, 10, . 19' -9. 15 • 
3, l. 00, . 005 l 9 .12, . 70, 10, . 31, -9. 12' 
4, 1.43, -1.5771 8.99, . 63' 10, .35, -9. C2, 
5, l. 21, -. 750' 8.71, . 61' 10, .34, -8.59 l 

6, l. 92, -1.3681 7. 93. .22, 10, . 82, -7 .51, 
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1997 
.28 
.06 

-.44 
-.62 
-.37 
-.99 



Table 3.,.3 (Continued) 

F1eet FLT27: FRATR0_7d (Ca 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997 
l .38, -.39, .09, -.28, .00, -.25, -.12, .29' .13, .14 
2 No data for this f1eet at this age 
3 No data for this f1eet at this age 
4 No data for this fleet at this age 
5 No data for this fleet at this age 
6 No data for this fleet at this age 
7 No data for this fleet at this age 
8 No data for this fleet at this age 
9 No data for this fleet at this age 

lO No data for this fleet at this age 

Regress ion statistics 

Ag es with q dependent on year class strength 

Age, Slepe t-va1ue Intercept, RSquare, No Pts, Reg s.e, Mean Log q 

l, .24, 3.209, 13.83 l .69, 10, . 27' -18.67, 

Terminal year survivor and F swnmaries 
Age l Catchability dependent on age and year c lass strength 
Year c lass = 1996 

Fleet, Estimated, Int, Ext, Var, N, Scaled1 Estimated 
survivors, s.e, s.el Ratio, Weights, F 

FLT19: SCOTRL_IV (Ca, 1., .000, -000, .00, o, .000, .000 
FLT20: SCOSEI IV (Ca, 135210. l .407, . 000, .00, l' .100, .111 
FLT21: SCOLTR_IV (Ca, 153916.' .614, .000, .00, l' -044' .098 
FLT22: ENGTRL_IV (Ca, 1., .000, . 000' .00, o, .000, .000 
FLT23: ENGS EI IV (Ca, 75169-' .526, . 000' .00, l' .060, .192 
FLT24: SCOGFS IV (Ca, 153319., .300, .000, .00, l, .184, .099 
FLT25: ENGGFS_IV (Ca, 172074., .300, .000, .00, l, .184, .089 
FLT26: IBTS_Ql_IV (C, 211762., ,367, .000, .00, l, .123, .073 
FLT27: FRA TRO - 7d (Ca, 182824-, . 313, .000, .00, l, .169, .084 

p shrinkage mean 136019., .54"" .062, .111 
F shrinkage mean 180627., .50,', l .073. .085 

Weighted prediction 

Survivors, Int, Ext, N, var, F 
at end of year, s. e, s.e, Ratio, 

159631.' .13, .08, 9, - 632' .095 

Age 2 Catchabi1ity constant w.r.t. time and dependent on age 
Year c lass = 1995 

Fleet, Estimated, Int, Ext, Var, N, sea led, Estimated 
survivors, s.e, s.e, Ratio, Weights, F 

FLT19: SCOTRL_IV (Ca, 23722., -690, .000, .00, l, -018, .710 
FLT20: SCOSEI_IV (Ca, 21489., .266, .012, .05, 2, .122, .761 
FLT21: SCOLTR IV (Ca, 24185-' .292, .097, .33, 2, .102, .700 
FLT22: ENGTRL_IV (Ca, 44233., .409, .000, .00, l, .052, .441 
FLT23: ENGS EI IV {Ca, 21302., .264' .116' .44, 2, .124, .766 
FLT24: SCOGFS_IV (Ca, 26945., .2541 .082, . 32' 2, .131, .647 
FLT25: ENGGFS IV {Ca, 21984. l . 23 5' -006, .03, 2' .154, .749 
FLT26: IBTS_Q1_IV IC, 23150 .. .254, .094, .37, 2' .132, .722 
FLT27: FRATR0_7d (Ca, 27728 .• .300, .000, .00, l, .093, .633 

F shrinkage mean 22787. l . 50,', l .070, .730 
Weighted prediction 

Survivors, Int, Ext, N, var, F 
at end of year, s.e, s.e, Ratio, 

24263., .10, .os, 16, .486, .698 
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Table 3.,.3 (Continued) 

Age 3 Catchability constant w.r.t. time and dependent on age 
Year class = 1994 

Fleet, Estimated, Int, Ext, Var, 
Survivors, s.e, s.e, Ratio, 

FLT19: SCOTRL~IV {Ca, 14186.' . 3 96' .026, . 07' 
FLT20: SCOSEI IV (Ca, 13595., .208, .057, . 27, 
FLT21: SCOLTR~IV {Ca, 14883., .235, .066, .28, 
FLT22: ENGTRL_ IV {Ca, 15017., .260, .081, .31, 
FLT23: ENGS EI - IV {Ca, 14422., .241, .106, .44, 
FLT24: SCOGFS - IV {Ca, 12950" .230, .077, . 33' 
FLT25: ENGGFS IV (Ca, 9098.' . 212, .328, 1. 55, 
FLT26: IBTS_Ql_IV (C, 9541., .203, .144, . 71, 
FLT27: FRA TRO_ 7d (Ca, 16604., .300, .000, .00, 

F shrinkage mean 11117., .50 .. " 

Weighted prediction ' survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, Ratio, 

12463. l .08, .06, 24, . 701, .842 

Age 4 Catchability constant w.r. t. time and dependent on age 
Year class : 1993 

F1eet, Estimated, Int, Ext, Var, 
Survivors, s .e, s.e, Ratio, 

FLT19: SCOTRL_IV (Ca, 7594.' .362, .088, .24, 
FLT20: SCOSEI_ IV (Ca, 10611.' .207, .048, . 23' 
FLT21: SCOLTR_IV (Ca, 8446. l .235, .103, . 44, 
FLT22: ENGTRL_IV (Ca, 11863., .230, .068, . 29. 
FLT23: ENGS EI IV (Ca, 13872., . 2 52' .170, .67, 
FLT24: SCOGFS - IV (Ca, 11029.' .241, .240, l. 00, 
FLT25: ENGGFS IV (Ca, 9184. l .227, . 215, .95, 
FLT26: IBTS_Q1_IV IC, 6976., .192, .240, l. 25, 
FLT27: FRATR0_7d {Ca, 8150., .300, .000, .o o, 

F shrinkage rnean 4582., .50,,, l 

Weighted prediction 
Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s .e, Ratio, 

9166. l .08, .07, 32, .864, .496 

Age 5 Catchability constant w.r.t. time and dependen:. on age 
Year c lass : 1992 

Fleet, Estimated, Int, Ext, Var; 
Survivors, s.e, s.e, Ratio, 

FLT19: SCOTRL - IV (Ca, 2034.' .359, .161, .45, 
FLT20: SCOSEI IV (Ca, 1619 .. .198, .069, . 35, 
FLT21: SCOLTR_IV (Ca, 1580. ' .224, .090, .40, 
FLT22: ENGTRL_ IV (Ca, 2507. l . 22 8 l .059, . 2 6 l 
FLT23: ENGS EI - IV {Ca, 2254. l .265, .184, .70, 
FLT24: SCOGFS IV {Ca, 1931 .. .253, .097, . 3 9' 
FLT25: ENGGFS IV {Ca, 1305. l .270, .418, 1.55' 
FLT26: IBTS_Q1_IV IC, 1354.' .182, .128, . 71, 
FLT27: FRA TRO - 7d (Ca, 1298. l .308, .000, . 00, 

F shrinkage mean 1066.' . 50,' l l 

Weighted prediction 
Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, Ratio, 

1666. l • DB, .06, 40, .703, .514 

N, Scaled, 
Weights, 

2' .046, 
3' .147, 
3, .113, 
2, .103, 
3, .094, 
3, .106, 
3, . 125' 
3, .151, 
1, .043, 

.073, 

N, Sca1ed, 
Weights, 

3' .052, 
4, .147, 
4, . 113, 
3, .135' 
4, .099, 
4, .103' 
4, .078, 
4, .188, 
l, .023, 

.063, 

N, Scaled, 
T~Jeights, 

4, .050, 
5, .181, 
5, .140, 
4, .122 l 

5, .084, 
5, .092, 
5' .050, 
5' .205, 
1, . 011, 

.064, 
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Estimated 
F 

.770 

.793 

. 745 

.740 

.761 

.820 
l. 033 
l. 002 

.689 

.908 

Estimated 
F 

.573 

.441 

.528 

.403 

.353 

.427 

.495 

. 611 

.543 

. 82 6 

Estirnated 
F 

.439 

.526 

. 53 6 

.369 

.403 

.457 

.620 

.603 

.622 

.718 



Table 3.4.3 (Continued) 

Age 6 Catchability 
Year class = 1991 

Fleet, 

FLT19: SCOTRL_IV (Ca, 
FLT20: SCOSEI_IV (Ca, 
FLT21: SCOLTR_IV (Ca, 
FLT22: ENGTRL_IV (Ca, 
FLT23: ENGS EI - IV (Ca, 
FLT24: SCOGFS - IV (Ca, 
FLT25: ENGGFS IV (Ca, 
FLT26: IBTS_Ql_IV (C, 
FLT27: FRATR0_7d (Ca, 

F shrinkage mean 

Weighted prediction 
survivors, Int, 
at end of year, s.e, 

1111., .09, 

Age 7 Catchability 
Year c lass = 1990 

F1eet, 

FLT19: SCOTRL_IV (Ca, 
FLT20: SCOSEI IV (Ca, 
FLT21: SCOLTR_IV (Ca, 
FLT22: ENGTRL_ IV (Ca, 
FLT23: ENGSEI_IV (Ca, 
FLT24: SCOGFS - IV (Ca, 
FLT25: ENGGFS - IV (Ca, 
FLT26: IBTS _Q1_IV (C, 
FLT27: FRA TRO - 7d (Ca, 

F shrinkage mean 
Weighted prediction 
Survivors, Int, 
at end of year, s.e, 

162., .lO. 

constant w.r.t. time and 

Estimated, Int, 
survivors, s.e, 

1468.' .311, 
1149.' .190, 
1809.' .230, 
1169.' .217, 
1287.' .290, 
1063.' .280, 
1553.' .302' 

726.' .192, 
1115.' .300, 
564., .50.,., 

Ext, N, Var, 
s.e, Ratio, 
-06' 47, .677, 

constant w.r.t. time and 

Estimated, Int, 
Survivors, s.e, 

178.' .320, 
179., .198, 
166 .. .234, 
156.' -216' 
236. ' .320, 
135.' . 2 96' 
132., .334, 
156. .201, 
123., . 302, 

109.' .so .... 

Ext, N, Var, 
s.e, Ratio, 
.os. 51, .492, 

dependent on age 

Ext, var, N, Scaled, Estirnated 
s.e, Ratio, Weights, F 
.149, . 48, 5, .087, .359 
. 025, .13, 6, .205, .439 
.072, .32, 6, .125, .300 
. 036, .17, 5, - 165' .433 
.137' .47, 6, . 074, .400 
.149, .53, 6, .078, .467 
.111, .37, 5, .026, .342 
.170, .89' 6, .167, . 627 
.000, .00, l, .005, .450 

.067, .753 

F 

.451 

age (fixed at the va lue for age) 6 

Ext, Var, N, Scaled, Estimated 
s. e, Ratio, Weights, F 
.233, . 73' 5' .054, .575 
.140, . 71, 7 . .221, .574 
.067, .29, 7' .176, .606 
.101, .47, 6' .199, -63 6 
.205, . 64, 7' .085, .462 
. 075, .25 . 6' .047, .707 
. 2 83' .85, 5. .014, .718 
.066, . 33' 6' .100, .635 
.000, .00, l, .002, .754 

.101, .820 

F 

.618 

Age 8 Catchability constant w.r.t. time and age (fixed at the value for age) 6 
Year c lass = 1989 

Fleet, Estimated, Int, Ext, Var, N, Sea led, Estimated 
Survivors, s.e, s.e, Ratio, we:.ghts, F 

FLT19: SCOTRL_IV (Ca, 18.' .329, .127' .39, 5, .038, l. 228 
FLT20: SCOSEI - IV (Ca, 39.' .226, . 138' . 61' B, . l86' .739 
FLT21: SCOLTR - IV (Ca, 28., .261, .205, . 79' 8, .149, .921 
FLT22: ENGTRL IV (Ca, 39.' .242, .122' . 50, 7, .230, .744 
FLT23: ENGSEI_IV {Ca, 58.' .373, - 128' . 34, 8, . 086, .547 
FLT24: SCOGFS - IV (Ca, 43.' .308, .111, . 3 6' 6, . 031, . 686 
FLT25: ENGGFS - IV (Ca, 37.' .318, .118, .37' s. .009, .767 
FLT26: IBTS_Ql_IV (C, 44.' .209, .138, . 66, 6, -065, .681 
FLT27: FRATR0_7d (Ca, 40.' .300, .000, .00, l, .002, .722 

F shrinkage mean 36.' .50,''' .204, .787 
Weighted prediction 
Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s. e, Ratio, 

37.' .14, .06, 55, .407, .767 
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Table 3.,.3 (Continued) 

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 6 
Year class = 1988 

Fleet, Estimated, Int, Ext, var, N, Sca1ed, Estimated 
Survivors, s.e, s .e, Ratio, Weights, F 

FLT19: SCOTRL_IV {Ca, 38.' .336, .121, . 3 6 l 5, .024, .290 
FLT20: SCOSEI_ IV {Ca, 32. l . 2891 . 0481 .17' 9, . 298, .330 
FLT21: SCOLTR_IV (Ca, 24.' .261, .135, .52, 8, .107, .420 
FLT22: ENGTRL_IV (Ca, 31., .236, .146' .62' 7, .158, .341 
FLT23: ENGSEI_IV (Ca, 72. l .446, .103, .23 l 9, .117' .161 
FLT24: SCOGFS_IV (Ca, 27. l .323, .108, .33, 6' .019, .387 
FLT25: ENGGFS IV (Ca, 37.' .340, .244, . 72' 5' .005, .292 
FLT26: IBTS_Ql_IV (C, 30-' .217, .042, .19, 6' .040, .355 
FLT27: FRATR0_7d (Ca, 18. l .300, .000, .00, 1, .001, .532 

F shrinkage mean 11.} . 50."' .230, .771 

Weighted prediction 

survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, Ratio, 

27., .16, . 09, 57, .556, -3 90 

Age 10 Catchability constant w.r.t. time and age (fixed at the value for age) 6 

Year class = 1987 

Fleet, Es ti rna ted, Int, Ext1 var, N, Sea led, Estimated 
Survivors, s.el s .e, Ratio, Weights, F 

FLT19: SCOTRL_IV (Ca, 7.' .325, .094, .29, 5' .017 l l. 093 
FLT20: SCOSEI_ IV (Ca, 9.' -230, .118, .Sl, 10, .421, .898 
FLT21: SCOLTR_IV (Ca, 5-' .250, .194, . 78, B, .0691 l. 3 82 
FLT22: ENGTRL_IV {Ca, 7.' .229, . 040, .17 l 7. .100, 1.070 
FLT23: ENGS EI IV {Ca, 16-' . 411. . 277 l -67' 10, .075, .624 
FLT24: SCOGFS IV {Ca, 9., .3041 .2941 . 97 l 6, .014, .923 
FLT25: ENGGFS IV (Ca, 11. l . 329' .112 l .34, 5, -004, .791 
FLT26: IBTS_Q1_IV (C, 10. l .205, .061, .30, 6, . 030, .874 
FLT27: FRATR0_7d (Ca, 16. l .300, .000, .00, l, .001, -621 

F shrinkage rnean 18-' . 50,, l l .270, .553 

Weighted prediction 

Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, Ratio, 

11., .17, .08, 59, .446 l .817 
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V. .._, 

Table 3.4.4 

Run title : Cod in IV,IIIa,VIId (run: XSALJB02/X02) 
At 10-0ct-98 14,59,39 

Terminal Fs derived using XSA (With F shrinkage) 

Tab le 8 Fishing rnortality (F) at age 
YEAR, 1963, 1964, 1965, 1966, 1967, 

AGE 
l, .0249, .0203, .0585, . 0551' . 0335' 
2' . 5316' . 3759' .4704, . 5499' .4973, 
3' .3677, . 5929' .6601, .6280, .7287, 
4, .4525, .4171, . 6211, . 5283' . 5326, 
5' .4543, .4767, . 4312' .4894, .5972, 
6, .5625, . 6126' .4612, .4346, . 5988, 
7' .1602, . 6078, .4678, .4452, .6200, 
8' .7852, .3700, .7098, . 5271, . 7130, 
9' . 3115, .3262, .2696, .7630, . 3800' 

10, .4581, .4823, . 4714, .5362, .5868, 
+gp, .4581, .4823, . 4714, .5362, .5868, 

FBAR 2- B, .4734, .4933, .5459, .5147, . 6125' 
FBAR 2- 4' .4506, . 4620' .5839, .5687, .5862, 

Tab le 8 Fishing rnortality (F) at age 
YEAR, 1968, 1969, 1970, 1971, 1972, 1973, 

AGE 
l, .0457, . 0213' .1098, .0763, .0335, .1292, 
2, . 6353' .3906, .5787, .8862, .8906, .6966, 
3, . 7390' .6001, . 7465' .7701, .9070, . 8384' 
4, . 7113' . 5817' . 5710, .7086, . 6528' .7782, 
5, .6228, .6282, .5845, .6945, . 7100, .5739, 
6, .5646, .6990, .5316, .5377, .8030, . 7211, 
7, . 5823' . 4867' .5279, .5693, .7790, . 6900' 
8, .4542, .6313, .3177, .5188, 1.0276, .5434, 
9, . 7773' .4065, . 6420' .6898, l. 2287' .3375, 

10' .6055, .5752, .5249, .6073, . 9196, .5780, 
+gp, .6055, .5752, .5249, .6073, . 9196, .5780, 

FBAR 2- 8' .6156, .5739, . 5511, .6693, .8243, .6916, 
FBAR 2- 4, .6952, .5241, .6321, . 7883' .8168, . 7711, 
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1974' 1975' 1976' 1977, 

.0922' .1080, .0353, .1439, 

. 8121' .7336, .9390, .8432, 

.6697, .7844, .8573, .7702, 

.6416, .6700, .7568, .5485, 

.6398, .7446, . 5712, .6354, 

.5318, . 6719, . 7949' .6012, 

.7127, . 5118, .7403, .8040, 

. 6020' .8397, .2720, . 7716, 

. 9128, . 8788, . 7971, l. 4542' 

.6862, . 7365' . 6408' .8623, 

.6862, . 7365' . 6408' .8623, 

.6585, . 7080' . 7045' . 7106, 

. 7078' .7293, . 8510' . 7206, 



Table 3.4.4 (Continued) 

V. Run title: Cod in IV,IIIa,VIId {run: XSALJB02/X02) 
00 At 10-0ct-98 14,59,39 

Terminal Fs derived using XSA (With F shrinkage) 

Tab le 8 Fishing mortality (F) at age 
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
l' .0952, .1041, .1096, .1010, .1756, .1258, .1767, -0868' .2342, .1414, 
2' L0247, -7935' .8826, .9713, -9373' L 0857, ,9538, .9842, .8945, . 9166' 
3' . 9246, .9485, .9808, L 0112, 1.2316, 1.1891, L 0183, . 9568' L0599, . 8911' 
4, .7664, .5893, .7904, . 7700' .9206, . 9128' .8279, .8074, .9533, .9265, 
5' .8693, .7053, .6490, .6770, . 7895, .7894, .7465, .7098, .8686, . 7211, 
6, .7417, .5128, -6333' .5903, . 8985' . 7581' .7522, .6910, .8068, . 9338' 
7' .6809, .6585, -8413' . 7179, .7673, .7183, .6563, . 6961. .7648, .8906, 
8' . 7631, . 5224, .8287, .5731, .6954, .9064, . 7473' .5952, . 8285' .7818, 
9, . 8817' . 7887' .5850, .7341, .7988, .6309, .9098, .5789, .5045, .7067, 

10, .7953, .6433, . 7142' . 6645' .7979, .7682, . 7701, . 6603' .7623, -8154' 
+gp, .7953, .6433, . 7142, .6645, . 7979, .7682, .7701, .6603, . 7623' .8154, 

FBAR 2- 8, .8244, .6757, .8009, .7587, . 8915, . 9085' .8146, . 7772' .8823, .8659, 
FBAR 2- 4, .9052, .7771, .8846, . 9175, 1.0298, L 0625, -9334, . 9161, .9693, . 9114, 

Tab le 8 Fishing mortality (F) at age 
YEAR, 1988, 1989' 1990, 1991, 1992, 1993, 1994, 1995, 1996' 1997, FBAR 95-97 

AGE 
l, .1774, .1289, .1401, .1263' .1427, .0482, .0686, .1036, .0467, . 0951' .0818, 
2, . 9144, . 8771, . 9085, -7638' . 8429' . 7867' .6239, . 7256, - 6055, .6981, . 6764, 
3, L 1847, 1.0898, .9692, .9611, .8506, 1.0020, .9616, .9128, . 7524, .8417, . 8356' 
4, .8576, 1.0160, .8903, .8428, .9251, . 9599' .8815, .7079, . 6112' .4956, .6049, 
5' .7903, .7552, .7731, .8252, . 7287' -8809' . 7695, .5968, .5821, .5142, .5644, 
6' .8010, .9059, . 5556' .9362, .8058, . 7712' .8393, .6259, . 6852' .4511, .5874, 
7' . 7289' . 8550' -7738' 1.0751, .8955, .9903, .6226, . 6296, .9210, .6180, . 7229' 
8, .6788, .9724, .4386, L 0209, .7871, .8693, .8856, .3740, .9784, .7674, .7066, 
9, . 5521, .6645, 1.9708, .4288, . 9784' .7054, .6959, .5978, .8374, . 3895' .6082, 

10, .7438, . 5850' . 7178, .6991, .5059, . 7071, -6670' .6909, . 3098' . 8170, .6059, 
+gp, .7438, .5850, .7178' . 6991, .5059, . 7071, . 6670' .6909, .3098, . 8170, 

FBAR 2- 8, .8508, . 9245' .7585, . 9179, .8337, .8943, .7977, .6532, .7337, .6266, 
FBAR 2- 4, .9856, .9943, .9227, .8559, .8729, .9162, .8223, -7821, .6563, -6785' 
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V. 

"' 

Table 3.4.5 

Run title : Cod in IV,IIIa,VIId (run: XSALJB02/X02) 

At 10-0ct-98 14:59:39 

Terminal Fs derived using XSA (With F shrinkage) 

Table lO Stock number at age (start of year) Numbers*l0**-3 
YEAR, 1963' 1964, 1965, 1966' 1967' 

AGE 
l, 195108' 374091, 415441, 506863, 488808, 
2' 123043, 85513, 164718, 176070, 215532, 

3' 25892, 50953, 41378, 72517, 71595' 
4, 10736, 13961, 21933, 16654, 30138' 
5' 8439, 5591, 7532' 9649, 8039, 
6' 3116, 4386, 2842, 4007, 4842, 
7, 605' 1453, 1946, 1467, 2124, 
8, 1000' 422, 648, 998, 770, 
9, 58, 373, 238, 261, 482, 

10, 18, 35, 221, 149, 100, 
+gp, o, 11, 23, 219, 42, 

TOTAL, 368013' 536789, 656920, 788853, 822473, 

Table 10 Stock number at age (start of year) Numbers*l0**-3 
YEAR, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 

AGE 
l, 194595, 209057, 781993, 910798' 173514, 319653, 263658, 486383, 
2' 212394, 83530, 91960' 314844, 379202, 75396, 126224, 108038, 

3' 92370, 79295, 39829, 36331, 91462, 109664, 26474, 39487, 
4, 26907, 34356, 33887, 14703, 13099, 28759, 36930, 10554, 
5' 14486, 10816' 15723, 15675, 5927, 5583, 10813, 15918' 
6' 3622, 6362, 4725' 7175' 6408, 2386, 2575, 4669, 
7' 2178' 1686, 2589, 2273' 3431' 2350, 950, 1239, 
8' 936, 996, 849, 1250, 1053, 1289' 965, 381, 
9' 309, 486' 434, 506' 609, 309, 613, 433, 

lO, 270, 116, 265' 187, 208, 146, 180, 201' 
+gp, 58, 195' 107, 226, 33, 403, 415, 132, 

TOTAL, 548124, 426896, 972361, 1303969' 674945, 545938, 469798, 667435, 
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1976, 1977, 

246435, 839211, 
196172, 106894, 

36558, 54057, 
14035, 12080, 

4421, 5391, 
6189, 2045, 
1952, 2288, 

608' 763, 
135, 379' 
147, 50' 

99' 181, 
506753, 1023339, 



Tab le 3.4.5 ( Continued) 

"' 
Run title : Cod in IV,IIIa,VIId (run: XSALJB02/X02) 

o 
At 10-0ct-98 14,59,39 

Terminal Fs derived using XSA (With F shrinkagel 

Table 10 Stock number at age (start of year} Numbers*l0**-3 
YEAR, 1978, 1979' 1980, 1981, 1982, 1983, 1984, 1985, 

AGE 
l, 488187, 525438, 899770, 314834, 618509, 324878, 596342, 158655, 

2' 326531, 199427, 212742, 362327, 127871, 233152' 128728, 224550, 

3' 32415, 82587, 63558, 62019, 96664' 35293, 55479' 34949, 
4, 19489, 10015, 24913' 18562, 17571, 2197 o' 8370, 15606, 

5' 5715' 7415, 4548, 9253' 7037, 5729' 7220' 2994, 

6' 2338, 1962, 2999' 1946, 3850, 2616, 2130' 2802, 

7' 918, 912' 962' 1303, 883, 1283, 1004, 822, 

8' 839, 380, 386, 339, 520' 336' 512, 426, 

9' 289, 320, 185, 138, 157, 213, 111, 199, 
10, 73, 98, 119' 84' 54, 58, 93, 37, 

+gp, 87, 39, 53' 47, 32, 47, 41, 70, 
TOTAL, 876880, 828592, 1210236, 770854, 873148, 625574, 800028' 441109' 

Table 10 Stock number at age (start of year) Numbers*l0**-3 

YEAR, 1988' 1989' 1990, 1991, 1992, 1993, 1994, 1995, 

AGE 
l' 197091' 274327, 133936, 169322, 310308, 151532, 349919, 238287, 

2' 109989, 74160, 108356, 52313, 67055, 120884, 64881, 146800, 

3' 71753, 31061, 21739, 30783, 17174, 20340, 38787' 24501, 

4, 6015, 17091' 8135' 6423, 9169, 5713, 5816' 11548' 

5' 5173, 2089, 5066, 2734, 2264' 2976, 1791, 1972, 

6' 1313, 1922, 804, 1914, 981' 894' 1010, 679, 

7' 630 l 483, 636, 377, 615' 359, 339, 357, 

B' 148, 249, 168, 240, 105, 206' 109, 149, 

9' 164, 61, 77, 89, 71, 39' 71, 37, 

lO' 48, 77, 26' 9' 47, 22' 16, 29' 
+gp, 37, 25, 19, 22, 25, 28, 36' 11, 

TOTAL, 392362, 401544, 278961, 264227' 407814, 302994, 462775, 424370, 
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1986, 1987, 

716245, 281953, 
65359, 254638, 
59142, 18828, 
10456, 15959, 

5699, 3300' 
1206' 1957, 
1150, 441, 

336, 438, 
192, 120, 

91, 95, 
47, 23, 

859923, 577752, 

1996' 1997, 

161384, 390721' 
96534, 69204, 
50071, 37130, 

7659, 18377, 
4658, 3403, 

889, 2131, 
297, 367, 
156, 97, 

84, 48, 
17, 30' 
33' 20' 

321781, 521527, 

1998, 

O, 
159631, 

24263, 
12463, 

9166, 
1666, 
1111, 

162, 
37, 
27, 
lB, 

208544, 

GMST 63-95 

342239, 
140283, 

44449' 
14610, 

5794, 
2492, 
1048, 

457, 
188, 

75, 

AMST 63-9 

398641, 
161797, 

50453, 
16714' 

6878, 
2990, 
1273, 

570, 
247, 
102, 

l 
_ _j 



Ta ble 3.4.6 

Run title: Cod in IV,IIIa,VIId (run: XSALJB02/X02) 
Table 16 Summary (without SOP correction) 

Terminal Fs derived using XSA (With F shrinkage) 

YEAR RECRUITS (Age1), TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, FBAR 2- 8, FBAR 2- 4' 
1963' 195108, 452114' 151517, 116457' .7686, .4734, .4506, 
1964, 374091, 542256, 166128, 126041, .7587, .4933, .4620, 
1965' 415441, 714022, 205376, 181036, .8815, .5459, . 5839' 
1966, 506863, 859768, 230735, 221336, .9593, .5147, .5687, 
1967, 488808, 923776, 250047, 252977' 1.0117, .6125, .5862, 
1968, 194595, 788669, 258247' 288368, 1.1166, .6156, .6952, 
1969, 209057, 630832, 255981, 200760, .7843, .5739, .5241, 
1970, 781993, 973121, 276923, 226124, .8166, .5511' . 6321' 
1971, 910798' 1180311, 277312' 328098' 1.1831, .6693, .7883, 
1972' 173514, 809719, 231095, 353976, 1.5317, .8243, .8168, 
1973, 319652, 655931, 209190' 239052, 1.1428, .6916, . 7711' 
1974, 263658, 623365, 230866, 214279' .9282, .6585, .7078, 
1975, 486383, 704568, 211626, 205245, . 9698, .7080, .7293, 
1976, 246435, 610376, 182073' 234169, 1.2861, .7045, .8510, 
1977, 839211' 822053, 159358, 209154, 1.3125, .7106, . 7206, 
1978, 488187, 812384, 159397, 297022, 1.8634, . 8244' .9052, 
1979' 525437, 804740, 164325, 269973, 1.6429, .6757, . 7771, 
1980, 899770, 1015471' 181946, 293644, l. 6139' .8009, .8846, 
1981' 314834, 855533, 195865, 335497, 1.7129, .7587, . 9175, 
1982, 618509, 840457, 190384, 303251, 1.5928, . 8915, 1.0298, 
1983, 324878, 649551, 155262, 259287' l. 6700' .9085, 1.0625, 
1984, 596341, 718673' 133850' 228286, l. 7055' .8146, .9334, 
1985, 158655, 503394, 126760, 214629, 1.6932, .7772, . 9161, 
1986, 716246, 683766, 114809' 204053, l. 7773' .8823, .9693, 
1987, 281953, 572048, 105424, 216213' 2.0509, .8659, .9114, 
1988, 197091, 426932, 99407, 184240, 1.8534, .8508, .9856, 
1989, 274327, 417308' 91441, 139936, 1.5303, .9245, .9943, 
1990' 133936' 329177, 78637, 125314, 1.5936, .7585, . 9227' 
1991' 169322, 297932' 71744, 102478, 1.4284, . 9179' .8559, 
1992, 310308, 407864, 69762, 114020, 1.6344, .8337, . 8729, 
1993' 151532, 344619, 66023, 121749, 1.8440, .8943, .9162, 
1994' 349919' 445618, 67071' 110634, 1.6495, .7977, . 8223' 
1995, 238287' 451994, 77137, 138623, 1.7971, .6532, .7821, 
1996, 161384, 403733, 90772, 126454' 1.3931, .7337, .6563, 
1997, (3907211 *' 516840, 109642, 124151, 1.1323, .6266, .6785, 

Mean 391636, 651112, 161318, 208758, 1.3894, . 7297' .7909, 
Units, (Thousands) , (Tonnes), (Tonnes), (Tonnes), 

* replaced by RCTJ estimate of 1996 yearclass (557000) 

"' -
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Tahlc 3.5.1 

COD (!Ila, IV, Vlld) RCT3 Input valur.:s Age group l 

20 29 2 

Yoarcla« 'VPA' 'IYFSI' 'IYFS2' 'EGFSO' 'EGFSI' 'HiFS2' 'SGFSI' 'SGFS2' 'DGFSO' 'DGFSI' 'DGFS2' 'FRGSF' 'GGFSI' 'GGFS2' '18(.121' 'SCQ21' 'SCQ22' 'IBQ40' '18(.141' 'GQ40' 'GQII' 
1970 911 9830 3450 ·l .J .J ·l ·l -1 -l -1 9040 -1 -1 -1 -1 -l -1 -l -l -l 
1971 173 410 1060 -l -1 -1 -1 -1 -l -l -1 130 -l -l -l -l -l -1 -l -l -l 
1972 
1973 
1974 
\975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
]t)8,(, 

1987 
1988 
19lN 
1990 
1991 
1992 
)':}')] 

1994 
1995 
1996 
1997 
1998 

320 3800 950 -1 -1 -1 -1 -l -l -1 -1 160 -1 -l ·l -1 -l -l -l -l -1 
264 1470 620 -l -1 -1 -1 -1 -1 -1 -1 360 -1 -l -1 -l -l -l -1 -l -1 
486 
246 
8J9 

488 
525 
lJOO 
315 
(J]l} 

325 
596 
159 
716 
282 
197 
274 
134 
169 
310 
152 

350 
238 
161 

-l 
-l 
-l 

4030 1990 -l -1 -l -1 -1 -l -l -l 800 -l -1 -l -l -1 -l -l -l -1 
790 

3670 
1290 
990 

1690 
290 
920 
390 

1520 
90 

1700 
880 
360 

1310 

340 
240 

1300 
1270 
1480 
970 
350 

4000 
270 

-l 

320 
2930 

930 
1480 
2550 

670 
1660 
800 

1760 
360 

2880 
610 
630 

1520 
410 
450 

1990 
440 

2210 
800 
690 

2640 
-l 
-l 

-l 
-l 

1389 
1256 
1855 
1023 
7424 

255 
9510 

38 
828 
121 
38 

1678 
598 
383 

4840 
1684 
377 

2134 
26 

4122 
4.9 

389 

-l 
o27n 
2284 
2423 
5084 
1136 

3237 
1540 
6122 
430 

3438 
1422 

8J6 
22X5 

608 
752 

2440 
742 

26J7 
1028 
619 

4044 
118 

-l 

447 
1250 
580 
670 

1386 
2YU 

l 096 

475 
1189 
liS 

1065 
407 
248 
504 
155 
159 
fi50 

295 
1277 
668 

284 
1396 

.J 

-l 

-l 
-l 
-l 

-l 
-l 
-l 

614 
325 
819 

66 
801 
219 

162 
56! 
114 
303 
642 
347 

1158 
475 
JIX 
999 

-l 
-l 

-l 
-l 
-l 
-l 
-l 

351 
78 

391 
1143 
104 
695 
288 
135 
49 

154 
193 
749 
334 

1443 
356 
278 

-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 

4320 
17680 
2690 

12150 
130 

14360 
3700 
Jo20 
1660 
1370 
2350 
3980 
1160 
2410 
6350 

-l 
-l 
-l 
-l 

-l 
-l 
-l 
-l 

16380 
4690 
8300 
2180 

12130 
360 

11120 
4150 
1780 
1660 
920 
720 

4540 
170 

4690 
-l 
·l 
-l 
-l 
-l 

-l 
-l 

-l 
450 

1120 
160 
210 
160 
310 

20 
800 
170 
220 
190 
70 

IlO 
70 
9(1 

-l 
-l 

-l 
-l 
-l 
-l 

T-351.XLS 

780 
2820 
2720 
3110 
3550 
1410 
2320 

900 
4300 

90 
lJSO 

230 
210 
420 

60 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 

590 
260 
230 

1540 
700 
200 

9020 
1190 
1550 
1340 

-l 
3080 

430 
-l 
-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 
-l 

350 
240 

2240 
260 

1140 
950 
720 

1470 
620 
360 

-l 
450 

1430 
-l 
-l 
-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

850 
3630 
1100 
3200 

1960 
370 

7580 
-l 
-l 

-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

-l 
-l 

1490 
19080 

-l 
-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

3140 
5330 

14460 
4820 34)0 
2030 20470 
4270 5660 

770 1920 
2830 -1 

-1 -1 
-l -l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 
-l 

567 
2671 

586 
2552 
1489 
791 

-l 
-l 
-l 

-l 
-l 
-l 
-l 
-l 
-l 
-l 

303 
566 

2 

724.6 
242.3 

20 
148.2 

31 
33.8 

-l 
-l 

8.4 
133.4 

41 
109.2 

5.5 
-l 

-l 
-l 
-l 
-l 
-l 
-l 

678.3 
66.2 
406 
9.6 
197 

20.8 
2.6 
2.2 

34.6 
-l 

1.2 
-l 
32 

25.4 
9.4 
0.5 

-l 
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Tablc 3.5.1 (Continued) 

COIJ (llla. IV. Vlld) RCT3 Input valucs Age group 2 

20 29 2 
Year da>< 'VI'A" 'IYFSI' 'IYFS2' 'EGFSO' 'EGFSl' 'I·:<JFS2' 'SGFSI' 'S(>i'S2' 'DGFSO' 'UGFSl' 'UGFS2' 'FKGSI·' 'GGFSI' 'GGFS2' 'IBQ21' 'SCQ21' 'SCQ22' 'IBQ40' 'IBQ41' 'GQ40' 'GQII' 

1no 37~ ~R3o 3450 ·l ·l ·l ·l ·l ·l ., ·l 9o4o ·l -1 ·l ·l ·l ., -t ·l -t 
1971 75 410 1060 .( ·l ·l ·l .( .( .( ·l 130 ·l ·l ·l .( .( .( .( ·l .( 
1972 126 3800 950 ·l ·l .( ·l ·l ·l ·l .( 160 ·l ·l ·l ·l ·l .( -1 .( ·l 
1973 108 1470 620 ·l ·l ·l ·l ·l ·l ·l ·l 360 .( ·l .( ·l -1 ·l -1 .( ·l 
1974 1% 4030 1990 .( ·l ·l ·l ·l .( .( ·l 800 ·l ·l ·l .( .( .( ·l -1 ·l 
1975 107 790 320 ·l ·l 447 .( ·l ·l ·l ·l 780 .( .( .( ·l ·l ·l ·l ·l ·l 
1976 327 3670 2930 .( 6270 1250 ·l .( ·l ·l ·l 2820 ·l .( .( .( .( ·l ·l -1 ·l 
1977 199 1290 930 1389 2284 580 ·l ·l .( .( .( 2720 .( ·l ·l ·l ·l .( .( ·l .( 
1~78 213 990 1480 1256 2423 670 .( ·l ·l ·l 450 3110 .( .( ·l ·l .( ·l ·l ·l ·l 
1979 
)1)80 

1981 
1982 
IIJXJ 

1984 
IIJX5 
19H6 
19H7 
I!JRX 
191-:9 
1990 
1991 
19Y2 
1993 
1994 
1995 
1996 

1997 
1998 

362 
128 
233 
129 
225 

h5 
255 
IlO 
74 

!OR 
52 
67 

121 
65 

147 
n 
69 
·l 
·l 
·l 

1690 
290 
920 
390 

1520 
90 

1700 
880 
360 

1310 
340 
240 

1300 
1270 
1480 
970 
350 

4000 
270 

·l 

2550 
670 

1660 
800 

1760 
360 

2880 
610 
630 

1520 
410 
450 

1990 
440 

2210 
800 
690 

2640 
-l 
·l 

1855 
1023 
7424 

255 
9510 

38 
828 
121 
38 

167R 
598 
383 

4840 
lo84 
377 

2134 
26 

4122 
4.9 
389 

5084 
113o 
3237 
1540 
6122 
430 

3438 
1422 

836 
2285 

608 
752 

2440 
742 

2637 
1028 
619 

4044 
liR 
·l 

1386 

290 
l 0')6 
475 

]]gt) 

115 
1065 

407 
248 
504 
l 55 
IW 
650 
295 

1277 
668 
284 

1396 
-l 
·l 

·l 
-l 

614 
325 
8\9 

66 
801 
219 
162 
561 
114 
303 
642 
347 

1158 
475 
318 
999 

-l 
·l 

·l -1 16380 
351 4320 4690 
78 17680 8300 

391 2690 2180 
1143 12150 12130 
104 130 360 
695 14360 11120 
288 3700 4150 
135 3020 1780 
49 1660 1660 

154 1370 920 
193 2350 720 
749 3980 4540 
334 1160 170 

1443 2410 4690 
356 6350 ·l 
278 . -1 -1 

.( .( -1 

·l -1 .( 
-1 -1 -1 

1120 
160 
230 
(60 
310 

20 
800 
170 
220 
190 
70 

IlO 
70 
90 
-l 
-l 
-l 
-l 
·l 
-l 

T-351.XLS 

1550 
1410 
2320 
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Table 3.5.2.1 

RCT3 output 
COD in Illa, IV and Vlld 
Age group I 

Data for 20 surveys over 29 years : I 970 - 1998 

Regression type = C 
Tapered time weighting not applied 
Survey weighting not applied 

Final estimates shrunk towards mean 
Minimum S.E. for any survey taken as 0.2 
Minimum of 5 points used for regress ion 

Forecast/Hindcast variance correction used. 

Yearclass = I996 

I---------------------Re gression--------------------I I------------------------Predicti on------------------------I 

Survey/ Slope Inter- Std Rsquare No. Index Prcdicted Std WAP Prediction 
Series cept Error Pts Value Value Error Weights 

IYFS1 0.81 0.21 0.6 0.497 26 8.29 6.96 0.663 0.044 1054 
IYFS2 0.98 -!.02 0.39 0.708 26 7.88 6.72 0.422 0.108 829 
EGFSO 0.6 1.85 0.87 0.317 19 8.32 6.82 0.971 0.02 9I6 
EGFS1 0.8 -0.14 0.23 0.877 20 8.31 6.49 0.257 0.289 659 
EGFS2 0.9 0.17 0.34 0.764 21 7.24 6.71 0.378 0.134 821 
SGFSl 0.95 o 0.54 0.521 15 6.91 6.57 0.627 0.049 713 
IBQ21 0.47 2.01 0.21 0.777 6 8.93 6.17 0.362 0.146 478 
SCQ21 0.7 -0.23 0.78 0.209 6 7.95 5.32 1.027 0.018 204 
GQ40 0.44 3.69 0.56 0.495 12 4.7 5.76 0.635 0.047 317 
GQ11 0.36 4.42 0.41 0.684 13 2.34 5.26 0.464 0.089 192 

VPAMean = 5.8 0.587 0.056 330 

Yearclass = 1997 

I---------------------Re gress i on--------------------I I------------------------Predicti on------------------------I 

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP Prediction 
Series cept Error Pts Va1ue Value Error Weights 

IYFS1 0.81 0.21 0.6 0.497 26 5.6 4.77 0.658 0.102 118 
EGFSO 0.6 !.85 0.87 0.317 19 1.77 2.91 1.118 0.035 18 
EGFS1 0.8 -0.14 0.23 0.877 20 4.78 3.67 0.311 0.459 39 
GQ40 0.44 3.69 0.56 0.495 12 1.87 4.51 0.685 0.094 91 
GQI l 0.36 4.42 0.41 0.684 13 0.41 4.57 0.496 0.18 97 

VPAMean = 5.8 0.587 0.056 330 
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Table 3.5.2.1 (Continued) 

Yearclass = 1998 

I---------------------Regressi 00--------------------I I------------------------Predicti 00------------------------I 

Survey/ Slope Inter- Std Rsquare No. Iodex Predicted Std W AP Prediction 
Series cept Error Prs Value Value Error Weights 

EGFSO 0.6 1.85 0.87 0.3I7 19 5.97 5.41 0.946 0.278 224 

VPAMean 5.8 0.587 0.056 330 

Year Weighted Log lot Ext Var 
Cl ass Average WAP Std Std Ratio 

Predictioo Error Error 

1996 557 6.32 0.14 0.15 1.16 
1997 71 4.27 0.21 0.34 2.60 
1998 296 5.69 0.5 0.18 0.12 
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Table 3.5.2.2 

RCTI output 
COD in IIIa, IV and V!Id 
Age group2 

Data for 20 surveys over 29 years : 1970 - 1998 

Regression type = C 
Tapered time weighting not applied 
Survey weighting not applied 

Final estimates shrunk towards mean 
Minimum S.E. for any survey taken as 0.2 
Minimum of 5 points used for regression 

Forecast/Hindcast variance correction used. 

