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1 INTRODUCTION
1.1 Participants

The Working Group met in Copenhagen from 5-14 Qctober 1998 with the following participants:

Frans van Beek (chairman) Netherlands
Odd Aksel Bergstad Norway
Loes Bolle Netherlands
John Casey England

Uli Damm Germany
Laurence Kell England
Phil Kunzlik Scotland
Peter Lewy Denmark
Paul Marchal Denmark
Capucine Mellon France
Richard Millner England
Rasmus Nielsen Denmark
Martin Pastoors Netherlands
Stuart Reeves Scotland
Anna Rindorf Denmark
Odd M. Smedstad Norway
Alain Tétard France
Willy Vanhee Belgium
Wolfgang Weber Germany

The Working Group overlapped with the Working 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 Working Group, lack of sufficiently fast stand-alone printing facilities and finding places
in the building for having sub-group meetings. The Working 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 Working Groups in the
future.

1.2 Terms of reference

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

a) assess the status of and provide catch options for 1999 for the stocks of cod, haddock, whiting, saithe, sole and plaice
in Sub-area IV, Division I1la {excluding sole in Division I1Ta and cod in the Kattegat) and Division VIId (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 information available to the WGECO;

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

e) consider the harvest control rules proposed by the SGPAFM, taking 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
the format proposed by the 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 Terms of Reference except with €) (there are no control rules proposed by SGPAFM)
and g} (data for multispecies assessments will be provided to after the 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 1,

1.3 Data
1.3.1 Data sources roundfish and flatfish

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

total landings 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

fleet data: effort data from logbooks and CPUE data from associated fleet landings
survey data: catch per unit effort by age

data on natural mortality from the MSVPA

1.3.1.1 Data on landings, age compositions, weight at age, maturity-ogive

The Working Group estimates of total landings do for most stocks deviale 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 differences introduced by conversion factors are in most
cases minor. For all stocks except cod, haddock, saithe and whiting, SOP uncorrected estimates have been used in the
assessments. The reason the SOP comrected 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 concern. The unallocated landings do in some cases also
include corrections for mis- or unreported landings. Such corrections may be based on direct information such as
estimation from alternative sources or softer information. However, there are also situations that signals of mis- or
unreported landings exist but could not be verified or guantified. This contributes to the uncertainty in the assessments
and catch forecasts.

Historical time series of age compositions, weight and length at age by fleet 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 kept in Aberdeen. North Sea plaice and sole are kept in IJmuiden, VIId sole in Lowestoft, V1id
plaice in Port-en-Bessin and sandeel and Norway pout in Denmark. No major revisions 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 mvesﬂgate trends but
the variability in relation of partly versus fully recruited age classes may generate bias. ‘

Maturity ogives are generally based on historical biological information and kept 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



estimates for the stock are not available. The assumption of constant maturity-ogives may introduce bias in the trends in
SSB developments, especially when exceptional large or small year classes 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.

Total annual international discard estimates by age group were derived by extrapolation from Scottish data. The
inclusion of discard caiches is considered to give 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 avatlable 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

Natural mortality for plaice and sole in all areas has been taken as (.1 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 1986a).

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 these 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 natural mornalities 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 MWGY7 Old MWG97
0 [2.70] 221 2.05 2.19 2.55 2.08
1 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 .34
4 0.20 0.19 025 0.27 0.30 0.38
5 0.20 0.18 0.20 0.28 0.25 041

As the MSWG note, “the values of total natural mertality from the keyrun are surprisingly close to those used by the
single species assessment Working Groups.”

1.3.14 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 sertes for most
stocks.

For one survey series, the Scottish groundfish survey, there was a change in survey practice this year due to the
replacement of the previous research vessel, 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 vessel/gear/haul length combinations, but
these 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.



13.2 Data sources Norway pout and sandeel

The data sources for Norway pout 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. This 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 originate 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:

EQ2 - mainly sandeel
D13 - mainly blue whiting, no sandeel. Catches taken west of 0 © excluded
D12 - mainly Norway pout, no sandeel. Catches taken west of 0 © excluded

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 how
estimated directly based on samples of vessel trips. Since 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 databases containing sales slip information, logbook data, species
compositions from inspectors and biclogical 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: Oostende
and Zeebrugge. Only cod, haddock and whiting are sampled from the North Sea; sole and plaice is sampled from both
North Sca 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 determination. The aim is to sample each species and area at least three times per quarter.

The samples of the market catepories 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 summed to annual landings in numbers at age.

Penmark

The North Sea sampling scheme is a combination of harbour- and at-sea-sampling.



The landing part of the catch is sampled by harbour sampling. Ali major fishing harbours on the west coast are included
and all relevant information is recorded by commercial size category. 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 reflect the
fishery.

All data are recorded in a central database of DIFRES.
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 weekly landings at the port. The totals for each port are then summed to give a weekly length compoesition of the
landings which are the basis for monthly values. These are finally summed to give 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 weekly 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 landings at age are then summed to give annual landings in
number at age.

France

Flatfish: The size composition of the landings are sampled at various fish markets. Until 1996 in sub-division VIId there
were 7 markets between Boulogne and Cherbourg (these ports included) but one (Honfleur) 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 probiems for the sampling
scheme in 1997 derived 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. Some additional information is
applied from surveys. Coastal surveys on nurseries, however, as the French young fish survey (FYES) 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-divisions VIId 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 VIId and IVc and for IVa and TVb. These ALKs are amended with data from
other countries if necessary. For haddock and saithe there are no French ALKSs, 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.




Germany

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 least three samples each of the following stock
categories:

Cod in IVa - Cod in IVb+c - Saithe in IVa.

The length measurements cover representative numbers per market category. They are amended by data from sea
sampling. In these cases the length distribution normally is collected before the catch is assorted to markel categories.
Up to 10 otoliths per cm-group are taken. 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 resulting 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- d1v151on IVb+c partly were converted by applying
the results of Danish market sampling in Esbjerg.

The Netherlands

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 fleet and the resulls are raised to total national landings.
There are three levels of stratification: by harbour, quarter and market size category.

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

Plaice landings are marketed in 4 and sole in 5 size categories. Samples consist of 15 (plaice) or 10 (sole) fish in each
size category bought from the vessel selected. In addition, the total landings of the vessel, the amount landed in each size
category, gear, fishing position, vessel name and vessel characteristics are recorded. No separate length samples are
taken.

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 IJmuiden (all quarters) and Den Oever (first and fourth
quarters). Cod is sorted in 6 market categories. Otolith samples and length measurements are taken in the auction. An
age sample from an individual vessel consists of approximately 50 otoliths (1 per fish) and each length sample consists
of at least 50 fish. Age is determined from broken otoliths

Whiting are usuallj sold unsorted. Length measurements are collected in the auction, The otolith samples are bought and
processed in the laboratory. Each sample consists of 50 fish and both otoliths are collected. Age reading is cartied 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 4 th guarter compared to 2 nd and 3rd quarter, because of extra
sampling in Den Oever. Based on the samples, the guarterly length composition per market category is calculated. Age-
length keys are also prepared for each quarter. Usually also samples collected during surveys are included in the keys.

The quarterly/monthty 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). Spatial
stratification is assumed in the sampling scheme but not taken into account in the calculation of the ALK’s. Quarterly



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 sampled for saithe. Length data are mainly obtained at the fishing harbour by local
people. Some samples are taken by the coast guard at sea. Age data are mainly obtained by an observer that follow at
least one fishing trip each quarter. In addition some age samples are obtained at the fishing harbour, some by research
vessels and a few by the coast guard.

Length and age samples from the inshore purse seine fishery are taken 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.

14 Methods and software
14.1 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 sandee! 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 of trends 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 deciston 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 residuails 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 therefore only been repeated for some of the
stocks. Details of such analysis are included for those stocks for which the settings were changed 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 docs in itself create some inconsistencies in the approaches used. The survey indices may
end up being used twice for recruitment estimation - once in the survivors analysis (and thus in the VPA recruitiment)
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 turned off and has in some cases been seen to have strong
influence 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 flatfish

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-pattern over the last 3 years. The value chosen as status guo F for each stock was
considered in the light of recent variations or trends in the estimates of F, 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 terminal 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
terrmnal 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 of F 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 guo F than a scaled one

Sensitivity analysis, and medium term projections made at the current Working Group meeting used the same sofiware
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 TNSENS’ 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 varation
(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
WGFRANA.

The output from the sensitivity analysis refers to various input parameters by abbreviations:
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 0 in 1998
MO Natural mortality, age 0

N1 Numbers at age 1 in 1998
Ml Natural mortality, age 1

N2 Numbers at age 2 in 1998
M2 Natural mortality, age 2

etc.

WS0  Weight in stock at age 0
MTO  Proportion mature, age 0
WS1  Weight in stock at age 1
MT1  Proportion mature, age 1
W82  Weight in stock at age 2
MT2  Proportion mature, age 2

etc.

sHO Selectivity, HC, age 0

WHO  Weight in HC catch, age 0
sH1 Selectivity, HC, age 1

WHO  Weight in HC catch, age 1
sH2 Selectivity, HC, age 2

WHO  Weight in HC catch, age 2
elc. ‘

sDO Selectivity, Disc, age D

WDO  Weight in Discards, age 0
sD1 Selectivity, Disc, age 1

WDO  Weight in Discards, age 1
sD2 Selectivity, Disc, age 2

WDO  Weight in Discards, age 2
ete.

sI0 Selectivity, Ind BC, age O
WIO Weight in Ind Bycatch, age 0
sl Selectivity, Ind BC, age 1
WID Weight in Ind Bycatch, age 1
sI2 Selectivity, Ind BC, age 2
WwIO Weight in Ind Bycatch, age 2
efc.

K97 Year effect on natural mertality, 1997
K98 Year effect on natural mortality, 1998
K99 Year effect on natural mortality, 1999



HF97  Year effect on HC/discard fishing mortality, 1997
HF98  Year effect on HC/discard fishing mortality, 1998
HF99  Year effect on HC/discard fishing mortality, 1999
IF97  Year effect on Ind. bycatch fishing mortality, 1997
IF98  Year effect on Ind. bycatch fishing mortality, 1998
IF99  Year effect on Ind. bycatch fishing mortality, 1999
R93 Recruitment in 1998

RO8 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 too
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 caich 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 predictions and medium term projections, Norway pout and sandeel

A model for projections for these stocks is presently under development. Given the large variability of basic biologic
parameters (for instance growth and natural 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.

1.5 Stocks and assessments

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 reflects changes compared to the previous
assessment,

1.6 Biological reference points

Well established biological reference points (Fres. Fhign, Fo.u. Frax 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:10) and where appropriate suggested alternatives with reasons.

SGPAFM defined limit- and precautionary reference points for fishing mortality and SSB (Fyn, Fr, Bum and B}
ACFM states that future management advice by ICES will be constrained by Fp, and By, the precautionary thresholds
which imply a reasonably high probability of remaining below a limit fishing mortality and above a limit spawning stock
biomass.

Fpa and By, 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 derived using the following equation:

Bpa = Bym-exp.1.645 ¢

where © 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 of F,,, was derived giving a low probability (0.1 suggested by SGPAFM) thai 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).




Stock recruitment 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
these 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 that the recruitment of species like
plaice and sole is mainly restricted by the size of the nursery areas available to the stock and that therefore assuming a
flat curve would be appropriate.

The proposed value of Fy, by the Working Group is based on the argument that it would give a low probability that SSB
would decrease below (By,) in the medium term. For all stocks, the proposed F, is compared to a number of established
reference points (Flow, Fye. Fhigh, Fy, etc.) and a range of F-values ubserved within the historical period of
exploitation.

Ii is evident that the F;, and B, 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 explo:tatlon 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” programmes:
INSENS, WGTERMA, RECRUIT, GLOSSC and REFPOINT were used. A new version of WGTERMA was compiled
which included the Butterworth and Bergh stock recruit relationship.

L7 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 stocks covered by this Working Group
B | ; B "

Data ~  ICod Haddock  |Whiting :Saithe Sole Sole ___"P]gice Plaice Plaice N.Pout Sandeel

IV, Vild, lla 11V, Illa IV, viid IV, lila vV Vild Y Viid Ila IV, lHla IV
Catch weight  |BE-DK-EN- |BE-DK-EN- |BE-EN-FR- DK-EN-FR- |BE-DK-EN- |BE-EN-FR |BE-DK-EN- |BE-EN-FR [DK-SW DK-FA-NO |DK-FA-NO-
(main exploiters)| FR-GE-NL- |[FR-GE-NL- [NL-SC ~ 'GE-NO-SC-'FR-GE-NL- | ~ [FR-GE-NL- SC

NO-SC-SW [NO-SC-sW| ~ 'SW Tsw |NO-sC

| i
. - [ + -
Discard weight |(SC) sC SC ,,,[@C), |
R , R

Catch length  |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 DK-NO

FR-GE-NL- |[FR-SC  |FR-NL-SC .GE-NO-SC |FR-NL FR-NL B

SC s B
Discard length  |(SC) sC s¢ (s N _ |
Calch 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 IDK-NQ ~_ |DK-NO

__|FRGE-NL- [FR-SC  |FR-NL-SC |GE-NO-SC [FR-NL FR-NL j o

SC ?
Discard ALK |(SC) ~ |sC  |SC  [(sC)
Catch wt-at-age |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  [DK-NO

e _JFR-GE-NL- FR-8C _ |FR-NL-SC GE-NO-SC FR-NL i ~ FR-NL
s R j " i ,
Efforl __|EN-FR-GE- [FR-SC _ |EN-FR-C§ |EN-FR-GE- |[EN-NL BE-EN-FR |EN-NL IBE-EN-FR |DK DK-NO DK-NO
N _|sC 1 o NO-SC _ o x .
CPUE |EN-FR-GE- [FR-SC  |[EN-FR-CS |EN-FR-GE- |EN-NL BE-EN-FR |EN-NL 'BE-EN-FR_:DK DK-NO DK-NO
_____ B sC |NO-sC , ; -
' ‘ .

Survey index _ |DK-FR-GE- |DK-FR-GE- DK-FR-GE- |DK-FR-GE- |BE-GE-NL- |[EN-FR _ |BE-GE-NL- [EN-FR____ SW | DK-FR-GE-
| INL-NO-SC- |NL-NO-SC- NL-NO-SC- |NL-NO-SC- |EN ——__ |EN ! NL-NO-SC-

SW SW SW sSW SW
Countries: "~ |BE = Belgium |[EN=England ~ FR=France] |[NL=Netherlands  [SC = Scotland

DK = Denmark FA = Faroes. GE = Germany NO = Norway SW = Sweden

T1-3-311.XLS



Table 1.3.3.1.2: Biological sampling level by stock and country: Official landings (t)

and number of fish measured and aged to analyse commercial landings in 1997

Landings () Lengths (No) Ages (No)

Cod in IV, llla, Viid Haddock in IV, llla ‘
Landings () Lengths (No) Ages (No) _[Landings (f) Lengths (No) Ages (No)
Belgium 4952 2303 786 437 2280 880
Denmark 37910 6025 5933 2553 5106 5032
England 13891 100655 9394 3330 44188 4455
Faroes 40 0 0 9 0 .0
France*** 3779 0 1304 804 1043 87
Germany 5260 5947 3495 1467 0 0
Netherlands 11807 3372 1992 480 0 ‘ 0
MNorway 7137 0 0 2538 0 0
Scotland 32347 57955 12263 61098 213591 16327
Sweden 5489 0 0 1461 0 .0
others 3 0 0 8 0 i 0
Total 122643 176257 35167 74185 266208 26781
Total No. landed 80281 487855 '
{1000 fish)** o
%0 measured 2.20 0.55
Whiting in IV, Vld Saithe in [V, llla

Landings (t) Lengths (No) Ages (No}

Belgium 489 2518 1080 254 0
Denmark 103 o 0 4513 1515 1463
England 2785 26507 3660 2556 2722 0
Faroes 6 0 0 158/ 0 ]
France*** 3574 11799 2521 19658 0 0
Germany 196 0 0 12581 14840 3451
Netherlands 2540 6718 1200 40 0 0
Norway 75 0 0 46484 10779 1507
Scotland 22099 96929 8823 5329 14545 6685
Sweden 1 0 0 1592 1] 0
others 0 0 0 822 0 0
Tofal 31868 144471 17284 93987 44401 13106
Total No. landed 281497 77794
{1000 fish)** **
%0 measured 0.51 0.57 -
Solein IV Sole in Vild
, Landings (t) Lengths (No) Ages (No) Landings () Lengths (No) Ages (No)
Beigium 1519 8030 2080 1306 7445 1110
Denmark 689 381 376 0 0 0
England 479 11525 1538 933 11661 2791
Faroes o] 0 0 0 0 0
France* 315 1935 1081 1609 4830 1081
Germany 510 0 0 ] 0 0
Netheriands 10241 4081 4081 0 0 0
Norway 0 0 0 0 0 0
Scotland 202 0 0 0 0 0
Sweden 3 0 0 0 0 0
Total 13958 25952 9156 3848 23936 4982
Total No. landed 62258 20024
{1000 fish)
%0 measured 0.42 1.20

* = Age data are applied in SD IV and Vlid

12

“* = incl. Scottish discards of haddock and whiting
*** = French official landings data on cod and whiting for SD VlId not available



Tabie 1.3.3.1.2 cont.: Biological sampling level by stock and country: Official landings (t)

and number of fish measured and aged to analyse commercial landings in 1997

Plaice in IV Plaice in Viid
Landings () Lengths (No) Ages{No) [Landings(t) Lengths (No) Ages (No)
Belgium 5223 5470 947 11861 5154 350
Denmark 13940 4246 4129 0 0 0
England 13789 27991 2900 1078 9442 1694
Faroes 0 0 0 0 V] 0
France* 587 2610 1544 3336 4504 1544
Germany 4159 0 0 0 0 0
Netherlands 34143 4908 4908 0 0 0
Norway 1775 0 0 0 0 0
Scotland 8345 1] 0 0 0 0
Sweden 4 0 0 0 0 0
others 0 0 0 0 0 0
Total 81965 45225 14428 5575 19100 3588
Total No. landed 235214 18334
{1000 fish)
%0 measured 0.19 1.04
Plaice in llla
Landings {t) Lengths (No) Ages (Na)
Belgium 0 0 0
Denmark 9505 4930 4720
England 0 0 0
Faroes 0 0 V]
France 0 0 0
Germany 39 0 0
Netherlands 0 0 0
Norway 93 0 0
Scotland 0 0 0
Sweden 512 1] 1]
others 0 0 0
Total 10149 4930 4720
Total No. landed 31218
(1000 fish}
%0 measured 0.16
N.Poutin V, llla Sandeel in IV
Landings (t) Lengths (No) Ages (No) |Landings () Lengths (No) Ages (No)
Belgium g 0 0 o 0 0
Denmark 143498 7139 6797 760845 17792 11140
England 0 0 t] 2575 0 0
Faroes 7033 0 0 11221 0 0
France 0 0 0 0 0 0
Germany 0 0 0 0 0 0
Nethertands 85 0 0 0 0 0
Norway 39006 2185 181 350563 8001 878
Scotland 0 0 0 24017 42603 1144
Sweden 2 0 0 0 0 0]
Total 189624 9324 6978 1149221 68396 13162
Total No. landed 11674275 1075866000
(1000 fish) ]
%0 measured 0.001 6.36E-05

* = Age data are applied in SD IV and Viid
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Table 1.5.1 Overview of types of analysis carried out by WGNSSK in 1997 and 1998 on the

considered stocks

Cod in Ila, IV and VIId
Haddock in IV and ITia
Whiting in IV and VIId
Whiting in ITla

Saithe in IV and Ill1a
Solein IV

Sole in VIId

Plaice in IV

Plaice in [Ila

Plaice in VIId

Norway Pout in [V and [Ila
Sandeel in IV

X5A: Extended Survivor Analysis

1998 Working Group
XSA, CF, MT

XSA, CF,MT

XSA, CF.MT

no analysis

XSA, CF, MT

XSA, CF, MT

X8A, CF, MT

XSA, CF, MT

XSA, CE, MT

XSA, CF, MT
SXSA

SXSA, probabilistic CF

SXSA: Quarterly Extended Survivor Analysis

CF: Short term prediction
MT: Medium term predictions

1997 Working Group

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  Criteria Flim Fpa  Critena
Cod in [IIa (Skagerrak), [V and VIId 70 150 b) - 0.70 d)
Haddock in ITla and IV 100 140 a) - 0.70 d)
Whiting in IV and VIId 200 280 a) - - L)
Saithe in IV and IITa - 150 b) - 0.40 d)
Sole in IV 25 35 a) - 0.40-045 d)
Sole in VIId - 8.0 c) - 0.50 d)
Plaice in [V 210 300 a) - 0.30 d)
Plaice in VIId 5.6 7.8 a) - 0.50 d)
Plaice in Iila - 24 c) 0.30 0.58 f
Norway pout in IV and IIa - 150 b) - 0.76 &)
Sandeel IV 330 460 a) - - g

a) Bpa = Blim * """ and Blim = Bloss
b) Bpa based on decline in recruitment
¢) Bpa = Bloss

d) Fpa = F at which P < 10%, where P = probablity of SSB < Bpa

e) Fpa = Fmed
f) Fpa = Flim * ¢"*5" and Flim = Fmed
£) no value can be estimated

OMAcfm\Wereps\Wenssk\Reports\ 99NT-171. Doc

15



2 OVERVIEW
21 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 cither 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 these fisheries is landed for human consumption.
The catch of the industrial fisheries mainly consists of sandeel, Norway pout 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; otter trawls, pair trawls, seines, gill nets, beam trawls. Industrial
fisheries: small meshed otter trawls.

Some major technolegical 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 these fleets during the last 25 years, together 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 1 million ¢
in recent years. These landings show the largest annual variations, probably duc to the short life span of the species. The
total landings 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 Scottish light trawi 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 pout 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 Illa. 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-caiches
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 commercial landings has been maintained. Discard data are only available for
haddock and whiting, but a historical series exists only for one couniry. Reguiar discard sampling programmes are
ongoing in four 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 performed 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 Illa Skagerrak and Division VIId. Also combined
assessments were made for whiting in Sub-area VI and Division VIId and for haddock in Sub-area IV and Division IIla.
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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 pout 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 these stocks their lowest 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 fishing mortality in the roundfish
assessments has not been borne out consistently across stocks in this year’s assessment. Fishing mortality on sole and
plaice has been varying at a high level 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 pout, sandeel,
mackerel and herring, The expected high recruitment for these stocks may help to rebuild these stocks within safe
biological limits.

For a number of years, ACFFM 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 reasonabiy abundant and is estimated to be close to the aritmetic mean. The ongoing discard
programmes 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 level. It has increased recently to about 100,000 t in 1996 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 level 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 class. 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. Total landings are
gradually decreasing since 1976, and are on a record low level; 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 give 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 level 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
level. Recent good recruitment from the 1996 year class is expected to increase the stock in the short term but at At its
present level of exploitation there is a high probability that is will remain below the levels observed in the 1970s and
1980s in the medivm 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 level. The stock seems also to have suffered from extra natural mortality in
the 1995-1996 winter but the level of this mortality could not be quantified. The spawning stock in 1998 is estimated
near 2 historically low but is expected to recover in 1999 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 35,000t in
1997.
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21.2 Industrial fisheries
2.1.21 Description of fisheries

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 efiforts

Thé level of the sandeel catches in 19761986 of about 600,000 t has increased to about 800,000t 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 level 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 10 1994 and then remaining at the same level while there has
been no trend in effort of the Norwegian fleet.

2.1.2.2 Stock impressions

The 55B 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 Ievel 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 (o the stable level of about 0.6 in 1983-1994,

Over the years, SSB of sandeel has been fluctuating around 1 million t without a trend. There is a general pattern of
large SSB being followed by a low SSB. This is caused by similar flucteation 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, haddack, 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 t, which is well below the average of 72,000 t in the period 1974 - 1996. Detailed
caiches of “other” species mentioned in Table 2.1.2 are given in Table 2.1.3,

For four industrial fisheries the distribution of industrial landings 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 table is based on Danish and Norwegian
estimates. In the northern area, the Norway pout 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 some sprat, and the sprat fishery with a
by-catch of herring. Overall the by-catches of protected species and herring were at the same level 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,

22 Overview of the stocks in the Skagerrak and Kattegat (Division IIla)

The fleets operating in the Skagerrak and Kattegat (Division Ifla) 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 rawlers involved in various human consumption fisheries (roundfish, flatfish, Pandalus
and Nephrops). Demersal trawling 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 fleets only, but these fleets still dominate the fishery in
Nla.

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

There are important technical interactions between the fleets. 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 biclogy and the identity of stocks in the area. The exchange of water between the North Sea and the
Baltic 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 ¢ in the human consumption fishery, of which 14,900t were
taken from Skagerrak. Landings have been stable since 1991. The majority of catches were taken by Denmark and
Sweden.

The landings of haddock in division IIla, 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
tandings in 1996. Most of the catches are taken in the Skagerrak. No analytical assessment of whiting in IIla was
possible.

The plaice catches in division IIla amounted to 10,000 t in 1997, at about the same level as in 1996. About 75% of the
catches were taken in Skagerrak.

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

2.3 Stocks in the eastern Channel (Sub-area VIId)
Description of the fisheries

There are 5 main commercial fleets fishing in Division VIId. Belgian and English offshore beam trawlers (>300HP)
which fish mainly for sole and also take plaice. These vessels 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 fleet fishing for cod and whiting using high headline trawls and also take a range
of other species. There are also numerous inshore boats mainly < 10m vsing 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 100mm will be required from 1999,

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

a) Landings and discards: There is no data available for the level of discarding on any of the main species. The large
1996 year class 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-
93% of the roundfish species and between 45 and 60% of the flatfish. The level 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 class has been strong for the stocks cod, sole and plaice. The estimation of
the strength of this year class has an important effect on the short and medium term prognosis for each of these stocks.
For sole in particular, recent year classes have been slightly above the long term average and could be related to the
general warming 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 al a relatively high level 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 level] in
1997 (F3-8 = 0.54).

Plaice: Fishing mortality is variable and remains close 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 fleets in 1997, With the
current level of fishing mortality the $8B is expected to remain stable in the medium term. Recruitment since 1985 has
fluctuated around the average level 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 from 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 industrial total
he b he b he ib total total

1970 226 525 180 83 115 163 59 20 130 238 191 1147 783 1930
1971 328 235 32 61 72 218 35 24 114 305 382 980 826 1806
1972 354 193 30 64 61 218 28 21 123 445 359 973 923 1896
1973 239 179 11 71 80 195 31 19 130 346 297 833 775 1608
1974 214 150 48 81 130 23 42 18 113 736 524 807 1480 2287
1975 205 147 41 B4 86 240 38 21 108 560 428 805 1153 1958
1976 234 166 48 83 150 - 2583 67 17 114 435 488 867 1188 2055
1977 209 137 35 78 106 190 B 18 119 390 786 751 1323 2074
1978 297 86 11 97 55 132 3 20 114 270 787 746 1126 1872
1979 270 83 16 107 59 113 2 23 145 329 578 741 984 1725
1980 264 29 22 101 46 120 0 16 140 483 729 770 1280 2050
1981 335 130 17 90 67 121 1 15 140 239 569 831 893 1724
1982 303 166 19 81 33 161 5 22 155 395 612 gas 1064 1952
1983 259 159 13 88 24 167 1 25 144 451 537 842 1026 1868
1984 228 128 10 86 19 182 6 27 158 393 669 817 1087 1914
1985 213 158 6 62 15 192 8 24 160 205 623 810 857 1667
1986 196 166 3 64 18 163 1 18 165 178 848 772 1048 1820
1987 210 108 4 68 16 145 4 17 154 149 825 702 998 1700
1988 176 105 4 56 49 104 1 22 154 109 893 617 1056 1673
1989 140 76 2 45 43 a0 2 22 170 173 1039 543 1259 1802
1990 125 51 3 47 51 BB 2 35 156 152 591 500 799 1299
1991 102 45 5 53 38 98 1 34 148 193 843 480 1080 1560
1992 114 70 11 52 27 92 0 29 125 300 855 482 1193 1675
1993 122 80 11 48 20 104 o] 3 117 184 579 502 794 1296
1954 111 80 4 43 10 g7 0 33 110 182 766 474 962 1436
1995 139 75 8 41 27 114 0 30 98 241 918 497 1194 1691
1996 126 76 5 36 5 110 0 23 82 166 835 453 1011 1464
1997 124 79 7 3 3] 103 0 18 B3 201 1140 438 1354 1792

T-211.XLS



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 Hemring Norway Blue Haddock Whiting Saithe Other Total
pout whiting

1974 525 314 - 736 62 48 130 42 1857
1975 428 641 - 560 42 41 86 38 1836
1976 488 622 12 435 36 48 150 67 1858
1977 786 304 10 390 38 35 106 6 1675
1978 787 378 8 270 100 11 55 3 1612
1979 578 380 15 320 64 16 59 2 1434
1980 729 323 7 471 76 22 46 - 1674
1981 569 209 84 236 62 17 67 1 1245
1982 611 153 153 360 118 19 33 5 24 1476
1983 537 88 155 423 118 13 24 1 42 1401
1984 669 77 35 355 79 10 19 6 48 1298
1985 622 50 63 197 73 6 15 8 66 1100
1986 848 16 40 174 37 3 18 1 33 1170
1987 825 33 47 147 30 4 16 4 73 1179
1988 393 87 179 102 28 4 49 1 45 1388
1989 1039 63 146 162 28 2 36 i 59 1536
1990 591 71 115 140 22 3 50 8 40 1040
1991 843 110 131 155 28 5 38 1 38 1349
1992 854 214 128 252 45 11 27 - 30 156t
1993 578 133 102 174 17 11 20 1 27 1083
1994 769 281 40 172 11 5 10 - 19 1307
1995 911 278 66 181 64 8 27 1 15 1551
1996 761 31 39 122 93 3 3 0 13 1119
1997 1091 99 15 126 46 7 7 3 21 1416
Mean 706 214 75 284 55 15 47 10 38 1424
1974-1996

1993 g1 26 16 23 36 1 2 3 0 6 113
1993 2 430 5 5 28 6 4 4 0 6 488
1993 g3 88 72 51 59 4 3 7 1 70292
1993 g4 33 61 23 51 3 1 6 8 188
1994 g1 2 19 2 34 3 1 2 - 3 66
1994 q2 643 11 3 15 4 2 1 - 4 683
1994 g3 124 175 22 51 4 1 4 - 7 388
1994 g4 + 76 13 72 + 1 3 - 5 170
1995 ql 18 20 1 36 - 2 2 - 2 81
1995 q2 752 6 1 17 4 i 3 - 2 786
1995 43 132 157 49 43 43 2 16 1 7 460
1995 g4 8 96 15 79 11 3 6 1 4 223
1996 g1 3 34 5 21 4 0 1 0 0 68
1996 g2 479 3 1 7 28 1 1 0 1 521
1996 q3 256 7 11 54 30 2 1 0 1 362
1996 q4 22 37 22 41 31 | 1 0 1 156
1997 q! 37 7 1 11 4 0 1 0 2 65
1997 q2 a02 1 2 7 11 3 2 0 4 333
1997 q3 238 28 5 59 16 3 2 2 11 363
1997 g4 13 63 7 49 14 1 1 0 5 155
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North Sea

Table 2.1.3 Sum of Danish and Norwegian by-catch by species (excluding those species accounted for in Table 2.1.2) and year in tonnes.

Species 1984 1985 1986
Gadus morhua 4175 544 710
Scomber scombrus 1278 4 534
Trachurus trachurus 133¢ 22789 16658
Trigla sp. 2168 0 888’
Limanda limanda 149" 87 3200
Argentina spp. 6977 8714 5210
Hippoglossoides platessoides 170° 59 718
Pleurancutes platessa 0 34 119
Merluccius merluccius’ 546 349 165
Trisoplerus minutus 0 0] 68’
Molva molva® 528 31 1
Glyptocephalus cynoglossus 241" 236° 132
Gadiculus argenteus’ 2690 1210 729
Others 29261 31715' 3853
Tatal 48316 65892 32994

1967 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
1092 1404 2988 2948 570 1044 1052 876 955 366 1088
2663 6414 8013 5212 7466 4631 4386 3576 2331 2019 o133
7391 18104 22723 14918 5704 6651 6169 4886 2746 2369 3332

45342 5394 93912 25987 5622 4209 1593 1139 2091 go7 2618
4632 3781 7743 4706 S578 3986 4871 528 1028 1065 2662
3033 1918 778 2801 3434 2024 2874 2209 292 3101 2604
1173 946 2160 1673 1024 1694 1428 529 617 339 1411

109 372 582 566 1305 218 128 143 33 90 73
261 242 290 429 2 359 109 10 . 3gas 2364

0 5t a8 11 797 111 36 0 9 30 181

40 19 37 13 65 10 28 0 ; 0 31
341 44 2550 2517 1439 19s* 246 40 ; 97 394
3043 2494 741 476 801 0 0 0 . 7 248
3604 3670 3528 3154 4444 4553 4106 S14l 5158 s ¥
72724 44827 59277 9866 37550 29685 27026 19077 15260 14055 21508

'Danish cod and mackerel included.

_ZOniy Danish catches.

3 Norwegian catches, Danish catches included in "Others”.

“Until 1995 Norwegian catches only with Danish catches included in *Others”,

OMAChHmW greps\Wgnssk\Reports\ 1990 T-213. Dog



Table 2.1.4 Distribution of landings and associated by-catches of selected species (000 t) from industrial fisherles
by Norway north and south of 57° N

Areanorth  Fishery : Species compaosition Total
(target species)

Norway pout Sandeel Sprat Herring Haddock Whiting Saithe Blue whiting Others

Nor.pout 119 1 + 2 4 3 3. 3 3 166
Sandeel 1 478 + 1 3 + + 6 488
Sprat + + + + + +
Other 7 + + 1 + + + 14 3 25
Sum 127 479 + 4 6 3 3 45 12
Areasouth  Fishery

{target species)

Sandeel + 608 5 3 + 2 + 4 623
Sprat + 4 92 7 + + + 1104
Other + 1 + + 1
Sum + 612 99 10 + 2 + + 5

24



Table 2.2.1 Catches of the most important species in the industrial fisheries in Division IITa ("00( t), 1974-1996'.

Year Sandeel Sprat’ Herring’ Norway pout Blue whiting Total
1974 8 71 76 13 - 168
19735 17 101 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 ] 174
1980 39 84 25 26 14 138
1981 59 76 63 30 + 228
1982 25 40 54 44 5 168
1983 28 26 89 30 16 190
1984 26 36 112 46 15 235
1985 6 20 116 9 19 170
1986 73 11 65 6 9 164
1987 3 14 72 3 25 119
1988 23 9 Y7 3 13 152
1939 18 10 32 o 9 95
1990 16 10 51 27 1o I14
1991 23 14 22 32 11 102
1992 39 pJ 47 42 18 148
1993° 45 2 71 8 32 158
1994 35 58 30 7 12 162
19953 12 41 21 50 10 134
1996 54 10 26 36 15 141
1997 g1 12 6 32 4 141
Mean
1974-1997 31 39 52 24 14 157

'Data from 1974-1984 from Anon. (1986), 1985-1993 provided by Working Group members.

“Total landings from all fisheries.

*For years 19741985, human consumption landings used for reduction arc included in these data.

Mean 1979-1995.
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Figure 2.1.1. Fishing effort of the Norwegian and Danish industriai trawlers

targeting Norway pout and sandeel in the North Sea.
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Figure 2.3.1 Fishing effort of demersal fleet in section VIid
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3 COD IN AREAS IITA (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 VIId). 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 1997¢).

31 The Fishery

311 ACFM advice applicable to 1997 and 1998

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

The advice for 1998 was that fishing mortality should not exceed the 1996 (F = 0.64), which implied 1and1ngs for Sub-
area IV, Divisions Iffa 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 IIla (Skagerrak) and Sub-
area IV were as follows:

1997 1998

Agreed Agreed

TAC (000 t) TAC (000 1)
IMTa(Skagerrak) 16,1 20
Ha+1V 115 . 140

There is no TAC for Cod set specifically for Division VIId separately..

The overall TAC for 1997 corresponded to ACFM advice whereas that for 1998 was set at a level lower than advised by
ACFM. The EU minimum mesh size for towed gears, in Sub-area IV and Division IIla is 100 mm, and 80 mm in
Division VIId. 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 permitied to
use a 90 mm codend mesh in fisheries directed to whiting. The full EU technical measures legislation is avajlable in
Council regulation 3094/86 and its amendments. The minimum mesh size for towed gears in Norwegian waters is
100 mm. Minimum landing size for cod in all areas is 35 cm.

In response to a recommendation from the Intermediate Ministerial Meeting (IMM) of March 1997, An additional
management measure, a (emporary 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 estimates 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)

3.13 The fishery in 1997

Landings data from human consumption fisheries for recent years as officially reported as well as those estimated by the
Working Group are given for cach 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 arcas.

1997
Landings
000 1)
Ila(Skagerrak) 15
v 102
VIId 7.0
Total 124
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Landings from VIId in 1997 were 2 - 3 times higher than in any other year since 1989. The TAC in Sub-area IV and
Division VIId was not taken in 1998. The reasons for the shortfail in these areas are not ciear The 1996 year class of cod
as 1-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 VIId in about the same numbers in both years but 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 part of the difference in 1-group catch, but the slower growth of the 1996 year
class in Sub-area IV coupled with the increased minimum landing size, could have resulted in higher discarding of 1-
group ced in 1997 compared to 1986.

Estimates of total international discards are not available but it is known that discards of 1 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 1-year old cod caught in 1997 were discarded. The industrial by-caich 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.

32 Natural Mortality, Maturity, Age Compositions, and Mean Weight at Age.

Values for natural 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 (natural mortality, see Section 1.3.1.3), and the International Young Fish Survey
(maturity). These 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. These 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 Sub-area IV.

3.3 Catch, Effort, and Research Vessel Data
Catch and effort data by age group for a total of 18 fleets were available, including 12 commercial and 6 survey fleets.
34 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 of tuning fleet data
and excluded a number of fleets that contributed little to the tuning. This exercise carried out this year largely supported
the decisions made at the 1997 meeting. However closer examination of the log catchability residuals revealed that the
age group 1 should be excluded from both the Scottish trawl and English trawl fleets in Sub-area IV. Furthermore data
for age 1 only, for the French offshore trawl fleet in VIId gave a good fit 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 exactly 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
1 in the English and Scottish trawl fleets in Sub-area IV, and included the French offshore trawl fleet in VIId.

The complete set of fleet 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. '

29




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 1, and catchability was fixed for ages 6 and above. The
age range used for VPA was 1 to 11 (the plus group). This was the same configuration as the final VPA in the 1997
assessment, except that the 10-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 fleet
from this run are given in Figure 3.4.3. The relative importance for the result in terms of regression weights by type of
fleet 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 fleet 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
10-year tuning window, it was not possible to detect any pattern in the retrospective runs.

3s Recruitment Estimates

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

Using RCT3, Rescarch vessel survey data for O-, 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 F of 1.0, to
estimate recruitment at age 1 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 account of the change of gear io 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 undertaken. The results of
survey indices regressed against XSA recruitment at age 1 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 1 as 557 million, compared to the XSA estimate of 390
million. The predicted recruitment 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). Bvidence 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 1 and at age 2.

Year class 1997: The weighted mean estimated by RCT3 using 1 group recruitment from XSA was 71 million 1-year
olds in 1997 The estimate using XSA 2-group estimates was 31 million at age 1 in 1998. Both of these 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 recruitment estimate available for the 1998 year class at age 1 in 1999, is derived
from the EGFSQ4 research vessel survey O-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 to use the short-term mean XSA estimate of 250 million (1986-1995) for the 1998
year class, a value which is close to that predicted by the survey.

The short-term GM (250 million at age 1) was chosen as the appropriate estimate of recruitment for the 1999 year class.

Year class strength estimates used for the predictions can be summarised as follows:
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Year-class Millions Millions Basis

(age 1) (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 decline 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
277,000t in 1971 to a historical low of 63,000 t in 1993 and 1994. Recruitment has fluctuated considerably over the
period but the frequency of good year classes has become reduced in recent years. Until recently, only one year class
(1993) spawned since 1985 has reached the long term arithmetic mean. However, the 1996 year class is still estimated
the largest since 1985, Historically, landings increased in the 1960s and early 1970s to reach a peak of 350,000t in
1972. After a further peak of about 335,000 t in 1981, landings have declined to levels similar to those observed in the
carly 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 1 and 2 which were derived using RCT3.

The results of a starus que 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 starus quo landings are 182,000t for 1998, and 158,0001 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 1. 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 contribute 45% to 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 of F in that year, with a further 30% of the variance dependent on the variability of the estimate of the 1996
year class.

The results aiso indicate that the estimate of SSB in 2000 is sensitive 1o 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 10 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 10 objectively choose the most
appropriate fit, each was compared to a LOWESS smoother (span (.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 1980s), the Shepherd model gave the closest 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 10 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 0.84 compared to 0.57 and 0.71 in the previous projection respectively. The estimate of the
size of the 1997 year class as 1 year olds has been revised downwards to 71 million from 259 million.

39 Long Term Considerations

Compared to the period prior to the early 1990s, landings and spawning biomass remain at a relatively low level. 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. Inputs for long-term equilibrium yield and SSE-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 sofiware 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 By, be equated to By, for North Sea cod. The lowest observed SSB in the historic
“series is 66,000 t. Since there is a degree of uncertainty in this estimate, a value of 70,000 t thercfore seems to be a
suitable candidate for Byy,.

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

In an attemnpt 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 By, 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 By, (150,000 t), by 2007 at a reference
F (2-8) of 0.7, but a 95% probability if F = Fy. {0.86). For the Ricker model however, these probabilities values are
extremely different. The model predicts that the F associated with the 10% probabitity of being below By, in 2007 is
F = 2.0, which is more than double the highest historic F. Cleatly, the estimates dertved using a Ricker fit are unrealistic.

The results from using the Shepherd model suggests that a value of about F = 0.7 could be a candidate for F,, and that
this value is rather consistent with the history of the stock. Examination of Figure 3.10.3 indicates that as the
exploitation level increased above about F = 0.7 in the 1970s and 1980s, the SSB declined to a historic 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 F, could be
set in the region of F=0.7, which suggests a 90% probability of the SSB being above the suggested B,, value of
130,000 t by 2007.

311 Comments on the Assessment

The overall patterns of F, 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 S8B for 1995 and 1996 of 77,000 t and 91,000 t, compared to 81,000 t and 104,000t
cstimated 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 analysis carried out comparing the use of different stock recruit relationships in medium term projections, indicated
that the estimates of precautionary reference points are highly sensitive to the relationship used.
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Table 3.1.1  Nominal calch (in tonnes) of COLY in [la (Skagerrak), [V and VIId, 1984-1997 as officially reported to ICES and as used by the working group.

Sub-area IV

Country 1984 1945 198G 1987 1983 1989 1990 1991 1992 1993 1994 1995 1996 1997
Belgium 5,804 4.815 6,604 6,693 5,508 3,398 2,934 2,331 3,356 3137 2,648 4,827 3,458 4,642
Denmark ) 46,751 42,547 32,892 36,948 34,905 25,782 21,601 18,998 1¥,479 19,347 19.234 24,067 23,573 21870
Faroe Islands - 71 45 57 46 35 96 23 109 46 80 219 14 40
France 5,129 4,834 8,402 8,199 8,323 2,578 1.641 975 2,146 1,868 1,868 3,040 1,920 3,779
Crermany 13,453 1,675 7,667 ¥,230 1,707 11,430 11,725 7,278 %,446 6,800 5,974 9,457 8,344 5179
Netherlands 25,460 30,844 25,082 21,347 16,968 12,028 8,445 6,831 11,133 10,220 6,512 11,199 9,271 11,807
Nurway 7,005 5,766 4,864 5,001 3,585 4,813 5,168 6,022 13,476 8,742 .7 7,358 5,884 5,429
Poland 7 10 13 19 24 53 13 I 31
Sweden 575 4% 839 GXN 167 501 G20 T84 823 646 630 709 617 774
UK (E/W/NI} 35,608 29,692 25,361 29,960 23,496 18,375 15,622 14,249 14,462 14,940 13,941 14,991 15,930 13,413
Uk {Scotland) 54,359 60,931 45,748 49,671 41,382 31,480 31,120 29,060 28,677 28,197 2%,854 35,848 35,349 32,344
‘Total Nominal Cateh 197,148 187,923 157,514 166,506 142,306 110,444 99,025 86,566 98,107 94,380 87,448 111,715 104,408 499,708
Lnallocated Jandings 1,723 6,772 11,292 15,287 14,252 5,256 5,720 1,967 ~75% 10,200 7,075 8,308 2,129 2,454
Wi estimale of ttal landings 204,871 194,695 L6, %K 1%2,093 156,558 115,700 104,751 #3533 97,349 104,580 04,523 120,023 106,537 102,162
Agreed TAC 215,000 250,600 170,000 175,000 160,000 124,000 105.000 164,000 100.000 I01.6G00 102,000 120,000 130,000 115,000
Division VIld
Counlry 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Belgium 331 501 650 ®15 486 173 237 182 187 157 228 377 321 310
Denmark - - 4 - + + - - 1 1 9 - - -
France 2,492 2,389 9.03%8 7.541 8,795 na wa wa 2,079 1,77t 2,338 3,261 2,788 nia
Netherlands - - - - 1 1 - - 2 - . - + -
UK (1 W) 282 320 830 1,044 867 362 420 341 443 530 312 336 414 478
UK {Seotland) - - - - - - 7 2 22 2 t + 4 3
Ttal Nominal Catch 3,108 3,416 11,422 9,400 10,149 n'a na n/a 2,734 2,461 2,887 3,974 3,527 n/a
Tnaliozated landings 419 =111 3,722 4.¥19 S8 - - - -05 =29 =37 -10 24 -
W0 estimate of total kandings 3,524 3,305 15,144 14,219 10,729 5,938 2,763 1,886 2,669 2,432 2,850 3,964 3,503 7,043
Division [ITa (Skagerrak) -
Country 1984 1985 1986 1987 1984 1989 19490 1991 1992 1993 1994 1995 1996 1997
Denmark 17,443 14,521 18,424 17,824 14,806 16,634 15,788 10,396 11,194 11,997 11,953 8,948 13,3573 12,164
Sweden 1,981 1,914 1,503 1.924 1,644 1,902 1,694 1,579 2,436 2,574 1,821 2,658 2,208 2,303
Norway 311 193 174 152 352 256 143 T2 270 75 50 169 265 344
Germany - - - - - 12 110 12 - - 301 200 203 ¥1
(thers 156 - - - 1046 34 63 12 12 91 25 134 - -
Norwepian coast * 1,187 900 Q17 %34 769 3.1 ®46 854 923 209 760 %46 748 911
Danish industrial by-catch * 1,084 1,751 997 491 1,103 42y 687 953 1,360 511 B66G 749 676 205
Tetal Nominal Catch 13,891 16,624 20,103 19,900 16,952 18,838 17,500 12,071 14,002 14,737 14,160 12,109 16,249 14,596
Unallocated landings 2353 83 1,039 055 -7 $10 749 370 192 587 250 )] 134 50
WG wstimate of total landings 20,126 17,611 21,142 20,855 16,945 19,648 18,589 12,441 14,794 15,324 13,010 12,109 16,343 14,946
Agreed TAC 28,000 28,000 26,00 22,500 21,500 20,500 21,000 15,000 15,000 15,000 15,500 20.000 23,000 16,10
Sub-arey IV, Divisions Vild and [Ha (Skagerrak) combined

1984 1985 1986 1947 19388 1989 1990 1991 1992 1993 1994 19495 1996 1997
Total Wominal Caich 220,144 207,967 189,039 196,106 169,407 na n'a nfa 114,843 111,578 104,495 127,798 124,184 na
Unallocatet Tandings %377 T.644 16,0153 21,061 14,825 - - - 231 10,758 6,788 5.29% 2,239 -
WG estimatc of to1al landings 228,521 215611 205,002 217,167 184,232 140,886 126,103 102,860 114,812 122,336 111,243 136,096 126,423 124,151

* The Dunish industrial by-catch and the Norwegian coast eatehes ure nol ineludvd in the (W estiniate of) total Jundings of Diwision la {Skaggerak)

WOIACFMWGNSSK\COD_347D\TAB_311 XLS




Table 3.2.1 Natural mortality and proportion mature in COD in IITa (Skagerrak), IV and VI1Id

Age Natural Proportion
Mortality Mature

1 0.80 0.01

2 0.35 0.05
3 .25 0.23
4 020 0.62

5 0.20 0.86
6 0.20 1.00
7 0.20 1.0o
8 0.20 1.00
9 0.20 1.00
10 0.20 1.00

11+ 0.20 1.00




&  Table3.2.2

Run title : Cod in IV,IIIa,VIId (run: XSALJB0O2/X02)

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

Table 1 Catch numbers at age Numbers*10**-3
YEAR, 1963, 1964, 1965, 1566, 1967,
AGE
1, 3214, 5030, 15813, 18224, 108403,
2, 42591, 22493, 51888, 62516, TOB95,
3, 7030, 20113, 17645, 29845, 32693,
4, 3534, 4308, 9182, 6184, lizel,
5, 2788, 1918, 2387, 3379, 3271,
6, 1213, 1818, 950, 1278, 1974,
7, 81, 599, 658, 477, 8BS,
8, 492, 118, 298, 370, 355,
g, 14, 94, 51, 126, 138,
10, 6, 12, 75, 56, 40,
+ape, c, 4, 8, 83, 17,
0 TOTALNUM, 60965, 56507, 98955, 122%3B, 132335,
TONSLAND, 116457, 126041, 181036, 221336, 252977,
SOPCOF %, 1c49, 100, 100, 100, 100,
Table 1 Catch numbers at age Numbers*lQ+*+-3
YEAR, 1968, 1969, 1970, 1971, 1972,
AGE
1, 5829, 2947, 54493, 44824, 3832,
2, B3836, 22674, 33917, 155345, 187686,
3, 42586, 31578, 16488, 17219, 381268,
4, 12392, 13710, 13339, 6754, 5682,
5, 6076, 4565, 6297, 7101, 21726,
[ 1414, 2895, 1763, z27a0, 3201,
7, B70, 588, 961, BS3, 1680,
8, 309, 422, 209, 458, 612,
9, 151, 147, 186, 228, 390,
10, 111, 16, 98, 77, 113,
+gp, 24, 78, 40, %4, 18,
0 TOTALNUM, 153598, 79650, 128791, 2356593, 254066,
TONSLAND , 288368, 200760, 2286124, 128098, 353976,
SOPCOF %, 100, 100, 100, 100, 100,

O ActmiW greps\WimsskK\Reporist199%1-322 Doe

1975,

33378,
47143,
18944,
4663,
7563,
2067,
449,
196,
229,

95,

53,
114790,
205245,

100,

1977,

75413,
s1118,
25621,

1615,
2294,
836,
1144,
371,
263,
26,

96,
161797,
209154,
100,
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Table 3.2.2 (Continued)

Run title

At 10-0Qc¢t-98 14:59:39

Ccod in IV,IITa,VIId (run: XSALJBO2/X02)

1982,

66777,
65299,
60411,
9567,
3476,
2065,
azs,
238,
78,

27,

18,
208380,
303251,
99,

1992,

27668,
32059,
8682,
5067,
1060,
451,
329,
52,
40,
17,

9,
75414,
114020,

Table 1 Catch numbers at age Numbers+*l0*+*-3
YEAR, 1378, 1279, 1980, 1981,
AGE

1, 29731, 34837, 62605, 20279,
2, 175727, 91697, 104708, 189007,
3, 17258, 44653, 35056, 34821,
4, 2440, 4035, 1231%, 94019,
5, 3003, 3395, 1965, 4118,
6, 1108, 712, 1273, 78S,
7, 410, ass, 495, 604,
5, 405, 140, 137, 134,
g, 153, 158, 74, 65,
10, 35, 42, 55, 37,
+gg, 44, 17, 25, 21,
Cc TOTALNUM, 237315, 180084, 218769, 258890,
TONSLAND, 297022, 269973, 293644, 335487,
SOPCOF %, 100, 101, 100, 100,
Table 1 Catch numbers at age Numbers*10+**-3
YEAR, 1988, 1989, 1990, 1991,
AGE
1, 21480, 22234, 11738, 13466,
2, 55330, 36358, 54290, 23456,
3, 43955, 18193, 11906, le77¢,
4, 3134, 98606, 4333, 1310,
5, 2557, 1002, 2468, 1390,
6, 655, 10136, 3140, 1053,
7, 295, 251, 3laq, 225,
B, 66, 140, 54, 139,
9, 63, 27, 60, 28,
10, 23, 31, 1z, 1,
+gp, 18, 10, 9, 10,
0 TOTALNUM, 127576, B9153, 85496, 59857,
TONSLAND, 184240, 132936, 125314, 102478,
S50PCOF %, 100, 100, 9%, 1040,

ORACEW grepsi W gnssk i\ Reportst 1 9990T-322. Do

39,

1983,

25733,
129632,
21662,
11800,
2830,
1258,
535,
181,
90,

28,

23,
193932,
259287,
100,

1393,

4783,
55272,
11360,

3190,

1577,

435,
204,
108,
18,

10,

13,
76970,
121749,
99,

1984,

£4751,
656428,
31276,
4264,
1438,
10189,
437,
244,
60,

45,

20,
171980,
228286,
100,

1994,

15557,
25279,
21144,
3083,
870,
519,
142,
58,
iz,

7,

16,
66707,
110634,
99,

1985,

ga4s,
118047,
189585,
7823,
1377,
1265,
3173,
173,
79,

16,

a1,
157024,
214629,
100,

1995,

15717,
63586,
12943,
5301,
802,
286,
151,
42,
15,
13,

5,
98661,
138623,
100,

1986,

100239,
32437,
34109,

5814,
2993,
604,
556,
171,
69,

a4,

23,
177059,
204053,
101,

1996,

4938,
35805,
23364,

3169,

1860,

399,
162,

70840,
126454,
100,

1987,

24915,
128282,
9800,
8723,
1534,
1075,
2as,
215,
55,

48,

12,
174894,
216213,
100,

1937,

231768,
29191,
18645,
6498,
1238,
700,
153,
47,
14,
15,
1o,
80279,
124151,
100,
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T'able 3.2.3.
Run title

At 10-0Oct-58 14:59:39

Table 2 Catch weights at age {kq)
YEAR, 1963, 1964, 1965,
AGE
1, .5380, L4960, .5810,
2, 1.0040, .8630, .9650,
I, 2.6570, 2.3770, 2.3040,
4, 4.4910, 4.5280, 4.5120,
s, 6.794C, 6.4470, 7.2740,
6, 9.4090, 8.5200, 9.4980,
7, 11.5620, 10.6060, 11.8980,
a, 11.9420, 10.7580, 12.0410,
g, 13.3830, 12.3400, 13.0530,
10, 13.7560, 12.5400, 14.4410,
+gp, .0000, 14.99B0, 15.6670,
0 SOPCOFAC, .9998, .9998, 1.0001,
Table 2 Catch weights at age (kg)
YEAR, 1968, 1969, 1970,
AGE :
1, L6400, .5440, L6260,
2, .9730, .9210, .9610,
3, 2.2230, 2.1330, 2.0410,
4, 4.0940, 3.8520, 4.0010,
5, 5.3410, &5.7150, 6.1310,
6, §.0200, 6£.7220, 7.9450,
7, 8.5810, 9.2620, Y9.9530,
8, 10.1620, 9.74%0, 10.1310,
9, 10.7200, 10.3840, 11.9190,
10, 12.4970, 12.7430, 12.5540,
+gp. 11.5950, 11.5&70, 14.3670,
) S50BCQFAC, .9999, .9999%, 1.0000,

Cod in IV,I11Ia,VIId

1.

[T S

10.

11

12.
13,

i5

1966,

.5750,
.9940,
.4420,
.1690,
.0270,
.5990,
L7660,
.9680,
.0590,
L7460,
L6720,
00c1,

1971,

5790,
9410,
.19240,
.2580,
.5280,
L6460,
3560,
.2190,
8810,
1470,
5440,
.9998,

(run: XSALJRBOZ2/X02)

AR VU 5 B g

12
1z

13.
14,

19

m oy W R

[te)

11.

12

14.

1967,

5900,
.0350,
4040,
.1530,
L8030,
L6100,
.0330,
L4810,
5890,
2710,
0160,
.o0al,

1972,

.6160,
L8360,
.0860,
.9680,
_p1la,
2460,
.76860,

LR R F T

.2280¢, 9.
8750, 11.
.5300, 12.
3500, 12.

.0001,

OMACtim W arepsi W gnssk Reportsi 9993T-323. Doc

1973,

.5590,
.8630,
.9190,
.7760,
L4880,
.4530,
.0190,
8100,
8770,
3590,
8860,
.9999,

Lo T S R

10.
12.

12

13,

1974,

5940,
.0390,
.2170,
.1560,
.1740,
.3330,
8890,
7900,
1750,
.4250,
7310,
.9994a,

oo

10.
10.
12.
12.

14

1975,

.6180,
.8990,
.3484,
2260,
4040,
6910,
1070,
9100,
3390,
9760,
4310,
.9999,

ool b B

10.

11

12.
14.
14.

1976,

5680,
.0220,
4700,
.5770,
4940,
6200,
13220,
.3410,
8880,
1400,
5570,
0000,

[ B S %]

10.
11.
11.
13.

14

1977,

5420,
.9480,
L1600,
.6070,
L7130,
L8280,
0710,
0520,
8240,
1340,
.3620,
.9999,
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Table 3.2.3. (Continued)

Run title

At 10-0ct-98

Takle 2
YEAR,
AGE
1,
2,
3, 2
4, 4
5, [
G, 8
7. 9
8, 11,
a, 12
10, 12.
+gp, 13,
SOPCOFAC, 1.
Table 2
YEAR,
AGE
1,
2,
3, 1
4, 3
5, 5
6, 7
7, 9
8, 12.
9, 14.
10, 17.
+gp, 1e.
SCOPCCHAC, 1.

14:59:39

.5720,
.9370,
.poio,
.l460,
.5310,
6670,
L6860,

aseq,

.4270,

7780,
9810,
0035,

_5860,
.8810,
.9820,
.1874,
.9920,
.9140,
L7640,

1270,
2420,
7870,
4770,
0oal,

Ced in IV,IIIa,VIId

Catch weights at
1978,

LAT S N ]

10.
11.
13.
14.

15

-~ W

11
12
15

14.

Catch weights at age
1988,

O Actim\ Wgrepd W gnssk\R eports 1999VT-323. Dow

age (kg

1979, 1980,
5500, 5500,
L9360, 1.0030,
.4110, 1.9480,
_4230, 4.4010,
L5800, 6.1090,
.4750, 9.1200,
6370, 9.5500,
5500, 11.8670,
0570, 12.7820,
1480, 14.0810,
L4780, 15,3920,
.ao87, .9963,
(kg)

1989, 1990,
L6730, .7374,
L0520, L8760,
.8450, 2.1760,
_5850, 3.79%10,
L2730, 5.9320,
.9210, 7.8890,
.7250, 10.2350,
L2110, 10.9240,
.5860, 12.8020,
.5570, 15.5250,
6540, 23.2330,
.9950, . 3945,

[ IS B S ¥ ]

11
13
14

® m W

13
13
14

1981,

7230,
8370,
.1890,
€150,
.0450,
8B40,
9340,
5190,
.3380,
.8970,
16 .

.9285,

6290,

1991,

.€700,
L0780,
.0370,
9710,
.0830,
.0340,
.5450,
10.

9490,

L4810,
.1700,
.982Q,
.997a,

(run: XSALJBC2/X02)

-]
10
12
13

14

[aBRF I S I

10
10

13
15

1982,

5890,
9620,
8580,
.1300,
7840,
9034,
3990,
5000,
4690,
12.
L6080,
.9946,

8900,

1992,

L6990,
.1460,
.5460,
L2230,
.2480,
4830,
.1020,
.4810,
11.
.9050,
7940,
.9929,

8500,

m h W

t+}

12.

12
14

[ I S

10.
12.

13

13.

1983,

. 6320,
5190,
.8350,
L8800,
.4910,
4230,
L8480,
.8370,
7970,
.5620,
L4260,
.9968,

1993,

L6990,
0650,
. 4750,
.5500,
.5400,
.0940,
L6410,
7350,
3290,
.4430,
9610,
.9948,

[« R A L

i0.
12.

14

12.

1984,

.5940,
.6070,
.1560,
.9720,
.1900,
.3620,
3170,
3520,
5050,
4080,
4720,
.9992,

1994,

.6780,
0750,
.2010,
4710,
1670,
4360,
5360,
1230,
2240,
.2470,
5230,
9940,

-1

13

16

~ o b

10

11.
13,
12,
13.

1.

1985,

.5900,
.9330,
.1400,
L1640,
.3240,
.4300,
10.
12.
.6720,
14.
_5880,
.9951,

3620,
7390,

4430,

1995,

7210,
0200,
.z2100,
L2920
.2200,
.9800,
.2830,

7430,
1070,
0520,
9540,
0018,

@ oy o

11.
12.
13.
14.

W@ o

11.

12

12.

11

1986,

5830,
8560,
.8340,
.5040,
.2300,
.1400,
8960,
9400,
9510,
8590,
7070,
.0098,

1996,

6990,
1170,
.1470,
.0340,
6370,
4940,
.72940,
WELE
2640,
7560,
3040,
.9999,

=, W VYR T

10.

11
12

18.
16.

fe <IN LR VR 9 )

11.

12
1z

13.

1987,

.6350,
.9760,
9550,
6500,
0520,
.3070,
2420,
4610,
.4470,
6910,
6040,
.9969,

1997,

L6560,
L9610,
.1200,
.8220,
2290,
3950,
.9810,
4270,
.3060,
L4680,
1330,
.C000,



Table 3.4.1 Tuning fleets available for COD in IITa (Skagerrak), IV and VIId

First  Last First Last

Fleet code Fleet Year  Year Age Age
SCOTRL_IV Scottish trawl (IV) 1978 1997 1 10
SCOSE! IV Scottish seine (TV) 1978 1997 1 12
SCOLTR IV Scottish hight trawl (IV) 1978 1997 1 11
ENGTRL 1V English trawi (IV) 1978 1997 1 12
ENGSEI 1V English seine (IV) 1978 1997 1 12
FRATRB IV French trawl (IV) 1978 1997 1 11
FRATRO IV French trawl offshore (TV) 1986 1997 | 7
SCOGFS_ 1V Scottish groundfish survey (IV) 1982 1997 1 6
ENGGFS_IV English groundfish survey (IV) 1977 1997 1 5
IBTS Q1 IV Int. bottom trawl survey Q1 (IV) 1976 1997 1 6
IBTS_Q2 IV Int. bottom trawl survey Q2 (IV) 1991 1997 | 6
IBTS Q4 1V Int. bottom trawl survey Q4 (IV) 1991 1996 1 6
FRATRO 7d French trawl offshore (VILd) 1986 1997 1 9
Den_Gill Skag Danish gill net (T1Ia) 1987 1995 1 7
Den_Neph Skag Danish nephrops trawl 1987 1995 1 7
Den Trawl Skag Danish trawt (1I1a) 1987 1995 I 7
Den_Sei Skag Danish seine (IIla) 1987 1995 1 7
IBTS Skag Int. bottom trawl survey (I1la) 1983 1995 1 6

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

Cod in Fishing Areaa IV, Skagerrak and VIId {run name: XSALJBQ2Z)

109
FLT1
1978

11 0.001.00

2 46

9: SCOTRL_IV

1997

135220
87467
55475
51553
417689
48339
34574
33103
27839
27208
215599
16657
14325
13495
10887
11657
15671
17728
13471
12651

1424
914
849
928

1427
772
781
190

346
29
3an

124
40
254
139
81

(Catch:

.419%
.453
.920
L202
305.
.663
.341
.283
. 609
606 .

760

030

. 285
.428
.585
94 .
99 .
.610
799
.011
.583

309
870

.864

FLT20: SCOSEI_IV (Catch:

1978

1 1 0.00 1.00

1 10

1927

325246
316419
297227
289672
2%7730
333168
388085
38291¢0
425017

1703 ,941
2522 .258
1067 .994

855.604
4070 .478
1342.728
4839,125
543 929
5425 ,.851

Unknown)

285

387

208

38

103

31

93

108
91

.883
447.
379.
.683
389.

243
327

066

.383
345.
19&.
256,
463
159.
134,
18,
. 953
30.
L231
124.
.718
.299
.362

964
005
042

513
388
792

235

960

Unknown)

14715.490
8021 .633
5957 .458

13328.760
47%4 .063

13320.380
9954.736

18367.311
2656.135

181.
73
127.
1132,
73
112
3z.
79
19.
19

40 .
22.

33.

49,

23.
26,

1285

(Effort:

926

.875

353
695

L2386
.430

726

.313

914

.401
077

929
186

L7131

291

.273
L4611

032
949
785

{(Effort:

3257.
2341.
2355.

5023

1813.
3783

2498

6365 .

.974
.921
L9465
. 2586
.394
.2al
.831
L1186
.431
.443
.077
.274
.118
.958
L1583
.325
.713
.501
.045
.588

850.
382.
828 .
6928,
B22.
1289.
453 .
835,
824 .

Unknown}

63

46

19

51

17

23

16

9

10

8

8

2

5

[

1

4

1

1

15

4

Unknown)

.952
039
237
389
L7383
Y466
S50
646
172

971
as?
826
688
294
703
752
287
BE3

e
o Wow bW

M O O - b 2 O b v

OMAChAW greps\Wgnssk ' Reportst 1 9990T-342. Doc

. 993
961
. 965
.979
.408
.692
.480
.558
.948
.876
.38
L233
.215
.718
211
.634
.6586
. 465
.580
.$78

201 .
344,
.370
204,
291.
.494
.259
.187
.81e

144

227
381
127
285

993
898

8ls
107

47 .
6.
L5739
18.

89

151

98
108
107

998
80

169

.409
.353
.282
.343
42,

B26

22.
43
33.
10.
25.
39.
46 .
.153
L1171

26
38

999
587
049
736
09Ss
341
539

20.
18.
14.
.388
20.
18.
25.
.355
13.

12

24

999
994
785

913
g1l5
954

965

15

e
11.
. 697
.303
11.
.354
. 265
.922
.448

996

711

oW - b O O b W W

.0oo
.999
-349
.Qoo
.B37
.5686
.1860
.608
.793
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Table 3.4.2. (Continued)

.3986
968
nzs
134
483
525
Ble
846
283
351
271

13452.
7091.
34495.

.370

4746,

4120.

.37

3129.

.208

3696.

2267,

12625

5561

B029

120
734
714

648
136

B65

333
133

FLT21: SCOLTR_IV (Catch: Unknown)

501
132

-470

987

.856

201
570
874
451

.224

133
048
094
110
577

. 643

752

.0486

536
022

418536 1361
377132 842.
355935 1684 .
270869 379 .
336675 1708,
300217 1056,
268413 259.
264738 1172.
204545 743
177092 303 .
166817 740.

1978 1997

11 0.00 1.00

18
236929 2255,
207494  1973.
333197 1849
251504 690,
250870 4703
244349  1321.
240725 2723,
268136 430.
279767  4140.
351131 2045
391988 403,
405883  1574.
398153 127,
408056  1B21.
473955 1401,
4479064 250
480400 722,
442010 879
445595 448 .
479449 1477.

FLT22: ENGTRL IV

1978 1997

11 0.00 1.00

2 8

559530
553020
442036
423658

10576
7€98.

coo
000

3786 .000

12703.

agoe

5379.048
5845 .391
5356.235
5236.821
2940 .357
6293 ,185
3022.983
5959.050
1166.751
5662.771
3300.276
1205.534
5739.588
1904 .532
274%.504
4891.675
1924 .201
5EB07.931
4060.709
2531.063

- 1093.0
.Q00

3341

2106

1886

{(Catch: Unknown)

0oo0

00Q
.000

OXActin\W grepsiWgnsskiReports\ 1999 T-342. Doc

680.
4631 .
3173
1056
2986 .

942

776
2378

gla.
2558
1581

(Effort:

670.881
1808.121
2100.709
1474 .781
2301.849
1020.032
1543 .958

B65.407
1847.672

530.278
1912.375
1594 .526

522.6928
2125.128

747.952
1262 .363
2364.757
1572.502
3048.118
2805.271
(Effort:

987.
393
865 .
535,

241
826

.118
540

177

427
714
.035

B1S

.453
.4€0

1423 .
201.
1082,
671.
241.
618 .
208 .
301,
496 .
239.
687.

Unknaown)

269.
178.
549.
293 .
377.
459

180
293
250
468

133.
565.
456.
138.
646,
163 .
370.

797
424
BDE

952
01z
199
606
382
821
.369
653
.SE5
273
175
712
529
039
729
983
592
169
.148
.326

Unknown)

ano
Qoo
000
000

338.
403 .
122.
250,

568
992
297
531
370
214
932
222
574
201
769

000
goco
0oo
coo

50.
61.
T1.
81.
109.
111.
85.
39.
95.
.347
.417
48 .
.523
.188
44
B80.
.312
73.
.499
112,

45
148

179

54

47

29¢

283.
471 .
91.
291.
.924

173

97.
142.
60 .
8gq.
165.
118.

951
004
405
832
595
146
675
337
651

605

077
122

989

982

117.
99.
i14.
38.

434
982
1586
604

903
358
540
5la
108
726

114.

000
000
ano

27.
15.
15.
10.
39.
31.
36.
21.
12.
31.
.083
.236

33
45

25.
48.
36.
. 885
42.
L5877
.730

31

ooo

186.
121.
185,
38.
113
59
26
37.
21
19.
71

995
SLshY
8638
968
348
372
074
041
311
465

746
043
368

371

511

57.

54 .
38

518
995
Dea
807

.164
L2562
.401

7l6

.557

699

.214

e =
Wk O ® W ol W,

—
©

000
000

.000
48 .

000

.999
.000
. 408
.906
, 048
.341
.920
.659
L5213
.180
.039
L343
.324
.199
. 912
L1461
.792
861
.5589
10.

293

24 .
55.
44 .
.407
32.
31.
19.
.282

50

13

16.
.662
17.

60 .
15.
.0Co
.Qoo

16

686
998
650

281
805
572

cla

325

O N O N W DWW N RN D W

oo
000

-%99
.000
.526
000
. 260
-378
.215
744
.735
.553
.00a
382
712
. 482
. 053
L7994
.346
.637
-477
.947

35
15

o n o now

.658
.999
18,
11.
25.
.852
.165
.077
.914
.688
.006

698
534
229

=
[ NIt

[ = R e T

.543
.600
391
.699
.592
416
247
267
.967
843
108

O H O O O W O g Ww o

572
.Q00
. 744
L7193
570
. 235
. 808
.873
.903
.188
. 850
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424272
392364
358387
342844
288867
275893
296052
310444
255314
258037
223702
209869
184764
173463
159155
152030
FLT23: ENGSEI
1978 19397
110.001.00
1l 10
203382
187180
201169
185423
183209
177004
167699
157815
136358
123281
91178
§8782
80537
84346
67810
54574
39667
28406
14991
11823

FLT24: SCOGFS_IV

1582 1997
11 0.50 0.75

TV

3063 .
14220.
3459.
8212,
2107.
10435,
2102.
1958,
3101.
1559.
2171.
4054
2454
3799.
3179.
2752.

898 .
1718.
2111.

343 .
1486

566,
1232,

125

8%0.

262,

297 .

343

176.

129.

408 .

44 .
163.
9l
18
23.

0oo
000
coo
000
jagele]
000
[o1¢]¥]
000
coa
000
gca

.000
L2287

572
345
811

0co
aco
000
000

.0C0

oQo
000

.000

000
000
cog

.00a

0oo
000
oac
000
4586

.043
L3711

430

3802

1185,
2656,
1047.
2388,
682.
2428
718.
513.

1092
481

442,

1146

a71.
1646.
B90.
{Catch: Unknown)

12831
7004
7760

12689

3191.
4741.
1513.

3242

312.
2355,
a79.
T4 8.
1009.
262.
463 .
497 .
265.
444 .
196,
76G.
{Catch: Unknown)

.0o0

.0go
a0o
oan
000
000
000
Q00
aoo
ogo
.000
.000
000
,382
882
846
250

oago

.0c0
.000
000
000
ooQ
L0090
ooo
000
000
Goo
oco
000
coo
0oo
0as
628
618
342

ORACIW greps Wonsa K Reportst [ 9990T-342. Do

587.
907.
267.
5313,
209,
556.
Q0.
501.
134 .
88 .
234 .
96 .
78.
158.
189.
334.

{Effort:

746 .
2438 .
1370.
1053.
2473 .

573.
1215.

326

572,

8z.

594 .

216.

116.

207.

57.
41.

138.

a3

166,

35.
({Effort:

ogo
a00
Qa0
Qoo
0Qo
goa
aoo
Qoo
oo
o0
00d
Qo0
120
034
238
563
Unkhown)

o000
ooo
0Qo
000
000
000
000

.00Q

000
ocoa
uoo
ano
000
000
jeRel]
ooo
454

.186

980
104
Unknown)

298 .
127.
217.
72.
lel.
36.
126
25.
101.
25
19.
55,
14
11.
43 .
41 .

547.
162
611
398
3130
557.
147.
241
65
l84.
19.
138.
45 .
33.
42 .
19.
11 -
21.
19.
27.

000
Qoo
000
0o0o
000
coo

.aco

oco
000

.Q00

000
000

.284

028
970
120

goo

.aoo
.00n
.oco
.000

000
000

.000

000
coo
0oo
000
coo
000
000
000
373
ooo
592
306

179

B7.
42,
54 .
15.
26.
1T,
34.
11.
7.
.oco
.000
.036
.992
.812
.83¢6

Lo AN SRS BT

131.
280.
146.
355,
294
207.
290 .
72.
139.
a4 .
80.
.ogo
58.
26.
140.
22.
17.

16.

.000
oo
o0o
000
000
0oa
000
000
ono
aoo

000
oco
ago
oQo
Q00
000
0400
0Qo0
ooo
ooo
ooe

coo
000
0Qo
000
049
.216
881
-115

78.
Te.
210.
61.
185.
150.
72.
117.
.0Q0
.000
.000
.0Qo
.oco
.000
. 000
.000
.114
L7442
434
. 284

.Q00
.000
L0008
.000
.00
.000
.000
0o
.Coo
.000
.0gQo
.000
. 762
. 896
649
.0e3

ooo
coo
ogo
gao
0aQo0
000
0Qo
000

H e
A 'S

o H O OOtk O

21.
35.
.000

54

74 .
28.
104.
.000

50

a0.
52.
1c.
12.
.000
15.
. 000
.000
L0090
.077
. 623
.542
L7040

[l ® 2 B VAR P R < -]

.000
LQ00
. 000
.000
-0eo0
.0oo
.000
.000
.0C0
.00
.000
.00a0
L6713
. 662
464
.781

Q00
oQo

00
0Q0
000

000
0ao
000
Qoo

000

Mo bW W= b W
[ T I U R . i S -2

[ TSR FUR o B G B I T

.000
.C00
.000
L0000
.000
.Qg00
.000
.000
.Q00
.000
.000
.000
000
.Q00
.000
.000
. 883
.043
.136
,333

=
<& D

.000
,000

9.000

[

-

C 00O C WRE P PP Wo-sd Lo e

.000
.C00
.000
.000
.0oo
.000
.000
.000
.000
.000
.C00
.0o0
.000
.519
.608
-148
.357

O C OO RO R PR W a ke e

.0Q0
,000
,000
.000
L0090
. 000
. 0040
.00a
.000
.000
.000
.000
.000
.000
.000
.00Q
.07Q
.162
.240
.260
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Table 3.4.2. (Continued)

16
100
100
1090
100
140
100
100
100
100
100
100
100
100
100
100
1Q0

FLT25:

15
100
100
100
100
100
100
1a0
100
100
100
100
100
100
100
100
100
100
100
100
100
100

FLT26:

oo -2 o 2 o0 oo Q0O aoc oo

614285714
.325316456
.B19512195
.066265060
.801250000
.219178082
162790628
.561627507
.114117647
.303333333
642528736
.347126437
.158000000
.475000000
.318000000
o.

o0 0 o O 0O o0 o O0O0oo

999000000

ENGEFS_IV (Catch:
1977 1397
11 0.50 0.75

o RPN OoON OO O WOoOORF WR ;KN

269369369
.284070796
423076923
084347826
.135964912
.237500000
539186189
121951220
.430136986
437804878
422077922
836000000
.2B4705882
608139535
751724138
440540541
742253521
636970000
028000000
619000000

4.
IBTS Q1 IV (Catch:

DO o H O 000 D00 O O-OoOR OO0

044000000

.350649351
.781012658
.390243902
.142168675
.105000000
.749315068
288372093
134883721
.490588235
.154444444
.193103448
.749425287
.3340Q0000
.443000000Q
.356000000
.278000000

Unknown)

.447747748
.249557522
580341880
670434783
386842105
.250277778
095945946
474390244
189041096
114634146
064935065
406666667
.248235294
503488372
.155172414
158108108
650704225
.295300000
.277000000
668000000
. 284000000

Unknown)

o o Cc O oo oc oo oo o0oao

a

(E

.571428571
.1810128658
253658537
196385542
.396250000
.054246575
.165116279
168604651
.058823529
.133333333
.072413753
2101149425
.288000000
.13p000000
.542000000
. 224000000

a o o o 90 0 o o o000 Qoo o0

{Effort: Unknown)

.323423423
.088230088
.200000000
.153043478
127192982
.349166867
.120270270
.178048780
.106849315
.202479024

198666667
.118823529
.060465116
.072413793
.045945946
.0816490141
.153850000
.119000000
.162000000
.054000000
fort: Unknown

] 0
o] 0
0 ¢
0 o]
0 0
0 0
0 0
8 0
0 0
0 a
0.027272727 g.
Q. 0
&} ¢
0 o]
0 o]
0 Q
o 0
o] 0
0 0
o] Y]
0 0
f ;

.180519481
.197468354
.050000000
.112046163
.057500000
.Q31780822
.025581395
.094186047
074117647
.013333333
.066666667
025287356
.032100000C0
.085000000
.074000000
.102000000

. Q57657658
.088115044
. 027350427
073043478
.038596491
082777778
-110810811
.040243902
.056164384
.029268293

0610389861

.001333333
.061176471
.013953488
012643678
.035135135
.015492958
.018&90C00
.05600Q00000
.018800000
025200000

QAW grept Wenssk \Reports 199901-342 Dot

O o 0o 0o oo dc o0 oo 0

O O o 0 0 0 o 0 C o 0000 o000 0oo0.

.092207792
,074683544
L057317073
.030120482
040000000
.028767123
.032558140
.019767442
.025882353
.005555556
028735632
011494253
.012000000
.011000000
.034000000
.022000000

.Ql0810811
013274336
.035897426
.011304348
.040350877
.D37500000
.028378378
.020731707
.020547945
.010875%610
.014285714
.042866667
.005882353
.011627907
.002448276
.Q008108108.
.0169201408
.004990000
002000000
.019600000
.ools00000

o O C O O o o000 o0 o0 o oo O

. 055740260
022784810
.015853655
.024096386 -
.01875000C0
.006849315
.011627307
.008139535
.00%411765
.004444444
.018390805
.003448276
.007000000
,Q07000000
.004000000
.010000000




1976 1937

11 0.00 0.25

1L 6

36
12

23

14

16

15

17

13

13
12
14

19

40

Unknown)

{Effort:

(Catch: Unknown)

FRATRO_ 74

FLTZ27:

1986 1997

11 0.00 1.00

11

7166.948

257794

1754.084

188236
215422
3203817

T17.923

169,508
45 .086
33.728

1308.228

236327
300624
285783

23.002

1349 . 246

283999
286019

1356 .050

268151

145.115
6062 .722

274495

282216

45
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Table 3.4.3

Lowestoft VPA Version 3.1
10-0ct-98 14:54:57
Extended Survivors Analysis
Cod in IV,ITIa,VIId {run: XSALJB(G2/X02)

CPUE data from file /users/fish/ifad/ifapwork/wgnssk/cod _347d/FLEET.X02

Catch data for 35 years. 1963 toc 1997. Ages 1 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, 1, 10, .Qo0, 1.0040
FLTZ21: SCOLTR_IV (Ca, 1988, 1997, 1, a, . 000, 1.000
FLiT22: ENGTRL_IV (Ca, 19849, 1997, 2, 3, .000, 1.000
FLT23: ENGSEI_JIV (Ca, 1988, 19%7, 1, 10, .Gpo, 1.000
FLT24: SCOGFS_IV (ca, 1988, 1937, 1, g, .50, .750
FLTZ5: ENGGFs_IV (Ca, 1988, 1997, 1, 5, .500, .750
FLT26: IBTS_D1_1IV {C, 1988, 19%7, 1, 5, .0u0, ,250
FLT27: FRATRO_74 |Ca. 1988, 1997, 1, 1, 000, 1.000
Time series weightsg

Tapered time weighting not applied
Catchability analysis

Catchability dependent on stock size for ages < 2

Regression type = C

Minimum of 5 pointe used feor regression
Survivor estimates shrunk to the populaticn mean for ages <

Catchability independent ¢f age for ages =»= g

Terminal population estimation :

Survivor estimates shrunk towards the mean F
of the final 5 vears or the 5 nldest ages.

5.E. of the mean to which the estimates

Minimum standard error for population
estimates derived from each fleet =

Prior weighting not applied

are shrunk = .500

L300

Tuning had not converged after 30 iterations

Total absolute residual between iterations

29 and 30 = .00133

Final vear F values

Age . 1, 2, 3, 4,
Iteration 29, .0952, .6981, .B417, .495%6,
Iteration 30, 0951, .64981, .8417, .4956,

Regression weights
, 1.00C, 1.000, 1.000, 1.000, 1.000, 1.

46

5, g, 7,
.5143, .4512, .&182,
.5142, .4511, 6180,

o0, 1.000, 1.000, 1,000,

2

8,
L7678,
.T674,

1.000

.3898,

3,

L3895,

10
L8174
L8170



Table 3.4.3 (Continued)

Fishing mortalities
Age, 1988, 19809, 19%C, 19%1, 1992, 1993, 1994, 1995, 1996, 1997

1, .177,  .12%, .1406, .126, .143, .048, .069%, .104, .047, .095
2, .914, .877, .908, .7s84, .B43, .787, .524, .726, .605, .698
3, 1.185, 1.090, .96%, .961, .851, 1.002, .962, .913, .752, .842
4, .858, 1.01a, .8%0, .843, .925, .960, .881, .708, .61, .496
5, .7%0, .755, .773, .825, .7%2%, .881, .77v0, .597, .582, .514
6, .80, .9%06, .556, .936, .806, _771, .839, .626, .685, 451
7, .729%9, .855, .774, 1.07%, .B95, .%90, .623, .630, -921, .618
8, .679, .972, .43%, 1.¢21, .787, .869, .886, .374, .57B, .767
8, .552, .6e4, 1,971, .429, 978, .70S, .896, .598, .837, .390
16, .744, .585, .718, .§99, .506, .707, .867, .691, .310, .B17

XSA population numbers (Thousands)

W R W LW WOy s Oy

AGE

YEAR , 1, 2, 3. 4, 5, &,
1988 , 1.97E+0S, 1.10E+05, 7.1BE+04, 6.02E+03, 5.17E+03, 1.31E+03,
1989 , 2.74E+05, 7.42E+04, 3.11E+04, 1.71E+04, 2.09E+03, 1.92E+03,
1990 , 1.34E+05, 1.08E+05, 2.17E+04. B.13E+03, 5.072+03, 8.04E+02,
1391 , 1.69E+05, 5.231E+04, 3.08E+04, 6.42E+03, 2.738+03, 1.91E+03,
1992 , 3.10E+05, 6.71E+04, 1.72E+04, 9.17E+03, 2.26E+03, 9.81E+02,
1993 , 1,52E+05, 1.21E+05, 2.03E+04, 5.71E+03, 2.%8E+03, §.94E+02Z,
1994 3.50E+05, 6.49E+04, 3.B8E+04, 5.B2E+03, 1.79E+03, 1.0lE+03,
1995 , 2.38E+05, 1.47E+D5, 2_.45E+04, 1.15E+04, 1.97E+03, 6.79E+02,
1996 , 1.61E+05, 9.65E+04, 5.01E+04, 7.86E+03, 4.66E+03, 8.89E+02,
1997 , 31.91E+05, 6.92E+04, 3.71E+04, 1.84E+04, 3_40E+03, 2.13E+03,

7., g, 9, 10,
L30E+02, 1.48E+02, 1.64E+02, 4.B4E+01,
.83E+02, 2.49E+02, 6.15E+01, 7.74E+01,
.36E+02, 1.68E+02, 7.70E+01, 2.59E-01,
.7TE+02, 2.40E+02, 8.B7E«D01, B.79E+0Q0,
L15E+02, 1.Q5E+02, 7.08E+01, 4.73E+01,
.59E+02, 2_.06E+02, 3.93E+01, 2.18E+01,
L3%E+02, 1.09E+02, 7.05E+01, 1.59E+01,
.57E+02, 1.49E+02, 3.68E+01, 2.88E+01,
L97E+02, 1.56E+02, 8.38E+01, 1.66E+01,
.67E+02, 9.70E+01, 4_80E+{01, 2.97E+01,

Estimated population abundance at 1lst Jan 1998
¢ .00E+00, 1,60E+05, Z.43E+Q4, 1.25E+04, 9.17E+03, 1.67E+03, 1.11E+03, 1.B2E+02,
Taper weighted geometric mean of the VPA populations:
. 3.,36E+05, 1.36E+05, 4.44E+04, 1.44E+04, S.67E+03, 2.41E+03, 9.81E+02, 4,24E+02.
Standard error of the weighted Log{VPA populations)
L5585, .5439, L5043, . 5311, L6010, L6423, . 8907, 76581,

Log catchability residuals.

Fleet : FLT19: SCOTRL_IV (Ca

Age , 1988, 189, 19%0, 1991, 1992, 1993, 18994, 1995, 1995, 1997
1, 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, .28, -.09, .14
4, -.76, .14, .38, -.41, .94, -.69, -.24, .52, .44, -.30
5, -.23, -.08, -.28, .75, -.69, LT3, -.41,  -.83, .88, .12
6 , .51, -.1%, ,10, -.20, .28, -.36, .21, -.87, .38, .10
7 , No data for this fleet at this age
& ., No data for this fleet at this age
9 , No data for this fleet at this age
10 , No data for this fleet at this age

3.69E+01,

1.77E+02,

.B254,

2.6EE+01,

£.97E+01,

.B99sg,
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Table 3.4.3 (Continued)

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

Age , 2, 3, 4, 5, 6
Mean Log q. -15.6840, -15.0987, -15.3439, -15.7595, -15.8125,
S5.E(Log q). L6576, .4418, .5679, .6104, .4089,

Regression statistics

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

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, .198, 14.79, .53, 10, .44, -15.10
4, .68, 1.059, 13.37, .59, 10, .39, -15.34
5, .63, 1.183, 12.89, .56, 10, .38, -15.78
6, .84, .550, 14.41, .59, 19, .36, -15.81

Fleet : FLTZ2(; SCOSEI_IV (Ca

Age , 1988, 1989, 15990, 1991, 1992, 1993, 1994, 19%5, 1996,
1, -.0s, .26,  -.0%, .80, -.12, -.s8, -.07, V16, -.14,
2, -.l8, -.43, .76, .23, -.01, ~-.21, -.22, .21, -.05,
2, -.l4, .34, -.14, .29, -.21, -.40, .08, -.18, .23,
4, -.66, J11, .58, -.44, .29, -.19, .14, .14, -.08,
5, .33, -~.3s8, .19, .10, -.22, .06, -.3Z, .10, .05,
6 , .45, .51, -.06, .08, 17, —-.45, -.17, -.17, -.38,
7, .29, .44, .53, .53, .05, .25, -.22, .21, .01,
8, .47, .28, .24, .69, .49, .00, .07, -1.92, .26,
2, -.16, -.50, .48, .24, .91, .23, -.38, -.37, -.30,
10 , -.0s, .41, .37, .08, .16, -.25, .14, .15, .65,
Mean log catchability and standard error of ages with catchability
independent of year class strength and consgtant w.r.t. time
Age . z, 3, 1, 5, 6, 7,
Mean Leog g, -14.8531, -14.808%, -15.0923, -15.1093%, -15.1251, -15.1251, ~-15
5.E(Log g). L3320, L2464, L3591, .2253, L3135, .3634,
Regression statistics
Ages with g dependent on year class strength
Age, Slope , t-value , Intercept, RSguare, Mo Pts, Reg s.e, Mean Leg g
1, .88, L3673, 17.11, .53, 10, .38, -17.77,
Ages with g independent of year class strength and constant w.r.t. time.
Age, Slope , t-value , Intercept, RSguare, No Pts, Reg s.e,. Mean Q
2, .83, .601, 14,25, .60, 10, .29, -14.85,
3, .81, 1.320, 13.95, .85, 10, .13, -14.81,
4, .74, 1.294, 13.55, .76, 10, .26, -15.09,
5, .70, 3.287, 12.98, .94, 10, .11, -15.11,
6, .69, 2.074, 12.560, .85, i0, .18, -15.13,
7, .17, 1.023, 12.88, .72, 140, .19, -14.87,
8, 1.05, -.062, 15.52, .15, 10, .85,. -14.99,
9, .99, .015, 15.03, .48, 10, .48, -15.09,
10, .99, L0786, 14 .85, .84, 10, .29, -14.99,
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L1231,
.7767,
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-15.1251,
.4581,

10
-15.125%1,
.3104,



Table 3.4.3 (Continued)

Fleet : FLT21: SCOLTR_IV (Ca
Age , 1%88, 1989, 1990, 1951, 1992, 1993, 1994, 1995, 1996, 1997
1., -.32, .54, -.15, 1.15, .18, ~-.&5, -.59, .06, ~-.19, -.04
2, ~-.01, -.67, .54, .09, .09, 11, -.34, .07, .07, .05
3, -.44, .14, -.64, .38, -.28, .20, .09, .21, 08, 26
4, -.53, -.10, .40, -.80, .47, -.36, .34, .43, .16, =-.20
5, .05, -.21, .24, .21, -.55, ~-.11, -.24, .12, .63, -.12
6, .07, .01, .19, .08, .27, -.90, .39, -.82, .24, 47
7, -.08, .15, -.31, -.01, ~-.34, ~-.55, -.60, ~-.40, .23, .10
8, =-.60, -.51, -.24, .46, -.,39, ~-.35, -.26, -2.01, .35, -1.09
9 , No data for this fleet at this age
10 , 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 2, 3, 4, 5, 6, 7,
Mean Log g, -15.8115, -15.4271, -15.6783, -16.0255, -16.16%4, ~-16.1694,
S.E{Log q). .3162, L3366, .41086, .3246, .4748, .3525,
Regression statistics
Ages with g dependent on year class strength
Age, Slope , t-wvalue , Inkercept, RSquare, No Pts, Reg s.e, Megan Log g
1, .81, .185, 17.71, .33, 1G, .57, -18.26,
Ages with g independent of year class strength and constant w.r.to. Cime.
Age, Slope t-value , Intercept, RSquare, No Pts, Reg s.e, Mean {
2, .75, 1.055, 14.70, .69, 10, .24, -15.81,
3, 1.01, ~.023, 15.46, .63, 10, .36, -15.43,
1, .86, .501, 14 .74, .61, 10, .37, -15.68,
5, 87, 2.134, 13.39, .84, 10, .18, -16.03,
g, .66, 1.418, 13.05, .68, 10, .30, -16.17,
7. 1.02, -.055, 16 .57, .50, 10, .31, -16.37,
8, 5%, .998, 11.4%, .42, 10, .41, -16.63,
Fleet : FLT22: ENGTRL_IV (Ca
Age , 1988, 1%B9%, 19%0, 1§91, 199%2, 1993, 1994, 1995, 1%96, 2997
1 ., No data for this fleet at this age
2, -.71, -.d45, -.1%8, -.19, .07, .14, L3z, .08, 33, .60
3, -.05, =~.51, ~-.34, .05, -.0%, -.22z, .20, .43, 37, .14
4, -.48, 21, -.22,  -.44, .36, .9z, -.11, -.1¢, 54, 23
5 ., .46, -.31, .46, -.37, -.35, .57, -.19, -.586, .04, 31
6 ., 17, .48, .27, -.01,  -.48, -.33, .04, -.44, 22, .07
7 L35, -.07, A7, -.47, .03, .18, -.34, -.26, go, -.07
8 ., 99.99, .41, 77, ~-.04, 99.99, .28, -.06, -.54, .55, .35
9 , No data for this fleet at this age
10 , No data for this fleet at this age

8
-16.1694,
.8552,

49



Table 3.4.3 (Contigued)

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

Ade 2, 3, 4, 3, 5, T,
Mean Log g, -15.2781, -i5.3061, -15.B362, -16.3195, -16.6604, -16.58604,
S.E(Log q), .3904, .3028, .3347, .4075, L3211, L3575,
Regression statistics
ages with g independent of year class strength and constant w.r.b. time.