Yearclass = 1996 

1-------------------Regression--------------------1 1-----------------------Prediction------------------------1 

Survey/ Slope Inter- Std Rsquare No. lndex Predicted Std WAP Prediction 
Series cept Error Pts Valne Valne Error Weights 

IYFS1 0.78 -0.44 0.57 0.513 26 8.29 5.99 0.622 0.047 399 
IYFS2 0.96 -1.75 0.38 0.701 26 7.88 5.78 0.416 0.105 323 
EGFSO 0.58 1.06 0.84 0.314 19 8.32 5.86 0.942 O.G2 350 
EGFS1 0.78 -0.89 0.23 0.869 20 8.31 5.55 0.258 0.273 257 
EGFS2 0.86 -0.5 0.31 0.777 21 7.24 5.76 0.352 0.147 317 
SGFS1 0.86 -0.36 0.46 0.564 15 6.91 5.55 0.539 0.063 257 
IBQ21 0.46 1.19 0.23 0.739 6 8.93 5.28 0.385 0.123 196 
SCQ21 0.74 -1.47 0.85 0.17 6 7.95 4.44 1.12 0.014 84 
GQ40 0.43 2.81 0.56 0.466 12 4.7 4.84 0.637 0.045 126 
GQll 0.33 3.59 0.36 0.704 13 2.34 4.36 0.412 0.107 78 

VPAMean = 4.89 0.569 0.056 133 

Yearclass = 1997 

1---------------------Re gression--------------------1 1------------------------Prediction------------------------1 

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP Prediction 
Series cept Error Pts Valne Value Error Weights 

IYFSI 0.78 -0.44 0.57 0.513 26 5.6 3.91 0.618 0.109 49 
EGFSO 0.58 1.06 0.84 0.314 19 1.77 2.08 1.085 O.G35 8 
EGFS1 0.78 -0.89 0.23 0.869 20 4.78 2.82 0.312 0.427 16 
GQ40 0.43 2.81 0.56 0.466 12 1.87 3.62 0.686 0.088 37 
GQII 0.33 3.59 0.36 0.704 13 0.41 3.72 0.441 0.213 41 

VPAMean = 4.89 0.569 0.056 133 
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Table 3.5.2.2 (Continued) 

Y earclass = 1998 

I---------------------Regression --------------------I I------------------------Prediction ------------------------I 

Survey/ S1ope 
Series 

EGFSO 0.58 

Inter­
cept 

1.06 

Year Weighted Log 
Cl ass Average WAP 
Prediction Error Error 

1996 218 5.39 
1997 31 3.44 
1998 119 4.78 

Std Rsquare No. Index Predicted Std W AP Prediction 
Error Prs Va1ue Va1ue Error Weights 

0.84 0.314 19 5.97 4.5 0.918 0.278 90 

VPA Mean = 4.89 0.569 0.056 133 

Int Ext Var 
Std Std Ratio 

0.13 0.15 1.22 
0.2 0.33 2.63 

0.48 0.17 0.13 
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Table 3.7.1 

Tl'le SAS System 14:55 Wednesday, October 14, 1998 
Cod in Fishing Areas IV, Skagerrak and VI Id 

Single option prediction: Input data 

Year: 1998 

Stock Natura l Maturity Prop.of F Prop.of M Weight Exploit. We'ight 
Age size mort al i ty og i ve bef.spaw. bef.spaw. in stock pattern in catch 

1 71000.000 0.8000 0.0100 0.0000 0.0000 0.692 0.0818 0.692 
2 218000.00 0.3500 0.0500 0.0000 0.0000 1.033 0.6764 1.033 
3 24263.000 0.2500 0.2300 0.0000 0.0000 2.159 0.8356 2.159 
4 12463.000 0.2000 0.6200 0.0000 0.0000 4.049 0.6049 4.049 
5 9166.000 0.2000 0.8600 0.0000 0.0000 6.695 0.5644 6.695 
6 1666.000 0.2000 1.0000 0.0000 0.0000 8.623 0.5874 8.623 
7 1111.000 0.2000 1.0000 0.0000 0.0000 9.998 0.7229 9.998 
8 162.000 0.2000 1.0000 0.0000 0.0000 11.417 o. 7066 11.417 
9 37.000 0.2000 1 .0000 0.0000 0.0000 12.559 0.6082 12.559 

10 27.000 0.2000 1.0000 0.0000 0.0000 12.425 0.6059 12.425 
11+ 18.000 0.2000 1.0000 0.0000 0.0000 12.797 0.6059 12.797 

Unit Thousands - - - - Ki lograms - Ki log rams 

Year: 1999 

Recruit- Natura l Maturity Prop.of F Prop.of M Weight Exploit. Weight 
Age ment mortality og i ve bef .spaw. bef.spaw. in stock pattern in catch 

1 250000.00 0.8000 0.0100 0.0000 0,0000 0.692 0.0818 0.692 
2 0.3500 0.0500 0.0000 0.0000 1.033 0.6764 1.033 
3 0.2500 0.2300 0.0000 0.0000 2.159 0.8356 2.159 
4 0.2000 0.6200 0.0000 0.0000 4.049 0.6049 4.049 
5 0.2000 0.8600 0.0000 0.0000 6.695 0.5644 6.695 
6 0.2000 1.0000 0.0000 0,0000 8.623 0.5874 8.623 
7 0.2000 1.0000 0.0000 0.0000 9.998 o.n29 9.998 
8 0.2000 1.0000 0.0000 0.0000 11.417 o. 7066 11.417 
9 0.2000 1.0000 0.0000 0.0000 12.559 0.6082 12.559 

10 0.2000 1.0000 0.0000 0.0000 12.425 0.6059 12.425 
1 1+ 0.2000 1.0000 0.0000 0.0000 12.797 0.6059 12.797 

Unit Thousands - - - - Kf log rams - Ki Lograms 

Year: 2000 

Recruit- Natura l Maturity Prop.of F Prop.of M Weight Exploit. Weight 
Age ment mortal i ty og i ve bef.spaw. bef .spaw. in stock. pattern in catch 

1 250000.00 0.8000 0.0100 0.0000 0.0000 0.692 0.0818 0.692 
2 0.3500 0.0500 0.0000 0.0000 1.033 0.6764 1.033 
3 o .2500 0.2300 0.0000 0.0000 2.159 0.8356 2.159 
4 0.2000 0.6200 0.0000 0.0000 4.049 0.6049 4.049 
5 0.2000 0.8600 0.0000 0.0000 6.695 0.5644 6.695 
6 0.2000 1.0000 0.0000 0.0000 8.623 o. 5874 8.623 
7 0.2000 1.0000 0.0000 0.0000 9.998 0.7229 9.998 
8 0.2000 1. 0000 0.0000 0.0000 11.417 0.7066 11.417 
9 0.2000 1.0000 0.0000 0.0000 12.559 0.6082 12.559 

10 0.2000 1.0000 0.0000 0.0000 12.425 0.6059 12.425 
11+ 0.2000 1.0000 0.0000 0.0000 12.797 0.6059 12.797 

Unit Thousands - - - - Ki Lograms - Ki lograms 

Notes: Run name SPRLJB04 
Date and time: 140CT98:15:04 
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Table 3.7.2 

Input data for catch forecast and linear sensitivity analysis. 
Cod in IIIa, IV and VIId 

+-------------------++---------------++---------------++---------------+ 
IPopulations in 19981 IStock weights li Nat .Mort ali ty li Prop.maturel 
+----+---------+----++----+-----+----++----+-----+----++----+-----+----+ 

ILabll Valuel cviiLabliValuel CV l l Lab li Va lue l CVIILabliValuel cvl 
+----+---------+----++----+-----+----++----+-----+----++----+-----+----+ 

IN1 709991 .34IIWS1 .691 . osiiM1 . 80 l .l3IIMT1 l . 011 .101 
IN2 2179991 .1s11ws2 1.031 .08IIM2 . 351 .10 IIMT2 l .051 .10 l 
IN3 242631 .1011ws3 2.161 .02IIM3 .251 .18IIMT3 l .231 .101 
IN4 124641 .08IIWS4 4.051 .o6IIM4 .201 .18IIMT4 l .621 .101 
IN5 91691 .08IIWS5 6.691 .07IIM5 .201 .18IIMT5 l .861 .101 
IN6 16651 .08IIWS6 8.621 .o4IIM6 .201 .18IIMT6 l l. 00 l .101 
IN7 11121 .09IIWS7 10.001 .o3IIM7 .20 l .18IIMT7 l l. 00 l . 00 l 
IN8 1601 .10IIWS8 111.421 .o3IIM8 .20 l .18IIMT8 l l. 00 l .ool 
IN9 361 .13IIWS9 112.561 .o4IIM9 .20 l .18IIMT9 l l. 00 l .ool 
IN10 261 .l611ws1o112.421 .o3IIM10 .20 l .18IIMT10I 1.001 .ool 
IN11 171 .17IIWS11I12.80I .11IIM11 .20 l .18IIMT111 1.001 .001 
+----+---------+----++----+-----+----++----+-----+----++----+-----+----+ 

+---------------++---------------+ 
l HC selectivityll HC.catch wtl 
+----+-----+----++----+-----+----+ 

l LabliValue l CV l l Lab li Value l ev l 
+----+-----+----++----+-----+----+ 

lsH1 .OBl .42IIWH1 .691 .os 
lsH2 .681 .16IIWH2 l. 031 .08 
lsH3 . 84 l .16IIWH3 2.161 .02 
lsH4 .601 .171 l WH4 4.051 .061 
lsHS . 56 l .07IIWH5 6.691 .071 
l sH6 . 591 .15IIWH6 l 8.621 .041 
lsH7 . 721 .15IIWH7 110.001 .031 
lsH8 . 70 l . 39IIWH8 111.421 .031 
lsH9 l . 591 .30IIWH9 112.561 .041 
lsH10I . 60 l .50 IIWH10 112.421 .031 
l sH111 .601 .50 IIWH11Il2 .80 l .111 
+----+-----+----++----+-----+----+ 

+---------------++---------------+ 

IYear effect M IIHC relative effl 
+----+-----+----++----+-----+----+ 

ILabliValuel CVIILabliValuel CVI 
+----+-----+----++----+-----+----+ 

IK98 l l.OOI .lOIIHF98I l.OOI .08 
IK99 l l.OOI .10IIHF99I l.OOI .08 
IK** l l.OOI .lOIIHF**I l.OOI .08 
+----+-----+----++----+-----+----+ 

+-------------------+ 

IRecruitment 
+----+---------+----+ 

l Lab li Valuel CVI 
+----+---------+----+ 

IR99 l 
lR** l 

2959991 . 50 l 
3422391 .561 

+----+---------+----+ 
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Table 3.7.3 

Cod in Fishing Areas IV, Skagerrak and Vlld 
The SAS System 14:55 Wednesday, October 14, 1998 

Prediction with management option table 

Year: 1998 Year: 1999 Year: 2000 

F Reference Stock. Sp.stock Catch in F Reference Stock sp.sto.ck Catch in Stock Sp.stock 
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass 

1.0000 0.6712 466821 136219 182127 0.0000 0.0000 493234 145404 o 711937 296120 
0.1000 0.0671 145404 21023 680665 275872 
0.2000 0.1342 145404 40653 651622 257074 
0.3000 0.2014 145404 58992 624642 239621 
0.4000 0.2685 145404 76132 599571 223412 
0.5000 0.3356 145404 92157 576268 208358 
0.6000 0.4027 145404 107147 554602 194374 
o. 7000 0.4698 145404 121 175 534452 181383 
0.8000 0.5369 145404 134310 515707 169311 
0.9000 0.6041 145404 146615 498263 158091 
1 .0000 0.6712 145404 158147 482024 147663 
1.1000 0.7383 145404 168961 466901 137969 
1.2000 0.8054 145404 179108 452814 128955 
1.3000 0.8725 145404 188634 439686 120573 
1.4000 0.9396 145404 197582 427448 112777 

• 1.5000 1 .0068 145404 205992 416033 105525 

. . Tonnes Tonnes Tonnes . . Tornes Tonnes Tonnes Tonnes Tonnes 

Notes: Run name MANLJB04 
Date and time 140CT98:15:05 
Computation of ref. F Simple mean, age 2 - 8 
Basis for 1998 F factors 
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Table 3.7.4 

The SAS System 14:55 Wednesday, October 14, 1998 
Cod in Fishing Areas IV, Skagerrak and VI Id 

Single option prediction: Detailed tables 

Year: 1998 F-factor: 1.0000 Reference F: 0.6712 1 January Spawning time 

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock 
Age F nutbers weight size biOIRaSS size biomass size biomass 

1 0.0818 3859 26r1 71000 49137 710 491 r1o 491 
2 0.6764 92189 95191 218000 225099 10900 11255 10900 11255 
3 0.8356 12369 26709 24263 52393 5580 12050 5580 12050 
4 0.6049 51r8 20969 12463 50468 mr 31290 mr 31290 
5 0.5644 361r 24215 9166 61370 r883 52778 r883 52778 
6 0.58r4 677 5841 1666 14366 1666 14366 1666 14366 
r o.r229 524 5243 1111 11108 1111 11108 1111 11108 
8 0.7066 75 859 162 1849 162 1849 162 1849 
9 0.6082 15 194 3r 465 3r 465 37 465 

10 0.6059 11 140 2r 335 27 335 2r 335 
11+ 0.6059 r 96 18 230 18 230 18 230 

Total 118523 18212r 337913 466821 35821 136219 35821 136219 

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes 

Year: 1999 F-factor: 1.0000 Reference F: 0.6712 1 January Spawning time 

Absolute Catch in Catch in Stock Stocl' Sp.stock Sp.stock Sp.stock Sp.stock 
Age F nuri:Jers weight size biomass size biomass size biomass 

1 0.0818 13589 9405 250000 173019 2500 1730 2500 1730 
2 0.6r64 12431 12836 2939r 30354 14rO 1518 1470 1518 
3 0.8356 39818 85982 r8108 168665 17965 38793 17965 38793 
4 0.6049 3404 13r86 8194 33179 5080 20571 5080 20571 
5 0.5644 2199 14722 5573 37311 4792 32087 4792 32087 
6 0.58r4 1735 14962 4268 36802 4268 36802 4268 36802 
7 0.7229 358 3578 758 7579 758 7579 758 7579 
8 0.7066 205 2342 441 5040 441 5040 441 5040 
9 0.6082 2r 343 65 822 65 822 65 822 

10 0.6059 r 85 16 205 16 205 16 205 
11+ 0.6059 8 10r 20 257 20 25r 20 257 

Total 73782 158147 376840 493234 37377 145404 37377 145404 

Unit - Thousands Tonnes Thousands TOIVleS Thousands Tomes Thousands Tonnes 

Year: 2000 F-factor: 1.0000 Reference F: 0.6712 1 January Spawning time 

Absolute Catch in Catch in Stock. Stoclc Sp.stock. Sp.stock. Sp.stock. Sp. stock 
Age F nUJbers weight size biomass size biomass size biomass 

1 0.0818 13589 9405 250000 173019 2500 1730 2500 1730 
2 0.6764 43m 45198 103509 106880 5175 5344 5175 5344 
3 0.8356 5369 11594 10533 22744 2423 5231 2423 5231 
4 0.6049 10959 44379 26377 106811 16354 66223 16354 66223 
5 0.5644 1446 9679 3664 24530 3151 21095 3151 21095 
6 0.58r4 1055 9096 2595 22374 2595 22374 2595 22374 
7 0.7229 917 9165 1942 19415 1942 19415 1942 19415 
8 o. 7066 140 1598 301 3439 301 3439 301 3439 
9 0.6082 74 934 178 2239 178 2239 178 2239 

10 0.6059 12 151 29 362 29 362 29 362 
11+ 0.6059 7 87 16 209 16 209 16 209 

Total m41 141286 399144 482024 34664 147663 34664 147663 

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes 

Notes: Run name SPRLJB04 
Date and time 140CT98:15:04 
Computation of ref. F: Simple mean, age 2 - 8 
Prediction basis F factors 
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Table 3.9.1 

The SAS System 14:55 wednesday, October 14. 1998 
Cod in Fishing Areas IV, Skagerrak and VI Id 

Yield per recruit: Input data 

Recrult· Natura l Maturity Prop.of F Prop.of M weight Exploit. Weight 
Age ment mort al i ty og i ve bef.spaw. bef.spaw. in stock pattern in catch 

1 1.000 0.8000 0.0100 0.0000 0.0000 0.692 0.0818 0.692 
2 0.3SOO o.osoo 0.0000 0.0000 1.033 0.6764 1.033 
3 0.2SOO 0.2300 0.0000 0.0000 2.1S9 0.83S6 2.1S9 
4 0.2000 0.6200 0.0000 0.0000 4.049 0.6049 4.049 
s 0.2000 0.8600 0.0000 0.0000 6.69S O.S644 6.69S 
6 0.2000 1.0000 0.0000 0.0000 8.623 O.S874 8.623 
7 0.2000 1.0000 0.0000 0.0000 9.998 0.7229 9.998 
8 0.2000 1.0000 0.0000 0.0000 11.417 0.7066 11 .417 
9 0.2000 1.0000 0.0000 0.0000 12.SS9 0.6082 12.SS9 

10 0.2000 1.0000 0.0000 0.0000 12.42S 0.60S9 12.42S 
1 1+ 0.2000 1.0000 0.0000 0.0000 12.797 0.60S9 12.797 

Unit NI..IOJers . . . . Ki lograrns . Ki lograms 

Notes: Run name YLDLJB03 
Date and time: 140CT98:14:57 
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Table 3.9.2 

The SAS System 14:55 ~ednesday, October 14, 1998 
Cod in Fishing Areas lV, Skagerrak and Vlld 

Yietd per recruit: Summary table 

1 January Spawning time 

F Reference Catch in Catch in Stock Stoclc Sp.stock. Sp.stock. Sp.stock. Sp.stock 
Factor F ""*>ers weight size biomass size biomass size biomass 

0.0000 0.0000 0.000 0.000 3.126 14588.760 1.344 12367.655 1.344 12367.655 
0.1000 0.0671 o. 101 508.934 2.653 9720.998 0.911 7635.184 0.911 7635.184 
0.2000 o. 1342 o. 164 697.428 2.364 7011.882 0.658 5042.913 0.658 5042.913 
0.3000 0.2014 0.208 756.066 2.170 5358.443 0.497 3490.748 0.497 3490.748 
0.4000 0.2685 0.241 759.393 2.032 4282.281 0.388 2502.683 0.388 2502.683 
0.5000 0.3356 0.266 739.535 1.929 3547.334 0.310 1844.648 0.310 1844.648 
0.6000 0.4027 0.287 711.082 1.849 3026.125 0.254 1390.838 0.254 1390.838 
0.7000 0.4698 0.304 680.778 1. 785 2645.017 0.212 1069.012 0.212 1069.012 
0.8000 0.5369 0.319 651.682 1.733 2359.169 o. 179 835.500 o. 179 835.500 
0.9000 0.6041 0.331 625.068 1.690 2140.078 0.154 662.786 0.154 662.786 
1.0000 0.6712 0.343 601.344 1.653 1968.976 o. 134 532.932 0.134 532.932 
1.1000 0.7383 0.353 580.498 1.622 1833.130 o. 117 433.906 o. 117 433.906 
1 .2000 0.8054 0.362 562.334 1.595 1723.675 0.104 357.438 0.104 357.438 
1 .3000 0.8725 0.370 546.579 1.572 1634.303 0.094 297.725 0.094 297.725 
1 .4000 0.9396 0.377 532.947 1.551 1560.440 0.085 250.620 0.085 250.620 
1.5000 1. 0068 0.384 521.167 1.533 1498.709 0.078 213.113 0.078 213.113 

- - NI.JIIbers Grams N~rs Grams NUJbers Grams NI.JIIbers Grams 

Not es: Run name YLOLJB03 
Date and time 140CT98:14:57 
CClnl)Utat i on of ref. F: Simple mean, age 2 - 8 
F -o. 1 factor 0.2230 
F-max factor 0.3563 
F-0. 1 reference F 0.1497 
F-max reference F 0.2391 
Recrui tment Single recruit 
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_, ... 
Table 3.10.1. 

lntroduction to PA Add-in outputs 

Four sheets of results are included in this workbook: 

RefPts - provides stochastic output in the form of a table of reference points and a chart summarising the distributions of same reference points. 

Plots - provides 5 plots: 
A stock recruitment plot with a LOWESS smoother as a possible stock recruitment relationship. Same reference points are also indicated. 
A plot of YPR and SPR curves with same reference points indicated. 
A plot of historical SSB against Fbar with an equilibrium curve based on the LOWESS stock recruitment relationship. 
A p lot of historical yield against Fbar with an equilibrium curve based on the LOWESS stock recruitment relationship. 
A p lot of the time series of stock and recruitment with expected recruits based on the LOWESS stock recruitment relationship. 

PD - gives the value of the reference points during each iteration of the simulation and the percentiles plotted on the chart on RefPts. 

SV - contains the steady state vectors and stock recruitment series u sed. The se can be used as the basis for further runs. 

For estimation of Glass and Floss: 
A LOWESS smoother with a span of 0.5 was used. 
Stock recruit data were log-transformed 
A point representing the origin was included in the stock recruit data. 

For estimation of the stock recruitment relationship used in equilibrium calculations: 
A LOWESS smoother with a span of 1 was used. 
Stock recruit data were un-transformed 
No point representing the orig in was included in the stock recruit data. 

North Sea cod 

Steady state selection averaged over O years. 
FBar averaged from age 2 to 8 

Number of iterations = 1000 

Data source: 
0:\North Sea Oemersal WG 98\Cod IVICOOIV.SEN 
0:\North Sea Oemersal WG 98\Cod IVICOOIV.SUM 

Fishlab DLL used 
FLVB32.0LL built on Aug 181998 al 08:57:43 

10112/9814:12 
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Table 3.10.3 North Sea cod : precautionary reference poinl!; 

BIOMASS 

WGNSSK 
Bl oss (lowest observed SSB; 
Blim 
Bpa 
MBAL 

= 66.000 l 
= 70. 0001 
= 150,0001 
= 150,0001 

SGPAFM 
Blim = 66000 l Lowest observed SSB 
Bpa = 150,0001 Decline in recruitment 

Special comments regarding SSB 

FISHING MORTALITY 

Status quo Fbar (2-8) = 0.67 (Average 95-97) 

Estimate Probability % of h istorical F 

SSB<Bpa in above 

2007 precautionary F 
0.10 O% 100% 

FO. 1 5th %ile 0.11 0% 100% 
F35%SPR 5th %ile 0.13 O% 100% 
F0.1 0.15 O% 100% 
F35%SPR 0.16 O% 100% 

0.20 0% 100% 
Fmax 0.24 0% 100% 
Fmax 5th %ile 0.19 0% 100% 

0.30 0% 100% 
0.40 O% 100% 
0.50 O% 94% 
0.60 O% 83% 

Fmed 5th %ile 0.61 0% 83% 
Floss x exp(-1.645*SE) 0.62 O% 77% 
Floss x 5th %ile 0.67 0% 69% 

0.70 10% 60% 
Fmed 0.76 30% 43% 
Floss** 0.86 95% 20% 

SGPAFMFiim 0.63 74% 
SGPAFM Fpa 0.40 100% 

F range from the historie series 0.47 to 
SSB range from the historical series 69800 to 
•• A LOWESS smoother with a span of 0,5 was used. 

Stock recnuit data were log-transformed 
A point representing the origin was included in the stock recruit data. 

Lang-term 

SSB (l) at 

GM rec 
2081598 
1923012 
1698247 
1549588 
1455283 
1181856 
967130 
1230116 
726170 
471926 
320236 
225125 
216764 
211950 
179174 
163144 
136594 
103327 

4157953 
4157953 

0.92 
277200 

Shepherd stock recruit model (alpha =3.0343, bet a= 4.3531, gamma= 2.488E-02) 
Special comments regarding F 

=Floss 
=Fiim e-1.6 

F(2-8) may not be a reliable statistic for this stock. The main ages exploited are ages 2-4 and the low catct 
of ages greater !han 4 lead to a noisy exploitation patterns. 
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Table 3.10.4 North Sea cod : precautionary reference point! 

BIOMASS 

WGNSSK 
Bloss (lowest observed SSB; 
Blim 
Bpa 
MBAL 

= 66.000 t 
= 70.0001 
= 150,000! 
= 150,000! 

SGPAFM 
Blim = 66000 t Lowest observed SSB 
Bpa = 150,000! Decline in recruitment 

Special comments regarding SSB 

FISHING MORTALITY 

Status quo Fbar (2-8) = 0.67 (Average 95-97) 

Estimate Probability % of historical F 

SSB<Bpa in above 

2007 precautionary F 
0.10 0% 100% 

F0.1 5th %ile 0.11 0% 100% 
F35%SPR 5th %ile 0.13 0% 100% 
F0.1 0.15 0% 100% 
F35%SPR 0.16 0% 100% 

0.20 0% 100% 
Fmax 0.24 O% 100% 
Fmax 5th %ile 0.19 O% 100% 

0.30 0% 100% 
0.40 0% 100% 
0.50 O''lo 94% 
0.60 0% 83% 

Fmed 5th %ile 0.61 0% 83% 
Floss x exp(-1.645*SE) 0.62 0% 77% 
Floss x 5th %ile 0.67 0% 69% 

0.70 0% 60% 
Fmed 0.76 0% 43% 
Floss** 0.86 0% 20% 

2.0 10% 0% 

SGPAFMFiim 0.63 74% 
SGPAFM Fpa 0.40 100% 

F range from the historie series 0.47 to 
SSB range from the historical series 69800 to 
**A LOWESS smoother wrth a span of 0,5 was used. 

Stock recruit data were log-transformed 
A point representing the orig in was included in the stock recruit data. 

Ricker stock recruit model (alpha = 4.4876. beta = 0.004) 
Special comments regarding F 

Long-term 

SSB (t) at 

GMrec 
2081598 
1923012 
1698247 
1549588 
1455283 
1181856 
967130 
1230116 
726170 
471926 
320236 
225125 
216764 
211950 
179174 
163144 
136594 
103327 

4157953 
4157953 

0.92 
277200 

=Floss 
=Fiim e-1.6 

F(2-8) may not be a reliable statistic for !his stock. The main ages exploited are ages 2-4 and the low catct 
of ages greater than 4 lead to a noisy exploitation pattems. 
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~ I<'igure 3.1.1 Stock summary of Cod in IIIa (Skagerrak), IV and Vlld 
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Figure 3.1.2. Catch in numbers at agelor Nonh Sea Cod in 1997 and 1986 

Cod IV 1997 

30000 
25000+--n----------------------~ 

20000t-~--------------------~ 

15000ts-&~--------------------~ 

10000tfi~~------------------~ 

5000+M-&~fir.----------------~ 

o~~~~~~~~~~~~ 

3 5 7 9 11 13 15 

Cod llla 1997 

4000 "~" ...... ~ .... ~~~~~····-··~···~·· ............. " ... - ... ~~··~~··-·--

3000 +--&~-----------------------; 

2000+--&~--------------------~ 

1000+----&~--------------------~ 

~ M o .. 
3 5 7 9 11 13 15 

Cod Vlld 1997 

1 0000 ~ ..................... ~ ................................................. ~ ............... , 
\ 

sooo+m------------------------~ 

6000tu------------------------~ 

4000tfi------------------------4 

2000 .J.Ø.-1!1------------i 
O.f"L,....,-,.-,---,-....,--r-..-,-,~-,---.---r-i 

3 5 7 9 11 13 15 

Cod IV 1986 

100000 

80000 i 

60000 i 

i 

40000 i 

20000 m i u u o 
1 3 5 7 9 11 13 15 

Cod llla 1986 

5000 -~-----~·-··--·---------------~------·-·---·--········ .. ··-···········. 
4000 

3000 o 

2000 

1000 D 
o Ill .. . 

1 3 5 7 9 11 13 15 

Cod Vlld 1986 

10000 ·---··· ·····-······---------------------------~----._ . ._,_.~~---·· 

8000 
6000 

4000 

2000 
!'J o 

1 3 5 7 9 11 13 15 

79 



00 
o 

('OOOs) 