Age, Slecpe , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q
2, 1.22, -.433, 16.13, .33, 10, .50, -1is5.28,
3, .82, L9340, 14.43, .77, 10, .25, -15.31,
4, .74, 1.443, 14.08, .79, 10, .23, -15.84,
5, .57, 3.187, 12.73, .87, 10, .16,  ~16.32,
6, .73, 1.463, 14.11, .79, 10, .22, ~-l6.68,
7. .59, 2.482, 11.88, .79, 10, .1le, -16.65,
g, L88, .265, 1%5.14, N 3., .39, -16.45,
Fleet : FLT23: ENGSEI_IV (Ca
Age |, 1988, 1%B9, 1990, 1991, 1992, 19%3, 1994, 1995, 1994, 1987
1, .44, .26, .43, -.in, .5&, -.89, .05, L2, -.3%,  -=.78
2, -.04, .20, .23, -.49, .08, -.25, .00, .08, .27, -.07
El .20, 01, -.20,  -.02, -.5%, -.77, .10, .37, .92, -.06
4, =-.71, .31, -.02, -.18, -.02, -,11, -.35, -_1l6, .78, .44
5, .33, -.93, .15, -.06, -.55, .14, .67, ~-.35, .60, .10
6 ~-.08, .49, -1.13, .37, =035, -.75, .73, L35, .61, .05
7, 17, -.03, .52, .20, .15, -.04, .22, 1.10, 15, .75
B8, .21, .82, .10, -1.862, .48, .07, .21, 1.25, 1.11, .51
9, .05, .01, .37, -.41, 1.36, 99,99, .03, 1.13, -.35, 1.12

10 , .25, .44, .99, 2.02, 99.99, 1.55, -.4%, .16, 1.5, 1.47
Mean log catchability and s;andard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 2, 3, 4, 3, E, 7. 8,
Mean Log g, -15.6398, -15.7304, -15.9808, -15.4673, -15.1187, -15.:1187, -15.1187,
5.E{Log qi, L2330, L4689, .4207, .3155, L6027, 5521, .B613,

Regregsion statistics

Ages with g dependent on year <lass strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Lo
1, .56, .091, 17.70, .39, 10, .50, -l7.%2

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

Age, Siope , t-walue , Intercept, RSguare, No Pts, Reg s.e, Mean Q

2, .80, 1.052, 14.80, .78, 10, .19, -15.64
3, .58, 2.630, 13.49, .83, 10, .21, -15.78
4, .65, 1.846, 13.59, .78, 10, .24, -15.98
5, .63, 1.483, 12.67, .66, 10, .30, -15.47
6, .64, 1.151, 12.23, .56, 10, .38, -15.12
7, 1.87, -1.058, 22.27, .16, ia, 7L, -14.74
3, .63, 1.075, 11.04, .52, 10, .34, -14.48
9, 16.75, -1.8%3, 179.75, .50, 9, 2.81, -14.75
10, 2.31, -1.287, 28.64, .12, 9, 1.86, -14.25
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Table 3.4.3 (Continued}

Fleet : FLT24: SCOGFS_1IV (Ca

Age

T, -.39, -.01, -.22, .11, -.05, 27, .15, .02, 16, -
2, -.32, -.70, .23, -.29, -.27, .47, .18, .89, -.17, -
i, -.61, .19, -.58, -.12, -.21, .05, .42, .06, .67,

4 , -.25, .11, .53, -.98, .33, -.1%, -.01, .21, .4z, -,
5, 10, .49, -.12, -1.01, .77, -.33, .15, -.14, .12, -
6, .37, =30, .45, -.89, 1.22, -.48, .15, .41, -.38, -.
7T , 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

10 , 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 , 2 3 4 E 5

Mean Log g, -16.3554, -16.0847, -16.0650, -16.0675, -15.9843,
5.E(Log g, .4558, .4028, .4346, L4749, L6073,

Regression statistics

Ages with g dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg 3.2, Mean Log g
1, .58, 2.2959, 15.20, .79, 10, .20, -17.25,

Ages with g independent of year class strength and censtant w.r.t. time.

hge, Slope , t-value ., Intercept, RSguare, No Fts, Reg s.e, Mean Q

2, .53, 2,310, 14.03, .75, 10, .20, -16.386,
3, .88, .412, 15.41, .61, 10, .37, -16.08,
4, .83, .610, 14.84, .60, 10, .37, -16.06,
5, 1.23, ~.45%, 17.96, .32, 13, .bl, -16.07,
6, 5.60, -1.871, 57.05, .0z, 14, 3.01, -15.98,

Fleet : FLT253: ENGGFS_IV (Ca

1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1937

Age , 1988, 1989, 1%%C, 199%1, 19%9%2, 1993, 1994, 1995, 1995, 1997
1, -.08, 21z, .11, -.01, .04, .07, -.06, -.18, -.09, .
2, -.08, -.20, .15, -.39, -.57, .22, -.05, .66, .36, -,
3, .05, .31, -.08, -.25, -.19, .31, 27, .44, -.06, -.
4 -2.21, .67, -.24, -.04, .68, .36, .48, .78, .04, -
5, 1.Ze6, .17, -.02, -.59, .39, .95, W17, -.95, .46, -1
& , Mo data for this fleet at this age
7 ., Mo data for thig fleet at this age
8 , No data for this fleet at this age
9 , No data for this fleet at this age

10 , 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 , 2, 3, 4, 5
Mean Log g, -16.2506, -16.5609, -17.0581, -16.955%2,
S.E(Log q). .3613, L3692, 8923, L9157,
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Table 3.4.3 (Continued)

Regression statistics

Ages with g dependent on year c¢lass strength

Age, Slope , t-value , Intercept, RSguare, No Pts, Reg 5.e, Mean Log g
1, .55, 4.664, 14.41, .93, 10, .11, -1s.12,

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

Age, Slope , t-value , Intercept, RS¢uare, Mo 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, .74, .616, 14.62, .34, 10, .64, -17.06,
5, .63, 742, 13.67, .34, 10, .59, -16._24,

Fleet : FLT26: IBTS_Q1_IV {C

Age , 1988, 1989, 1990, 1991, 13892, 1993, 1994, 1995, 1994,
1, =-.31, .05, .05, -.37, -.08, .62, -.14, .03, -.13,
2, -.50, -.08, .43, -.17, -.32, .57, -.33, .48, -.14,
3, -.13, .54, -.03, .15, =-.32, .04, -.20, .18, .21,
4, -.07, .25, .15, .15, .03, .15, .26, =-.13, -.18,
5, .05, .14, .18, -.12, -.23, J21, .52, -.11, -.27,
6 , .55, .08, .b9, -.13, .05, ~-.08, .03, -.11, -.0%9%,
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

10 , No data for this fleet at thisz age

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

Age , 2, 3, 4, 5, &
Mean Log d, -5.1459, -9.1156, -9.01840, -8.5887, -7.5107,
2.E(Log g}, .3738, L2893, L2665, L2713, .4448,

Regression statistics

Ages with g dependent on year class strength

Age, Slope , t-value , Intercept, RSguare, No Pts, Reg s.e,lMean Log g
1, .53, 1.746, 11.14, .63, 10, .30, -1lo.11,

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

Age, Slope , t-value , Intercept, R3guare, No Pts, Reqg s.e, . Mean Q

2, .60, 2.114, 10.04, .77, 1o, .19, -9.15,
3, 1.00, . 005, 9.12, .70, 10, .31, -9.12,
4, 1.43, -1.577, 8.99, .63, 10, .35, -9.CZ2,
5. 1.21, -.750, 8.71, .61, 10, .34, -8.59,
6, 1.92, -1.368, 7.93, W22, 10, .82, -7.51,
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Table 3.4.3 (Continued)

Fleet : FLT27: FRATRO_7d (Ca

Age , 1988, 1989,
.38, -.39,

[ i N N R N

=

Regression statistics

1990, 1951, 1t
.09, -.28,

No data for this fleet
No data for this fleet
No data for this fleet
No data for this fleet
No data for this fleet
No data for this fleet
No data for this fleet
No data for this fleet
No data for this fleet

at
at
at
at
at
at
at
at
at

this
this
this
this
this
this
this
this
this

Ages with g dependent on year class strength

Age, Slcope , t-value ,

1, .24, 3.209,

Intercept, RSquare,

13.8

3.

Terminal year survivoer and F summaries
aAge 1 Catchability dependent on age and year class

Year class = 1996

Fleet,

FLT19: SCOTRL_IV (Ca,
FLT20: SCOSEI_IV (Ca,
FLTZ1l: SCCOLTR_IV (Ca,
FLT22: ENGTRL_IV (Ca,
FLT23: ENGSEI_IV |(Ca,
FLT24: SCOGFS_IV (Ca,
FLT25: ENGGFS_IV (Ca,
FLT26: IBTS_Q1_IV (C,
FLT27: FRATRO_7d (Ca,

P shrinkage mean ,
F shrinkage mean .,
Weighted prediction

Survivors, Int,
ar end of year, 5.2,
159631., .13,

Estimate
survivor

1.

d,
s,

s

135210.

153816.
1.
75169.

153318

172074.
211762.
182824.

136019.
180627.

Ext
sS.e
.08

.
]
T
’
.
.
.
’

’
,

v

I

=

.0
L&
.6
.0
.3
.3
.3
.3
.3

N,

Age 2 Catchability constant w.r.t. t

Year class = 199%

Fleet,

FLT19: SCOTRL_IV (Ca,
FLT20: SCOSEI_IV (Ca,
FLT2Z1: SCOLTR_IV (Ca,
FLTZ22: ENGTRL_IV (Ca,
FLT23: ENGSEI_IV {(Ca,
FLT24: SCOGFS_IV (Ca,
FLT25: ENGGFS_IV (Ca,
FLT26: IBTS_Q1_IV (C,
FLT27: FRATRO_74 (Ca,

F shrinkage mean .
Weighted prediction :

Survivors, Int,
at end of year, s.e,
24283., .10,

Estimate
survivor

23722.

a,
s,

’

21489.

24185.
44233,
21302.
26945,
21984.
23150.
27728.

22787.

Ext
s.e
.Qs

4

’

I

s
.6
.2
.2
-4
2
.2
.2
.2
23

992, 1993, 1994, 19%5, 1998, 1997
.00, -.25, -.12, .29, .13, .14
age
age
age
age
age
age
age
age
age
No Pts, Reg s.e, Mean Log g
.69, 10, .27, -18.87.
strength
nt, Ext, var, N, Scaled,
e, 5., Ratio, . Weightsg,
00, .000, .Qo, 0, .poc,
a7, .Qo06, .00, 1, .100,
14, .00, .Qo, 1, .044,
00, .ooe, .00, 0, .000,
25, .oo0, .00, 1, .060,
00, L0040, .00, 1, .184,
00, .Q00, .00, 1. .184,
67, .000, .00, i, .123,
13, .oog, .00, 1, .1i89,
.54,,,, 062,
.50,,., 073,
var, F
Ratio,
.632, . 095
ime and dependent on age
nt, Ext, Var, N, Scaled,
.e, 5.e, Ratio, , Weights,
20, L0060, .00, 1, .Qa18,
66, L0122, .05, 2, 122,
92, . 097, .33, 2, 102,
09, .gao, .00, 1, 052,
64, L1186, .44, 2, 124,
54, _0B2, 32, 2, L1311,
a5, .006, .03, 2, .154,
54, .094, .37, 2, .132,
0o, . 000, .00, 1, .083,
.50, ., .070,
Var, F
Ratio,
.486, .698

16,

OMefm\Wereps\Wgnssk\Reports\ 1 990 T-343.Doc

Estimated
F
Qoo
111
.098
. 000
.192
.099
.089
073
.084

.111
-085

Estimated
F
.710
.76l
700
L4411
766
647
749
722
.633

.730

53



Tablae 3.4.3 (Continued)

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

Fleet, Estimated, Int, Ext, Vvar, N, Scaled, Estimated
. Survivors, 5.e, s.e, Ratio, , Weights, F
FLT12: SCOTRL_IV (Ca, 14186., .396, .026, .07, 2, .048, .770
FLT20: SCCSEI_IV {Ca, 13595., L208, .057, .27, 3, 147, .793
FLT21: SCOLTR_IV {Ca, 14883 ., .235, .066, .28, 3, .113, .745
FLT22: ENGTRL_IV {Ca, 15017., .2640, .081, .31, 2, .103, L7490
FLT23: ENGSEI_IV {Ca, 14422, .241, L1086, .44, 3, .094, 761
FLT24: SCOGFS_IV {Ca, 12950., .230, 077, .33, 3, .10e, .820
FLT25: ENGGFS_IV (Ca, 3098, , .212, .328, 1.55, 3, .1i2., 1.033
FLTZ26: IBT5_QL_IV (C, 9541 ., .203, .144, .71, 3, .151, 1.002
FLT27: FRATRO_74 (Ca, 16604., .300, .000, .a0, 1, .043, .688
F shrinkage mean , 11117., .50,., .., 073, .G08
Weighted prediction :
Survivors, Int, Ext, N, vVar, F
at end of year, s.e, s.e, . Ratio,
12463 ., .08, .06, 24, .701, .84z
Age 4 Catchability constant w.r.t. time and dependent on age
Year class = 1983
Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
. Survivors, 5., s.e, Ratio, , Weights, F
FLT18; SCQTRL_IV (Ca, 7594 _, 362, 088, .24, 3, .05z, .573
FLT20: SCOSEI_IV (Ca, 10611., .207, .048, .23, 4, .147, L4411
FPLT21: SCOLTR_IV (Ca, 8446, L2385, .103, .44, 4, . 113, .528
FLTZ22: ENGTRL_IV (Ca, 11863 ., .230, L088, .29, 3, -.135, .403
FLT23: ENGSEI_IV (Ca, 13a72., 252, L170, .67, 4, .099, L3583
FLT24: SCOGFS_IV (Ca, 11029., L 241, .240, 1.00, 4, .103, .427
FLT25: ENGGFS_IV (Ca, 9184., L2217, .215, .95, 4, .078, L4595
FLT26: IBTS_Q1_TIV (C, 6976., .19z, . 240, 1.25, 4, .188, .611
FLT27: FRATRC_7d {(Ca, 8150., 300, 000, .40, 1, .023, . 543
F shrinkage mean , 4582., 50, .0, L0863, .828
Weighted prediction :
Survivors, Int, Ext, N, Var, F
at end of year, 5.e, s.e, ' Ratio,
9166., .08, .07, 3z, .864, .496
Age & Catchability constant w.r.f. time and dependen: on age
Year class = 1992
Fleet, Estimated, Int, EXt, Var, N, Scaled, Estima;ed
. Survivors, 5.a, 5.2, Ratino, , Weights, i
FLT19: SCOTRL_IV (Ca, 2034., .359, .161, .45, 4, .0500, .439
FLT2Q: SCOSEI_IV (Ca, 1619%., .198, .069, .35, 5, .181, .9286
FLT21; SCOLTRE_IV (Ca, 1580., .224, L0940, .40, 5, .140, .536
FLT22: ENGTRL_IV (Ca, 2507., ,228, .059, .28, 4, 122, 369
FLT23: ENGSEI_IV (Ca, 2454 ., L2654, .184, .7Q, 5, .084, .403‘
FLT24: SCOGFS_IV (Ca, 1931., _283, .Q4s7, .39, 5, 092, .457
FLT25: ENGGFS_IV (Ca, 1305., L2470, 418, 1.55, 5, .050, 620
FLT26: IBTS_QIi_1IV {(C, 1354., .182, .128, .71, 5, .205, .603
FLT27: FRATRO_7d4 (Ca, 1298., .308, .000, .00, 1, .011, 622
F shrinkage mean , 1066., .50, ., .064, .718
Weighted prediction
Survivors, Int, Ext, N, var, F
at end of year, s.e, s.e, ) Ratio,
1666., .08, .06, a0, .703, .514
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Age

Fleet,
FLT19:
FLT24Q:
FLT21:
FLT22:
FLT23:
FLT24:
FLT25:
FLT26:
FLT27:

&
Year class = 1991

Table 3.4.3 (Continued)

Catchability

SCOTRL_IV
SCOSEI_IV
SCOLTE_IV
ENGTRL_IV
ENGSEI_IV
SCOGFS_IV
ENGGFS_IV

(Ca,
(Ca,
(Ca,
(Ca,
(Ca,
(Ca,
(Ca,

IBTS_Q1_1IV {C,

FRATRO_74

(Cca,

F shrinkage mean ,

Welighted prediction

Survivors, Int,
at end of vyear, s.e,
1111., .09
Age 7 Catchability
Year class = 1990
Fleet,
FLT19: SCOTRI_IV (Ca,
FLT20: SCOSEI_IV (Ca,
FLTZ21: SCOLTR_IV (Ca,
FLT22: ENGTRL_IV (Ca,
FLT23: ENGSEI_IV (Ca,
FLTZ24: SCOGFS_IV (Ca,
FLT25: ENGGFS_IV (Ca,
FLT26: IBTS_QI1_IV (C,
FLT27: FRATRO_7d (Ca,

F shrinkage mean ,
Weighted prediction -
Survivors,
at end of vyear,

Age 38

Fleet

FLT1%:
FLT20:
FLTZ21:
FLT22:
FLTZ3:
FLT24:
FLTZ25:
FLT26:

*

+

FLTZ7:

152 .,

Int,
s.8,

.10,

.

Estimated,
Survivors,

1468,

11459.
1809.
1169,
1287,
1063.

1553.
726,
1115.
564.

r

Ext,
5.e,
.06,

Estimated,
Surviveors,

178.
179.
166.
156.
236.
135.
132.
156.
123.

109.
Ext,

5.,
.05,

Catchability constant w.
Year class = 19289

S5COTRL_IV
SCOSEI_IV
SCOLTR_IV
ENGTRL_IV
ENGSEI_TIV
SCOGFS_IV
ENGGFS_IV

{Ca,
{Ca,
(Ca,
(Ca,
{(Ca,
(Ca,
(Ca,

IBTS Q1_IV (C,

FRATRO_ 74

(Ca,

F shrinkage mean ,
Weighted prediction :
Survivors,
at end of year,

37.,

Int,
s.e,
.14,

Estimated,
Survivors,

18.
39.
28.
39.
58.
43.
7.
44.
40.

36,
Ext,

s.e,
.06,
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Int,

s.e,
.311,
-190,
.230,
.217,
.290,
.280,

.50,

47,

v

var,

Ratio,
LB7T,

and age {fixed at the

EXt,
5.2,

. 149,
. 025,
.072,
036,
.137,
.149,
J1l1,
170,
.000,

.451

Int, Ext,
3.e, 5.2,
.320, .233,
.198, .140,
.234, .0B7,
.216, .101,
.3240, L 205,
.296, .075,
.334, .283,
L2011, .0B6G,
.30z, L 000,
50,0,
N, Var, F
. Ratio,
51, ,492, .618
time
Int, Ext,
5.e, s.e,
.329, 127,
. 226, .138,
L 261, .205,
.242, .122,
.373, .1218,
.308, J111,
.318, .118,
.209, .138,
.300, .000,
=51 B
N, Var, F
, Ratio,
55, .407, L7867

constant w.r.t. time and dependent on age

var,
Ratio,
.48,

Var,
Ratiao,
.73,
.71,
.29,
.47,
.64,

Var,
Ratio,
.39,
.61,
.19,
.50,
.34,
.36,
.37,
.66,
.00,

1

Hawoominoaon

Scaled,
Weights,
.087,
.205,
.125,
.165,
.074,
.G78,
.026,
.167,
. 005,
0867,

Estimated
F
.359
.439
L300
.433
.400
.487
.342
L627
L450
.753

constant w.r.t. time and age (Eixea at the value for age) &

N, Scaled, Estimated
, Weights, F
5, .054, .575
7, .221, .574
7, .178, .606
6, .199, .636
7, .085, . 462
6, .047, 707
5, .014, . 718
6, .100, .63%
1, 002, . 754

L1001, .820
value for age}) 6
N, Scaled, Estimated

., Weights, F

5, .038, 1.228
8, .186, .739
8, .149, .921
T, 230, .744
8, .086, . 547
6, .031, .6B6
5, .009, L7867
6, .065, L 681
1, .002, .722

.204, .787
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Table 3.4.3 (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, Scaled, Estimated
) ' Survivors, s.a, s.e, Ratiao, . Weights, F
FLT19: SCOTRL_IV {Ca, 38., L3386, .121, - .38, 5, .024, .290
FLT20: SCOSEI_IV ({(Ca, 32., .289, . 048, .17, 9, . 298, .330
FLT21: SCOLTR_IV (Ca, 24, .261, .135, .52, 8, .107, LA20
FLT22: ENGTRL_IV (Ca, 31., L2136, .146, .62, 7, .158, .341
FLT23: ENGSEI_IV (Ca, 72., L4446, 103, .23, 9, L1117, 161
FLT24: SCOGFS_IV (Ca, 27., . 323, .108, .33, 6, .019, .387
FLT25: ENGGFS IV (Ca, a7., .340, .244, .72, 5, .005, .292
FLT26: IBTS_Q1 IV (C, 0., 217, .042, .19, 6, . 040, .355
FLT27: FRATRO_74 (Ca, 183., L300, .aoy, .00, 1, .001, .532
F shrinkage mean ., 11., .50, , ., L 230, 771

Weighted prediction :

Survivors, nt, Ext, N, Vvar, F
at end of year, s.e, s.e, . Ratio,
27. . .16, .09, 57, .556, -390

Age 10 Catchability constant w.r.t. time and age {fixed at the wvalue for age) &

Year class = 1987

Fleet, Estimated, nt, Ext, var, N, Scaled, Estimated
. Survivors, 5.8, 5.8, Ratio, , Weights, F
FLT19: SCOTRL_IV (Ca, 7., .325, .094, .29, 5, .017, 1.093
FLT20: SCOSEI_IV (Ca, 9., .230, .118, .51, 10, .421, .898
FLT21: SCOLTR_IV (Ca, 5., L2250, .194, .78, 8, 089, 1.382
FLT22: ENGTRL_IV {Ca, 7., L229, .40, .17, 7, 100, 1.070
FLT23: ENGSEI_TIV (Ca, 16, 411, 27T, .67, 10, L0795, 624
FLT24: SCOGFS_IV (Ca. 3., .304, .294, .97, 6, .014, .923
FLT25: ENGGFS_IV (Ca, 11., L3289, .11z, .34, 5. .004, .791
FLT26: IBTS_Q1_IV (C, 10., .205, L0681, .30, 5, .030, .874
FLT27: FRATRO_7d (Ca, la., .300, .000, .00, 1, .001, L6821
F shrinkage mean , 18., .50,., .., .270, .553

Weighted prediction

Survivoers, Int, EXt, N, var, F
at end of year, 5.€, s.e, . Ratio,
11., 17, .08, 59, .448, .817
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Table 3.4.4

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

At 10-Oct-98 14:59:39

Terminal Fs derived using X5A (With F shrinkage!)

Table 8 Fishing mortality (F} at age
YEAR, 19613, 1364, 19¢€5, 1966,
AGE
1, .0249, .0203, . 0585, .0551,
2, .5316, L3759, L4704, .5499,
3, L3677, .5929, .6601, L6240,
4, .4525, L4171, L6211, .5283,
5, .4543, L4767, .4312, .4894,
&, .5628, L6126, L4612, .4346,
7, L1602, .6078, L4678, .4452,
8, .TB52, .3700, .7098, .5271,
9, L3118, .3262, L2696, L7630,
10, .4581, .4823, 4714, .5362,
+gp, .4581, L4823, L4714, .5382,
FBAR 2- B, L4734, .4933, . 5459, .5147,
FBAR 2- 4, .4506, L4620, .5839, .5687,
Table B8 Fighing mortality (F) at age
YEAR, 1968, 1969, 1970, 1971,
AGE
1, .0457, .0213, .1098, L0763,
2, .6353, .3906, .5787, .8862,
3, .7390, .6001, L7485, L7701,
4, L7113, .5817, 5710, .7086,
5, .6228, .6282, .5845, .6945,
6, .56486, .6990, .5316, .5377,
7, .58213, .4867, .5279, L5693,
B, L4542, L6313, 23177, .5188,
9, L1773, . 4065, .6420, .6B98,
10, .6055, .5752, .5249, L6073,
+gp, .6055, .5752, .5249, L6073,
FBAR 2- 8, .6156, L5739, .5511, L6693,
FBAR 2- 4, .6952, .5241, L6321, L7883,

1967,

.0335,
4973,
.7287,
.5326,
.5972,
.5988,
.6200,
L7130,
.3800,
.5868,
.5868,
.6125,
.5862,

1972,

.0335,
.8906,
.9070,
.6528,
L7100,
.8030,
L7790,
.0276,
.2287,
.9196,
.919%s6,
.8243,
.8168,
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1973,

.1292,
6966,
.B384,
.7782,
.5739,
.7211,
L6900,
5434,
3375,
.5780,
.5780,
6916,
L7711,

1974,

L0922,
.8121,
6697,
.6416,
.6398,
.5318,
.7127,
.6020,
.9128,
.6862,
.6862,

6585,

L7078,

1975,

.1084G,
.7336,
.7844,
.6700,
L7446,
6712,
.5118,
. 8397,
.8788,
.7385,
L7365,
.7080,
L7293,

1976,

.0353,
L9390,
.8573,
.7568,
L5712,
.7949,
L7443,
.2720,
L7971,
.6408,
L6408,
. 7045,
.B510,

1977,

.1439,
.B432,
.1702,
.5485,
.6354,
-6012,
.8040,
.7716,
.4542,
.8623,
.8623,
.7106,
L7206,
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Table 3.4.4 (Continued)

Run title : Cod inm IV,IIIa,VIId {run: XSALJB(2/X02)

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

Terminal Fs derived using XSA (With F shrinkage)

Table 8 Fishing mortality (F) at age
YEAR, 1978, 1979, 1980, 1
AGE
1. .95z, L1041, .10%¢,
2, 1.0247, .7935, .B826,
3. L9246, .9485, L9808, 1.
4, .7664, L5893, .7904,
5, .B693, L7053, .6450,
6, .7417, L5128, .6333,
7, .6809,  .6585,  .8413,
8, L7631, .5224, L8287,
9, .8817, .7887, .5850,
10, L7953, .6433, L7142,
+gp, .7953, .B433, L7142,
FBAR 2- 8, .8244, L6757, . 8009,
FBAR 2- 4, .9052, JT7TL, .8846,
Table 8 Fishing mortality (F} at age
YEAR, 1988, 1989, 1990, 1
AGE
1, 1774, .1289, .1401,
2, .9144, . 8771, . 9085,
3, 1.1847, 1.0898, . 9692,
4, .8576, 1.0160, L8903,
S, L7943, L7552, L7731,
6, .8010, .5059, .5556,
7, 7289, _B550,  .7738, 1
8, .6788, 9724, .4386, 1.
9, .5521, L6645, 1.9708,
10, .7438, . 5850, L7178,
+gp ., . 7438, .5850, 1178,
FBAR 2- 8, L8508, .9245, L7585,
FBAR 2- 4, .9854, .9943, .9227,
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981,

L1010,
.9713,

0112,

L7700,
L6770,
.5903,
L1179,
.5731,
.7341,
.6645,
.6645,
.7587,
L9175,

391,

1263,
.7638,
L9611,
. 8428,
.8252,
.9362,
0751,

0209,

.4288,
L6991,
.6991,
L9179,
.B559,

1982,

L1756,
L9373,
1.231s6,
.9206,
.7895,
.B985,
L1673,
.6954,
.7988,
L7979,
L7979,
.8915,
1.0298,

1992,

L1427,
.B429,
.8508,
.9251,
.7287,
.8058,
.B955,
L7871,
.9784,
.5059,
L5059,
.8337,
L8729,

1983,

L1258,
1.0857,
1.1891,

.9128,

.7894,

. 1581,

.7183,

.9064,

.6309,

.7682,

.7682,

.9085,
1.0625,

1993,

.0482,
. 7867,
1.0020,
.9599,
8809,
.1712,
9903,
8693,
.7054,
L7071,
7071,
89473,
.9162,

1984,

L1767,
.9538,
.0183,
.8279,
L1469,
L7522,
.6563,
.7473,
.9088,
L7701,
L7701,
.81406,
.9334,

1994,

.0684,
L6239,
.9616,
.B815,
L7695,
.B393,
.6226,
.BEBSE,
L6959,
.6670,
.6670,
L7977,
.B223,

1985,

.0868,
.98432,
L9568,
.8074,
-7098,
.6910,
-6961,
.5952,
.5789,
.6603,
-6603,
7772,
.9161,

1985,

.1036,
L7256,
-9128,
.7079,
-5968,
.6259,
.629%6,
.37486,
.5578,
.6909,
.6909,
.6532,
.7821,

1984,

.23432,
L8945,
.05989,
.9533,
.8686,
.80eH,
.7648,
.8285,
.5045,
L7623,
L7623,
.B823,
.9693,

1996,

0467,
L6055,
.7524,
6112,
5821,
6852,
9210,
.9784,
.8374,
.3098,
.3098,
7337,
.6563,

1387,

.1414,
L9166,
.8911,
.9265,
L7211,
.9338,
.8906,
.7818,
L7067,
.B154,
.8154,
.B659,
.9114,

1997,

.0951,
L6981,
.8417,
.4956,
.5142,
.4511,
. 6180,
L1674,
.3895,
.8170,
.B170,
.6266,
.6785,

FBAR 95-97

.o8la,
L6764,
.8356,
L6049,
5644,
.5874,
7228,
.7068,
.6082,
6059,
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Table 3.4.5

Run title

At 10-0Oct-98

Table 10
YEAR,

>
[
e

=
[V R - Y IO L RN

+gp,
TOTAL,

Table 10
YEAR,

el
[
=

—
S =l W

+dp .
TOTAL,

: Cod in IV,I3¥Ta,vIId

14:59:39

Terminal Fs derived using XSA

Stock number at age

1963,

195108,
123043,
25892,
10736,
8439,
3116,
605,
1000,
58,

18,

0:
368013,

Stock number at age

1968,

194595,
212394,
923740,
26307,
14486,
3622,
2178,
936,
309,
270,
58,
548124,

{run:

(st

1964, 1965,
374091, 415441
85513, 164718
50953, 41378
13961, 21933
5591, 7532
4186, 2842
1453, 1946
422, 548
3173, 238
35, 221

11, 23
536789, 656920
{st

1969, 1970,
209057, 781993
83530, 91960
792895, 19829
34356, 33887
10816, 15723
6362, 4725
1686, 2589
996, 849
486, 434
116, 265
1395, 107
426896, 972361

XSALJB0Z/X02)

art of year)
1566, 1967,
., 506863, 488808,
, 176070, 215532,
, 72517, 71595,
, le654, 3jo13s,
, 9649, 8039,
s 4007, 4842,
, 1467, 2124,
, 998, 770,
. 261, 482,
. 149, 100,
. 219, 42,
, 788853, 822473,
art of year}
1971, 1972,

, 910798, 173514,
, 314844, 379202,
. 36331, 91462,
s 14703, 13099,
s 15675, 5927,
. 7175, 65408,
s 2273, 3431,
) 1250, 1083,
s 506, 609,
s 187, 208,
, 226, 33,
, 1303969, 674945,

OMACfI W greps\W gnssk\Reports\ 199\T-344-6. Doc

(With F shrinkage)

Numbers*10**-3

Numbers*10**-3

1973,

319653,
75396,
109664,
28759,
5583,
2386,
2350,
1289,
309,
l46,
403,
545938,

1974,

263658,
126224,
26474,
36930,
10813,
2575,
950,
965,
613,
180,
415,
469798,

1975,

486383,
108038,
39487,
10554,
15818,
46869,
1239,
381,
433,
201,
132,
667435,

1976, 1977,
246435, B39211,
196172, 106894,

36558, 54057,

14035, 12080,

4421, 5391,
6189, 2045,
1952, 2288,
508, 763,
135, 379,
147, 50,
99, 181,
506753, 1023339,
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Table 3.4.5 (Continued)

Run title

At 10-Oct-98

14:59:39

Cod in IV,IIIa,VIId {run: XSALJBO2/X02)

Terminal Fs derived using XSA (With F shrinkage)

Table 10
YEAR, 13978,
AGE
1, 488187,
2, 326531,
3, 32415,
4, 19489,
5, 5715,
6, 2338,
7. 218,
fa, 839,
9, 289,
10, 73,
+gp, B7,
TOTAL, 876880,
Table 10
YEAR, 1988,
AGE
1, 197091,
2, 109989,
3, 71753,
4, 6015,
5, 5173,
6, 1313,
7. 630,
8, 148,
9, le4,
10, 44,
+gp, 37,
TOTAL, 392362,

Stock number at age

Stock number at age

1979, 1380,
525438, 893770,
199427, 212742,

B2587, 63558,

10015, 24913,

7415, 4548,
1962, 2999,
912, 962,
380, 86,
320, 185,
28, C11¢9,

39, 53,
828592, 1210236,

1989, 1990,
274327, 133936,
74160, 108356,
31061, 21739,
17091, 8135,
2089, 5066,
1922, 804,
483, 636,
249, 168,
61, 77,
77, 26,
25, 19,
401544, 278961,

O \ACTI\W greps\Wenssk\Reports\ | 99N T-344-6. Doc

(start of vyear)

1981,

114834,
362327,
62019,
18562,
9253,
1946,
1303,
339,
138,
B4,

47,
770854,

(start of year)

1991,

169322,
52313,
30783,

6423,
2734,
1914,
377,
2490,
83,

9,

22,
264227,

1282,

618509,
127871,
96664,
17571,
7037,
3850,
883,
520,
157,
54,

32,
B73148,

1992,

310308,
67055,
17174,

9169,
2264,
981,
615,
105,
11,

47,

25,
407814,

Numbers*10**-3

1383, 1584, 1985,
324878, 596342, 158655,
233152, 128728, 224550,

35293, 55479, 34949,

21970, 8370, 15606,

5729, 7220, 2594,
26186, 2130, 2802,
1283, 1044, 822,
i35, 512, 426,
213, 111, 199,
58, 93, i7,

47, 41, 70,
625574, B00028B, 441109,

Numbers*10**-3

1393, 1994, 1995,
151532, 34991%, 238287,
120884, 64881, 146800,

20340, 38787, 24501,

5713, 5816, 11548,
2976, 1781, 1972,
8294, 1010, 679,
359, 339, 357,
206, 109, 149,
39, 71, 37,

22, 16, 29,

28, 36, 11,
3102994, 462775, 424370,

1984,

716245,
65359,
59142,
10456,

5699,
1206,
1150,
336,
192,
91,

47,
859923,

1996,

161384,
96534,
50071,

7659,
4658,
B89,
297,
156,
84,

17,

33,
321781,

1987,

281953,
254638,
18828,
1595¢,
3300,
1957,
441,
438,
120,
95,

23,
577752,

1997,

390721,
69204,
37130,
18377,

3403,
2131,
367,
97,

48,

30,

20,
521527,

1998,

0,
159631,
24263,
12463,
9166,
1666,
1111,
162,
37,

27,

1B,
208544,

GMST 63-95 AMST 63-9

|
342239, 198641,
140283, 161797,
44449, 50453,
14610, 16714,
5794, 6878,
2492, 2990,
1048, 1273,
457, 570,
igs, 247,
75, 102,
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Table 3.4.6

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

YIELD/SSB, FBAR 2- 8B,

=

P R e R R B R e e R e

[y

Takle 16 Summary (without SOP correction)
Terminal Fs derived using XSA {(With F shrinkage)
YEAR RECRUITS {(Agel) , TOTALBIO, TOTSPBIO, LANDINGS,
1963, 195108, 452114, 151517, 116457,
1964, 374091, 542256, 166128, 126041,
1965, 415441, 714022, 205376, 181036,
1966, 5068613, 859768, 230735, 221336,
1967, 488808, 923776, 250047, 252977,
1968, 194595, 78BE69, 258247, 288368,
1969, 209057, 630832, 255981, 200760,
1970, 781993, 973121, 276923, 226124,
1971, 91Q798, 1180311, 277312, 328098,
1972, 173514, 809719, 231095, 353976,
1973, 319652, 655931, 209190, 239052,
1974, 263658, 623365, 230866, 214279,
1975, 486383, 704568, 211626, 205245,
1976, 2464315, 610376, 182073, 234169,
1977, B39211, 822053, 159358, 209154,
1978, 488187, 812384, 159397, 297022,
1979, 525437, 804740, 164325, 269973,
19890, 899770, 1015471, 181946, 293644,
1981, 314834, 855533, 195865, 335487,
1982, 618509, 840457, 190384, 303251,
1983, 324878, 649551, 155262, 259287,
1984, 596341, 718673, 133850, 228286,
1985, 158655, 503394, 126760, 214629,
1986, 716246, 683766, 114869, 204053,
1987, 281953, 572048, 105424, 216213,
1988, 197091, 426932, 99407, 1842490,
1989, 274327, 417308, 91441, 1399386,
1990, 133936, 329177, 78637, 125314,
1991, 169322, 297932, 71744, 102478,
1992, 310308, 407864, 63762, 114028,
1993, 151532, 344619, 66023, 121749,
1994, 349919, 445618, 67071, 110634,
1995, 238287, 451994, 77137, 138623,
1996, 161384, 403733, 90772, 126454,
1997, (390721)* 516840, 109642, 124151,
Mean p 391636, 651112, 161318, 208758,
Units, (Thousands) , {Tonnes}, (Tonnes}, {Tonnes) ,

* replaced by RCT3 estimate of 1996 yearclass (557000)

OMCfm\Wgreps\Wensski\Reports\] 999 T-344-6 Doc

7686, .4734,
.7587, .4933,
.8815, .5459,
.9593, 5147,
0117, .6125,
1166, L6156,
.7843, .5739,
8166, 5511,
.1831, 6693,
5317, .8243,
.1428, .6916,
.9282, .6585,
.9698, .7080,
2861, .7045,
.3125, .7106,
.8634, .B244,
6429, .6757,
6139, .B009,
7129, .7587,
.5928, .8915,
6700, .9085,
L7055, .8148,
6932, 7772,
.717173, .8823,
0509, .8659,
.8534, .8508,
.5303, .9245,
.5936, 7585,
.4284, .9179,
.6344, .B337,
.8440, .B943,
.6495, .7977,
7971, 6532,
.3931, 7337,
1323, .6266,
.3894, 7297,

FBAR

2- 4,

4508,
4620,
.5839,
.5687,
.5862,
.6952,
.5241,
6321,
,7883,
8168,
L7731,
.7078,
.72913,
L8510,
.72086,
.9052,
L7771,
.8846,
.9175,
.0298,
L0625,
.9334,
.9161,
.9693,
5114,
.9856,
.9943,
.9227,
.8559,
.8729,
.9162,
.B223,
.7921,
. 6563,
. 6785,

L7909,
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Table 3.5.

COD {Illa, 1V, VIId)

20
Year ¢lass

1970
971
1972
1973
1974
1975
1976
1977
1978
14979
180
1981
1982
1983
1984
1083
1986
1987
1988

1989

1991}
1991
1992
jee3
1994
1995
1996
1997
1998

29
"VPA
911
173
320
264
486
246
839
488
325
900
315
01y
325
596
159
716
282
197
274
134
169
30
152
350
238
161
-1
-1
-1

RCT3 Input values

Age group |

TYrFst TYFSZ"EGFSW‘EGFSF'EGFST'SGFSF'SGFS2'W)GFSW‘DGFSP‘DGFST’FRGSP'GGFSP'GGFSZ’WBQZP 'SCQ2Z1' 'SCQ22 'IBQ4Y IBQ4L' ‘G4t 'GQLY!

2
9830 3450 B R A 5| 5| -1
410 1060 -1 -4 -1 -l -1 -1
IR00 950 -1 -1 A1 1 -1 -1
1470 620 -1 -1 -1 -1 -1 N
4030 1990 -1 -l -1 -l -l -1
790 320 -1 q a7 | -1 -1
3670 2930 A 6270 12350 -1 -1 -1
1290 930 1389 2284 580 A -1 -1
990 1480 1256 2423 670 -1 -1 -
1690 2550 1855  SOR4 1386 - | -1
0 670 1023 1136 290 A 351 4320
920 1660 7424 3237 196 614 78 17680
390 800 255 1S40 475 325 391 2690
1520 1760 9510 6122 1189 19 1143 12150
90 360 3R 430 1S 66 104 130
1700 2880 828 343% 1065 801 695 14360
880 610 121 1422 407 219 288 3700
360 630 38 ¥36 248 162 135 3620
1310 1520 1678 2285 504 561 49 1660
340 410 S98 608 155 14 154 1370
240 450 383 752 159 303 193 2350
1300 1990 4840 2440 650 642 TAD 3980
1270 440 1684 742 295 347 334 1160
1480 2210 377 2637 1277 1158 1443 2410
970 8OO 2134 1028 668 475 356 6350
350 690 26 619 284 318 278 -1
4000 2640 4122 4044 1396 999 -1 -1
270 -1 49 1y -1 -1 - -1
- A3y -1 -1 -l -1 -

-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-l -1
-1 450
16380 1120
4690 160
8300 230
2180 160
2130 310
360 20
11120 800
4150 170
1780 220
1660 190
920 70
720 1na -
4540 70
170 90
46490 -1
| -1
-1 |
-1 -1
| -1
- -1

T-351.XLS

9040
130
160
360
800
780

2820

2720

3110

3550

1410

2320
900

4300

a0
Y50
230
210
420
60
-1
-1
-1
-1

-

-1
-1
-1
-1

-1

-1

-1
-1

-1

-l

-1
590
264
230
1540
700
200
9020
1190
1550
1340
-1
3080
430

-1
-1
-1

-1

-1

-1

-]
-1
-1

-1

-1
350
244
2240
260
1140
950

-1

-1

-]

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1
1490
19080
4820
2030
4270

-1

-1

-1

-1

-1

-1

-1

-

-1

-1

-1

-l

-1

-1

-]

-1

-1

-1

-1
3140
3330
14460
3410
20470
3660
1920

-1
-
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

-1
-1l
-1
-1
-1
-1
-1
-1
-1
-1
-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-

303
566
2
7246
2423
20
148.2
30
338
-1

-
R4
1334
41
109.2
5.5
-1

-1
-
-
-1
-]
-1
-
-1
-1
-1
-1
678.3
66.2
406
96
197
20.8
26
22
1
346
-1
12
-1
32
254
94
0.5
-1
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Table 3.5.1 (Continued)

COD (ML, IV, VIId)

20
Year class

1970
1971
1972
1973
1974
1975
1u76
1977
1978
1474
1980
1981
1982
183
1984
1985
1986
1987
198K
1989
1990
1991
1992
1993
1994
1995
19496
1997
1998

29
'VPA
379
75
126
108
196
107
327
199
213
62
128
233
124%
225
65
255
114
74
108
52
67
121
65
147
97
69

RCT3 Input values

Ape group 2

TYFS1' TYFSY C'EGFS0" 'EGISL 'EGESZ' 'SGESI '8GESY 'DGFS0 ‘DGFS1 'DGESY 'FRGSF 'GGFS1 'GGFS2' Q21" 'SCQ21' 'SCQ22 'IBQ40' '[BQ4Y’ 'GQ40' 'GQIL

2

Y830 3450
410 1060
3800 950
1470 620
4030 1990
790 320
3670 2930
1290 930
990 1480
1690 2550
290 670
920 1660
390 800
1520 1760
90 360
1700 2880
BRO 610
360 630
1310 1520
340 410
240 450
1300 1990
1270 440
1480 2210
270 800
350 690
4000 2640
270 -1
-1 -1

-1

-1

-1

-1

-1

-1

-1
1389
1256
1855
1023
7424
255
94510
3%
828
121
38
1678
598
383
4840
1684
31T
2134
26
4122
4.9
38y

-1

-1
-1

-1
-1
447
12350
S80
670
1386
290
1096
475
11849
115
1065
407
248
504
155
154
650
295
1277
668
284
1396
-1

-1

-1
-1
-1
-1

-1
a5l
78
391
1143
104
6953
283
135
49
154
193
749
334
1443
356
278
-1
-1
-1

4320
17680
2690
12150
130
14360
3700
3620
1660
1370
23350
3980
1160
2410
6350
-l
-1

-1

-1

-1 -1

-1 -1

-1 -t

-1 -1

- -

-1 -1

-1 -1

-1 -1

-1 450
16380 1120
4690 160
8300 230
2180 160
12130 310
360 20
11120 8OO
41350 170
1780 220
1660 190
920 70
720 110
4540 70
170 90
4690 -1
-1 -1

-1 -1

-1 -1

-1 -1

-1 -1

T-351. XLE

9040
130
160
360
A
780

2820

2720

3110

3550

1410

2320
900

4300

94
950
230
210
424

-1
-1
-1
-1
-1

-1

-1

-1
830
3630
1100
3200
1960
370
7580
-1

-1

-1
-1
-1
-]
-1
-1

1
1
-1
-1
-1
1
-1

1490
19080
4820
2030
4270
770

14460
3410
20470
3660
1920

-1
-1
-1
-1
-1

303
566
2
7246
2423
20
1482
31
338
-

-l
84
1334
41
109.2
3.3

-1
-1
-1
-1
-1
-1
-]
-1
-1
-1
-1
678.3
66.2
406
9.6
197
20.8
2.6
22
1
346
-1
1.2
-1
32
254
9.4
0.3
-1



Table 3.5.2.1

RCT3 output

COD in IIIa, IV and VIId

Age group 1

Data for 20 surveys over 29 years : 1970 - 1998
Regression type=C

Tapered time weighting not applied

Survey weighting not applied

Finalestimates shrunk towards mean

Minimum S.E. for any survey taken as 0.2

Minimum of 5 points used for regression

Forecast/Hindcast vartance correction used.

Yearclass = 1996

| Regression I I--

VPA Mean

Survey/  Slope Inter-  Sid Rsquare No. Index Predicted
Series cept  Error Pts Value Value
IYES1 081 021 0.6 0.497 26 8.29 6.96
IYFS2 098 -1.02 039  0.708 26 7.88 6.72
EGFS0 0.6 1.85 087 0317 19 8.32 6.82
EGFS1 0.8 -0.14 023  0.877 20 8.31 6.49
EGFS2 09 0.17 034 0964 21 7.24 6.71
SGFSs1 0.95 0 0.54 0.521 15 6.91 6.57
1BQ21 047 2.0l 021 0777 6 8.93 6.17
8CQ21 0.7 -0.23 078  0.209 6 7.95 532
GQ40 0.44  3.69 056 04935 12 47 576
GQ11 036 442 041  0.684 13 2.34 5.26
VPA Mean 58
Yearclass = 1997
T Regression | B
Survey/  Slope Inter-  Std Rsquare No. Index Predicted
Series ‘ cept  Error Pis Value Value
IYFS1 081 021 0.6 0.497 26 5.6 4.77
EGFS0 0.6 1.85 087 0317 19 1.77 291
EGFS1 0.8 -0.14 023  0.877 20 4.78 3.67
GQ40 044  3.69 056 0495 12 1.87 4.51
GQll 036 442 041  0.684 13 0.41 4.57

5.8

Prediction:

Std
Error

0.663
0.422
0.971
0.257
0.378
0.627
0.362
1.027
0.635
0464

0.587

Prediction.

WAP Prediction

Weights

0.044
0.108
0.02

0.289
0.134
0.049
0.146
0.018
0.047
0.089

0.056

1054
829
916
659
821
713
478
204
317
192

330

Std
Error

0.658
1.118
0.311
0.685
0.496

(.587

64 WAACFMAWGNSSK\O\COD_347D\TAB_352

WAP Prediction

Weights

0.102
0.035
0.459
0.094
0.18

0.056

118
18
39
91
97

330

I



Table 3.5.2.1 (Continued)

Yearclass = 1998
| S Regression I I ---Prediction
Survey/  Slope Inter- Std Rsquare No. Index Predicted  Sid
Series cept  Error Pts Value Value Error
EGFS0 0.6 1.85 087 0317 19 597 541 0.946
VPAMean = 5.8 0.587

Year Weighted Log
Class Average WAP
Prediction
1996 557 6.32
1997 71 4.27
1998 296 5.69

Int Ext Var
Sed Std Ratio
Error Emror
0.14 0.15 1.16
0.21 0.34 2.60
0.5 0.18 0.12

WAACFMAWGNSSK\OS\COD_347D\TAB_352

WAP Prediction

Weights
0.278

0.056

224

330

65



Table 3.5.2.2

RCT3 output
COD in I1la, IV and VI3

Age group 2

Data for 20 surveys over 29 years : 1970 - 1998
Regression type =C

Tapered time weighting not applied

Survey weighting not applicd

Finalestimates 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

Fommmr e --Regression I 1 Prediction: 1
Survey/  Slope Inter- Std Rsquare No. Index Predicted  Std WAP  Prediction
Series cept Error Pts  Value  Value Emor  Weights

IYFS1 0.78 -0.44 0.57 0513 26 8.29 599 0622 0.047 399
IYFS2 0.96 -1.75 0.38 0701 26 7.88 578 0.416 0.105 323
EGFS0 0.58 1.06 084 0314 19 8.32 5.86 0.942 0.02 350
EGFS1 0.78 -0.89 023 0.869 20 8.31 5.55  0.258 0273 257
EGFS2 0.86 -0.5 0.31 0.777 21 7.24 376 0352 0.147 317
SGFS1 0.86 -0.36 046 0564 15 6.91 5.55 03539 0.063 257
IBQ21 0.46 1.19 023 0739 6 8.93 528 0385 0.123 196
SCQ21 074 -1.47 0.85 0.17 6 7.95 4.44 1.12 0.014 84
GQ40 0.43 2.81 056  0.466 12 4.7 484  0.637 0.045 126
GQ11 0.33 3.59 036 0704 13 2.34 436 04]2 0.107 78

VPAMean = 4.89 0.569 0056 133

Yearclass = 1997

AU Regression —I I Prediction I
Survey/  Slope Inter- Std Rsquare No. Index Predicted  Std WAP  Prediction
Series cept Error Pts Value  Value Error  Weights
IYFS1 0.78 -0.44 057  0.513 26 5.6 391 0.618 0.109 49

EGFS0 0.58 1.06 0.84 0314 19 177 208 1.085 0.035 8
EGFS1 0.78 -0.89 023  0.869 20 4.78 282 0312 0.427 16
GQ40 0.43 2.81 056 0.466 12 1.87 362 0.686 0.088 37
GQ11 0.33 359 036 0704 i3 041 32 0441 0.213 41

VPAMean = 4.89 0.569 0056 133

66 WAACFMAWGNSSKAIBVCOD_347IATAB_352



Table 3.5.2.2 (Continued)

Yearclass = 1998

| A Regression 1 I

Survey/  Slope Inter-

Std Rsquare No. Index Predicted  Std
Series cept

Error Pts Value Value Error

EGFS0 0.58 1.06 0.84 0314 19 5.97 4.5 0018

VPA Mean = 4.89 0.569

Year Weighted Log Int Ext Var
Class Average WAP Sid Std Ratio
Prediction Error Error

1996 218 5.39 0.13 0.15 1.22

1997 3 3.44 0.2 033 2.63

1998 119 4,78 0.48 0.17 0.13

WAACFMAWGNSSK\O8\COD_347DATAB_352

Prediction

WAP  Prediction

Weights
0278

0.056

90

133

67



Table 3.7.1

Cod in Fishing Areas IV, Skagerrak and vIId

The SAS System

Single option prediction: Input data

Year: 1998
Stock Natural | Maturity|Prop.of F|Prop.of ¥ Heigﬁt Exploit.| Weight
Age size mortality| ogive |bef.spaw.|bef.spaw.| in stock| pattern | in catch
1 [71000.000 0.8000 ¢.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 112463.000 0.2000 0.6200 0.0000 0.0000 4.049 0.6049 4.049
5 2166.000 0.2000 0.85600 0.0000 0.0000 6.695 0.5644 5.695
é 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 2.998 0.7229 9.998
8 162.000 0.,2000 1.0000 0.0000 0.0000 H.417 0.7066 11.617
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 0.5605% 12.425
1M+ 18.000 0.2000 1.0000 0.0000 0.0000 12.797 0.6059 12.797
Unit |Thousands - - - - Kilograms - Kilograms
Year: 1999
Recruit-| Natural | MaturityiProp.of F|Prop.of M| Weight | Exploit.| Weight
Age ment |mortality| ogive |bef.spaw.|bef.spaw.| in stock{ pattern | in catch
1 |250000.00 0.8000 0.0100 0.0000 0.¢000 0.692 0.0818 0.692
2 . 0.3500 0.0500 0.0000 0.0000 1.033 0.6764 1.033
3 G.2500 0.2300 0.0000 0.0000 2.159 0.8356 2.159
4 . 0.2000 0.6200 0.0000 0.0000 4049 0.6049 4,049
5 . 0.2000 0. 8500 0.0000 0.0000 6.695 0.5644 6.695
6 . 0.2000 1.0000 0.0000 0.0000 8.5623 0.5874 B.623
7 . 0.2000 1.0000 0.0000 0.0000 2.998 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 D.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 - - - - Xilograms - Kilograms
Year: 2000
Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight | Exploit.| Weight
Age ment (mortality| ogive [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
[ . G.2000 0.6200 0.0000 0.0000 4.049 0.6049 4. 049
5 . 0.2000 0.8400 0.0000 0.0000 6.695 0.5644 4695
& 0.2000 1.0000 0.0000 0.0000 B.623 0.5874 8.623
7 . 0.2000 1.0000 ¢.0000 0.0000 9.998 0.7229 2.998
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 D.6059 12.425
11+ 0.2000 1.0000 0. 0000 0.0000 12.7%7 0.605% 12.797
unit |Thousands - - - - Kilograms - Kilagrams
Notes: Run name : SPRLJBO4
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Table 3.7.2

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

e e Fhmmmmmmm e thm e e e +
| Populations in 1998{ |Stock weights || Nat.Mortality]| Prop.mature |
R B e o e s s R il St i o e +---=+
| Labl | Value| CV||Labl|value| CV||Labl|value| CV||Labl|value| CV|
R e Fo-——Ft+---—+---—- +---—Ft----t---—- e T -t
[N1 | 70999| .34||wsl | .69] .05||M1 | .80| .13{|MT1 | 01| .1t]
In2 | 217999 .15]||ws2 | 1.03| .o08||M2 | .35 .10%|MT2 | 05| .10{
IN3 | 24263 .10||Wws3 | 2.16| .02||M3 | .25) .18]|MT3 | 23| .10}
|Na | 12464| .08 |wWws4 | 4.05| .o06|tM& | .20| .1B||MT4 | .52 .10|
[NS | 9169| .08||Ws5 | 6.69) .07|IM5 | .20 .18}|MTS | 861 .10
N | 1665| .08 |wse | a.62{ .04|[M6 | .20| .18f|MTé | 1.00{ .10}
N7 | 1112| .09||ws? |10.00]| .03|iM7 | .20| .18])|MT7 | 1.0C| .CO]|
|ng | 160| .10]||wse |11.42| .o03|i{m8 | .20| .18||MT8 | 1.0C| .00|
N9 | 36| .13||ws9 |12.56] .04||M9 | .20] .18||MT9 | 1.00]| .00]
|N10 | 26| .16||wsic|12.42) .03|iM10 | .20| .18||MT10| 1.c0| .00]
N1l | 17| .17||ws11|12.80) .11||M11 | .20 .18]||MT11| 1.00| .00]|
R i e Al R e Al B e i +----+
R it e i +
| HC selectivity] ] HC.catch wt|
e i R i S e -+
|Labl |value| CV||Labl|{value| CV]i
t----t--- - Rl b e il F----+
[sH1 | .08 .42} |wH1 | 651 .05|
|sH2 |  .681 .16]|WH2 | 1.03] .08}
|sH3 | .84 .16} |WH3 | 2.16| .02
|sH4 | .60| .17 |WH4 | 4.05| .06
|sH5 | .56| .071|WHS | 6.69| .07|
|sHe | .59} .15||WH6 | B8.62| .04]
|sH7 | .72| .15]||wH7 |10.00| .03
|sHs | .70} .39]|wH8 |11.42| .03]
|sH9 | .59 .30{|wHS |12.56]| .04/
|sH10| .60 .50]||WH10!12.42]| .03
|sH11{ .60]| .50|]WH11|12.80] .11|
it e LI o it e +----+
Fomm e B e +
|Year effect M ||HC relative eff|
R R il Sl t----+
|Labl|Vaiuve| CV||Lablivalue| CV|
R e e A +----4

k98 | 1.00| .10||{HF98| 1.00| .08/
k99 | 1.g90] .10]||HF929{ 1.00} .08/
|E** | 1.00| .10||HF**| 1.00]| .08]|

R B R it +----+
Fommmmm e +
|Recruitment |
R +----+
|Labl | value| cCv|
R e R
|rR99 | 2959%9| .50
|R*= | 342239| .56/
to--- -t - - +----+
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Table 3.7.3

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

Prediction with management option table

Year: 1998 Year: 1999 Year: 200D
F Reference! Stock Sp.stock| Catch in F Reference| Stock sp.stock| 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 0 711937 296120
- - . . . 0.1000 0.0671 . 145404 21023 630665 275872
. . . . . 0.2000 01342 . 145404 40653 651622 257074
. . . . . 0.3000 0.2014 . 145404 S5B9921 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
. . . . 0.7¢a0 0.46%98 . 145404 121175 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 1379469
. . . 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 - - "~ Tonnes Tonnes Tonnes Tonnes Tonnes
Notes: Run name : MANLJBODZ
Date and time t 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

Cod in Fishing Areas IV, Skagerrak and VIId

The SAS System

Single option prediction: Detailed tables

14:55 Wednesday, October 14, 1998

Year: 1998 F-factor:; 1.0000 Reference F: 0.4712 1 January Spawning time
Absclute| Cateh inj Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Age F numbers | weight size biomass size biomass size biomass
1 0.0818 3859 2671 71000 LM37 710 491 710 49
2 0.4764 92189 95191 218000 225099 10900 11255 10900 11255
3 0.8358 12369 2670% 24263 52393 5580 12050 5580 12050
4 0.6049 5178 20969 12463 50468 7727 31290 Trer 31290
5 0.5644 3517 26215 166 61370 7883 52778 7883 52778
é& 0.5874 677 5841 1646 143566 1666 14366 1666 14366
7 0.7229 524 5243 " 11108 1M 11108 11114 11108
a 0.7066 75 859 162 1849 162 1849 162 1849
9 0.5082 15 194 37 465 37 465 37 465
10 0.605¢ 1 140 27 335 27 335 27 335
11+ 0.6059 7 96 18 230 18 230 18 230
Total 118523 182127 333 466821 35821 136219 35821 136219
Unit - Thoussnds| Tonnes {Thousarxls| Tonnes |Thousands| Tonnes JThousands Tonnes
L
Year: 1999 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 numbers | weight size biomass size biomass size biomass
1 0.0818 13589 9405 250000 173019 2500 1730 2500 1730
2 0.8764 12431 12836 29397 30354 1470 1518 1470 1518
3 0.8356 39818 85982 78108 168665 17965 38793 17945 38793
4 0.6049 3404 13786 8194 33179 5080 20571 5080 20571
5 0.5644 2199 14722 5573 3N 4792 32087 4792 32087
] 0.5874 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 0.4082 27 343 65 822 85 822 65 822
10 0.4059 7 85 16 205 16 205 16 205
11+ 0.6059 8 107 20 257 20 257 20 257
Total 73782 158147 376840 493234 37377 145404 37377 145404
Unit - Thousends| Tonnes [Thousands| Tonnes |Thousands| Tonnes |[Thousands| Tonnes
Year: 2000 F-factor: 1.0000 Reference F: 0.4712 1 January Spawning time
Absolute| Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Age F numbers | weight size biomass size biomass size biomass
1 0.0818 13589 9405 250000 173019 2500 1730 2500 1730
2 0.6764 43773 45198 103509 106880 5175 5344 5175 5344
3 0.8356 5369 11594 10533 22744 2423 5231 2423 5231
4 0.6049 10959 44379 26377 105811 16354 66223 16354 66223
5 0.5644 1444 9679 3664 24530 3151 21095 3151 21095
6 0.5874 1055 9096 2595 22374 2595 22374 2595 22374
7 0.7229 M7 9185 1942 19415 1942 19415 1942 19415
;] 0.7066 140 1598 M 3439 in 3439 am 3439
9 0.6082 74 934 172 2239 178 2239 178 2239
10 D.605%9 12 151 29 362 29 342 29 362
11+ 0.6059 7 87 16 209 16 209 16 20%
Total 77341 141286 399144 482024 34664 147663 34664 147663
Unit - Thousarnds| Tonnes |Thousands| Tonnes !Thousands| Tonnes |Thousands| Tonnes
Notes: Run name : SPRLJBOA

Date and time

Predict

ion basis

: 140CT98:15:04
Computation of ref. F: Simple mean, age 2 - 8
: F factors
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Table 3.9.1

Cod in Fishing Areas 1V, Skagerrak and vIid

The SAS System

Yield per recruit: Input data

M Recruit-} Natural ; Maturity|Prop.of F|Prop.of M| wWeight | Exploit.] Weight
Age ment mortality| ogive [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 . 0.3500 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 §.049
5 0.2000 0.85600 0.0000 0.0000 6.695 0.5644 6.695
[ . 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 0.7229 2.998
8 . 0.2000 1.0000 0.0000 0.0000 .47 0.7066 11.417
9 . 0.2000 1.0000 0.0000 0.0000 12.559 0.6082 12.559
10 . 0.2000 1.0000 0.0009 0.0000 12.425 0.605% 12.425
11+ . G.2000 1.0000 0.0000 0.0000 12.797 0.6059 12.797
Unit : Numbers - - - - Kilegrams - Kilograms
Notes: Run name : YLDLJBO3
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Table 3.9.2

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

Yield per recruit: Summary table

1 Jamuary Spawning time
F Reference| Catch in{ Catch inl Stock Stock Sp.stock| Sp.stock| Sp.stock! Sp.stock
Factor F numbers | 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 0.101| 50B.934 2.653| 9720.998 0.911| 7635.184 0.9%1| 7635.184
0.2000 D.1342 0,164 697.428 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( 2502.583 0.388] 2502.583
0.5000 0.33%6 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( 139(.833 0.254] 1390.B38
0.7000 0.4698 0.304| &80.778 1.785| 2645.017 0.212| 1069.012 0.212| 1069.012
0.8000 0.5369 0.319| 651.682 1.733 2359.169 0.179( 835.500 0.179| 835.500
0.9000 0.6041 0.331| &25.068 1.690| 2140.078 0.154( 662.7856 0.154| 652.784
1.0000 0.6712 0.343| 601.344 1.653| 1968.976 0.134| 532.932 0.134( 532.932
1.1000 0.7383 0.353| 580.498 1.622| 1833.130 0.117| 433.906 0.117| 433.906
1.2000 0.8054 0.362| 562.334 1.395]| 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 0.9398 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
- - Numbers Grams Numbers Grams Numbers Grams Numbers Grams
Notes: Run name : YLDLJBOZ

Date and time : Y4OCT98:14:57

Computation of ref. F: Simple mean, age 2 - 8

F-0.1 factor : 0.2230

F-max factor : 0.3563

F-0.1 reference F : 0.1497

F-max reference F : 0,2391

Recruitment : Single recruit
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Table 3.10.1.
Introduction 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 some reference points.

Plots - provides 5 plots:

A stock recruitment plot with a LOWESS smoother as a possible stock recruitment relationship. Some reference points are also indicated.
A plot of YPR and SPR curves with same reference points indicated.

A plot of historical 5B against Fbar with an equilibrium curve based on the LOWESS stock recruitment relationship.

A plot of historical yield against Fbar with an equilibrium curve based on the LOWESS stock recruitment relationship.

A plot 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 used. These can be used as the basis for further runs.

For estimation of Gloss 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 origin was included in the stock recruit data.

MNorth Sea cod

Steady stale selection averaged over 0 years.
FBar averaged from age 2to 8

Number of iterations = 1000

Data source:

D:\North Sea Demersal WG 98\Cod MCODIV.SEN
D:\North Sea Demersal WG 98'Cod MCODIV.SUM

FishlLab DLL usad )
FLVB32.DLL built on Aug 18 1998 at 08:57:43

10/12/98 14:12
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Table 3.10.3 North Sea cod : precautionary reference points

BIOMASS

WGNSSK

Bloss (lowest observed SSB; = 66,000 t

Blim = 70, 000t

Bpa = 150,000t

MBAL = 150,000t

SGPAFM

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

Special comments regarding SSB

FISHING MORTALITY

Status quo Fbar (2-8) = 067 {(Average 95-97)
Estimate |Probability |% of historical F |Long-term
S58B<Bpa injabove SSB () at
2007 precautionary F |GM rec
0.10 0% 100% 2081598
FO.1 5th %ile 0.11 0% 100% 1923012
F35%SPR 5th %ile 0.13 0% 100% 1698247
F0.1 0.15 0% 100% 1549588
F35%SPR 0.16 0% 100% 1455283
0.20 0% 100% 1181856
Fmax 0.24 0% 100% 967130
Frnax 5th %ile 0.19 0% 100% 1230116
0.30 0% 100% 726170
0.40 0% 100% 471926
0.50 0% 94% 320236
0.60 0% 83% 225125
Fmed 5th %ile 0.61 0% 83% 216764
Floss x exp(-1.645*SE) 0.62 0% 77% 211850
Floss x 5Sth %ile ‘ 0.67 0% 69% 179174
0.70 10% 60% 163144
Fmed 0.76 30% 43% 136594
Floss ** 0.86 95% 20% 103327
. |SGPAFM Flim . 0.63 74% 4157953 = Floss
SGPAFM Fpa 0.40 100% 4157953 =Flim e-1.6
F range from the historic series 0.47 to 0.92
$SB range from the historical series 68800 to 277200

** 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.
Shepherd stock recruit model (alpha =3.0343, bet a = 4.3531, gamma = 2, 488E—02)
Special comments regarding F
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 than 4 lead to a noisy exploitation patterns.
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Table 3.10.4 North Sea cod . precautionary reference points

BIOMASS

WGNSSK

Bloss (lowest observed SSB, = 66,000t

Blim = 70, 000t

Bpa = 150,000t

MBAL = 150,000t

SGPAFM

Blim = 66000 t Lowest observed S5B
Bpa = 150,000t  Decline in recruitment

Special comments regarding SSB

FISHING MORTALITY

Status quo Fbar (2-8) = 0.67 (Average 95-97)
Estimate |Probability [% of historical F {Long-term
SSB<Bpa in|above SSB (1) at
2007 precautionary F {GM rec
0.10 0% 100% 2081598
F0.1 5th %ile 0.11 0% 100% 1923012
F35%SPR 5th %ile 0.13 0% 100% 1688247
FO.1 0.15 0% 100% 1549588
F35%SPR 0.16 0% 100% 1455283
0.20 0% 100% 1181856
Frmax 0.24 0% 100% 967130
Fmax 5th %ile 0.19 0% 100% 1230116
0.30 0% 100% 726170
0.40 0% 100% 471926
0.50 0% 94% 320236
0.60 0% 83% 225125
Fmed 5th %ile 0.61 0% 83% 216764
Floss x exp(-1.645*SE) 0.82 0% 77% 211950
Floss x 5Sth %ile 0.67 0% 69% 179174
0.70 0% 60% 163144
Fmed 0.76 0% 43% 136594
Floss ™ 0.86 0% 20% 103327
2.0 10% 0%
SGPAFM Flim 0.63 74% 4157953 = Floss
SGPAFM Fpa 0.40 100% 4157953 =Flim e-1.€
F range frem the historic series 047 to 0.92
S8B range from the historical series 69800 to 277200

= 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.
Ricker stock recruit model {alpha = 4.4876, beta = 0.004)
Special comments regarding F
F(2-8) may not be a reliabie statistic for this 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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% Figure 3.1.1

Stock summary of Cod in Ilfa (Skagerrak), IV and VI1ld
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Figure 3.1.2. Catch in numbers at age for North Sea Cod in 1997 and 1986
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Figure 3.4.3

COD, IV, lia, Vlid
LOG CATCHABILITY RESIDUAL PLOTS (XSA)
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Figure 3.4.3 (Continued)

COD, IV, llla, Vild
LOG CATCHABILITY RESIDUAL PLOTS (XSA)
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Figure 3.4.3 (Continued)

COD, IV, llla, Viid

LOG CATCHABILITY RESIDUAL PLOTS (XSA)

—--—AGE1 =—-=—-AGE2 AGE3  ----- AGE4 — — —AGES
AGES  ---- - AGET7 e AGE 8 AGE 9
EGFSQ3_IV

2 ; : : ; : : : -

1988 1989 1990 1991 1992 1893 1994 1995 1996 1997
IBTSQ1_IV

2 - -

1 - - _ i

-2 + ‘- : — : . ; :
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
FRTRO_IV
2
1 _ _ B,
M. e
0+ —~ P R = — i — T =
fe — LT T e -
I - - -
| -2 —— . : i
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

83



Figure 3.4.4. Relative contribution of commercial fleets, surveys and shrinkage to tuning XSA
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Figure 345
Title Log VPA vs. Log Index o T
Stock North Sea cod
Index SCOTRL_IV
Yearrange 1988-1997
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Figure 3.4.6
Title Log VPA vs. Log index
Stock North Sea cod
Index SCOsei_IV
Yearrange 1988-1997
S . #nged a . »ageh «agelt
s 12, 12z 124 128 128 1P (o6 g6 3 7 7z 74 76 TR !
-1 - 0.9
-2 o8
-2
.3 o7
K o8 |
é 3 ¥4
] 3 08
g ot 04
5 - * =6 03
r—’l’ﬂ T LIy 02
4
-A » a
- T a
-7 g .
;] ; [ 06 0a 1
Lag VPA Log VPA 02
» 202 o« age? *3genz
] E] !
B|6
PR 12 114 118 118 4R 52 v
1]
4 EN 07
s 26 08
2 as
B8
25 J4
.8
3 o3
38 EH a2
04
4 -34 - 0 —_
1 58 0 az 04 na on
- ngel »ageld
o 0 & aged 1
5 10 105 " 15 4 3 N s a8
-1 -2 ok
0.7
"
2 o8
-8 05
34 .
-8 ‘
* a3
4
¢ -9 W} 02
£ od
-12 *
* 0
-8 KN a 0.2 D4 06 08 1
«aged »ageid
o -8 1
L Y] s 8.2 a4 9.5 a8 i 1o oo
102 o8
2 104 07
-3 -T04 ag
i -10.8 5
-4
T v
-5 . -z 0.3
[ hd 'oaa 32
| . ; !
- » , 118 04
l . ST [
i : . o
g T o 02 04 6 [}
|
\
! . . ages ! . »agelt o ngals
i i T
N 74 74 82 B4 8fg | j 2 3 Fl 08
-1 -2
08
-2 " o7
3 06
4 ns
-8 04
03
10
5 0z
. a2 . 04
. 0
-8 [ b L 1] 0z a4 06 oa
Source tuning5R.out




Figure 347

Title Log VPA vs. Log Index
Stock Nprth Sea cod
Index SCOLTR_IV
Yearrange 1988-1997
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Figure 348
Title Log VPA vs, l.og Index
Stock Nprth Sea cod
Index ENGTRL_IV
Yearrange 1988-1997
. -Aanei . 2908 e agett
04 64 65 &8 7 72 14 78 18 !
08 2 0.8
07 08
4 o7
go08
- DB
£ 05 i
Boa E 6 o5
3
o D4
03 )
<8 03
0z .
o1 . s 02
‘D 1 o
0
e 12 122 124 128 128 12 42
Log VPa Lag vPA 0 LE 04 ng L1 ]
+agel »aget +agei2
9 Ll 94 i - 1
Pl 1" 12 114 115 1ng 4 ag8l6 58 [ 8.2 a4 58 | g
-1 48 +:]
15 40 o7
i §102 ZE
E25 Eroa 5
-] o
34 S8 a4
35 . . . . . 03
4 / T z:
451 o . * A1z ‘o
-5 114
Log VPA LogvPA 0 02 4 0e 1]
« aged » ageld
° 0.6 *» agak 1
ols 10 105 1" ' 0
. 108 ! 3 * il -
: 08
" . a7
2 12 o
s 114 05
118 D4
-+ e . o3
12 02
A ) . 0t
! 22 . s
' 124 02 04 o8 0.9
s eages sagetd
o 1 1
Lg5 ue 9 9z 94 o5 93 0g 08
1) oa
2 a7 07
-3 L] 08
4 06 s
04 o4
5 02 33
-8 az 02
. 01 01
9 0
-8 b 4 3 4 5 0z 04 08 0B
| . v aged »agels «agels
o 1 il
LT 78 78 8 82 B4 08 P
2 0g 1]
a3 0z o7
- ' 06
5 054 05
04 04
K]
03 0.3
7 02 02
K] 03 o1
¢ 1] [}
10 a 1 2 3 4 02 D4 LY 0z
Source tuning5R.out




Figure

349

Title Log VPA vs. Log Index
Stock Nprth Sea cod
Index ENGSELIV
Yearrange 1988-1997
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Figure . 3.4.10

Title Log VPA vs. Log Index
Stock Nprth Sea cod
Index SCOGFS_IV
Yearrange 1988-1997
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Figure 3.4.11

Title Log VPA vs. Log Index
Stock Nprth Sea cod
Index ENGGFS_{V
Yearrange 1988-1997
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Figure
Title
Stock
Index
Yearrange

3.4.12

Log VPA vs. Log Index
Nprth Sea cod
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Figure 34.13
Titte Log VPA vs. Log index
Stock North Sea Cad
Index FRTRO_IV
Yearrange 198B-1997
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Figure 3.4.14 North Sea Cod. Results of retrospective analyses
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Figure 3.7.1. Fish Stock Summary. COD in fishing area’s IV, Illa (Skagerrak) and VIId
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Figure 3.7.2 Codin lila (Skagerrak), IV and Viid
Stock numbers of recruits and their sourca for recent year classes used in
predictions, and the relafive (%) contributions to landings and $5B (by weight) of these year classes

Year-class 19%4 1995 1996 1997 1998

Stock No. (thousands) 238287 161384 557000 71000 250000

of 1 yeaqr-olds

Source VPA VPA RCT3 RCT3 5t-GM
Status Quo F:

% in 1998 landings 11.5 14,7 52.3 1.5 -
% in 1969 B2 B.6 538 8.0 7.0
% In 1998 SSB 23.0 8.8 8.3 0.4 -
%in 1969 S58 220 14.1 26,6 1.0 1.4
% in 2000 S5B 15.2 14.4 451 3.6 4,3

st-GM : shart term geometric mean recruitment

Codin Illa (Skagerrak), IV and Viid : Year-class % contribution to

a) 1999 landings | N b) 2000 §SB
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Fiqure 3.7.3

cod,North Sea. Sensitivity analysis of shart term forecast.
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Figure 3.7.4 cod,North Sea. Probability profiles for short term forecast.
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Figure 3.8.1 Cod in llla (Skagerrak), IV and Viid. Medium term projections. Solid lines show 5, 10, 20,50, and 95 percentiles
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Figure 3.10.1. Cod in IT1a (Skagerrak), IV and VIId: Bological reference points from PA
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Figure 3.10.2 Cod in Wla (Skagerrak), (V and Vild, PA Software output
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Figure 3.10.3. Cod IN IlIa (Skagerrak), IV and VIld: fishing mortality and SSB in relation to
proposed precautionary reference points.
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4 HADDOCK IN SUB-AREA IV AND DIVISION IIIA
4.1 The fishery

In the North Sea, haddock is taken as part of a2 mixed demersal fishery, with the large majority of the catch being taken
by Scottish light trawlers, seiners and pair trawlers. These gears have a minimum legal mesh size of 100 mm. Smaller
quantitics 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 taken as a bycatch by Danish and Norwegian vessels fishing for indusirial species. In Division Illa,
haddock are taken as a bycatch in a mixed demersal fishery, and in the industrial fishery. Landings from Division IIla
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 level of exploitation indicated by the 1997 assessment of this stock, ACFM advised that
fishing meortality should not be allowed to increase above the present level (total F; 5 g7 =0.66) in order to maintain a low
probability of SSB being reduced to low levels and provide higher yields in the longer-term. For the previous two years,
ACFM advice 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 mim, 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 Himited. The minimum landing size
for haddock is 30 cm. On an annual basis, management of the fishery is through TACs.

In Division Illa the 1998 TAC 1s 7,000 t and in the North Sea the 1998 TAC is 115 thousand tonnes.
4,13 Catches in 1997

Nominal landings of haddock from Division IIla 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 figures for haddock in the North Sea,
and Table 4.1.3 gives the full time series of Working Group estimates for both areas.

In Division IIla total landings during 1997 amounted to about 4 thousand tonnes, with industrial bycatch accounting for
only 610t of this total. This total is below the series average and represents a reduction compared to 1996, but the
overall level is comparable to landings over the preceding three years. 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 Lo landings in the
five preceding years during which landings have varied between 70 and 81 kt. The 1997 landing represents a
considerable undershoot of the TAC of 114 kt. The level of discarding in 1996 was slightly lower than in recent years,
but the level 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

Natural mortality estimates are given in Table 4.2.1 along with the maturity ogive. The estimates of natural mortality
originate from MSVPA - see Section 1.3.1.3. The maturities are based on IBTS data. Both natural mortality and
maturity are assumed constant with time. Biomass totals are calculated as at the beginning of the year.

For Division ITla in 1997, age composition data {or 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 accounted 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 ITla data.

As in 1996, fish from the 1996 and 1994 year classes 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-gstimated 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
Table 4.2.3,

4,3 Catch, Effort and Research Vessel data

The fleets 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 commercial fleets and three research vessel surveys. Definitions of the commercial fleets are the
same as those given for the equivalent vessels working in Division VIa which are given in the Report of the 1998
Working Group on the Assessment of Northern Shelf Demersal Stocks (ICES 1999, Appendix 2). In order to include the
most recent information from the IBTS quarter 1 survey, this survey is treated as if it takes place at the end of the
preceding year, by appropriate adjustments 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 19986, so was not included in the
tuning data for this assessment. The tuning file is given in Table 4.3.2.

4.4 Catch-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 4.4.1. These show negative slopes
at age 6 in the Scottish and English surveys. For this reason 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 some indication
of a similar effect in the IBTS quarter 1 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 tending 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-
annual 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 making 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 F in 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
tabie below:

1997 assessment 1998 assessment
Catch at age method XSA XSA
Fleets 2 commercial, 5 surveys 2 commercial, 4 surveys.
Taper uniform over 10 years uniform over 10 years
First age for constant q 0 0
g-plateau age 7 7
Shrinkage SE 0.5 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 Q1 survey series. The contribution of the survey and
commercial 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 F are 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 guite a high
degree of variation, with a general tendency to over-estimate F in 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 Table 4.4.3. The present assessment indicates a mean total F in 1997 of 0.63. The current XSA run has revised
the estimate of F 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 RCT3 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 wmning. 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 class
is well below average strength, This index receives high weight in the RCT3 estimriate of this year class at age 0, 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 vear class at age 1 (1351 million) compares with the RCT3 estimnate 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 1 which is not included in the XSA. The estimate 1s below the long-term GM at age 1 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 teceives much of its weight from the IBTS Q2 data, which is undesirable 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 class 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 0
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 o the lowest
observed level of 0.63 in 1997. Recruitment shows considerable variation, with the current estimate of the 1994 year class
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-term catch prediction for this stock considers three catch categories; human consumption landings, discards and
industrial bycatch. The predicted HC landings and industrial bycatch each include a proportion which should be allocated to
Division Illa. The average proportion taken in IIla is summarised in the following text table. These figures are based on
Working Group estimates of catch. Information on the split of IIla landings into industrial and human consumption
components is only available for 1983 onwards.

Percentage taken in Division Ila

Catch category Year range Mean Range
Human consumption landings Full, 19631997 3.68% 0.2% - 8.4%
Human consumption landings Recent, 1965-1997 3.66% -

Industrial bycatch Full, 1983-1997 26.8% 8.2% -43.2%
Industrial bycatch Recent, 1995-1997 22.2% -
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For prediction purposes unscaled mean Fs over 1995-1997 were used. The mean HC F(2-6) over this 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 fleet were calculated by first
obtaining partial Fs for this fleet over 1995-1997. The mean exploitation pattern over this period was then partitioned
between the human consumption and discard components according to the mean proportion 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 fleet. It should be noted that the
human consumption and bycatch reference Fs are calculated over different age ranges, reflecting their different exploitation
patterns. This means that the mean F obtained from combining the partial Fs across these two fleets 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 rends. The mean Fs-at-age and weights-at-age are calculated automatically by the program ‘Insens’ and
reflect recent practice for catch predictions for the North Sea stock.

The inputs to the prediction are given in Table 4.7.1. The results of this prediction are given in Table 4.7.2, with more
detailed output assuming status quo F in 1998 summarised in Table 4.7.3. The assumption of staius gquo F in 1998 and 1999
leads to predicted human consumption landings for the North Sea and lTa of 102,000 t in 1998 falling to 81,000 t in 1999,
SSB is predicted to decrease from its 1998 level of 213,000t to 171,000t at the start of 1999, with a further decline to
136,000 t at the start of 2000. For comparison, the total TAC for 1998 is 122,000 t (115,000 in the North Sea and 7,000 t in
IIIa).

The predicted decrease in human consumption landings over 1998 and 1999 reflects 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 than 16% to this 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 slighily below
average strength. The relative importance of the 1994 and 1996 year classes is partly reflected in the sensitivity analysis of
the short term prediction (Figure 4.7.1) where it can be seen that the prediction is sensitive to the estimate of the strength of
these year classes at ages 2 and 4 respectively, and to factors influencing the survival of these year classes and their
contribution to the catch and spawning stock. However, the sensitivity analysis also indicates that the prediction, and
particularly the variance of the prediction, is most sensitive to the overall level of fishing and natural mortality during 1998
and 1999,

The cumulative probability distributions from the sensitivity analysis (Figure 4.7.2) indicate that 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 1995-1967. As a result, the
weights at age are slightly higher than those used in the short-term 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 sizes. As the basis for the medium-term
projections, a Beverton-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 Beverton-Holt curve is shown in
Figure 4.8.1, along with the resulis of a medium-term projection assuming status gue 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 reflecting the declining contribution of the strong 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 1 for at least the last 20
years. This high level of exploitation means that strong year classes do not survive to make much contribution to the
spawning stock, 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, but with mean weighis
taken over 1988-1997) is given in Figure 4.10.1, and the stock-recruitment 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 Fyo, is given in Figure 4.10.3. The settings used are given in Table 4.10.1.

410.1  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 largest observed SSB (Figure 4.10.2). As this is the case, By, is an obvious candidate for By, for
this stock. As the point estimate of By, represents such an extreme in the stock’s history, it is more appropriate to use a
smoothed estimate of By, as By, The SRR plot (Figure 4.10.2) shows a clustet of points around the 100,000 t mark,
including one reasonably strong year ¢lass resulting from this low level of SSB, so 100,000 t is suggested as By, From
this we have B, = B.,.exp(1.6450). With © taken as 0.2, this gives a By, value of 140,000 t.

4.10.2 Choice of F,

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 levels 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 this stock. Any value of 0.7 or less gives a probability of less than 10% that SSB will
be below B, after 10 years. In addition, Fy,, (defined as the F which has only a 10% risk of exceeding the F associated
with Giogs.) is close to 0.7, so a value of F = 0.7 also has only a 10% risk of exceeding Fj,e, hence a value of around 0.7 is
suggested for F,. ‘

Although the medium-term probability of SSB being below B, after ten years, if F is maintained at Fy, is around 10%, it
should be noted that status guo F (0.70) is at ¥, and the status quo forecast gives a probability of about 60% that the
2000 SSB will be below By, (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 over-optimistic catch forccasts, with recent North Sea TACs
being around the 120 kt mark, but landings being closer to 80 ki. As noted in Section 4.1.3, this was again the case with
the carch prediction for 1997. This discrepancy can be partly attributed 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 level of F in 1996 indicated by the previous assessment. The present assessment has resulted in a marked
upward revision of this value.
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Table 4.1.1

Nominal catch {t) of HADDOCK in Division llla, 1988-1997, as officially reported to ICES.

Country 1988 1989 1890 1991 1992 1993 1994 1995 1996 1897
Belgium 19 5 13 4 14 9 4 18 - -
Denmark 2558 3895 3885 2338 3812 1600 1458 1576 2523 2501
Gefmany - - 3 - - + 1 1 3 5
Netherlands 8 - - - - - - - - -
Norway 245 84 100 110 184 153 142 134 114 187
Sweden 64 66 84 69 744 - 436 408 498 336 807
UK {Engl. & Wales) - - - - - + - - - -
Total 2894 4050 4085 2522 4754 2198 2013 2227 3178 3500
WG esg"r!ate of H.cons. landings 2852 4098 4100 4086 4396 1958 1833 2191 3142 3401
WG astimate of industrial bycatch 1480 360 1968 2593 4504 2415 2180 2162 2925 810
WG estimate of total catch 4332 4458 6068 6679 8000 4374 4013 4353 6067 4011
Unallocated landings 42 48 15 1564 =358 -239 -168 -38 -36 -99
Table 4.1.2 Nominal catch (t) of HADDOCK in Sub-Area IV, 1988-1897, as officially reported 1o ICES.

Country 1988 1689 1990 1991 1992 1993 1994 1995 1986 18997
Belgium 220 145 192 168 415 292 06 407 215 436
Denmark 9174 2789 1993 1330 1476 3582 3208 2902 2520 2722
Faroe Jslands 35 18 6 15 13 25 43 48 13 g9
France 2193 1702 1115 631 508 980 678 441 368 a0d
Germany 802 447 749 535 764 348 1829 12584 1759 1462
Nethertands 894 328 102 100 148 192 96 147 110 480
MNorway 1590 1697 1572 2069 3273 2655 2355 2443 2297 2353
Poland - - - - - - - - 18 a
Sweden 614 1051 900 957 1289 508 551 722 8689 854
UK Engl. & Wales) 9537 2507 2018 2173 2926 4259 4043 36516 3379 3330
UK (Isle of Man) - - - - 1 - - - - -
UK (M. Ireland) - 137 1" 48 73 18 9 - - -
UK (Scotland) 84104 53587 34567 36474 39896 66799 73793 63411 53542 51098
Total 105163 64406 43226 44500 50792 80038 86911 75422 74820 73356
WG estimate of H.cons. landings 105126 7619Q 51458 44645 70218 79580 80837 75313 76034 79094
WG estimate of discards £2062 25713 32603 40276 47967 79601 65392 57360 72522 52104
WG estimate of industrial bycatch 3995 2410 2591 5421 10816 10741 3561 7747 5043 6689
WG estimate of total catch 171183 104313 B6652 90342 129001 169922 149850 140420 153604 137887
Unallocated landings .37 11784 8232 145 19426 -458 -6014 -109 1114 5738
North Sea + Division llta

WG estimate of Total Catch 175515 108771 92720 87021 138001 174256 153863 144773 159671 141893
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Table 4.1.3; Catches ('000t) of Haddock from the North Sea and Division llla, 1963-1996.

Figures are Working Group estimates.