o o o o o o o N "' g § m -..J oo (O 
o o o o o o o o o o o o o o o o 

~~~~llf' 
1971 ~ 
1973 ~ ' 

1975 p· 

1983 

1985k::t:;i~11"""H 1987 l' 
1989 

1991 

"; 
c: 

1963 

1965 

1967 

1969 

1971 

o § 

1975 E :· 

('OOOs) 

N § i) c..n m -..1 
S< o 8 8 g o o o o o 

1977 p l ! : ' .. i ·l 
1981 

1991~ 

L JJ 

i> 

1963 

1965 

1967 

1969 

1971 

1973 

1975 

1977 

1979 

1981 

1983 

1985 

1987 

1989 

1991 

1993 

1995 

1997 

:!! 
"' c 
; ('OOOs) 

... 
:... ... g g ~ ~ ~ 8 8 ~ g 

o o 8 8 o o o o o o o o o o o o o 

z 
o 
;::1. 

fl' 
l 

l 
' t:.,b 

::r 
rJl .. 
"' 

§i 
~ ' o o c. F> 

~ 

' -æ 
"' a .. 
c 
-o 
n a 

< l n 
::r = - = c 
3 lm 
Cl' .. 
~ .. 
Cl' 
'< 

"' 
§l ;;.. 5 

; 
"' :r 
~ 

<D 

"' "' ' ~ 

~~ ' 

~.~ .. l J .IL L .. 
<D 

~ 



Figure 3.4.3 

COD, IV, llla, Vlld 
LOG CATCHABILITY RESIDUAL PLOTS (XSA) 
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Figure 3.4.3 (Continued) 

GOD, IV, llla, Vlld 
LOG CATCHABILITY RESIDUAL PLOTS (XSA) 
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Figure 3.4.3 (Continued) 

L 

COD, IV, llla, Vlld 
LOG CATCHABILITY RESIDUAL PLOTS (XSA) 
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Figure 3.4.4. Relative contribution of commercial fleets, surveys and shrinkage to tuning XSA 
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-. 
Figure 3.4.5 
Title Log VPA VS. Log lndex 
Stock North Sea cod 
lndex SCOTRL_IV 
Yearrange 1988-1997 
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Fig u re 
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Fig u re 3.4.7 
Title Log VPA vs. Log lndex 
Stock Nprth Sea cod 
lndex SCOLTR_ IV 
Yearrange 1988-1997 
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Figure 3.4.8 
Title Log VPA vs. Log lndex 
Stock Nprth Sea cod 
lndex ENGTRL_ IV 
Yearrange 1988-1997 
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3.4.9 Fig u re 
Title 
Stock 
lndex 
Yearrange 

Log VPA vs. Log lndex 
Nprth Sea cod 
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Fig u re 3.4.10 
Title Log VPA vs. Log lndex 
Stock N prth Sea cod 
lndex SCOGFS IV -
Yearrange 1988-1997 
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Figure 3.4.11 
Title Log VPA vs. Log lndex 
Stock Nprth Sea cod 
lndex ENGGFS_ IV 
Yearrange 1988-1997 
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Fig u re 3.4.12 
Title Log VPA vs. Log lndex 
Stock Nprth Sea cod 
lndex IBTS Q1 IV 
Yearrange 1988-1997 
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Figure 3.4.13 
Title Log VPA vs. Log lndex 
Stock North Saa Cod 
lndex FR TRO IV -
Yearrange 19811-1997 
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Figure 3.4.14 North Sea Cod. Results ofretrospective analyses 
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Figure 3.7.1. Fish Stock Summary. COD in fishing area's IV, IIIa (Skagerrak) and VIId 

~ 

"' E 

Long term yield and spawning stock biomass 

- -- Yield SSB 

800- --·-- --- -- ------ 16 

' 

-· 

;r~ 

l 
--·-·-700 14 

l ·- --- --- ----- ' 

l 

' 
' ' 

l 

600 
..._ 

'........__ -~-+-12 

·~ ------
·--------

~ 500--
0l 

H 
1/ 

l --------1- 10 

~ 

~ 

::> 
~ 

<.> 
\l) 
L 

~ 

\l) 
(L 

u 

·"' >-

400 

300---

200 

l 
100 -It 

'l 
l 

o l 
0.0 

'l 
'i 
~ 8 

l\ i 

l \ 

l 
l 
l 

6 --------1 

l l 
l 
l 
l 

-- \ 4 

' l l 
l 

__ _[ l 
l 

----- ... "'-.._-;- -r 2 

-.. - ·- ·- -

' - -- ' o 
0.2 0.4 0.6 0.8 1.0 1.2 

Fishing mortality (average of age 2- 8,u) 

(run: YLDLJB03) c 
0.\Adln\W gn:ps\ W gns."k\Ro:purls\ 1999\F-3 71. Doc 

Short term yield and spawning stock biomass 

-- Yield ----- SSB 

250 -- ---- -· - -- ---l 
! 

' 

200 

~ 

~ 

L "' o 
\l) 

Vi 
c 
c 

~ 
o 

o ~ 

Ql o 150 

>- o 
o 

o ~ 

~ 
~ 

~ "' Dl "' o "' - 100 
-"' 
~ 

c 

m 
til 

u 

til 
\l) 

>-

50 

l 
l 7 . l 

l 

' 

~ 
' ' ' l 

' 
l 

l --

~v ' 
L 
l 

i ",, l -

V 
' ' -' ' 

~ --------
. , 

'/ k ' ~ 
-----·r o 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 

Fishing mortality (average of age 2- 8,u) 

(run: MANLJB04) o 

375 

t: 
300 o 

~ 

"' ~ 
o 

"' >-
~ 

o 

225 
~ 

"' "' c 
c 
o 
~ 

o 
o 
o 

150 -=-
o 
o 
o 
"' c 

m 
75 (/) 

(/) 

o 



'D o-

Flgure 3.7.2 Cod in llla (Skagerrak), IV and Vlld 
Stock numbers of recruits and fhelr source for recenf year classes used in 
predicllons. and the relaflve (%) contribuflons to landings and SSB (by weight) of !hese year classes 

Yeor-class 1994 1995 1996 1997 1998 

Stock No. (thousands) 238287 161384 557000 71 000 250000 
of l year-olds 
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Status Quo F: 
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%in 1999 9.2 8.6 53.8 8.0 7.0 

%in 1998 SSB 23.0 8.8 8.3 0.4 
%in 1999 SSB 22.0 14.1 26.6 l o 1.4 
%in 2000 SSB 15.2 14.4 45.1 3.6 4.3 

st-GM . short term geometric mean recruitment 

Cod in llla (Skagerrak), IV and Vlld : Year-class% contribution to 
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Figure 3.7.3 cod,North Sea. Sensitivity onolysis of short term forecost. 
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Figure 3.7.4 cod,North Sea. Probobility profiles for short term forecast. 
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Figure 3.8.1 Cod in lUa (Skagerrak), IV and Vlld. Medium term projections. Solid lines show 5, 10, 20,50, and 95 percentiles 
Shepherd stock-recruitment relationship 
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Figure 3.9.1 

8 North Sea cod: Stock and Recruitment 



Figure 3.10.1. Cod in rna (Skagerrak), IV and Vlld: Bological reference points from PA 
software 
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Flgure 3.1 0.2 C od in Ill a (Skagerrak), IV and Vlld. PA Software output 

æ 

~ 

t • 

102 

,oooo:too E~-~-~~~--
soo =l 

eood!l!l sfom~ 
• • 

··---~ F .. 
ong.t, not inchtd.d 

700000 . ' 
600000 

500000 

400000 

300000 

200000 

100000 

• • :• 

~-~ .. 

..,: . 

'•· • " ,.•, -~·- ~ ' ' 

• • 
o L-----------------~----~----~----~ 

o 

300000 

250000 

200000 

150000 

100000 

50000 

'""""'" r 900000 

800000 

700000 

600000 

500000 + 
: 

400000 . 

~00000 

ZIJOOOO 

100000 

"'" 

50000 100000 150000 ... 

• ~---· .. 
... 
• 

• • 
• ' 

~ ~ . •· .• . ~ : . 

200000 250000 

.. 

• 

.,.;_ ---· • -··· -.. .. . ... .. 
·• 

- ·.,. · · Recruts 
~~ectedRecru1ts 

'l:!'li~:9:-«~:rt<:l'~ ~->~:w-}:;:;:;:;:~~'1':~~-q*:;, • t 
• ., • • t::~@~ • .... 

•• • • • ~~~;:;:~» . . -· . ~ 
---------' 

1955 1970 1975 19e0 1985 1990 1~5 2000 

-ooaoo T 
~50000 -:.-

300000 -

250000 

~ 200000 

150000 

100000 

~""' 
o : 

"·' "' ... 

•• 

• .... 

"' 

" 
" 
"' ... 
,. 

" 
" •.. 

" 

•. 
:-:. 

-·- .. .:: ,. 
~--'!'···· .• . .. 

... 

i$ .• - • ... 
•. 

..~ -, .. _._-.;~ .. :- -· ... 

• 
~ 



Figure 3.10.3. Cod IN IDa (Skagerrak), N and Vlld: fishing mortality and SSB in relation to 
proposed precautionary reference points. 
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4 HADDOCK IN SUB-AREA IV AND DIVISION DIA 

4.1 The fishery 

In the North Sea, haddock is taken as part of a mixed demersal fishery, with the large majority of the catch being laken 
by Scottish light trawlers, seiners and pair trawlers. These gears have a minimum legal mesh size of l 00 mm. Smaller 
quantities are taken by other Scottish vessels, including Nephrops trawlers which use 70 mm mesh and thus discard 
higher quantities. Vessels from other countries including England, Denmark and Norway also participate in the fishery, 
and haddock are also laken as a bycatch by Danish and Norwegian vessels fishing for industrial species. In Division IIIa, 
haddock are taken as a bycatch in a mixed demersal fishery, and in the industrial fishery. Landings from Division IIIa 
are small compared to the North Sea, amounting to between 2.5 and 6.9% of the total catch over 1963-1997. 

4.1.1 ACFM advice applicable to 1997 and 1998 

Following the relatively low leve! of exploitation indicated by the 1997 assessment of this stock, ACFM advised that 
fishing mortality should not be allowed to increase above the present leve! (total F2~. 97 = 0.66) in order to maintain a low 
probability of SSB being reduced to low levels and provide higher yields in the langer-term. For the previous two years, 
ACFM ad vice had been that any management of this fishery should take into account the mixed-species nature of the North 
Sea roundfish fishery. 

4.1.2 Management applicable to 1998 

In the main North Sea fishery the minimum legal mesh size is 100 mm, although vessels using smaller mesh sizes to fish 
for Nephrops or industrial species can land some haddock, but are subject to bycatch limits. The closure of the Norway 
Pout box to industrial fishing is another measure by which bycatches of haddock are limited. The minimum landing size 
for haddock is 30 cm. On an annua! basis, management of the fishery is through TACs. 

In Division Illa the 1998 TAC is 7,000 t and in the North Sea the 1998 TAC is 115 thousand tonnes. 

4.1.3 Catches in 1997 

Nominallandings of haddock from Division Illa for recent years are given in Table 4.1.1, along with Working Group 
estimates of landings and industrial bycatch. Table 4.1.2 gives the corresponding figurcs for haddock in the North Sea, 
and Tab le 4.1.3 gives the full time series of Working Group estimates for both areas. 

In Division llla totallandings during 1997 amounted to about 4 thousand tonnes, with industrial bycatch aceounting for 
on! y 610 t of !his total. This total is below the series average and represents a rcduction compared to 1996, but the 
overall level is comparable to landings over the preceding three ycars. The level of industrial bycatch was rather low in 
1997, but not exceptionally so. 

In the North Sea, human consumption landings in 1997 were around 79,000 t, which is comparable to landings in the 
five preceding years during which landings have varied between 70 and 81 kt. The 1997 landing represents a 
eonsiderable undershoot of the TAC of 114 kt. The levcl of discarding in 1996 was slightly lower than in recent years, 
but the leve! of industrial bycatch is comparable to that of recent years. The Working Group estimate of the 1997 catch 
includes a small correction for suspected under-reporting by one nation. 

4.2 Natural mortality, maturity, age composition, mean weight at age 

Natura! mortality estimates are given in Table 4.2.1 along with the maturity ogive. The estimates of natura! mortality 
originale from MSVPA - see Section 1.3.1.3. The maturities are based on IBTS data. Both natura! mortality and 
maturity are assumed constant with time. Biomass totals are calculated as at the beginning of the year. 

For Division IIIa in 1997, age composition data for the human consumption and industrial bycatches were supplied by 
Denmark, who accounted for around 70% of the human consumption landings and all of the industrial bycatch in this 
area in 1997. For the North Sea catches, age composition data for the human consumption landings were supplied by 
Denmark, England, France, Scotland and Belgium. These nations aceounted for over 90% of the total landings. 
Industrial bycatch age compositions for the North Sea were supplied by Denmark and Norway. Discard totals and age 
compositions for the North Sea were estimated from Scottish data. No estimates of discards are available for Division 
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Illa. Catch-at-age data are given in Table 4.2.2. The catch-at-age data for the North Sea are SOP corrected; there are 
slight SOP discrepancies in the combined data arising from minor discrepancies in the Division Illa data. 

As in 1996, fish from the 1996 and 1994 year c Iasses were the most abundant in the total catches in 1997. In comparison 
with the short-term prediction made at the previous WG meeting, the numbers of all of the commercially important age 
classes are lower than predicted. On average, over the age range 2--6, the predicted catch numbers were 19% greater 
than the current estimates, with the effect being most marked on the strong 1994 year class where last years prediction 
over-estimated the 1997 catch by 39%. 

The mean weight at age data for the Division Illa catches do not cover all years and for earlier years are not split by 
catch category, so only North Sea values have been used. Weight at age data from the total catch (i.e., Human 
consumption, discards and industrial bycatch) in the North Sea, which are also used as stock weights at age, are given in 
Tab le 4.2.3. 

4.3 Catcb, ElT ort and Researcb V esse! data 

The lleets used in tuning are listed in Table 4.3.1 along with the age and year ranges used in the tuning file. The fleets 
consist of two Scottish comrnercial tleets and three research vessel surveys. Definitions of the commercial fleets are the 
sante as !hose given for the equivalent vessels working in Division Via which are given in the Report of the 1998 
Working Group on the Assessment of Northem Shelf Demersal Stocks (ICES 1999, Appendix 2). In order to include the 
most recent information from the IBTS quaner l survey, this survey is treated as if it takes place at the end of the 
preceding year, by appropriate adjustrnents of the age and year ranges, and of the alpha and beta parameters. The IBTS 
quarter four survey, which was used in tuning the 1997 assessment, was terminated in 1996, so was not included in the 
tuning data for this assessment. The tuning file is given in Table 4.3.2. 

4.4 Catcb-at-age analysis 

As a baseline, the first XSA run made used the same settings as used in the final XSA run in the 1997 Working Group 
assessment of this stock. The fleets used were also the same, apart from the omission of the IBTS quarter four series. 
The population estimates from this run are plotted against the CPUE series' in Figure 4.4. L These show negative slopes 
at age 6 in the Scottish and Enghsh surveys. For this rea.son this age was omitted from these series in subsequent runs. 
The diagnostics from the baseline run showed an indication of a year effect for recent years in the Scottish groundfish 
survey data, with residuals for most ages in the three most recent years all being positive. There is also same indication 
of a similar effect in the IBTS quaner l data. While such effects might be considered as grounds for removing these 
series from the tuning, this was not addressed here. In both cases, these series have previously proved to be important 
tuning fleets, and in the current tuning. their associated survivor estimates, although lending to be higher than those for 
other fleets, were neither extreme, nor received excessive weighting. Thus their removal is likely to have a relatively 
small result on the overall survivor estimates. Furthermore, this assessment shows a relatively high degree of inter­
annua! variation in fishing mortality, and also quite high retrospective variation (Figure 4.4.2). Given this degree of 
variation, there is not a compelling case for mak.ing such relatively minor changes to the XSA configuration. Similarly, 
given the apparent recent decrease in F, it may be appropriate to use weaker shrinkage than the default value of 0.5 used 
previously. This was investigated through retrospective runs (Figure 4.4.2). While the weaker shrinkage (0.9) resulted in 
a slight improvement in retrospective performance, it made only a 6% difference to the value of mean Fin 1997, so 
again this change was not implemented. 

The only differences in the configuration of this and the previous two assessments are the omission of the terminated 
IBTS Q4 series and minor truncations of the age-ranges used in other survey series. The settings are given in the text 
table below: 

Catch at age method 
Fleets 
Taper 
First age for. constant q 
q-plateau age 
Shrinka eSE 

1997 assessment 

XSA 
2 commercial, 5 surveys 
uniform over l O years 
o 
7 
0.5 

1998 assessment 

XSA 
2 cornmercial. 4 surveys. 
uniform over 10 years 
o 
7 
0.5 
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Diagnostics from the final XSA run are given in Table 4.4.1, with log-catchability residuals in Figure 4.4.3. These show 
the possible year cffects in recent years for the Scottish and IBTS Q l survey series. The contribution of the survey and 
cornmercial tuning fleets and shrinkage to the survivor estimates at age is given in Figure 4.4.4. These show a smooth 
transition from estimates at younger ages based largely on survey data, to estimates at older ages where commercial data 
receive most of the weight. Retrospective trends in mean Fare given in Figure 4.4.2; the retrospective runs excluded the 
IBTS Q2 data as this series is too short to permit a useful retrospective analysis. The retrospectives show quite a high 
degree of variation, with a general tendency to over-estimate Fin the terminal year. 

Estimates of fishing mortalities at age from the final XSA run are given in Table 4.4.2, and stock numbers at age are 
given in Tab le 4.4.3. The present assessment indicates a mean total Fin 1997 of 0.63. The current XSA run has revised 
the estimate ofF in 1996 from 0.66 to 0.79. 

4.5 Recruitment estimation 

Indices from some 1998 surveys are available for this stock, making it appropriate to use RCf3 to provide estimates of 
recruiting year classes. However, due to the change in vessel and gear for the Scottish Groundfish survey in 1998 (see 
Section 1.3.1.4) the most recent indices from this survey were not used in RCT3, although they are shown in the RCT3 
input file (Table 4.5.1) for comparison. As a result. indices from the 1998 English GFS were the only indices used in the 
RCT3 which were not already included in the XSA tuning. Output from the RCT3 runs at ages 0-2 are given in Tables 
4.5.2a-c, and the relationship between the indices and the corresponding XSA estimates is shown in Figure 4.5.1. 

The only available index of the 1998 year class comes from the English GFS in August. This indicates that the year el ass 
is well below average strength. This index receives high weight in the RCT3 estimate of this year class at age O, so the 
RCT3 estimate of 8476 million was used in the prediction. This estimate is below the GM value of 26444 million. 

The XSA estimate of the 1997 year dass at age l (1351 million) compares with the RCf3 estimate of 1,852 million. 
The RCT3 estimate was adopted as the index which is given the highest weight in the estimate is the English GFS index 
at age l which is not includcd in the XSA. The estimate is below the long-term GM at age l of 3,616 million. 

The RCT3 estimate of the 1996 year class at age 2 (502 million) is similar to the XSA estimate (481 million). The RCT3 
estimate receives much of its weight from the IBTS Q2 data, which is undesirablc given the short time-series for this 
fleet. Because of this, and because the two estimates are similar, the XSA estimate was adopted. The estimate indicates 
that this year el ass is slightly below average strength. 

At ages 3 and older the XSA estimates of survivors at the start of 1998 were used in the prediction. For numbers at age O 
in 1999 and 2000, the long term GM value of 26.4 billion was used. 

4.6 Historical stock trends 

Trends in spawning stock biomass, recruitment and mean F since 1963 are given in Table 4.6.1 and Figure 4.6.1. Total F 
has fluctuated around a mean level of 0.92, although the present assessment indicates that it declined to close to the lowest 
observed leve! of 0.63 in 1997. Recruitrnent shows considerable variation, with the current estimatc of the 1994 year el ass 
indicating that it is one of the strongest since 1974, but the three most recent year classes are all of below average strength_ 
Spawning biomass has fluctuated, with occasional slight peaks corresponding to the maturation of strong year classes. SSB 
declined from 1985 to a series low of 63,300 t in 1991, since when an increase is indicated. 

4.7 Short-term forecast 

The short-terrn catch prediction for this stock considers three catch categories; human consumption landings, discards and 
industrial bycatch. The predicted HC landings and industtial bycatch each include a proportion which should be allocated to 
Division lia. The average propottion taken in Illa is summarised in the following text table. These figures are based on 
Working Group estimates of catch. Information on the split of llla landings into industtial and human consumption 
components is only available for 1983 onwards. 

Catch categorv 
Human consumption landings 
Hwnan consumption landings 
Industrial bycatch 
lndusttial bycatch 
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Year range 
Full, 1963-1997 
Recent, 1995-1997 
Full, 1983-1997 
Recent, 1995-1997 

Percenta~c taken in Division Hia 
Mean Range 
3.68% 0.2%- 8.4% 
3.66% 
26.8% 8.2%-43.2% 
22.2% 



For prediction purposes unscaled mean Fs over 1995-1997 were used. The mean HC F(2--<i) over !his period is 0.54, which 
compares with a point estimate for 1997 of 0.45. For the industrial bycatch, the mean F(0-3) over 1995-1997 of 0.026 
compares with a 1997 value of 0.019. The Fs at age for the human consumption/discard lleet were calculated by first 
obtaining partial Fs for !his tleet over 1995-1997. The mean exploitation pattern over !his period was !hen parti ti o ned 
between the human consumption and discard components according to the mean proponion at each age over 1995-1997. 
This period was chosen after examination of the data showed no obvious recent trends in discard rate. Prediction Fs-at-age 
for the industrial bycatch were obtained using a similar procedure with the partial Fs for this tleet. It should be noted !hat the 
human consumption and bycatch reference Fs are calculated over different age ranges, rellecting their different exploitation 
patterns. This means !hat the rnean F obtained from combining the partial Fs across !hese two tleets may not correspond to 
the mean total F. Mean weights at age were calculated over 1995-1997, again following examination of the data to check 
for the presence of trends. The mean Fs-at-age and weights-at-age are calculated automatically by the program 'losens' and 
retlect recent practice for catch predictions for the North Sea stock. 

The inputs to the prediction are given in Table 4.7.1. Tbe results of this prediction are given in Table 4.7.2, with more 
detailed output assuming status quo Fin 1998 summarised in Table 4.7.3. The assumption of status quo Fin 1998 and 1999 
leads to predicted human consumption landings for the Nonh Sea and llla of 102,000 t in 1998 falhng to 81,000 t in 1999. 
SSB is predicted to decrease from its 1998 leve! of 213,000 t to 171,000 tat the stan of 1999, with a funher decline to 
136,000 tat the stan of 2000. For comparison, the total TAC for 1998 is 122,000 t (115,000 in the Nonh Sea and 7,000 t in 
llla). 

The predicted decrease in human consumption landings over 1998 and 1999 retlects the decreased contribution of the 1994 
year class to the catches. This year class accounts for 56% of the predicted 1998 HC landings in weight, with no other year 
class contributing more !han 16% to !his total (Table 4.7.4). For the 1999 landings, the 1994 and 1996 year classes each 
provide about 30% of the predicted catch in weight, even though the 1996 year class is estimated to be of slightly below 
average strength. The relative importance of the 1994 and 1996 year classes is partly retlected in the sensitivity analysis of 
the shon term prediction (Figure 4.7.1) where it can be seen !hat the prediction is sensitive to the estimate of the strength of 
the se year classes at ages 2 and 4 respectively, and to factors influencing the survi val of these year el as ses and thcir 
contribution to the catch and spawning stock. However, the sensitivity ana1ysis also indicates that the prediction, and 
particularly the variance of the prediction, is most sensitive to the overall leve! of fishing and natural mortality during 1998 
and 1999. 

The cumulative probability distributions from the sensitivity analysis (Figure 4.7.2) indicate !hat the probability of the SSB 
falling below the lowest recorded value of 63,000 t by 2000 is low. The input values to the catch prediction with sensitivity 
analysis of are given in Table 4.7.5. 

4.8 Medium-term projections 

The input values for the medium-term projections were the same as those used for the short-term prediction (Table 
4.7.1) except that the weights at age were taken as means over the 1988-1997 instead of just 1995-1997. As a result, the 
weights at age are slightly higher than those used in the short-terrn prediction. 

The stock and recruitment data for this stock do not show any evidence of a stock-recruitment relationship, and in 
particular they do not show any evidence of a decline in recruitment at low stock sizcs. As the basis for the medium-term 
projections, a Bevenen-Holt SRR curve was fitted to the data, although for the above reasons the model fit was not 
significant. A Ricker curve was also investigated. This was very similar in shape to the Beverton-Holt, and again the fit 
was not significant. Given the large variation in recruitment and the wide range of SSB values in the data, the results of 
the projections are likely to be rather insensitive to the SRR model chosen. The fitted Bevenon-Holt curve is shown in 
Figure 4.8. l, along with the results of a medium-term projection assuming status quo fishing mortality in 1998 and 
subsequent years. The median line from this projection indicates a decline in landings and SSB over the next three years 
or so retlecting the declining contribution of the streng 1994 year class, after which both are indicated to increase. 

4.9 Long term considerations 

Although it has apparently declined in recent years, mean total F for this stock has remained close to l for at !east the last 20 
years. This high level of exploitation means that strong year classes do not survive to make much contribution to the 
spawning stod'~ and the fishery will continue to depend upon a few recent incoming year classes. 
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4.10 Biological reference points 

A yield per·recruit curve based on the inputs to the medium term projections (i.e., as Table 4.7.1, bul with mean weights 
laken over 1988-1997) is given in Figure 4.10.1. and the stock-recruiunent plot is given in Figure 4.10.2. The reference 
points given on Figure 4.10.1 are based on the total yield-per-recruit curve. Output from the program GLOSSC, used to 
estimate Floss. is given in Figure 4. 10.3. The settings used are given in Table 4.1 O.l. 

4.10.1 Choice of B,. 

This stock has shown high variation in spawning stock size, with the lowest observed SSB (63,300 t) representing just 
7% of the size of the !argest observed SSB (Figure 4.10.2). As this is the case, B~., is an obvious candidate for Blim for 
this stock. As the point estimate of Btoss represents such an extreme in the stock's history, it is more appropriate to use a 
smoothed estimate of B1", as Blim· The SRR plot (Figure 4.10.2) shows a cluster of points around the 100,000 t mark, 
including one reasonably strong year class resulting from !his low leve! of SSB, so 100,000 t is suggested as B11m· From 

!his we have B"' = B1,".exp(1.645cr). With cr taken as 0.2, !his gives a B"' value of 140,000 t. 

4.10.2 Choice ofF,. 

A range of candidate values for F,, are given in Table 4.10.1. The probabilities given in this Table were interpolated 
from Figure 4.10.4, which shows the percentiles of medium term projections after 10 years (details as in Section 4.8) run 
with different F-multipliers. 

The stock has sustained le veis of total F around 1.0 over a long period and many of the candidate values for F,, fall well 
below the minimum F observed for !his stock. An y value of 0.7 or less gives a probability of less than l 0% that SSB will 
be below B"' after 10 years. In addition, F1.,, (defined as the F which has only a 10% risk of exceeding the F associated 
with G1,".) is ,close to 0.7, so a value ofF= 0.7 also has only a 10% risk of exceeding F1,,., hence a value of around 0.7 is 
suggested for Fpa· 

Although the medium-term probability of SSB be ing below B"' after ten years, if F is maintained at F,. is around l 0%, it 
should be noted that status quo F (0.70) is at F"', and the status quo forecast gives a probability of about 60% !hat the 
2000 SSB will be below B,, (Figure 4.7.2). This decrease is due to a series of three year classes of below average 
strength. This decrease is also apparent in the plot of mean F against SSB in relation to the proposed PA reference 
points. (Figure 4.10.5). 

4.11 Comments on the assessment 

Recent assessments for this stock have tended to result in ovcr-optimistic catch forccasts, with recent North Sea TACs 
being around the 120 kt mark, bul landings being el oser to 80 kt. As noted in Section 4.1 .3, this was again the case with 
the catch prediction for 1997. This discrepancy can be part! y attributcd to the over-estimation of the strong 1994 year 
class, but in this case there is also a more general problem of over-estimating catches at all ages. This may be associated 
with the low _leve! ofF in 1996 indicated by the previous assessment. The present assessment has resulted in a marked 
upward revision of this value. 
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Table4.1.1 Nominal catch (t) of HADDOCK in Division Ula, 1988-1997, as officially reported to ICES. 

Coun~ 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
Belgium 19 5 13 4 14 9 4 18 
Den mark 2558 3895 3885 2339 3812 1600 1458 1576 2523 2501 
Germany 3 + 5 5 
Nethertands 8 
Norway 245 84 100 110 184 153 142 134 114 187 
Sweden 84 66 84 69 744 436 408 498 536 807 
UK En l. & Wales + 
Total 2894 4050 4085 2522 4754 2198 2013 2227 3178 3500 

Table4.1.2 Nominal ca1ch (11 ofHADDOCK in Sub-Area IV, 1988-1997, as officially reported 1o ICES. 

Coun!!:x 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
Belgium 220 145 192 168 415 292 306 407 215 436 
Denmark 9174 2789 1993 1330 1476 3582 3208 2902 2520 2722 
Faroe Islands 35 16 6 15 13 25 43 49 13 9 
France 2193 1702 1115 631 508 960 678 441 368 804 
Germany 802 447 749 535 764 348 1829 1284 1769 1462 
Netherlands 894 328 102 100 148 192 96 147 110 480 
Norway 1590 1697 1572 2069 3273 2655 2355 2443 2297 2353 
Poland 18 8 
Sweden 614 1051 900 957 1289 908 551 722 689 654 
UK (Engl. & Wales) 5537 2507 2019 2173 2926 4259 4043 3616 3379 3330 
UK (Isle of Man) 11 
UK (N. lreland) 137 11 48 73 18 9 

North Sea + Oivision llla 

WG estimata of Total Catch 175515 108771 92720 97021 138001 174296 153863 144773 159671 141898 
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Table 4.1.3; Catches ('OOOt) of Haddock from the North Sea and Division llla, 1963-1996. 
Figures are Worklng Group estimates. 

North Sea Division llla 
Year H.cons Disc lnd. BC Total H. cons. lnd. BC Total 
1963 68.4 189.0 13.7 271.0 0.4 0.1 0.5 
1964 130.5 160.3 88.6 379.4 0.4 0.3 0.7 
1965 161.6 62.2 74.6 298.4 0.7 0.3 1.0 
1966 225.8 73.6 46.7 346.0 0.6 0.1 0.7 
1967 147.4 78.1 20.7 246.1 0.4 0.1 0.4 
1968 105.4 161.9 34.2 301.5 0.4 0.1 0.5 
1969 330.9 260.2 338.4 929.5 0.5 0.5 1.1 
1970 524.6 101.4 179.7 805.7 0.7 0.2 0.9 
1971 235.4 177.5 31.5 444.4 2.0 0.3 2.2 
1972 192.9 128.1 29.6 350.6 2.6 0.4 3.0 
1973 178.6 114.7 11.3 304.6 2.9 0.2 3.1 
1974 149.6 166.8 47.8 364.2 3.5 1.1 4.6 
1975 146.6 260.4 41.4 448.4 4.8 1.3 6.1 
1976 165.6 154.3 48.2 368.1 7.0 2.0 9.1 
1977 137.3 44.3 ' 35.0 216.6 7.8 2.0 9.8 
1978 85.8 76.9 10.8 173.5 5.9 0.7 6.6 
1979 83.1 41.7 16.4 141.2 4.0 0.8 4.8 
1980 98.6 94.7 22.3 215.7 6.4 1.5 7.9 
1981 129.6 60.1 17.1 206.8 9.1 1.2 10.4 
1982 165.8 40.5 19.4 225.8 10.8 1.3 12.1 
1983 159.3 65.9 13.1 238.4 8.0 7.2 15.2 
1984 128.1 75.3 10.1 213.5 6.4 2.7 9.1 
1985 158.5 85.4 6.0 250.0 7.2 1.0 8.1 
1986 165.5 52.2 2.6 220.4 3.6 1.7 5.3 
1987 108.0 59.2 4.4 171.6 3.8 1.4 5.3 
1988 105.1 62.1 4.0 171.2 2.9 1.5 4.3 
1989 76.2 25.7 2.4 104.3 4.1 0.4 4.5 
1990 51.5 32.6 2.6 86.7 4.1 2.0 6.1 
1991 44.6 40.3 5.4 90.3 4.1 2.6 6.7 
1992 70.2 48.0 10.8 129.0 4.4 4.6 9.0 
1993 79.6 79.6 10.7 169.9 2.0 2.4 4.4 
1994 80.9 65.4 3.6 149.9 1.8 2.2 4.0 
1995 75.3 57.4 7.7 140.4 2.2 2.2 4.4 
1996 76.0 72.5 5.0 153.6 3.2 2.9 6.1 
1997 79.1 52.1 6.7 137.9 3.4 0.6 4.0 

Min 44.6 25.7 2.4 86.7 0.4 O. 1 0.4 
Mean 140.6 94.9 34.9 270.4 3.8 1.4 5.2 
Max 524.6 260.4 338.4 929.5 10.8 7.2 15.2 

IlO 

Total 

271.5 
380.2 
299.5 
346.7 
246.6 
302.0 
930.5 
806.7 
446.6 
353.6 
307.7 
368.8 
454.5 
377.1 
226.4 
180.1 
146.0 
223.6 
217.2 
237.8 
253.6 
222.6 
258.1 
225.7 
176.9 
175.5 
108.8 

92.7 
97.0 

138.0 
174.3 
153.9 
144.8 
159.7 
141.9 

92.7 
275.6 
930.5 



TABLE 4.2.1 ; Haddock, North Sea+ Skagerrak 
Natural Mortality and proportion mature 

Age ! Nat Morj Mat. l 
--------1--------1 

o 2.050 l .000 l 
l 1.650 l .010 l 
2 .400 l .320 l 
3 .250 l .710 l 
4 .250 l .870 l 
5 .200 l .950 l 
6 .200 l 1.000 l 
7 .200 l 1.000 l 
8 .200 l 1.000 l 
9 .200 l 1.000 l 

10+ .200 l 1.000 l 
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Table 4.2.2 

Run title : Haddock in IV, IIIa (run: XSASAR01/X01) 

At 12-0ct-98 17:25:38 

Table Catch nutbers at age Nlll1bers*10**-3 
YEAR, 1963, 1964, 1965, 1966, 1967, 

AGE 
o, 1367, 140235, 652537, 1671206, 306037, 
1' 1307177, 7436, 368593, 1007323, 838189, 
2, 335092, 1296771' 15184, 25674, 89083, 
3, 20963, 135227' 649840, 6425, 4863, 
4, 13026, 9069, 29496, 412551, 3585, 
5, 5781' 5350, 4662, 9980, 177857, 
6, 502, 2405, 1972, 1045, 2443, 
7, 653, 287, 452, 601' 215, 
8, 566, 236, 107' 165, 216, 
9, 59, 231, 90, 90, 57, 

+gp, 18, 25, 41' 25, 34, 
TOTALNUM, 1685205, 1597272, 1722975, 3135083, 1422579, 
TONSLANO, 271531' 380158, 299464, 346726, 246589, 
SOPCOF X, 100, 100, 100, 100, 100, 

Tab le Catch nl.ITibers at age Nuni:>ers*10**-3 
YEAR, 1968, 1969, 1970, 1971' 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
o, 11146, 72670, 925768, 333396, 244075, 60545, 614903, 46388, 174161, 120798, 
1' 1098748, 20493, 266379, 1815054, 679205' 366830, 1220855, 2116938, 170529, 258923, 
2, 439511' 3578612, 218480, 71035, 587590, 570630, 176342, 641755, 1062943, 107675, 
3, 19600, 303489, 1906737, 47546, 40604, 240604, 332967, 56991, 211544, 394175, 
4, 1947, 7596, 57435, 400469, 21213, 6192, 54314, 109062, 9952, 40165, 
5, 2529, 2411, 1178, 10374, 156000, 4470, 1875, 15813, 31311, 4316, 
6, 45973, 2515, 1197, 462, 3563, 39459, 1351, 963, 4996, 6275, 
7, 325, 19129, 256, 195, 190, 1257. 10922, 620, 206, 1300, 
8, 40, 200, 5954, 147, 34, 106, 242, 2714, 76, 135, 
9, 13, 24, 67, 1592, 27, 29, 23, 266, 759, 29, 

+gp, 5, 7, 30, 168, 419, 163, 41' 62, 63, 204, 
TOTALNUM, 1619637, 4007145, 3385481, 2680438, 1734921' 1290287, 2413836, 2993612, 1666541' 934017, 
TONSLAND, 302043, 930538, 806674, 446634, 353606, 307688, 368797, 454536, 377118, 226411 l 

SOPCOF %, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 

112 



Table 4.2.2 (Cont'd) 

Run title : Haddock in IV, llla (run: XSASAR01/X01) 

At 12-0ct-98 17:25:38 

Tab le Catch l'lllrbers at age Nl.Dbers*10**-3 
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
o, 305115, 881823, 399372, 646419, 278705, 639814, 95502, 139579, 56503, 13384, 
1, 463554, 351451, 678499, 134470, 275686, 157259, 432193, 178878, 160398, 314017, 
2, 146957. 204046, 333261, 423059, 86126, 252258, 168273, 534269, 178824, 250496, 
3, 30377, 41297, 73043, 143151, 299895, 73920, 122984, 78726, 323650, 47432, 
4, 113703, 7406, 10476, 15228, 41435, 127250, 22079, 37445, 27685, 67864, 
5, 8708, 28024, 1901, 2034, 3407, 16480, 32658, 5306, 9691, 4761, 
6, 1264, 2237, 8067, 458, 713, 1708, 3789, 7355, 1237, 2877, 
7, 2076, 262, 598, 2498, 279, 297, 596, 965, 1810, 545, 
8, 402, 483, 121, 124, 786, 60, 81, 209, 246, 780, 
9, 116, 152, 162, 64, 29, 193, 39, 53, 106, 135, 

+gp, 94, 78, 119, 61, 26, 67, 139, 114, 137, 152, 
TOTALNUM, 1072366, 1517259, 1505618, 1367566, 987087, 1269306, 878333, 982899, 760287, 702443, 
TONSLAND, 180144, 146001, 223610, 217151, 237842, 253594, 222563, 258117, 225697, 176880, 
SOPCOF ~. 100, 100, 100, 102, 102, 104, 102, 101 • 101, 99, 

Tab le Catch nllllbers at age NLITi:>ers*l0**-3 
YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 

AGE 
o, 16535, 12042, 57702, 123910, 270758, 141209, 85966, 273689, 345874, 39940, 
1, 30044, 47648, 86819, 228553, 209879, 359995, 99260, 301733, 50387, 120696, 
2, 490706, 35358, 103021, 78258, 253286, 262765, 296776, 85925, 355215, 80237, 
3, 89940, 182748, 18947, 23197, 32494, 108421, 100476, 167801, 56792, 211577, 