North Sea Division llla Total
Year H.cons Disc Ind. BC Total H. cons. ind. BC Total

1963 68.4 189.0 13.7 271.0 0.4 01 0.5 271.5
1964 1305 160.3 88.6 379.4 0.4 0.3 07 380.2
1965 161.6 62.2 74.6 298.4 0.7 0.3 1.0 299.5
1966 2258 73.8 46.7 346.0 0.8 0.1 0.7 346.7
1967 147.4 781 20.7 246.1 0.4 0.1 0.4 246.6
1968 105.4 161.9 4.2 301.5 0.4 0.1 0.5 302.0
1969 330.9 260.2 3384 929.5 0.5 05 1.1 930.5
1970 5246 101.4 179.7 805.7 0.7 0.2 0.9 806.7

1971 235.4 177.5 315 444.4 2.0 03 2.2 446.6

1972 192.9 1281 298 350.6 2.6 0.4 3.0 353.6
1973 178.6 114.7 113 304.6 29 - 0.2 3.1 307.7
1974 149.6 166.8 47.8 364.2 35 1.1 48 368.8
1975 146.6 260.4 41.4 448 4 4.8 1.3 6.1 454.5
1976 165.6 154.3 48.2 368.1 7.0 2.0 9.1 3771
1977 137.3 443 . 35.0 216.6 7.8 2.0 9.8 226.4
1978 85.8 76.9 10.8 173.5 59 0.7 6.6 180.1
1979 83.1 a41.7 16.4 141.2 4.0 0.8 4.8 146.0
1980 28.6 94.7 223 2157 6.4 15 7.9 223.6
1981 129.6 60.1 17.1 206.8 9.1 1.2 10.4 217.2
1982 165.8 40.5 19.4 225.8 10.8 1.3 121 - 237.8
1983 159.3 65.9 131 2334 8.0 7.2 15.2 253.6
1984 128.1 75.3 104 2135 6.4 2.7 9.1 2226
1985 1585 85.4 6.0 250.0 7.2 1.0 8.1 2581
1086 165.5 52.2 26 2204 3.6 1.7 53 225.7
1987 108.0 59.2 4.4 171.6 3.8 1.4 53 176.9
1988 105.1 62.1 4.0 171.2 ' 2.9 1.5 4.3 175.5
1989 76.2 25.7 2.4 104.3 4.1 0.4 4.5 108.8
1990 51.5 32.6 2.6 86.7 4.1 2.0 6.1 92.7
1991 446 40.3 54 90.3 4.1 2.8 6.7 97.0
1992 70.2 48.0 10.8 129.0 4.4 4.6 9.0 138.0
1993 79.6 79.6 10.7 169.9 2.0 2.4 4.4 174.3
1994 80.9 65.4 3.6 149.9 1.8 2.2 4.0 153.9
1995 75.3 57.4 7.7 140.4 2.2 2.2 4.4 144.8
1996 76.0 72.5 5.0 153.6 32 2.9 6.1 159.7
1997 79.1 52.1 6.7 137.9 3.4 0.6 4,0 141.9
Min 44.6 257 2.4 86.7 04 0.1 0.4 92.7

Mean 140.6 94.9 349 270.4 3.8 1.4 5.2 275.6
Max 5246 260.4 3384 929.5 10.8 7.2 15.2 930.5
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TABLE 4.2.1 ;

Haddock, North Sea + Skagerrak

Mat. |
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Table 4.2.2

Run title :

At 12-0ct-98

Table 1
YEAR,

AGE

- s o

- om o w

\OWNU\‘U"-P"-NNJO

-

+op,
TOTALNUM,
TONSLAND,
SOPCOF %,

Table 1
YEAR,

AGE

- -~ -~ =

OO~V PN = O

L

9,

+9p,
TOTALNUM,
TONSLAND,
SOPCOF %,

112

Haddock in 1V, IIla (run: XSASARO1/X01)

17:25:38

Catch numbers at age

1963,

1367,
1307177,
335092,
20963,
13026,
5781,
502,
653,
366,

59,

18,
1685205,
271531,
100,

Catch numbers at age

1968,

11148,
1098748,
439511,
19600,
1947,
2529,
45973,
325,

40,

13,

5,
1619837,
302043,
100,

1964,

140235,
7436,
1296771,
135227,
9069,
5350,
2405,
287,
236,
231,

25,
1597272,
380158,
100,

1969,

72670,
20493,
3578612,
303489,
7596,
2411,
2515,
19129,
200,

24,

Tl
4007145,
930538,
100,

1965,

652537,
368593,
15184,
649840,
29456,
4662,
1972,
452,
107,
90,

41,
1722975,
295464,
100,

1970,

925768,
266379,
218480,

1908737,

57435,
1178,
1197,

256,
5954,
67,
30,

3385481,
806674,

100,

1966,

1671206,
1007323,
25674,
6425,
412551,
9980,
1045,
601,
165,

90,

25,
3135083,
346726,
100,

1971,

333396,
1815054,
71035,
47546,
400469,
10374,
462,
195,
147,
1592,
168,
2680438,
446634,
100,

Numbers*{Q%-3

1967,

306037,
838189,
89083,
4863,
3585,
177857,
2643,
215,
216,
57,

34,
1422579,
246589,
100,

Numbers*10%%-3

1972,

264075,
479205,
587590,
40604,
21213,
158000,
3563,
190,
34,

27,
419,
1734921,
353606,
100,

1973,

40545,
366830,
570630,
240604,

8192,
4470,
39459,
1257,
108,
29,
163,

1290287,
307488,

100,

1974,

614903,
1220855,
176342,
332967,
54314,
1875,
1351,
10922,
242,

23,

41,
2413836,
368797,
100,

1973,

46388,
2116938,
641755,
58991,
109062,
15813,
983,
620,
2714,
266,

82,
2993612,
454536,
100,

1976,

174161,
170529,
1062943,
211544,
9952,
31311,
4996,
206,

76,

759,

63,
1666541,
377118,
100,

1977,

120798,
258973,
107675,
394175,
40185,
4318,
6275,
1300,
135,
29,
204,
934017,
226411,
100,




Table 4.2.2 (Cont’d)

Run title : Haddock in IV, Illa (run: XSASARD1/X01)

At 12-Oct-93

Table 1
YEAR,

>
[~]
m

now oW

m"lo"Ul‘-l-‘“HN—'Q

~

9!’

+gp,
TOTALNUM,
TONSLAND,
SOPCOF %,

Table 1
YEAR,

AGE

- = om o om o omom

NV O

9.

+gpl’
TOTALNUM,
TONSLAND,
SOPCOF ¥,

17:25:38

Catch numbers at age

1978, 1979,
305115, 881823,
463554, 351451,
146957, 204045,

30377, 41297,
113703, 7406,
8708, 28024,
1264, 2237,
2076, 262,
402, 483,
118, 152,
9%, 78,

1072366, 1517259,
180144, 146001,

100, 100,

Catch rnumbers at age

1988,

16535,
30044,
490706,
89940,
13431,
18579,
1602,
639,
163,
145,
104,
661888,
175516,
100,

1989,

12042,
47648,
35358,
182748,
18106,
2636,
4058,
510,
201,
83,

54,
303444,
108772,
102,

1980,

399372,
678499,
333261,
73043,
10476,
1901,
8047,
598,
121,
162,
119,
1505618,
223410,
100,

1990,

57702,
86819,
103021,
18947,
57830,
3905,
896,
1380,
206,
B0,

70,
330856,
92720,
102,

1981,

646419,
134470,
423059,
143151,
15228,
2034,
458,
2498,
124,
&4,

61,
1367566,
217151,
102,

1991,

123910,
228553,
78258,
23197,
3888,
12526,
976,
401,
620,
144,
65,
472538,
97021,
104,

Numbers*10**-3

1982,

278705,
275686,
85126,
299895,
41435,
3407,
713,
279,
786,
29,

26,
987087,
237842,
102,

Numbers*10%+-3

1992,

270758,
209879,
253286,
32494,
6552,
1250,
4861,
454,
299,
294,
154,
780281,
138001,
104,

1983,

639814,
157259,
252258,
73920,
127250,
16480,
1708,
297,
60,
193,
67,

1269306,

253594,
104,

1993,

141209,
359995,
262765,
108421,
7107,
1698,
450,
1138,
145,
103,
210,
BB3241,
176296,
100,

1984,

95502,
432193,
168273,
122984,

22079,

32658,

3789,
596,
81,

39,
139,
878333,
222563,
102,

1994,

85966,
99260,
296776,
100476,
29609,
1929,
573,
191,
509,
115,
B9,
615484,
153864,
102,

1985,

139579,
178878,
534269,
78726,
37445,
5306,
7355,
965,
209,
53,
114,
982899,
258117,
101,

1995,

273689,
301733,
85925,
167801,
25875,
7645,
511,
127,
45,

62,

863449,
144773,
101,

1986,

56503,
160398,
178824,
323450,

27685,

9691,
1237,
1810,
246,
106,
137,
760287,
225497,
101,

1996,

345874,
50387,
355215,
56792,
55326,
7989,
3052,
756,
52,

31,

42,
875516,
159671,
100,

1987,

13384,
314017,
250496,

47432,

67864,

4761,
2877,
545,
780,
135,
152,
702443,
176330,
99,

1997,

39940,
120696,
80237,
211577,
15900,
16131,
2592,
679,
62,

15,

487855,
141897,
101"

113



Table 4.2.3

Run title : Haddock in 1V, Illa {run: XSASARQ1/X01)

At 12-Oct-98

Table 3
YEAR,

>
[}
m

- o .~ m o™

-

VOR~NOIFUWNaO
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Table 3
YEAR,

ko
(2]
m

. = = ow om

-

VORI 2O

+
[1+]

-

114

17:25:38

Stock weights at

1963,

- .0120,

.1230,

.2530,

L4730,
6950,

.8070,
1.0040,
1.1310,
1.1730,
1.5760,
1.8250,

Stock weights at

1968,

.0100,
1260,
.2530,
.5090,
7310,
.B570,
L8370,
1.6060,
2.2600,
2.7020,
2.0730,

1964,

L0110,
.1180,
.2390,
L4030,
L6640,
.B140,
.9080,
1.3820,
1,1480,
1.4700,
1.7810,

1969,

.0110,
.0630,
L2160,
L6060,
.7990,
L8910,
1.0310,
1.0940,
2.0400,
3.0340,
3.2640,

age (kg)
1965,

.0100,
L0690,
.2250,
.3660,
6480,
L8440,
1.1930, 1
1.1730, 1
1.4820, 1
1.7070, 1
2.23%0, 2

age (kg
1970,

0130,
.0730,
.2220,
.3520,
.7350,
.8730,
1.1910,
1.3620,
1.4370,
2.5710,
3.8990,

[1¥ YT AUOY

1966,

0100,

L2470,
L3670,
.5330,
L9450,
L2650,
.5250,
.9380,
7270,
.B8890,

1971,

0110,
.1070,
L2470,
.3620,
.5060,
L8870,
.2670,
.5340,
.3370,
.2750,
.0580,

1967,

L0110,
.1150,
.2810,
L4610,
.5940,
L6390,
1.0570,
1.5010,
1.9220,
2.0650,
2.3480,

1972,

.0240,
1160,
.2420,
.3880,
.5060,
L6040,
1.0000,
1.3660,
2.2410,
2.0060,
1.6840,

1973,

L0640,
1120,
.2400,
.3720,
.5840,
L6450,
.7250,
1.0440,
1.3020,
2.7960,
1.8280,

1974,

.0240,
. 1280,
.2260,
. 3430,

5480,

.8910,
.8950,

9520,

1.5130,
2.3150,
2.63%0,

1975, 1976,
.0200,  .013D,
.1010,  .1250,
2410, .2240,
3560,  .4010,
4490,  .5120,
L6800,  .5880,
1.2450,  .9220,
1.1240, 1.9330,
1.0930, 1.7840,
1.7200, " 1.3060,
2.4200, 2.4300,

1977,

.0190,
.1080,
L2410,
L3450,
L6010,
L6130,
.8020,

1.1810,

1.9430,

2.3220,

1.8120,



Table 4.2.3 (Cont’d}

Run title : Haddock in IV, I1la {run: XSASARD1/X01)

At 12-0ct-98 17:25:38

Table 3 Stock weights at age (kg)

YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1984, 1987,
AGE
0, .0110, .0090, .0120, L0090, .0110, .0220, .0%00, .0130, .0250, .DO80,
1, 1440, 0950, 1040, 0740, .1000, .1350, L1610, (1490, 1240, L1280,
2, .2530, .2%00,  .2830, L2626,  .2920,  .2970, .3000, .2790, .2420, L2650,
3, 4180, L4430, L4B&D, L4T60, 4600, (4480, .4890, .4800, .3970, L4080,
4, 4410, 6370, 7320, L7450,  .7B4D, L6510, 6700, .6680, .4130, L6150,
5, .7190, L6640, 1.0460, 1.1470, 1.16560, .9150, .B050, .8570, .B630, 1.0290,
6, JT420, L9330, 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.B&8O, 1.8330, 1.7150, 1.5290,
9, 2.1240, 1.4680, 1.5930, 1.7640, 2.4340, 1.3760, 2.4250, 2.1240, 1.5250, 1.8770,
+gp, 2.1580, 2.3740, 2.1430, 1.7090, 2.1560, 1.7250, 2.0440, 2.0430, 2.6120, 2.2200,
Table 3 Stock weights at age (kg)
YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997,
AGE
0, L0260, 0270, L0440, L0290, .0180, .0100, L0170, L0130, L0190, .0210,
1, L1650, 197D, L1940, LAT70, 1070, .1150, L1160, L1020, L1310, L1400,
2, .2170, 3000, .2920, .3200, .3060, .2800,  .2500, .2970, L2470, .2870,
3, L4170, L3720,  .4300, L4T20, .4BSO, L4470, L4190,  .3630, .3890, .3590,
4, L5890, .6050, .4730, 6390, 7480, .6800, .5970, .5920, L4840, 6060,
5, .7480, .B110, .7710, .6500, 1.0160, L8940,  .9430, .7630, .8030, .43%0,
6, 1.2840, .9B20, .9670, 1.0420, .8960, 1.1730, 1.2080, 1.0990, L8700, 9690,
7, 1.4240, 1.3640, 1.1670, 1.2320, 1.3950, 1.1020, 1.5700, 1.423Q, 8460,  .9660,
8, 1.5510, 1.6550, 1.5290, 1.4B10, 1.5370, 1.5920, 1.4490, 1.6850, 1.8330, 1.4470,
e, 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 lila
Summary of fleets used in catch-at-age analysis

Fleet Abbreviation Year range Age range

First Last Youngest Oldest
Scottish Seiners SCOSEI 1978 1997 [} 10
Scottish Light Trawlers SCOLTR 1978 1897 o 10
Scottish Groundfish Survey (August) SCOGFS 1982 1997 0 6
English Groundfish Survey (August) ENGGFS 1978 1997 0 7
International Bottom Trawl Survey, Quarter 1 IBTSQ1 1978 1997 0 5
International Bottom Trawl Survey, Quarter 2 IBTS5Q2_SCO 1991 1997 1 &

1 -Data used as if survey takes place at end of previous year; ages 2-5 from 1981 onwards.

2 -Indices based on Scottish ALKs only

N -



Table 4.3.2

Haddock in Fishing Area IV and 111a (run name: XSASARD1)

106
FLTO1: SCOSEI (Catch: Unknown) (Effort: Unknown)
1978 1997
11 0.00 1.00
D10
325246 1665.021 160842 .859 69033.234 14339.891 44151.660 2365.977 481.996
316419 542.9856 83630.8M 78815.422 17214.719 _ 3039.951 8072.8M 647.990
29T227 210.001  131314.297  128306.000 26204 .932 3392.990 500.999 2414.993
289672 344996 10366878 134259.797 55726.172 5180.690 701.958 101.99%
297730 1444 967 31143.318 30968.578  118897.85% 14296881 681.995 144 999
333168 18101.430 2%021.006 77288.734 30413.853 50114.895 6394 .235 582.521
388085 422.095  120868.211 63391.047 49285.750 9426.,073 14976844 1593.925
382910 2052.204 29238.559  154839.219 33202.645 15993 386 2292.755 2846 . 266
425017 8265.012 33999.1568 72603.500 155836.3M 12894 .806 4169.09 489.713
418734 137.900 43645 .945 97730.797 19730.920 28882.715 198%9. 147 1174.107
3TN 498,662 11575.792  201533.422 37421.008 4735.78% T414.681 718.065
355735 122.757 19003.758 19274 379 91069.766 8388.754 1091.295 1611.435
300074 712.190 35843.578 456489320 9055.270 26705.223 1434 486 302.388
336675 2225.837 66143.555 30754 . 580 9530,528 1484.518 S028.135 307.511
300217 1231.550 30384.277 64732.898 B588.196 1511.942 290.016 1179.738
268413 2912.944 74523481 B8A375.047 34996895 2349.233 445.714 100.011
264738 3230.533 26626.006  125357.344 34125.902 10522.028 415.035 138.226
204545 236.434 87772.078 32300.982 70290.070 a734.379 2180.770 116.890
177092 1333347 9191.870 123828.508 18532.246 17077.139 2161.283 707.006
166817 3108574 30046.252 19165.139 59308.570 IP17.793 4082.625 495.431
FLT02: SCOLTR {Catch: Unknown) (Effort: Unknown)
1978 1997
11 0.00 1.00
010
236929 1691.974 45733.129 11470.503 2913.805 12279.115 775.938 10%.992 166.987
287494 463.914  44561.961 23134.695 4109.341 713.887 3643.626 202.981 19.998
333197 179.995 92519.258  446282.270 B8061.933 754,994 196.998 1014, 992 61.000
251504 436.018 7979.309 581446.379 13452.977 1517.987 160.999 20.000 319.997
250870 351.994  24574.580 10169.870 33462.625 3936.959 132.999 66.999 7.000
244349 63675.969 19635.3I91 48680480 6954.711 11807.154 1258.171 124.417 27.092
240725 514.080 54768.94% 22191.479 13374.796 2074 ,455 3392.161 402,251 98.036
268136 3547.814  3B850.406 57422.219 4912.630 2787.082 414117 871.881 127.894
279767 4371.354  26322.217  26549.291 32339.221 2796.814 1013.775 123.812 306.884
351128 96.701  26220.209 33647.762 6464 .323 7197.125 496.072 377.057 71.620
391988 209.356 2930.594 57588.922 14074.734 2366.963 2923.692 167.036 B4.D1B
405883 1076.998  10415.017 2919 387  24894.512 2753.952 541.324 626.922 108.858
441084 207.380 11886.348 19204.623 2664623  10237.385 569.340 168.189 264.216
40B056 1040.658 44141 .125 12393.733 3355.596 564 .193 2213.164 226.034 79.589
473955 1838.052 20443.346 31073.281 3889.020 756.982 144.252 785.573 97.505
44,7064 231.101 39863.391 I75.809  20213.473 1526.971 362.312 83.586 273.529
480400 1482.199 B264.777 4%9046.742  23557.340 6304 .283 474.420 128. 143 42.488
442010 143.844  22873.541  13761.645  32063.371 5821.263 1658.212 96.772 14.662
445995 352.525 14280.547 72692.008 9859.966  13958.747 2041.165 955.313 303.994
LTIL4LS 459.847 15907.054 13450.542 49548.469 3535.682 4510.573 553.205 162.645
FLTO3: ENGGFS (Catch: Unknown) (Effort: Unknown)
1978 1997
110.500.75
05
100 35.830 13.690 2.620 0.240 2.220 0.210
100 87.550 29.550 5.460 ¢.870 0.110 0.440
100 37.400 62.330 16.730 2.570 0.270 0.040
100 193.790 17.320 43.910 7.5460 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 31.380 0.280 0.180
100 2.240 28.190 4.310 0.530 0.5%90 0.050
100 6.070 2.860 18.350 1.550 0.180 0.280
100 9.430 B8.170 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 B2.770 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 B.070 9.020 0.840 0.280 0.020
100 17.990 38.310 4.450 3.400 0.280 0.0%90
100 19.920 B8.310 14.570 t.220 0.830 0.070
100 13.030 14.860 4.330 6.607 0.227 0.216

672.993

69.999
123.000
578.965

39.000
118.749
253.625
308.427
620.234
198.915
290.026
223.083
407.550
122.3M

79.037
314.410

41.743

39.103

a3.724
194.737

23.998
56.995
18.000
12.000
57.999

4.014
15.160
27.406
43,387
119.015
28.006
30.131
44 836
145.803
52.225
2%.288
63.750
12.648

9.761
12.541

117

85.9
112.9
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Table 4.3.2 (Cont’d)

FLTO4: SCOGFS {Catch: Unknown) (Effort: Unknown)
1982 1997
11050075

05
100
100
100
100
100
100
100

100
100
100
100
100
100
100
100
100

FLTO5: IBTS_@1 (Catch: Unknown) (Effort: Unknown

12.35
22.03
8.73
a.1a
17.47
2.77
4.06

4.32
31.63
34.71
82.465

8.59

137.62
15.66
19.80

9.72

1978 1997
110.99 1.00

a5

e I S " VT N (S T

16
100
100
100
100
100
100
100

0.4800
0.8960
0.2680
0.5260
0.3070
1.0570
0.2290
0.5790
0.8850
0.0%20
0.2100
0.2200
0.6790
1.1150
1.2420
0.2290
1.3750
0.2670
0.8600
0.3740

40.870
81.960
119.630
12.950
125.390
19.220
31.440

118

24 .88
18.13
3.7
19.76
23.29
23.86
4.67

8.86
10.02
17.05
38.35
58.36
12.65
81.53
22.31
27.79

9.96
16.11
7.88
29.81
5.74
7.04
19.82

2.14
2.40
1.78
9.63
13.80
20.80
7.34
47.05
8.49

0.2400 -1.0000 -1%.
0.402¢ -1.0000 -1.
0.6750 -1.0000 -1,
0.2520 -1.0000 -1.
0.4000 0.0890 0.
0.2190 0.1340 0.
0.8280 0.1050 0.
0.2440 0.2940 O
0.3260 0.0480 O
0.6880 0.0980 O
0.0970 0.2810 O
0.1100 0.0310 0
0.1310 0.0240 0
0.3710 0.0190 0O
0.5430 0.1550 @

0.5040 0.0980 0.
0.2050 0.1810 O.
0.8130 0.0660 0.
0.3660 0.4710 0.
0.4230 0.1060 @.
FLTOS: IBTS_U2 SCD (Catch: Unknown) (Effort: Unknown)
1991 1997

11 0.25 0.50

4.930
28.540
26,800
38.380
11.8560
68,890
14,720

0.760
1.770
9.250
3.410
15.490
3.020
22.130

—
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13.97

ooco
0000
Q00Q
0000
1140
0220
0340

.0180
.0610
.0130
.0170
.0510
.0040
.0030
0090

0230
0250
0470
0250
1140

1.15 0.07
4.55 0.53
0.55 0.65
1.03 0.14
0.36 0.27
1.28 0.08
0.27 0.23
0.5 0.04
1.43 0.07
0.05 0.16
0.08 0.03
0.06 Q.04
0.53 0.02
0.74 0.28
2.06 0.22
Q.66 0.56

o

-1.0000 -%.0000
-1.0000 -1.0000
-1.0000 -1.0000
-1.0000 -1.0000
0.0130 0.0020
0.0220 0.0050
0.0040 0.0070
0.0060 0.0020
0.0050 0.0030
0.0140  0.0020
0.0020 0.0050
0.0030 0.0020
0.0090 0.0020
0.0010  0.0020
0.0010 0.0010
0.0020 0.0010
0.0050  0.0010
0.0077 0.0031
0.0151  0.0034
0.0087 0.0054

0.150
0.270
0.360
1.0%0
0.880
2.820
0.730

0.460
0.030
0.040
0.030
0.400
0.120
0.650

oo OCooo

.03a
. 100
.004
.004
.10
.100
.03a



Table 4.4.1

Lowestoft VPA Version 3.1
10-0ct-98 16:11:59
Extended Survivors Analysis

Haddock in 1V, Illa (run: XSASARD1/X01)

CPUE data from file sfusers/fish/ifad/ifapwork/wanssk/had_34/FLEET.X01

Catch datas for 35 years, 1963 to 1997. Ages 0 to 10,
Fleet, First, Last, First, Last, Alpha, Beta
' year, year, age , age
FLTD1: SCOSEI (Catch, 1978, 1997, 0O, 9, 000, 1.000
FLT02: SCOLTR (Catch, 1978, 1997, 0O, ¢, .000, 1.000
FLTD3: ENGGFS (Catch, 1978, 1997, O, 5, .500, .750
FLTO4: SCOGFS {Catch, 1982, 1997, O, 5, .500, . 750
FLTO5: 1BTS_Q1 (Cate, 1978, 1997, 0, 5, .990, 1.000
FLTO&6: 1BTS_Q2_SCO (, 1991, 1997, 1, 8, .250, .500
Time series weights :
Tapered time weighting applied
Power = D over 10 years
Catchability analysis :
Catchability independent of stock size for atl 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 which the estimates are shrunk = .500
Minimum standard error for population
estimates derived from each fleet = .300
Prior weighting not applied
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,
Fishing mortalities
Age, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1994,
0, .005, .004, .006, .093, .018, .03?', .0Q04, .06D, .044,
1, 137, 106, 195, 156, 144, .18, .15%, 104, .07%,
2, .796, _655, 1.120, .780, .735, .795, .548, .500, .444,
-3, 1.304, .987, 1.158, 1.032, 1.137, 1.032, 1.029, .845, .89%,
4, 1.115, 1.184, 1.151, .857, 1.064, .904, 1.003, .902, .825,
5, 1.106, .700, .948, .B83, .790, .958, .&87, .B17, .83,
&, 77, T7&, .546, .659, 1.114, .753, 1.084, .387, .959,
7, .B66, .602, .68, .507, .756, .880, 874, .754, 1.927,
8, .6%7, .73, .523, .736, .91B, .580, 1.473, .513, .828,
9, .851, .757, .790, .B83, .995, 1.003, 1.436, .693, .832,

1.000

.01
104
427
.618
.74
633
.730
.575

603
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Table 4.4.1 (Cont’d)

XSA population numbers (Thousands)

AGE .

YEAR , a, 1, 2, 3, 4,

1988 ,  B.44E+06, 5.37E+05, 1.09E+06, 1.40E+05, 2.26E+04, 3,07E+04, 3.29E+03,
1989 ,  B.71E+06, 1.0BE+06, B.99E+04, 3.30E+05, 2.96E+04, 5.79E+03, 8.31E+03,
1990 ,  2.B2E+07, 1.12E+06, 1.B7E+05, 3.13E+04, 9,.58E+04, 7.D4E+03, 2.35E+03,
1991,  2.77E+07, 3.62E+06, 1.76E+05, 4.DBE+D4, 7.65E+03, 2.36E+04, 2.23E+03,
1992 ,  4.19E+07, 3.S3E+06, S.94E+05, 5.426+04, 1.13E+04, 2.53E+03, 8.00E+03,
1993 , 1.29E+07, 5.30E+06, 5.85E+05, 1.91E+05, 1.35€+04, 3.05E+03, 9.40E+02,
1994 ,  5.45E+07, 1.62E+06, B.60E+05, 1.77E+05, 5.306+04, &4.27E+03, 9.57E+02,
1995 , 1.31E+07, 6.99E+06, 2.67E+05, 3.33E+05, 4.93E+04, 1.51E+04, 1.76E+03,
1996 ,  2.25E+07, 1.5B8E+06, 1.21E+06, 1.09E+05, 1.11E+05, 1.56E+04, 5.47E+03,
1997 , 1.08E+07, 2.78E+06, 2.82E+05, 5.20E+05, 3.44E+064, 3_BOE+04, 5.53E+03,

Estimated population abundance at 1st Jan 1998

5"

1.22E403,
1.25E+03,
3.13e+03,
1. 116403,
9. LEE+02,
2.15e+03,
3.62E+02,
2.65E+02,
9.78BE+02,
1.72E+03,

6,

3.91E+02, 2.80E+02,
4.20E+02, 1.73E+02,
5.59E+02, 1.62E+02,
1.31+03, 2.71E+02,
5.50€+02, 5.16E+02,
3.64E+02, 1.BDE+D2,
7.306+02, 1.67E+02,
1.24E+02, 1.37E+402,
1.02E+02, 6.07E+D1,
1.17E+02, 3.45E+01,

) .00E+00, 1.356+06, 4.81E+05, 1.23E+05, 2.1BE+05, 1.28£+04, 1.65E+04, 2.18E+03, 7.91€+02, 3.94E+01,

Taper weighted geometric mean of the VPA populations:

) 1.87€+07, 2.16E+06, 3.93E+05, 1.35E+05, 3.07E+04, 9.86E+03, 2.98E+03, 1.06E+03, 3.4BE+02, 1.58E+02,

Standard error of the weighted Log(VPA populations) :

, 6631,  _BONB, 8744, 9473,  .8933,  .977V,  .BO45,

Log catchability residuals.

Fleet : FLTO1: SCOSEI (Catch

Age , 19B8, 1989, 1990, 1991, 1992, 1993, 19%, 1995, 1996, 1997
0. -.26, -1.64, -.89, .16, -.73, 1.42, .09, -.82, .51, 2.16
10 .09, -.07, .7h, .04, -.60, .01, .18, -.11, -.4%, .20
2. -.04, .M, .81, .0%, -.37, .10, -.03, .02, -.02, -.3B
3. .05, .01, .30, -.08, -.31, -.10, -.03, .24, .20, -.27
4. -7, .22, .36, -.23, -.41, -.10, .09, .19, .6, -.M
5, .22, -.14, .21, .12, -.43, .00, -.51, .20, .31, .03
6. .7, .11, -.23, -.22, .15, -.21, .24, -.57, .48, .08
7. .28, -.06, -.18, ~-.53, -.58, .14, -.09, .37, .41, .23
8. .02, .7, -.32, -.20, ~-.31, -.81, .27, -.04, .28, .04
o .33, .25, .19, -.02, -.27, -.39, -.58, -.42, .49, .72

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

Age , 8] 1 2 3 4 5

Mean Log q, -21.4558, -16.0022, -13.9473, -13.5269, -13.6303, -13.8957,
S.E(log @),  1.1401,  .3708, L2742, 2035, “2412, 2798,

120

L7488,

6,
-14.0877,
.3046,

L8543, L7548,

7 8

14,0716,  -14.0716,
13533, .2953,

9
-14.0716,
,4357,



Table 4.4.1 {Cont’d)

Regregsion statistics

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

Age, slope , t-value , Intercept, RSguare, No Pts, Reg 5.8, Mean Q

0, 121, -.287,  22.45, .19, 10,  1.46, -21.46,
1, 1.6,  -.884. 16.23, .79, 10, b, ~16.00,
2, 1.1, 9@, 14.07. .90, 10, 31, -13.65.
3, 1.03,  -.439. 13.59, .95, 10, .22, -13.53,
4 .82, 4.149, 13.03, .98, 10, 12, 13.63.
s, B4, 2,49, 13.15, -97, 10, 19, 390,
6, .B5.  1.467. 13.18, .92, 10, 26, 4.09,
7. 1.08,  -.434, 14.62, .80, 10, 40, 4.07
8, 1.12,  -.935, 15.11, .89, 10, 32, - 4.4
9, 1.4, -1.934 18.36, .67, 10, .56, -14.04,

Fleet : FLTD2: SCOLTR (Catch

Age ,. 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,
0o, .07, 1.5, -1.,29, .45, .46, ~-.38, -.04, ~-.84, ~-.50,
1, -.12, .40, 4%, .85, -.29, .08, -.39, -.77, .23,
2, 09, -.49, .76, .33, -.14, 19, -4, -.18, -.D4,
3, .32, -.13, -.02, -.03, -.27, .14, .29, -.02, -.07,
4, .2, .09, .13, -.28, -.44, .07, .10, .13, .15,
5, .18, -.04, -.01, .03, -.66, .2%, ~-.DS, .08, .26,
6, -.44, -.08, -.31, .16, 14, -.02, .45, -.65, .74,
7, -.23, A4, -.23, -39, -.06, .26, .10, ~-.62, 1,54,
8, -.30, -.27, -.34, .15, -.08, ~-.33, .04, -.1%1, ~-.05,
e, -.15, .27, -.18, .45, 12, .46, -.09, 16, .82,
Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time
Age , 0, 1. 2, 3, 4,
Mean Log q, -22.6989, -17.203%, -15.3693, -14.8179, -14.7442, -14.
S.E(Log q), .8219, 439, L3626, .1958, .2170,

Regression statistics :

Ages With q independent of year class stremgth and constant W.r.t. time.

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

0, 1.46, -.739, 25.41, .25, 10, 1.23, -22.70,
1,  l.22, -.99, 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, B4, 2.439, 14.14, .98, 10, A5, -14.74,
5, 89, 1.579, 14.19, .96, 10, .21, -14.82,
6, .94, 342, 14.57, .81, 10, A1, -16.97,
7. .93, .266, 14.29, .65, 10, .58, -14.84,
8, .99, .62, 14.86, .96, 10, L8, -14.96,
9, .90, .578, 13.75, .80, 10, 39, -14.72,

1997
.43

=.21
-.16
.00
.02

.02

5

.2540,

]

4114,

7

.5937,

8

.2188,

121

9

8235, -14.9700, -14.8380, -14.8380, -14.8380,

L4400,



Table 4.4.1 (Cont’d)

Fleet : FLTO3: ENGGFS (Catch

Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0, -.48, -.07, -.15, -.19, .54, -.08, .40, .21, -.23, .06
1, .02, .35, A7, -.48, .07, -.10, -.04, .03, -.03, .00
2, .38, .25, .12, -.78, 32, -.14, -.25, A9, -7, .06
3, .37, .25, .10, ~-.48, .23, -.04, -.65, .00, .13, .08
4, .20, .42, .48, -.04, -.31, -.40, -.16, -.15, .07, -0
5, .59, -.23, .24, AT, b4, A7, -.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 , 0, 1, 2, 3, 4, 5
Mean Log q, -17.0009, -15.6600, -15.2341, -15.4189, -15.8138, -15.9838,
$.E(Log q), .3092, .2117, .3410, .3232, .2918, .3545,

Regression statistics :

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

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

0, 79, 1913, 14.95, 91, 10, .22, -17.00,
1, 112, -1.27%, 15.79, .93, 10, .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, 1.485, 15.10, 9%, 10, .24, -15.81,
5, 836, 1.462, 15.02, .93, 10, .29, -15.%9,
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Table 4.4.1 (Cont'd)

Fleet : FLTO4: SCOGFS {Catch
Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
¢, -.75, -.72, 0, 21, W67, -8, et 20, -2, -.10
1, -.06, -.14, .01, -.66, .17, L9, -8, W21, .38, .06
2, -.07, .\, -.22, -.67, -.22, 19, .08, .16, AT, .20
3, 05, W22, -.21, -.97, -.37, 03, -4, 60, .38, 42
4, .22, 4, 4, -.54, -.33, -.90, -.02, .32, .48, 47
5, =12, -.45, .07, -.36, .14, .35, -.85, .81, .35, .26
6 , No data faor this fleet at this age
7 , No data for this fleet at this age
8 , No data for this fleet at this age
@ , 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 , 0, 1, 2, . 4, 5
Mean Log g, -17.1320, -15.0876, -14.7042, -15.0122, -15.3186, -15.4754,
$.EClLog q), L5417, .2882, L3149, 4553, L4533, L4438,

Regression statistics :

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

Age, Slope , t-value , Intercept, RSguare,

.58,
.95,
.89,
.73,
.73,
.93,

5.495,
.390,
1.089,
3.453,
3.166,
477,

16.97, .56,
1506, .90,
14.50, .92,
14.15, .95,
13.95, .94,
15.03, .85,

10,
10,
10,
10,
10,
10,

No Pts, Reg s.e,

Mean @
5, -17.13,
.29, -15.09,
.28, -14.70,
.22, -15.01,
.23, -15.32,
43, -15.48,
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Table 4.4.1 (Cont’d)

Fleet : FLTOS5: 1BTS_01 (Catc

Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0, -.t0, -.09, -.14, .38, .0B, -.42, -.09, -.24, .36, .25
1, 31, -.29, .06, -l24, .16, -.30, -.03, -.1&, .50, .11
2, .23, .38, -.14, -.86, .18, -.20, -.22, ~-.%%, .29, .24
3, L4, D6, 04, - 64, .28, -4, 01, -7, 37, .04
4, -.18, .03, -.09, ~-.05, -.23, 2, -.23, .18, -.04, .50
5, -.03, .32, 37, -0, .54, .52, -.08, -.09, -.01, -.64
& , 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 stardard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age , 0, A, 2, 3, 4, 5
Mean Log g, -15.3613, -14.0603, -14.2118, -14.5134, -14.7014, -14.3004,
$.E(Log q), L2645, L2673, 3212, L2793, .2227, ATET,

Regression statistics :

Ages with g independent of year class strength and constant W.r.t. time.

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

0, .91, .710, 15.48, .85, 10, .25, -15.36,
1, 1.6,  -1.307, 13.58, .8y, 10, .30, -14.06,
2, .94, 4TS, 14 .14, .90, 10, 32, -14.21,
3, .97, .334, 14.42, .93, 10, .28, -14.51,
4, .98, .188, 14.63, 9%, 1o, .23, -14.70,
5,  1.62, -3.404, 17.48, .B1, 10, 51, -14.30,
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Table 4.4.1 (Cont*d}

Fleet : FLT06: IBTS_Q2_SCO (

Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0 , No data for this fleet at this age
1, 99.99, 99.99, 99.99, -.22, .50, .48, ~-.57, .22, ~-.18, -.24
2, 99.99, 99.99, 99.99, -.41, .12, .09, -.02, -.05, .18, .09
3, 99.99, 99.99, 99.99, -.50, .11, A6, -.46, 35, -.14, .18
4, 99.99, 99.99, 99.99, -.13, .14, 19, -.03, -.2%, .12, -.09
5, 99.99, 99.99, 99.99, .41, -.12, 04, -.68, .49, -.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
@ ., No data for this fleet at this age
Mean log catchability and standard errar of ages with catchability
independent of year class strength and constant w.r.t. time
Age , 1, 2, 3, 4, 5, .
Mean Log g, -15.1074, -14.2444, -14.5256, -14.9046, -15.4590, -15.9957,
S.E({leog q), 4043, . 1964, .3785, L1523, L4915, .6383,
Regression statistics :
Ages wWith 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, .66, 2.351, 15.08, .90, 7, .20, -15.11,
2, .a3, 2.276, 1404, .97, 7, A3, -14.24,
3, .az2, 1.416, 14.05, .93, 7. .29, -14.53,
&, 1.02, - 262, 14.98, .98, 7, A7, -14.90,
5, B4, 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 0 Catchability constant w.r.t. time and dependent on age
Year class = 1997
Fleet, Estimated, Int, Ext, Var, N, Scaled,
R Survivors, 5.e, s.e, Ratio, ., Weights,
FLTO1: SCOSE! (Catch, 11660672., 1.196, .000, .00, 1, .023,
FLTO02: SCOLTR (Catch, 20B0440., .862, .000, 00, 1, 045,
FLTO3: ENGGFS (Catch,  1438717., 324, .000, .00, 1, 319,
FLTD4: SCOGFS (Catch, 1223533, .568, .00, 0o, 1, 104,
ELTQS: IBTS_@1 (Catc, 1736599, .300, .000, 00, 1, (373,
FLTO6: IBTS_Q2_SCO (, 1., .000, .000, .00, 0, .o00,
F shrinkage mean , 3764528., .50,,,, L1364,

Weighted prediction :

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, . Ratio,
13531217, .18, .28, 6, 1.5%2, .0n

Estimated
F
.00
.000
.00
.000
.000
.000

.037
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Table 4.4.1 (Cont’d)

Age 1

Year class =

Fleet,

FLTD1:
FLT02:
FLTQ3:
FLTD4:
FLTOS:
FLTD&:

F shrinkage mean

Catchability constant w.r.t. time and dependent on age

1996

SCOSEI (Catch,
SCOLTR (Catch,
ENGGFS (Catch,
SCOGFS (Catch,
IBTS_Q1 {Catc,
1BT5_02_SCO (,

r

Weighted prediction :

Survivors,
at end of year,
480614, ,

Age 2
Year ci
Fleet,

’
FLTO1:
FLTO2:
FLTO3:
FLTO4:
FLTOS:
FLTD6:

F shrinkage mean

Int,
s.e,
11,

Catchability constant W.r.t. time and deperxient on age

ass = 1995

SCOSET (Catch,
SCOLTR (Catch,
ENGGFS (Catch,
SCOGFS (Catch,
IBTS_Q1 (Catc,
[BTS Q2 _SCO (,

L

Weighted prediction :

survivors,

at end
1232

Age 3
Year cl
Fleet,

i
FLTO1:
FLTO2:
FLTO3:
FLTO&4:
FLTDS:
FLTO&:

F shr

Int,
5.8,
.09,

of year,
75,

Catchability constant w.r.t. time and dependent on age

ass = 1994

SCOSEI (Catch,
SCOLTR (Catch,
ENGGFS (Catch,
SCOGFS (Catch,
I875_Q1 (Catc,
1BTS_Q2_SCO (,

inkage mean

Weighted prediction :

Survivars, Int,
at end of year, s.e,
218227., .08,

126

Estimated, Int,
Survivors, s.e,
TIVET., . 233,
1006%2., 278,
132317., . 188,
16410%., .208,
145997., .180,
123983., L247,
T7067., .50,

Ext, N,

s.e, .

.08, 18,

Estimated, Int,
Survivors, 5.e,
186690., 190,
170404, .210,
238046. , 169,
329750., 195,
222219., .159,
263475 ., .216,
108193, , .50,

Ext, N,

s.e, '

.06, 24,

Estimated, Int,
Survivors, s.e,
605391., 370,
344230, , 406,
431295., .220,
490369., 267,
606552, , .212,
379194., 432,
338251., .50,,,,
Ext, N, Var,
s.e, . Ratio,
.07, 12, 621,

var,

Ratio,

.B90,

Var,
Ratio,
.831,

Ext,
s.e,

.088,
.089,
.125,
.074,
27,
.000,

.104

ExXt,
s.e,
. 063,
L2464,
.on,

221,
2z,

F

427

.618

Var, '

Ratio,

2%,
.22,

57,
.28,
.60,

.00,

Var,
Ratia,
.27,

.38,
.31,
1.23,
.50,

el B N AN LY ]

N

A oMo omom

TRV R R R ]

-~ -

LR R N

Scaled,
Weights,
.092,
076,
.256,
176,
.275,
.068,

056,

Scaled,
Weights,
. 138,
096,
L2064,
170,
222,
24,

047,

Scaled,
Weights,
62,
37,

. 184,
132,
.213,

. 118,

.053,

Estimated
F

143
116
.10z
.084
13

L145

Estimated
F
600
.503
403
337
372
425

816

Estimated
F
693
.740
579
AN
.&10
536

1.003



Table 4.4.1 (Cont’

Age 4 Catchability constant w.r.t. time and dependent on age

Year class = 1993

d)

Fleet, Estimated, Int, Ext, Var, .

’ survivors, s.e, 5.€, Ratio, , Weights,
FLTO1: SCOSEI (Catch, 12861., .188, .090, 48, 5, .168,
FLTDZ2: SCOLTR (Catch, 10954., .198, 037, A9, 5, 157,
FLTO3: ENGGFS (Catch, 12643, .180, .Q55, g1, S, .,
FLTO4:; SCOGFS (Catch, 15813., .220, L1641, bh, 5, 096,
FLTO5: 18T15_Q1 (Catc, 164641., .189, .157, .93, 5, .189,
FLTD&: 1BTS_Q2_SCO (, 11286., .207, 069, 33, 4, 147,

F shrinkage mean |, 8801., .50,,,, .071,
Weighted prediction :
Survivors, int, Ext, N, var, F
at end of year, s.e, s.e, ., Ratio,
12755., .08, .03, 30, 612, LT42
Age 5 Catchability constant w.r.t. time and dependent on age
Year class = 1992
Fleet, Estimated, Int, Ext, Var, N, Scaled,
. Survivors, s.e, s.e, Ratip, . Weights,
FLTOT: SCOSEl (Catch, 17820., 184, 042, .22, 6, .203,
FLTO2: SCOLTR (Catch, 17080, , 192, .037, J9, 6, .198,
FLTO3: ENGGFS (Catch, 15741., L193, .080, W41, &6, .166,
FLTO4: SCOGFS (Catch, 22741, 250, 072, 29, 6, .099,
FLTO5: IBTS_Q@1 (Catc, 12807., .187, 116, b2, 6, 142,
FLTOS6: IBTS_Q2_Sc0 (, 19441, , .219, .057, .26, 5, 116,
F shrinkage mean 11364 ., .50,,.. .077,
Weighted prediction :
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, ., Ratig,
16509 ., .09, .04, 35, 4TS, 633
Age 6 Catchability constant w.r.t. time and dependent on age
Year class = 1991
Fleet, Estimated, Int, Ext, Var, N, Scaled,
. Survivors, s.e, s.e, Ratio, . Weights,
FLTO1: SCOSE] (Catch, 2519, 197, .082, .26, T, .292,
FLTOZ2: SCOLTR (Catch, 2500., .213, .048, .23, 7, .217,
FLTO3: ENGGFS (Catch, 1692., .20, 067, .32, &, .103,
FLTD4: SCOGFS (Catch, Z878., .278, 060, .21, &, .060,
FLTO5: IBTS_Q1 (Catc, 2372, .208, .056, .27, &, .085,
FLTO&: IBTS_Q2_SCO (, 1565., 276, .089, .32, 6, .07,
F shrinkage mean |, 1695., .50,,,, 136,
Weighted prediction :
Survivaors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
2179., a1, .04, 39, 364, .730

N, Scaled, Estimated

F
738
.825
.755
.635
612
.808

.953

Estimated
F
.598
618
.656
496
781
.560

826

Estimated
F
.658
662
.870
.596
688
916

869

127



Table 4.4.1 (Cont’d)

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 1990

Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
. Survivars, s.e, s.e, Ratio, , Weights, F

FLTO1: SCOSEI (Catch, 1042., .215, .055, .26, &, .3m2, bk
FLTOZ2: SCOLTR (Catch, 923., .255, 148, .58, 8, .206, .510
FLTO3: ENGGFS (Catch, 7346., 215, .058, 27, 6, 064, 607
FLT04: SCOGFS (Catch, 1048., .285, .182, b4, 6, .037, 462
FLTOS: [BTS_Q1 (Catc, &86., 213, L043, .20, 6, .052, 640
FLTD6: 1BTS_Q2_SCO (, 1309., .81, .181, b4, 6, .D66, . 385

F shrinkage mean |, 331., .50,,,, 193, 1.050

Weighted prediction :

survivors, int, Ext, N, Var, F
at end of year, s.e, s.e, ., Ratio,
791., 4, 0%, 41, .623, 575

Age 8 Catchability constant Ww.r.t. time and age (fixed at the value for age) 7

Year class = 1989

Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratig, ., Weights, F

FLTO01: SCOSEI (Catch, 39., 245, .080, 33, 9, .348, .BB6
FLTD2: SCOLTR (Catch, 41., .260, 105, .40, 9, .337, .865
FLT03: ENGGFS (Catch, 29., 214, .093, .43, 6, .018, 1.070
FLTO4: SCOGFS (Catch, 18., .285, 108, .38, &, .0NM, 1.395
FLTO5: 1BTS Q1 (Catc, 40., .214, .087, 41, 6, 015, .76
FLTO6: IBTS_Q2_SCO ¢, 30., .27, .18, .68, 5, .01B,  1.055

F shrinkage mean |, 40, .50,,,, .53, .872

Weighted prediction :

survivors, Int, Ext, N, . Vvar, F
at end of year, 5.8, s.e, , Ratio,
39., .18, .04, 42, .220, .B8aé6

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 7

Year class = 1988

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, . Weights, F

FLTO1: SCOSEl (Catch, 26., .223, .079, 36, 10, .38, 425
FLTO2: SCOLTR (Catch, 12., .242, . 118, 49, 10, 347, 769
FLTO3: ENGGFS (Catch, 16., .226, 119, .53, 6, .01, 619
FLTO4: SCOGFS (Catch, 17., .303, 187, b2, &, .006, .583
FLTO5: [BTS_Q1 {Catc, 17., .227, g2, .84, 6, .009, 600
FLTO6: IBTS_Q@2_SCO (, 14., .321, 77, .95, 4, .012, 694

F shrinkage mean |, 13., 50, ., ] .233, 720

Weighted prediction :

Survivers, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
16., A7, .07, 43, 418, 605

128



Tabhle 4.4.2

Run title :

At 10-0ct-98

Table 8
YEAR,

b
[2]
m

VRN AN —=C

Table &
YEAR,

I
(2]
m

n w oW

ORI WND =0

-

+
[7=]
h:]

FBAR 2- 6,

61

16:13:09

1963,

L0016,
269,
.8053,
L6706,
7614,
.a802,
.5085,
.8268,
773,
.7582,
.7582,
.7251,

Fishing martality (F) at

1968,

.0018,
.0516,
5778,
L8979,
.3069,
.5076,
.8082,
.5968,
.6586,
.5805,
.5805,
L6197,

L0435,
.6581,
.4545,
746,
.7560,
L8843,
.2628,
.6215,
.838s,
.8819,
.8319,
9064,

1969,

L0167,
L0215,
L6553,

1.3759,
1.2867,

.8141,

1.6261,
1.0000,

.9509,

1.1493,
1.1493,
1.1516,

1965,

0716,
1.3627,
4164,
.5093,
.9848,
.2993,
0212,
.B722,
.4982,
9455,
L9455,
L8462,

R

1970,

.0298,

.5004,
1.0385,
1,149,
1.2693,

7114,
1.4369,

.7088,
1.0592,
1.0491,
1.0491,
1.1212,

Fishing mortality (F) at age
1964,

1966,

.0699,
1.3029,
.B8308,
.3402,
7794,
1.240%,
1.3097,
1.0825,
L5495,
1.0890,
1.0890,
.9041,

age

1971,

.0119,
4743,
L6590,
7977,
L8706,
L8645,
L6864,
1.0168,
1.2854,
9552,
.9552,
7756,

Haddock in [V, Illa (run: XSASARO1/X01)

1967,

.0022,
. 2626,
1.0805,
L4148,
.3720,
1.0137,
1.3260,
1.1388,
1

1972,

.0321,
1692,
.7932,
L3394,
1.2012,
1.1583,
L8587,
L6843,
4712,
L8841,
.8841,
1.0701,

-

Terminal Fs derived using XSA (With f shrinkage)

1973,

.0023,
.3736,
L5649,
.1582,
.8019,
.9500,
.0978,
.8819,
1459,
9865,
9865,
9146,

1974,

.0129,
.3532,
.9334,
L9499,
.0028,
L6280,
.BBOY,
249,
L4048,
.B1&5,
.B165,
.B789,

—

—_ -

1975, 1976,
L0113, .0299,
3351, L3077,
9691,  .B145,
.2536, 1.3710,
0991,  .7813,
9922, 1.2713,
.B201, 1.0639,
5674, 3934,
9978,  .B395,
.1083,  .B792,
.1083, .B792,
0268, 1.0804,

1977,

L0132,
.3381,
.0051,
L0375,
2621,
L0313,
.9889,
9242,
L4875,
L9492,
.9492,
1.0650,

—



gl

Table 4.4.2 (Cont’d)

Run title :

At 10-Oct-98

Table 8
YEAR,

»
[2]
m

- ow o

-

- o

OO NT PN =D

-

Table 8
YEAR,

>
(]
m

-

VR~ W O
-

Haddock in IV, [[la (rum: XSASARO1/X01)

16:13:09

Terminal Fs derived using XSA (With F shrinkage)

Fishing mortality (F) at age

1978,

.0217,

.3905,
1.0116,
1.1281,
1.1235,
1.1628,
1.0363,
1.1463,

.8534,
1.0769,
1.0769,
1.0925,

1979,

L0347,
1735,
.8822,

1.1414,

1.0619,

1.0234,

1.1708,
6171,
9416,
9737,
.9737,

1.0560,

1980,

0738,
L1894,
7074,

1.2096,

1.1849,
L9369,
.9855,

1.2960,
6567,

1.0236,

1.0236,

1.0048,

1981,

L0571,
1790,
L4501,
.9456,
9932,
.8030,
.6102,
1.0081,
1.1157,
.9159,
.9159,
7604,

Fishing mortality (F) at age

1988,

.0055,
1367,
L7961,
.3042,
1.1147,
.1063,
7714,
.B659,
6171,
.8512,
.8512,
1.0185,

-

-

1989,

-0039,
-1060,
-6549,
9868,
1.1842,
7002,
L7760,
-6017,
.7532,
7367,
L7367,
-B604,

1890,

.0057,
L1953,
1.1201,
1.1584,
1.1510,
L9483,
.5465,
L6676,
.5228,
.7902,
7902,
9849,

1991,

.0125,
.1558,
. 7803,

1.0318,
.8572,
.8826,
.6592,
.5067,
.7363,
.8829,
.8829,
8422,

Y

1982,

.0384,
A735,
.4308,
.8157,
.8798,
L6468,
.7498,
.9822,
.1053,
.8821,
.8821,
7046,

1992,

018z,
.1460,
7354,
1373,
0642,
.7900,
114,
. 7555,
.9184,
.9949,
9949,
.9682,

1983,

.0270,
514,
.6601,

1.0205,

1.1611,

7.2122,
.8139,
L8396,
5776,
.9310,
.9310,
.9735,

1984,

.0155,
.1250,
L6686,
9965,
L1412,
.2206,
L0876,
L7671,
L5765,
9693,
L9693,
1.0229,

PRI Y

L0044,
.1510,
5476,

1.0288,

1.0032,
L6869,

1.0839,
8736,

1.4727,

1.4358,

1.4358,
8701,

1985,

.0163,
.2064,
.6139,
L9574,
1.1031,
1.0250,
1.0708,
9445,
.6813,
.9761,
9761,
9540,

L0602,
1037,
4997,
.B452,
.9025,
L8174,
L3872,
7542,
.5135,
.6932,
L6932,
L6904,

1986,

.0032,
.1280,
L0180,
.2401,
.2897,
.0572,
7,
.8590,
6751,
.9285,
.9285,
1.0632,

— b

L0437,
0754,
L4443,
.B990,
.8264,
B354,
.9588,
1.9267,
.B279,
8316,
.B316,
7930,

1987,

.0089,
1187,
.5027,

1.0467,

1.0825,
.8365,

1.1428,

L8156,

.2596,

.0392,

.0392,

.0022,

—_ s = —

1997

L0105,
1044,
4272,
.6182,
7420,
.6334,
.7305,
.S747,
.8859,
L6051,
L6051,
.6303,

FBAR 95-97

.0381,
.0945,
L4570,
.7875,
.B236,
7624,
6922,

1.0852,
7424,
.7100,



1£1

Table 4.4.3

Run title

At 10-0ct-98

Table 10
YEAR,

AGE

“ m omomomom

LWV W=D

Table 10
YEAR,

kg
[z}
m

. W

- m oA om o

VWD~V =0

: Haddock in IV, I1la {run: XSASARD1/X01)

16:13:09

Terminal Fs derived using XSA (With F shrinkage)

Stock number at age (start of year) Numbers*10**-5
1963, 1964, 1965, 1966, 1967,

23383, 91721, 263363, 689923, 3881118,
255640, 3005, 11304, 31563, 82821,

7401, 43367, 545, 556, 1647,
486, 2217, 18453, 241, 162,
277, 194, 534,  B63S, 131,
109, 101, n, 155, 3085,

14, 37, 34, 16, 37,
13, 7, 9, 10, 3,
12, 5, 3, 3, 3,
1, 4, 2, 1, 1,

0, a, 1, 0, 1,
287336, 140658, 294317, 731104, 3969013,

Stock number 8t age (start of year) Numbers*10**-5

1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975,

171025, 121955, 877639, 782847, 215392, 728983, 1334931, 115423,
498537, 21977, 15439, 109661, 99584, 26853, 93628, 169646,
12233, 90929, 4131, 1798, 13106, 16149, 3549, 12631,

375, 4601, 31652, 980, 623, 3975, 6153,
83, 119, 905, 7806, 344, 127, 972,
70, 48, 26, 198, 2545, 81, 4,

917, 35, 17, 10, 68, 654, 26,

8, 334, s, 3, 4, 24, 179,
1, 4, 101, 2, 1, 2, a,
0, 0, 1, 29, 1, 1, g,
0 0 1 3 8 3 1

683249, 240002, 929917, 903339, 331477, 776850, 1439490, 30

936,
1853,
278,
19,
2,
48,
4,

1,
0848,

1976,

164835,
14693,
23303,

3213,
208,
481,

as,

7,

1,

14,

1!‘
206840,

1977,

257514,
20595,
2074,
4918,
&35,
74,
110,
2,



el

Table 4.4.3 (Cont’d)
Run title : Haddock in IV, Illa (run: XSASARO1/X01}
At 10-0ct-98 16:13:09
Terminal Fs derived using XSA (With F shrinkage)
Table 10 stock number at age {start of year) Numbers*10**-5
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985,
AGE
a, 395490, 721551, 156539, 324796, 206144, 669781, 172691, 240473,
1, 32718, 49819, 89725, 18719, 39493, 25538, 83929, 21889,
2, 2821, 4252, 8027, 14258, 3004, 6377, 4215, 14224,
3, 509, 688, 1180, 2652, 6094, 1310, 2209, 1448,
&, 1909, 128, 171, 274, 802, 2099, 368, 435,
S, 140, 483, 35, 41, 79, 259, 512, 91,
6, 22, 36, 142, 11, 15, 34, 63, 124,
7, 34, 6, 9, 43, 5, &, 12, 17,
8, 8, 9, 3, 2, 13, 2, 2, 5,
2, 2, 3, 3, 1, 1, 4, 1, 1,
+gp, 2, 1, 2, 1, D, 1, 2, 2,
TDTAL, 433652, 776975, 255836, 360800, 255652, 705410, 264005, 278909,
Table 10 Stock number at age (start of year) Numbers*10**-5
YEAR, 1988, 1989, 1990, 1991, 1992, 1963, 1994, 1993,
AGE
0, B4444, B7092, 282429, 277384, 419074, 129458, 545108, 130583,
1, 5365, 10812, 11169, 36151, 35264, 52978, 16159, 69866,
2, 10919, 899, 1868, 1764, 5941, 5853, B597, 2668,
3, 1399, 3302, 313, 408, 542, 1909, 1772, 3333,
4, 226, 2964, 958, 77, 113, 135, 530, 493,
5, 307, 58, 70, 236, 25, 30, 43, 151,
6, 33, 83, 24, 22, B, e, 10, 18,
7, 12, 12, 3, 1t, 9, 21, &, 3,
8, 4, 4, 6, 13, 5, 4, 7. 1,
9, 3, 2, 2, 3, 5, 2, 2, 1,
+gp, 2, 1, 1, 1, 3, 4, 1, 1,
TOTAL, 162714, 102560, 296870, 316071, 461063, 190404, 572232, 207118,

{ } Overwritten in the prediction

1986,

498871,
30457,
3420,
5141,
433,
164,

2'
538577,

1996,

225430,
15829,
12095,

1085,
1115,
156,
5S,
10,

1987,

42051,
64019,
5146,
828,
1183,
93,
47,
1",
12,

Z,

3‘
113375,

1997,

{106074),
27780,

1998,

©,
(13513,
4806,
1233,
2182,
128,
165,
22,

GMST 63-95

264437,
35162,
5203,
1602,
434,
124,
38,

12,

5'

2,

AMST 63-95

457697,
65122,
10233,

3518,
1019,
309,
87,
28,
9,

3,



TABLE 4.5.1

-1 996
2488  161.1
181.3 788
436.7 2981
1976 574
2329 70.4
2383 1982

46,7 21.4

886 24
100.2 178
1705 96,3
3832 138
583.6 208
126.5 73.4
8153 4705
2231 B84.9
277.9
634.9 -1

-1 -1
sqgfs1

N N

Handle with care
NB indices from Scottish 1998 GFS (boxed) included here for comparison,

-1
-1
-1
-1
-1
-1
-1
-1
-1

-1
-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-

-

-1

-

-1

-1

-1
4087
8196
11963
1295
12539
1922
3144
-1

=1

sgfs2 SCQ21

but not included in RCT3 runs

1 Provisional (age based) for 87 survey
2 Provisional (age based) for 97 survey

HADDCCK IN IV, RCT3 INPUT VALUES AgeQ  17-Oct-88
13 28 2

YEARCLASS'
1871 782847 740 a71 -1 -1 -1 -1
1872 215392 187 110 -1 -1 -1 -1
1973 728983 1092 385 -1 -1 -1 -1
1974 1334931 1168 670 -1 -1 -1 -1
1975 115423 177 B4 -1 -1 321 -1
1976 164835 182 108 -1 66.8 262 -1
1977 257514 385 240 5348 1369 54.6 -1
1973 395480 480 402 3583 2955 167.3 -1
1979 721551 896 675 B755 6233 4381 -1
1980 156539 268 252 374 1732 798 -1
1981 324796 526 400 15375 3155 109.5 -1
1982 206144 07 219 2813 2182 616 1235
1983 669731 1057 828 8318 5993 2382 2203
1984 172691 229 244 2285 1866 44.7 873
1985 240473 579 326 2459 1497 431 8138
1986 498871 885 688 266 2819 1835 1747
1987 42051 52 97 22.4 286 145 27.7
1988 84444 210 114 60.7 81.7 19.8 406
1989 /7092 219 131 94.3 66.4 96 432
1990 282429 679 37 2819 115 97.7 3163
1891 277384 1115 543 2633 1969 586 3471
1992 419074 1242 504 8277 2461 90.2 827
1993 129458 229 205 1358 80.7 445 859
1994 545108 1375 8133 943 3831 1457 1376.2
1985 130583 2674 3664 180 831 433 1566
1996 -1 860.2 4233 199 149 568 188
1997 - 37386 -1 130 39 - 972
1998 -1 -1 -1 53 -1 -1 328

Yclass VPA IBG11 1BQ12  egfs0  egfst egfs2 sgfsd

Updated ? Y Y Y Y Y N

KEY

index Survey Quarler Age

1BQ11 IBTS 1

1BQ12 IBTS 1

EGFS0 English GFS 3 4]

EGFS1 English GFS 3 1

EGFS2 English GFS 3 2

SGFS0 Scollish GFS 3 0 Mew gear & vessel in 58

SGFS1 Scoftish GFS 3 1 Mew gear & vessel in 58

SGFS2 Scottish GFS 3 2 New gear & vessel in 98

SC0Q21 IBTS (Scottish, age based) 2 1 Survey discontinued

5CQ22 IBTS (Scotlish, age based) 2 2 Survey discontinued

ENQ40 IBTS (English, age based) q 0 Survey discontinued

ENQ411BTS (English, age based) 4 1 Survey discontinued

4 2 Suivey discontinued

ENQ42 IBTS (English, age based)

T-451 XL3

e

N/A

-
-1
-1
A1
-1
-1
-1
-1
R
-
-1
-1
-1
R
R
4
-1
-1

493

2854

2680

1838

1186

6889

1472
-1
-1
1

SCQ22

N/A

-
-
-
1
A
-1
-1
-
-1
-1
-1
-1
-1
-1
-1
-1

VPA IYFST IYFS2' 'EGFSO 'EGFS1 'EGFS2' "SGFSU "SGFS1' 'SGFS2' 'SCQ21 'SCQ22' 'ENQ4D 'ENG41' 'ENQ4Z'

-1 “
-1 -1
-1 -

- -1
-1 -1

- -1

A K]

-1 A

1 A

-1 -1

-1 -1

R -1

R -1

R -1

1 -1

R K]

R -1

R -1

-1 5094
57.818 22977
74865 17.137
75 22492
18526 17.995
160.928 55.913
24.735 1
- -1

-1 -1

-1 -1
ENQ41 ENQ42
N/A N/
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TABLE 4.5.2a; Haddock in Neorth Sea & IIIa, RCT output, age 0
Analysis by RCT3 ver3.,l of data from file

hadiv0.rect

HADDOCK IN IV, RCT3 INPUT VALUES Age 0 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------—---— I I-—------- ~-Prediction--

survey/ Slope Inter- Std Rsquare No. Index Predicted std
Series cept Error Pts Value Value Error

IYFS1 1.19 5.19 .45 778 25 5.93 1z2.27 .481
IYFS2
EGFSC .85 7.586 .43 L7687 19 4.38 11.68 L4756
EGFS1 1.02 7.11 .31 .859 20 4.50 11.72 .339
EGFs2
SGF30 .28 7.84 .58 .572 14 4.58% 11.86 .655
SGFS1
3GFS52
5CQ21
5CQR22
ENQA40
ENQ41
ENQ42

VPA Mean = 12.48 .B28

Yearclass = 1298

Survey/ Slope Inter- Std Rsquare No. Index Predicted std
Series cept Errcr Prs Value Value Error

IYFE1
IYFSZ
EGFSO .85 7.58 .43 L7867 12 3.98 10.94 .500
EGF51
EGFS32
SGFsQ
SGFS1
SGF32
SCQR21
SCQZ2
ENQ40
ENQ41
ENQ42

VPA Mean = 12,48 .828
Year Weighted Log Int Ext Var VPR Log
Class Average WAP 5td s5td Ratio VEPA
Prediction Errer Error

19287 146129 11.8¢% .22 .14 .40
1928 84757 11.35 .43 .68 2.55

134 OnActmiW greps\'Wenssk' Repartst 19994 T452abe Doc

.069

WAP
Weights

.733

.267



TABLE 4.5.2b; Haddock in North Sea & IIIa, RCT output, age 1
Analysis by RCT3 ver3.l of data from file
hadivl.rct
HADDOCK IN IV, RCT3 INPUT VALUES Age 1 10-0ct-98
Data for 13 surveys over 28 years 1371 - 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----------— I I-———————— Frediction--------~ I
Survey/ Slope Inter- Std Rsguare No. 1Index Predicted std WAP
Series cept Error Pts Value Value Error Welights
IYFs1l 1.20 3.12 .45 .783 25 5.93 10.20 .476 .216
IYFs2
EGFS0 .85 5.44 .45 .752 19 4.388 9.60 . 495 . 200
EGFS1 1.03 5.01 .32 .851 20 4.50 9.64 -350 L399
EGFs2Z
SGF30 .88 5.7¢ .59 .670 14 4.59 .79 .658 .113
SGESL
SGFS2
5co21
SCQ22
ENQ40
ENQ41
ENQ42
VFA Mean = 10.41 .B30 .071
Yearclass = 1993
[-—————————- Regression---------- I I-———————- Prediction--------—— I
Survey/ Slope Inter- 5td Esquare No. Index Predicted 5td WAP
Series cept Error Pts Value vValue Error Weights
IYFs1
IYFS52
EGFS0 .35 5.44 .45 .752 19 3.59 B.85 .521 .718
EGES1
EGF32
5GFS50
S5GFS51
S5GFs2
s5Coal
sco22
ENQ40
ENG4l
ENQ42
VEA Mean = 10.41 LB30 .282
Year Weighted Log Int Ext var VPR Log
Class Average WAP std Std Ratio VPA
Prediction Error Error
1997 18515 9.83 .22 .14 .40
1998 10803 9.29 .44 .70 2.53

O Acfm' W greps' W gnssk' Reports' 1 999:T45 2abe. Doc
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TABLE 4.5.2c; Haddock in North Sea & IIIa, RCT output, age 2
Analysis by RCT3 wver3.l of data from file
hadiv2.rct
HADDOCK IN IV, RCT3 INPUT VALUES Age 2 10-0ct-98
Data for 13 surveys over 28 years 1971 - 1998
Regression type = C
Tapered time weighting not applied
Survey welghting not applied
Final estimates shrunk tewards mean
Minimum S.E. for any survey taken as .20
Minimum of 5 points used for regression
Forecast/Hindcast variance correction used.
Yearclass = 1996
Im—— e Regression----—----—- I I--———-————- Prediction--~------ I
Survey/ Slope Inter- std Rsgquare No. TIndex Predicted  Std WAP
Series cept Error Pts Value Value Error  Weights
IYFS1 1.15 1.5¢6 .38 .828 25 5.76 9.32 .412 .104
IYFsS2 1.24 1.44 .42 L7986 25 6.05 8.96 L4582 .08s6
EGES0 .87 3.54 .48 722 19 5.30 8.15% .528 .0e3
EGF31 1.03 3.20 .30 .864 290 5.01 8.35 . 329 .163
EGFS2 33 4.73 .33 .847 21 4.086 3.31 .352 .142
SGEFSO .88 3.85 .58 . 674 14 5.29 8.63 .655 .041
SGFs1 1.19 2.02 .41 .795 15 5.63 8.73 .460 .083
SGFs2
sCco2l 66 3.05 .22 .906 3 8.05 8.33 .291 .208
5CQ22
ENG40 1.13 3.52 .32 .852 5 4.20 B.26 . 465 .Q082
ENQ4A1
ENQ42
VPA Mean = 8.56 .821 L0286
Yearclass = 1997
I-——-- Regression-——----—--- I I-—--—--m—m—- Prediction—-------- I
Survey/ Slope Inter- 5td Rsgquare Ne¢. Index Predicted 5td WAP
Series cept Error Pts Value Value Error Weights
IYF31 1.15 1.56 .38 .828 25 5.93 8.36 .407 271
IYFS2
EGFSQ .87 3.54 LA8 122 12 1.88 7.78 .534 157
EGFS1 1.03 3,20 .30 .8&4 20 4.50 o 7.82 .334 402
EGEFS2
SGEFS0 .88 2.95% .58 .674 14 4.59 8.00 .657 104
3GF31
5GF52
VPA Mean = 8.56 .821 L0867
Year Weighted Log Int Ext var VEA Log
Class Average WAP 5td std Ratio VPA
Predictien Error Error
1296 5021 8.52 .13 .12 .75
1397 3068 8.03 .21 .14 .42
1998 1814 7.50 .48 12 2.43
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TABLE 4.6.1 ; Haddock, North Sea + Skagerrak
Mean fishing mortality, biomass and recruitment,

1563 - 1997.

| [ Mean F | Stock Biomass | Recruits

| | H.cons | ©Disc | 1Ind BC | ('000 tonnes) | Age 0

I | Ages | Ages | Ages [-----——----mo--—--——- | === e
| Year | 2 to 6| 2to 6 | 0 told | Total | Spawning |Yclass| Millien |
| ------ e e |---mmeee |- e |------ | -m-mmmeee |
| 1963 | .579 | .125 | 026 | 3387 | 137 | 1963 | 2338

| 1964 | .699 | 073 | 131 | 1188 | 420 | 1964 | 9172 |
| 1965 | .647 | 067 | 343 | 12 | 526 | 1965 | 26336

| 1966 | 715 | 104 | 263 | 780 | 432 | 1966 | 58992 |
| 1967 | .678 | 142 | 052 | 1216 | 229 | 1967 | 38eliz |
| 1968 | .485 | 089 | 056 | 6700 | 265 | 1968 | 17103 |
| 1969 | .843 | 093 | 198 | 2344 | 816 | 1989 | 12196

| 1970 | .804 | 123 | 266 | 1405 | 900 | 1970 | 87764 |
| 1971 | .629 | 108 | 078 | 1672 | 418 | 1971 } 78285

| 1972 | .900 | 145 | 051 | 1677 | 301} 1972 | 2153%

| 2973 | L7770 126 | 034 | 900 | 294 ] 1973 | 72898

| 1974 | .639 | 140 | 101 | 1568 | 258 | 1974 | 133493 |
| 1975 | .763 | 203 | 086 | 2163 | 238 | 1975 | 11542 |
| 1976 | .812 | 153 | 125 | 885 | 308 | 19786 | 16484 |
| 2977 | .807 | 127 | 173 | 567 | 239 | 1977 | 25751

| 1978 | .879 | 185 | 062 | 665 | 132 | 1978 | 39549

| 1979 | .939 | 085 | 056 | 673 | 109 | 1979 | 72155

| 1980 | .847 | 086 | 088 | 1250 | 153 | 1980 | 15654 |
| 1981 | .654 | 088 | 064 | 671 | 240 | 1981 | 32480

| 1982 | .588 | 087 | 066 | 840 | 300 | 1982 | 20614 |
| 1983 | .802 | 145 | 04s | 759 | 253 | 1983 | 66978

| 1984 | L9307 091 | g32 | 1493 | 199 | 1984 |  1726%

| 1985 | .855 | 078 | o1g | 860 | 241 | 1985 | 24047

| 1386 | .881 | 178 | 012 | 715 | 222 | 1986 | 49887 |
| 1987 | .855 | 142 | 019 | 1068 | 157 | 1987 | 4205

| 1988 | 843 | 147 | 026 | 428 | 159 | 1988 | 8444 |
| 1989 | .705 | 132 | 016 | 396 | 129 | 1989 | 8709

| 1990 | L7020 | 233 | 026 | 343 | 81 | 1990 | 28243

| 1991 | .762 | 065 | 0z3 | 742 | 63 | 1991 | 27738

| 1992 | .858 | 039 | 032 | 607 | 101 | 1992 | 41907

| 1993 | .731 | 140 | o040 | 875 | 135 | 1993 | 12946

| 1994 | .688 | 175 | 014 | 516 | 158 | 1994 | 54511

| 1995 | .548 | 138 | 029 | 957 | 158 | 1995 | 13058

| 1996 | .625 | .l48 | 030 | 621 | 193 | 1996 | 22543

| 1997 | .454 | 116 | 019 | 709 | 211 | 1997 | 14813%|
| e o |
! Min. | 454 | 065 | .012 | 343 | 63 | Min. | 2338

| Mean | 740 | 124 | L0077 | 1213 | 262 |Gmean | 26444 |
| Max. | 939 | 233 | 343 | 6700 | 900 | Max. } 388112 |

Min, max and geo. mean recruitment calculated over years 19563 to
{(Arithmetic mean recruitment 1963 - 1885 = 45770)

Biomass totals calculated at start of year.

* RCT3 estimate

ONACfm\W greps\Wegnssk\Reports\ |1 99NT-461.Doc
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Table 4.7.1

Haddock in Fishing Area IV and Illa

The SAS System

Multi fleet prediction with mangement option table: Input data

1998 H.cons Disc Ind BC
Exploit.{ Weight | Exploit.| Weight | Exploit.| Weight Stock Naturel | Maturity{Prop.of F(Prop.of M| Weight
Age | pattern | in catch| pattern | in catch| pattern | in catch| size mortalityl ogive |bef_spaw.|bef.spaw.| Tn stock
0 0.0000 0.000 0.0010 0.058 0.0370 0.0%2(B475700.0 2.0500 0.0000 0.0000 0.0000 0.18|"
1 0.0010 0.329 0.0640 0.143 0.0290 0.048|18514600.0 1.6500 0.0100 0.0000 0.0000 0.124
2 D.1300 0.384 0.3110 0.241 0.0160 0.157|480600.00 0.4000 0.3200 0.0000 0.0000 0.277
3 D.4810 0.432 0.2850 0.280 0.0210 0.253|123300.00 0.2500 0.7100 0.0000 0.0000 0.370
4 0,.7400 0.573 0.0490 0.327 0.0150 0.671)218200.00 0.2500 0.8700 0.0000 0.0000 0.561
3 0.7300 0.722 0.0040 0.37% 0.0270 0.760|12800.000 0.2000 0.9500 0.0000 0.0000 0.735
& 0.6260 0.959 0.0000 0.000 0.06560 0.376|16500.000 0.2000 1.0000 0.0000 0.0000 0.979
7 1.0850 1.078 0.0000 0.000 0.0000 0.000{ 2200.000 0.2000 1.0000 0.0000 0.0000 1.078
8 0.7420 1.722 0.000¢ 0.000 0.0000 0.000| B00.000 0.2000 1.0000 0.0000 0.0000 1.722
9 0.7100 2.048 0.0000 0.000 0.0000 0.000 40.000 0.2000 1.0000 0.0000 0.0000 2.048
10+ 0.7100 2.115 0.0000 0.000 0.0000 0.000 0.000 0.2000 1.0000 0.0000 0.0000 2.115
Unit - Kilogrems - Kilograms - Kilograms | Thousands - - - - Kilograms
1999 H.cons Disc - Ind BC
Exploit.| Weight | Exploit.| HWeight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F(Prop.of M| Weight
Age | pattern | in catch| pattern | in catch| pattern | in catch ment mortality| ogive |bef_spaw.|bef.spaw.| in stock
0 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 0.143 0.0290 0.058 . 1.6500 0.0100 0.0000 0.0000 0.124
2 D.1300 0.384 0.3110 0.241 0.01460 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 0.04690 0.327 0.0150 0.671 0.2500 0.&700 0.0000 0.0000 0.561
5 0.7300 0.722 0.0050 0.376 D.0270 0.760 0.2000 0.9500 0.0000 0.0000 0.735
& 0.6260 0.959 0.0000 0.000 0.0680 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 0.7420 1.722 0.0000 0.000 0.0000 0.000 0.2000 1.0000 0.0000 0.90000 1.722
2 0.7100 2.048 0.0009 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 0.0000f - 2.115
Unit - Kilograms - Kilograms - Kilograms | Thousands - - - - Kilograms

(cont.)

09:50 Wednesday, October 14, 1998
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Table 4.7.1 (Cont’d)

Haddock in Fishing Area 1V and Illa

The SAS System

Multi fleet prediction with mangement option table: Input data

09:50 Wednesday, October 14, 1998

(cont.)
2000 H.cons Disc Ind BC
Exploit.|. Weight | Exploit.| Weight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F{Prop.of M| Weight
Age | pattern | in catch| pattern | in catch! pattern | in catch ment |mortality| ogive |bef.spaw.|[bef.spaw.| in stock
Q 0.0000 0,000 0.0010 0.058 6.0370 0.0%2( 26443700 2.0500 0.0000 0.0000 0.0000 0.018
1 0.0010 0.32¢9 0.0640 0.143 0.0290 D.0&8 . 1.6500 0.0100 0.0000 0.0000 0.124
2 0.1300 0.384 0.3110 0.241 0.0150 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 0.056%0 0.327 0.0150 0.67 . 0.2500 0.8700 0.0000 0.0000 0.561
5 0.7300 0.722 0.0060 0.376 0.0270 0.760 . 0.2000 0.9300 0.0000 0.0000 0.735
3 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 0.7420 1.722 0.0000 0.000 0.0000 0,000 0.2000 1.0000 0.0000 0.0000 1.722
g 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 - Kilograms - Kilograms - Kilograms | Thousands - - - - Kilograms
Notes: Run name : MANSAROL

Date and time: 140CT9B:09:55
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Table 4,72

The SAS System 09:50 Wednesday, October 14, 1998
Haddock in Fishing Area 1V and Illa

Multi fleet prediction with mangement option table

Year: 1998
H.cons Disc Ind BC Total

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

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
K.cons Disc Ind 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 weight biomess | biomass | biomass | biomass
0.0000 0.0000 0 0.0000 0.0000 0 1.0000 0.0258 9407 Q407 8546078 170804 1193624 250230
0.1000 0.0541 10893 0.1000 0.0134 3947 1.0000 0.0258 9293 24132 . 170804 | 1176008 234815
0.2000 D.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 0.0537 14723 1.0000 0.0258 8e77 63031 . 170804 | 1129958 194714
0.5000 0.2707 47561 0.5000 0.0671 17994 1.0000 0.0258 2381 74436 . 170804% 1116509 183153
0.6000 0.3248 55241 0.6000 0.0805 21120 1.0000 0.0258 8790 85150 . 170804 | 1104145 172328
0.7000 0.3790 62409 0.7000 0.0939 24109 1.0000 0.0258 8701 95220 . 170804 1092500 162360
-0.8000 0.4331 -69103| - 0.8000F .0.1074 26949 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 3233 1.0000 0.0258 8459 121986 . 170804 | 1061931 134193
1.1000 0.5955 B&656 1.1000 0.1476 34846 1.0000 0.0258 8385 129887 . 170804 1053030 128623
1.2000 0.6497 21761 1.2000 0.1610 37258 1.0000 0.0258 8313 137333 . 170804} 1044698 121563
1.3000 0.7038 946537 1.3000 0.1745 39574 1.0000 0.0258 8245 144356 . 170804 1036896 114975
1.4000 0.7580 101006) . 4.4000 0.1879 41798 1.0000 0.0258 8179 150983 . 170804 | 1029587 108826

- - Tonnes | - - Tonnes - - Tonnes Tonnes - Tannes Tonnes Tonnes Tonnes

Notes: Run name : MANSARO4S
Date and time 1 140CT98:09:55

Computation of ref. F: H.cons: STmple mean, age 2 - &
Disc: Simple mean, age 2 - &
Ind BC: Simple mean, age 0 - 3
Basis for 1998 : ¥ factors
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Table 4.7.3

Haddock in Fishing Area IV and 11la

The SAS System

Multi fleet prediction: Detailed tables

10:47 Sunday, October’ 11, 1998

Year 1998. H.cons F-factor 1.0000 and reference F 0.5414
Disc F-factor 1.0000 and reference F 0.1342
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 $p.stock| Sp.stock| Sp.stock| Sp.stock
Age F rnumbers | weight F numbers | weight F numbers | weight numbers | weight size biomass size biomass size biomass
0 0.0000 0 0 0.0010 3556 206 0.0370 131578 1579 135134 1785 8475700 149737 0 0 0 0
1 0.0010 aré 288 0.0640 546070 8018 0.0290 25407 1728 82353 10034 1851600 230216 18516 2302 18516 2302
2 0.1300 41961 16113 0.3110 100383 26192 0.0160 5164 an 147508 41116 480500 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 0.04%90 9229 3018 0.0150 2006 1346 116215 51080 218200 122337 189834 106434 189834 106434
5 0.7300 5999 4331 0.0060 49 19 0.0270 222 169 6270 4518 12800 9408 12160 2938 12160 8938
6 D.6260 6834 6554 0.0000 0 0 0.0660 721 27 7554 4825 16500 16159 16500 16159 16500 16159
I'4 1.0850 1344 1448 0.0000 0 0 0.0000 0 0 1344 1448 2200 2372 2200 2372 2200 2372
8 0.7420 384 174 0.00060 0 0 0.0000 0 0 384 662 800 1377 800 1377 800 1377
9 0.7100 19 38 0.0000 0 0 0.0000 0 0 19 38 &0 82 40 B2 40 82
10+ 0.7100 0 0 0.0000 0 0 0.0000 0 0 0 0 0 0 0 0 0 0
Total 193312 102098 191161 41577 166709 63N 551182 1499867 11181740 710477 481385 212684 481385 212684
Unit - Thousands| Tonnes - Thousands| Tonnes - Thousands! Tornes |Thousands| Tonmnes |Thousands| Tonmnes |Thousands| Tonnes |Thousends| Tonnes

{cont.)
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Tahle 4.7.3 (Cont’d)

The SAS System 10:47 Sunday, October 11, 1998
Haddock in Fishing Area 1V and IIla

: Multi fleet prediction: Detailed tables
(cont )

Year 1999. H.cons F-factor 1.0000 ard reference F 0.5414

Disc F-factor 1.0000 and reference F 0,1342

Ind BC F-factor 1.0000 and reference F 0.0258
—

H.cons Disc Ind 8C Total 1 January Spewning time
Absolute| Catch in| Cateh 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 numbers | weight F numbers | weight F numbers | weight nunbers { weight size biomass size biomass size biomass
0 0.0000 0 0 0.0010 11095 64ty 0.0370 410516 4926 4216M1 5570 26443700 467172 0 0 0 0
1 0.0019 497 164 0.0640 31809 4549 0.0290 14413 980 46720 5692| 1050434 130604 10504 1306 10504 1306
2 0.1300 28262 10852 0.3110 67410 16294 0.0140 3478 546 99350 27693 323696 89664 103583 28692 103583 28492
3 0.4810 61072 26383 0.2850 36186 10132 0.0210 2666 675 99925 37190 203983 75542 144828 53635 144828 53635
4 0.7400 19829 11362 0.0690 1849 605 0.0150 402 270 22079 12234 43712 24508 38029 21322 38029 21322
5 0.7300 34937 25225 0.0060 287 108 0.0270 1292 982 36916 26315 T4546 54791 70818 52052 70818 52052
6 0.6260 2024 1941 0.0000 0 4 0.05660 213 80 2237 2021 4886 4785 4836 4785 4886 4785
7 1.0850 4130 4452 0.0000 0 0 0.0000 0 0 4130 4452 6762 7292 6762 7292 6762 7292
8 0.7420 293 504 0.0000 0 0 0.0000 0 0 293 504 609 1048 &09 1048 509 1048
9 0.7100 145 298 D.0000 0 0 a.0000 0 0 145 298 312 639 31z 639 312 639
10+ 0.7100 8l 16 0.0000 0 0 0.0000 1} 0 8 16 16 34 16 34 -] 34
Total 1511946 81196 148837 32331 432982 8459 733014 121984 28152656 856078 380348 170804 380348 170804
unit - Thousands| Tonnes - Thousands! Tonnes - Thousands| Tonnes jThousands| Tonnes [Thousands| Tonnes |Thousands| Tonnes [Thousands| Tonnes

(cont.)



trl

Table 4.7.3 (Cont’d)
The SAS System 10:47 sunday, October 11, 1998
Haddock in Fishing Area IV ard [lla

Multi fleet prediction: Detailed tables

{cont .}
Year 2000. H.cons F-factor 1.0000 and reference F 0.5414
Disc F-factor 1.0000 and reference F 0.1342
Ind BC F-factor 1.0000 snd reference F 0.0258
H.cons Disc ind BC Total 1 January Spawning time
Absolute| Catch in| Catch in| Absolute| Catch in| Catch in| Abselute| Catch in| Catch in| Catch in| Cateh in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Age F numbers | weight F numbers | weight F numbers | weight numbers | weight size biomass size biomass size biomass
0 0.0000 0 0 0.0010 11095 644 0.0370 410516 4926 421611 5570( 26443700 467172 0 0 0 0
1 0.0010 1551 510 0.0640 99242 14192 0.0290 44969 3058 145762 17760( 327729 407477 32773 4075 32773 4075
2 0.1300 15033 6157 0.3110 38356 9244 0.0150 1973 310 56362 15710 183637 50867 58764 16278 58764 16278
3 0.4810 41134 17770 0.2850 24372 6824 0.0210 1796 454 67302 25048 137388 50879 97545 38124 97545 36124
4 0.7400 32804 18796 0.06%0 3059 1000 0.0150 665 446 3&527 20243 72315 40545 62914 35274 62914 35274
5 0.7300 6999 5053 0.0060 58 22 0.0270 259 197 7315 5272 14934 10976 14187 10427 14187 10427
6 0.6260 11786 11303 0.000Q 0 0 0.05680 1243 467 13029 11770 28458 27869 28458 27869 28458 27859
7 1.0850 1223 1319 0.0000 0 0 0.0000 0 0 1223 1319 2003 2159 2003 2159 2003 2159
8 0.7420 a9¢ 1548 0.0000 D 0 0.0000 0 0 899 1548 1871 3221 1871 3221 1871 3221
9 0.7100 1M1 227 0.0000 0 0 0.0000 0 0 111 227 237 484 237 486 237 486
10+ 0.7100 62 130 0.0000 i} g 0.0000 0 0 62 130 132 279 132 279 132) 2T
Total 112601 62813 176182 31925 461421 9858 750204 104596] 30161967 1061931 298883 136193 298883 136193
Unit - Thousands| Tonnes - Thousands| Tonnes - Thousands| Tonmes |[Thousands| Tonnes |Thousands| Tonmes |Thousands| Tonnes |Thousands| Tonnes
Notes: Run name : SPRSARO3
Date and time : 110CT98:11:05
Computation of ref. F: H.cons: Simple mean, age 2 - &
Disc: Simple mean, age 2 - 6
Ind BC: Simple mean, age 0 - 3
Prediction basis : F factors
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Table 4.7.4 Haddock in IV/Hla
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-class 1994 1995 1996 1997 1998 1999
Stock No. {thousands} 54510816 13058260 22542954 14612900 8475700 26443700
of Q year-olds

Source VPA VPA VPA RCT3 ACT3 GM

Status Quo F:

% in 1998 landings 5b.6 15.6 15.8 0.3 0.0 -
% in 1999 311 14.0 325 13.4 0.2 0.0
% in 1998 S3B 6Q0.0 15.2 20.0 1.1 0.0 -
% in 1999 SSB 30.5 12.5 31.4 16.8 0.8 0.0
% in 2000 ssB 20.5 1.7 259 26.5 12.0 3.0

GM : geometric mean recruitment
Haddock in 1V/lila : Year-class % contribution to

a) LB?_EI landings b} 2000 SSB

—

19497 1994

1996 1995

T-474.XLS
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Table 4.7.5 Haddock, North Sea and Skagerrak
Input data for catch forecast and linear sensitivity analysis

Label Value cv Label Value cvV Label Value cv Label Value cv
Number at age Weight in the stock H.cons selectivity Weight in the HC catch

NO 8475700 0.68 WS0 0.02 0.24 sHO 0 0 WHO 0 0
N1 1851600 0.22 WS1 0.12 0.16 sH1 0 0.4 WH1 0.33 0.05
N2 480599 0.11 Ws2 0.28 0.1 sH2 0.13 0.34 WH2 0.38 0.06
N3 123300 0.09 WS3 0.37 0.04 sH3 0.48 0.1 WH3 043 0.06
N4 218198 0.08 WS4 0.56 0.12 sH4 0.74 0.16 WH4 0.57 0.09
N5 12799 0.08 WS5 0.74 0.12 sH5 0.73 0.08 WH5 0.72 0.12
N6 16499 0.09 Ws6 0.98 0.12 sH6 0.63 0.37 WHG6 0.96 0.13
N7 2199 0.1 WS7 1.08 0.28 sH7 1.08 0.54 WH7 1.08 0.28
N8 800 0.14 wss 1.72 0.06 sH8 0.74 0.36 WHS8 1.72 0.06
N9 0 0.18 WSs9 2.05 0.09 sH9 0.7 0.03 WH9 2.05 0.09
N10 0 0.17 Ws10 212 0.11 sH10 0.71 0.03 WH10 2.12 0.1
Discard selectivity Weight in discards Industrial selectivity Weight in Ind bycatch

sDO 0 0.86 WDO 0.06 0.18 sl0 0.04 0.61 WIO 0.01 0.45
sD1 0.06 0.31 WDH 0.14 0.1 sl 0.03 0.37 Wi 0.07 0.29
sD2 0.31 0.03 wD2 0.24 0.08 si2 0.02 0.97 wi2 0.16 0.22
sD3 0.28 0.16 wWD3 0.28 0.02 sl3 0.02 1.07 WI3 0.25 0.31
sD4 0.07 0.5 WD4 0.33 0.1 sl4 0.01 1.48 Wi4 0.67 0.52
sD5 0.01 0.84 WDS 0.38 0.04 sl5 0.03 0.87 wi5 0.76 0.87
sD6 0 0 WD6 0 0 sl6 0.07 1.73 wig 0.38 1.73
sD7 0 0 wD7 0 0 si7 0 0 WI7 0 0
sD8 0 0 wD3 0 0 si8 0 0 WwI8 0 0
sD9 0 0 WD9 0 0 s|9 0 0 WIg 0 0
sD10 0 0 wD10 0 0 s|10 0 0 WI10 0 0

T-475.XLS
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Table 4.7.5 (Cont'd)

Natural mortality
MO
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10

Relative effort in HC fishery

HF98
HF99
HF**

2.05
1.65
0.4
0.25
0.25
02
0.2
0.2
0.2
0.2
0.2

1
1

0.03
0.05
0.07
0.19
0.12
017
3.1
0.1
0.1
0.1
0.1

0.15
0.15
0.15

Proportion mature

MTO
MT1
MT2
MT3
MT4
MT5
MT6
MT7
MT8
MT9
MT10

0
0.01
0.32
0.71
0.87
0.95

1

R NI NI N ¥

0.1
0.1
01
0.1
0.1
0.1
0.1

o oo

Year effect for natural mortality

K98
K99
K**

1
1
1

0.21
0.21
0.21

 T-475XLS



Table 4.10.1; Haddock in the North Sea and IIla, Precautionary reference points

BIOMASS (all weights in *000t)

WGNSSK
Bim = 100 Basis
Bpa=140  Basis
SGPAFM

Blim = 60 Basis

 Smoothed estimate of B

: Bloss-exp(1.6456) , 6 =0.2.

* Bioss

Bpa= 150  Basis : Decline in recruitment (?)