4, 13431, 18106, 57830, 3888, 6552, 7107, 29609, 25875, 55326, 15900, 
5, 18579, 2636, 3905, 12526, 1250, 1698, 1920, 7645, 7989, 16131, 
6, 1602, 4058, 896, 976, 4861, 450, 573, 51 1, 3052, 2592, 
7, 639, 510, 1380, 401, 454, 1138, 191, 127, 756, 679, 
8, 163, 201, 206, 620, 299, 145, 509, 45, 52, 62, 
9, 145, 83, 80, 144, 294, 103, 115, 62, 31, 15, 

+gp, 104, 54, 70, 65, 154, 210, 89, 36, 42, 26, 
TOTALNUM, 661888, 303444, 330856, 472538, 780281, 883241, 615484, 863449, 875516, 487855, 
TONSLAND, 175516, 108772, 92720, 97021, 138001, 174296, 153864, 144m, 159671, 141897, 
SOPCOF X, 100, 102, 102, 104, 104, 100, 102, 101 , 100, 101, 
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Table 4.2.3 

Run title: Haddock. in IV, llla (rt.r\: XSASAR01/X01) 

At 12-0ct-98 17:25:38 

Tab le 3 Stock. weights at age (kg) 
YEAR, 1963, 1964, 1965, 1966, 1967, 

AGE 
o, .0120, .0110, .0100, .0100, .0110, 
1. .1230, . 1180, .0690, .0880, . 1150, 
2, .2530, .2390, .2250, .2470, .2810, 
3, .4730, .4030, .3660, .3670, .4610, 
4, .6950, .6640, .6480, .5330, .5940, 
5, .8070, .8140, .8440, .9490, .6390, 
6, 1.0040, .9080, 1.1930, 1 .2660, 1.0570, 
7, 1.1310, 1.3820, 1.1730, 1.5250, 1.5010, 
8, 1-1730, 1.1480, 1.4820, 1.9380, 1. 9220, 
9, 1.5760, 1.4700, 1. 7070, 1. 7270, 2.0690, 

+gp, 1.8250, 1.7810, 2.2390, 2.8890, 2.3480, 

Tab le 3 Stock weights at age (kg) 
YEAR, 1968, 1969, 1970, 1971. 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
O, .0100, .01 10, .0130, .01 10, .0240, .0440, .0240, .0200, .0130, .0190, 
1, -1260, .0630, .0730, -1070, . 1160, . 1120, . 1280, -1010, . 1250, -1080, 
2, .2530, .2160, .2220, .2470, .2420, .2400, .2260, .2410, .2240, .2410, 
3, .5090, .4060, .3520, .3620, .3880, .3720, .3430, .3560, .4010, .3450, 
4, .7310, .7990, . 7350, .5060, .5060, .5860, .5480, .4490, .5120, .6010, 
5, .8570, .8910, .8730, .8870, .6060, .6490, ._8910, .6800, .5880, .6130, 
6, .8370, 1.0310, 1.1910, 1.2670, 1.0000, .nso, .8950, 1. 2450, .9220, .8020, 
7, 1.6060, 1.0940, 1.3620, 1.5340, 1.3660, 1.0440, .9520, 1.1240, 1.9330, 1.1810, 
8, 2.2600, 2.0400, 1.4370, 1.3370, 2.2410, 1.3020, 1.5130, 1 .0930, 1.7840, 1.9430, 
9, 2.7020, 3.0340, 2.5710, 1.2750, 2.0060, 2.7960, 2.3150, 1. 7200, 1.3060, 2.3220, 

+gp, 2.0730, 3.2640, 3.8990, 2.0580, 1.6840, 1.8280, 2.6390, 2.4200, 2.4300, 1.8120, 

114 



Table 4.2.3 (Cont'd) 

Run title : Heddock in IV, IlJa (run: XSASAR01/X01) 

At 12·0ct·98 17:25:38 

Tab le 3 Stock weights at age (kg) 
YEAR, 1978, 1979, 1980, 1981. 1982, 1983, 1984, 1985, 1986. 1987. 

AGE 
o, .0110, .0090, .0120, .0090, .0110, .0220, .0100, .0130, .0250, .0080, 
1. .1440, .0950, .1040, .0740, . 1000, .1350, • 1410. . 1490, • 1240, . 1260, 
2, .2530, .2900, .2830, .2620, .2920, .2970, .3000, .2790, .2420, .2650, 
3, .4180, .4430, .4860, .4760, .4600, .4480, .4890, .4800, .3970, .4060, 
4, .4410, .6370, .7320, . 7450, .7840, .6510, .6700, .6680, .6130, .6150, 
5, . 7190, .6640, 1.0460, 1.1470, 1.1660, .9150, .8050, .8570, .8630, 1.0290, 
6, . 7420, .9330, .9360, 1.4790, 1.4410, 1.2140, 1.0970, 1.0490, 1.2570, 1.2760, 
7, .9550, 1.1870, 1.3940, 1.1800, 1.6720, 1.1620, 1.1000, 1.4590, 1.1950, 1.4330, 
8, 1.3980, 1.1870, 1.5990, 1.6340, 1.4560, 1.9200, 1.8680, 1.8330, 1. 7150, 1.5290, 
9, 2.1240, 1.4680, 1.5930, 1. 7640, 2.6340, 1.3760, 2.4250, 2.1240, 1.5250, 1.8770, 

+gp, 2.1580, 2.3740, 2.1430, 1. 7090, 2.1560, 1. 7250, 2.0460, 2.0430, 2.6120, 2.2200, 

Tab le 3 Stock weights at age (kg) 
YEAR, 1988, 1989, 1990, 1991. 1992, 1993, 1994, 1995, 1996, 1997, 

AGE 
o, .0240, .0270, .0440, .0290, .0180, .0100, .0170, .0130, .0190, .0210, 
1, . 1650, . 1970, . 1940, . 1770, . 1070, . 1150, . 1160, . 1020, . 1310, . 1400, 
2, .2170, .3000, .2920, .3200, .3060, .2800, .2500, .2970, .2470, .2870, 
3, .4170, .3720, .4300, .4no, .4860, .4470, .4190, .3630, .3890, .3590, 
4, .5890, .6050, .4730, .6390, .7480, .6800, .5970, .5920, .4840, .6060, 
5, .7480, .8110, .7710, .6500, 1.0160, .8940, .9430, .7630, .8030, .6390, 
6, 1.2840, .9820, .9670, 1.0420, .8960, 1.1730, 1.2080, 1.0990, .8700, .9690, 
7, 1.4240, 1.3640, 1.1670, 1.2320, 1.3950, 1.1020, 1.5700, 1.4230, .8460, .9660, 
8, 1 .5510, 1.6550, 1.5290, 1.4810, 1.5370, 1.5920, 1.4690, 1.6850, 1.8330, 1.6470, 
9, 1.6270, 1.6840, 2.0370, 1. 7760, 1.9120, 1. 7370, 1.6200, 1.8730, 2.0250, 2.2470, 

+gp, 2.3460, 2.2290, 2.6060, 2.0640, 2.0210, 1.8730, 2.4440, 1.9860, 1.9700, 2.3880, 
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Table 4.3.1; Haddock in the North Sea and Division llla 
Summary of fleets used in catch-at-age analysis 

Floet Abbreviation 

Scottish Seiners SCOSEI 
Scottish Light Trawlers SCOLTR 
Scottish Groundfish Survey (August) SCOGFS 
English Groundfish Survey (August) ENGGFS 
International Bottom Trawl Survey, Quarter 1 IBTSQ1 
International Bottom Trawl Survey, Quarter 2 IBTSQ2 SCO 

-Data used as if survey takes p!ace at end of previous year; ages 2-5 from 1981 onwards. 

- lndices based on Scottish ALKs only 

Year range Age range 

First Last Youngest Oldest 

1978 1997 o 10 
1978 1997 o 10 
1982 1997 o 6 
1978 1997 o 7 
1978 1997 o 5 1 

1991 1997 6 2 



Table 4.3.2 

Haddack in Fishing Area IV and Il la (run nome: XSASAR01) 
106 
FLT01: SCOSEI (Catcn: Unknown) (Effort: Unknown) 
1978 1997 
1 1 0.00 1.00 
o 10 

325246 1665.021 160842.859 69033.234 14339.891 44151.660 2365.977 481.996 6n.993 85.9 
316419 542.986 83630.891 78815.422 1n14.719 3039.951 80n.871 647.990 69.999 112.9 
29n27 210.001 131314.297 128306.000 26204.932 3392.990 500.999 2414.993 123.000 20.0 
2896n 344.996 10366.878 134259.797 55n6.1n 5180.690 701.958 101.994 578.965 14.9 
29m o 1444.967 31143.318 30968.578 118897.859 14296.881 681.995 144.999 39.000 229.9 
333168 18101.430 29021.006 m88.734 30413.863 50114.895 6394.235 582.521 118.749 14.6 
388085 422.095 120868.211 63391.047 49285.750 9426.073 14976.844 1593.925 253.625 18.0 
382910 2052.204 29238.559 164839.219 33202.645 15993.386 2292.755 2846.266 308.427 46.9 
425017 8265.012 33999.168 n6o3.5oo 155836.391 12894.806 4169.091 489.713 620.234 58.4 
418734 137.900 43645.945 9mo.797 19730.920 28882.715 1989.147 1174.107 198.915 284.6 
377132 498.662 11575.792 201533.422 37421.008 4735.789 7414.681 718.065 290.026 80.0 
355735 122.757 19003.758 19274.379 91069.766 8388.754 1091.295 1611.435 223.083 88.5 
300076 712.190 35843.578 46489.320 9055.270 26705.223 1434.486 302.388 407.550 67.2 
336675 2225.837 66143.555 30754.680 9530.928 1484.518 5028.135 307.511 122.391 183.0 
300217 1231.550 30384.277 64732.898 8588.196 1511.942 290.016 1179.738 79.037 56.6 
268413 2912.944 74523.461 88375.047 34996.895 2349.233 445.716 100.011 314.410 28.5 
264738 3230.533 26626.006 125357.344 34126.902 10522.028 415.035 138.226 41.743 94.7 
204545 236.434 677n.078 32300.982 70290.070 8734.379 2180.770 116.890 39.103 13.4 
177092 1333.347 9191.870 123828.508 18532.246 17077.139 2161.283 707.006 83.n4 11 . 5 
166817 3108.574 30046.252 19165.139 59308.570 3917.753 4082.625 495.431 194.737 9.5 

FLT02: SCOLTR (Catcn: Unknown) (Effort: Unknown) 
1978 1997 
1 1 0.00 1.00 
o 10 

236929 1691.974 45733.129 11470.503 2913.805 12279.115 m.938 109.992 166.987 23.998 
287494 463.914 44561.961 23134.695 4109.341 713.887 3643.626 202.981 19.998 56.995 
333197 179.995 92519.258 46282.270 8061.933 754.994 196.998 1014.992 61.000 18.000 
251504 436.018 7979.309 58146.379 13652.977 1517.987 160.999 20.000 319.997 12.000 
250870 351.994 24574.580 10169.870 33462.625 3936.959 132.999 66.999 7.000 57.999 
244349 63675.969 19635.391 48680.480 6954.711 11807.154 1258.171 124.417 27.092 4.014 2 
240725 514.080 56768.969 22191.479 13374.796 2074.455 3392.161 402.251 98.036 15.160 
268136 3547.814 38850.406 57422.219 4912.630 2787.082 414.117 871.881 127.894 27.406 
279767 4371.354 26322.217 26549.291 32339.221 2796.814 1013.775 123.812 306.884 43.387 3 
351128 96.701 26220.209 33647.762 6464.323 7197.125 496.on 377.057 71.620 119.015 2 
391988 209.356 2930.596 57588.922 14074.734 2366.963 2923.692 167.036 84.018 28.006 2 
405883 1076.998 10415.017 2919.387 24894.512 2753.952 541.324 626.922 108.898 30.131 2 
441084 201.380 11886.348 19204.623 2664.623 10237.385 669.340 168.189 264.216 44.836 1 
408056 1040.658 44141.125 12393.733 3355.596 564.193 2213.164 226.034 79.589 145.803 3 
473955 1838.052 20443.346 31073.281 3889.020 756.982 144.252 765.573 97.505 52.225 5 
447064 231.101 39863.391 39175.809 20213.473 1526.971 362.312 83.586 273.529 29.288 2 
480400 1482.199 8266.777 49046.742 23557.340 6304.283 474.420 128.143 42.488 63.750 
442010 143.844 22873.541 13761.645 32063.371 5821.263 1658.212 96.772 14.662 12.648 
445995 352.525 14280.547 n692.008 9859.966 13958.747 2041.165 955.313 303.994 9.761 
479449 459.847 15907.054 13450.542 49548.469 3536.682 4510.573 553.205 162.645 12.541 

FLT03: ENGGFS (Catcn: Unknown) (Effort: Unknown) 
1978 1997 
1 1 0.50 0.75 
o 5 

100 35.830 13.690 2.620 0.240 2.220 0.210 
100 87.550 29.550 5.460 0.870 0.110 0.440 
100 37.400 62.330 16.730 2.570 0.270 0.040 
100 153.750 17.320 43.910 7.560 0.740 0.060 
100 28.130 31.550 7.980 11.800 1.030 0.240 
100 83.190 21.820 10.950 2.140 2.170 0.270 
100 22.850 59.930 6.160 3.080 0.420 0.480 
100 24.590 18.660 23.820 2.110 0.700 0.200 
100 26.600 14.970 4.470 3.380 0.280 0.180 
100 2.240 28.190 4.310 0.530 0.690 0.050 
100 6.070 2.860 18.350 1.550 0.160 0.280 
100 9.430 8.170 1.450 3.970 0.250 0.030 
100 28.190 6.650 1.980 0.290 0.880 0.050 
100 26.330 11.500 0.960 0.230 0.050 0.220 
100 82.770 19.690 9.770 0.580 0.050 0.010 
100 13.580 24.610 5.860 1.660 0.060 0.020 
100 94.300 8.070 9.020 0.840 0.280 0.020 
100 17.990 38.310 4.450 3.400 0.280 0.090 
100 19.920 8.310 14.570 1.220 0.830 0.070 
100 13.030 14.860 4.330 6.607 0.227 0.216 
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Table 4.3.2 (Cont'd) 

FLT04: SCOGFS (Catch: Unknown) CEffort: Unknown) 
1982 1997 
1 1 0.50 0.75 
o 5 

100 12.35 24.88 9.96 13.36 1. 15 0.07 
100 22.03 18.13 16.11 3.72 4.55 0.53 
100 8.73 43.71 7.88 3.36 0.55 0.65 
100 8.18 19.76 29.81 2.32 1.03 0.14 
100 17.47 23.29 5.74 5.98 0.36 0.27 
100 2.77 23.86 7.04 1.06 1.28 0.08 
100 4.06 4.67 19.82 1. 70 0.27 0.23 

100 4.32 8.86 2.14 5.74 0.31 0.04 
100 31.63 10.02 2.40 0.32 1.03 0.07 
100 34.71 17.05 1.78 0.21 0.05 0.16 
100 82.65 38.35 9.63 0.48 0.08 0.03 
100 8.59 58.36 13.80 2.69 0.06 0.04 
100 137.62 12.65 20.80 2.10 0.53 0.02 
100 15.66 81.53 7.34 9.26 0.74 0.28 
100 19.80 22.31 47.05 2.31 2.06 0.22 
100 9.72 27.79 8.49 13.97 0.66 0.56 

FLT05: IBTS_01 (Catch: Unknown) CEffort: Unknown) 
1978 1997 
1 1 0.99 1.00 
o 5 

1 0.4800 0.2400 ·1.0000 ·1.0000 ·1. 0000 ·1.0000 
1 0.8960 0.4020 ·1.0000 ·1.0000 ·1.0000 ·1.0000 
1 0.2680 0.6750 ·1.0000 ·1.0000 ·1.0000 ·1.0000 
1 0.5260 0.2520 ·1.0000 ·1.0000 ·1.0000 ·1. 0000 
1 0.3070 0.4000 0.0890 0.1140 0.0130 0.0020 
1 1.0570 0.2190 o. 1340 0.0220 0.0220 0.0050 
1 0.2290 0.8280 0.1050 0.0340 0.0040 0.0070 
1 0.5790 0.2440 0.2940 0.0180 0.0060 0.0020 
1 0.8850 0.3260 0.0480 0.0610 0.0050 0.0030 
1 0.0920 0.6880 0.0980 0.0130 0.0140 0.0020 
1 0.2100 0.0970 0.2810 0.0170 0.0020 0.0050 
1 0.2200 0.1100 0.0310 0.0510 0.0030 0.0020 
1 0.6790 0.1310 0.0240 0.0040 0.0090 0.0020 
1 1. 1150 0.3710 0.0190 0.0030 0.0010 0.0020 
1 1.2420 0.5430 o. 1550 0.0090 0.0010 0.0010 
1 0.2290 0.5040 0.0980 0.0230 0.0020 0.0010 
1 1.3750 0.2050 o. 1810 0.0250 0.0050 0.0010 
1 0.2670 0.8130 0.0660 0.0470 0.0077 0.0031 
1 0.8600 0.3660 0.4710 0.0250 0.0151 0.0034 
1 0.3740 0.4230 0.1060 0.1140 0.0087 0.0054 

FLT06: IBTS_Q2_SCO (Catch: Unknown) (Effort: Unknown) 
1991 1997 
1 1 0.25 0.50 
1 6 

100 40.870 4.930 o. 760 0.150 0.460 0.030 
100 81.960 28.540 1.770 0.270 0.030 0.100 
100 119.630 26.800 9.250 0.360 0.040 0.004 
100 12.950 38.380 3.410 1.090 0.030 0.004 
100 125.390 11.860 15.490 0.880 0.400 0.010 
100 19.220 68.890 3.020 2.820 0.120 o .100 
100 31.440 14.720 22.130 o. 730 0.650 0.030 
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Table 4.4.1 

Lowestoft VPA Version 3.1 

10-0ct-98 16:11:59 

Extended Survivors Analysis 

Haddock in IV, llla (run: XSASAR01/X01) 

CPUE data from file /users/fishtifad/ifapwork/wgnsskJhad_34/FLEET.X01 

Catch data for 35 years. 1963 to 1997. Ages O to 10. 

Fleet, First, Last, First, Last, Alpha, Beta . year, year, age age 
FLT01: SCOSEI (Catch, 1978, 1997, o, 9, .000, 1.000 
FLT02: SCOLTR (Catch, 1978, 1997, o, 9, .000, 1.000 
FLT03: ENGGFS CCatch, 1978, 1997, o, 5, .soo, .750 
FLT04: SCOGFS (Catch, 1982, 1997, o, 5, .500, .750 
FLT05: IBTS Q1 (Catc, 1978, 1997, o, 5, .990, 1.000 
FLT06: rsrs=o2_sco <. 1991, 1997, 1, 6, .250, .500 

Time series weights : 

Tapered time weighting appl i ed 
Power = O over 10 years 

Catchability analysis : 

Catchability independent of stock size for all ages 

Catchability independent of age for ages >= 7 

Terminal population estimation 

Survivor estimates shrunk towards the mean F 
of the final 5 years or the 5 oldest ages. 

S.E. of the mean to whlch the estlmates are shrunk .500 

Minimum standard error for population 
estimates derived from each fleet = .300 

Prior weighting not appl i ed 

Tuning converged after 22 iterations 

Regression weights . 1. 000, 1. 000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000 

Fishing mortalities 
Age, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997 

O, .005, .004, .006, .013, .018, .031, .004, .060, .044, .011 
1, .137, .106, .195, . 156, .146, .168, • 151, .104, .075, .104 
2, . 796, .655, 1. 120, .780, • 735, • 795, .548, .500, .444, .427 
3, 1.304, .987, 1.158, 1.032, 1.137. 1.032, 1.029, .845, .899, .618 
4, 1 . 115. 1.184, 1 . 151, .857, 1.064, .904, 1.003, .902, .826, . 742 
5, 1.106, .700, .948, .883, .790, .958, .687, .817, .836, .633 
6, .n1, .776, .546, .659, 1.114, .153, 1.084, .387, .959, .730 
7, .866, .602, .668, .507, .756, .880, .874, .754, 1.927, .575 
8, .617, . 753, .523, .736, .918, .580, 1.473, .513, .828, .886 
9, .851, . 757, . 790, .883, .995, 1.003, 1 .436, .693, .832, .605 
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Table 4.4.1 (Cont'd) 

XSA population numbers (Thousands) 

AGE 
YEAR o, 1, 2, 3, 4, 5, 6, 

1988 8.44E+06, 5.37E+05, 1 .09E+06, 1.40E+05, 2.26E+04, 3.07E+04, 3.29E+03, 1.22E+03, 3.91E+02, 2.80E+02, 
1989 8.71E+06, 1.08E+06, 8.99E+04, 3.30E+05, 2.96E+04, 5. 79E+03, 8.31E+03, 1.25E+03, 4.20E+02, 1.73E+02, 
1990 2.82E+07, 1.12E+06, 1.87E+05, 3. 13E+04, 9.58E+04, 7.04E+03, 2.35E+03, 3.13E+03, 5.59E+02, 1.62E+02, 
1991 2.nE+07, 3.62E+06, 1.76E+05, 4.08E+04, 7 .65E+03, 2.36E+04, 2.23E+03, 1.11E+03, 1.31E+03, 2. 71E+02, 
1992 4. 19E+07, 3.53E+06, 5.94E+05, 5.42E+04, 1.13E+04, 2.53E+03, 8.00E+03, 9.46E+02, 5.50E+02, 5. 16E+02, 
1993 1.29E+07, 5 .30E+06, 5.85E+05, 1.91E+05, 1.35E+04, 3.05E+03, 9.40E+02, 2.15E+03, 3.64E+02, 1 .80E+02, 
1994 5.45E+07, 1.62E+06, 8.60E+05, l.ffi+OS, 5.30E+04, 4.27E+03, 9.57E+02, 3.62E+02, 7 .30E+02, 1.67E+02, 
1995 1.31E+07, 6.99E+06, 2.67E+05, 3.33E+05, 4.93E+04, 1.51E+04, 1. 76E+03, 2.65E+02, 1.24E+02, 1.37E+02, 
1996 2.25E+07, 1.58E+06, 1.21E+06, 1.09E+05, 1.11E+05, 1.56E+04, 5.47E+03, 9.78E+02, 1. 02E+02, 6. 07E+01, 
1997 1.06E+07, 2.78E+06, 2.82E+05, 5.20E+05, 3.44E+04, 3.80E+04, 5 .53E+03, 1.nE+03, 1. 17E+02, 3.65E+01, 

Estimated population abundance at 1st Jan 1998 

.OOE+OO, 1.35E+06, 4.81E+05, 1.23E+05, 2.18E+05, 1.28E+04, 1.65E+04, 2.18E+03, 7.91E+02, 3.94E+01, 

Taper weighted geometric mean of the VPA populations: 

1.87E+07, 2.16E+06, 3.93E+05, 1.35E+OS, 3.07E+04, 9.86E+03, 2.98E+03, 

Standard error of the weighted Log(VPA populations) 

.6631, .8018, .8744, .9473, .8933, .9n1, .8045, 

Log catchability residuals. 

Fleet FLT01: SCOSEI (Catch 

Age 1988, 1989, 1990, 1991' 1992, 1993, 1994, 1995, 1996, 1997 

o - .26, ·1.64, - .89, .16, -. 73, 1.42, .09, - .82, .51' 2.16 

1 .09, -.07 l .74, .04, - .60, .01 l . 18, - .11 • . . 49, .20 

2 - .04, .11 l .61, .01, - .37, .10, . . 03, .02, . . 02, -.38 

3 .os, .01, .30, - .08, -. 31, -. 1 o. - .03, .24, .20, •• 27 

4 -.17 l .22, .36, - .23, - .41, .. 1 o. .09, .19, .16, -. 11 

5 .22, . . 14, .21, .12, - .43, .00, -.51, .20, .31, .03 

6 .17, • 1,' -. 23, - .22, .15, -. 21, . 24, -.57 . .48, .08 

7 .28, - .06, - .18, -.53, -.58, .14, . . 09, .37, .41, .23 

8 . 02, .17 • - .32, - .20, -.31. - .61' .27, - .04, .28, .04 

9 .33, .25, .19, -.02,' -.27' . . 39, -.58, - .42, .49, .72 

Mean log catchabllity and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log ql, 

120 

o, 
-21.4558, 

1.1401' 

1, 
-16.0022, 

.3708, 

2, 
-13.9473, 

.2742, 

3, 
-13.5269, 

.2035, 

4, 
·13.6303, 

.2412, 

5, 
-13.8957, 

.2798, 

1.06E+03, 3.48E+02, 1.58E+02, 

.7488, 

6, 
·14.o8n, 

.3046, 

.8543, 

7, 
-14.0716, 

.3533, 

. 7548, 

8, 
-14.0716, 

.2953, 

7, 

9 
-14.0716, 

.4357, 



Table 4.4.1 (Cont'd) 

Regresslon statlstics 

Ag es wit~ q independent of year class strength and constant w.r, t. time. 

Age, Slope , t-value lntercept, RSquare, No Pts, Reg s.e, Mean Q 

o, 1.21, - .287, 22.45, .19, 10, 1.46, -21.46, 
1, 1.16, - .884, 16.23, .79, 10, .44, -16.00, 
2, 1. 11, - .981, 14.07, .90, 10, .31, -13.95, 
3, 1.03, -.439, 13.59, .9S, 10, .22, -13.53, 
4, .82, 4.149, 13.03, .98, 10, .12, 13.63, 
5, .84, 2.494, 13.15, .97, 10, . 19' S.90, 
6, .85, 1.467, 13.18, .92, 10, .24, 4.09, 
7, 1.08, - .434, 14.62, .80, 10, .40, 4.07, 
8, 1.12, - .935, 15. 11, .89, 10, .32, - .4 .14. 
9, 1.48, -1.934, 18.36, .67, 10, .56, -14.04, 

Fleet FLT02: SCOLTR (Catch 

Age ,. 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
o .07, 1.64, ·1.29 l .45, .46, - .38, - .04, - .84, -.50, 
1 - .12, .40, .45, . 65, -. 25 • .08, - .39, - .77, .23, 
2 .09, .. 49, .76, .33, -. 14, .19, -. 14 l -. 18, - .06, 
3 .32, - .13, -.02, - .03, -. 27. .14, .29, - .02, -.07 l 
4 . 21, .09, .13, -.28, - .44, .07, .10, .13, .15, 
5 . 18, .. 04, - .01 l .03, - .66, .21, -.os, .08, .26, 
6 - .44, - .08, - .31 l .16, .14, - .02, .45, - .65, .74, 
7 - .23, .. 14, - .23, -.39, - .06, .26, . 10 l -.62, 1.54, 
8 - .30, - .27, - .34, .15, - .08, - .33, .04, -. 11, - .05, 
9 -. 15, .27, -. 18, .45, .12, .46, - .09, . 16, .82, 

Mean log catchabi l i ty and standard er ror of ages with catchabi llty 
independent of year class strength and constant w.r.t. time 

1997 
.43 

-.29 
-.37 
-.21 
-. 16 

.00 

.02 
-.24 

.02 
-.69 

Age , 
Mean Log q, 
S.E(Log q), 

o, 
-22.6989, 

.8219, 

1, 
·17.2039, 

.4391, 

2, 
-15.3693, 

.3626, 

3, 
-14.8179, 

.1958, 

4, 
-14.7442, 

.2170, 

5, 
-14.8235, 

.2540, 

Regression statlstlcs 

Ag es with q independent of year class strength and constant w.r. t. time. 

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q 

o, 1.46, -. 739, 25.41, .25, 10, 1.23, -22.70, 
1, 1.22, - .994, 17.78, .72, 10, .54, -17.20, 
2, 1.00, .020, 15.36, .85, 10, .38, -15.37, 
3, .99, .072, 14.80, .96, 10, .21, -14.82, 
4, .86, 2.439, 14.14, .98, 10, . 15, -14.74, 
5, .89, 1.579, 14.19, .96, 10, .21, -14.82, 
6, .94, .342, 14.57, .81, 10, .41, ·14.97, 
7, .93, .266, 14.29, .65, 1 o • .S8, -14.84, 
8, .99, .162, 14.86, . 96, 10, .18, -14.96, 
9, .90, .578, 13.75, .80, 1 o. .39, -14.72, 

6, 
-14.9700, 

.4114, 

7, 
-14.8380, 

.5937, 

8, 
-14.8380, 

.2188, 

9 
-14.8380, 

.4400, 
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Table 4.4.1 (Cont'd) 

Fleet FLT03: ENGGFS (Catch 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997 
o -.48, -.07, -. 15' -.19, .54, -.08, .40, .21 l .. 25, .06 
1 .021 .35, .17, - .48, .07, -. 101 -.041 .03, -.03, .00 
2 .38, .25, .12, -. 76, .321 - . 14 l -.25' .191 -. 17 l .06 
3 .371 .25, . 10, -.48, .23, - .04, -.65 l .00, .13, .08 
4 • 20, .42, .48, -.04, -. 31, - .40, - .16, -. 15, .07, .. 1 o . 
5 .59, -.23, .24, .47, •• 44, .17, -.34, - .02, - .28, .. 17 

6 No data for this fleet at this age 
7 No data for this fleet at this age 
8 No data for this fleet at this age 
9 No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log q), 

o, 
-17.0009, 

.3092, 

Regression statistics 

1, 
·15.6600, 

.2117, 

2, 
·15.2341, 

.3410, 

3, 
·15.4189, 

.3232, 

4, 
·15.8138, 

.2918, 

5 
-15.9888, 

.3545, 

Ag es with q independent of year class strength and constant w.r. t. time. 

Age, Slope , t·value , lntercept, RSquare, No Pts, Reg s.e, Mean Q 

o, .79, 1.913, 16.95, .91 l 10, .22, ·17.00, 
1, 1. 12, ·1.274, 15.79, .93, 1 o. .23, -15.66, 
2, .98, .142, 15.19, .87, 10, .35, ·15.23, 

3, .96, .357, 15.27, .90, 10, .33, -15.42, 
4, . 87, 1.465 • 15.10, .94, 10, .24, ·15 .81, 
5, .86, 1.462, 15.02, .93, 10, .29, -15.99, 
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Table 4A.l (Cont'd) 

Fleet FLT04: SCOGFS (Catch 

Age 1988, 1989, 1990, 1991' 1992, 1993, 1994, 1995, 1996, 
o . . 75, -. 72, . 10, .21, .67, -.41, .91, .20, -o 12, 
1 - .06, - .14, .01, - .66, .17, .19, - . 16, .21, .38, 
2 - .07, . 1 1' - .22, - .67, - .22, .19, .06, .16, .47, 
3 .05, .22, ·. 21 1 - .97, - .37, .03, -. 14' .60, .36, 
4 .22, .14, . 14, -.54, -.33, -.90, - .02, .32, .48, 
5 · • 12 1 - .45, .07, - .36, .14, .35, - .85, .61, .35, 
6 No data for tt·lis fleet at this age 
7 No data for this fleet at this age 
8 No data for this fleet at this age 
9 No data for tl'lis fleet at thls age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

1997 
.• 1 o 

.06 

.20 

.42 

.47 

.26 

Age , 
Mean Log q, 
S.E(Log q), 

o, 
-17.1320, 

.5417, 

1 • 
-15.0876, 

.2882, 

2, 
-14.7042, 

.3149, 

3, 
-15.0122, 

.4553, 

4, 
-15.3186, 

.4533, 

5 
-15.4754, 

.4438, 

Regress ion statistics 

Ag es with q independent of year ctass strength and constant w. r. t. time. 

Age, Slope , t·value , lntercept, RSquare, No Pts, Reg s.e, Mean Q 

o, .58, 5.695, 16.97, .96, 10, .15, -17.13, 
1' .95, .390, 15.06, .90, 10, .29, -15.09, 
2, .89, 1. 089, 14.50, .92, 10, .28, -14.70, 
3, .73, 3.453, 14. 15, .95, 10, .22, -15.01' 
4, .73, 3. 166, 13.95, .94, 10, .23, -15.32, 
5, .93, .477, 15.03, .85, 10, .43, -15.48, 
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Tahle 4.4.1 (Cont'd) 

Fleet flTOS: IBTS_Q1 c eat c 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
o -. 10, - .09, .. 14. .38, .os, -.42, - .09, -.24, .36, 
1 .31, -.29, - .06, - .24, .16, -.30, - .03, -. 16, .50, 
2 .23, .38, - . 14. - .66, .18, - .20, o .22, -. 1 1, .29, 
3 . 14, .06, .04, - .64, .28, -. 14 l .01. - .17, .37, 
4 - .18, .03, -.09, - .05, - .23, .12, - .23, .18, -.04, 
5 -.03, .32, .37, -. 91 • .54, .52, -.08, -.09, - .01, 
6 No data for this fleet at this age 
7 No data for this fleet at this age 
8 No data for this fleet at tl'lis age 
9 No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

1997 
.25 
.11 
.24 
.04 
.50 

-.64 

Age , 
Mean l.og q, 
S.E(Log Cl), 

O, 
-15.3613, 

.2645, 

1, 
-14.0603, 

.2673, 

2, 
-14.2118, 

.3212, 

3, 
-14.5134, 

.2793, 

4, 
-14.7014, 

.2227, 

5 
-14.3004, 

.4769, 

Regression statistics 

Ag es with q independent of year class strength and constant w. r. t. time. 

Age, Slope , t·value , 1 ntercept, RSquare, No Pts, Reg s.e, Mean Q 

O, .91, .710, 15.48, .89, 10, .25, -15.36, 
1, 1. 16, -1.307, 13.98, .89, 10, .30, -14.06, 
2, .94, .475, 14.14, .90, 10, .32, -14.21, 
3, .97, .334, 14.42, .93, 1 o. .28, -14.51, 
4, .98, .188, 14.63, .94, 10, .23, -14.70, 
5, 1.62, -3.604, 17.48, .81, 10, .51, -14.30, 
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Table 4.4.1 (Cont'd) 

Fleet FLT06: IBTS_Q2_SCO ( 

Age 1988, 1989, 1990, 1991 l 1992, 1993, 1994, 1995, 1996, 1997 
o No data for this fleet at this age 
1 99.99, 99.99, 99.99, -.22, .SD, .48, -.57, .22, - .18, •. 24 
2 99.99, 99.99, 99.99, - .41 l .12, .09, - .02, -.os, . 18, .09 
3 99.99, 99.99, 99.99, •• 50, • 1 1. .46, - .46, .35, •• 14, . 18 
4 99.99, 99.99, 99.99, •• 13, .14, .19, - .03, •. 21 l .12, -.09 
s 99.99, 99.99, 99.99, .41, -. 12, .04, -.68, .69, -.53, . 19 
6 99.99, 99.99, 99.99, .49, .59, - .62, •• 52, -.47, .91, •. 39 
7 No data for this fleet at this age 
8 No data for this fleet at this age 
9 No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(log q), 

1, 
• 1 s. 1074. 

.4043, 

Regression statistics : 

2, 
-14.2444, 

.1964, 

3, 
·14.5256, 

.3785, 

4, 
-14.9046, 

• 1523, 

s, 
-15.4590, 

.4915, 

6 
• 15.9957, 

.6383, 

Ages with q independent of year class strength and constant w.r.t. time. 

Age, Slepe , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q 

1. .66, 2.351, 15.06, .90, 7, .20, -15.11, 
2, .83, 2.276, 14.04, .97, 7, .13, -14.24, 
3, .82, 1 .416, 14.05, .93, 7, .29, ·14.53, 
4, 1.02, ·.242, 14.98, .98, 7, .17. -14.90, 
s. .84, 1.052, 14.43, .89, 7, .41' ·15.46, 
6, .67, 2. 122, 13.28, .89, 7, .34, -16.00, 

Terminal year survivor and F summaries : 

Age O Catchability constant w.r.t. time and dependent on age 

Year c lass = 1997 

Fleet, . 
FLT01: SCOSE l (Catch, 
FLT02: SCOL TR (Catch, 
FLT03: ENGGFS (Catch, 
FLT04: SCOGFS (Catch, 
Fl TOS: IBTS_Q1 (Catc, 
FLT06: JBTS_02_SCO (, 

F shrinkage mean 

~eighted prediction 

Survivors, 
at end of year, 

1351217., 

Int, 
s.e, 
• 18, 

Estimated, 
Survivors, 
11660672 .• 
2080440 .• 
1438717 .• 
1223533 •• 
1736599 .• 

1., 

376528 .• 

Ext, 
s.e, 
.28, 

Int, 
s.e, 

1. 196, 
.862, 
.324, 
.568, 
.300, 
.000, 

. 50"" 

N, . 
6, 

Var, 
Ratio, 
1.552, 

Ext, 
s.e, 
.000, 
.000, 
.000, 
.000, 
.000, 
.000, 

F 

.011 

Var, N, Sea led, 
Ratio, . Welghts, 

.00, 1. .023, 

.00, 1, .045, 

.00, 1. .319, 

.00, 1, . 104, 

.00, 1 • .373, 

.00, O, .000, 

.136, 

Estimated 
F 

.000 

.000 

.000 

.000 

.000 

.000 

.037 
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Table 4A.l (Cont'd) 

Age Catchabi l i ty constant w.r.t. time and dependent on _age 

Year el ass = 1996 

Fleet, Estirnated, lnt, Ext, Var, N, sea led, Estimated 

' 
Survivors, s.e, s.e, Ratio, ' 

~eights, F 

FLT01: SCOSEJ CCatch, 605391.' .370, .088, .24, 2, .092, .084 

FLT02: SCOLTR (Catch, 344230.' .406. .089, .22, 2, .076, .143 

FLT03: ENGGFS (Catch, 431295., .220, . 125. .57, 2, .256, . 1 16 

FLT04: SCOGFS (Catch, 490369.' .267, .074, .26, 2, .176, . 102 

FLT05: IBTS_Q1 (Catc, 606552.' .212, .127, . 60, 2 • .275. .084 

FLT06: ISTS_02_SCO (, 379194.' .432, .000, .00, 1' .068, • 131 

F shrinkage mean 338251.' .50, l'' .056, . 145 

~eighted prediction 

Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, 

' 
Ratio, 

480616 .• . 11 , .07, 12, .621. . 104 

Age 2 Catchability constant w. r. t. time and dependent on age 

Year c lass = 1995 

Fleet, Est imated, Int, Ext, Var, N, sea led, Est imated 

' Survivors, s.e, s.e, Ratio, ' Weights, F 
FL T01: SCOSEI (Catch, 79967 •• • 233, .063. .27, 3 • .138, .600 
FLT02: SCOL TR (Catch, 100612.' .278. .244, .88, 3, .096, .503 
FLT03: ENGGFS (Catch, 132317. l . 188, .071 l .38 • 3, .204, .403 
FLT04: SCOGFS (Catch, 164109.' .208, • 064, .31, 3 • . 170, .337 
FLT05: IBTS_Q1 CCatc, 145997.' .180, .221' 1.23, 3, .222, .372 
FLT06: ISTS_02_SCO (, 123983.' .247, .122, .50, 2, .124, .425 

F shrinkage mean 77067 .• .50"" .047, .616 

Weighted prediction 

Survivors, Jnt, Ext, N, var, F 
at end of year, s.e, s.e, 

' 
R:atlo, 

123275.' .09, .os. 18, .890, .427 

Age 3 Catchability constant w. r. t. t i me and dependent on age 

Year class = 1994 

Fleet, Estimated, Int, Ext, Var, N, sea led, Estimated 

' Survivors, s.e, s.e, Ratio, ' ~eights, F 
FLT01: SCOSEI (Catch, 186690.' • 190, .066, .35, 4, • 162, .693 
FLT02: SCOLTR (Catch, 170404.' . 210, • 128 • .61, 4, .137, .740 
FLT03: ENGGFS (Ccitch, 238046.' • 169, . 108, .64, 4, .184, .579 
FLT04: SCOGFS (Catch, 329750.' .195, . 114, .58, 4, .132, .449 
FLT05: IBTS_Q1 (Catc, 222219.' .159 l .090, .57, 4, .213, .610 
FLT06: ISTS_02_SCO (, 263475., . 216, .012, .06 • 3, • 118, .536 

F shrinkage mean 108195 .• .50,". .053, 1.003 

Weighted prediction 

Survivors, lnt, Ext, N, Var, F 
at end of year, s.e, s.e, ' Ratio, 

218227 •• .08, .06, 24, .831' .618 
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Table 4.4.1 (Cont'd) 

Age 4 Catchability constant w.r.t. time and dependent on age 

Year class ; 1993 

Fleet, Estimated, Int, Ext, Var, N, Sea led, Est1mated . Survivors, s.e, s.e, Ratio, . \leights, F 
FLT01: SCOSEI (Catch, 12861.. .188, .090, .48, 5, .168, .738 
FLT02: SCOLTR ccatch, 10954 •• .198, .037, .19, 5, .157, .825 
FLT03: ENGGFS (Catch, 12443 •• .180, .055, .31, 5, .172, .755 
FLT04: SCOGFS (Catch, 15813 .• .220, .141, .64, 5, .096, .635 
FLT05: IBTS 01 (Catc, 16641 .• .169, . 157. .93, 5 • .189, .612 
FLT06: IBTS=Q2_SCO (, 11286., .207. .069, .33, 4, .147, .808 

F shrinkage mean 8801., . 50.,,, .071, .953 

Weighted prediction 

Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, Ratio, 

12755 •• .08, .DS, 30, .612, .742 

Age 5 Catchabi l i ty constant w. r. t. time and dependent on age 

Year el ass ; 1992 

Fleet, Estimated, lnt, Ext, Var, N, Sea led, Estimated . Survivors, s.e, s.e, Ratio, Weights, F 
FLT01: SCOSEI (Catch, 17820 .• .186, .042, .22, 6, .203, .598 
FLT02: SCOLTR (Catch, 17080 •• .192, .037, .19, 6, .198, .618 
FLT03: ENGGFS (Catch, 15741. l .193, .080, .41, 6, .166, .656 
FLT04: SCOGFS CCatch, 22741.. .250, .072, .29, 6, .099, .496 
FLTOS: IBTS 01 (Catc, 12807 .• .187, • 116, .62, 6, .142, .761 
FLT06: JBTS=Q2_sco c. 19441.. .219, .057, .26, 5, . 1 16, .560 

F shrinkage mean 11364 •• .sa, ... .on, .826 

Weighted prediction 

Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, . Ratio, 

16509., .09, .04, 36, .475, .633 

Age 6 Catcl'lability constant w.r.t. time and dependent on age 

Year el ass ; 1991 

Fleet, Estimated, Int, Ext, Var, N, Sea led, Estimated . Survivors, s.e, s.e, Ratio, IJeigl'\ts, F 
FLT01: SCOSEI (Catch, 2519 .• . 197, .052, .26, 7, .292, .658 
FL T02: SCOLTR (Catch, 2500 •• . 213, .048, .23, 7, . 217 • .662 
FL T03: ENGGFS (Catch, 1692 •• . 210, .067, .32, 6, .103, .870 
FL T04: SCOGFS (Catch, 2878 .• .278, .060, .21, 6, .060, .596 
FLT05: IBTS Q1 (Catc, 2372 .• .208, .056, .27, 6, .085, .688 
FLT06: !BTS=Q2_SCO (, 1565 .• .276, .089, .32, 6, .107, .916 

F shrinkage mean 1695., .50.,,. .136, .869 

Weighted prediction 

Survivors, Jnt, Ext, N, Var, 
at end of year, s.e, s.e, . Ratio, 

2179 .• .11, .04, 39, .364, .730 
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Table 4.4.1 (Cont'd) 

Age 7 Catchability constant w.r.t. time and dependent on age 

Year c lass = 1990 

Fleet, Estimated, Int, Ext, var, N, Sea led, Estimated 

' Survivors, s.e, s.e, Ratio, ' Weights, F 
FLT01: SCOSEI (Catch, 1042.' .215, .055, .26, 8, .382, .464 
FL T02: SCOLTR (Catch, 923., .255, .148, .sa, 8, .206, .510 
FLT03: ENGGFS (Catcl'l, 736., .215, .058, .27, 6, .064, .607 
FLT04: SCOGFS (Catch, 1048.' .285, .182, .64, 6, .037, .462 
FLT05: IBTS_Q1 (Catc, 686., .213, .043, .20, 6, .052, .640 
FLT06: IBTS_Q2_SCO (, 1309.' .281, . 181' .64, 6, .066, .385 

F shrinkage mean 331.' .50,,,' .193, 1 .050 

Weighted prediction 

Survivors, lnt, Ext, N, Var, 
at end of year, s.e, s.e, ' Ratio, 

791., .14, .09, 41' .623, .575 

Age 8 Catchabi l i ty constant w.r.t. time and age (fixed at the value for age) 7 

Year c lass = 1989 

Fleet, Estimated, lnt, Ext, Var, N' Scall!d, Est imated 

' 
Survivors, s.e, s.e, Ratio, ' Weights, F 

FLT01: SCOSEI (Catch, 39., .245, .080, .33, 9, .348, .886 
FLT02: SCOLTR (Catch, 41., .260, . 105, .40, 9, .337, .865 
FL T03: ENGGFS (Catch, 29., .214, .093, .43, 6, .018, 1.070 
FLT04: SCOGFS (Catch, 18 •• .285, .108, .38, 6, .011 l 1.395 
FLT05: IBTS Q1 (Catc, 40. l .214, .087, .41 l 6, .015' .876 
FLT06: IBTS=02_SCO (, 30. l .271. . 184, .68, 5' .018, 1. 055 

F shrink:age mean 40., .50, l l l .2531 .872 

Weighted prediction 

Survivors, lnt, Ext, N, Var, F 
at end of year, s.e, s.e, ' Ratio, 

39. l .18, .04, 42, .220, .886 

Age 9 Catchability constant w. r. t. time and age (fixed at the value for age) 7 

Year el ass = 1988 

Fleet, Estimated, lnt, Ext, Var, N, Sea led, Estimated 

' 
Survivors, s.e, s.e, Ratio, ' 1-Jeights, F 

FL T01: SCOSEI ( Catch, 26 .• .223, .079, .36, 10, .381, .425 
FLT02: SCOLTR (Catch, 12., .242, . 1 18, .49, 1 o' .347, .769 
FLT03: ENGGFS (Catch, 16., .226, .119, .53, 6, .011, .619 
FLT04: SCOGFS (Catch 1 17 .• .303, . 187, .62, 6, .006, .583 
FLT05: IBTS Q1 (Catc, 17. l .227, .192, .84, 6, .009, .600 
FLT06: IBTS=02_SCO (. 14. l .321' .177, .55, 4, .012, .694 

F shrinkage mean 13. l .50"" .233, .720 

Weighted prediction 

Survi'vors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, ' Ratio, 

16., .17, .071 43, .418, .605 
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Tahle 4.4.2 

Run title : Haddock in IV, llla (run: XSASAR01/X01) 

At 10·0ct·98 16,13,09 

Terminal Fs derived using XSA CWith f shrinkage) 

Tab le 8 Fishing mortality (f) at age 
YEAR, 1963, 1964, 1965, 1966, 1967, 

AGE 
o, .0016, .0435, .0716, .0699, .0022, 
1. . 1241. .0581, 1 .3627, 1.3029, .2626, 
2, .8053, .4545, .4164, .8308, 1. 0805, 
3, .6704, 1.1746, .5093, .3602, .4148, 
4, . 7614, .7560, .9848, . 7794, .3720, 
5, .8802, .8843, 1.2993, 1.2403, 1.0137, 
6, .5085, 1.2628, 1.0212, 1.3097, 1.3260, 
7, .8268, .6215, .8722, 1.0825, 1.1388, 
8, . 7773, .8385, .4982, .9695, 1.9446, 
9, . 7582, .8819, .9455, 1.0890, 1.1731, 

+gp, . 7582, .8819, .9455, 1.0890, 1.1731 • 
FBAR 2- 6, .7251, .9064, .8462, .9041, .8414, 

Tab le 8 Fishing mortality (F) at age 
YEAR, 1968, 1969, 1970, 1971. 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
o, .0018, . 0167, .0298, .01 19, .0321 • .0023, .0129, .01 13, .0299, .0132, 
1 • .0516, .0215, .5004, .4743, .1692, .3736, .3532, . 3351, .3077, .3381 • 
2, .5778, .6553, 1.0385, .6590, . 7932, .5649, .9334, .9691, .8145, 1.0051. 
3, .8979, 1.3759, 1.1499, .79n, 1.3394, 1.1582, .9499, 1. 2536, 1.3710, 1.0375, 
4, .3069, 1.2867, 1.2693, .8706, 1.2012, .8019, 1.0028, 1.0991, . 7813, 1. 2621. 
5, .5076, .8141, .7114, .8645, 1.1583, .9500, .6280, .9922, 1.2713, 1.0313, 
6, .8082, 1.6261. 1.4369, .6864, .8587, 1. 0978, .8804, .8201, 1.0639, .9889, 
7, .5968, 1. 0000, .7088, 1.0169, .6843, .8819, 1.1249, 1. 5674, .3934, .9242, 
8, .6586, .9509, 1.0592, 1.2854, .4712, 1.1459, .4048, .9978, .8395, .4875, 
9, .5805, 1.1493, 1.0491, .9552, .8841, .9865, .8165, 1.1083, .8792, .9492, 

+gp, .5805, 1.1493, 1.0491, .9552, .8841, .9865, .8165, 1.1083, .8792, .9492, 
FBAR 2- 6, .6197, 1.1516, 1.1212, . 7756, 1.0701, .9146, .8789, 1.0268, 1.0604, 1.0650, 
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Tahle 4.4.2 (Cont'd) 

w Run title: Haddock in IV, l lia (run: XSASAR01/X01) 
o 

At 10-0ct-98 16,13,09 

Terminal Fs derived using XSA (With F shrinkage) 

Tab le 8 Fishing mortality (F) at age 
YEAR, 1978, 1979, 1980. 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
o, .0217, .0347, .0738, .0571, .0384, .0270, .0155, .0163, .0032, .0089, 
1, .3905, .1755, .1894, .1790, . 1735, .1514, .1250, .2064, .1280, .1187, 
2, 1.0116, .8822, .7074, .4501, .4308, .6601 l .6686, .6139, 1.0180, .9027, 
3, 1.1281, 1.1414, 1 .2096, .9456, .8157, 1.0205, .9966, .9574, 1. 2401, 1.0467, 
4, 1.1235, 1.0619, 1.1849, .9932, .8798, 1.1611, 1.1412, 1.1031, 1.2897, 1.0825, 
5, 1.1628, 1.0234, .9369, .8030, .6468, 1.2122, 1.2206, 1.0250, 1.0572, .8365, 
6, 1.0363, 1.1708, .9855, .6102, . 7498, .8139, 1.0876, 1.0708, . 7111, 1.1428, 
7, 1.1463, .6171, 1.2960, 1.0081, .9822, .8396, . 7671, .9465, .8590, .8156, 
8, .8534, .9416, .6567, 1.1157, 1.1053, .5776, .5765, .6813, .6751 l 1.2596, 
9, 1.0769, .9737, 1.0236, .9159, .8821, .9310, .9693, .9761, .9285, 1.0392, 

+gp, 1.0769, .9737, 1.0236, .9159, .8821, .9310, .9693, .9761, .9285, 1.0392, 
FBAR 2- 6, 1.0925, 1.0560, 1.0048, .7604, .7046, .9735, 1.0229, .9540, 1.0632, 1.0022, 

Table 8 Fishing mortality (F) at age 
YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, FBAR 95·97 

AGE 
o, .0055, .0039, .0057, .0125, .0182, .0309, .0044, .0602, .0437, .0105, .0381, 
1, .1367, .1060, .1953, . 1558, .1460, .1685, .1510, .1037, .0754, .1044, .0945, 
2, .7961, .6549, 1.1201, . 7803, .7354, .7949, .5476, .4997, .4443, .4272, .4570, 
3, 1.3042, .9868, 1.1584, 1.0318, 1.1373, 1.0318, 1.0288, .8452, .8990, .6182, • 7875, 
4, 1.1147, 1.1842, 1.1510, .8572, 1 .0642, .9037, 1.0032, .9025, .8264, .7420, .8236, 
5, 1.1063, .7002, .9483, .8826, .7900, .9576, .6869, .8174, .8364, .6334, .7624, 
6, • 7714, .7760, .5465, .6592, 1.1140, • 7532, 1.0839, .3872, .9588, . 7305, .6922, 
7, .8659, .6017, .6676, .5067, . 7555, .8799, .8736, . 7542, 1.9267, .5747, 1. 0852, 
8, .6171, • 7532, .5228, .7363, .9184, .5804, 1.4727, .5135, .8279, .8859, .7424, 
9, .8512, .7567, .7902, .8829, .9949, 1.0034, 1.4358, .6932, .8316, .6051, .7100, 

+gp, .8512, .7567, .7902, .8829, .9949, 1.0034, 1.4358, .6932, .8316, .6051, 
FBAR 2- 6, 1.0185, .6604, .9849, .8422, .9682, .8882, .8701, .6904, .7930, .6303, 



Tablc 4.4.3 

Run tltle : Haddock in IV, llla (run: XSASAR01/X01) 