FISHING MORTALITY
Status quo Total F(2-6) 0.71,= Basis  Unscaled mean 1995-1997
Possible Fp., Estimate Probability % of historical
SSB < Bpa in | F>Fpy
2007
Fo_ 1 0.18 <5% 100
Fipaser 0.23 <5% 100
Fooax 0.40 <5% 100
Fined 0.54 <5% 100
- 0.60 ~5% 100
| Fige b 0.68 ~ 10% 94
- 0.7 ~ 10% 91
- 08 ~20% 77
- 09 ~>20% 57
- 1.0 ~ 50% 37
Fioss.€xp(-1.6450) ¢ 1.6 > 50% 0
F]oss 2 2.2 > 50% 0
SGPAFMF,, ° 0.64 ~ 5% 94

% Includes point at origin, correction for log transformation, span = 1.0

b Ipg = Low probability G(F) > Gy, probability = 0.1.

o=02

4, Basis : consistent with SGPAFM Bpa
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Figure : 4.4.1 a

Haddock in the North Sea & Skagerrak

Log VPA vs. log Index
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 Index
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 Index

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 Index

English GFS

Year range : 1988-1997

Age Age S
0 i
N 2 L] ] 10 1
-2
E]
£ $ .
% L
- o> .
@ 3 |
3 ] i
K |
-8
K-
2
Log VPA
Log VPA
Age 1 Aged
98— L —
4 6 L] 1
[ - "?
1 s 21
05 i x al I
z ! ey
E 4 | - 5l
= | B .5
E i g5 !
i} ! 6
s 5 7 |
| X |
2 i LI i
i . * i
L. ¥ R
25 Lag vPA
Log vPA
Age 2 Age7
34— 1 R
. 1 16 ”r i
. o] |
1 o7 4
»
= -5 4 E 08
E £ o5
Ep g
2 3 04
<4 25 03
czi
3 : o1
35 ! [ — i
I
B . | [ 4 ] 10
Log YPA
Lag VPA
Age 3 Age B
K 1
[ ] 4 ] 10 12 it ]
09 +
- 08 -
t7 \
L 2T Eoos-
4 5 05 -
B 3. ) .
2 o, RS
- 2.3 -
a4 - L4 . 0.z =
.l : 21~
- "' * i o -
i ) 0 5 4 ]
-4
Log VRS
Log VPA
Agad Agae 9
o . A 1o :
K] § ’F a9+ !
i : os ! |
2 07 i
S § oe- |
° H . £ ps - :
E 4. . o i .
R . 3 0 ;
- s . : 03 - H
5 : 02 P
: | o1+ t
E . ; 9~ me——
79' B ) 0 4 L B
Log YPA Log vPA

151



Figure : 4.4.1 e

Haddock in the North Sea & Skagerrak

Log VPA vs. log index

International Bottom Trawl Survey, Quarter 1

Year range : 1983-1997
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Figure : 4.4.1 f
Haddock in the North Sea & Skagerrak

Lo

g VPA vs. log Index

International Bottom Trawl Survey, Quarter 2
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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 IIla. Log Catchability residuals
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Figure 4.4.3 (Cont'd)
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Contributions of commercial and survey fleets to survivor estimates

Haddock in the North Sea & Skagerrak

Figure 4.4.4
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o Figure 4.5.1 Haddock in the North Sea & Illa
oe Plots of recruitment indices vs. converged XSA
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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.

Yield HC 1999

Probability F(1992)>Fsq

O i | 1 T T I T T T
40 50 60 70 80 90 100 110 120
Catch in (,000) tonnes

SSB 2000

Probability SSB(2000)<X

oL+ ; ; ; ; ; ; ; : ;
40 60 80 100 120 140 160 180 200 220 240
Biomass in (,000) tonnes

161



91

Figure 4.8.1; Haddock in the North Sea and Skagerrak, Medium term projection.

Assumes F multiplier of 1.0, i.e. H.cons + discard mean F98 = 0.68

Beverton-Holt SSR model used, lines show 5, 10, 20, 50 and 95 percentiles

SSB and log recruitment
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Figure 4.10.1
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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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Figure 4.10,5 Haddock in IV + [Ila, proposed PA reference points
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5 WHITING
51 Whiting in Sub-area IV and Division VIId
5.1.1 The fishery

Total nominal landings are given in Tables 5.1.1.1 and 5.1.1.2 for the North Sea and eastern Channel respectively, Total
international catches as estimated by the Working Group for the combined North Sea and eastern Channel are shown in
Table 5.1.1.3. Eastern 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 consumption 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 beam trawl
and German trawl fisherics. French trawlers targeting saithe also take a by-catch of whiting. Whiting comprise a by-catch in
the industrial fisheries for Norway pout and sprat.

In the eastern Channel, whiting are caught both by inshore and offshore trawlers in a mixed demersal fishery, with vessels
from this area sometimes moving into the North Sea.

5.L1.1 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 above its then level (0.51).

The forecast catch levels provided by ACFM were divided between the North Sea {Sub-area IV) and Eastern Channel
{Division VIId}) on the basis of 11.5% of catches coming from the latter area.

5112 Management applicable to 1998

The 1997 and 1998 TACs for area ITa (EC zone), IV are 74,000 t and 60,000 t respectively. The minimum mesh size for
vessels fishing in the mixed demersat fishery in this area is 100 mm. For vessels fishing under the whiting derogation, the
minimum mesh size is 90 mm. Industrial fishing with small-meshed gear is permitted subject o by-catch limits of protected
species such as whiting. Regulations applying to the Norway pout box prevent industrial fishing with small meshes in an
area where the by-caich limits are likely to be exceeded. The minimum landing size of whiting from this area is 23 cm,
although the UK has adopted a minimum landing size of 27 cm,

There is no separate TAC for Division VIId, landings from this Division are counted against the TAC for Divisions VIIb-k
combined. (27,000 t in 1997 and 1998). Minimurm mesh size for whiting in Division VIId is 80 mm with a 23 cm minimum
landing size.

51.1.3 Landings in 1997

For the North Sea, the total international catches were 54,000t in 1997, of which 31,000t were human consumption
landings, 17,000 t discards and 6,000 t industrial by-catch. This represents a continued decrease in total landings since 1990
(149,000 1), and is 15,000 t less than the 1996 value (69,000 t). The 1997 human consumption landings were the lowest in
the time serics and 86% of the 1996 value. Discards were the lowest on record (61% of the 1996 value) and industrial by-
catch was 6,000 t very close to the lowest-on-record 1996 value.

The total North Sea landings of 37,000t 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 ¢ human consumption landings.

In the eastern Channel recorded landings were 4,600 t in 1997 compared to the status guo prediction made last year of
5,800t

Misreporting is not considered to be a serious problem for cither the North Sea or the eastern 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 Table 5.1 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 IBTS quarter 1 data, averaged over the period 1981-1985.

For Sub-area IV catches, human consumption landings data and 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-caich has been directly sampled, whereas it was
calculated from research vessel survey data during the period 1985-1990. Norway provided age composition data for its
indusirial by-catch,

Mean weights at age were available separately for the human consumption, discard and industrial by-catch components of
the catch.

For Division VIId caiches, age composition data weré 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 and mean weight at age in the catch (North Sea and eastern Channel combined) are
presented in Tables 5.1.2.2 and 5.1.2.3.

The catch mean weight at age was also used as the stock mean weight at age.
513 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 Table 5.1.3.2.

Fleet acronyms are:

ScoSet Scottish seiners ScolLtr Scottish light trawlers
FraTrb French trawlers {large) FraTro French trawlers (small}
FraTro7d VIId French rawlers (small}

ScoGfs Scottish QIII survey EngGfs English QIII survey
IBTS QI International QI survey IBTS QII International QII survey
IBTS QIV International QIV survey FraGfs7d French VIId survey(VIId)

As final age-based data were not available for all the years of the second and fourth quarter IBTS, the indices for the second
quarter comprise age-based indices from the Scottish component of the survey, while the fourth quarter values comprise
age-based indices from the English component of the survey. IBTS data from the first quarter (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 tuning. (It also means that where IBTS quarter 1 indices at age are plotted
against other values, their listed ages refer to the “dummy” ages used in the catch-at-age caiibration and not their true ages).

5.14 Catch-at-age analysis

(i}  Exploratory Analysis

A separable XSA was run on the basic catch-at-age data using default options, and unit selection and fully-exploited
mortality values taken from previous assessments. This was undertaken to examine the consistency of the caich-at-age data.
From Figure 5.1.4.1, it can be seen that the largest residuals are on the age (/1 log catch ratios. These comprise partially
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recruited age groups subject to discarding in the human consumption fishery and taken as by-catch in the industrial fisheries.
The residuals of the age 1/2 log catch ratios show better 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- -€p catch-at-age data, although it is
questionable whether this should continue in future.

As 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 =1) 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
Janvary 1 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. Subsequent single-fleet tuning runs were made and
from plots of the log-caichabilities, 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 resu]ts of XSA as it had previously
downweighted their contnbutlon 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 wning fleet due to negative relationships between log CPUE and Log XSA
abundance for all but one age group. ‘

The exploratory analysis was taken further by examining 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 better correspondence between XSA results and survey indices at that age. Figure 5.1.4.2 shows the scatterplot of log
abundance for each of the age 0 CPUE series against log XSA abundance for the 10 year tuning period. There is litde
indication from these results and the XSA diagnostics that log catchability should be treated as proportional to population
size for this age. Furthermore, plots of 0 gp index against XSA population estimates from longer time-series fail to indicate
positive relationships. Consequently, in the final XSA, 0 gp calibration assumed log catchability to be independent of
population size.

(i1) 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 pattern is not inconsistent with some others,
suggesting only a slightly lower level of fishing mortality (Figure 5.1.4.6)

Two retrospective XSAs were undertaken. One assumed a len year tuning window but could only accommodate a limited
number of CPUE series due to the relatively short time series of some fleet data. The second incorporated more fleets, but
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 = (.5. Both retrospective runs show a tendency to overestimate SSB in the most recent
year and underestimate mean F. Recruits are poorly estimated in the terminal year.

The relative weighting of the different wning fleets to the survivors estimates are indicated in Figure 5.1.4.5, where the
scaled weights are shown plotted by fleet and age. In general, it can be seen that the weighting of survivors estimates from
the commercial fleets from the North Sea increases with the age of fish. The exception to this is the FraTro 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 least 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% respectively).

The individual fleet estimates of survivors given in Table 5.1.4.] are quite diverse at most ages.

The fishing mortalities at age and stock numbers 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 Asséssmient
Calibration period 10 years 10 years
Age Range 0-8+ 0-8+
Catchability model Constant (all ages) Constant {all ages)
Catchability plateau age 6 age 6
F Shrinkage:
SE 05 05
year range 5 5
age range 3 3
Fleets(ages):
ScoSei (1-7) -7
ScoLtr (1-7) (1-7)
FraTrb (1-7) -7
FraTro (-7 (2-5)
FraTro(VIId) (1-5) —--
ScoGfs {1-6); (1-6)
EngGfs (1-5) (1-5)
IBTS QI (04, age-shifted) {04, age-shifted)
IBTS QII (1-6) (1-6)
IBTS QIV (0-5) (04}
FraGfs(VIId) 0-3) (0-2)
5.1.5 Recruitment estimates

There 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 lower than RCT3 estimates suggesting that, according to the tuned results, the previous year's predictions
will have been based on overestimates of year class strength. This inconsistency was further indicated by the plots of survey
indices and XSA estimates of recruitment 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 QI index is down-aged by 1 year, to permit comparison with O-gp abundance). There is little indication of positive
associations and, furthermore, the plots extend over a limited data range on the log-scale. If the origin of the axes were
included in the plots, the scatter would appear as a small “cloud” in the upper right hand comer of the graphs.

Due to this lack of concordance, all the XSA estimates of survivors except age 1 have been used as inputs to catch
prediction, and no attemnpt has been made 10 use 1998 survey data in RCT3 estimates. Because the retrospeclive analysis of
the XSA indicates that it provides little, if any, information or the strength of the most recent year class the XSA estimate of
the 1997 year ciass has been overwritten for prediction using geometric mean recruitment over the period 1989-19935
{24,691 million). This period was selected as it reflects the currently low recruitment regimen experienced by this stock and
has also been used for subsequent year class estimates in prediction. For the 1997 year class, this value was scaled to give 1
year old survivors in 1998 (1,841 million). The scaling factor used was the ratio of 1-vear-olds in 1998 to O-year olds in
1997 taken from the XSA. Given the low F estimated by XSA for age 0 in 1997 (0.03), this is similar to scaling by the
assumed value of natural mortality at age 0 (2.55).

There is a degree of arbitrariness in the selection of the period over which the mean has been taken; it has been chosen to
reflect the lower levels of recruitment 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 those year class
strengths.

5.1.6 Historical stock trends

Long term trends in fishing mortality, recruitment 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 catch 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 compenent of F 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 F in 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 penod but that it is dominated
by the retrospective pattern 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
level, and that SSB since 1993 has been close to or below the historical low. 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
historical low of 197,000 t at the start of 1997.

Estimates of all year classes between 1989 and 1996 lie below the long term arithmetic and geometric means. This is
consistent with previous estimates 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 prediction§ therefore
comprised: human consumption landings for IV and VIId 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 Table 5.1.7.1, and assume a short-term (1989-1995)
GM recruitment at age 0 for the 1997 and subsequent year classes (24,691 million).

Calculation of the partial Fs at age and mean weights at age in the various catch categories used in prediction were averaged
over a 3 year period, and mean F was unscaled

Results of a status quo catch forecast are given in Tables 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. Tt is noted that the year classes for which geometric mean recruitment is assumed, contribute to 27% to the human
consumption landings in 1999 and to the to 84% of the forecast S5B in 2000.

Al status quo, the area-combined human consumption landings are predicted to be 39,000 t in 1999 compaied to a forecast
of 44,000 t for 1998, 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 ['V and Division VIId on the basis of
a 88.5% to 11.5% split, based on proportionate catches in weight over the period 1992-1996. ‘

Inputs to a sensitivity analysis of the status quo combined area forecast are given in Table 5.1.7.5 and results 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 overall level of fishing mortality in 1999
and the overall level of natural mortality in 1998, The estimate of spawning biomass at the start of 2000 is sensitive to the ’
overall magnitude of natural mortality in both 1998 and 1999 as well as to the age-specific values of M at age 0 and 1.
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 level of, and uncertainty in, the strength of the 1997 year class,
assumed as a recent short-term 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 que 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 term predictions

Previous reports of this Working Group have commented upon the fact that current recruitment levels are below those
indicated by the earlier years of the time series. This may be due to a temporal shift in the overall level of recruttment.
Alternatively, it may be due to the extrapolation of discard rates to earlier years from those in which observation have been
made (mid-1970s onwards). In either case, it is not cbvious 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 recruitment model fitting. To comply with
ACFM’s recommendation that a stock and recruitment relationship should be used to generate diminishing recruitment at
low stock sizes in medium term forecasts, several stock and recruitment models were fitted to the data. Residual plots and
fitting 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 term forecasting,

The inputs to medium term 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 guo human consumption F are presented in Figure 5.1.8.1.
At the end of the 10 year projection, spawning biomass would, on average, be expected to increase marginally, 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 10 year
projection period in Figure 5.1.8.2. This shows that for the stock and recruitment model used, mean fishing mortality would
have to be reduced to 0.4 to risk a 5%-10% probability of breaching B, in the medium term. (If the full stock and
recruitment data series were used in the analysis, then stafus guo human consumption F {0.64) would lead 10 a 5%
probability of breaching By,,).

519 Long term 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 variation in the human
consumption component of the total international reference F. Fp,, and F 4 calculations were carried out on the total yield
curve. Fp,, is not defined within the range of multiplicrs used here A summary of Fy,,, calculations are shown in Figure
5.1.10.2, calculated from the GLOSSC program, for a smoother span of 0.9, 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 pattern of stock size, fishing mortatity and recruitment resulting from this assessment is reasonably consistent
with the pattern observed from last year’s assessment. However, perception of the recent trajectory of S5B 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 recruitment will account for 33% of the 1998 total catch,
38% of the 1999 total catch and 84% of the S8B 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 intesnational catch age distributions.
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(iv) An appropriate time-series of discard data suitable for use in catch-at-age analysis is available only for Scottish catches.
For assessment purpose, discards for other human consumption fleets are estimated by extrapolation from Scottish data,
which account for nearly 70% of human consumption landings.

(v) Using the full stock and recrvitment time series in the medium term forecast leads to the following results for
consideration in setting PA reference points:

Reference point estimate prob 88B< B, in 2007 - % above historical
Human consumption F

Fy, ' (.33 < 0.05 ' 100%

Fisspr 0.55 ={.10 ' 95%

Fred 0.62 <0.20 84%

Fioss.c 859 0.64 =0.20 79%

Floss 0.89 < 0.50 18%

5.1.12 Definition of safe biological limits using target and limit reference points

The lowest SSB in the time series, By, is 197,000 t, occurring in 1997. Indeed, the current assessment indicates that SSB in
1993-1997 has been close to or helow the By, = By, suggested by SGPAFM (240,000 1) seen in 1971, This is a new
perception created by the inclusion of 1997 catch-at-age data into the assessment. The WG suggests By, = Bioss= 200,000t
and B = Biim.e'" % = 280,000 t for o= 0.2. (This compares with By, = Biim*3 = 350,000 t suggested by SGPAFM).

Table 5.1.12.1 shows point estimates of a number of fishing mortality reference points. These refer to fishing mortality in
the human consumption fishery. (The ratio of human consumption Fy; ¢ to total mean Fg g, is 0.64/0.68 at status quo) In
addition, the probability is given of breaching By, 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 of years 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% of years. Only exploitation at Fy, (0.33) indicates a low probability (0.15) of
breaching By, in the medivm term. The results of these analyses are sensitive to the truncation of the data series. Equivalent
values, assuming the full data series in the stock and recruitment model fit are given in Section 5.1.11.

The SGPAFM suggested F,= 0.81 "based on Ricker curve”, using the full data series to fit the model. It did not define Fy,.
Due to doubts about the true size of earlier year classes in the analysis, Fy, values based on the full stock and recruitment
data series may be considered to be poorly defined. Table 5.1.12.1 is not particularly helpful in determining F, for this
stock due Lo doubts over the stock and recruitment model that has been used. In particular, this stock has a long history of
withstanding high tfishing mortality rates that are not considered to be sustainable under this analysis. Any reference F that
this WG could suggest is likely to be low compared to historical F. This conclusion is not affected even if the full stock and
recruitment data series is used in the analysis (see results in 5.1.11), In view of this, the WG is unable to propose a candidate
reference value for F,. PA plots assuming the B, and By, values proposed here, along with the SGPAFM proposal for Fj,
are given in Figures 5.1.12.1 and 5.1.12.2 for the truncated and full stock and recruitment series respectively.

5.2 Whiting in Division I1la

Since 1981, léndings 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.

Total landings are shown in Table 5.2.1.1

No analytical assessment of this stock was possible.
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Table 5.1.1.1 Nominal catch {in tonnes) of WHITING in Sub-area [V, 1983-1997, as officially reported to ICES.

Counlry 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Belgium 2,864 2,798 277 2,273 1.404 1,584 1,271 1,040 213 1,030 944 1.042 880 343 391
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
Faroe Islunds 18 - 6 - 12 222 1 26 - 16 7 2 21 - 6
France 21,263 19,209 10,853 8,250 10,493 10,569 52777 495"  5188" 5,118t 5,502'7 4,735 5963" 4,704 % 3,574
Germany, Fed. Rep. 37 286 226 313 274 454 415 692 865 511 441" 239 124 187 196
Netherlands 10,935 8,767 6,973 13,741 8,542 5,087 3,860 3.27'2' 4,028' 5,390 4,799 3,864 3,640 3,388 2,539
Norwyy 39 38 103 103 74 52 a2 55 103 232 130! 79 114 65 75
Poland | 2 - - - - - - - - - - - - -
Sweden 44 53 12 33 17 5 17 16 4% pd 18 10 1 1 1
UK (Enpl.& WuICS)] 4,366 5,017 5,024 3,805 4,483 4,008 2,178 2,338 2,676 2.528 2,774 2,722 2477 2,329 2,638
UK (Scotland) 41,248 42,967 30,398 29113 37,630 31,804 26,271 27,486 31,257 30,821 31,268 28,974 27,811 23,409 22,098
Total 94,149 93,958 71,934 66,709 64,978 06,294 40,125 41,084 46,607 47,042 43,301 42,216 41,399 35,115 ‘31.621
Taotal h.c. catch 81,000 79,000 55,000 549,000 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 : '

Group

Total 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
Total Ind, By-catch 24,000 19,000 15,000 1 8,000 16,000 49,000 43,000 51,000 38,000 27,000 20,000 10,000 27,000 5,000 6,000

lPrc:]imit'mrj,'.

ncludes Division Ha (EC).

wa = Not uvailuble.

*1989-1994 revised. N. Ireland included with England and Wales.
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Table 5.1.1.2 WHITING in Division VIId.
Nominal landings (tonnes) as officially reported to ICES, 1982 to 1997,

Year Belgium France Netherlands UK UK (S) Total Unreported Total as used
(E+W) landings by Working Group _
1982 93 7,012 2 170 - 7277 633 7,911
1983 84 5,057 1 198 - 5,340 1,600 6,936
1984 79 6,914 - 38 - 7,081 289 1,373
1985 82 7,563 - 186 - 7,831 491 1,390
1586 65 4551 - 180 - 4,796 704 5,498
1987 136 6,730 - 287 - 7.133 2.463 4,67
1988 69 7,501 - 251 - 7.821 3,391 4.428
1989 38 n/a - 231 - n/a - 4,156
1990 83 n/a - 237 1 n/a - 3,483
1991 83 n/a - 292 1 n/a - 5718
1992 66 5414 - 419 24 5,923 - 5,745
1993 74 5,032 - 321 2 5,429 - 5,215
1994 61 n/a - 293 - 7.088 - 6,623
1995 68 5202 - 280 1 5,551 - 5,390
1996 24 4,772 1 199 1 5,057 - 4,955
1997" 98 wa 1 147 1 n/a - 4,623

'Preliminary
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TABLE 5.1.1.3 Whiting, North Sea and VIId
Annual weight and numbers caught, 1%60 to 1997.

| tear | Wt . ['oo0L) | Nos. (millione) |
| | Total | H cons| Dise | IBC | Total | H cons| Disc | IBC |
|-----oo-- |--=---- |--mmnee Pemsee [«-an--- EETER [EERTEe |------- |------- |
| 1980 | 182 | a9 | 122 11 | 1070 | 138 | 763 | 109
| 1981 | 326 1 69 | 241 | 16 | 2173 | 258 | 1646 | 232 |
| 1962 | 222 | 58 | 157 | & | 1514 | 229 { 1185 | 100
| 1383 | 261 | 61 | 154 | 45 | 1560 | 226 | 854 | aso0 |
| 1984 | 150 | 62 | 59 | 26 | 944 | 233 | 341 | 169
| 19853 | 187 | 8g | 77 | 2z | 370 | 319 | 490 | 161
| 1966 | 242 | 108 | ag | 51 | 1343 | 374 | 5a6 | a2z
| 1967 | 237 | 72 | 143 | 23 | 1592 | 258 | 1103 | 231
| 1388 I 265 | 3 | 115 | ss | 1ss1 | 314 | 754 | 593
| 19es | 228 | 61 | 115 | 152 | 2816 | 216 | £26 | 1974 |
| 1970 | 272 | 83 | 74 | 115 | 2519 | 284 | 381 | 1854
| 1371 | 155 | 61 | 63 | 72 | 2127 | 193 | 458 | 1475
| 1972 | 191 | 64 | 87 | 61 | 1938 | 188 | 398 | 1352
| 1873 | 271 | 71 | 110 | 90 | 2179 | 247 | 659 | 1273
| 1374 ! 296 | a1 | 85 | 130 | 2594 | 271 | 477 | 1B4s
| 1375 } 105 | 84 | 135 | a6 | 1g81 | 264 | €93 | 1018 |
| 137s } 168 | 83 | 136 | 150 | 2311 | 275 | 6§41 | 1396 |
| 1377 } 347 | 78 | 163 | 106 | 2491 | 280 | 547 | 1e82 |
| 1378 ! 188 | 37 | 35 | 55 {1769 | 353 | 241 | 1185 |
| 1979 ! 244 | 107 | 78 | 53 | 1313 | 82 | 645 | 386
| 1980 | 224 | 101 | 77 | 46 | 1456 | 340 | 471 | 645 |
| 1981 | 192 | 90 | 26 | 67 | 1439 | 295 | 214 | 929 |
| 1982 | 140 | a1 | 27 | 33 | 778 | 271 | 173 | 3133
| 19832 | 161 | 88 | 50 | 24 | 1357 | 290 | 370 | 637 |
| 1384 | 146 | LY 41 | 19 | 909 | 285 | 327 | 297 |
| 1985 | 106 | &2 | 23 | 15 | 688 | 176 | 231 | 280
| 1986 | 162 | 64 | 80 | 18 | 206 | 225 | 583 | 399
| 1987 | 139 | 68 | 54 | 16 | 945 | 245 | 416 | 285 |
| 1988 | 133 | 56 | 28 | 49 | 1385 | 211 | 231 | 852 |
| 129839 | 124 | 45 | 36 | 43 | 883 | 172 | 280 | 431 |
| 1330 | 153 | 47 | s6 | 51 | 12394 | 177 | 513 | 578
| 1931 | 125 | 53 | 34 | 38 | 1811 | 199 | 242 | 1170 |
| 1932 | 110 | 52 | 31 | 27 | 863 | 182 | 216 | 465
| 1993 | 116 | 53 | 43 | 20 | 1231 | 174 | 343 | 714 |
| 1954 | 93 | a9 | 33 | 10 | 702 | 152 | 215 | 04 |
| 1995 | 103 | 46 | 30 | 27 | 2020 | 147 | 214 | 1659 |
| 13296 | 74 | 41 | 28 | s | ais | 135 | 177 | 127
| 1997 | 59 | 36 | 17 | & | 281 | 124 | 101 | 57
| Min | 53 | 35 | 17 | 5 | 281 | 124 | 101 | 57
| Mean | 136 | 70 | 77 | 49 | 1439 | 243 | 495 | 761
| Max i 368 | 108 | 241 | 152 | 2815 | 382 | 1646 | 1374
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Table 5.1.1.4 Whiting in VIId. Annual weight and numbers caught, 1976-1597

Year Wt (‘000t)

19767.715
19774.953
19789.113
19798.910
19809.167
19818.932
19827.911
19836.936
19847.373
19857390
19865.498
19874.671
19884 428
19894.156
19903.483
19915.718
19925745
19935.215
1994 6.625
19955.390
19964952
19974.623

Nos (mitlions)

27
21
38
36
36
34
33
29
33
20
21
18
18
17
14
18
19
18
24
18
13
18



TABLE 5.1.2.1; Whiting, North Sea and VIId
Natural Mortality and proporticon mature

| Age | Nat Mor| Mac. |
R R [ESEEERFE |
[ o | 2.550 | aoo |
I 1| .950 | 110 |
| 2 | .450 | .920

| 3| .350 | 1.o00 |
| 4 | .300 | 1.000 |
| 5 | .25¢ | 1.000 |
| 6] .250 | 1.co00 | :
} 7 .200 | 1.o000 |
} g+ .200 | 1.o000 |
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Table 5.1.2.2

Run title

At 10-Oct-98

Table 1
YEAR,

AGE
1)

-

1
r

1
2
3
[
5
7

+gp,
TOTALNUM,
TONSLAND,
SOPCOF %,

Table 1
YEAR,

AGE
0

" m omom o mow

1
2
3
[A
5
6'
7,
9P,
TOTALNLM,

TONSLAND,
SOPCOF %,

180

12:38:02

Catch numbers at age

1960,

40828,
482896,
259440,
215393,

21460,
23279,
3634,
892,
2380,

1070202,
182361,

100,

Catch numbers at age

1968,

104751,
830541,
523774,
111755,
49514,
7484,
31183,
1940,
127,
1661079,
265266,
100,

1961,

215700,
1079197,
619965,
219882,
32745,
1355,
4099,
385,
349,
2173697,
326093,
100,

1969,

1206087,
374343,
1025996,
158808,
28972,
13240,
1734,
5989,
697,
2815866,
327617,
100,

1962,

76257,
1022790,
220148,
156642,
31722,
5998,
276,
407,
125,
1514365,
222431,
100,

1970,

1187095,
406831,
83064,
571696,
52108,
11463,
3723,
1211,
1514,
2518706,
271648,
100,

: Whiting 1V, VIId (run: XSAPAKO05/X05)

1963,

105982,
549436,
751817,
96115,
45332,
9334,
1735,
9,

142,
1559905,
260771,
100,

1971,

1232837,
621941,
107933,

18786,
128541,
13640,
2306,
730,
628,

2127342,
195357,

100,

Numbers*10%*-3

1964,

234479,
137550,
369668,
164882,
22843,
10908,
2770,
435,
55,
943630,
149956,
100,

Numbers*10%**-3

1972,

553711,
939141,
319054,
46392,
7833,
59313,
8392,
3486,
1009,
1938372,
191320,
100,

1965,

83912,
342622,
148166,
330156,

72200,

a002,
3555,
765,
134,
969512,
186760,
100,

1973,

175647,
1155304,
666563,
135507,
19028,
5739,
18185,
2504,
545,
2179025,
270533,
100,

1966,

84279,
517081,
343402,

93851,
255875,

37708,

8535,
1520,
470,
1342721,
242233,
100,

1974,

571476,
756260,
986441,
234063,

33307,
4977,
1243,
5856,

427,

2594051,

296197,
100,

1967,
177436,
973202,
216064,
122955,

23958,

69082,

7886,
849,
164,

1591596,

236994,
100,

1975, 1976,
238839, 425081,
955910, 479610,
407207, 1129375,
303537, 169611,

56549, 88015,

9273, 15988,

8014, 3163,

116, 485,
1525, 475,
1980969, 2312014,
305010, 368240,
100, 100,

1977,

666975,
1006082,
480939,
279226,
30130,
21334,
5561,
532,
419,
2491198,
347056,
100,



Table 5.1.2.2 (Cont'd)

Run title

At 10-0ct-98 12:38:02

Table 1
YEAR,

AGE

’
L]
’
r
!
]

~ MW - O

[
+gp,
TOTALNLUM,

TONSLAND,
SOPCOF %,

Table 1
YEAR,

’
[

1

AW O

L
+dp,
TOTALNUM,
TONSLAND,
SOPCOF %,

Catch numbers at age

1978,

487238,
418910,
313391,
242370,
90047,
7563,
7565,
1851,
277,

1769212,

188186,
100,

Catch numbers at age

1988,

416924,
430344,
307429,
179502,
39635,
17901,
2175,
5S4,
168,

1394622,

133470,
100,

1979,

476383,
615524,
467537,
218283,
100976,

29267,
3111,
1657,

304,

1913041,

243846,
100,

1989,

87326,
331672,
173676,
191942,
78464,
14367,
5050,
5186,
334,
883347,
123753,
100,

1980,

332209,
265359,
416008,
286077,

90718,
52955,
10751,
1152,
767,

1456011,
223517,

100,

1990,

284755,
253745,
505010,
129126,
86324,
32270,
2003,
735,
112,
1294080,
153453,
100,

: Whiting 1V, VIId (run: XSAPAKDS5/X03)

1981,

516869,
162899,
346343,
266517,
102295,

27776,
12297,
3540,
326,

1438862,
192049,

100,

1991,

1035089,
128507,
191193,
187195,

36830,
26209,
5519,
543,
273,

1611359,
124975,

100,

Numbers*10**-3

1982,

101058,
192640,
114444,
245247,
88137,
26796,
£909,
2082,
484,
7777,
140195,
100,

Numbers*]1Q®%*-3

1992,

252963,
239792,
165354,
89563,
93636,
11967,
6878,
2609,
117,
842879,
109704,
100,

1983,

668604,
205646,
184746,
118412,
131508,

37231,
8488,
1780,

930,

1357545,

161212,
100,

1993,

622530,
217539,
167577,
124287,
48543,
46136,
3946,
1519,
771,
1230849,
114165,
100,

1984,

157819,
323408,
175945,
124886,
49505,
59817,
13860,
2964,
613,
908837,
145741,
100,

216868,
163609,
147177,
90611,
47533,
17384,
17264,
998,
460,
701904,
92606,
100,

1985,

186723,
203321,
141716,
82037,
37847,
14420,
17445,
3328,
904,
687741,
106363,
106,

1995,

1571419,
137481,
139010,
111489,

35728,
15161,
5159,
4515,
474,

2020436,
103268,

%9

1986

225201,
576731,
167077,
169577,
46517,
13367,
3487,
3975,
549,
1206501,
161744,
100,

1996,

92109,
68419,
109837,
97292,
49847,
14558,
5016,
1324,
117,
439519,
73957,
100,

1987,

84863,
267051,
368229,
122748,
85240,
11392,
4556,
928,
1035,
944042,
138775,
100,

1997,

15759,
50154,
68957,
79827,
42428,
18870,

4009,
1033,
460,

281497,

59102,
100,
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Table 5.1.2.3

Run title : Whiting IV, VIId {run: XSAPAKO5/X05)

At 10-0ct-98 12:38:02

Table 2 Catch weights at age (kg}

YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967,

AGE .
0, .0586, .0420, .0550, .0490, .0420, .0580, .0720, .0420,
1, 4170, 1190, L1190,  .1120, 1240,  .1240, .10%0,  .118Q,
2, L1900, 1930,  .1870,  .1950,  .174D, .2090, .1870, .1990,
3, .2560, .2590, .2670, .2720, .2680, .2420, .2490,  .2690,
4, 3140,  .30%0, .3330, .3530, .3550, .3320, .2880, .3320,
5. 3440, 4120, 4000, .4120, L4440, .4210,  .3680,  .3400,
é, 3840,  .4200, .5200, .4720, .4890,  .4990,  .4340,  .4250,
7, 5010,  .4930, .51%0, .B200, .5350, .5420, .4730,  .4950,

+gp, 4490, L4420,  .5440, .6130, .7420, .6420, .697D,  .6220,

SOPCOFAC, 1.0013, L9983, 1.0007, 1.0020, L9997, 1.0005, L9996, L9990,

Table 2 Catch weights at age (kg)

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

AGE
Q, .0380, .0430, .D200, .0360, .0220, 0270, .0260, .0300, .0190, .0220,
1, .20, .0970, .1100, .1160, .0710, .0840, .0710, .1000, .1070, .1170,
2, .1880, .1730, .2040, .2190, . .2010, .1660, .1500, .2150, .1940, .2100,
3, 2950, .2620, .2410, .2860, .2840, .2780, .2590, .2780, .2940, .3190,
4, L3590,  .3630, .3490, .3190, .3890, .3720, .3830, .3760, .3480, .3990,
5, L4840, 6150, .4550,  .4330, .4190, 4390,  .4710,  .4700, .4390,  .444D,
6, 4470,  .4190,  .4520, .5310,  .5210, .4630, .5210, .356D, .5010, .4620,
7. 6200, .5350, .5120, .6370,. 5750, .5520, .5440, .8170, .5140, .5470,

+gp. 7440,  .6770, .6440,  .6820,  .8020, .7770, ° .8260, .&060, .7020, .4750,

SOPCOFAC, 1:000?, L9998, CP991,  1.004%, 1.0003, 1.0022, L9992, 1.0027, L9998, 1.0001,
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Table 5.1.2.3 (Cont’d}

Run title : Whiting 1V,VIId (run: XSAPAKOS5/X05)

At 10-Oct-98

Table 2
YEAR,

AGE

. .

-

t

s

e R R P VR - ]

i

+9p,

SOPCOFAC,

Table 2
YEAR,

AGE

t
x
.

r

NPV WN O

’

+8pP,

SOPCOFAC,

12:38:03

Catch weights at age (kg)
1978, 1979, 1980, 1981,

.0100, .0090, .0130, .0110,
.0740, .0980, .0750,  .0830,
L1820, 1650, .1760,  .1680,
2340, .2590, .2520,  .2420,
.3220, .3010, .3280, .3210,
4270, 4110, 3370, 3790,
4280,  .4550,  .4580, .4110,
L4660, L4920, L4580,  .4440,
L6490,  .5820, .5720, .7200,

1.0003, 1.0011, 1.0022, .9997,

Catch weights at age (kg)
1988, 1989, 1990, 1991,

.0130, .0230, .0150, .0170,
.0540, .0700, .0830, .1030,
1460,  .1570,  .1370, 1650,
.2230, .2250, .2090, .218C,
.3010, .2670, .2500, .2900,
.3460, .3180, .2790, .3070,
4230, 3910,  .4080,  .3380,
.5060,  .4310, L4900,  .3650,
6940, L3940, 5990,  .4000,
1.0035, 1.0018, 1.0008, 1.0010,

1982,

.0290
.0610
. 1840
.2530
.3140
3760
.4780
.5040
L7350
L9996

1992,

.0130
.0820
.1850
.2570
2770
.3320
L3460
.3140
.5030
5998

1

1

0
x
i
.

]
r
[
2
[l
.
’
’
'

1983,

.0150,
.1070,
1910,
L2730,
.3250,
.3840,
L4260,
.4520,
.5370,
9971,

1993,

.0120,
.0730,
L1750,
.2520,
.3190,
.3290,
.3490,
.4030,
.3810,
.9988,

1984,

.0200,
.0890,
.1880,
.2710,
L3370,
.3820,
.3910,
L4630,
.5670,

1.0014,

1994

x

L0130,
.0800,
L1700,
L2540,
.3230,
3710,
.3670,
L4140,
L4160,

1985,

L0140,
L0940,
.1920,
.2840,
.3320,
L4020,
4350,
4960,
.4380,

1.0612,

L0104,
.0870,
.1a1q,
.2580,
.3410,
.3a50,
L4300,
L4340,
.4200,
.5930,

1986,

.0150,
.1050,
.1830,
.2550,
.3180,
.3780,
L4750,
L4680,
L6250,
1.0017,

1996,

.0160,
. 0850,
. 1680,
.2420,
.3100,
.3920,
.4280,
L4310,
L4300,
1.0005,

1987,

.0130,
L0770,
L1480,
L2470,
.2970,
.3750,
.37%0,
.5420,
.5840,
L9991,

.0250,
.0890,
.1820,
.2490,
.3030,
.3380,
L4840,
L3840,
.4180,
1.0009,
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Table 5.1.3.1 North Sea and eastern Channel whiting. Fleets available for VPA tuning.

Country Fleet Code Initial Year Age Range
Scotland Groundfish survey SCOGFS 1982 0-6
Seiners SCOSEI 1976 0-10
Light rawlers SCOLTR 1976 0-10
England Groundfish survey ~ ENGGFS 1977 0-6
France Trawlers FRATRB 1985 0-11
FRATRO 1986 0-10
FRATRO-7d 1986 1-7
FRAGFS-7d 1988 0-3
International Groundfish survey  IBTS-QI’ 1973 0-5
Q 11 survey’ IBTS_Q2_SCO 1991 1-6
Q IV survey’ IBTS_Q4-ENG 1991 0-7

! Scottish sub-set of
data

“English sub-set of
data

3Formerly IYEFS
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Table 5.1.3.2

The SAS System 12:23 saturday, October 10, 1998
WHG-47D: Whiting in the North Sea (Fishing Areas 1V and v1ld)

FLTO02: SCOLTR_IV

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 30722.30%9 14472. 604 956.038 1612. 045 635.026
1979 287494 171147, 281 42910.398 23154.594 17995 .664 4057.925 376.993 285.995
1980 333197 20B05.963 58381.992 384356.160 $525.058 9430.050 1864014 144 001
1981 251504 8576.457 19069.211 21549.754 9706.151 1777.022 1455034 310.008
1982 250870 5214.103 8196.975 26680.535 12944.739 3333.924 546.980 338.988
1983 244349 37495.680 17925.867 12535.311 19234 .307 6123.520 1216.612 182.797
1984 240775 38265.770 16048.092 10784.184 6306.822 9018.982 2371.186 478.594
1985 267393 28760.93% 9368.367 7616.928 - 308%,792 1333.193 2901_185 443,130
1984 279727 8138.433 B8571.900 577.941 4108.819 To6T. 442 425,282 608,602
1987 351131 18761.178 25933.338 16160. 749 5054.478 1182.953 388.455 116.035
1988 391968 2397.963 15778.771 22525.543 5127.725 1640.626 207.218 31.033
1989 405883 20318.748 10051.615 21389.719 10834.808 2394.09 448 _224 33.084
1990 371493 3676.882 35321.988 7664 .570 8960.094 3423.009 159,541 392.935
19M 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 4462010 9248.035 15886.830 19322.299 6261.604 2982.508 1092.214 1131.707
1996 445995 6661.924 12661.079 13523.105 9223.331 3012.112 B&0.730 281.907
1997 L7449 2557.224 &767.919 15603.226 9463.723 4535.190 628.015 181,348
The SAS System 12:23 saturday, October 10, 1998

WHG-47D: Whiting in the North Sea (Fishing Areas IV and VIId})

FLTO3: FRATRB_IV

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 10834 .000 3789.000 3%94.000 315.000
1980 83577 5388.000 11298.000 4605.000 4051.000 1004 .000 78.000
1981 76517 6591.000 13139.000 8196.000 2090.000 1644000 314.000
1982 78523 1643 .000 16561.000 11241.000 3948.000 1035.000 539.000
1983 49720 4407.000 B188.000 16698.000 5541.000 1061.000 228.000
1984 76149 4281.000 7465.000 4576.000 5999_000 1596.000 308.000
1985 25915 34653.116 2942 .089 1225.275 565.549 598._645 117.274
1984 28611 3830.333 3990706 1202.062 348.637 93.78¢ 160.456
1987 28692 4822.756 34667 .480 2151.592 496,974 166.107 47.911
1988 25208 2717.6856 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 £19.827 54.765 13.437
1991 19840 2226.920 3833.399 B819.734 657.402 137.468 15.308
1992 15656 1407.348 1662241 2129.367 253.904 187.573 49,300
1993 19076 1200.295 2638.254 1154.305 1227.213 98090 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 1594.39 1438.238 482,197 199.09¢ 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)
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Year

1986
1987
1988
1989
1990
191
1992
1993
1994
1995
1996
1997

Year

1982
1983
1984
. 1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

Fishing
effort

56099
71765
84052
aa3e7
71078
67846
51240
62553
531239
57823
50163
48904

Fishing
effort

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

The SAS System
WHG-47D: Whiting in the North Sea (Fishing Areas IV and VIId)

FLTO4: FRATRO_IV

Catch,
age 2

1891.942
4984 .,961
898%1.893
3739.547

6068.396

4343.216
4740.270
3451.685
2514.250
4631.790
3333.004
3443.828

Catch,
age 1

&.53

5.63
10.48
15.77
1.1
14.05

9.67
40.43
22.39
17.69
29.25
31.49
26.35
41.76
28.88
18.24

Catch,
age 3

7145.979
1271.294
3222.825
5628.945
3705.817
2546 .808
2100.527
38946.102
1416.993
2765.370
2992.059
3157.197

Catch,
age &

1782.820
5713.138
704.344
1654 .265
2427.555
1504, 166
786.528
1079.181
1112.328
899.453
1339.228
1254.148

The SAS System
WHG-47D: Whiting in the North Sea (Fishing Areas [V and VIId)

FLTOS: SCOGFS_IV

Catch,
age 2

?.71
5.78
3N
.73
4.52
11.50
16.06
7.41
20.53
2.50
12.67
11.68
2.50
20.10
30.47
14.34

Catch, Catch,

age 3 age 4
9.72 2.24
4.07 5.11
1.70 0.77
2.47 0.63
2.24 0.27
2.08 0.77
§.52 0.70
7.33 1.57
2.48 2.55
7.59 0.51
5.53 5.85
4.23 1.56
2.54 0.57
¢.03 1.%96
12.15 4.60
11.91 3.19

12:23 saturday, October 10, 1998

Catch,
age S

599.905
412.560
1320.586
208.584
372.059
Ba4 022
417.835
273.702
214,243
207.141
261.808
373.304

Catch,
age S

0.60
1.16
0.92
0.36
0.05
Q.16
0.19
0.13
0.47
0.40
0.47
1.82
0.34
0.58
0.43
1.22

12:23 $aturday, October 10, 1998

Catch,
age &

. % .