At 10-0ct-98 16:B:09 

Terminal Fs derived using XSA (~ith F shrinkage) 

Table 10 Stock number at age (start of year) Nl.llbers*l 0**-5 
YEAR, 1963, 1964, 1965, 1966, 1967, 

AGE 
o, 23383, 91721, 263363, 689923, 3881118, 
1. 255640, 3005, 11304, 31563, 82821, 
2, 7401. 43367, 545, 556, 1647, 
3, 486, 2217, 18453, 241, 162, 
4, 277, 194, 534, 8636, Bl, 
5, 109, 101. 71. 155, 3085, 
6, 14, 37, 34, 16, 37, 
7, B, 7, 9, 10, 3, 
8, 12, 5, 3, 3, 3, 
9, 1. 4, 2, 1. 1. 

+gp, o, o, 1. o, 1. 
TOTAL, 287336, 140658, 294317, 731104, 3969013, 

Tab le 1 O Stock number at age (start of year) NUJbers*10**-5 
YEAR, 1968, 1969, 1970, 1971. 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
o, 171025, 121955, 877639, 782847, 215392, 728983, 1334931, 115423, 164835, 257514, 
1. 498537, 21977, 15439, 109661. 99584, 26853, 93628, 169646, 14693, 20595, 
2, 12233, 90929, 4131. 1798, B106, 16149, 3549, 12631, 23303, 2074, 
3, 375, 4601' 31652, 980, 623, 3975, 6153, 936, 32B, 6918, 
4, 83, 119. 905, 7806, 344, 127, 972, 1853, 208, 635, 
5, 70, 48, 26, 198, 2545, 81, 44, 278, 481, 74, 
6, 917, 35, 17, 10, 68, 654, 26, 19, 84, 110, 
7, 8, 334, 6, 3, 4, 24, 179, 9, 7, 24, 
8, 1. 4, 101, 2, 1, 2, 8, 48, 1. 4, 
9, O, o, 1, 29, 1. 1, o, 4, 14, 1, 

+gp, o, o, 1, 3, 8, 3, 1. 1. 1. 4, 
TOTAL, 683249, 240002, 929917, 903339, 331677, 776850, 1439490, 300848, 206840, 287953, 
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Table 4.4.3 (Cont'd) 

Run titte : Haddock in IV, IIIa (run: XSASAR01/X01) 
w 
N 

At 10·0ct-98 16:13:09 

Terminal Fs derived using XSA (With F shrinkage) 

Table 10 Stock number at age (start of year) Nwbers*10**-5 
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
O, 395490, 721551, 156539, 324796, 206144, 669781, 172691, 240473, 498871, 42051, 
1, 32718, 49819, 89725, 18719, 39493, 25538, 83929, 21889, 30457, 64019, 
2, 2821, 4252, 8027, 14258, 3006, 6377, 4215, 14224, 3420, 5146, 
3, 509, 688, 1180, 2652, 6094, 1310, 2209, 1448, 5161, 828, 
4, 1909, 128, 171, 274, 802, 2099, 368, 635, 433, 1163, 
5, 140, 483, 35, 41, 79, 259, 512, 91, 164, 93, 
6, 22, 36, 142, 11, 15. 34, 63, 124, 27, 47, 
7, 34, 6, 9, 43, 5, 6, 12, 17, 35, 11, 
8, 8, 9, 3, 2, 13, 2, 2, 5, 6, 12, 
9, 2, 3, 3, 1, 1 • 4, 1, 1, 2, 2, 

+gp, 2, 1, 2, 1, O, 1, 2, 2, 2, 3, 
TOTAL, 433652, 776975, 255836, 360800, 255652, 705410, 264005. 278909, 538577, 113375, 

Table 10 Stock number at age (start of year) Nlllbers*10**-5 
YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, GMST 63·95 AMST 63·95 

AGE 
o, 84444, 87092, 282429, 277384, 419074, 129458, 545108, 130583, 225430, ~06074), lol 264437, 457697, 

1, 5365, 10812, 11169, 36151, 35264, 52978, 16159, 69866, 15829, 27780, ~3512). 36162, 65122, 

2, 10919, 899, 1868, 1764, 5941, 5853, 8597, 2668, 12095, 2819, 4806, 5203, 10233, 

3, 1399, 3302, 313, 408, 542, 1909, 1772, 3333, 1085, 5200, 1233, 1602, 3516, 

4, 226, 296, 958, 77, 113, 135, 530, 493, 1115, 344, 2182, 434, 1019, 

5, 307, 58, 70, 236, 25, 30, 43, 151, 156, 380, 128, 124, 309, 

6, 33, 83, 24, 22, 80, 9, 10, 18, 55, 55. 165, 38, 87, 

7, 12, 12, 31, 11, 9, 21, 4, 3, 10, 17. 22, 12. 28, 

8, 4, 4, 6, 13, 5, 4, 7, 1, 1, 1, 8, 5, 9, 

9, 3, 2, 2, 3, 5, 2, 2, 1, 1, O, o, 2, 3, 

+gp, 2, 1, 1, 1, 3, 4, 1, 1, 1, 1, O, 
TOTAL, 102714, 102560, 296870, 316071, 461063, 190404, 572232, 207118, 255776, 142671, 22057, 

( ) Overwritten in the prediction 



TABLE 4.5.1 

HADOOCK IN IV, RCTJINPUT VALUES Age O 17-0ct-98 
13 28 2 

YEARCLASS' 'VPA' 'IYFS1' 'IYFS2' 'EGFSa 'EGFS1' 'EGFS2' 'SGFSO' 'SGFS1' 'SGFS2' 'SCQ21' 'SCQ22' 'EN040' 'ENQ41' 'ENQ42' 
1971 782847 740 971 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 
19n 215392 187 110 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 
1973 728983 1092 385 ·1 ·1 ·1 ·1 ·1 -1 ·1 ·1 ·1 ·1 ·1 
1974 1334931 1168 670 ·1 ·1 ·1 -1 ·1 ·1 ·1 ·1 ·1 ·1 ·1 
1975 115423 177 84 ·1 ·1 32.1 ·1 -1 ·1 ·1 ·1 ·1 ·1 ·1 
1976 164835 162 108 ·1 66.8 26.2 ·1 ·1 ·1 -1 -1 -1 ·1 -1 
1977 257514 385 240 534.8 136.9 54.6 -1 ·1 ·1 -1 -1 -1 -1 -1 
1978 395490 480 402 358.3 295.5 167.3 -1 ·1 ·1 ·1 -1 -1 ·1 ·1 
1979 721551 896 675 875.5 623.3 439.1 -1 -1 ·1 -1 -1 -1 -1 ·1 
1980 156539 268 252 374 173.2 79.8 -1 -1 99.6 ·1 ·1 -1 -1 ·1 
1981 324796 526 400 1537.5 315.5 109.5 ·1 248.8 161.1 ·1 ·1 ·1 -1 ·1 
1982 206144 307 219 281.3 218.2 61.6 123.5 181.3 78.8 -1 ·1 -1 -1 -1 
1983 669781 1057 828 831.9 599.3 238.2 220.3 436.7 298.1 -1 ·1 -1 -1 -1 
1984 172691 229 244 228.5 186.6 44.7 87.3 197.6 57.4 -1 -1 ·1 ·1 -1 
1985 240473 579 326 245.9 149.7 43.1 81.8 232.9 70.4 -1 -1 ·1 -1 -1 
1986 498871 885 688 266 281.9 183.5 174.7 239.3 198.2 -1 -1 ·1 -1 -1 
1987 42051 92 97 22.4 28.6 14.5 27.7 46.7 21.4 ·1 -1 -1 ·1 ·1 
1988 84444 210 114 60.7 81.7 19.8 40.6 88.6 24 ·1 ·1 -1 ·1 ·1 
1989 87092 219 131 94.3 66.4 9.6 43.2 100.2 17.8 ·1 493 ·1 ·1 5.094 
1990 282429 679 371 281.9 115 97.7 316.3 170.5 96.3 4087 2854 ·1 57.818 22.977 
1991 277384 1115 543 263.3 196.9 58.6 347.1 383.2 138 8196 2680 90.712 74.865 17.137 
1992 419074 1242 504 827.7 246.1 90.2 827 583.6 208 11963 3838 198.232 75 22.192 
1993 129458 229 205 135.8 80.7 44.5 85.9 126.5 73.4 1295 1186 42.168 185.26 17.995 
1994 545108 1375 813.3 943 383.1 145.7 1376.2 815.3 470.5 12539 5889 137.483 160.928 55.913 
1995 130583 267.4 366.4 180 83.1 43.3 156.6 223.1 84.9 1922 1472 51.541 24.735 -1 
1996 ·1 860.2 423.3 199 149 56.8 198 277.9 192.4 3144 ·1 65.677 -1 ·1 
1997 ·1 373.6 ·1 130 89 ·1 97.2 634.9 ·1 ·1 ·1 ·1 ·1 ·1 
1998 ·1 ·1 ·1 53 ·1 ·1 328 ·1 -1 ·1 ·1 ·1 -1 ·1 

Yclass VPA 18011 18012 egfsO egfs1 egfs2 sgfsO sgfs1 sgfs2 SC021 SC022 EN040 ENQ41 EN042 

Updated? y y y y y N N N NIA NIA NIA NIA NIA 
Handle wilh care 

KEY NB indices from Scottish 1998 GFS (boxed) included here for comparisan. 
but not included in RC T3 runs 

index Survey Ouarter Age 

18011 !BTS 1 Provisional (age based) for 97 survey 
16012 IBTS 2 Provisional (age based) for 97 survey 
EGFSO English GFS 3 o 
EGFS 1 English GFS 3 1 
EGFS2 English GFS 3 2 
SGFSO Scotlish GFS 3 O NeYJ gear & vessel in 98 
SGFS 1 Scot1ish GFS 3 1 New gear & vessel in 98 
SGFS2 Scotlish GFS 3 2 New gear & vessel in 98 
SCQ211BTS (Scottish, age based) 2 1 Survey disconlinued 
SCQ22 IBTS (Scotlish, age based) 2 2 Survey discontinued 
ENQ40 IBTS (English, age based) 4 O Survey disconlinued 
EN0411BTS (English, age based) 4 1 Survey disconlinued 
ENQ421BTS (English, age based) 4 2 Survey disconlinued 

T -451.XLS 133 



TABLE 4.5.2a; Haddock in North Sea & IIIa, RCT output, age O 

Analysis by RCT3 ver3.1 of data from file : 

hadivO.rct 

HADDOCK IN IV, RCT3 INPUT VALUES Age O 10-0ct-98 

Data for 13 surveys over 28 years : 1971 - 1998 

Regression type = C 
Tapered time weighting not applied 
survey weighting not applied 

Final estimates shrunk towards mean 
Minimum S.E. for any survey taken as .20 
Minimum of 5 points used for regression 

Forecast/Hindcast variance correction used. 

Yearclass = 1997 

I-----------Regression----------1 I-----------Prediction---------I 

surve y/ Slope Inter- Std Rsquare No. Index Predicted Std WAP 
Series cept Er ror Pts Value Value Er ror Weights 

IYFS1 1.19 5.19 . 45 .778 25 5.93 12.27 .481 .204 
IYFS2 
EGFSO . 85 7. 56 .43 . 767 19 4.88 11.68 .475 .209 
EGFS1 l. 02 7.11 .31 .859 20 4.50 11.72 .339 .409 
EGFS2 
SGFSO .88 7.84 . 58 . 672 14 4.59 11.86 .655 .110 
SGFS1 
SGFS2 
SCQ21 
SCQ22 
ENQ40 
ENQ41 
ENQ42 

VPA Mean 12.48 .828 .069 

Yearclass = 1998 

1-----------Regression----------1 1-----------Prediction---------1 

Surve y/ 
Series 

1YFS1 
IYFS2 
EGFSO 
EGFS1 
EGFS2 
SGFSO 
SGFSl 
SGFS2 
SCQ21 
SCQ22 
ENQ40 
ENQ41 
ENQ42 

Year 
Class 

1997 
1998 

134 

Slepe 

.85 

1n':er­
cept 

7. 56 

Weighted 
Ave rage 

Prediction 

Std Rsquare No. Index Predicted Std 
Errcr Pts Value Value E~ror 

.43 . 7 67 19 3.99 10.94 . 5 00 

VPA Mean ~ 12.48 .828 
Log Int Ext Var VPA Log 
WAP Std Std Ratio VPA 

Er ror Er ror 

146129 11.89 .22 .14 .40 
84757 11.35 . 43 . 68 2.55 

0: \.-\ctin \\V grepsl \V gnssk '-.Reports\ 19 99\T 45 2abc.Do-.: 

WAP 
Weights 

.733 

.267 



TABLE 4.5.2b; Haddock in North Sea & IIIa, RCT output, age l 

Analysis by RCT3 ver3.1 of data from file : 

hadivl.rct 

HADDOCK IN IV, RCT3 INPUT VALUES Age l 10-0ct-98 

Data for 13 surveys over 28 years : 1971 ~ 1998 

Regression type = C 
Tapered time weighting not applied 
Survey weighting not applied 

Final estimates shrunk towards rnean 
Minimum S.E. for any survey taken as .20 
Minimum of 5 points used for regression 

Forecast/Hindcast variance correction used. 

Yearclass ~ 1997 

r~~~~~~~~~--Regression---------~1 1-----------Prediction---------1 

Surve y/ Slope Inter- Std Rsquare No. Index Predicted Std WAP 
Series cept Er ror Pts Va lue Value Er ror Weights 

IYFS1 l. 20 3. 12 .45 .783 25 5.93 10.20 .476 .216 
IYFS2 
EGFSO . 85 5.44 .45 .752 19 4.88 9.60 . 495 .200 
EGFS1 l. 03 5.01 .32 .851 20 4.50 9.64 .350 .399 
EGFS2 
SGFSO . 88 5.76 . 59 .670 14 4. 59 9.79 .658 .113 
SGFSl 
SGFS2 
SCQ21 
SCQ22 
ENQ40 
ENQ41 
ENQ42 

VPA Mean 10.41 .830 .071 
Yearclass = 1998 

1-----------Regression----------I 1-----------Prediction-------~~I 

Surve y/ 
series 

IYFSl 
IYFS2 
EGFSO 
EGFS1 
EGFS2 
SGFSO 
SGFSl 
SGFS2 
SCQ21 
SCQ22 
ENQ40 
ENQ41 
ENQ42 

Year 
Class 

1997 
1998 

Slope 

.85 

Inter­
cept 

5.44 

Weighted 
Ave rage 

Prediction 

18516 
10803 

Std Rsquare No. Index Predicted Std 
Error Pts Value Value Error 

.45 .752 19 3.99 8.85 .521 

VPA Mean 10.41 .830 

Log Int Ext Var VPA Log 
WAP Std Std Ratio VPA 

Er ror Er ror 

9. 83 .22 . 14 .40 
9. 29 . 44 .70 2.53 

WAP 
Weights 

.718 

.282 
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TABLE 4.5.2c; Haddock in North Sea & IIIa, RCT output, age 2 

Analysis by RCT3 ver3.1 of data from file : 

hadiv2.rct 

HADDOCK IN IV, RCT3 INPUT VALUES Age 2 lO~Oct~98 

Data for 13 surveys over 28 years : 1971 ~ 1998 

Regression type = C 
Tapered time weighting not applied 
Survey weighting not applied 

Final estirnates shrunk towards rnean 
Minimum S.E. for any survey taken as .20 
Minimum of 5 points used for regression 

Forecast/Hindcast variance correction us ed. 

Yearclass ~ 1996 

I---~~~~~~~~Regression-~~~--~~~~I I-~~--------Prediction---------I 

surve y/ Slope Inter- Std Rsquare No. Index Predicted Std WAP 
Series cept Er ror Pts Value Value Error Weights 

IYFS1 l. 15 l. 56 .38 .828 25 6. 76 9.32 .412 .104 
IYFS2 l. 24 l. 44 .42 .796 25 6.05 8.96 .452 .086 
EGFSO . 87 3.54 . 48 . 722 19 5.30 8.15 .528 .063 
EGFSl l. 03 3.20 .30 .864 20 5.01 8.35 .329 .163 
EGFS2 . 88 4.73 .33 .847 21 4.06 8.31 .352 .142 
SGFSO .88 3.95 . 58 .674 14 5.29 8. 63 . 655 .041 
SGFSl 1.19 2.02 . 41 .795 15 5.63 8. 73 .460 .083 
SGFS2 
SCQ21 .66 3.05 .22 .906 6 8.05 8.33 .291 .208 
SCQ22 
ENQ40 1.13 3.52 .32 .852 5 4.20 8. 2 6 .465 .082 
ENQ41 
ENQ42 

VPA Mean 8.56 .821 .026 
Yearclass ~ 1997 

I-----------Regression----------1 I-----------Predictlon---------1 

Surve y/ Slope Inter- Std Rsquare No. Index Predicted Std WAP 
Series cept Er ror Pts Va lue Va lue Er ror Weights 

IYFS1 l. 15 l. 56 .38 .828 25 5.93 8. 3 6 .407 . 271 
IYFS2 
EGFSO .87 3.54 .48 .722 19 4.88 7.78 .534 . 157 
EGFSl l. 03 3.20 .30 .864 20 4.50 7.82 .334 .402 
EGFS2 
SGFSO . 88 3.95 . 58 . 674 14 4.59 8.00 . 657 .104 
SGFS1 
SGFS2 

VPA Mean 8. 56 .821 .067 

Year Weighted Log Int Ext Var VPA Log 
Cl ass Average WAP Std Std Ratio VPA 

Prediction Er ror Er ror 

1996 5021 8.52 .13 .12 .75 
1997 3068 8.03 .21 .14 .42 
1998 1814 7.50 .46 . 72 2.43 
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TABLE 4.6.1 ; Haddock, North Sea + Skagerrak 
Mean fishing mortality. biamass and recruitment, 1963 - 1997. 

Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

Min. 
Mean l 
Max. l 

H.cons 
Ag es 

2 to 6 

.579 

.699 

. 647 

.715 

. 678 

.485 

.843 

.804 

. 629 

.900 

.777 

. 639 

.763 

.812 

.807 

. 879 

. 939 

. 847 

.654 

.588 

.802 

. 907 

. 855 

.881 

.855 

.843 

.705 

.702 

.762 

.858 

. 731 

.688 

.548 

. 625 

.454 

.454 

.740 

.939 

Mean F Stock Biornass Recrui ts l 
Disc Ind BC l ( '000 tonnes) l Age O l 
Ages Ages 1---------------------1----------------

1 2 to 6 l O to 3 l Total l Spawning IYclassl Million 

---------l---------l----------1----------l------l---------
.125 
.073 
.067 
.104 
.142 
.089 
.093 
.123 
.108 
.145 
.12 6 
.140 
.203 
.153 
.127 
.185 
.085 
.080 
.086 
.067 
.145 
.091 
.078 
.178 
.142 
.147 
.132 
.233 
.065 
.099 
.140 
.175 
.138 
.146 
.116 

.065 

.124 

.233 

.026 

.131 

.343 

.263 

.052 

.056 

.198 

.266 

.078 

.051 

.034 

.101 

.086 

.125 

.173 

. 062 

.056 

.088 

.064 

.066 

.049 

.032 

.018 

. 012 

.019 

.026 

.016 

.026 

.023 

.032 

.040 

.014 

.029 

.030 

.019 

.012 

.077 

.343 

3387 
1188 

812 
780 

1216 
6700 
2344 
1405 
1672 
1677 

900 
1568 
2163 

885 
567 
665 
673 

1250 
671 
840 
759 

1493 
860 
715 

1068 
428 

396 
343 
742 
607 
875 
516 
957 
621 
709 

343 
1213 
6700 

137 l 1963 l 
420 1964 
526 1965 
432 1966 
229 1967 
265 1968 
816 1969 
900 1970 
418 1971 
3 01 1972 
294 1973 
258 1974 
238 1975 
308 1976 
239 1977 
132 1978 
109 1979 
153 1980 
240 1981 
300 1982 
253 1983 
199 1984 
241 1985 
222 1986 
157 1987 
159 1988 
129 1989 

81 1990 
63 1991 

101 1992 
135 1993 
158 1994 
158 1995 
193 1996 
211 1997 

2338 
9172 

26336 
68992 

388112 
17103 
12196 
87764 
79285 
21539 
72898 

133493 
11542 
16484 
25751 
39549 
72155 
15654 
32480 
20614 
66978 
17269 
24047 
49887 

4205 
8444 
8709 

28243 
27738 
41907 
12946 
54511 
13058 
22543 
14613* 

63 l Min. 2338 
262 IGmean l 26444 
900 l Max. l 388112 

Min, max and geo. mean recruitment calculated over years 1963 to 1995 
{Arithmetic mean recruitment 1963 - 1995 ~ 45770) 
Biomass totals calcu1ated at start of year. 
* RCT3 estimate 
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Tahle 4.7.1 

The SAS System 
Haddock in fishing Area IV and Il la 

Multi fleet prediction with mangement option table: Input data 

1998 H.cons Disc lnd BC 

Exploit. ~eight Exploit. Weight Exploit. Weight Stock Natura l Maturity 
Age pattern in catch pattern in catch pattern in catch size mort al i ty og i ve 

o 0.0000 0.000 0.0010 0.058 0.0370 0.012 8475700.0 2.0500 0.0000 
1 0.0010 0.329 0.0640 0.143 0.0290 0.068 1851600.0 1.6500 0.0100 
2 0.1300 0.384 0.3110 0.241 0.0160 0.157 480600.00 0.4000 0.3200 
3 0.4810 0.432 0.2850 0.280 0.0210 0.253 123300.00 0.2500 0.7100 
4 0.7400 0.573 0.0690 0.327 0.0150 0.671 218200.00 0.2500 0.8700 
5 0.7300 O. 722 0.0060 0.376 0.0270 0.760 12800.000 0.2000 0.9500 
6 0.6260 0.959 0.0000 0.000 0.0660 0.376 16500.000 0.2000 1.0000 
7 1.0850 1.078 0.0000 0.000 0.0000 0.000 2200.000 0.2000 1.0000 
8 0.7420 1.722 0.0000 0.000 0.0000 0.000 800.000 0.2000 1.0000 
9 0.7100 2.048 0.0000 0.000 0.0000 0.000 40.000 0.2000 1.0000 

10+ o. 7100 2.115 0.0000 0.000 0.0000 0.000 0.000 0.2000 1.0000 

Unit . Ki lograms - Kilograms - Ki Lograms Thousands - -
-- ------

1999 H.cons Disc Ind BC 

Exptoit. Weight Exploit. Weight Exploit. IJeight Recruit- Natura l Maturity 
Age pattern in catch pattern in catch pattern in catch ment mortal i ty og i ve 

o 0.0000 0.000 0.0010 0.058 0.0370 0.012 26443700 2.0500 0.0000 
1 0.0010 0.329 0.0640 o. 143 0.0290 0.068 1 .6500 0.0100 
2 0.1300 0.384 0.3110 0.241 0.0160 o. 157 0.4000 0.3200 
3 0.4810 0.432 0.2850 0.280 0.0210 0.253 0.2500 0.7100 
4 o. 7400 0.573 0.0690 0.327 0.0150 0.671 0.2500 0.8700 
5 0.7300 o. 722 0.0060 0.376 0.0270 0.760 0.2000 0.9500 
6 0.6260 0.959 0.0000 0.000 0.0660 0.376 0.2000 1.0000 
7 1.0850 1.078 0.0000 0.000 0.0000 0.000 0.2000 1.0000 
8 o. 7420 1.722 0.0000 0.000 0.0000 0.000 0.2000 1.0000 
9 0.7100 2.048 0.0000 0.000 0.0000 0.000 0.2000 1.0000 

10+ 0.7100 2.115 0.0000 0.000 0.0000 0.000 0.2000 1.0000 

Unit - Ki lograms - Ki log rams - Ki lograms Thousands - -
-

09:50 Wednesday, October 14, 1998 

Prop.of F Prop.of M \leight 
bef .spaw. bef.spaw. in stock. 

0.0000 0.0000 0.018 
0.0000 0.0000 o. 124 
0.0000 0.0000 0.277 
0.0000 0.0000 0.370 
0.0000 0.0000 

0.561 l 0.0000 0.0000 0.735 
0.0000 0.0000 0.979 
0.0000 0.0000 1.078 
0.0000 0.0000 1.722 
0.0000 0.0000 2.0481 
0.0000 0.0000 2. 1 15' 

- - Ki log rams J 

Prop.of F Prop.of M Weight 
bef .spaw. bef.spaw. in stock 

0.0000 0.0000 0.018 
0.0000 0.0000 o. 124 
0.0000 0.0000 0.277 
0.0000 0.0000 0.370 
0.0000 0.0000 0.561 
0.0000 0.0000 o. 735 
0.0000 0.0000 0.979 
0.0000 0.0000 1.078 
0.0000 0.0000 1. 722 
0.0000 0.0000 2.048 
0.0000 0.0000 2. 1 15 

. - Ki lograms 
- L_ ---

(cont. > 



Table 4. 7. l (Cont'd) 

Tl'le SAS System 09:50 Wednesday, October 14, 1998 
Haddock in Fishing Area IV and Il la 

Multi fleet prediction with mangement option table: Input data 
(cent.) 

2000 H. cons Disc lnd BC 

Exploit. Weight Exploit. Weight Exploit. Weight Recruit- Natura l Maturity Prop.of F Prop.of M Weight 
Age pattern in catch pattern in c:atch pattern in catch ment mor tal i ty og i ve bef.spaw. bef .spaw. in stock 

o 0.0000 0.000 0.0010 0.058 0.0370 0.012 26443700 2.0500 0.0000 0.0000 0.0000 0.018 
1 0.0010 0.329 0.0640 o. 143 0.0290 0.068 1.6500 0.0100 0.0000 0.0000 0.124 
2 o. 1300 0.384 0.3110 0.241 0.0160 0.157 0.4000 0.3200 0.0000 0.0000 0.277 
3 0.4810 0.432 0.2850 0.280 0.0210 0.253 0.2500 0.7100 0.0000 0.0000 0.370 
4 0.7400 0.573 0.0690 0.327 0.0150 0.671 0.2500 0.8700 0.0000 0.0000 0.561 
5 0.7300 o. 722 0.0060 0.376 0.0270 0.760 0.2000 0.9500 0.0000 0.0000 0.735 
6 0.6260 0.959 0.0000 0.000 0.0660 0.376 0.2000 1.0000 0.0000 0.0000 0.979 
7 1.0850 1.078 0.0000 0.000 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 1.078 
8 o. 7420 1. 722 0.0000 0.000 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 1.722 
9 0.7100 2.048 0.0000 0.000 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 2.048 

10+ 0.7100 2. 115 0.0000 0.000 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 2. 115 

Unit . Ki lograms . ICi lograms . Ki log rams Tllousands . . . . Ki lograms 
- - ----·- -

Notes: Run name : MANSAR04 
Date and time: 140CT98:09:55 

-w 

"' 



Table 4.7.2 

The SAS System 09:50 Wednesday, OCtober 14, 1998 
Haddock in Fishing Area IV and Il la 

~ Multi fleet prediction with mangement option table 

Year: 1998 

H.cons Disc lnd BC Total 

F Reference Catch in F Reference Catch in F Reference Catch in Catch in Stock sp.stock. 
Factor F weignt Factor F weight Factor F weight wei ght biomass biomSss 

1.0000 0.5414 102098 1.0000 0.1342 41577 1.0000 0.0258 6311 149986 710477 212684 

. - Tonnes - - Tonnes - - Tonnes Tonnes Tonnes Tonnes 
- - -- -

Year: 1999 Year: 2000 
l 

H.cons Disc lnd BC Total 

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

0.0000 0.0000 o 0.0000 0.0000 o 1.0000 0.0258 9407 9407 856078 170804 1193624 2502301 
0.1000 0.0541 10893 0.1000 0.0134 3947 1.0000 0.0258 9293 24132 170804 1176008 234815 
0.2000 0.1083 21044 0.2000 0.0268 7709 1.0000 0.0258 9183 37936 170804 1159581 220475 
0.3000 0.1624 30507 0.3000 0.0403 11297 1.0000 0.0258 9078 50882 170804· 1144257 207132 
0.4000 0.2166 39331 0.4000 o. 0537 14723 1.0000 0.0258 8977 63031 170804 1129958 194714 
0.5000 0.2707 47561 0.5000 0.0671 17994 1.0000 0.0258 8881 74436 170804 1116609 183153 
0.6000 0.3248 55241 0.6000 0.0805 21120 1.0000 0.0258 8790 85150 170804 1104145 172388 
0.7000 0.3790 62409 o. 7000 0.0939 24109 1.0000 0.0258 8701 95220 170804 1092500 162360 
0.8000 0.4331 69103 0.8000 0.1074 26969 1.0000 0.0258 8617 104689 170804 1081619 153017 
0.9000 0.4873 75355 0.9000 0.1208 29708 1.0000 0.0258 8536 113599 170804 1071446 144310 
1.0000 0.5414 81196 1.0000 0.1342 32331 1.0000 0.0258 8459 121986 170804 1061931 136193 
1. 1000 0.5955 86656 1.1000 0.1476 34846 1.0000 0.0258 8385 129887 170804 1053030 128623 
1.2000 0.6497 91761 1.2000 o. 1610 37258 1.0000 0.0258 8313 137333 170804 1044698 121563 
1.3000 0.7038 96537 1.3000 0.1745 39574 1.0000 0.0258 8245 144356 170804 1036896 114975 
1.4000 0.7580 101006 . 1.4000 0.1879 41798 1.0000 0.0258 8179 150983 170804 1029587 108826 

- - Tonnes - - Tonnes - Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes 
-

Notes: Run name : MANSAR04 
Date and time : 140CT98:09:55 
CO!TflUtatlon of ref. F: H.cons: Simple mean, age 2 6 

Disc: Simple mean, age 2 6 
Ind BC: Simple _mean, age O 3 

Basis- for 1998 : F factors 



Table 4. 7.3 

The SAS System 10:47 Sl.rlday, October' 11, 1998 
Haddock in Fishing Area IV and l lia 

Multi fleet prediction: Detailed tables 

Year 1998. H.cons F-factor 1.0000 and reference F 0.5414 
Disc F·factor 1.0000 and reference F o. 1342 
Ind BC F-factor 1.0000 and reference F 0.0258 

H.cons Disc Ind BC Total 1 January Spawning time 

Absolute Catch in Catch in Absolute Catch in Catch in Absolute Catch in Catch in Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock 
Age F nl.ftbers weight F nwbers weight F nume rs wei ght nt.lfbers weight size biomass size biomass size biomass 

o 0.0000 o o 0.0010 3556 206 o. 0370 131578 1579 135134 1785 8475700 149737 o o o o 
1 0.0010 876 288 0.0640 56070 8018 0.0290 25407 1728 82353 10034 1851600 230216 18516 2302 18516 2302 
2 0.1300 41961 16113 0.3110 100383 24192 0.0160 5164 811 147508 41116 480600 133126 153792 42600 153792 42600 
3 0.4810 36916 15948 0.2850 21873 6125 0.0210 1612 408 60401 22480 123300 45662 87543 32420 87543 32420 
4 0.7400 98980 56715 0.0690 9229 3018 0.0150 2006 1346 110215 61080 218200 122337 189834 106434 189834 106434 
5 0.7300 5999 4331 0.0060 49 19 0.0270 222 169 6270 4518 12800 9408 12160 8938 12160 8938 
6 0.6260 6834 6554 0.0000 o o 0.0660 721 271 7554 6825 16500 16159 16500 16159 16500 16159 
7 1.0850 1344 1448 0.0000 o o 0.0000 o o 1344 1448 2200 2372 2200 2372 2200 2372 
8 0.7420 384 662 0.0000 o o 0.0000 o o 384 662 800 1377 800 1377 800 1377 
9 0.7100 19 38 0.0000 o o 0.0000 o o 19 38 40 82 40 82 40 82 

10+ 0.7100 o o 0.0000 o o 0.0000 o o o o o o o o o o 

Total 193312 102098 191161 41577 166709 6311 551182 149986 11181740 710477 481385 212684 481385 212684 

Unit . Thousands Tonnes . Thousands Tonnes . Thousands Tomes Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousends Tonnes 

< cont.) 
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Tahle 4. 7.3 (Cont'd) 

Haddock in Fishing Area IV and IIIa 

(cent.) 

Year 1999. H.cons 
Di se 
Ind BC 

H.cons 

Absolute Catch in 
Age F nlllltters 

o 0.0000 o 
1 0.0010 497 
2 0.1300 28262 
3 0.4810 61072 
4 o. 7400 19829 
5 0.7300 34937 
6 0.6260 2024 
7 1.0850 4130 
8 o. 7420 293 
9 0.7100 145 

10+ o. 7100 8 

Total 151196 

Unit . Thousands 

Catch in 
weight 

o 
164 

10852 
26383 
11362 
25225 

1941 
4452 
504 
298 

16 

81196 

Tonnes 

The SAS System 

Multi fleet prediction: Detailed tables 

F-factor 
F- factor 
F-factor 

1.0000 and reference 
1.0000 and reference F 
1_. 0000 and reference F 

Disc 

Absolute Catch in Catch in Absalute 
F ntnbers wei ght F 

0.0010 11095 644 o .0370 
0.0640 31809 4549 0.0290 
0.3110 67610 16294 0.0160 
0.2850 36186 10132 0.0210 
0.0690 1849 605 0.0150 
0.0060 287 108 0.0270 
0.0000 o o 0.0660 
0.0000 o o 0.0000 
0.0000 o o 0.0000 
0.0000 o o 0.0000 
0.0000 o o 0.0000 

148837 32331 

. Thousands Tonnes -

0.5414 
0.1342 
0.0258 

lnd BC 

Catch in 
m~rs 

410516 
14413 
3478 
2666 
402 

1292 
213 

o 
o 
o 
o 

432982 

Thousands 
-

Total 

Catch in Catch in Catch in 
weight numers weight 

4926 421611 5570 
980 46720 5692 
546 99350 27693 
675 99925 37190 
270 22079 12236 
982 36516 26315 

80 2237 2021 
o 4130 4452 
o 293 504 
o 145 298 
o 8 16 

8459 733014 121986 

Tonnes Thousands Tonnes 
- ~- ~--

10:47 Sunday, October 11, 1998 

1 January Spawning time 

Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock 
size biomass size biomass size biomass 

26443700 467172 o o o o 
1050434 130604 10504 1306 10504 1306 
323696 89664 103583 28692 103583 28692 
203983 75542 144828 53635 144828 53635 
43712 24508 38029 21322 38029 21322 
74546 54791 70818 52052 70818 52052 
4886 4785 4886 4785 4886 4785 
6762 7292 6762 7292 6762 7292 
609 1048 609 1048 609 1048 
312 639 312 639 312 639 

16 34 16 34 16 34 

28152656 856078 380348 170804 380348 170804 

Thousands Tonnes Thousands Tonnes Thousands Tonnes 
- -

(cont.) 
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Tahlc 4. 7.3 (Cont'd) 
The SAS System 

Haddock in Fishing Area IV and Il la 

Multi fleet prediction: Oetailed tables 
(cont.) 

Year 2000. H.cons F-factor 1.0000 and reference F 
Disc F-factor 1.0000 and reference F 
Ind BC F-factor 1.0000 and reference F 

H.cons Disc 

Absolute Catch in Catch in Absolute Catch in Catch in Absolute 
Age F nl.llbers weight F m.mbers weight F 

o 0.0000 o o 0.0010 11095 644 0.0370 
1 0.0010 1551 510 0.0640 99242 14192 0.0290 
2 0.1300 16033 6157 0.3110 38356 9244 0.0160 
3 0.4810 41134 1mo 0.2850 24372 6824 0.0210 
4 0.7400 32804 18796 0.0690 3059 1000 0.0150 
5 o. 7300 6999 5053 0.0060 58 22 0.0270 
6 0.6260 11786 11303 0.0000 o o 0.0660 
7 1. 0850 1223 1319 0.0000 o o 0.0000 
8 o. 7420 899 1548 0.0000 o o 0.0000 
9 0.7100 11 1 227 0.0000 o o 0.0000 

10+ o. 7100 62 130 0.0000 o o 0.0000 

Total 112601 62813 176182 31925 

Unit . Thousands Tonnes . Thousands Tomes . 
L__ -

Notes: Run name : SPRSAR03 
Date and time : 110CT98:11:05 
Computation of ref. F: H.cons: Simple mean, age 2 6 

Disc: Sillllle mean, age 2 6 
lnd BC: Simple mean, age O 3 

Prediction basis : F factors 

0.5414 
0.1342 
0.0258 

Ind BC Total 

Catch in Catch in Catch in Catch in 
nlJilbers weight nlll'bers wei ght 

410516 4926 421611 5570 
44969 3058 145762 17760 

1973 310 56362 15710 
1796 454 67302 25048 
665 446 36527 20243 
259 197 7315 5272 

1243 467 13029 11770 
o o 1223 1319 
o o 899 1548 
o o 111 227 
o o 62 130 

461421 9858 750204 104596 

Thousands Tonnes Thousands Tonnes 

10:47 sunday, october 11, 1998 

1 January Spawning time 

Stock Stock Sp.stock Sp.stock Sp.stock sp. stock 
size biomass size biomass size biomass 

26443700 467172 o o o o 
32m94 407477 32773 4075 32m 4075 
183637 50867 58764 16278 58764 16278 
137388 50879 97545 36124 97545 36124 
72315 40545 62914 35274 62914 35274 
14934 10976 14187 10427 14187 10427 
28458 27869 28458 27869 28458 27869 
2003 2159 2003 2159 2003 2159 
1871 3221 1871 3221 1871 3221 
237 486 237 486 237 486 
132 279 132 279 132 279 

30161967 1061931 298883 136193 298883 136193 

Thousands Tonnes Thousands Tonnes Thousands Tonnes 
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Table 4.7.4 Haddock in IV lilla 

Stock numbers of recruits and their source for recent year classes used in 

predictions, and the relative(%) contributions to landings and SSB [by weight) of these year classes 

Year-cl ass 1994 1995 1996 1997 1998 1999 

Stock No. lthousandsl 54510816 13058260 22542954 14612900 8475700 26443700 
of O year-olds 
Source VPA VPA VPA RCT3 RCT3 GM 

Status Quo F: 
%in 1998 landings 55.6 15.6 15.8 0.3 0.0 
%in 1999 31 .1 14.0 32.5 13.4 0.2 0.0 

%in 1998 SSB 50.0 15.2 20.0 1 . 1 0.0 
o/o in 1999 SSB 30.5 12.5 31.4 16.8 0.8 0.0 
%in 2000 SSB 20.5 7.7 25.9 26.5 12.0 3.0 

GM : geometriC' mean recruitment 

Haddock in IV/IIIa : Year-class% contribution to 

al 1999 landings bl 2000 SSB 

~-
--·· --- -- ---

l 
1995 

l l 
T-474.XLS 
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Table 4.7.5 

La bel Va lue 

Num ber at age 
NO 8475700 
N1 1851600 
N2 480599 
N3 123300 
N4 218198 
NS 12799 
N6 16499 
N7 2199 
NB 800 
N9 o 
N10 o 

Discard selectivity 
sDO o 
sD1 0.06 
sD2 0.31 
sD3 0.28 
sD4 0.07 
sD5 0.01 
sD6 o 
sD7 o 
sD8 o 
sD9 o 
sD10 o 

Haddock, North Sea and Skagerrak 
Input data for catch forecast and linear sensitivity analysis 

CV La bel Value CV La bel Value 

Weight in the stock H.cons selectivity 
0.68 wso 0.02 0.24 sHO o 
0.22 WS1 0.12 0.16 sH1 o 
0.11 WS2 0.28 0.1 sH2 0.13 
0.09 WS3 0.37 0.04 sH3 048 
0.08 WS4 0.56 0.12 sH4 0.74 
0.08 WS5 0.74 0.12 sH5 0.73 
0.09 WS6 0.98 0.12 sH6 0.63 
0.11 WS7 1.08 0.28 sH7 1.09 
0.14 WSB 1.72 0.06 sH8 0.74 
0.18 WS9 2.05 0.09 sH9 0.71 
0.17 WS10 2.12 0.11 sH10 0.71 

Weight in discards lndustrial selectivity 
0.86 WDO 0.06 0.18 slO 0.04 
0.31 WD1 0.14 0.11 sl1 0.03 
0.03 WD2 0.24 0.08 sl2 0.02 
0.16 WD3 0.28 0.02 sl3 0.02 
0.5 WD4 0.33 0.1 sl4 0.01 

0.84 WD5 0.38 0.04 sl5 0.03 
o WD6 o o sl6 0.07 
o WD7 o o sl7 o 
o WD8 o o sl8 o 
o WD9 o o sl9 o 
o WD10 o o sl10 o 
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ev La bel Va lue CV 

Weight in the HC catch 
o WHO o o 

04 WH1 0.33 0.05 
0.34 WH2 0.38 0.06 

0.1 WH3 0.43 0.06 
0.16 WH4 0.57 0.09 
0.08 WH5 0.72 0.12 
0.37 WH6 0.96 0.13 
0.54 WH7 1.08 0.28 
0.36 WH8 1.72 0.06 
0.03 WH9 2.05 0.09 
0.03 WH10 2.12 0.11 

Weight in lnd bycatch 
0.61 WIO 0.01 0.45 
0.37 W11 0.07 0.29 
0.97 Wl2 0.16 0.22 
1.07 Wl3 0.25 0.31 
148 Wl4 0.67 0.52 
0.87 Wl5 0.76 0.87 
1.73 Wl6 0.38 1.73 

o Wl7 o o 
o W18 o o 
o Wl9 o o 
o Wl10 o o 



... 
a, 

Table 4.7.5 {Cont'd) 

Natura! mortality Proportion mature 

MO 2.05 0.03 MTO o 0.1 

M1 1.65 0.05 MT1 0.01 0.1 

M2 0.4 0.07 MT2 0.32 0.1 

M3 0.25 0.19 MT3 0.71 0.1 

M4 0.25 0.12 MT4 0.87 0.1 

MS 0.2 0.17 MT5 0.95 0.1 

M6 0.2 0.1 MT6 1 0.1 

M7 0.2 0.1 MT7 1 o 
M8 0.2 0.1 MTB 1 o 
M9 0.2 0.1 MT9 1 o 
M10 0.2 0.1 MT10 1 o 

Relative effort in HC fishery Year effect for natura\ mortality 

HF98 1 0.15 K98 1 0.21 

HF99 1 0.15 K99 1 0.21 

HF** 1 0.15 K** 1 0.21 

T-475.XLS 



Table 4.10.1; Haddock in the North Sea and llla, Precautionary reference points 

BIOMASS (all weights in 'OOOt) 

WGNSSK 

Btim = 100 Basis : Smoothed estimate of Bto"' 

Bpa= 140 Basis: B10,..exp(l.645cr), er= 0.2. 

SGPAFM 

Btim = 60 Basis : Bto"' 

Bpa = 150 Basis : Decline in recruitment (?) 

FISHING MORTALITY 

Status quo Total F(2-6) 0.71, = Basis Unscaled mean 1995-1997 

Possible FPa Estimate Probability % of historical 
SSB < BPa m F > Fpa 
2007 

Fo.t 0.18 <5% 100 
F30%SPR 0.23 <5% 100 
Fmax 0.40 <5% 100 
Fmed 0.54 <5% 100 
- 0.60 -5% 100 

fto• 
a,b 0.68 -10% 94 

- 0.7 -10% 91 
- 0.8 -20% 77 
- 0.9 ->20% 57 
- l. O -50% 37 
F10,..exp( -1.645cr) ' 1.6 >50% o 
Floss 

a 2.2 >50% o 

SGPAFMFoa a 0.64 -5% 94 

•; Includes point at origin, correction for log transforrnation, span = 1.0 

b; lpg = Low probability G(F) > 0 10,., probability =O.l. 

',cr=0.2 

d; Basis: consistent with SGPAFM Bpa 
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Figure: 4.4.1 a 
Haddock in the North Sea & Skagerrak 
Log VPA vs. log lndex 
Scottish Seiners 
Year range: 1988-1997 
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Figure : 4.4.1 b 
Haddock in the North Sea & Skagerrak 
log VPA vs. log lndex 
Scottish Light Trawlers 
Year range: 1988-1997 
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Figure : 4.4.1 c 
Haddock in the North Sea & Skagerrak 
Log VPA vs. log lndex 
Scottish GFS 
Year range : 1988-1997 
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Figure: 4.4.1 d 

Haddock in the North Sea & Skagerrak 
Log VPA vs. log lndex 
English GFS 
Year range : 1988-1997 
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Figure : 4.4.1 e 

Haddock in the North Sea & Skagerrak 
Log VPA vs. log lndex 
International Bottom Trawl Survey, Quarter 1 
Year range: 1988-1997 
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Figure : 4.4.1 1 

Haddock in the North Sea & Skagerrak 
log VPA vs. log lndex 
International Bottom Trawl Survey, Quarter 2 
Year range : 1988-1997 
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Figure 4.4.2 
Haddock in North Sea/Skagerrak. Retrospective trends in mean F 
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Figure 4.4.3 Haddock in Divisions IV and llla. Log Catchability residuals 
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FiJ.,'llrc 4.4.3 (Cont'd) 
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Figure 4.4.4 
Haddock in the North Sea & Skagerrak 
Contributions of commercial and survey fleets to survivor estimates 
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Figure 4. 6. 1 Stock summary, Haddock ,North Sea + Ska 
Yield Mean F 
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-g Figure 4.7. 1 Haddock,North Sea + Skagerra. Sensitivity analysis of short term forecast. 
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Figure 4.7.2 Haddock,North Sea + Skagerra. Probability profiles for short term forecast. 
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-Ri 
Figure 4.8.1; Haddock in the North Sea and Skagerrak, Medium term projection. 
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Figure 4.10.1 North Sea+ Ska Haddock: Yield per Recruit 
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Figure 4.10.4, Haddock in the North Sea and Skagerrak 
Medium-term projections of SSB in 2007 at different F Levels 
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5 WHITING 

5.1 Whiting in Sub-area IV and Division Vlld 

5.1.1 The fishery 

Total nominallandings are given in Tables 5.1.1.1 and 5.1.1.2 for the North Sea and eastem Channel respectively. Total 
international catches as estimated by the Working Group for the combined North Sea and eastem Channel are shown in 
Table 5.1.1.3. Eastem Channel catches as used by the Working Group are also shown separately in Table 5.1.1.4. 

In the North Sea, whiting are caught for human consurnption in the mixed demersal fisheries for Scotland (seine and light 
trawl), England (seine and trawl) and France (inshore and offshore trawlers). They are also caught in the Dutch bearn trawl 
and German trawl tisheries. French trawlers targeting saithe also take a by-catch of whiting. Whiting comprise a by-catch in 
the industrial fisheries for Norway poul and spral 

In the eastem Channel, whiting are caught bnth by inshore and offshore trawlers in a mixed demersal fishery, with vessels 
from this area sometimes moving into the North Sea. 

5.1.1.1 ACFM advice applicable to 1998 

Last year's perception of the stock was that its state was uncertain, but probably within safe biological limits. Advice was 
that fishing mortality should not be allowed to increase abnve its then leve! (0.51). 

The forecast catch levels provided by ACFM were divided between the North Sea (Sub-area IV) and Eastem Channel 
(Division Vlld) on the basis of 11.5% of catches coming from the latter area. 

5.1.1.2 Management applicable to 1998 

The 1997 and 1998 TACs for area Ila (EC zone), IV are 74,000 t and 60,000 t rcspectively. The minimum mesh size for 
vessels fishing in the mixed demersal fishery in this area is l 00 mm. For vessels fishing under the whiting derogation, the 
minimum mesh size is 90 mm. Industrial fishing with small-meshed gear is permitted subject to by-catch limits of protected 
species such as whiting. Regulations applying to the Norway poul box prevent industrial fishing with small meshes in an 
area where the by-catch limits are likely to be exceeded. The minimum landing size of whiting from titis area is 23 cm, 
although the UK has adopted a minimum landing sizc of 27 cm. 

There is no separate TAC for Division Vlld, landings from this Division are counted against the TAC for Divisions Vllb-k 
combined. (27,000 t in 1997 and 1998). Minimum mesh size for whiting in Division Vlld is 80 mm with a 23 cm minimum 
landing size. 

5.1.1.3 Landings in 1997 

For the North Sea, the total international catches were 54,000 t in 1997, of which 31,000 t were human consumption 
landings, 17,000 t discards and 6,000 t industrial by-catch. This represents a continued decrease in totallandings since 1990 
(149,000 t), and is 15,000 t less than the 1996 value (69,000 t). The 1997 human consumption landings were the lowest in 
the time series and 86% of the 1996 value. Discards were the lowest on record (61% of the 1996 value) and industrial by­
cateh was 6,000 t very close to the lowest-on-record 1996 value. 

The total North Sea landings of 37,000 t in 1997 were 68% of last year's status quo prediction of 54,000 t. The shortfall 
comprised 3,000 t industrial by-catch and 14,000 t human consumption landings. 

In the eastem Channel recorded landings were 4,600 t in 1997 compared to the status quo prediction made last year of 
5,800 t. 

Misreporting is not considered to be a serious problem for cither the North Sea or the eastem Channel components of the 
stock. 
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5.1.2 Natural mortality, Maturity, Age compositions, Mean weight at age 

The natural mortality and maturity at age values as used are shown in Tab le 5 .l .2.1. These are unchanged from last year. 

The natural mortality values are rounded averages of the estimates produced by an earlier key run of the North Sea 
MSVPA. Information from the key run made in 1997 is not included (see Section 1.3.1.3). 

The maturity ogive is based on North Sea ffiTS quarter l data, averaged over the period 1981-1985. 

For Sub-area IV catches, human consurnption landings data aod age compositions were provided by Scotland, the 
Netherlands, England, France and Belgium. Discard data were provided by Scotland and used to estimate total international 
discards. Since 1991 the age composition of the Danish industrial by-catch has been directly sarnpled, whereas it was 
calculated from research vessel survey data during the period 1985-1990. Norway provided age composition data for its 
industrial by-catch. 

Mean weights at age were available separately for the human consumption, discard and industrial by-catch components of 
the catch. 

For Division Vlld catches, age composition data were supplied by England and France. No estimates of discards are 
available for whiting in the eastern Channel, although given the size of the Channel catch compared to that in the North Sea, 
this is not considered to be a major omission. There is no industrial fishery in this area. 

Total international catch at age aod mean weight at age in the catch (North Sea and eastem Channel combined) are 
presented in Tables 5.1.2.2 and 5.1.2.3. 

The catch mean weighr at age was also used as the stock mean weight at age. 

5.1.3 Catch, Effort and Research Vessel Data 

Catch and effort data from five commercial and six survey vessels series were used to calibrate the catch-at-age analysis. 
The fleets available for VPA tuning and the ages and number of years available for each fleet are listed in Table 5.1.3.1; 
values for the fleets used in the final run and their year and age ranges are presented in Tab le 5.1.3.2. 

Fleet acronyms are: 

ScoSei Scottish seiners 
FraTrb French trawlers (large) 
FraTro7d VI!d French trawlers (small) 

ScoGfs 
ffiTSQI 
ffiTSQIV 

Scottish QIII survey 
International QI survey 
International QIV survey 

ScoLtr 
Fra Tro 

EngGfs 
ffiTSQII 
FraGfs7d 

Scottish light trawlers 
French trawlers (small) 

English QIII survey 
International QII survey 
French VI!d survcy(VIId) 

As final age-based data were not available for all the years of the second and fourth quarter ffiTS, the indices for the second 
quarter comprise age-based indices from the Scottish component of the surve y, while the fourth quarter values comprise 
age-based indices from the English component of the survey. ffiTS data from the first quatter (formerly IYFS) have been 
treated as if the survey took place at the very end of the previous year, by adjusting the parameter values of alpha and beta in 
the tuning file and offsetting the index age by one year. This allows some survey data, collected after the most recent 
commercial catch at age data, to be used in tutting. (It also means that where ffiTS quarter I indices at age are plotted 
against other values, their listed ages refer to the "dummy" ages used in the catch-at-age calibration and not their true ages). 

5.1.4 Catch-at-age analysis 

(i) Exploratorv Analysis 

A separable XSA was run on the basic catch-at-age data using default options, and unit selection and fully-exploited 
mortality values laken from previous assessments. This was undertaken to examine the consistency of the catch-at-age data. 
From Figure 5.1.4.1, it can be seen that the )argest residuals are on the age O/l log catch ratios. These comprise partially 
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recruited age groups subject to discarding in the human consumption fishery and laken as by-catch in the industrial fisheries. 
The residuals of the age 1/2 log catch ratios show betler balance, suggesting that it is the 0-gp data that show inconsistencies 
rather than the 1-gp data. Nevertheless, the assessment continued with the inclusion of 0-gp catch-at-agc data, although it is 
questionable whether this should continue in future. 

k. a further investigation of the catch-at-age and tuning data, XSA runs were made that incorporated one tuning fleet at a 
time for all available ages. Only weak shrinkage (SE= l) was used, but in other respects the XSA configuration was 
identical to that used in the final run last year. From the single-fleet runs, plots were made by age of fleet CPUE corrected to 
January l against XSA population estimates. Within any fleet, ages that demonstrated negative relationships between log 
CPUE and log XSA abundance were excluded further from the analysis. Suhsequcnt single-fleet tuning runs were made and 
from plots of the log-catchabilities, age groups that were very noisy were excluded. Last year's exploratory XSA runs 
showed that excluding the noisiest ages from tuning fleets had little effect on the results of XSA as it had previously 
downweighted their contribution anyway. 

The result of these procedures was to modify the age ranges used for some of the fleets used further in calibrating the XSA, 
but principally to exclude the entire FraTro7d tuning fleet due to negative relationships between log CPUE and Log XSA 
abundance for all but one age group. 

The exploratory analysis was laken furthcr by exantining the effect of treating 0-gp log catchability as dependent or 
independent of population size. The latter option was chosen last year, but ACFM queried whether the former option might 
lead to hetter correspondence between XSA results and survey indices at that age. Figure 5.1.4.2 shows the scatterplot oflog 
abundance for each of the age O CPUE series against log XSA abundance for the 10 year tuning period. There is little 
indication from these results and the XSA diagnostics thnt log catchability should be treated as proportional to population 
size for this age. Furthermore~ plots of O gp index against XSA population estimates from longer time-series fail to indicate 
positive relationships. Consequently, in the final XSA, O gp calibration assumed log catchability to be independent of 
population size. 

(ii) Final Run 

The log-catchability residual plots from the final run are shown in Figure 5.1.4.3 and full XSA diagnostics and the basic 
parameter selections and tuning options of the final run are shown in Table 5.1.4.1. The corrected CPUE log abundance 
against log XSA abundance plots are shown in Figures 5.1.4.4 (a-j). Some noise is still apparent in the residual plots, and 
ScoGfs survey shows a trend in log catchabilities. In the case of the ScoGfs series, the earlier single-fleet calibration based 
on it did not indicate a trend in log catchabilities, suggesting the trend to be imposed by the incorporation of the other fleets. 
However, the effect of removing the fleet from XSA is marginal, as its estimates of raised F are not heavily weighted 
(Figure 5.1.4.5, Table 5.1.4.1) and its estimate of terminal exploitation pattem is not inconsistent with some others, 
suggesting only a slightly lower levet of fishing mortality (Figure 5.1.4.6) 

Two retrospective XSAs were undertaken. One assumed a ten year tuning window but could on1y accornmodate a limited 
number of CPUE series due to the relatively short time series of some !leet data. The second incorporated more fleets, bul 
had a diminishing number of years in the retrospective runs. The retrospective plots are shown in Figures 5.1.4.7 and 5.1.4.8 
for an assumed F shrinkage mean SE= 0.5. Both retrospective runs show a tendency to overestimate SSB in the most recent 
year and underestimate mean F. Recruits are poorly estimatcd in the terminal year. 

The relative weighting of the different tuning fleets to the survivors estimates are indicated in Figure 5.1.4.5, where the 
scaled weights are shown plotted by tleet and age. In general, it can be se en that the weighting of survi vors estimates from 
the commercial fleets from the North Sea increases with the age of fish. The exception to this is the Fra Tro fleet that is most 
heavily weighted at age 2 and whose influence then declines with age. The weighting of survivors from the North Sea 
surveys either decline with age, or are !east important at the extremes of the age range. The weighting of the F shrinkage 
mean is highest at the youngest and oldest ages (58% and 18% respcctively). 

The individual fleet estimates of survivors given in Tab le 5.1.4.1 are quite diverse at most ages. 

The fishing mortalities at age and stock nurnbers estimated from the final tuning run are presented in Tables 5.1.4.2 and 
5.1.4.3. 
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This year's final configuration is given with last year's configuration, below: 

1997 Assessment 1998 Assessnient 

Calibration period 10 years 10 years 
Age Range 0-8+ 0-8+ 
Catchability model Constant (all ages) Constant (all ages) 
Catchability plateau age6 age6 
F Shrinkage: 

SE 0.5 0.5 
year range 5 5 
age range 3 3 

Fleets( ages ): 
ScoSei (1-7) (2-7) 
ScoLtr (1-7) (1-7) 
FraTrb (1-7) (2-7) 
Fra Tro (0-7) (2-5) 
FraTro(VIld) (1-5) 
ScoGfs (1-6); (1-6) 
EngGfs (1-5) (1-5) 
IBTS QI (0-4, age-shifted) (0-4, age-shifted) 
IBTS QII (l-6) (l-6) 
IBTSQIV (0-5) (0-4) 
FraGfs(VIId) (0-3) (0-2) 

5.1.5 Recruitment estimates 

fhere has previously been an inconsistency between survey-based estimates of year class strength used in predictions and 
tuned values for the same year classes estimated by the Working Group at its subsequent meeting. The tuned values have 
consistently been Jower !han RCT3 estimates suggesting !hat, according to the tuned results, the previous year's predictions 
will have been based on overestirnates of year dass strength. This inconsistency was further indicated by the plots of survey 
indices and XSA estimates of recruitrnent presented in ICES 1996/Assess:6 where no clearly defined relationships were 
apparent. For ages 0-3, pairwise plots of log survey index and XSA log abundance, are given in Figures 5.1.5.1 (a-d) (the 
IBTS Ql index is down-aged by l year, to permit comparison with 0-gp abundance). There is little indication of positive 
associations and, furthermore, the plots extend over a limited data range on the Jog-scale. If the origin of the axes were 
included in the plots, the scatter would appear as a small "cloud" in the upper rigbt hand corner of the graphs. 

Due to !his Jack of concordance, all the XSA estimates of survivors except age l have been used as inputs to catch 
prediction, and no attempt has been made to use 1998 survey data in RCT3 estimates. Because the retrospectivc analysis of 
the XSA indicates that it provides little, if any, information on the strength of the most recent year class the XSA estimate of 
the 1997 year class has been overwritten for prediction using geometric mean recruittnent over the period !989-1995 
(24,691 million). This period was selected as it reflects the currently low recruitment regimcn experienced by !his stock and 
has also been used for subsequent year class estimates in prediction. For the 1997 year class, this value was scaled to give l 
year old survivors in 1998 (!,841 million). The scaling factor used was the ratio of 1-year-olds in !998 to O-year olds in 
1997 laken from the XSA. Given the Jow F estimated by XSA for age O in 1997 (0.05), this is similar to scaling by the 
assumed value of natura! mortality at age O (2.55). 

There is a degree of arbitrariness in the selection of the period over which the mean has been laken; it has been chosen to 
reflect the Jower levels ofrecruittnent seen during the 1990s. Even so, the XSA and the surveys suggest the 1996 and 1997 
year classes are both very poor and the geometric mean values selected here are likely to overestimate !hose year class 
strengths. 

5.1.6 Historical stock trends 

Long term trends in fishing mortality, recruitrnent and spawning biomass are given in Table 5.1.6.1 and plotted in Figure 
5.1.6.1. 
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Fishing mortalities have been highly variable with no clear trend. Mean F of all calch categories combined is indicated to 
have been reasonably stable over the period 1991-1996, with a fall in 1997 (consistent with the XSA tendency to 
underestimate terminal fishing mortality). The human consumption landings component ofF appears to have been stable or 
rising marginally since 1989, with a decline in 1997. Last year, an exploration of an apparent decline in mean Fin since 
1993 suggested that the evidence from fleet effort and CPUE data supported the view of a decline, but was not unequivocal. 
The indication from this year's XSA is that there may have been a marginal decline over that period, but that it is dominated 
by the retrospective pattem inherent in the XSA. 

SSB has previously been considered to be stable, although fluctuating around a low level, and above its historical low of 
1971 (238,000 t). The current assessment indicates a decline in SSB since 1990 rather than a fluctuation about a stable 
leve!, and that SSB since 1993 has been close to or below the historicallow. The retrospective analysis for this assessment 
is to overestimate SSB, and this may partly explain the difference in perspective between years, but if the current SSB is 
similarly overestimated, the stock is likely to be in an even poorer state than indicated here. SSB is estimated to be at an 
historicallow of 197,000 t at the start of 1997. 

Estimates of all year classes between 1989 and 1996 Iie below the long term arithmetic and geometric means. This is 
consistent with previous esrimates for this stock. 

5.1, 7 Short term forecast 

A short term catch prediction was made on the basis of the area combined stocks. The catch category predictions therefore 
comprised: human consumption landings for IV and Vlld combined; human consumption discards for IV only; and 
industrial by-catch for IV only. 

Input data for combined area short term catch predictions are given in Tab le 5. 1.7.1, and assume a short-term (1989-1995) 
GM recruitment at age O for the 1997 and subsequent year classcs (24,691 million). 

Calculation of the partial Fs at age and mean wcights at age in the various catch categories uscd in prediction were averaged 
over a 3 year period, and mean F wru; unscaled 

Results of a status quo catch forecast are given in Ta bles 5. 1.7.2 (catch options) and 5. 1.7.3 (detailed). The proportionate 
contribution of different year classes to the forecast human consumption landings in 1999 and SSB in 2000 is given in Table 
5.1.7.4. It is noted that the year classes for which geometric mean recruittnent is assumed, contribute to 27% to the human 
consumption landings in 1999 and to the to 84% of the forecast SSB in 2000. 

At status quo, the area-combined human consumption landings are predicted to be 39,000 t in 1999 compared to a foreeast 
of 44,000 t for I998. This is predicted to result in a spawning biomass in 1999 of 200,000 t and 2000 of 220,000 t. 

Although no area split prediction is given here, ACFM divided the catch into Sub-area IV and Division Vlld on the ba,is of 
a 88.5% to l 1.5% split, based on proportionate catches in weight over the period 1992-1996. 

Inputs to a sensitivity analysis of the status quo combined area foreca.o;;t are given in Table 5.1.7.5 and rcsults presented in 
Figures 5.1.7.1 and 5.1.7.2. 

The estimates of human consumption landings in 1999 are most sensitive to the overalllevel of fishing mortality in 1999 
and the overall leve! of natural mortality in 1998. The estimate of spawning biomass at the start of 2000 is sensitive to the · 
overall magnitude of natura! mortality in both 1998 and 1999 as well as to the age-specific va1ues of M at age O and l. 
These sensitivities are very similar to those presented in last year's report. However, the source of variation in the forecasts 
differs considerably from last year' s report. The partial variances in the prediction of human consumption landings in 1999 
and spawning biomass in 2000 are dominated by the leve! of, and uncertainty in, the strength of the 1997 year class, 
assumed as a recent short-tcrm geometric mean in this assessment. 

Probability profiles for the human consumption landings in 1999 and the spawning biomass in 2000 are shown in Figure 
5.1.7.2. They indicate approximately a 55% probability, at status quo human consumption F, that the spawning biomass at 
the start of 2000 will fall below its lowest recorded value of 197,000 t (1997) in the short term_ 
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5.1.8 Medium tenn predictions 

Previous reports of this Working Group have commented upon the fact that current recruitment levels are below !hose 
indicated by the earlier years of the time series. This may be due to a tempora! shift in the overall leve! of recruitment. 
Altematively, it may be due to the extrapolation of discard rates to earlier years from !hose in which observation have been 
made (mid-1970s onwards). In either case, it is not obvious that a stock and recruit relationship fitted to the entire time 
series is appropriate for input to medium term forecasts. This point has been made in earlier reports of this Working Group, 
and this year it was decide to truncate the time series at 1977 for stock and recruitrnent model fitting. To comply with 
ACFM's recommendation that a stock and recruitrnent relationship should be used to generate diminishing recruitment at 
low stock sizes in medium term forecasts, several stock and recruitrnent models were fitted to the data. Residual plots and 
filting diagnostics did not permit an obvious model selection. Fits to the Ricker and Beverton-Holt model were virtually 
identical up to the maximum observed SSB. The Shepherd curve was also little different. For reasons of parsimony, the 
Ricker curve was chosen for use in medium tenn forecasting. 

The inputs to medium tenn projection are similar to those for the sensitivity analysis except that mean weights at age were 
averaged over a ten year period, rather than a 3 year period to avoid transitory changes in mean weights at age affecting the 
outcome. 

The results of medium term projections corresponding to status quo human consumption Fare presented in Figure 5.1.8.1. 
At the end of the l O year projection, spawning biomass would, on average, be expected to increase margin all y, as would the 
human consumption landings, although in both cases the 5%- 95% inter-percentile range is broad. Several other projections 
were made for various multipliers of human consumption F. The outcome of these is summarised for the end of the tO year 
projection period in Figure 5.1.8.2. This shows that for the stock and recruitrnent model used, mean fishing mortality would 
have to be reduced to 0.4 to risk a 5%-10% probability of breaching B1o~ in the medium term. (Jf the full stock and 
recruitment data series were used in the analysis, then status quo human consumption F (0.64) would lead to a 5% 
probability of breaching B1.",). 

5.1.9 Long tenn considerations 

Stock and recruitment reference points are shown in Figure 5.1.9.1 for the truncated recruitment time series, and Figure 
5.1.9.2 for the full data series 

5.1.10 Biological reference points 

Yield per recruit results are presented in Table 5.1.10.1 and Figure 5.1.10.1 contingent on vanatton in the human 
consumption component of the total international reference F. Fmax and Fmed calculations were carried out on the total yield 
curve. Fmax is not defined within the range of multipliers used here A sununary of Floss calculations are shown in Figure 
5.1.10.2, calculated from the GLOSSC program, for a smoother span of0.9, log transform correction and constraint through 
the origin of the truncated stock and recruit series. 

5.1.11 Comments on the assessment 

(i) The overall pattem of stock size, fishing mortality and recruitment resulting from this assessment is reasonably consistent 
with the pattem observed from last year's assessment. However, perception of the reccnt trajectory of SSB has differed to 
the extent that it is now considered to be at its lowest observed level, following a gradual decline in recent years, rather than 
fluctuating about a low level as previously perceived. Investigation using XSA showed this change in perception is due to 
the addition of the 1997 catch-at-age data, and not to the relatively minor changes in fleet age ranges used to calibrate the 
XSA 

(ii) There is clearly considerable doubt about the true size of recent year classes and, as the retrospective analysis indicates 
that XSA poorly estimates the recruiting year class. The true number of 0-group in 1997 remains unknown. For the catch 
prediction made at this meeting, year classes with assumed GM recruitrnent will account for 33% of the 1998 total catch, 
58% of the 1999 total catch and 84% of the SSB in 2000 (Table 5.1.7.4). 

(iii) Previous meetings have concluded that the survey data and commercial catch data contain different signals concerning 
the stock, and that there remain inconsistencies in the annual international catch age distributions. 
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(iv) An appropriate time-series of discard data suitab1e for use in catch-at-age ana1ysis is avai1ab1e on1y for Scottish catches. 
For assessment purpose, discards for other human consumption fleets are estimated by extrapo1ation from Scottish data, 
which account for nearly 70% of human consumption landings. 

(v) Using the full stock and recruitrnent time series in the medium term forecast 1eads to the following results for 
consideration in setting PA reference points: 

Reference point estimate prob SSB< B.,. in 2007 % above historical 
Human consumption F 

Fo.t 0.33 <0.05 100% 

F3.SSPR 0.55 =0.10 95% 
Fm<d 0.62 <0.20 84% 
Floss·e( l.645.(1) 0.64 =0.20 79% 

F.", 0.89 <0.50 18% 

5.1.12 Definition of safe biologicallimits using !arget and limit reference points 

The lowest SSB in the time series, BtoSSI is 197,000 t. occurring in 1997, Indeed, the current assessment indicates that SSB in 
1993-1997 has been close to or be1ow the B10., = Bw. suggested by SGPAFM (240,000 t) seen in 1971. This is a new 
perception created by the inclusion of 1997 catch-at-age data into the assessment. The WG suggests Blim= B10.,= 200,000 t 
and B.,.= Blim.e1l.

64
So) = 280,000 t for a= 0.2. (This compares with BP'= B1im.e1l.64S.o) = 350,000 t suggested by SGPAFM). 

Tab le 5.1.12.1 shows point estimates of a number of tishing morta1ity reference points. These refer to fishing mortality in 
the human consumption fishery. (The ratio of human consumption F(2--6) to total mean F(2--6l is 0.64/0.68 at status quo) In 
addition, the probability is given of breaching B,, if fishing occurred at those values in the medium term, assuming the 
truncated data series Ricker recruitment model outlined in Section 5.1.8. The proportion ofyears in the short time series in 
which the reference value has been exceeded in the human consumption fishery is also shown. Since 1977 all reference 
values have been exceeded in more than 95% ofyears. On1y exp1oitation at F01 (0.33) indicates a 1ow probability (0.15) of 
breaching Bpa in the medium term. The results of thcse analyses are sensitive to the truncation of the data series. Equivalent 
values, assuming the full data series in the stock and recruitment mod el fit are gi ven in Section 5 .1.11. 

The SGPAFM suggested F.,.= 0.81 "based on Ricker curve", using the full data series to tit the model. It did not define Flim. 
Due to doubts about the true size of earlier year classes in the analysis, Fpa values based on the full stock and recruitment 
data series may be considered to be poorly defined. Table 5.1.12.1 is not particular1y he1pfu1 in determining F,, for this 
stock due to doubts over the stock and recruitrnent mode1 that has been used. In particular, this stock has a 1ong history of 
withstanding high fishing mortality rates that are not considered to be sustainable under this analysis. Any reference F that 
this WG could suggest is like ly to be 1ow compared to historica1 F. This conclusion is not affected even if the full stock and 
recruitment data series is used in the analysis (sec results in 5.1.11 ). In view of this, the WG is unable to propose a candidate 
reference value for F,,. PA p1ots assuming the B,. and Blim values proposed here, along with the SGPAFM proposa1 for F". 
are given in Figures 5.1.12.1 and 5.1.12.2 for the truncated and full stock and recruitrnent series respective1y. 

5.2 Whiting in Division Ula 

Since 1981, landings have been reported separately for human consumption and reduction purposes. The Danish landings 
have been taken in a mixed clupeoid fishery and in industrial fisheries targeting Norway pout and sandeel. 

Totallandings are shown in Table 5.2. L l 

No analytica1 assessment of this stock was possib1e. 
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Tablc 5.1.1.1 Nominal c.alch (in tonnes) of WHITING in Suh-area IV, 1983-1997, as officially reported ro ICES. 

Country 1983 1984 1985 1986 !987 1988 !989 1990 1991 1992 1993 1994 1995 1996 1997 
--

Bclgium 2,864 2,798 2,177 2,275 1.404 1,984 1,271 1,040 913 1,030 944 1.042 880 843 391 

Denmark 18,054 19,771 16,152 9,076 2,047 12,112 803 1,207 1.529 1,377 1,418 549 368 189 103 

Faroc Islands 18 li 12 222 l 26 16 7 2 21 6 

Fra nec 21 ,2fi3 19,209 10,853 8,250 l 0,493 10,569 5,271''2 4,951 1 5,188 1
'
2 5,115 1 5,soi·2 4,735 5,963"'' 4,7041

'
2

' 3,574 

Gcnnany, F!!ti. Rep. 317 2Kfi 226 313 274 454 415 692 865 51! 441 1 239 124 187 196 

Nclhcrlands 10,935 8,71i7 6,1.)73 13,741 8,542 5,087' 3,860 3,272 1 4,028 1 5,390 4,799 3,864 3,640 3,388 2,539 

Norway 39 88 103 l 03 74 52 32 55 103 232 1301 79 114 65 75 

Poland l 2 

Swcdcn 44 53 22 33 17 5 17 16 48 22 18 !O 

UK (Eng!.& Walcs)1 4,366 5,017 5,024 3,805 4,485 4,008 2,17S 2,338 2,676 2.528 2,774 2,722 2477 2,329 2,638 

UK (Scutland) 41,248 42,967 30,398 29,113 37,630 31,804 26,271 27,486 31,257 30,821 31,268 28,974 27,811 23,409 22,098 

Tolal 99,149 98,958 71,934 66,709 64,978 66,294 40,125 41,084 46,607 47,042 43,301 42,216 41,399 35,115 31,621 

Total h.c. catch 81,000 79,000 55,000 59,000 64,000 52,000 41,000 43,000 47,000 46,000 48,000 43,000 41,000 36,000 31,000 
used by Working 
Gro up 

Tolal discards 50,000 41,000 29,000 80,000 54,000 28,000 36,000 56,000 34,000 31,000 43,000 33,000 31,000 28,000 17,000 

Tolal lnd. By-catL:h 24,000 19,000 15,000 18,000 16,000 49,000 43,000 51,000 38,000 27,000 20,000 10,000 27,000 5,000 6,000 

1Prcliminary. 
21ncludcs Division Il<~ (EC). 
n/a = Not a va ila ble. 

3
1989-1994 rcviseL1. N. lreland includcd with Engbml:tnd Wales. 

-_, 
V. <nACFM\WGREI'SIWGNSSKIREI'ORTS\19991T-5ili.lJOC 17110198 17:23 



Table 5.1.1.2 WHITING in Division Vlld. 
Nominallandings (tonnes) as officially reported to ICES, 1982 to 1997. 

Year Belgium Francc Netberlands UK UK (S) Total Unreported Total as used 
(E+W) landinjlS by Workinll GrouE 

1982 93 7,012 2 170 7,277 633 7,911 
1983 84 5,057 198 5,340 1,600 6,936 
1984 79 6,914 88 7.081 289 7,373 
1985 82 7,563 186 7,831 491 7,390 
1986 65 4,551 180 4,796 704 5,498 
1987 136 6,730 287 7,153 2,463 4,671 
1988 69 7,501 251 7,821 3,391 4,428 
1989 38 ni a 231 ni a 4,156 
1990 83 ni a 237 1 ni a 3,483 
1991 83 ni a 292 l ni a 5,718 
1992 66 5,414 419 24 5,923 5,745 
1993 74 5,032 321 2 5,429 5,215 
1994 61 ni a 293 7,088 6,623 
1995 68 5,202 280 1 5,551 5,390 
1996 84 4,772 l 199 l 5,057 4,955 
1997' 98 ni a l 147 ni a 4,623 

1 Preliminary 
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TABLE 5.1.1.3 Whiting, North Sea and VIId 

Year 

1960 

1961 

1962 
1963 
1964 

1965 

1966 

1967 
1968 

1969 

1970 
1971 

1972 

1973 
1974 
1975 
1976 

1977 

1978 

1979 
198 o 
1981 
1982 
1983 

1984 

1985 
1986 
1987 
1986 
1989 

1990 

1991 

1992 

1993 
1994 
1995 
1996 

1997 

Min. 
Mean 
Max. 

Annual weight and numbers caught, 1960 to 1997. 

Wt. ('OOOt) Nos- (millions) l 
Total l H consj Disc l IBC l Total l H consj Disc l IBC j 

-------l-------l-------1-------l-------l-------l-------l-------l 
182 l 49 l 122 l 11 l 1070 l 198 l 763 l 109 l 
326 l 69 l 241 l 16 2173 l 296 l 1646 l 232 l 
222 l 58 l 157 l 8 1514 l 229 l 1185 1 100 

261 l 61 l 154 l 45 1560 l 226 l 854 l 480 

150 l 63 l 59 l 28 944 l 233 l 341 l 369 

187 l '' l 77 l 22 970 l 319 l 490 l 161 
242 l 108 l 84 l 51 1343 l 374 546 l 422 

237 l 72 143 l 23 1592 l 258 1103 l 231 

265 l 93 115 l 58 1661 l 314 754 l 593 

328 l 61 115 l 152 2816 l 216 626 1974 

272 l 83 74 115 2519 l 284 381 1854 

195 l 61 63 72 2127 193 458 1475 

191 l 
271 l 
296 l 
305 l 
368 l 
347 l 
188 l 
244 
224 
192 
140 
161 
146 
106 
162 
139 
133 
124 
153 
125 
110 
116 

93 
103 

74 
59 

59 
196 

368 

64 
71 
81 
84 
B3 

78 
97 

107 
101 

90 
81 
B8 

86 
62 
64 
68 
56 
45 
47 
53 
52 
53 
49 
46 
41 
36 

36 l 
70 l 

108 l 

67 
110 

85 
135 
136 
163 

35 
78 
77 
36 
27 
50 
41 
29 

BO 
54 
28 
36 
56 
34 
31 
43 
33 

30 
2B 

17 

17 l 
77 l 

241 l 

61 
90 

130 
86 

150 
106 

55 
59 
46 
67 
33 

24 
19 
15 
18 
16 
49 
43 
51 
38 
27 
20 
10 
27 

5 

6 

5 l 
49 l 

152 l 

1938 
2179 
2594 
1981 
2311 
2491 
1769 
1913 
1456 

143 9 
778 

1357 
909 
688 

1206 

946 
1395 

883 
1294 
1611 

863 

1231 

702 
202 o 

439 
281 

281 l 
1499 l 
2816 l 

188 
247 
271 
264 
275 
280 

363 

382 

340 
296 

271 
2 90 
285 
176 
225 
245 
211 

172 
177 
199 
182 
174 
162 
147 
135 
124 

124 l 
243 l 

382 l 

398 

659 
477 
699 
641 
547 
241 
645 
471 
214 
173 
370 
327 
231 
583 

416 
231 
280 

539 
242 

216 
343 

235 
214 
177 

101 

101 l 
495 l 

1646 l 

1352 
1273 
1646 

1018 

1396 

1663 

1165 

886 
645 
929 
333 

697 

297 

280 

399 

285 
952 
431 
578 

1170 

465 
714 
304 

1659 

127 
57 

57 l 

761 l 

1974 l 
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Tahle 5.1.1.4 Whiting in Vlld. Annua! weight and numbers caught, 1976-1997 

Year Wt ('OOOt) Nos ( millions) 

19767.715 27 
19774.954 21 
19789.!!3 38 
19798.910 36 
1980 9.167 36 
19818.932 34 
19827.911 33 
1983 6.936 29 
1984 7.373 33 
19857.390 20 
19865.498 21 
1987 4.671 18 
19884.428 18 
19894.156 17 
19903.483 14 
19915.718 18 
19925.745 19 
1993 5.215 18 
19946.625 24 
1995 5.390 18 
1996H52 18 
1997 4.623 18 
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TABLE 5.1.2.1; Whiting, North Sea and VIId 
Natural Mortality and proportion mature 

l Age l Nat Mori Mat. 
1-----1--------1--------
1 o l 2. 550 l . 000 

l l l . 950 l . 110 

l 2 l .450 l . 920 

l 3 l . 350 l l. 000 

l 4 l .300 l 1.000 

l 5 l .250 l 1.000 

l 6 l . 250 l l. 000 

l 7 l . 200 l l. 000 

l 8+1 .200 l 1.000 
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Table 5.1.2.2 

Run title : Whiting IV,VIId (run: XSAPAK05/XD5l 

At 10·0ct·98 12:38:02 

Tab le Catch nulilers at age Nl.llbers*10**-3 
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 

AGE 
a, 60828, 215700, 76257, 105982, 234479, 63912, 84279, 177436, 
1, 482896, 1079197, 1022790, 549436, 137590, 342622, 517081, 973202, 
2, 259440, 619965, 220148, 751817. 369668, 148166, 343402, 216064, 
3, 215393, 219882, 156642, 96115, 164882, 330156, 93851. 122955, 
4, 21460, 32745, 31722, 45332, 22843, nzoo, 255875, 23958, 
5, 23279, 1355. 5998, 9334, 10908, 8002, 37708, 69082, 
6, 3634, 4099, 276, 1739, 2770, 3555, 8535, 7886, 
7, 892, 385, 407, 9, 435, 765, 1520, 849, 

+gp, 2380, 369, 125, 142, 55, 134, 470, 164, 
TOTALNUM, 1070202, 2173697, 1514365, 1559905, 943630, 969512, 1342721, 1591596, 
TONSLAND, 182361. 326093, 222431. 260771, 149956, 186760, 242233, 236994, 
SOPCOF X, 100, 100, 100, 100, 100, 100, 100, 100, 

Tab le Catch nllli:)ers at age NL..Ilbers*10**- 3 
YEAR, 1968, 1969, 1970, 1971' 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
o, 104751. 1206087, 1187095, 1232837, 553711. 175647, 571476, 238839, 425081, 666975, 
1. 830541, 374343, 606831. 621941. 939141 l 1155304, 756260, 955910, 479610, 1006082, 
2, 523774, 1025996, 83064, 107933, 319094, 666563, 986441. 407207, 1129375, 480939, 
3, 111755, 158808, 571696, 18786, 46392, 135507, 234063, 303537. 169611, 279226, 
4, 49514, 28972, 52108, 128541, 7833, 19028, 33307, 56549, 88015, 30130, 
5, 7494, 13240, 11463, 13640, 59313, 5739, 4977, 9273, 15988, 21334, 
6, 31183, 1734, 3723, 2306, 8392, 18186, 1243, 8014, 3163, 5561, 
7, 1940, 5989, 1211. 730, 3486, 2504, 5856, 116, 495, 532, 

+gp, 127, 697, 1514, 628, 1009, 546, 427, 1525, 675, 419, 
TOTALNUM, 1661079, 2815866, 2518706, 2127342, 1938372, 2179025, 2594051' 1980969, 2312014, 2491198, 
TONSLAND, 265266, 327617, 271648, 195357, 191320, 270533, 296197, 305010, 368240, 347056, 
SOPCOF %, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 
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Table 5.1.2.2 (Cont'd) 

RLI'I title : Whiting IV,VIId (run: XSAPAK05{X05) 

At 10·0ct·98 12:38:02 

Tab le Catch numbers at age Nl.llbers*1 0**- 3 
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
o, 687238, 476383, 332209, 516869, 101058, 668604, 157819, 186723, 225201, 84863, 
1, 418910, 615524, 265359, 162899, 192640, 205646, 323408, 203321, 576731, 267051, 
2, 313391, 467537, 416008, 346343, 114444, 184746, 175965, 141716, 167an. 368229, 
3, 242370, 216263, 286on, 266517, 245247, 118412, 124886, 82037, 1695n, 122748, 
4, 90047. 100976, 90718, 102295, 88137, 131508, 49505, 37847, 46517, 85240, 
5, 7'363. 29267, 52969, 27n6, 26796, 37231, 59817, 14420, 13367. 11392, 
6, 7565, 31 1,, 10751, 12297, 6909, 8688, 13860, 17445, 3487, 4556, 
7, 1851, 1657, 1152, 3540, 2082, 1780, 2964, 3328, 3975, 928, 

+gp, 2n, 304, 767, 326, 484, 930, 613, 904, 569, 1035, 
TOTALNU.,., 1769212, 1913041, 1456011, 1438862, nn97, 1357545, 908837, 68n41, 1206501, 946042, 
TOIISLANO, 188186, 243846, 223517. 192049, 140195, 161212, 145741' 106363, 161744, 138n5, 
SOPCOF 'X, 100, 100, 100, 100, 100, 100, 100, 106, 100, 100, 

Tab le Catch nllltlers at age N~rs*10**-3 

YEAR, 1988, 1989, 1990, 1991. 1992, 1993, 1994, 1995, 1996, 1997, 

AGE 
o, 416924, 87326, 284755, 1035089, 252963, 622530, 216868, 1571419, 92109, 15759, 
1. 430344, 331672, 253745, 128507, 239792, 217539' 163609. 137481' 68419, 50154, 
2, 307429, 173676, 505010, 191193, 165354, 167577, 1471n, 139010, 109837, 68957. 
3, 179502, 191942, 129126, 187195, 89563, 124287, 90611, 111489, 97292, 79827, 
4, 39635, 78464, 86324, 36830, 93636, 46543, 47533, 35728, 49847, 42428, 
5, 17901' 14367, 32270, 26209, 11967, 46136, 17384, 15161, 14558, 18870, 
6, 2175, 5050, 2003, 5519, 6878, 3946, 1n64, 5159, 5016, 4009, 
7, 544, 516, 735, 543, 2609, 1519' 998, 4515, 1324, 1033, 

+gp, 168, 334, 112, 273, 117, n1, 460, 474, 11 17. 460, 
TOTALNUM, 1394622, 883347. 1294080, 1611359. 862879, 1230849 l 701904, 2020436, 439519, 281497, 
TONSLANO, 133470, 123753, 153453, 124975, 109704. 116165. 92606, 103268, 73957, 59102, 
SOPCOF X, 100, 100, 100, 100, 100, 100, 100, 99, 100, 100, 
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Table 5.1.2.3 

Run title : Whiting IV,Vlld (run: XSAPAK05/X05) 

At 10-0ct-98 12:38:02 

Tab le 2 Catch weights at age (kg) 
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 

AGE 
o, .0580, .0420, .0550, .0490, .0420, .0560, .0720, .0620, 
1' .1170, .1190, • 1190, . 1120, .1240, .1240, .1090, .118(], 
2, . 1900, .1930, .1870, . 1950, .1740, .2090, .1870, .1990, 
3, .2560, .2590, .2670, .2720, .2680, .2420, .2490, .2690, 
4, .3140, .3030, .3330, .3530, .3550, .3320, .2880, .3320, 
5, .3440, .4120, .4000, .4120, .4440, .4210, .3680, .3400, 
6, .3840, .4200, .5200, .4720, .4890, .4990, .4340, .4250, 
7, .5010, .4930, .5190, .8200, .5350, .5420, .4730, .4950, 

+gp, .4490, .4420, .5440, .6130, . 7420, .6420, .6970, .6220, 
SOPCOFAC, 1.0013, .9983, 1.0007' 1.0020, .9997, 1.0005' .9996, .9990, 

Tab le 2 Catch weights at age (kg) 
YEAR, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
o, .038(], .0430, . 0200, . 0360, .0220, .0270, .0260, .0300, .0190, .0220, 
1' . 1120' .0970, .1100, .1160, .0710, .0840, .0710, .1000, .1070, .1170ø 
2, .1880, .1730, .2040, .2190, .2010, .1660, .1500, .2150, .1940, .2100, 
3, .2950, .2620, .2410, .2860, .2840, .2780, .2590, .2780, .2940, .3190, 
4, .3590, .3630, .3490, .3190, .3890, .3720, .3830, .3760, .3480, .3990, 
5, .4840, .4150, .4550, .4330, .4190, .4390, .4710, .4700, .4390, .4440, 
6, .4470, .4190, .4520, .5310, .5210, .4630, .5210, .3560, .5010, .4620, 
7, .6200, .5350, .5120, .6370, .5750, .5520, .5440, .8170, .5140, .5470, 

+gp, .7440, .6no, .6440, .6820, .8020, .7no, .8260, .6060, .7020, .4750, 
SOPCOFAC, 1.0007, .9998, .9991, 1.0041 l 1.0003, 1.0022, .9992, 1.0027, .9998, 1.0001, 

182 



Table 5.1.2.3 (Cont'd) 

Run title : Whiting IV,VIId (run: XSAPAK05{X05) 

At 10-0ct-98 12:38:03 

Table 2 Catch weights at age (kg) 
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
o, .0100, .0090, .0130, .0110, .0290, .0150, .0200, .0140, .0150, .0130, 
1, .0740, .0980, .0750, .0830, .0610, • 1070, .0890, .0940, .1050, .ono, 
2, .1820, .1660, .1760, .1680, .1840, .1910, .1880, .1920, . 1830, .1480, 
3, .2340, .2590, .2520, .2420, .2530, .2730, .2710, .2840, .2550, .2470, 
4, .3220, .3010, .3280, .3210, .3140, .3250, .3370, .3320, .3180, .2970, 
5, .427(), .4110, .3370, .3790, .3760, .3840, .3820, .4020, .3780, .3750, 
6, .4280, .4550, .4580, .4110, .4780, .4260, .3910, .4350, .4750, .3790, 
7, .4660, .4920, .4580, .4440, .5040, .4520, .4630, .4940, .4680, .5420, 

+gp, .6490, .5820, .5720, . 7200, .7350, .5370, .5670, .4380, .6250, .5840, 
SOPCOFAC, 1.0003, 1.0011, 1.0022, .9997, .9996, .9971, 1.0014, 1.0612, 1.0017. .9991 l 

Tab le 2 Catch weights at age (k.g) 
YEAR, 1988, 1989, 1990, 1991 l 1992, 1993, 1994, 1995, 1996, 1997, 

AGE 
o, .0130, .0230, .0150, .0170, .0130, .0120, .0130, .0100, .0160, .0250, 
1, .0540, .0700, .0830, .1030, .0820, .0730, .0800, .0870, .0890, .0890, 
2, . 1460, .1570, .1370, .1690, .1850, . 1750, .1700, .1810, .1680, . 1820, 
3, .2230, .2250, .2090, .2180, .2570, .2520, .2540, .2580, .2420, .2490, 
4, .3010, .2670, .2500, .2900, .2no. .3190, .3230, .3410, .3100, .3030, 
5, .3460, .3180, .2790, .3070, .3320, .3290, .3710, .3850, .3920, .3380, 
6, .4230, .3910, .4080, .3380, .3460, .3490, .3670, .4300, .4280, .4840, 
7, .5060, .4310, .4900, .3650, .3140, .4030, .4140, .4340, .4310, .3840, 

+gp, .6940, .3940, .5990, .4000, .5030, .3810, .4160, .4200, .4300, .4180, 
SOPCOFAC, 1.0035. 1.0018, 1. 0008, 1 .0010. .9998, .9988, .9991, .9930, 1 .0005, 1.0009, 
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Table 5.1.3.1 North Sea and eastern Channel whiting. Fleets available for VPA tuning. 

Country 
Scotland 

England 

France 

International 

1 Scottish sub-set of 
data 
2English sub-set of 
data 
'Former! y IYFS 
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Fleet 
Groundfish survey 
Seiners 
Light trawlers 

Groundfish survey 

Trawlers 

Groundfish survey 
Q Il survey1 

Q IV survey2 

Code Initial Year 
SCOGFS 1982 
SCOSEI 1976 
SCOLTR 1976 

ENGGFS 1977 

FRATRB 1985 
FRA TRO 1986 
FRATR0.7d 1986 
FRAGFS-7d 1988 

IBTS-Ql 1973 
IBTS_Q2_SCO 1991 
illTS Q4-ENG 1991 

Age Range 
1).6 
0-10 
0-10 

1).6 

l). l! 
0-10 
1-7 
0-3 

1).5 
1-6 
0-7 



Table 5.1.3.2 

The SAS system 12:23 Saturday, October 10, 1998 
WHG·47D: Whiting in the North Sea (Fishing Areas !V and Vl!dl 

FLT02: SCOLTR_!V 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, 
Year effort age 1 age 2 age 3 age 4 age 5 age 6 age 7 

1978 236944 8785.464 19909.945 30722.309 14472.604 956.038 1612.065 635.026 
1979 287494 171147.281 42910.398 23154.594 17995.664 4057.925 376.993 285.995 
1980 333197 20805.963 58381.992 38436.160 9525.058 9430.050 1864.014 144.001 
1981 251504 6576.457 19069.211 21549.754 9706.151 1777.022 1455.034 310.008 
1982 250870 5214.103 8196.975 26680.535 12944.739 3333.924 646.980 338.988 
1983 244349 37495.680 17925.867 12535.311 19234.307 6123.520 1216.612 182.797 
1984 24om 38266.770 16048.092 10784.184 6306.822 9018.982 2371.186 478.594 
1985 267393 28760.939 9368.367 7616.928 3085.792 1333.193 2901.185 443.130 
1986 279727 8138.433 8571.900 9577.941 4108.819 767.442 425.282 608.602 
1987 351131 18761.178 25933.338 16160.769 5954.478 1182.953 388.455 116.035 
1988 391988 2397.963 15778.771 22525.543 5127.725 1640.626 207.218 31.033 
1989 405883 20318.748 10051.615 21389.719 10836.808 2394.091 448.224 33.084 
1990 371493 3676.882 35321.988 7664.570 8960.094 3423.009 159.541 39.935 
1991 408056 8726.876 11908.029 22145.619 3192.247 2906.398 628.632 49.904 
1992 473955 17580.582 14551.322 11822.715 15417.656 1500.403 1160.443 304.395 
1993 447064 16438.910 20513.145 14385.548 6590.755 10105.473 574.199 203.582 
1994 480400 4132.650 15771.000 13004.648 6453.762 2710.229 2997.307 171.833 
1995 442010 9248.035 15886.830 19322.299 6261.604 2982.508 1092.214 1131.707 
1996 445995 6661.924 12461.079 13523.105 9223.331 3012.112 860.730 281.907 
1997 479449 2557.224 6767.919 15603.226 9463.723 4535.190 628.015 181.348 

Tl'le SAS System 12:23 Saturday, October 10, 1998 
WHG-470: lJhiting in the North Sea (fishing Areas !V and Vlld) 

FLT03: FRATRB_!V 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, 
Year effort age 2 age 3 age 4 age 5 age 6 age 7 

1978 69739 10312.000 14789.000 8544.000 807.000 1091.000 227.000 
1979 89974 12272.000 14379.000 10884.000 3789.000 394.000 315.000 
1980 63577 5388.000 11298.000 4605.000 4051.000 1004.000 78.000 
1981 76517 6591.000 13139.000 8196.000 2090.000 1644.000 314.000 
1982 78523 1643.000 16561.000 11241.000 3948.000 1035.000 539.000 
1983 69720 4407.000 8188.000 16698.000 5541.000 1061.000 228.000 
1984 76149 4281.000 7465.000 4576.000 5999.000 1596.000 308.000 
1985 25915 3653.116 2942.089 1225.275 565.549 598.645 117.274 
1986 28611 3830.333 3990.706 1202.062 368.637 93.789 160.456 
1987 28692 4822.766 3667.480 2151 .592 496.974 166.107 4 7. 911 
1988 25208 2717.686 4815.076 1124.874 529.693 100.132 31.077 
1989 25184 2064.112 4351.490 1877.197 313.541 106.156 9.858 
1990 21758 3798.491 2121.762 2007.736 619.827 54.765 13.437 
1991 19840 2226.920 3833.399 819.734 657.402 137.468 15.308 
1992 15656 1607.348 1662.241 2129.367 253.904 187.573 49.300 
1993 19076 1200.295 2638.254 1154.305 1227.213 98.090 37.609 
1994 17316 1795.161 1704.320 1473.856 417.838 424.121 29.853 
1995 17794 1029.634 3310.515 1530.410 1163.378 240.803 211.286 
1996 18883 655.484 1594.391 1438.238 482.197 199.090 37.912 
1997 15574 356.961 1406.893 1138.705 606.014 85.942 15.858 
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Table 5.1.3.2 (Cont'd) 

The SAS System 12:23 Saturday, October 10, 1998 
WHG-470: Whiting in the North Sea (Fishing Areas IV and Vlld) 

FLT04: FRATRO_IV 

Fishing catcl't, Catch, Catch, Catch, 
Year effort age 2 age 3 age 4 age 5 

1986 56099 1891.942 7145.979 3782.820 599.905 
1987 71765 4984.961 1271.294 5713.138 412.560 
1988 84052 8981.893 3222.825 704.344 1320.586 
1989 88397 3739.547 5628.945 1654.265 208.584 
1990 71078 6068.396 3705.817 2427.555 372.059 
1991 67846 4343.216 2546.808 1504.166 844.022 
1992 51240 4740.270 2100.527 786.528 417.835 
1993 62553 3451.685 3896.102 1079.181 273.702 
1994 51239 2514.250 1416.993 1112.328 214.243 
1995 57823 4631.790 2765.370 899.453 207.141 
1996 50163 3338.004 2992.059 1339.228 261.808 
1997 48904 3443.828 3157.197 1254.148 373.304 

The SAS System 12:23 Saturday, October 10, 1998 
WHG-470: Whiting in the North Sea (fishing Areas IV and Vlld) 

FLT05: SCOGFS_IV 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, 
Year effort age 1 age 2 age 3 age 4 age 5 age 6 

1982 100 6.53 9.71 9.72 2.24 0.60 o. 16 
1983 100 5.63 5.78 4.07 5. 1 1 1 . 16 0.17 
1984 100 10.48 3.71 1. 70 0.77 0.92 o. 18 
1985 100 15.77 9. 73 2.47 0.63 0.36 o. 18 
1986 100 1 .1. 1 1 4.52 2.24 0.27 0.05 0.05 
1987 100 14.05 11.50 2.08 0.77 o. 16 0.03 
1988 100 9.67 16.06 4.52 0.70 o. 19 0.02 
1989 100 40.43 7.41 7.33 1 .57 0.13 0.06 
1990 100 22.39 20.53 2.48 2.55 0.47 0.05 
1991 100 17.69 9.50 7.59 0.51 0.40 0.09 
1992 100 29.25 12.67 5.53 5.85 0.47 0.26 
1993 100 31.69 11.68 4.23 1.56 1.82 0.06 
1994 100 26.35 9.50 2.54 0.57 0.34 0.23 
1995 100 41.76 20.10 9.03 1.96 0.58 0.22 
1996 100 28.88 30.47 12.15 4.60 0.43 o. 15 
1997 100 18.24 14.34 11.91 3.19 1 .22 o. 17 
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Table 5.1.3.2 (Cont'd) 

The SAS SyStem 12:23 Saturday, O<tober 10, 1998 
~HG-470: Whiting in the North Sea (fishing Areas IV and VI Id) 

FLT06, ENGGFS_IV 

Fishing Catch, Catch, Catch, Catch, Catch, 
Year effort age 1 age 2 age 3 age 4 age 5 

19n 100 21.95327 7.44128 1.10918 0.21617 0.09084 
1978 100 24.71364 5.15057 1.05515 0.34473 0.05065 
1979 100 20.06352 7.11693 1.89851 0.84259 0.05720 
1980 100 35.32720 12.50796 4.81044 1.20454 0.31363 
1981 100 18.31413 28.80394 16.05191 0.61761 0.61630 
1982 100 27.72217 7.93387 8.59036 2.22009 0.34039 
1983 100 11.85334 10.80295 1.90607 1 .69636 0.24207 
1984 100 50.61345 10.81812 3.01209 0.88883 o. 76876 
1985 100 15.87825 17.04257 1 .67265 0.98100 o. 18171 
1986 100 15.16183 6.59195 3.84688 0.40600 0.10373 
1987 100 22.76268 13.03649 2.68710 2.00857 0.35157 
1988 100 18.80580 13.15962 4.54558 0.64498 0.17371 
1989 100 29.47434 11.75997 7.69369 1.67409 0.34480 
1990 100 19.00850 12.83600 3.85440 2.31820 0.32540 
1991 100 33.30382 7.66534 3.81768 1. 08550 0.37095 
1992 100 26.55459 13.06984 3.04550 2.61006 0.49326 
1993 100 25.10378 9.62914 3.75044 1.16142 o. 74167 
1994 100 30.54600 10.59436 2.43878 1.12392 0.33328 
1995 100 35.50605 23.73796 7.36066 1 .87025 0.25078 
1996 100 12.37870 10.44014 7.385n 3.22502 0.59415 
1997 100 20.29258 9. 71907 6.98733 5.40672 1.67550 

The SAS System 12:23 Saturday, October 10, 1998 
WHG-470: Whiting in the North Sea (fishing Areas IV and VI Id) 

FLT07, IBTS_Q1 - IV 

Fishing Catch, Catch, Catch, Catch, Catch, 
Year effort age O age 1 age 2 age 3 age 4 

1973 1 0.3220 0.4960 ·1.0000 ·1.0000 ·1.0000 
1974 1 0.8930 0.1530 ·1.0000 . 1.0000 ·1.0000 
1975 1 0.6790 0.5350 ·1.0000 ·1.0000 ·1. 0000 
1976 1 0.4180 0.2190 ·1.0000 ·1 .0000 ·1.0000 
19n 1 0.5130 0.2930 ·1.0000 ·1.0000 ·1.0000 
1978 1 0.4570 o .1830 ·1.0000 ·1.0000 ·1.0000 
1979 1 0.6920 0.3910 ·1.0000 ·1.0000 ·1.0000 
1980 1 0.2270 0.4850 ·1.0000 ·1.0000 ·1. 0000 
1981 1 o. 1610 0.2320 ·1 .0000 ·1.0000 ·1.0000 
1982 1 0.1280 o. 1260 0.1130 0.0790 0.0330 
1983 1 0.4360 0.1790 0.0910 0.0310 0.0260 
1984 1 0.3410 0.3590 0.0660 0.0190 o .0070 
1985 1 0.4560 0.2610 o. 1980 0.0330 0.0070 
1986 1 0.6690 0.5440 0.0900 0.0460 0.0050 
1987 1 0.3940 0.8620 0.3150 0.0340 0.0120 
1988 1 1 .4650 o. 5420 0.4210 0.1120 0.0120 
1989 1 0.5090 0.8870 0.2020 0.0930 0.0170 
1990 1 1.0140 0.6750 0.4820 0.0710 0.0380 
1991 1 0.9160 0.7480 0.2610 o. 1690 0.0160 
1992 1 1.0870 0.5240 0.2450 0.0660 0.0590 
1993 1 0.7210 0.6370 o .1800 0.0670 0.0120 
1994 1 0.6790 0.4570 0.2450 0.0590 0.0120 
1995 1 0.5020 0.4860 0.2450 0.0700 0.0230 
1996 1 0.2880 0.3420 0.1630 0.0600 0.0180 
1997 1 0.5560 0.1620 0.1250 0.0540 0.0160 

The SAS System 12:23 Saturday, October 10, 1998 
WHG-470: Whiting in the North Sea (Fishing Areas IV and Vlld) 

FLT08, IBTS_Q2_SCO_IV 

Fishing Catch, Catch, Catch, Catch, catcn, Catch, 
Year effort age 1 age 2 age 3 age 4 age 5 age 6 

1991 100 94.90 38.56 22.86 3. 74 1.23 0.51 
1992 100 129.76 47.50 11.42 4.28 1 . 14 0.45 
1993 100 104.67 41.49 20.86 5.17 4.85 0.36 
1994 100 65.40 35.71 8.55 2.38 0.90 o. 75 
1995 100 191 .61 n.3o 26.19 4.42 2.21 0.41 
1996 100 44.02 49.62 22.30 8.33 1.25 0.59 
1997 100 14.07 22.60 18.02 6.43 1.40 o. 13 187 



Table 5.1.3.2 (Cont'd) 

The SAS System 12:23 Saturcjay, October 10, 1998 
WHG·47D: Whiting in the North Sea (Fishing Areas IV ard Vlld) 

FLT10: FRAGFS_7d 

Fishing Catch, Catch, Catch, 
Year effort age O age 1 age 2 

1988 27 3186 ·1 -1 
1989 27 1512 -1 ·1 
1990 27 1674 ·1 ·1 
1991 27 7155 1350 162 
1992 27 6291 1674 378 
1993 27 1566 675 216 
1994 27 1323 6993 837 
1995 27 1539 1836 216 
1996 27 837 1107 297 
1997 27 378 756 351 

The SAS System 12:23 Saturday, Octaber 10, 1998 
WHG-470: Whiting in the North Sea (Fishing AreaS IV and Vlld) 

FLT11: IBTS_Q4_ENG_IV 

Fishing Catch, Catch, Catch, Catch, Catch, 
Year effort age O age 1 age 2 age 3 age 4 

1991 100 46.82647 55.27577 19.64171 15.09189 3.25460 
1992 100 94.23306 45.08990 26.46158 5.37850 5.02968 
1993 100 78.87058 54.20958 19.47387 7.16071 2.33451 
1994 100 69.84756 61.33462 26.41324 4.14012 0.84180 
1995 100 71.32800 107.99600 41.71500 11.18600 2. 56000 
1996 100 29.98300 36.55600 30.33000 8.65300 4.81500 

The SAS System 12:23 Saturday, October 10, 1998 
~HG-470: Whiting in the North Sea (Fishing Areas IV ard Vlld) 

FLT01: SCOSE I_IV 

Fishing Catch, Catch, Catch, Catch, Catch, Catch, 
Year effort age 2 age 3 age 4 age 5 age 6 age 7 

1978 325246 29307.939 43710.809 15390.197 1057.941 1408.921 200.989 
1979 316419 41091.742 28124.234 14745.013 6083.678 676.915 155.750 
1980 297227 73704.438 37657.648 11914.984 9367.982 2556.000 260.000 
1981 289672 22243.637 25047.811 10551.986 2401.997 2084.002 374.000 
1982 297730 7032.000 26194.137 13117.107 2713.028 539.005 277.003 
1983 333168 14957.378 21690.016 34199.105 9830.623 2154.563 406.795 
1984 388035 24015.609 20669.760 14985.589 21269.320 4715.242 959.961 
1985 381647 20263.316 19695.992 8956.377 4795.861 8013.077 1362.788 
1986 425017 48705.180 34509.258 11340.962 2624.396 1097.504 1771.080 
1987 418536 52715.141 38938.770 18440.258 3637.712 1096.908 297.738 
1988 377132 28446.105 44869.258 12631.404 4071.612 678.724 63.973 
1989 355735 15704.127 41407.430 23710.402 4769.041 1323.229 112.076 
1990 252732 124635.820 27694.109 29920.980 14767.797 720.818 206.524 
1991 336675 44964.258 63414.281 10436.101 8730.116 1742.927 195.190 
1992 300217 19452.012 21217.148 27961.869 2804.536 1958.074 564.870 
1993 268413 31623.355 26012.820 12457.879 14446.113 899.254 332.177 
1994 264738 21451.654 22570.719 11778.492 5530.941 5611.981 203.907 
1995 204545 22152.725 30006.961 9018.667 3874.625 1373.442 1270.024 
1996 177092 26020.514 21430.221 10505.521 3483.373 1031.267 295.708 
1997 166817 8974.445 16231.232 9922.011 4445.229 575.334 109.846 
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Table 5.1.4.1 

lowestoft VPA Version 3.1 

10·0ct·98 12:37:10 

Extended Survivors Analysis 

Whiting IV,VIId (run: XSAPAK05/X05l 

CPUE data from file /users/fish/ifad/ifapwork/wgnssk/whg_47d/FLEET.X05 

Catcl'l data for 38 years. 1960 to 1997. Ages O to 8. 

Fleet, First, Last, First, last, Alpl1a, . year, year, age age 
Fl T01: SCOSEI _IV (Ca, 1988, 1997, 2, 7, .000, 
FlT02: SCOlTR_IV (Ca, 1988, 1997, 1, 7, .000, 
FlT03: FRATRB_IV (Ca, 1988, 1997, 2, 7, .000, 
FlT04: FRATRO_IV (Ca, 1988, 1997, 2, s. .000, 
Fl lOS: SCOGFS_IV (Ca, 1988, 1997, 1, 6, .500, 
FlT06: ENGGFS_IV (Ca, 1988, 1997, 1, 5, .500, 
Fl !07: IBTS Q1 IV (C, 1988, 1997, o, 4, .990, 
FlT08: IBTS)2)CO_!, 1991, 1997, 1, 6, .250, 
FlT10: FRAGFS_7d (Ca, 1988, 1997, o, 2, .750, 
FlT11: IBTS_Q4_ENG_I, 1991 l 1997, O, 4, .750, 

Time series weights : 

Tapered time weighting not applied 

Catchability analysis : 

Catcl'lability independent of stock size for all ages 

Catchabi.llty independent of age for ages >= 6 

Terminal population estimation 

Survivor estimates shrunk towards the mean F 
of the final 5 years or the 3 oldest ages. 

Beta 

1.000 
1.000 
1.000 
1.000 

.750 

.750 
1.000 
.soo 

1.000 
1.000 

S.E. of tl'le mean to which the estimates are shrunk. .500 

Minimum standard error for population 
estimates derived from each fleet = .300 

Prior weighting not applied 

Tuning converged after 33 iterations 

Regression weights 
1.000, 1.000, , .000, 1.000, 1.000, 1.000, 1.000, 1.000, 1.000, 

Fishing mortalities 
Age, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 

o, .026, .012, .042, .149, .034, .088, .035, .341, .036, 
1, .359, .129, .226, . 117. .241, .166, .149, .138, .107, 
2, .431, .432, .S48, .486, .387, .482, .327, .322, .273, 
3, .663, .698, .913, .S16, .S76, . 754, .694, • S75, . sos . 
4, .975, .843, .989, .890, .631, .821, .907, .790, .6S6, 
s, 1.170, 1. sso, 1.260, 1.125, .951, .844, .982, .968, 1.037, 
6, 1.303, 1.636, 1.093, .809, 1.206, 1.117. 1.015, 1.013, 1.182, 
7, 1.397. 1.590, 1.401, 1 . 118, 1.338, 1.041, 1.053, .8S8, .829, 

1.000 

1997 

.046 

.130 

.262 

.416 

.sos 

.620 
1.032 

.874 
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Table 5.1.4.1 (Cont'd) 

XSA population numbers (Thousands) 

AGE 
YEAR o, 1. 2, 3, 4, 5, 

1988 5.80E+07, 2.30E+06, 1.10E+06, 4.41E+05, 7.39E+04, 2.94E+04, 3.38E+03, 7.99E+02, 
1989 2.61E+07, 4.41E+06, 6.20E+05, 4.55E+05, 1.60E+05, 2. 07E+04, 7.11E+03, 7.16E+02, 
1990 2. 50E+07, 2. 02E+06, 1.50E+06, 2.57E+05, 1.60E+05, 5.10E+04, 3.41E+03, 1 .08E+03, 
1991 2.68E+07, 1.88E+06, 6.22E+05, 5.53E+05, 7.26E+04, 4.40E+04, 1. 13E+04, 6.92E+02, 
1992 2.73E+07, 1 .80E+06, 6.45E+05, 2.44E+05, 2.33E+05, 2.21E+04, 1.11E+04, 3.91E+03, 
1993 2.65E+07, 2.06E+06, 5.48E+05, 2.80E+05, 9.66E+04, 9. 17E+04, 6.65E+03, 2.59E+03, 
1994 2.27E+07, 1 .90E+06, 6.61E+05, 2.16E+05, 9.26E+04, 3.15E+04, 3.07E+04, 1.69E+03, 
1995 1.95E+07, 1. 71E+06, 6.33E+05, 3.04E+05, 7.60E+04, 2.71E+04, 9. 18E+03, 6.67E+03, 
1996 8.79E+06, 1.06E+06, 5.76E+05, 2.92E+05, 1.20E+05, 2.56E+04, 6.20E+03, 2.60E+03, 
1997 1.25E+06, 6.60E+05., 3.75E+05, 2.79E+05, 1.24E+05, 4.63E+04, 7.06E+03, 1.96E+03, 

Estimatecl population abundance at 1st Jan 1998 

.OOE+OO, 9.32E+04, 2.24E+05, 1.84E+05, 1.30E+05, 5.56E+04, 1.94E+04, 1.96E+03, 

Taper weighted geometri c mean of the VPA populations: 

3.52E+07, 2.90E+06, 8.86E+05, 3.37E+05, 1.03E+05, 3.05E+04, 8.46E+03, 1.89E+03, 

Standard error of the weighted Log(VPA populations) 

.8018, .6023, .5956, .5737, .6620, . 7985, 

Log catchability residuals. 

Fteet FLT01: SCOSEI IV {Ca 

Age 1988, 1969, 1990, 1991, 1992, 1993, 1994, 1995, 1996, o No data for this fleet at tl'\is age 
1 No data for this fleet at this age 
2 ·.n, -. 73, .85, .40, .. 40, .40, •. 23, .10, .48, 3 - .25, -.29, .31, - .08, - . 21 • .04, .15, .30, . 11, 4 .00, .• 14, .50, -. 10, -. 27. .00, .03, .17, -.os, 5 - .47, .24, . 70, -. 01 , ·.42, .. 13, .05, .07, .22, 6 -.os, .06, .32, - .39, .01, .. 17, .10, .16, .20, 7 -.95, -. 15 l .32, .06, -. , 5 l .. 28, - .32, .os, -.07, 

Mean log catehability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

.9006, 1.2163, 

1997 

·.10 
.. 1 o 
.. 14 
.. 24 
.• 24 
·• 70 

Age , 
Mean log C!r 
S.E(Log q), 

2, 
·15.3208, 

.5401, 

3, 
·14.4146, 

.2176, 

4, 
·14.0350, 

.2104, 

5. 
·13.7194, 

.3456, 

6, 
·13. 7209, 

.2164, 

7 
·13 .7209. 

.4383, 

Regression statist i es 

Ages with q independent of year class strength and constant w.r. t. time. 

Age, Slepe , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean o 

2, .64, .389, 15.01. .42, 10, .48, ·15.32, 3, 1.57, ·1.692, 15.41. .52, 1 o. .31, ·14.41, 
4, 1.09, - .447, 14.26, . 75, 10, .24, ·14.04, 
5, .94, .246, 13.52, .67, 10, .34, -13.72, 
6, 1.04, .. 334, 13.92, .89, 10, .24, ·13.72, 7, .91, .583, 13.38, .85, 10, .35, ·13.94, 
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Table 5.1.4.1 (Cont'd) 

Fleet FL T02: SCOLTR IV (Ca -
Age 1988, -1989, 1990, 1991. 1992, 1993, 1994, 1995, 1996, 

o trio data for this fleet at this age 
1 . 1 . 15. .20, -.60, .20, .84, .68, -. 71, .28, .39, 
2 - .29, - .20, .31, - .01, -.04, .56, -.03, • 11, - .07, 
3 .17, .06, -.21. -. 18, -. 11 l .08, .14, .23, - .13, 
4 .21 l .10, . 06, - .32, -. 17 • .00, - .02, .19, .os, 
5 - .29, .55, ·.02, •. 18, - .37, .13, - .13, . 17, .28, 
6 •• 10, .02, - .39, .. 42, .21, .os, .06, .34, .27, 
7 -.53, - .33, -.53, - .32, - .05, -. 10, .09, .35, .14, 

Mean log catchabi l i ty and standard error of ages with catchabi l i ty 
independent of year class strength and constant w.r.t. time 

Age , 1. 2, 3, 4, 5, 

1997 

-.14 
-.33 
.. 05 
.• 09 
-.15 
-.03 
.. 07 

6, 
Mean Log q, . 18.0046, . 16.4276, ·15.5563, ·15. 1862, ·14.8498, -14.8988, 
S.E(Log q), .6406, .2718, . 1566, . 1611, .2818, .2537, 

Regress ion statistics 

Ages with q indepeodel•t of year class strength and constant w.r.t. time. 

Age, Slepe , t-value , lntercept, RSquare, No Pts, Reg s.e, Mean Q 

1. 1.09, -. 181, 18.33, .33, 10, • 74, ·18.00, 
2, . 86, .665, 16.01 • . 74, 10, .24, -16.43, 
3, 1.01. - .030, 15.57, .79, 10, . 17, -15.561 
4, 1.07, -.456, 15.44, .84, 10, .18, -15.19, 
5, , .08, - .356, 15.21. . 70, 10, .32, -14.85, 
6, .89, .958, 14.22, .90, 10, .23, ·14.90, 
7, .76, 4.649, 13.24, .98, 10, .12, ·15.03, 

Fteet FLT03: FRATR8 IV (Ca -

Age 1988, 1989, 1990, 1991. 1992, 1993, 1994, 1995, 1996, 
o No data for this fteet at this age 
1 No data for this fleet at this age 
2 -. 1 o, .20, .12. .53, .36, .08, .32, ·.22, - .66, 
3 .08, - .04, .05, - .20, .os, .25, • 14, .39, - .39, 
4 .00, - .31, - .04, - .09, •. 17, - .02, .39, .55, -.08, 
5 - .09, -. 12, -.30, .. 06, -. 15. -. 24, •. 10. 1.02, .19, 
6 .34, - .22, .. 21. -.sa, .22, -. 15. .. 16, .46, .39, 
7 .63, - .34, - .36, - .05, .• 04, -. 21 • .08, .30, - .28, 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

1997 

- .65 
.. 32 
.. 22 
-.15 
• • 17 
·.66 

7 Age , 
Mean Log q, 
S.E(Log q), 

2, 
·15.6288, 

. 4066, 

l, 
-14.2661' 

.2454, 

4, 
·13.7496, 

.2698, 

5, 
-13.4323, 

.382l, 

6, 
·13.3181. 

.l227, 
. 13.3181 • 

.3810, 

Regression statistics 

Ag es with q independent of year class strength and constant w.r. t. time. 

Age, Slope , t-value , l ntercept, RSquare, No Pts, Reg s.e, Mean a 

2, . 75, .953, 15.07, .64, 10, .30, ·15.63, 
3, 1.22, - .650, 14.61. .53, 10, .31, ·14.27, 
4, 1 .62, -1.884, 15.07, .53, 10, .39, -13.75, 
5. 1.40, ·1.035, 14.63, .45, 10, .53, -13.4l, 
6, , .09, - .440, 13.69, .n, 10, .37, ·13.l2, 
7, .96, .250, 13. 18, .83, 10, .l?, -13.41. 

7 
·14.8988, 

.3220, 
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Table 5.1.4.1 (Cont'd} 

Fleet FLT04: FRATRO_JV (Ca 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
o No data for this fleet at tnis age 
1 No data for this fleet at this age 
2 - .03, ·.38, -.51, .06, .34, .03, .. 34, . 19, .08, 
3 -.53, -.04, .41, - .84, .09, .44, - .13, .02, .25, 
4 - .34, - .37, .30, .61 l -, .03, .os, .35, .17, .20, 
5 1 . 21 • - .20, - .41, .55, . ?S, ·1.34, -.26, - .29, .19 l 
6 No data for this fleet at this age 
7 No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log q), 

2, 
·15.7120, 

.3332, 

Regression statistics : 

3, 
-15.2590, 

.4181, 

4, 
-15.0776, 

.4677, 

5 
-15.0200, 

. 7109, 

Ages with q independent of year class strength and constant w.r.t. time. 

Age, Slope , t·value , lntercept, RSquare, No Pts, Reg s.e, Mean Q 

2, 
3, 
4, 
5, 

Fleet 

Age 
o 
1 
2 
3 
4 
5 
6 
7 

2.39, 
88.50, 
3.89, 

19.68, 

FLTOS: 

1988, 
No data 
-1.08, 

- .32, 
.. 57, 
- .37, 
-.63, 
- .65, 

No data 

-2.520, 
-2.995, 
-2.234, 
-2.182, 

SCOGFS -
1989, 

IV 

18.88, 
241.96, 
25.03, 

100.09, 

(Ca 

1990, 1991, 

.29, 

.00, 

.07, 

.00, 

1992, 
for this fleet at this age 
- .44, -. 19' - .42, .20, 
-.52, -.32, - .24, - .06, 
-. 1 o, - .47, - .37, . 17, 
. • 41, .17 • .. 72, .40, 
- .42, - .22, - .32, .43, 
-.09, . 12, - .66, .66, 
for this fleet at this age 

10, 
10, 
10, 
10, 

1993, 

. , 1 , 

.09, 
- .12, 

.07, 

.29, 
- .34, 

.63, 
26.95, 

, . 51 , 
11. 75, 

-15.71 ' 
-15.26, 
-15.08, 
-15.02, 

1994, 1995, 1996, 

- .01' .55, .62, 
- .40, .39, .87, 
- .41 , .44, .73, 
-.84, .52, .83, 
- .23, .42, .25, 
-.59. .57, .40, 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

1997 

.56 

.34 

.06 
·.19 

1997 

.66 

.53 

.70 

.34 

.44 

.58 

Age , 
Mean Log q, 
S.E(log q), 

1, 
-15.0932, 

. 5512, 

2' 
·14.6666, 

.4589, 

3, 
-14.8931' 

.4869, 

4, 
-15.0148, 

.5570, 

5, 
-15.0429, 

. 4041' 

6 
-15.0266, 

. 5393, 

Regression statistics 

Ag es with q independent of year class strength and constant w.r.t. time. 

Age, Slepe , t·value , Intercept, RSquare, No Pts, Reg s.e, Mean Q 

1' 4.54, -2.726, 17.56, .07, 10, , . 91' -15.09, 
2, 2. 72, -1.749, 17.35, • 1 1 • 10, 1 .13, -14.87' 
3, 1. 76, .. 799, 16.57, . 12, 10, .87, ·14.89, 
4, .66, 1 .097, 13.86, .56, 10, . 36, - 15.01 • 

5' .89, .398, 14.54, .62, 10, .38, -15.04, 
6, 1.08, -. 241 ' 15.50, .54, 10, .61' -15.03, 
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Table 5.1.4.1 (Cont'd) 

Fleet FLT06: ENGGFS_IV (Ca 

Age 1988, 1989, 1990, 1991. 1992, 1993, 1994, 1995, 1996, 

o No data for this fleet at this age 
1 -.38, -. 73, ·.33, .24, .13, -.09, .16, .41, -.20, 
2 -.35, . 11' - .61, -.28, .1S, .07, .• 12, . 73, •. 03, 

3 - .35, .17, • 18, •. 84, -. 21 l - .03, -.23, .45, .45, 
4 - .48, - .38, .04, .00, -.44, •. 26, - .19, .44, .44, 
5 •. 66, .62, -.52, - .33, .54, -.54, -. 19. - .36, .63, 
6 No data for this fleet at this age 
7 No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log q), 

1 • 
·15. 1198, 

.4397, 

Regression statist i es 

2, 
·15.0434, 

.3741, 

3, 
·15.1116, 

.4143, 

4, 
·14.9803, 

. 4426, 

5 
·15.1054, 

.sm . 

1997 

.80 

.32 

.39 

.83 

.82 

Ages with q independent of year class strength and constant w.r.t. time. 

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q 

1, 3.22, ·3.411, 16. 73, .23, 10, .96, ·15.12, 
2, 3.13, -2.n5, 18.49, . 17, 10, .89, ·15.04, 
3, 2.53, ·1 .421. 18.85, . 10, 10, .99, ·15.11, 
4, , .20, .. 415, 15.64, .36, 10, .56, ·14.98, 
5, 2.47, -1 . 512. 21.93, .12, 10, 1.34, . 15.". 

Fleet FLT07: IBTS_Q1 _IV (C 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
o -.49, -. 76, .00, -.07. - .03, - .36, - .31' - .16, - .22, 
1 .01, - .38, .22, .29, .10, . 11, -. 18, .. 03, .os, 
2 .12, -.04, .06, .27, .07, .02, -. 01, .03, - .34, 
3 .08, -. 11, .41, .12, .os, .11, .18, - .11, - .29, 
4 . 12, .. 43, .52, .34, .23, - .30, - .17, .56, -.28, 
5 No data for this fleet at this age 
6 No data for this fleet at this age 
7 No data for this fleet at this age 

Mean log catchabi l i ty and standard er ror of ages with catc:habi l fty 
independent of year c: lass strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log q), 

Regress ion 

o, 
·14.4398, 

.8740, 

statistks 

1, 
·13.9635, 

.2031, 

2, 
·14.0215, 

. 1656, 

3, 
·14.2550, 

.2449, 

4 
·14.4860, 

.4062, 

Ag es with q independent of year class strength and constant w.r.t. time. 

Age, Slepe , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q 

o, 4.03, -5.744, 7.57, .31, 10, , .65, ·14.44, 
1, 1.07' .. 450, 13.93, .84, 10, .23, ·13.96, 
2, .84, 1.355, 13.93, .90, 10, .13, ·14.02, 
3, 1.06, .. 202, 14.35, .59, 10, .27, ·14.25, 
4, 1.20, .. 454, 15.05, .40, 10, . 51, ·14.49, 

1997 
2.40 
.. 18 
•. 18 
•. 44 
·.58 
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Table S.lA.l (Cont'd) 

Fleet FLTOS: IBTS_02_SCO_I 

Age 1988, 1989, 1990, 1991' 1992, 1993, 1994, 1995, 1996, 
o No data for this fleet at this age 
1 99.99, 99.99, 99.99, .03, .43, .06, - .34, .83, -.19' 
2 99.99, 99.99, 99.991 - .13, .01, .07, .. 32, .49, .12, 
3 99.99, 99.99, 99.99, - .37, - .23, .30, - .35, .38, .23, 
4 99.99, 99.99, 99.99, .24, - .89, .25, - .45, .32, .44, 
5 99.99, 99.99, 99.99, - .35, .20, .18, -.38, .64, .18, 
6 99.99, 99.99, 99.99, .os, .09, .35, - .49, . 11 • .65, 
7 No data for this fleet at this age 

Mean log catchability and standard error of ages with catchability 
i~t of year class strength and constant w.r.t. time 

1997 

•. 83 
•. 24 

.03 

.10 
·.46 
• .76 

Age , 
Mean Log q, 
S.E(Log q), 

1, 
-14.1311, 

.5361' 

2, 
·13.8172, 

.2703, 

3, 
·14.0013, 

.3189, 

4, 
·14.2717, 

.4870, 

5, 
·14.2276, 

.4066, 

6 
·14.2666, 

.4816, 

Regression statistics : 

Ages with q independent of year class strength and constant w.r.t. time. 

Age, Slope , t·value , lntercept, RSquare, No Pts, Reg s.e, Mean Q 

1, .54, 1.938, 14.17' .78, 7, .24, ·14.13, 
2, . 72, .673, 13.66, .53, 7, .20, -13.82, 
3, 1. 21, -.362, 14.29, .38, 7, .42, ·14.00, 
4, 6.13, ·2.069, 28.02, .03, 7, 2.40, ·14.27, 
5, 1.25, •. 559, 15. 17, .49, 7, .54, -14.23, 
6, 1.52, - .878, 16.85, .37, 7, . 74, ·14. 27, 

Fleet FLT10: FRAGFS_7d (Ca 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 
o •• 65, - .61, - .44, 1.04, .79, -.52, -.58, -. 01, •. 09, 
1 99.99, 99.99, 99.99, -.36, .00, ·1.09' 1.30, .06, - .02, 
2 99.99, 99.99, 99.99, •• 61' • 11 • - .20, .83, .. 48, • . 11 ' 
3 No data for this fleet at this age 
4 No data for this fleet at this age 
5 No data for this fleet at this age 
6 No data for this fleet at this age 
7 No data for this fleet at this age 

Mean log catchability and standard error of ages with catchabitity 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(log ql, 

Regress ion 

o, 
·10.2193, 

.7043, 

statlstics 

1' 
·9.2394, 

.7090, 

2 
·10.1195, 

.5145, 

Ag es with q independent of year class strength and 

Age, Slepe , t-value , Intercept, RSquare, No Pts, 

o, 1.56, -1.786, 6.56, .56, 10, 
1, 1.24, •. 253, 8.06, .19, 7, 
2, 3.,, l - .600, 3.51 t .02, 7, 
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constant w. r. t. time. 

Reg s.e, Mean Q 

.99, -10.22, 

.96, -9. 24, 
1.69, ·1 0.12, 

1997 
1.07 

. 11 

.47 



Table 5.1.4.1 (Cont'd) 

Fleet FLT11: JBTS_Q4_ENG_l 

Age 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997 
o 99.99, 99.99, 99.99, ·.50, .OB, .. 02, ·.03, .40, .07, 99.99 
1 99.99, 99.99, 99.99, -. 15. -. 21, "o 21' - .03, .63, ".02, 99.99 
2 99.99, 99.99, 99.99, - .22, -.04, -. 10, -. 12, .38, .11, 99.99 
3 99.99, 99.99, 99.99, - .03, ".20, • 11, •. 23, .32, .04, 99.99 
4 99.99, 99.99,. 99.99, .65, - .30, ·.03, - .93, .28, .33, 99.99 
5 Ho data for this fleet at this age 
6 No data for this fleet at this age 
7 No data for this fleet at this age 

Mean log catchabilfty and standard error of ages with catchability 
independent of year class strength and constant w.r.t. time 

Age , 
Mean Log q, 
S.E(Log q), 

o, 
·15.0182, 

.2930, 

Regression statistics 

1' 
·13.9530, 

.3181, 

2, 
·13.9335, 

.2130, 

3, 
·14.3236, 

.2035, 

4 
"14 .2310, 

.5603, 

Ag es with q independent of year class strength and constant w.r. t. time. 

Age, Sl-, t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q 

o, 1.27, ".671' 14.52, .60, 6, .39, "15 .02, 
1, 1.27, .. 31 1 ' 13.85, .25, 6, .45, ·13.95, 
2, .92, .059, 13.88, .12, 6, .22, -13.93, 
3, .85, .572, 14.07, .79, 6, .19, ·14.32, 
4, 1.80, -. nt, 16.36, .17, 6, 1.06, "14.23, 
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Table 5.1.4.1 (Cont'd) 

Terminal year survivor and F si.JIIIIaries 

Age o Catchabi l i ty constant w.r.t. time and dependent on age 

Year class = 1997 

Fleet, Estimated, Int, Ext, Var, N, Sea led, Estimated . survivors, s.e, s.e, Ratio, . Weights, F 
FLT01: SCOSEI IV (Ca, 1., .000, .000, .00, o, .000~ .000 
Fl 102: SCOlTR=IV (Ca, 1., .000, .000, .00, o, .000, .000 
FLT03: FRA1RB_IV (Ca, 1 •• .000, .000, .00, o, .000, .000 
Fl104: FRA1RO IV (Ca, 1 .• .000, .000, .oo, o, .000, .000 
Fl 105: SCOGFS=IV (Ca, 1 .• .000, .000, .00, o, .000, .000 
Fl106: ENGGFS_IV (Ca, 1., .000, .000, .00, O, .000, .000 
Fl 107: IB1S Q1 IV (C, 1024554 .• .917, .000, .00, 1, .165, .000 
Fl 108: IB1S=Q2=SCO_I, 1., .000, .000, .00, o, .000, .000 
FLT10: FRAGFS_7d (Ca, 272761 •• .739, . 000, .00, 1, .254, .000 
FLT 11: IB1S_Q4_ENG_I, 1 .• .000, .000, .00, O, .000, .000 

F sh ri nkage mean 29488 .• .50,,, l .581, .139 

Weighted prediction 

surv'ivors, lnt, Ext, N, Var, F 
at end of year, s.e, s.e, . Ratio, 

93211 .• .38, 1.51, 3, 3.998, .046 

Age Catchabi llty constant w.r.t. time and dependent on age 

'fear c lass = 1996 

Fleet, Estimated, Int, Ext, Var, N, Sea led, Estimated . Survivors, s.e, s.e, Ratio, Weights, F 
fl101: SCOSEI IV (Ca, 1., .000, .000, .00, o, .000, .000 
Fl102: SCOLTR-IV (Ca, 195352 •• .672, .000, .00, 1, .052, .148 
fl103: FRATRB-IV (Ca, 1., .000, .000, .00, o, .000, .000 
Fl104: FRA1RO-IV (Ca, 1 .• .000, .000, .00, o, .000, .000 
FlT05: SCOGF(IV (Ca, 435170 .• .578, . 000, .00, 1 • .070, .069 
fl106: ENGGFS_IV (Ca, 497222 .• .461, .000, .00, 1, .110, .061 
FLT07: IB1S Q1 IV (C, 186201 .• .285, .011, .04, 2, .286, .155 
fl108: IB1S=Q2=SCO_I, 97908 .• .573, .000, .00, 1, .071, .277 
fl110: FRAGFS_7d (Ca, 226875 •• . 529, .101, . 19 • 2, .082, .129 
FLT11: IB1S_Q4_ENG _l, 240978 .• .316, .000, .00, 1, .224, • 122 

F sl'l ri nkage mean 166037. l .sa,,,, .106, .172 

Weighted prediction 

Survivors, Int, Ext, N, Var, 
at end of year, s.e, s.e, Ratio, 

224162.' .15, .14, 10, .905, .130 
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Table 5.1.4.1 (Cont'd) 

Age 2 Catchability constant w.r. t. ti Ile and dependent on age 

Year class = 1995 

Fleet, Estimated, Int, Ext, Var, N, Sc:aled, Estimated 

' Survivors, s.e, s.e, Ratio, ' Weights, F 
FlT01: SOOSEI IV (Ca, 166292.' .566, .000, .00, 1' .029, .286 
FLT02: SCOlTR IV <Ca, 147305.' .274, .260, .95, 2, . 121. .318 
FlT03: FRATRB=IV (Ca, 96400., • 426, .000, .oo • 1' .051' .452 
FlT04: FRATRO IV (Ca, 321878.' .349, .000, .00, 1' .075, .158 
Fl T05: SCOGFS_IV (Ca, 323985.' .370, .041, .11 l 2, .065, .157 
FLT06: ENGGFS_IV (Ca, 206376 •• .299, .256, .86, 2, :099, .237 
FLT07: IBTS 01 IV (C, 17o5n., .208, .082, .40, 3, .201' .280 
Fl TOB: IBT(Q2=SCO_I, 146388.' .266, .020, .08, 2, .128, .319 
FlT10: FRAGFS_7d (Ca, 236605.' .387, .171 l .44, 3, .056, .209 
Fl T11: IBTS_04_ENG _I, 218652.' .236, .213, .90, 2, .129, .225 

F sh ri nk.age mean 125045., .50,.' l .048, .365 

Weighted prediction 

Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, ' Ratio, 

184156.' .09, .08, 20, .854, .262 

Age 3 Catchability constant w.r. t . time and dependent on age 

Year class • 1994 

Fleet, Estimated, lnt, Ext, Var, N, Sea led, Est imated 
Survivors, s.e, s.e, Ratio, ' Weights, F 

FlT01: SCOSEI _IV (Ca, 130447., .267, .219, .82, 2, .083, .415 
FLT02: SCOLTR_IV (Ca, 125173.' .205, .062, . 30, 3 • .130, .429 
Fl T03: FRATRB_IV (Ca, 86038.' .247, .150, .61, 2, .095, .576 
FlT04: FRATRO_IV (Ca, 157992.' .276, .129, .47, 2, .071' .354 
FlT05: SCOGFS_IV (Ca, 268615.' .304, .085, .28, 3, .056, .223 
FlT06: ENGGFS_IV (Ca, 164827.' .250, .145, .58, 3, .083, .341 
Fl T07: IBTS_Q1_IV (C, 96603., . 173, .097, .56, 4, . , 71, .527 
FLT08: IBTS_02_SCO_I, 152007.' .212, .167, . 79, 3, .118, .365 
FLT10: FRAGFS_7d (Ca, 1ono2., .382, .165, .43, 3, .030, .484 
FlT11: IBTS_Q4_ENG _I, 159637., .1841 .188, 1.02, 3, .126, .350 

F sh ri nkage mean 76127., .50, l l l .037, .631 

~eighted predlction 

Survivors, Int, Ext, N, Var, 
at end of year, s.e, s.e, Ratio, 

129798.' .07, .07, 29, .906, .416 
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Table 5.1.4.1 (Cont'd) 

Age 4 Catchabi l i ty constant w.r. t. time and dependent on age 

Year class = 1993 

Fleet, Estimated, lnt, Ext, Var, N, Sea led, Estimated 

' Survivors, s.e, s.e, Ratio, ' Weights, F 
FLT01: SCOSEI _IV (Ca, 53679.' .207, .089, .43. 3, .121 l .519 
FLT02: SCOLTR _IV (Ca, 51102., .178, .085, .48, 4, . i48, .539 
FLT03: FRATRB_IV (Ca, 42102.' .199, .058, .29, 3, . 127, .625 
FLT04: FRATRO_IV (Ca, 65122., .254, .058, .23, 3, .069, .445 
FLT05: SCOGFS_IV (Ca, 83956., .286, .136, .48, 4, .052, .361 
FL T06: ENGGFS_IV (Ca, 102952.' .234, .138, .59, 4, .078, .304 
FL T07: IBTS Q1 IV (C, 42263.' .169, .107, .63, 5, .137, .623 
FL T08: IBTS=Q2=SCO_I, 70628.' .206, . 131 ' .64, 4, .094, .417 
FLT10: FRAGFS_7d (Ca, 52033.' .383, .542, 1 .41, 3, .017, .532 
FLT11: ISTS_Q4_ENG_I, 61659., . 161 l .096, .60, 4, . 115. .465 

F shrinkage mean 31321.' .50, ••• .042, .m 
Weighted prediction 

Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, 

' 
Ratio, 

55610.' .07, .06, 38, .847, .505 

Age 5 Catchability constant w.r. t. time and dependent on age 

Year class = 1992 

F\eet, Estirnated, Int, Ext, Var, N, sea led, Estimated 

' 
Survivors, s.e, s.e, Ratio, ' Weights, F 

FLT01: SCOSEI _IV (Ca, 17972.' .198, .116, .58, 4, .139, .656 
FLT02: SCOLTR_IV (Ca, 19032.' .173, .082, .47, 5, .184, .629 
FLT03: FRATRB_IV (Ca, 19637.' .197, .127' .65, 4, .132, .614 
FL T04: FRATRO_IV (Ca, 18152.' .268, .122, .45, 4, .058, .651 
FLT05: SCOGFS_IV (Ca, 29002.' .274, . 155' .57, 5' .078, .454 
FLT06: EHGGFS_IV (Ca, 29619.' .249, .171' .69, 5, .071' .446 
FLT07: IBTS 01 IV (C, 17694., .172, .067, .39, 5, .085, .663 
FLT08: IBTS=Q2=SCO_I, 17434.' .219, .198, .90, 5, .101' .670 
FLT10: FRAGFS_7d (Ca, 28270.' .383, .570, 1.49, 3, .. 01 1, .463 
FLT11: IBTS_04_ENG_I, 21513.' .162, .109, .67, 5, .082, .573 

F shrinkage mean 10163.' .50.," .060, .970 

~eighted prediction 

survivors, [nt, Ext, N' Var, 
at end of year, s.e, s.e, 

' 
Ratio, 

19401., .07, .05, 46, . 716, .620 
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Table 5.1.4.1 (Cont'd) 

Age 6 Catchabi l i ty constant w.r. t. time and dependent on age 

Year class = 1991 

Fleet, Estimated, Int, Ext, Var, N, Sea led, Estimated 

' 
Survivors, s.e, s.e, Ratio, ' Weights, F 

FLT01: SCOSE1_1V (Ca, 1784., .212, .103, .49, 5, .197, 1.093 
FLT02: SCOLTR_IV (Ca, 2141.' .195, .073, .37, 6, .218, .976 
FLT03: FRATRB_IV (Ca, 1969., .226, .127, .56, 5' .165, 1.028 
FLT04: FRATRO_IV (Ca, 2144., .292, .072, .25, 4, .025, .975 
FLTOS: SCOGFS_IV (Ca, 2916.' .320, . 112, .35, 6, .074, .795 
FLT06: ENGGFS_IV (Ca, 2736.' .273, . 157, .58, 5' .031, .830 
FLT07: IBTS Q1 IV (C, 2521., .182, .109, .60, 5, .033, .an 
FLT08: IBTS=Q2=SCO_l, 1407., .283, .205, .73, 6, .090, 1.257 
FLT10: FRAGFSJd (Ca, 2175., .386, .345, .89, 3, .003, .966 
FLT11: IBTS_Q4_ENG_I, 1687.' .173, .113, .65, 5, .030, 1.131 

F sh ri nkage rnean 1705., .50, ... .133, 1.123 

Weighted prediction 

Survivors, Int, Ext, N, Var, F 
at end of year, s.e, s.e, ' Ratio, 

1958.' .10, .04, 51' .410, 1.032 

Age 7 Catchability constant w.r. t. time and age (fixed at the value for age) 6 

Year class = 1990 

Fleet, Estimated, lnt, Ext, Var, N, Sea led, Estirnated 

' Survivors, s.e, s.e, Ratio, 
' fJeights, ' FLT01: SCOSEI _IV (Ca, 516.' .247, .189, .n, 6, .190, 1.034 

FLT02: SCOLTR_IV (Ca, 693.' .219, .060, .27, 7, .279, .854 
FLT03: FRATRB_IV <Ca, 549.' .255, .262, 1.03, 6, .203, .994 
FLT04: FRATRO_IV (Ca, 783.' .303, .182, .60, 4, .012, .786 
FLTOS: SCOGFS_IV (Ca, 872.' .318, .157, .49, 6, .037, .729 
FLT06: ENGGFS_IV (Ca, 572.' .281, .102, .36, 5, .016, .969 
FLT07: IBTS Q1 IV (C, 700 .• . 179, .082, .46, 5, .016, .849 
FLT08: IBTS=Q2=SCO_l, 1084., .283, . 147' .52, 6, .045, .622 
FL 110: FRAGFSJd (Ca, 583.' .382, .182, .48, 3, .002, .956 
FL T11: IBTS_Q4_ENG _l, 559., .190, .221' 1. 16, 4, .013, .982 

F shrinkage mean 877., .so .... .185, . 726 

Weighted prediction 

Survivors, lnt, Ext, '' Var, 
at end of year, s.e, s.e, ' Ratio, 

669., .13, .06, 53, .439, .874 
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Table 5.1.4.2 

Run title : Whiting IV,VIId (run: XSAPAK05/X05l 

At 10-0ct-98 12:38:03 

Terminal Fs derived using XSA (\lith F shrinkage) 

Tab le 8 Fishing mor tal i ty (f) at age 
YEAR, 1960, 1961' 1962, 1963, 1964, 1965, 1966, 1967, 

AGE 
o, .0052, .0103, .0033, .0205, .0234, .0072, .0051, .0054, 

1' .2153, .7628, .3319, .1458, .. 1680, .2216, .4089, .4106, 
2, .4675, .9702, .6349, .8740, .2391' .5053, .6945, .5534, 
3, 1.4903, 1.4009, .9613, .8620, .6104, .4462, .9711, .7669, 
4, 2.3428, 1.2854, .9435, 1.0411, .s9n, . 7130, .9243, .8670, 
5, 1. 5743, 1.5244, .9967, .9359, .8686, .4736, 1.2559, .7773, 
6, 1. 9538, 2.0047, 2.8062, 1.0115, .8927, .8651' 1. 7693, 1.1218, 
7, 1. 9846, 1.6266, 1.6035, 1.0075, .7943, .6903, 1.3333, .9321, 

+gp, 1.9846, 1.6266, 1.6035, 1.0075, .7943, .6903, 1.3333, .9321, 
FBAR 2- 6, 1. 5657' 1.4371, 1.2685, .9449, .6417, .6006, 1.1230, .8173, 

Table 8 Fishing mortality (f) at age 
YEAR, 1968, 1969, 1970, 1971' 1972, 1973, 1974, 1975, 1976, 1977, 

AGE 
o, .0267, • 1698, .1035, .0616, .0206, .0132, .0208, .0137, .0252, .0393, 
1' .1582, .8141' . 7672, .3989, .3263, .2881, .4009, .2261, .1740, .4265, 
2, . 7992, .5557, .8249, .5332, . 7060, .8016, .8535, .7652, .9250, .4841. 
3, .8448, .8065, .9616, .5664, .6008, 1.0497' 1.0324, .9642, 1.2525, .8240, 
4, 1. 0291 l .6468, .8281, .6989, .5793, .6302, .9988, .9276, 1.0533, .9530, 
5. .8397, 1. 0029, .6420, .5874, .9531, 1.4145, .3600, .9906, .8414, .9059, 
6, 1.1436, .4957, .9761. .2647, .9982, .9874, 2.0110, 2.2622, 1.3526, .8900, 
7, 1.0156, . 7220, .8238, . 5211, .8524, 1.0222, 1.1367, 1.4116, 1.0952, .9263, 

+gp, 1.0156, . 7220, . 8238, . 521 1 • .8524, 1.0222, 1.1367, 1.4116, 1.0952, .9263, 
FBAR 2- 6, .9313, . 7015, .8465, .5301, . 7675, .9767, 1.0511. 1.1819, 1.0850, .81 14, 
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Table 5.1.4.2 (Cont'd) 

Run title: Whiting IV,VIld (run: XSAPAK05/X05) 

At 10·0ct·98 12:38:03 

Terminal Fs derived using XSA CVith F shrinkage) 

Tab le 8 Fishing mortality (F) at age 
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
o, .0395, .0297, .0526, .0717, .0161, .0695, .0231, .0133, .0191. .0103, 
1. . 1565, .2327, • 1016, .1653, .1736, .2105, .2235, .1903, .2709, .1407, 
2, .4059, .4792, .4409, .3299, .2935, .4559, .s1n, .2497, .4261, .5109, 
3, .6314, .7344, .8236, .7540, .5326, .7478, .8734, .6368, . 7061, .ans, 
4, .8465, .7083, .9772, 1.0018, .7239, .7381, 1.0318, .8799, 1.2001. 1.2512, 
5, .74n, .8434, 1.2439, 1.1024, .9020, .8937, 1.0609, 1.1795, 1. 0668, 1.3789, 
6, 1.1122, .8853, .9799, 1.3318, 1.0284. .9409, 1.1no, 1.2288, 1.2023, 1. 79n, 
7, .9120, .8207, 1.0795, 1.1592, .8943, .8666, 1.1011, 1.1091 l 1.1704, 1.4953, 

+gp, .9120, .8207, 1.0795, 1.1592, .8943, .8666, 1.1011, 1.1091, 1.1704, 1.4953, 
FBAR 2- 6, .7487, .7301. .8931. .9040, .6961. . 7553, .9311 • .8350, .9203, 1.1622, 

Tab le 8 Fishing mortality Cf) at age 
YEAR, 1988, 1989, 1990, 1991. 1992, 1993, 1994, 1995, 1996, 1997, FBAR 95·97 

AGE 
o, .0261, .0120, .0416, . 1488, .0338, .0877, .0348, .3411, .0382, .0462, • 1418, 
1. .3587, • 1289, .2262, .1167, .2406, . 1863, .1491, .1385, . 1074, .1303, .1254, 
2, .4313, .4317, .5477, .4863, .3869, . 4825, .3271 • .3218, .2731, .2616, .2855, 
3, .6634, .6977, .9134, .5162, .5758, . 7544, .6935, .5751, .5048, .4163, .4987, 
4, .9749, .8429, .9893, .8898, .6308, .8208, .9069, .7899, .6558, . 5048, .6502, 
5, 1.1703, 1.5503, 1.2602, 1.1246, . 9512, .8444, .9825, .9677, 1.0369, .6197, .8747, 
6, 1. 3028, 1.6361. 1.0927, .8092, 1.2058, 1.1170, 1 .0146, 1.0127, 1.1817, 1.0319, 1. 0754, 
7, 1.3965, 1.5903, 1.4013, 1.1178, 1.3381, 1.0413, 1.0530, .8576, .8288, .8742, .8535, 

+gp, 1.3965, 1.5903, 1.4013, 1.1178, 1.3381. 1.0413, 1.0530, .8576, .8288, .8742, 
FBAR 2· 6, .9086, 1.0318, .9606, .7652, . 7501, .8038, . 7849, . 7334, . 7305, .5669, 
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----------------------

Table 5.1.4.3 

Run title : Whiting IV,VIId (run: XSAPAK05{X05) 

At 10·0ct·98 12:38:03 

Terminal Fs derived using XSA (With F shrinkage) 

Tab le 10 Stock ru.Jitler at age (start of year) Nlll'bers*10**-5 
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 

AGE 
o, 418662, 753409, 836669, 187022, 363404, 319605, 598136, 1175464, 
1' 40092, 32520, 58225, 65115' 14307, 277_20, 24m, 46468, 
2, 8700, 12502, 5865, 16157, 21766, 46n, 8590, 6367, 
3, 3312, 3476, 3021, 1982, 4299, 10927, 1799, 2735, 
4, 276, 526, 603, 814, 590, 1645, 4928, 480, 
5, 333, 20, 108, 174, 213, 240, 597, 1449, 
6, 48, 54, 3, 31' 53, 70, 117 l 133, 
7, 1 1' 5, 6, o, 9, 17, 23, 15, 

+gp, 30, 5' 2, 2, 1' 3, 7, 3, 
TOTAL, 471464, 802516, 904503, 271298, 404641' 364904, 638974, 1233113, 

Table 10 5 tock. m.nber at age (start of year) Nl.n'bers*1 0'**-5 
YEAR, 1968, 1969, 197tl, 1971' 1972, 1973, 1974, 1975, 1976, 19n, 

AGE 
o, 142165, 276448, 431881, 738870, 97tl349' 477830, 993438, 627078, 611977 l 619446, 
1 ' 91286, 10808, 18215, 30405, 54247, 74219, 36819, 75972, 48296, 46596, 
2, 11919, 30139, 1852, 3271, 7891' 15139, 21519, 9536, 23437, 15695, 
3, 2334, 3417, 11025' 517 l 1224, 2484, 4331 l 5844, 2829, 5926, 
4, 895, 707, 1075, 2970, 207, 473, 613, 1067, 1570, 570, 
5, 149, 237, 274, 348, 1094, 86, 187, 167, 318, 406, 
6, 519, 50, 68, 112, 151, :zs, 16, 101' 48, 107, 
7, 34, 129, 24, 20, 67, 43, 95, 2, 8; 1 o' 

+gp, 2, 15, 29, 17, 19' 9, 7, 22, 11 ' 8, 
TOTAL, 249304, 321950, 464443, 776530, 1035248, 570612, 1057025' 719810, 688495, 688764, 
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Table 5.1.4.3 (Cont'd) 

Run title : ~hiting IV,VIId (run: XSAPAK05/X05) 

At 10-0ct-98 12:38:03 

Terminal Fs derived using XSA (With F shrinkage) 

rable 10 Stock number at age (start of year) Nl.llbers*10**-5 
YEAR, 1978, 1979, 1980, 1981. 1982, 1983, 1984, 1985, 1986, 1987, 

AGE 
o, 635272, 582795, 232017, 267431. 226693, 356460, 247246, 507182, 426974, 297092, 
1. 46504, 47683, 44174, 17188, 19437, 17418, 25965, 18864, 39080, 32710, 
2, 11764, 15380, 14613, 15434, 5634, 6319, 5457, 8030, 6031, 11527, 
3, 6167, 4999, 6073, 5996, 7075, 2679, 2554, 2075, 3989, 2512, 
4, 1832, 2312, 1690, 1878, 1988, 2927, 894, 751, m, 1387, 
5, 163, 582, 843, 471, 511, 714, 1037, 236, 231, 173, 
6, 128, 60, 195, 189. 122, 161 l 228, 279, 56, 62, 
7, 34, 33, 19, 57, 39, 34, 49, 55, 64, 13, 

+gp, 5, 6, 13, 5, 9, 17. 10, 15, 9, 14, 
TOTAL, 701868, 653848, 299638, 308650, 261508, 386731. 283439, 537488, 477208, 345490, 

Table 10 Stock number at age (start of year) Nl.mbers*10'*'*-5 
YEAR, 1988, 1989, 1990, 1991. 1992, 1993, 1994, 1995, 1996, 1997, 1996, GMST 60-95 AMST 60-95 

AGE 
---o, 579862, 261260, 250389, 268000, 272603, 265468, 226673, 194566, 87858, (i2so2) ( o, 401291. 462218, 

1. 22960, 44112, 20156, 18755, 18034, 20578, 18989, 17093, 10801. 6603, 932,} 31044, 35716, 
2, 10989, 6203, 14997, 6217, 6454, 5483, 6606, 6326, 5756, 3752, 2242, 9185, 10791. 
3, 4410, 4552, 2569, 5530, 2437, 2795, 2158, 3037, 2924, 2793, 1842, 3399, 3975, 
4, 739, 1601, 1597, 726, 2326, 966, 926, 760, 1204, 1244, 1298, 1024, 1281. 
5, 294, 207, 510, 440, 221' 917, 315, 277, 256, 463, 556, 303, 404, 
6, 34, 71. 34, 113, 111. 66, 307, 92, 82, 71. 194, 85, 120, 
7, 8, 7, 1 1. 9, 39, 26, 17, 87, 26, 20, 20, 19, 31. 

+gp, 2, 5, 2, 4, 2, 13, 8, 9, 22, 9, 10, 
TOTAL, 619300, 318018, 290264, 299794, 302227, 296312, 255998, 222247, 108927, 27454, 7093, 

~ 
"' * overwritten in prediction by the short term geometric mean ( 1989-1995). 



TABLE 5.1.6.1; Whiting, North Sea and VIId 
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Mean fishing mortality, biomass and recruitment, 1960 - 1997. 

Mean F j Stock Biomass j Recruits l 
H cons l Disc IBC l (' 000 tennes) l Age O \ 

l l Ages l Agea Ages 1---------------------1----------·-----1 
l Year l 2 to 6 l 2 to 6 j O to 4 l Total j Spawning jYclaaaj Million l 
1····--1·······--1--------- l--------·1···-------1----------l------l---------l 
l 1960 l 1.106 l .443 l .015 l 743 l 312 l 1960 l 41866 l 
l 1961 l 1.044 l .386 l .017 l 738 l 374 l 1961 l 75341 l 
l 1962 l -979 l . 267 l . 013 l 908 l 283 1962 1 83667 l 
l 1963 l .616 l .290 l .055 l 1136 l 461 1963 l 18702 l 
l 1964 l .489 l .125 l .039 l 705 l 517 1964 l 36340 l 
l 1965 l .429 l .140 l .033 775 l 461 1965 l 31961 l 
l 1966 l . 848 .168 1- .128 646 l 393 1966 l 59814 l 
l 1967 l .600 .192 l .032 820 l 322 1967 l 117547 l 
l 1968 l .664 .212 l .071 1380 l 452 1968 l 14217 l 
l 1969 l .377 .180 l .282 761 l 626 1969 l 27645 l 
l 1970 l .537 .217 l .242 560 l 379 1970 l 43188 l 
l 1971 l .382 .127 l .063 557 l 238 1971 l 73887 l 
l 1972 l .559 .134 l .114 646 l 290 1972 l 97035 l 
l 1973 l .680 .161 l .155 983 l 408 1973 l 47783 l 
l 1974 l .615 .130 l .284 735 l 477 1974 l 99344 l 
l 1975 l .854 .207 l .136 1181 l 488 1975 l 62708 l 
l 1976 l .674 .159 l .261 1127 l 631 1976 l 61198 l 
l 1977 l .525 .108 l .206 1110 l 599 1977 l 61945 l 
l 1978 l .595 .071 l .096 776 l 452 1978 l 63527 l 
l 1979 l . 569 . 066 l . 098 950 l 514 1979 l 58279 l 

1980 l .624 .200 l .088 836 l 520 1980 l 23202 l 
1981 l .674 .079 l .163 636 l 488 1981 l 26743 l 
1982 l .488 l .097 l .094 491 l 378 1982 l 22669 l 
1983 l .563 l .138 l .066 512 l 337 1983 l 35646 l 
1984 l .747 l .124 l .065 484 l 271 1984 l 24725 l 
1985 l .700 l .078 l .053 440 l 270 1985 l 50718 l 
1986 l .721 l .142 l .052 662 l 288 1986 l 42697 l 
1987 l .954 l .152 l .068 536 l 298 1987 l 29709 l 
1988 l . 705 l .104 l .157 417 l 294 1988 l 5798'6 l 
1989 l .617 l .186 l .136 561 l 279 1989 l 26126 l 
1990 l .484 l .275 l .178 483 l 317 1990 l 25039 l 
1991 l .522 l .122 l .113 458 l 277 1991 l 26800 l 
1992 l .542 l" .123 l .094 407 l 266 1992 l 27260 l 
1993 l .509 l .218 l .080 381 l 240 1993 l 26547 l 
1994 l . 558 l .196 . 043 373 l 229 1994 l 22667 l 
1995 l . 567 l .142 .107 386 l 245 1995 l 19457 l 
1996 l .548 l .163 .024 l 317 l 223 l 1996 \ 8786 l 
1997 l .403 l .112 .037 l 255 l 197 l 1997 l (1250)•1' 

---------------------············-------------------------·-··----·--·-----1 
Min. \ .377 .066 .013 l 255 l 197 l Min. l 19457 l 
Mean l .633 .169 .104 \ 681 l 371 jGmean l 28936 l 

l Max. l 1.106 l .443 l .284 l 1380 l 631 l Max. l 57986 l 
1--------······--·-······-·····-------·----------------,--·············-----l 
Min, max and geo. mean recruitment calculated over years 1986 to 1995 

(Arithmetic mean recru~tment 1986 - 1995 = 30429) 

Biomass totals calculated at start of year. 

overwritten in prediction by shart term geometric mean 
recruitment (1989-1995) 



Tab le 5.1. 7.1 

The SAS System 
Whiting in the North Sea (fishing Areas IV and VIId) 

15:52 Saturday, October 10, 1998 

Multi fleet prediction with mangement option table: Input data 

1998 H Cons Dis IBC 

Exploit. Weight Exploit. Weight Exploit. weight Stoclc. Natura l Maturity Prop.of F Prop.of M Weight 
Age pattern in catch pattern in catch pattern in catch size mort al i ty og i ve bef.spaw. bef.spaw. in stod:: 

o 0.0010 0.144 0.0120 0.031 0.1290 0.010 24691.469 2.5500 0.0000 0.0000 0.0000 0.017 
1 0.0110 0.175 0.0480 0.107 0.0660 0.059 1840.701 0.9500 0.1100 0.0000 0.0000 0.088 
2 0.0680 0.236 0.1610 0.165 0.0560 0.149 224.198 0.4500 0.9200 0.0000 0.0000 0.177 
3 0.2630 0.286 0.2190 0.205 0.0170 0.268 184.199 0.3500 1.0000 0.0000 0.0000 0.250 
4 0.5010 0.343 0.1380 0.228 0.0120 0.314 129.800 0.3000 1.0000 0.0000 0.0000 0.318 
5 o. 7640 0.388 0.1060 0.254 0.0040 0.397 55.559 0.2500 1.0000 0.0000 0.0000 0.372 
6 0.9350 0.417 0.0690 0.256 0.0720 0.624 19.399 0.2500 1.0000 0.0000 0.0000 0.447 
7 0.8070 0.423 0.0460 0.418 0.0000 0.000 1.998 0.2000 1.0000 0.0000 0.0000 0.416 
8+ 0.8390 0.424 0.0140 0.214 0.0000 0.000 0.999 0.2000 1.0000 0.0000 0.0000 0.423 

Unlt . Ki lograms . Ki log rams . Ki lograms Millions . . Ki lograms 

1999 H Cons Dis IBC 

Exploi t. Weight Exploi t. Weight Exploit. Weight Recrui t· Natura l Maturity Prop.of F Prop.of M Wei ght 
Age pattern in catch pattern in catch pattern in catch ment rnortality og i ve bef .spaw. bet .spaw. in stock 

o 0.0010 0.144 0.0120 0.031 0.1290 0.010 24691.500 2.5500 0.0000 0.0000 0.0000 0.017 
1 0.0110 0.175 0.0480 0.107 o. 0660 0.059 0.9500 0.1100 0.0000 0.0000 0.088 
2 0.0680 0.236 0.1610 0.165 0.0560 0.149 0.4500 0.9200 0.0000 0.0000 0.177 
3 0.2630 0.286 0.2190 0.205 0.0170 0.268 0.3500 1.0000 0.0000 0.0000 0.250 
4 0.5010 0.343 0.1380 0.228 0.0120 0.314 0.3000 1.0000 0.0000 0.0000 0.318 
5 o. 7640 0.388 0.1060 0.254 0.0040 0.397 0.2500 1.0000 0.0000 0.0000 0.372 
6 0.9350 0.417 0.0690 0.256 0.0720 0.624 0.2500 1.0000 0.0000 0.0000 0.447 
7 0.8070 0.423 0.0460 0.418 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 0.416 
8+ 0.8390 0.424 0.0140 0.214 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 0.423 

Unit . Ki log rams . Ki lograrns . Ki lograms Mi l l ions . . . . Ki lograms 

(cont.) 
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Ta ble 5.1. 7.1 (Cont'd) 

The SAS System 
Whiting in the North Sea (Fishing Areas IV and VI Id) 

Multi fleet prediction with mangement option table: Input data 
(cent.) 

2000 H Cons Dis IBC 

Exploit. Weight Exploit. Weight Explolt. Wei ght Recruit- Natura l Maturity Prop.of F Prop.of M Weight 
Age pattern in catch pattern in catch pattern in catch ment mortality og i ve bef.spaw. bef.spaw. in stock. 

o 0.0010 o. 144 0.0120 0.031 0.1290 0.010 24691.500 2.5500 0.0000 0.0000 0.0000 0.017 
1 0.0110 o. 175 0.0480 o. 107 0.0660 0.059 0.9500 o. 1100 0.0000 0.0000 0.088 
2 0.0680 0.236 o. 1610 o. 165 0.0560 o. 149 0.4500 0.9200 0.0000 0.0000 0.177 
3 0.2630 0.286 0.2190 0.205 0.0170 0.268 0.3500 1.0000 0.0000 0.0000 0.250 
4 0.5010 0.343 0.1380 0.228 0.0120 0.314 0.3000 1.0000 0.0000 0.0000 0.318 
5 0.7640 0.388 0.1060 0.254 0.0040 0.397 0.2500 1. 0000 0.0000 0.0000 0.372 
6 0.9350 0.417 0.0690 0.256 0.0720 0.624 0.2500 1.0000 0.0000 0.0000 0.447 
7 0.8070 0.423 0.0460 0.418 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 0.416 
8+ 0.8390 0.424 0.0140 0.214 0.0000 0.000 0.2000 1.0000 0.0000 0.0000 0.423 

Unit - Ki lograms - Kilograrns - Ki log rams Millions - . - - Ki lograrns 

Notes: Run name MANPAK03 
Date and time: 100CT98:16:34 
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Ta ble 5.1. 7.2 
The SAS System 

Whiting in the North Sea (fishing Areas IV and VI Id) 

Multi fleet prediction with mangement option table 

Year: 1998 

H Cons Dis IBC Total 

F Reference Catch in f Reference Catch in f Reference Catch in Catch in Stock Sp.stock 
Factor f wei ght Factor f weight factor F weight weight biomass biomass 

1.0000 0.5062 44402 1.0000 o. 1366 22513 1.0000 0.0560 18164 85080 739339 172246 

. - Tonnes - - Tonnes - Tonnes Tonnes Tonnes Tonnes 
-

Year: 1999 Year: 2000 

H Cons Dis IBC Total 

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

0.0000 0.0000 o 0.0000 0.0000 o 1.0000 0.0560 20706 20706 759400 199741 840884 279831 
o. 1000 0.0506 4918 0.1000 0.0139 2904 1.0000 0.0560 20598 28420 199741 833329 272498 
0.2000 o. 1012 9556 0.2000 0.0277 5737 1.0000 0.0560 20492 35766 199741 826146 265537 
0.3000 o. 1519 13934 0.3000 0.0416 8502 1.0000 0.0560 20390 42826 199741 819309 258923 
0.4000 0.2025 18070 0.4000 0.0554 11201 1.0000 0.0560 20291 49562 199741 812798 252633 
0.5000 0.2531 21982 0.5000 0.0693 13837 1.0000 0.0560 20195 56014 199741 806590 246645 
0.6000 0.3037 25685 0.6000 0.0832 16413 1.0000 0.0560 20102 62200 199741 800665 240941 
0.7000 0.3543 29192 0.7000 0.0970 18932 1.0000 0.0560 20011 68136 199741 795006 235502 
0.8000 0.4050 32519 0.8000 0.1109 21396 1.0000 0.0560 19923 73837 199741 789596 230311 
0.9000 0.4556 35676 0.9000 0.1247 23807 1.0000 0.0560 19836 79319 199741 784419 225353 
1.0000 0.5062 36676 1.0000 0.1366 26167 1.0000 0.0560 19753 84595 199741 779462 220614 
1.1000 0.5568 41529 1.1000 0.1525 28478 1.0000 0.0560 19671 89678 199741 774709 216079 
1.2000 0.6074 44244 1.2000 o. 1663 30742 1.0000 0.0560 19591 94578 199741 770150 211737 

- - Tonnes - - Tonnes . Tonnes Tomes Tonnes Tonnes Tonnes Tonnes 

Not es: Run name : MANPAK03 
Date and time : 100CT98: 16:34 
Computation of ref. F: H Cons: Simple mean, age 2 6 

Dis: Simple mean, age 2 6 
IBC: Simple mean, age O 4 

Basis for 1998 : F factors 
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Tahle 5.1. 7.3 

The SAS System 
~hiting in the North Sea (Fishing Areas IV and Vlld) 

Year 1998. H Cons 
Dis 
lB C 

H Cons 

Absolute Catch in 
Age F nLJTibers 

o 0.0010 8551 
1 0.0110 12407 
2 0.0680 10796 
3 0.2630 32648 
4 0.5010 41961 
5 0.7640 25492 
6 0.9350 10047 
7 0.8070 997 
8+ 0.8390 518 

Total 143416 

Unit - Thousands 

Year 1999. H Cons 
Dis 
18C 

H Cons 

Absolute Catch in 
Age F nunbers 

o 0.0010 8551 
1 0.0110 11275 
2 0.0680 30252 
3 0.2630 19054 
4 0.5010 25477 
5 0.7640 23009 
6 0.9350 9351 
7 0.8070 2570 
8+ 0.8390 542 

Total 130081 

unit . Thousands 

Catch in 
weight 

1231 
2171 
2548 
9337 

14393 
9891 
4189 
422 
220 

44402 

TOfYies 

Catch in 
weight 

1231 
1973 
7139 
5449 
8739 
8928 
3899 
1087 
230 

38676 

Tonnes 

Multi fleet prediction: Detailed tables 

F-factor 1.0000 and reference F 0.5062 
F-factor 1.0000 and reference f 0.1386 
F-factor 1.0000 and reference F 0.0560 

Dis 

Absolute Catch in Catch in Absolute 
F numbers weight F 

0.0120 102610 3181 o. 1290 
0.0480 54138 5793 0.0660 
0.1610 25562 4218 0.0560 
0.2190 27186 5573 0.0170 
0.1380 11558 2635 0.0120 
o. 1060 3537 898 0.0040 
0.0690 741 190 0.0720 
0.0460 57 24 0.0000 
0.0140 9 2 0.0000 

225397 22513 

Thousands Tonnes -

F·factor 
f·factor 
F-factor 

1.0000 and reference 
1.0000 and reference F 
1.0000 and reference F 

Dis 

Absolute Catch in Catch in Absolute 
F nUfTi:>ers weight F 

0.0120 102610 3181 0.1290 
0.0480 49198 5264 0.0660 
o. 1610 71626 11818 0.0560 
0.2190 15866 3253 0.0170 
o. 1380 7018 1600 0.0120 
0.1060 3192 811 0.0040 
0.0690 690 177 0.0720 
0.0460 147 61 0.0000 
0.0140 9 2 0.0000 

250356 26167 

- Thousands Tonnes . 

IBC 

Catch in 
numers 

1103052 
74440 

8891 
2110 
1005 

133 
774 

o 
o 

1190406 

Thousands 

0.5062 
0.1386 
0.0560 

18C 

Catch in 
nutDers 

1103054 
67647 
24913 
1232 
610 
120 
720 

o 
o 

1198297 

Thousands 

Total 

Catch in Catch in Catch in 
weight numers weight 

11031 1214213 15443 
4392 140985 12356 
1325 45249 8090 
566 61943 15476 . 
316 54525 17344 

53 29162 10842 
483 11562 4862 

o 1054 445 
o 527 222 

18164 1559219 85080 

Tonnes Thousands Tonnes 
-

Total 

Catch in Catch in Catch in 
weight mmbers weight 

11031 1214214 15443 
3991 128120 11228 
3712 126792 22670 
330 36152 9032 
192 33105 10530 
48 26322 9786 

449 10761 4525 
o 2717 1149 
o 552 232 

19753 1578734 84595 

Tonnes Thousands Tonnes 
L___ 

15:52 Saturday, October 10, 1998 

1 January Spawning time 

Stock Stock. Sp.stock Sp.stock. Sp.stock Sp.stock 
size biomass size biomass size biomass 

24691469 419755 o o o o 
1840701 161982 202477 17818 202477 17818 
224198 39683 206262 36508 206262 36508 
184199 46050 184199 46050 184199 46050 
129800 41276 129800 41276 129800 41276 
55559 20668 55559 20668 55559 20668 
19399 8671 19399 8671 19399 8671 
1998 831 1998 831 1998 831 
999 423 999 423 999 423 

27148322 739339 800693 172246 800693 172246 
' 

Thousands Tonnes Thousands Tomes Thousands Tonnes 1 

1 January Spawning time 

Stock stock Sp.stocl<. Sp.stock Sp.stock Sp.stock 
size biomass size biomass size bi omass 

24691500 419756 o o o o 
1672731 147200 184000 16192 184000 16192 
628227 111196 577969 102301 577969 102301 
107504 26876 107504 26876 107504 26876 
78808 25061 78808 25061 78808 25061 
50149 18655 50149 18655 50149 18655 
18055 8071 18055 8071 18055 8071 
5151 2143 5151 2143 5151 2143 
1046 442 1046 442 1046 442 

27253172 759400 1022683 199741 1022683 1997411 

Thousands Tonnes Thousands Tonnes Thousands Tonnes 
~-
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Ta ble 5.1. 7.3 (Cont'd) 
The SAS System 

Year 2000. H Cons 
Dis 
IBC 

F-factor 1.0000 and reference F 0.5062 
F-factor 1.0000 and reference F 0.1386 
F-factor 1.0000 and reference F 0.0560 

H Cons Dis IBC 

Absolute Catch in Catch in Absolute Catch in Catch in Absolute catch in 
Age F nllllbers weight F n~rs wei ght F nurbers 

o 0.0010 8551 1231 0.0120 102610 3181 0.1290 1103054 
1 0.0110 11275 1973 0.0480 49198 5264 0.0660 67647 
2 0.0680 27491 6488 0.1610 65090 10740 0.0560 22640 
3 0.2630 53392 15270 0.2190 44459 9114 0.0170 3451 
4 0.5010 14869 5100 0.1380 4096 934 0.0120 356 
5 0.7640 13970 5420 o. 1060 1938 492 0.0040 73 
6 0.9350 8440 3520 0.0690 623 159 0.0720 650 
7 0.8070 2392 1012 0.0460 136 57 0.0000 o 
8+ 0.8390 1122 476 0.0140 19 4 0.0000 o 

Total 141502 40490 268169 29946 1197872 

Unit . Thousands ToMes . Thousands Tonnes . Thousands 

Notes: Run name : SPRPAK01 
Date and time : 100CT98:16:19 
COOfllltation of ref. F: H Cons: Sl~le mean, age 2 6 

Dis: Simple mean, age 2 6 
IBC: Si~le mean, age O 4 

Prediction basis : F factors 

Catch in 
weight 

11031 
3991 
3373 
925 
112 

29 
406 

o 
o 

19866 

Tonnes 

15:52 Saturday, October 10, 1998 

Total 1 January Spawning time 

catch in Catch in Stock Stock Sp.stock Sp. stock Sp.stock. Sp.stock 
nl.llbers weight size biomass size biomass size biomass 

1214214 15443 24691500 419756 o o o o 
128120 11228 1672733 147201 184001 16192 184001 16192 
115221 20601 570899 101049 525227 92965 525227 92965 
101302 25309 301238 75310 301238 75310 301238 75310 

19321 6146 45995 14626 45995 14626 45995 14626 
15982 5942 30448 11327 30448 11327 30448 11327 
9713 4085 16297 7285 16297 7285 16297 7285 
2529 1069 4794 1994 4794 1994 4794 1994 
1140 480 2162 915 2162 915 2162 915 

1607543 90302 27336068 779462 1110163 220614 1110163 220614 

Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes 
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Table 5.1.7.4 

Year-dass 

Stock No_ !thousandsl 
of O year-olds 
Source 

Status Quo F: 
%in 1998 landings 
%In 1999 

%in 1998 SSB 
%in 1999 SSB 
%in 2000 SSB 

Whiting in IV and Vlld 
Stock numbers of recruits and their source for recent year classes used inpredictians, and the 

relative (%) contributions to human consumption landings and SSB [by weight) of these year classes 

1994 1995 1996 1997 1998 1999 

22667000 19457000 8786000 24691000 24691000 24691000 

XSA XSA XSA GM GM GM 

32.4 21.0 5.7 4.9 2.8 
23.1 22.6 14.1 18.5 5.1 3.2 

24.0 26.7 21.2 10.3 0.0 
9.3 12.5 13.5 51.2 8.1 0.0 
3.3 5.1 6.6 34.1 42.1 7.3 

GM : geometric mean recruitment 

Whiting in IV and Vlld : Year-class % contribution to 

a l 1999 landings 
----- ---- -------

~------

bl 2000 SSB 
1~4 - 1u9~9<5-----------

1998 

1997 

1996 

T-5174.XLS 

-- ------ --------- _______ _j 



Table5.1.7.5 Whiting,North Sea and Vlld 
Input data for catch forecast and linear sensitivity analysis. 

+-------------------++---------------++---------------++---------------+ 
IPopulationa in 19981 IStock weighta l l Nat.Mortalityl l Prop.maturel 
+----+---------+----++----+-----+----++----+-----+----++----+-----+----+ 

!Labll Valuel CV! ILabliValuel CV! ILabliValue! CV! !LabliValuel CV! 
+----+---------+----++----+-----+----++----+-----+----++----+-----+----+ 

!NO 246914691 .1211wso .02 .44IIMo 2.551 .o•I!MTo .ool .lO l 
INl 134070tll.Slllwst .09 .Dl!IMl . 951 .1l!!MT1 .lll .lO l 
IN2 2241981 .15!IWS2 .18 . 04!IM2 .451 .26IIMT2 • 92! .lO! 
!N3 1841991 .09!IWS3 .25 . 03!!M3 . 351 .14IIMT3 l. 00 l .lO! 
IN4 1298001 .07!!WS4 .32 . o•IIM4 . 30 l .14IIMT4 l. 00 l .oo! 
!NS 555991 .o7!IWS5 .37 . OB!!MS . 25! .14IIMTs l. 00 l .oo! 
ING 193991 .o7!IWS6 .4S . o7!!M6 . 251 .14IIMT6 l. 00 l .oo! 
IN7 19981 .1o11ws7 .42 . 07!!M7 . 20 l .14I!MT7 l. 00 l .oo! 
!NB 9991 .D!IWSa .42 . 02!1Ma . 20 l .14I!MTB l. 00 l .oo! 
+----+---------+----++----+-----+----++----+-----+----++----+-----+----+ 

+---------------++---------------++---------------++---------------+ 

l HC select.ivityll HC. cat.ch wt l l Dis selectivityl IDiscrd catch wtl 
+----+-----·----++----+-----+----++----+-----+----++----+-----+----+ 
ILahliValuei CVIILabliValuei CV l l Lab l l Va lue l CV l l Lab l l Value l CV! 
+----+-----+----++----+-----+----++----+-----·----++----+-----+----+ 

sHO .0011.281 WHO .14 .o4llsoo .Ol!l.30!!WDO . 03 .021 
sHl .Dl! .30 l WHl .18 .o2llsD1 .OS! .23!!WD1 .ll .15! 
sH2 .07! .33! WH2 .24 .07IIsD2 .16! .1S!!WD2 .16 .09! 
sH3 .26! .16! WH3 .29 .osl!sD3 .221 .o7IIWD3 .20 .041 
sH4 .sol .121 WH4 .34 . 0611 sD4 .141 .02!IWD4 .23 .021 
sHS .76! .lO! WH5 .39 .osllsD5 .ll! .n!lwns .25 .lO l 
sH6 . 93! .OS! WH6 .42 . 0411 sD6 . 07! .6a!IWD• .26 .04! 
sH7 .Bli . 28! WH7 .42 .oallsD7 .DS!l.2B!IWD7 .42 .411 
sHS .84! .20! WHB .42 .Ol!!sDS .Oli1.23IIWDB .21 .as l 

+----+-----+----++----+-----+----++----+-----+----++----+-----+----+ 
+---------------++---------------+ 

lInd selectivityll Industrial wtl 
+----+-----+----++----+-----+----+ 
ILabliValuel CV li Lab l l Value l CV! 
+----+-----+----++----+-----+----+ 

lsiO .131 .79llwro .011 .46 
l sil .071 .-nllwn . 06 l .18 
lsi2 .061 .77IIWI2 .lSI .06 

l si3 .02! .40!!WI3 .271 .14 
lai4 .011 .S9!!WI4 .31! .28 
l siS . 00 l .96!!WIS .40 .25 
lsi6 . 07! .92I!WI6 .62 .89! 
lsi7 .ool .o o I!WI7 .00 . 00 l 
l siS .OO! .OO!!WIB .00 .OO! 
+----+- ---+----++----+-----+----+ 
+---------------++---------------++---------------+ 
!Year effect M IIHC relative effiiind reltive effl 
+----+-----+----++----+-----+----++----+-----+----+ 
ILabliValuel CVI ILabliValuel cvl ILabliValuel CVI 
+----+-----·----++----+-----·----++----+-----+----+ 
IK98 1 1.oo! .23!!HF9BI 1.oo1 .17I!IF9BI 1.oo1 .sol 
!K99 l 1.001 .23!IHF99! l.OO! .17!!IF99! l.OO! .ao! 
IK .. l 1.oo! .23!!HF .. I 1.oo! .17IIIF .. I 1.00! .sol 
+----+-----+----++----+-----+----++----+-----+----+ 
+--- --------------- -+ 

IRecruitment 
+----+---------+----+ 

!Labll Valuel CVI 
+----+---------+----+ 

IR99 l 24691500! .121 
lR** l 246915001 .121 
+----+---------+----+ 

Proportion F befare epawning= .oo 
Proportion M befare spawning: .00 
Stock numbers in 1998 are VPA survivors. 

Human consumption + discard Fs are obtained from mean exploitation pattern over 1995 to 1997. 
This is scaled to give a value for mean F (ages 2 to 6) equal to that in 1997, i.e. .515 
Fs are distributed between consumption and discards by mean proportion retained over 1995 to 1997. 
N.B. Above value for H cons+Disc ref Fis value for both catch categories combined. 

Bycatch Fs are obtained from mean exploitation pattern over 1995 to 1997. 
This is scaled to give a value for mean F (ages o to 4) equal to that in 1997, i.e. .037 
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Tab le 5.1.10. l 

The SAS System 
Whiting in the North Sea (fishing Areas IV and Vlld) 

Multi fleet yield per recruit: Summary table 

H Cons Dis !BC Total 

F Reference Catch in F Reference Catch in F Reference Catch in Catch in Stod:: 
Factor F weight Factor F weight Factor F weight weight size 

0.0000 0.0000 o 0.0000 0.0000 o 1.0000 0.0560 1 1 1156 
0.1000 0.0506 1 0.1000 O.OB9 o 1.0000 0.0560 1 2 1141 
0.2000 o. 1012 1 0.2000 0.0277 o 1.0000 0.0560 1 3 1133 
0.3000 0.1519 2 0.3000 0.0416 1 1.0000 0.0560 1 3 1127 
0.4000 0.2025 2 0.4000 0.0554 1 1.0000 0.0560 1 3 1123 
0.5000 0.2531 2 o. 5000 0.0693 1 1.0000 0.0560 1 4 1119 
0.6000 0.3037 2 0.6000 0.0832 1 1.0000 0.0560 1 4 1117 
O. 7000 0.3543 2 0.7000 0.0970 1 1.0000 0.0560 1 4 1115 
0.8000 0.4050 2 0.8000 o. 1109 1 1.0000 0.0560 1 4 1113 
0.9000 0.4556 2 0.9000 0.1247 1 1.0000 0.0560 1 4 1111 
1.0000 0.5062 2 1.0000 0.1386 1 1.0000 0.0560 1 4 1109 
1.1000 0.5568 2 1. 1000 0.1525 1 1.0000 0.0560 1 4 1108 
1.2000 0.6074 2 1.2000 0.1663 1 1.0000 0.0560 1 4 1107 
1.3000 0.6581 2 1.3000 0.1802 1 1.0000 0.0560 1 4 1106 
1.4000 0.7087 2 1.4000 0.1940 2 1.0000 0.0560 1 4 1104 
1.5000 o. 7593 2 1.5000 0.2079 2 1.0000 0.0560 1 4 1103 
1.6000 0.8099 2 1.6000 0.2218 2 1.0000 0.0560 1 4 1103 
1. 7000 0.8605 2 1. 7000 0.2356 2 1.0000 0.0560 1 4 1102 
1.8000 0.9112 2 1.8000 0.2495 2 1.0000 0.0560 1 4 1101 
1.9000 0.9618 2 1.9000 0.2633 2 1.0000 0.0560 1 4 1100 
2.0000 1.0124 2 2.0000 0.2772 2 1.0000 0.0560 1 5 1099 

. . Tonnes . . Tonnes . . Tonnes Tonnes Thousands 

Notes: Run name : YLOPAK02 
Date and time : 100CT98:16:41 
Computation of ref. F: H Cons: Simple mean, age 2 6 

Dis: Simple mean, age 2 6 
IBC: Simple mean, age O 4 

Recruitment : 1000000 (Number} 

1S:52 Saturday, October 10, 1998 

1 January Spawning time 

Stod: Sp. stock Sp.stock Sp.stock Sp.stock 
biomass size biomass size biomass 

50 93 27 93 27 
44 78 21 78 21 
41 70 18 70 18 
38 64 16 64 16 
37 60 14 60 14 
36 57 13 57 13 
35 54 12 54 12 
34 52 11 52 11 
33 50 11 50 11 
33 49 10 49 10 
32 47 10 47 10 
32 46 9 46 9 
32 45 9 45 9 
31 44 9 44 9 
31 43 8 43 8 
31 42 8 42 8 
30 41 8 41 8 
30 40 8 40 8 
30 39 7 39 7 
30 39 7 39 7 
30 38 7 38 7 

larmes Tl'lousands Tonnes Thousands Tonnes 



Table5.Ll2.1 Whiting InN and Vlld Reference points ASSUMING TIIE TRUNCATED STOCK 
AND RECRUIT DATA SERIES. 

Biomass 

WGNSSK 
B,= 
B1im 

BPA 

MBAL 

SGPAFM 

Fi•hing Mortality 

Fo_l 
Floss·e(.l 64~ 11 ) 

F35~1'R 

F""" 
F,= 

200,0001 
200,0001 
280,0001 

notdefined 

240,000t 
240,0001 
350,0001 

not defined 

estimate 

0.33 
OA2 
0.55 
0.56 
0.58 

F runge from the 1977 to date series: 
F runge from the full historie time series: 

SSB runge from the 1977 to date series: 
SSB mnge from the full historie time series: 

prob SSB<B., in 2007 

=0.15 
<0.50 
>0.50 
>0.50 
>0.50 

0.57. 1.16 
0.53. 1.56 

197kt. 599kt 
197kt. 63lkt 

% above historical 
Hwnan eonsumption F 
100% 
100% 
95o/o 
95% 
95% 

Ricker stock and recruitment plot was fined to the trnncated dala series using RECRUIT.EXE 
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Table 5.2.1.1 Nominallandings (in tonnes) of WHITING from Division llla as supplied hy 
the Study Group on Division llla Demersal Stocks (Anon .. 1992b) and updated 
by the Working Group. 

Year Demnark Norway Sweden Others Total 

1975 19,018 57 611 4 19,690 

1976 17,870 48 1,002 48 18,968 

1977 18,116 46 975 41 19,178 

1978 48,102 58 899 32 49,091 

1979 16,971 63 1,033 16 18,083 

1980 21,070 65 1,516 3 22,654 

Total Total Total 
consumption industrial 

1981 1,027 23,915 24,942 70 1,054 7 26,073 

1982 1,183 39,758 40,941 40 670 13 41,664 

1983 l ,311 23,505 24,816 48 1,061 8 25,933 

1984 1,036 12,102 13.138 51 l, 168 60 14,417 

1985 557 11,967 12,524 45 654 2 13.225 

1986 484 Il, 979 12,463 64 477 13,005 

1987 443 15,880 16.323 29 262 43 16,657 

1988 391 10,872 11.263 42 435 24 l l, 764 

1989 917 11,662 12,579 29 675 13,283 

1990 l ,016 17,829 18,845 49 456 73 19,423 

1991 871 12,463 13,344 56 527 97 14,041 

1992 555 10,675 Il ,230 66 959 12,256 

1993 261 3,581 3,565 42 756 l 4,641 

1994 174 5,391 5,391 21 440 6,027 

1995 85 9,029 9,114 24 431 9,570 

1996 55 2,668 2,723 21 182 2,926 

1997 38 568 606 18 129 753 

1Preliminary. 
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Figure 5.1.4.1 Whiting in Divisions IV and Vlld Residuals from a separable VPA frt 
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Figure 5.1.4.2 Whiting in Divisions IV and Vlld 
Effect of Og p model on index vs XSA relationship at age O 

IBTS Ql vs XSA 
Ogp lnQ proportional to N 
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Figure 5.1.4.3 Whiting in Divisions IV and Vlld. XSA log catchability residuals. 
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Figure 5.1.4.3 (Cont'd) 
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Figure 5.1.4.4a 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
ScoSei 
Year range : 1988-1997 
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Figure 5.1.4.4 b 
Whiting in IV and Vlld 
log VPA vs. log lndex 
Scoltr 
Year range 1988-1997 
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Figure 5.1.4.4 c 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
FraTro IV 
Year range 1988-1997 
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Figure 5.1.4.4.d 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
FraTrb IV 
Year range: 1988-1997 
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Figure 5.1.4.4.e 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
ScoGFS 
Year range : 1988-1997 
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Fig u re 5.1.4.4 f 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
EngGFS 
Year range: 1988-1997 
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Figure 5.1.4.4 g 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
IBTSQI 
Year range 1988-1997 
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Figure 5.1.4.4 h 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
IBTS Qll 
Year range: 1988-1997 
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Figure 5.1.4.4. i 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
IBTSQIV 
Year range: 1988-1997 
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Figure 5.1.4.4 j 
Whiting in IV and Vlld 
Log VPA vs. log lndex 
FraGFS Vlld 
Year range : 1988-1997 
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Figure 5.1.4.5 Whiting in Divisions IV and Vlld 
Tun ing fleet sea led weights at age,_ _____ -----------, 
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Figure 5.1.4.7 Whiting in IV and Vlld. Retospective analysis ("moving window") 
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Figure 5.1.4.8 Whiting in IV and Vlld. Retospective analysis ("diminishing series") 
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Figure 5.1.5.1a Whiting in Divisions IV and Vlld 
___________ ._P .. a,.irw=is.,e'--"co00m="larisons of indices and XSA numbers for age 
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Figure 5.1.5.1 b Whiting in Divisions IV and Vlld 
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Figure 5.1.5.1 c Whiting in Divisions IV and Vlld 
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Whiting in Divisions IV and Vlld 
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Figure 5.1.6.1 Whiting in Divisions IV and Vlld. 

Stock summary, Whiting ,North Sea and V 

Yield Mean F 
400 

1. 6 

l 50 
+ TOTAL 1 . 4 + TOTAL 

JOO 
1. 2 

250 

200 

150 

100 

50 

t . \ t~ 
' l'ltl V " \ Pa ·~. 1 x"x xx \ ~~xtA~ K~l~x~x~~~~s .. 
Xxxlf" A/X ~-li~~iB""' s-:'\1 0~...:;;, ' ' ' 

1960 1965 1970 1965 1990 1975 1960 

X H_CONS 

0 DISC 

1995 

X H_CONS 

.6 

. 6 XX 
x x 
b_ .J..&...!.... liT ~D 

olu-•~'" .~~D~~~~fl.it.61 
1960 

. 4 

. 2 

1965 1970 1975 1980 1965 1990 1995 

Recruits, age O, (mi li ions) Stack Biomoss 

120000 1400 X 
110000 

100000 1200 X. 
~ .· xx 

90000 

60000 

70000· 

60000 

50000 

40000 

JOOOO 

:: 1000 x X c X ·. . g 

•• X 
~ 800 •. X X X ·~ x 
~ X := X X 

600 

t SSB 

X 

400 

x X l X TSB · .. · xx 
X ·x·x·x·X. 

X. 

20000. 
10000 

o 
1960 1965 1970 

l~n 
1975 1960 1965 1990 1995 

200 

0+---------------------~----~--~ 
1960 1965 1970 1975 1960 1965 1990 1995 



Fib'llre 5. l. 7. l 

N 
~ Figure Whiting.North Sea and VIId. Sensitivity analysis of short term forecast. 
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Whiting,North Sea and Vlld. Probability profiles for short term forecast. 
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Figure 5.1.9.1 

North Sea and V Whiting: Stock and Recruitment 
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Figure 5.1.9.2 
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North Sea and V Whi ting: Yield per Recrui t 
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Whiting IV and Vlld (Fpa is SGPAFM value not WGNSSK) 
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