.
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Table 5.1.3.2 (Cont’d)

The SAS SVSiem 12:23 Saturday, Qctober 10, 1998
WHG-47D: Whiting in the North Sea (Fishing Areas IV and VIId)

FLTO6: ENGGFS_IV

Fishing Catch, tatch, Catch, Catch, catch,
Year effort age 1 age 2 age 3 age 4 age S
1977 100 21.95327 7.44128 1.10918 0.21617 0.09084
1978 100 24, 71364 5.15057 1,05515 0.34473 0.05085
197% 100 20.06352 7.11693 1.89851 0.84259 0.05720
1980 100 15.32720 12.50796 4.81044 1.20454 0.31363
1981 100 18.31413 28,8039 16.05191 0.41761 0.61630
1982 100 7. 2w 7.93387 B.59035 2.22009 0.34039
1983 100 11.85334 10.80295 1.90807 1.69636 0.26207
1984 100 50.61345 10.81812 3.0120% 0. 88883 0.76876
1985 100 15.87825 17.04257 1.67265 0.98100 0.1817M
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 2947434 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 31.81768 1.08550 0.370%5
1992 100 26.55459 13.06934 3.04550 2.61006 0.49326
1993 100 25.10378 9.62914 3.75044 1.16142 0.74167
1994 100 30.54600 10.59436 2.43878 1.12392 0.33328
1995 100 35.50605 23.73796 7.36066 1.8702% 0.25078
1996 100 12.37870 10.44014 7.38577 3.22%Q2 0.59415
1997 100 20.2925%8 9.71907 4.98733 5.40672 1.67550

The SAS System 12:23 Saturday, October 10, 1998

WHG-47D: Whiting in the North Sea (Fishing Areas IV and V1l1d)

FLTO7: IBTS_Q1_IV

Fishing Catch, Catch, Catch, Catch, Catch,
Year effort age 0 age 1 age 2 age 3 age &
1973 1 0.3220 0. 4960 -1.0000 -1.0000 -1.0Q00
1974 1 0.8930 0.1530 -1.0000 -1.0000 -1.0000
1975 1 0.6790 0.535%0 -1.0000 -1.0000 -1.0600
1975 1 0.4180 0.2190 -1.0000 -1.0000 -1.0000
1977 1 0.513¢ 0.2930 -1.0000 -1.0000 -1.0000
1978 1 0.4570 0.1330 -1.0000 =1.0000 -1.0000
1979 1 0.6%920 0.3%10 -1.0000 -1.0000 -1.0000
1980 1 0.2270 0.4850 -1.0000 -1.0000 -1, 0000
1981 1 0.1610 0.2320 -1.0000 -1.0000 -1.,0000
1982 1 0.1280 0.1260 0.1130 0.0790 0.0330
1983 1 0.4360 0.1790 0.0910 06,0310 0.0260
19284 1 0.3410 0.35%0 0. 0660 0.0190 0.0070
1985 1 0.4560 0.2610 0.1980 0.0330 0.007¢0
1986 1 0.66%0 0.5440 0.0%900 0.04560 D.00%0
1987 1 0.394Q 0.8620 0.3150 0.0340 0.0120
1988 1 1.4850 0.5420 0.4210 0.1120 0.0t20
1989 1 0.5090 0.8870 n.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 0.16%90 0.0160
1992 1 1.0870 0.5240 0.2450 0.0660 0.0590
1993 1 0.7210 0.6370 0.1800 0.0670 0.0120
1994 1 0.6790 0.4570 0.2450 0.05%0 0.0120
1995 1 0.5020 0.4860 0.2450 0.0700 0.0230
1994 1 0.2880 0.3420 0.1630 0.0600 0.0180
1997 1 0.5560 0.1620 0.1250 0.0540 0.0140

The 5AS System 12:23 Saturdsy, October 10, 1998
WHG-47D: Whiting in the North See (Fishing Areas IV and vIid)
FLTO8: IBTS_Q2_SCO_Iv

Fishing Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 1 age 2 age 3 age & 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 &7 41.49 20.84 5.17 4.85 0.36
1994 100 65.40 35.7M 8.55 2.38 0.90 0.79
1995 100 191.61 77.30 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 0.13
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Table 5,1.3.2 (Cont’d)

o . The SAS System 12:23 saturday, October 10, 1998
WHG-47D: Whiting in the North Sea (Fishing Areas IV and V11d)

FLT10: FRAGFS_7d

Fishing Catch, Catch, Catch,
Year effort age 0 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 B3?
1995 27 1539 1836 216
1996 27 837 1107 297
1997 27 73 756 351

The SAS System 12:23 Saturday, October 10, 1998

WHG-47D: Whiting in the North Sea (Fishing Areas IV and vild)

FLT11: 1BTS_G4_ENG_IV

Fishing Catch, Catch, Catch, Catch, Catch,
Year effort age 0 age 1 age 2 age 3 age 4
1991 100 46. 82647 55.27977 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

WHG-47D: Whiting in the North Sea (Fishing Areas IV and VIId)}

FLTOt: SCOSEI_IV

Fishing Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 2 - age 3 age 4 . age S age 6 age 7
1978 325246 29307.939 43710.809 15390.197 1057.941 1408.521 200.989
1979 316419 41091.742 28124.234 14745.013 6083.678 676.91% 155.750
1980 297227 75704438 37657.648 11914.984 9347.982 2556.000 260.000
1981 289672 22243637 25047.811 10551.9856 24601.997 2084 .002 374.000
1982 297730 7032.000 26194.137 13117.107 2713.028 539.005 277.003
1983 333148 14957.378 21690.016 34199.103 9830.623 2154.563 406.795
1984 388035 24015.60%9 20669.760 14985.589 21269.320 4715.242 959,961
1985 381647 20263.316 19695 .992 8954.377 4795.861 8013.077 1362.788
1986 425017 4B705.180 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 2B446.105 44869 .258 12431 .404 4071.612 478.724 63.973
1989 355735 15704 .127 41407.430 23710.402 4T69 041 1323.229 112076
1990 25273 124635.820 27694.109 29920.980 14747 .797 720.818 206.524
1991 336675 44964, 258 63414.281 10436.101 8730.115 1742.927 195.190
1992 300217 19452.012 21217.148 27961.849 2804.536 1958.074 564 .870
1993 268413 31623.355 26012.820 12457.87% 14646.113 899.254 332177
1994 264738 21451.654 22570.719 11778.492 5530.941 5611.981 203.907
1995 204545 22152.725 . 30006. 961 9018. 667 3874.4625 1373. 442 1270.024
1996 177092 26020.514 21430.221 10505.521 3483.373 1031.287 295.708
1997 166817 8974, 445 16231.232 2922.011 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 Analyéis
Whiting IV, VIId (run: XSAPAKDS/X03)
CPUE data from file fusers/fish/ifad/ifapwork/wgnssk/whg_47d/FLEET.X05
Catch data for 38 years. 1960 to 1997. Ages 0 to 8.
Fleet, First, Last, First, Last, Alpha, Beta

. year, year, age , age
FLTO1: SCOSE1_IV (Ca, 1988, 1997, 2, 7, .000, 1.000

FLTD2: SCOLTR_IV (Ca, 1988, 1997, 1, 7, .000, 1.000
FLTO3: FRATRE_IV {Ca, 1988, 1997, 2, 7, .000, 1.000
FLTO4: FRATRO_IV (Ca, 1988, 1997, 2, 5, .000, 1.000
FLTOS: SCOGFS_IV (Ca, 1988, 1997, 1, 6, .500, .750
FLTO&: ENGGFS_[V (Ca, 1988, 1997, 1, 5,  .500, .750
FLTO7: IBTS_Q1 IV (C, 1988, 1997, O, 4,  .9%0, 1.000
FLTO8: IBTS @2 SCO_I, 1991, 1997, 1, 6, .250, .500
FLT10: FRAGFS 7d (Ca, 1988, 1997, O, 2, .750, 1.000
FLT11: IBTS_Q4 ENG_I, 1991, 1997, O, 4, .70, 1.000

Time series weights :

Tapered time weighting not applied

Catchability analysis :
Catchability independent of stock size for all ages

Catchability independent of age for ages »= -]

Terminal population estimation :

Survivor estimates shrunk towards the mesn F
of the finat 5 years or the 3 oldest ages.

S.E. of the 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, 1.000, 1.00Q, 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

, .026, .012, .042, .149, .034, .088, .035, .341, .038, .046
L.359, 129, 226, 117, .241, .186, .149, .138, .107, .130
431, 432, .S4B, .4B6, 387, 482, .327, .322, .273, .262
663, .698, .93, .516, .576, .75, .69, .575, .505, .416
975, .B43, .989, .890, .631, .821, .07, .790, .656, .505
. 1.170, 1.550, 1.260, 1.125, .951, .844, .982, .968, 1.037, .620
. 1.303, 1.636, 1.093, .B09, 1.206, 1.117, 1.015, 1.013, 1,182, 1.032
. 1.397, 1.590, 1.401, 1.118, 1.338, 1.041, 1.053, .858, .B29, .B7%

D
1
2
3
4
5
6
7
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Table 5.1.4.1 (Cont’d)

XSA population numbers (Thousands)

AGE
YEAR |, g, 1, 2. 3, 4,
1988 ,  5.B0E+07, 2.30E+06, 1.10E+06, 4.41E+05, 7.39E+04, 2.94E+Q4, 3.3BE+03,
1989 , 2.61E+07, 4. 41E+06, 6.206+05, 4.55E+05, 1.40E+05, 2.07E+04, 7.11E+03,
1990 , 2.50E+07, 2.02E+06, 1.50E+0&, 2.57E+05, 1.60E+05, 5.10E+04, 3.41E+03,
1991 ,  2.6BE+07, 1.BBE+06, 6.22E+05, 5.53E+05, 7.26E+04, 4.40E+04, 1.13E+04,
1992, 2.73E+07, 1.B0E+06, 6.45E+05, 2.44E+05, 2.33E+05, 2.21E+04, 1.11E+04,
1993 , 2.65E+07, 2.06E+06, 5.48E+05, 2.80E+05, 9.56E+04, §.17E+04, 6.65€+03,
1994, 2.27E+07, 1.90€+06, 6.61E+05, 2.16E+05, 9.26€+04, 3.15E+04, 3.07E+04,
1995 , 1.956+07, 1.71E+406, 6.33E+05, 3.04E+05, 7.60E+04, 2.77E+04, 9.1BE+03,
1996 ,  B.79E+0&, 1.0BE+06, 5.76E+05, 2.92E+05, 1.20E+05, 2.56E+04, 8.20E+03,
1997 , 1.256+06, 6.60E+05, 3.75E+05, 2.79E+05, 1.24E+05, 4.63E+04, 7.06E+03,

Estimated population abundance at 1st Jan 1998

Taper weighted geometric mean of the VPA populations:

Standard error of the weighted Log(VPA populations) :
. .8018, L6023, L5956, L5737, L6620, .7985, L9006,

Log catchability residuals.

Fleet : FLTOY: SCOSEI_IV (Ca

Age |, 1938, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0 , No data for this fleet at this age
1, No data for this fleet at this age
2, -.77, -.73, .85, 40, - 40, .40, -.23, .10, 48, -.10
3, -.25, -.29, .31, -.08, -.21, 04, 15, _3p, 11, -.10
4, .00, -.14, .50, -.10, -.27, .00, .03, A7, -.05, -.14
5, -.47, .24, 70, -0, -2, -.13, .05, .07, .22, -.24
&, -.05, .0&, .32, -.39, 01, .17, .14, .16, .20, -.24
7, =95 -.15, .32, .06, -.15, -.28, -.32, .08, -.07, -.70

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

Age , 2, 3, 4, 5, 6, 7
Mean Log q, -15.3208, -14.4148, -14.0350, -13.7194, -13.7209, -13.7209,
S.E(Log q), .5401, .2176, .2104, .3456, L2164, .4383,

Regression statistics :

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

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

2, .84, .389, 15.01, .42, 10, .48, -15.32,
3, 1.57,  -1.692, 15.41, .52, 10, 31, -14.41,
b, 1.09,  -.447, 14,26, .75, 10, 2, -14.06,
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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7.99€+02,
7.16E+02,
1.08E+03,
B.92E+02,
3.91e+03,
2.39e+03,
1.69E+03,
8.67E+03,
2.60e+03,
1.96E+03,

.DDE+00, 9.32E+04, 2.24E+05, 1.84E+05, 1.30E+05, 5.56E+04, 1.94E+04, 1.96E+03,

3.526+07, 2.90E+0&6, 8.8&E+05, 3.37E+05, 1.03€+05, 3.05E+04, B.46E+03, 1.89E+03,

1.2183,



Flee

Age

Table 5.1.4.1 (Cont'd)

t

N WM SR WN =D

.

FLTO2: SCOLTR_IV (Ca

1988, -1989,
No data for this
-1.15, .20,
-.29, -.20,
A7, .06,
21, .0,
-.29, .55,
-.10, .02,
-.53, -.33,

1990, 1991, 1992,
fleet at this age
.60, .20, .B4,
31, -.01, -.04,
.21, -.18, -.11,
06, -.32, -.47,
.02, -.18, -.37,
39, -.42. .2,
.53, -.32, -.05,

1993,

1994,

1995, 1996, 1997

.28, .39, -.14
A1, -.07, -.33

19, .05, -.09

17, .28, -.15
3, .27, -.03
35, .14, -.07

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

Age , 1 2 3 FA
Mean Log q,
S.E(Log q), L6406, .2718, 1566, 1611,

Regression statistics :

5 6
L2818, .2537,

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

Age, Slope , t-value , Intercept, RSquare,

~

-

PR Y S S N
-

Fleet :

Age

NN O

’

’

18.33,
16.01,
15.57,
15,44,
15.21,
14.22,
13.24,

1990, 1991,

1.09, -. 181,
.86, 665,
1.01, -.030,
1.07, -.456,
1.08, -.356,
.89, .958,
76, 4,649,
FLTO3: FRATRB_IV (Ca
1988, 1989,
No data
No data
-.10, .20,
.08, -.06,
.00, -.31,
-.09, -.12,
34, -.22,
63, -.34,

2, .53,
.05, -.20,
04, -.09,
.30, -.06,
.21, -.50,
.36, -.05,

.33,
74,
.79,
.84,
.70,
.90,
.98,

1992,

for this fleet at this age
for this fleet at this age

.36,
.05,
-7,
-.15,
.22,
-.04,

No Pts, Reg s.e,

10,
10,
10,
10,
10,
10,
10,

1993,

.25,

-2,

32,
L4,
.39,
-.10,
-.16,
.08,

.4,
.2,
A7,
.18,
.32,
.23,
.12,

Mean Q@

-18.00,
-16.43,
-15,56,
-15.19,
-14.85,
-14.90,
-15.03,

1995, 1996, 1997

39, -39, -.32
.55, -.08, -.22
.02, 19, -.15
.46, 39, -7

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

.4066,

Regression statistics :

3

L2454,

4

5

.3823,

& 7

-15.6288, -14.2661, -13.7496, -13.4323, -13.3181, -13.3181,
-2698,

.3227, .3810,

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

Age, Slope , t-value , Intercept, RSquare,

2-

~ nun
-

.75,
1.22,
1.62,
1.40,
1.09,

.96,

.553,
- .650,
-1.884,
-1.035,
-.440,
.250,

15.07,
14.61,
15.07,
14.63,
13.69,
13.18,

.64,
.53,
.53,
.45,
.77,
.83,

No Pts, Reg s.e,

.30,
.31,
.39,
.53,
.37,
.37,

Mean Q

-15.63,
-14.27,
-13.75,
-13.43,
-13.32,
-13.41,

7

-1B.0046, -16.4276, -15.5563, -15.1862, -14.8498, -14.8988, -14.8988,

.3220,
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Table 5.1.4.1 (Cont’d)

Fleet : FLTO4: FRATRO_IV (Ca

Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0 , No data for this fleet at this age
1 , No data for this fleet at this age
2, -.03, ~-.38, -.51, 06, 34, .03, -.34, .19, .0a, .56
3, -.53, -.04, .41, -.B4, .09, .44, -.03, .02, .25, .3
4, -.3, -.37, .30, .61, -1.03, .05, .35, .17, .20, .08
5, 1.21, -.20, -.41, .55, .75, -1.34, -.26, -.29, .19, -.19
& , No data for this fleet at this age
7 , Mo 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 |, 2, 3, 4, 5
Mean Log q, -15.7120, -15.2590, -15.0776, -15.0200,
S.E{Log q), L3332, L4181, G677, L7109,

Regression statistics :

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 d

2, 2.39, -2.520, 18.88, .29, 16, .63, -15.71,
3, 88.50, -2.995,  241.96, .00, 10, 26.95, -15.26,
4,  3.89, -2.234, 25.03, .07, 18,  1.51, -15.08,
5,  19.68, -2.182,  100.09, .00, 10, 11.75, -15.02,

Fleet : FLT05: SCOGFS_IV (Ca

Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 19946, 1997
0 , No data for this fleet at this age
1, -1.08, -.44, -.19, -.42, .20, 11, -.01, .55, .62, .66
2, -.32, -.%2, -.32, -.24, ~-.06, .09, -.40, 39, .87, 53
3, -.57, -.16, -.47, -.37, A7, -2, -4, b, .73, .70
4, -.37, -.41, Ar, -T2, .40, .07, ~-.B4, .52, .83, 34
5, -.63, -.42, -.22, -.32, .43, 29, -.23, 42, .29, b4
6, -.685%, ~-.09, A2, -.66, b6, -.34, -.59, 57, .40, .58
7 , No data for this fleet at this age

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

Age , 1, 2, 3. 4, 5, &
Mean Log g, =-15.0932, -14.8666, -14.8931, -15.0148, -15.0429, -15.0266,
S.E(Log ), 5512, L4589, L4869, .5570, L4041, .5393,

Regression statistics :

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,  4.54, -2.726, 17.56, .07, 10, 1.91, -15.09,
2, 2.72,  -1.749, 17.35, 1, 18, 1.13, -14.87,
3, 1.7, -.799, 16.57, 12, 10, 87, -14.89,
4, b6, 1,007, 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 : FLT0&6: ENGGFS_IV (Ca

Age . 19BB, 1989, 1950, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0 , Mo data for this fleet at this age
1, -.38, -.73, -.33, .2, .13, -.09, 46, 41, -.20, .80
2, -.35, .M, -.61, -.28, .15, .07, -.,12, .75, -.03, .32
3, -.35, .17, .18, -.84, -.21, -.03, -.23, .45, .45, i
4, -.48, -.38, .04, .00, -.44, ~-.26, -.19, Ah, 44, B3
5, -.66, .62, -.%2, -.33, .54, -.54, -.19, -.38, .63, .82
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 ca?chability
independent of year class strength and constant w.r.t. time

Age , 1, 2, 3, 4, 5
Mean Log q, -15.1198, -15.0434, -15.1116, -14.9803, -15.1054,
s.E(Log q), 4397, 3741, L4143, L4426, 5777,

Regression statistics :

Ages with g independent of year class strength and constent w.r.t. time.

Age, Slope , t-value , Intercept, RSguare, Mo Pts, Reg s.e, Mean Q

1,  3.22, -3.4m, 16.73, .23, 10, .96, -15.12,
2, 3.13, -2.725, 18.49, A7, 10, .89, -15.04,
3, 2.53, -1.421, 18.85, .10, 10, .99, -15.11,
4, 1.20,  -.415, 15.64, .36, 10, .56, -14.98,
5. 2.47, -1.512, 21.93, A2, 10,  1.34, -15.11,

Fleet : FLTO7: IBTS_Q@1_iV (C

Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0, -.49, -.76, .00, -.07, -.03, -.3%, -.31, -.16, -.22, 2.40
1, .01, -.38, .22, .29, .10, A1, -.18, -.03, .05, -.18
2, A2, -.04, .06, .27, .07, .02, -.01, .03, -.34, -.18
3, .08, -.i%, A1, 12, .05, 1, .18, -1, =29, -.44
4, L2, -.43, .52, 34, .23, -.30, -.17, .56, -.28, -.58
5 , No data for this fleet at this age
6 , Na data for this fleet at this age
7 , No data for this fleet at this age

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

Age , 0, 1, 2, 3, 4
Mean Log a, -14.4398, -13.9635, -14.0215, -14.2550, -14.4860,
5.ECLog q), L8740, L2031, 1656, .2649, 4062,

Regression statistics :

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

Age, Slope , t-value , Intercept, RSgquare, No Pts, Reg s.e2, Mean Q

0,  4.03, -5.744, 7.57, 31, 10,  1.65, -14.44,
1, 1.07,  -.450, 13.93, .84, 10, .23, -13.96,
2, B4, 1.355, 13.93, .90, 10, A3, -14.02,
3, 1.06, -.202, 14.35, .59, 10, .27, -14.25,
4, t.20,  -.454, 15.05, .40, 10, 51, -14.49,
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Table 5.1.4.1 (Cont’d)

fleet : FLTO8: IBTS_Q2_SCO_I
Age |, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
D, No data for this fleet at this age
1, 99.99, 99.99, 99.99, .03, 43, .06, -.34, .83, -.19, -.83
2, 99.99, 99.99, 99.9%9, -.13, .01, 07, -.32, .49, .12, -.24
3, 99.99, 99.99, 99.99, -.37, ~-.23, .30, -.35, .38, .23, .03
4, 99.99, 99.99, 99.99, 26, -.89, .25, -.45, 32, A4, 10
5, 99.99, 99.99, 99.99, -.35, .20, .18, -.38, B4, VB, -l46
&, 99.99, 99.99, 99.99, .05, .09, .35, -.49, .11, .65, -.76
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 , 1, 2, 3, 4, 5, 6
Mean Log q, -14.1311, -13.8172, -14.0013, -14.2717, -14.2276, -14.2666,
$.E(Log q), .5381, .2703, .3189, L4870, L4066, .48%6,
Regression statistics :
Ages with q independent of year class strength and constant W.r.t. time.
Age, Stope , t-value , Intercept, RSquare, Na 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, 1427,
Fleet : FLT10: FRAGFS_7d (Ca
Age , 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0, -.65, -.8%, -.4&, 1.04, .79, -.52, -.58, -.01, -.09, 1.07
1, 99.99, 99.99, 99.99, -.38, .00, -1.09, 1.30, .06, ~-.02, ..M
2, 99.99, 99.99, 99.99, -.81, .1, -.20, .83, -.48, -.11, 47
3 , No data for this fleet at this age
4 , No data for this fleet at this age
5 , Mo data for this fleet at this age
& , 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 , 0, 1, 2
Mean Log q, -10.2193, -9.2394, -10.1195,
S.E{Log qJ, L7043, L7090, L5145,
Regression statistics :
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
o, 1.56, -1.785, 6.56, .56, 10, .99, -10.22,
1, 1.24, -.253, 8.046, 9, 7, - .96, -9, 24,
2, 3.11, -.600, 3.51, .a2, 7, §.69, -10.12,
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Table 5.1.4.1 (Cont’d)

Fleet : FLT11: IBTS_Q4_ENG_)

Age | 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997
0, 99.99, 99.99, 99.9¢, -.50, .08, -.02, -.03, .40, 07, 99.99
1, 99.99, 99.99, 99.99, ~-.15, ~-.2%, -.21, -.03, .63, -.02, 99.9%
2, 99.99, 99.99, 99.99, -.22, -.04, -.70, -.,12, .38, 11, 99.99
3, 99.99, 99.99, 99.99, -.03, -.20, 1, -.23, 0 .32, .04, 99.99
4, 99.99, 99.99, 99.99, .65, ~-.30, -.03, -.93, .28, .33, 99.99
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 catchability
independent of year class strength and constant w.r.t. time

Age , 0, 1, 2, 3, -4
Mean Log q, -15.0182, -13.9530, -13.9335, -14.3236, -14.2310,
$.E{Log q), .2930, L3181, L2130, .2035, L5603,

Regression statistics :

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

0, 1.27, -.67, 14.52, .60, 6, .39, -15.02,
1, .27, -.311, 13.85, .25, 6, 45, -13.95,
2, .92, .059, 13.88, 2, 6, .22, -13.93,
3, .85, .572, 14.07, .79, &, A9, -16.32,
4, 1.80, -.721, 16.36, A7, &, 1.06, -14.23,
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Table 5.1.4.1 (Cont’d)

Terminal year survivor and f summaries :

Age O

Catchability constant w.r.t. time and dependent on age

Year class = 1997

Fleet,

FLTO1:
FLTO2:
FLTO3:
FLTO4:
FLTOS:
FLTO6:
FLTO7:
FLTO8:
FLT10:
FLT1%:

SCOSEI_IV (Ca,
SCOLTR_IV (Ca,
FRATRB_IV (Ca,
FRATRO_IV (Ca,
SCOGFS_IV (Ca,
ENGGFS_IV (Ca,
18TS_01_1IV (C,
IBTS_02_sca_I,
FRAGFS_7d (Ca,
1BTS_G4_ENG_1,

F shrinkage mean ,

Weighted prediction :

Survivors, Int
at end of vear, s.e,

93211., .58,
Age 1

Catchability constant w.r.t. time and dependent on age

Year class = 1996

Fleet,

FLTO1:
FLTQ2:
FLTQ3:
FLTD4:
FLTO5:
FLTO&;
FLTO7:
FLTO8:
FLT10:
FLT11:

SCOSE!_IV (Ca,
SCOLTR_IV (Ca,
FRATRB_IV (Ca,
FRATRO_IV (Ca,
SCOGFS_IV (Ca,
ENGGFS_IV (Ca,
IBTS_Q1_IV (C,
IBTS_QZ_SCo_l,
FRAGFS_7d (Ca,
IBTS_Q4_ENG_I,

F shrinkage mean

Weighted predicticn :

sSurvivors, Int,
at end of year, 5.8,
224162, , .15,

196

Estimated, Int,

Survivors, s.e,

1., .000,

1., .000,

1., .000,

1., .000,

1., .0ao,

1., .000,

1024554, 917,

1., .000,

272761, , . 739,

1., .Qgo,

29488.
Ext, N,
s.e,

1.51, 3,

Estimated, Int,

Survivors, 5.e,
1., .0o00,
195352.,  .672,
1., .000,

1., .000,

435170., .578,

497222,,  .461,
186201.,  .285,
97908., .573,
226875., .529,
240978.,  .316,

166037 .,
Ext, N,
5.8, .
4,10,

'50;rrl

'Sollll

Ext,

s.e,

.000,
. 000,
.0oq,
.000,
.ooo,
.000,
.000,
.0oo,
.boo,
.000,

F

046

J136

var,
Ratio,
.00
.00,
.00,
.00
.00
.00,
.00
.00
.00,
.00

~ o

- = ~

-

-

Dao=0D00000

“

=
B

- s o=

[ N RN Y R o W R

-

Scaled, Estimated

weights, F

.000, .000
.000, .000
.000, .000
.000, .000
.000, .000
.000, .000
165, .000
.000, .000
. 254, .000
.000, .000
.581, 39

Scaled, Estimated

Weights, F

.000, .000
.052, 148
000, .000
.000, .00
.070, .069
.10, L061
.286, .155
.o71, 277
.082, .129
.224, 122
.106, 72



Table 5.1.4.1 (Cont*d)

Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 1995

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, , Weights, F

FLTO1: SCOSEI_IV (Ca, 166292., 566, .000, .00, 1, .029, .286
FLTOZ2: SCOLTR_IV (Ca, 147305., 274, .260, 95, 2, 121, .318
FLTO3: FRATRB_IV (Ca, 26400. , 426, .000, .00, 1, .051, 452
FLTO4: FRATRO_IV (Ca, 321878., 349, .000, .00, 1, .075, 158
FLTOS5: SCOGFS_IV (Ca, 323985, , .370, .041, 11, 2, .085, 157
FLTO&: ENGGFS_IV (Ca, 206376. , . 299, .256, 86, 2, .099, 237
FLTO7: IBTS_Q@1_IV (C, 170577., .208, .082, 40, 3, 201, .280
FLTOB: IBTS_@2_SCO_I, 146388., . 266, .020, .oa, 2, .i28, 319
FLT10: FRAGFS_7d (Ca, 236605., .387, AN, L4, 3 058, .209
FLT11: 1BTS_Q4_ENG_I, 218652, , .236, 213, S0, 2, 129, . .223

f shrinkage mean , 125045., .50,,,. .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, Int, Ext, Var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, , Weights, F

FLTO1: SCOSE!_IV (Ca, 130447, , . 267, .219, .B2, 2, .083, .415
FLTO2: SCOLTR_IV (Ca, 125173., .205, 062, .30, 3, .130, 429
FLTO3: FRATRB_IV (Ca, B85038., 247, .150, .61, 2, .095, 576
FLTO4: FRATRO_IV (Ca, 157992, , . 276, .129, A7, 2, .07, .354
FLTO5: SCOGFS_IV (Ca, 26B615., .304, .085, .28, 3, .058, .223
FLTO&: ENGGFS_IV (Ca, 164827, , .250, L1865, .38, 3, .083, 341
FLTO7: IBTS_Q@1_IV (C, 26603 ., 173, 097, .56, 4, 1M, .527
FLTO&: IBTS_Q2 SCO_I, 152007., .212, 167, .F9, 3, .14, .365
FLT10: FRAGFS_7d (Ca, 107702, , .382, . 165, .43, 3, .03, 484
FLT11: IBTS_Q4 ENG I, 159637., .184, .88,  1.02, 3, .126, .350

F shrinkage mean , 76127 ., .50,,,, .037, .631
Weighted prediction :
Survivors, int, Ext, N, Var, F
at end of year, s.e, s.e, . Ratio,

129798., .07, 07, 29, .08, 416
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Table 5.1.4.1 {(Cont’d)

Age &

Catchability constant w.r.t. time and dependent on age

Year class = 1993

Fleet, Estimated, Int,

R survivors, s.e,
FLTO1: SCOSEI_IV (Ca, 53679, , .207,
FLT02: SCOLTR_IV (Ca, 51102., .178,
FLTO3: FRATRB_IV (Ca, 42102, , 199,
FLTQ4: FRATRO_IV (Ca, 65122., .254,
FLTO5: SCOGFS_IV (Ca, 83956.,  .285,
FLTD6: ENGGFS_IV (Ca, 102952.,  .234,
FLTO7: IBTS_Q1_1V (C, 42263., 169,
FLTO8: IBTS_02 sCO_I, 70628., .206,
FLT10: FRAGFS_7d (Ca, 52033., .383,
FLT11: IBTS_Q4_ENG_I, 6165%., 161,

F shrinkage mean 31321., .54,,..
Weighted prediction :
sSurvivors, Int, EXt, N, Var,
at end of year, s.e, s.e, , Ratio,
55410., .07, 06, 38, .B4T,
Age 5 Catchability constant w.r.t. time and dependent on age

Year class = 1992

Fleet, Estimated,
. survivors,
FLTO1: SCOSEl_IV (Ca, 17972.,
FLTO2: SCOLTR_IV (Ca, 19032.,
FLTO3: FRATRB_IV (Ca, 19637.,
FLYO4: FRATRO_IV (Ca, 18152.,
FLTO05: SCOGFS_IV {(Ca, 25002.,
FLT0&: ENGGFS_IV (Ca, 29619.,
FLTO7: [BTS_Q1_1v (C, 17694 .,
FLTOB: I[BTS_Q2_SCO_I, 17434 .,
FLT10: FRAGFS_7d (Ca, 28270.,
FLT11: IBTS_Q4_ENG 1, 21513.,
F shrinkage mean , 10143,
Weighted prediction :
Survivars, [nt, Ext,
at end of year, s.e, 5.8,
19401, , .on7, .05,

198

nt,

s.e,
.198,
73,
197,
.268,
274,
249,

)

72,

.219,
.383,

A

62,

50,,.,

N,

46,

Var,
Ratia,
716,

Ext,
s.e,
089,
.085,
.058,
.058,
. 136,
.138,
107,
L1319,
542,
.096,

F

.505

Ext,
s.e,
L1186,
082,
127,

122,

.155,
A7,
067,
.198,
.570,
.109,

F

620

Var,
Ratio,
43,
48,
.29,
.23,
W48,
.59,
.63,

1.41,
.60,

Var,
Ratio,
.58,
47,
.65,
.45,
57,
.69,
39,
.90,
1.49,
&7,

N!

I

-

- - = oaow

Fo N R R Y]

=
L

LA LA LA AS U e 00

Scaled,
Weights,
121,
148,
27,
069,
.052,
.078,
.137,
094,
017,
115,

042,

Scaled,
Weights,
139,
. 184,
132,
.058,
.078,
.07,
.0BS,
101,
01,
.082,

060,

Estimated
F
519
539
625
445
361
.304
.623
417
532
L4865

T3

Estimated
F
656
629
614
.651
454
(bbb
563
LA70
463
573

970



Table 5.1.4.1 (Cont’d)

Age & Catchability constant w.r.t. time and dependent on age

Year class = 1991

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, , Weights, F
FLTO1: SCOSEI_IV (Ca, 1784., .212, .103, 49,5, 197, 1.093
FLT02: SCOLTR_IV (Ca, 2161.,  .195, 073, .37, 6, .218, 976
FLTO3: FRATRB_IV (Ca, 1969., .226, 127, .56, 5, 165, 1.028
FLTO4: FRATRO_IV (Ca, 2144, .292, .072, .25, 4, .025, 975
FLTO5: SCOGFS_IV {(Ca, 296., .320, e, .35, 6, .074, . 795
FLTO&: ENGGFS_IV (Ca, 2736., .273, .157, .58, 5, .03, .830
FLTO7; IBTS @t IV (C, 2521., .182, 109, .60, 5, .033, 877
FLTOB: IBTS_02_SCO_I, 1407., .283, .205, .73, 6, .090, 1.257
FLT10: FRAGFS_7d (Ca, 2175., .386, 345, .89, 3, .003, 966
FLT11: 1BT5_Q4_ENG_I, 1687 ., 173, 113, .65, 5, .030, 1.131
F shrinkage mean |, 1705., .50,,,, .133, 1.123

Weighted prediction :

Survivers, Int, Ext, N, Var, F
at end of year, s.e, 5.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) &

Year class = 1990

Fleet, Estimated, int, Ext, Var, N, Scaled, Estimated
. Survivors, s.e, s.e, Ratio, , Weights, F
FLTO1: SCOSEI_IV (Ca, 516., .247, .189, A7, 6, .190, 1.034
FLTO2: SCOLTR_IV (Ca, 693., .219, .060, .27, 7, .27%9, 854
FLTO3: FRATRB_IV (Ca, 549., .255, .262, 1.03, &, 203, 994
FLTO4: FRATRO_IV (Ca, 783., .303, .182, .60, 4, 012, .786
FLTO5: SCOGFS_IV (Ca, 872., .318, 157, 49, 6, .037, 729
FLY0&: ENGGFS_ IV (Ca, 572., .281, 102, 36, 5, L0186, 969
FLTO7: IBTS_Q1_IV (C, 700., 79, .08z, A6, 5, .016, 849
FLTOB: IBTS @2_SCO I, 1084, , .283, 147, .52, 6, (045, .622
FLT10: FRAGFS_7d (Ca, 583., .382, .182, .48, 3, .002, 956
FLT11: [BTS_Q4 ENG_I, 55¢., .1%0, .221, 1.6, &, 013, .982
F shrinkage mean |, 877., .50,,.. .185, 726

Weighted prediction :

Survivors, Int, Ext, N, Yar, F
at end of year, s.e, 5.8, , Ratio,
669., .13, .06, 53, 439, 874
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Table 5.1.4.2

Run title : Whiting 1V,VIId (run: XSAPAKO5/X05)

At 10-0ct-98

Table 8

YEAR,

AGE

- o

T NN W=D

FBAR 2-

200

12:38:03

—- s s Py s

Terminal Fs derived using XSA (With F shrinkage)

Fishing mortality (F) at age

1960,

.0052,
.2153,
L4675,
L4903,

', 3428,

.5743,
.9538,
L9846,
L9846,
.5657,

1961,

L0103,
7628,
L5702,

1.4009,
1.2854,
1.5244,
2.0047,
1.6266,
1.6266,
1.4371,

1962,

.0033,
.3319,
L6349,
9613,
L9435,
9967,
2.8062,
1.6035,
1.6035,
1.2685,

Er—

1963,

.0205,
.1458,
LB740,
.B620,
L0411,
9359,
0115,
.0075,
.0075,
5449,

Fishing mortality {F) at age

1968,

.0267,
.1582,
.7992,
.B4LB,
.0291,
L8397,
1436,
L0156,
.0156,
L9313,

1969,

.1698,
8141,
.5557,
.8065,
6468,
.0029,
4957,
.7220,
.7220,
.7015,

1970,

.1035,
7672,
.B249,
.9616,
.B281,
L6420,
L9761,
.8238,
.8238,
.B465,

1971,

L0616,
.3989,
.5332,

L5664,

.6589,
.5874,
L2647,
.5211,
5211,
.5301,

1964,

.0234,
.1680,
L2391,
6104,
.5977,

-8927,
L7943,

6417,

1972,

.0206,
.3263,
L7060,
L6008,
.5793,
531,
.9982,
.8524,
.8524,
L7575,

1965,

.0072,
.2216,
.5053,
6662,
.7130,
4736,
L8651,
L6903,
L6903,
L6006,

1973,

.0132,
.2881,
.8016,
L0497,
.6302,
L4145,
L9874,
.0222,
L0222,
9767,

1
1
1
1
1

—_

1966,

L0051,
.4089,
6945,
9711,
9243,
.2559,
L7693,
.3333,
.3333,
.1230,

1974,

L0208,
L4009,
.8535,
.0324,
.9988,
.3600,
.0110,
1367,
1367,
L0511,

1967,

.0054,
L4106,
.5534,
L7849,
.B&70,

1.1218,
9321,
L9321,
.8173,

1975,

L0137,
2261,
.7652,
9842,
.9276,
L5506,
2.2622,
1.4116,
14116,
1.1819,

1976,

L0252,
1740,
.9250,

1.2525, .

1.0533,

8414,
1.3526,
1.0852,
1.0952,
1.0850,

1977

.0393,
6265,
L4B41,
L8240,
.5530,
9059,
L8500,
.9263,
.9263,
L8114,




Table 5.1.4.2 (Cont*d)

Run title : Whiting IV,VI1d (run: XSAPAKOS/X05)
At 10-0ct-98 12:38:03
Terminal Fs derived using XSA (With F shrinkage)

Jabte 8 Fishing mortality (F) at age

YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987,
AGE
0, .0395,  .0297, .0526, .0717, .016%, 0695, .0231, .0133, .01%%,  .0103,
1, 1565,  .2327, .1016, .1653, .1736, .2105, .2235, .1903, .2709, .1407,
2, L6059, 4792, L4409,  .3299, (2935,  .4559, .5172, .2497, .4261, L5109,
3, (6314, 7344, 8238, 7540, 5326, 7478, 8734, .6368, .7061, .B728,
&, .B4E5, 7083, 9772, 1.0018, 7239, .7381, 1.0318, .8§799, 1.2001, 1.2512,
5, L7477, .B434, 1.2439, 1.1024, .9020, .8937, 1.0609, 1.1795, 1.0668, 1.3789,
6, 1.1122, .m853, .5799, 1.3318, 1.0284, .9469, 1.1720, 1.2288, 1.2023, 1.7972,
7, 9120, .8207, 1.0795, 1.1562, .8943,  .8666, 1.1011, 1.1091, 1.1704, 1.4953,
+gp, 9120,  .8207, 1.0795, 1.1592, .8943, .8666, 1.1011, 1.1091, 1.1704, 1.4953,
FBAR 2- &, 7487,  .7301, .8931, 904D, .4961, .7553, .9311, .8350, .9203, 1.1é22,

Table 8 Fishing mortality (f) at age

YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1998, 1997, FBAR §5-97

AGE
0, L0261, .0120, .04, 1488, .0338, .0877, 0368, 3411, .0382, .0462, 1418,
1, .3587, .1289, .2262, .V167, .2406, .1863, .1491, .1385, .1074,  .1303, 1254,
2, L4313, L4317, L5477,  .4B63, 3849,  .4825, .3271, .3218, .2731, 2616, .2855,
3, L6634, 6977, 9134, .5162, .5758, .TS44, .6935, .5751, .504B,  .4163, 4587,
4, 9749,  .8429, .9893, .8898, .430B, .B20B, .5069, .7899, .6558,  .5048, .6502,
5, 1.1703, 1.5503, 1.2602, 1.1246, .9512, .B444, .9825, .9677, 1.0369, .6197, L8747,
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, .B576, .B288, .8742, .8535,

+gp, 1.3965, 1.5903, 1.4013, 1.1178, 1.3381, 1.0413, 1.0530, .B576, .B288, .8742,

FBAR 2- 6, .5086, 1.0318, .9606, .7652, .7501, .8038, .7849, .7334, .7305,  .5669,

20




Table 5.1.4.3

Run title :

At 10-0ct-98

Table 10
YEAR,

Table 10
YEAR,

AGE

N e om ow ow

-

NPV PRWN 2O

+gpl
TOTAL,

202

12:38:03

whiting IV,VIId {run: NSAPAKO5/X05)

Terminal Fs derived using XSA (With F shrinkage)

Stock rumber at age (start of year)

1960,

418662,
40092,
8700,
3312,
276,
333,
48,

1,

30,
471464,

Stock number at

1968,

142165,

91286,
nNe,
2334,
895,
149,
519,
34,

2,
249304,

1961,

753409,
32520,
12502,

3476,
526,
20,

54,

3,

5:
802518,

1959,

276448,
10808,
30139,

3417,

707,
237,
50,
129,
15,
321950,

1962, 1963, 1964,
836669, 187022, 363404,
58225, 65115, 14307,
5865, 16157, 21766,
3a21, 1982, 4299,
603, B4, 590,
108, 174, 213,
3, 3, 33,
5, g, 2,
2, 2, 1,
204503, 271298, 404641,
age (start of year)
1976, 1971, 1972,
431881, 738870, 970349,
18215, 30405, S4247,
1852, 32N, 7891,
11025, 517, 1224,
1079, 2970, 207,
274, 348, 1094,
&8, 112, 151,
24, 20, &7,
29, 17, 1%,
454443, T76530, 1035248,

Numbers*10**-5

1965,

319605,
27720,
4677,
10927,
1645,
240,
70,

17,

3:
364904,

1966,

598136,
24777,
8590,
1799,
4928,
597,
117,
23,

7:
638974,

1967,

1175464,
" 46468,
6367,
2735,
480,
1449,
133,

15,

3,
1233113,

Numbers®*10**-5

1973,

477830,
74219,
15139,

2484,
473,
86’
128,
43

9!
570612,

1974,

993438,
35819,
21519,

4331,
613,
187,

16,

95,

7,
1057025,

1975,

627078,
75972,
9536,
5844,
1087,
167,
101,

2,

22,
719810,

1976,

611977,
48296,
23437,

2829,
1570,
318,
48,

1,
688495,

1977,

619446,
46596,
15695,

5926,
570,
406,
107,

10,

688764,



£0T

Table 5.1.4.3 (Cont’d)

Run title : Whiting IV,v1id (run: XSAPAKQ5/X05)
At 10-Oct-98 12:38:03
Terminal Fs derived using XSA (With F shrinkage)
Table 10 Stock number at age (start of year) Numbers*10**-5
YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987,
AGE
0, 635272, 5B2795, 232017, 267431, 226693, 356460, 247246, 507182, 426974, 297092,
1, 46504, 47683, 44174, 17188, 19437, 17418, 25965, 18B&4, 39080, 32710,
2, 11764, 15380, 14613, 15434, 5634, 6319, 5457, 8030, 6031, 11527,
3, 8167, 4999, 6073, 5996, 7073, 2679, 2554, 2075, 3989, 2512,
4, 1832, 2312, 1490, 1878, 1988, 2927, 894, ™1, 773, 1387,
5, 1463, 582, 843, 471, 511, 714, 1037, 236, 231, 173,
6, 128, 80, 195, 189, 122, 181, 228, 279, 56, &2,
7, 34, 33, 19, 57, 39, 34, 4“9, 55, 64, 13,
+g9p, 5, 6, 13, 5, e, 17, 10, 15, g, 14,
TOTAL, 701868, 653848, 299538, 308450, 261508, 386731, 283439, 537488, 477208, 345490,
Table 10 Steck number at age (start of year) Numbers*10%*-5
YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, GMST 40-95
AGE *
0, 579862, 261260, 250389, 268000, 272603, 265468, 226673, 194566, 87858, G 2502 ) Q, 401291,
1, 22960, 44112, 20156, 18755, 18034, 20578, 18989, 17093, 10801, 4603, (932,) 31044,
2, 10989, 6203, 14997, 6217, 4454, 5483, 6606, 6326, 5756, 3752, 2242, 9185,
3, 4410, 4552, 2569, 5530, 2437, 2795, 2158, 3037, 2924, 2793, 1842, 3399,
4, 739, 1401, 1597, 726, 2326, 966, 926, 750, 1204, 1244, 1298, 1024,
5, 294, 207, 510, 440, 221, 17, 315, 277, 256, 463, 555, 303,
6, 34, m, 34, 113, 1m, 66, 307, 92, 82, ", 194, a5,
7, 8, 7, 11, 9, 39, 26, 17, 87, 26, 20, 20, 19,
+gp, Z, 5, 2, 4, 2, 13, 8, e, 22, 9, 10,
TOTAL, 619300, 318018, 290264, 299794, 302227, 296312, 255998, 222247, 108927, 27454, 7093,

* overwrilten in prediction by the short term geometric mean (1989-1995).

AMST 60-95

462218,
35716,
10791,

3975,
1281,
404,
120,
3,



TABLE 5.1.6.1; Whiting, North Sea and VIId
Mean fishing mortality, biomass and recruitment,

204

- 1997,

| Mean F

| H coms | Disc | IBC

! Ages | ages | Ages
Year | 2te6 | 2tos& | 0to4
------ R R BRI EE
1960 | 1.106 | 443 | ols
1961 ] 1.044 | EY-T I 017
1962 | 979 | 267 | 013
1963 | £16 | 230 | ass
1964 | 483 | 125 | 03g9
1965 | 423 | 140 | 033
1966 | B48 | 168 . 128
1967 | 600 | 152 | 032
1568 | 664 | 212 | 071
1969 | 377 | 180 | 282
1570 | 537 | 217 | 242
1971 | g2 | 127 | nE3
1972 | 559 | 124 | 114
1373 | 680 | 161 | 155
1374 | 615 | 130 | 284
1975 | 854 | 207 | 138
1976 | 674 | 159 | 251
1977 | 525 | 168 | 206
1978 | 535 | 071 | 096
1279 | 569 | 068 | L]
1980 | 624 | 200 | 088
1381 | 674 | 679 | 163
1382 | 488 | 097 | 034
1953 | 563 | 138 | 066
1984 | 747 |} 124 | 085
1985 | 700 | 078 | 053
1386 | 721 | 142 | 052
1987 | 954 | 152 | 083
1588 | 705 | 104 | 157
1989 | 617 | 186 | 136
1990 | 484 | 275 | 178
1991 | 522 | 122 | 113
1392 | 542 | 123 | 094
1993 | 509 | z18 | 680
1994 | 558 | 136 | 043
1995 | 567 | 142 | 107
1996 | 548 | 163 | 024
1997 | 403 | 112 | 037
Min. | 377 | 068 | 013
M=an | 633 | 183 | 104
Max. | 1.1i06 | 443 | 234

1960
| Stock Biomass | Recruits
| (‘000 tonnes} f age 0

i
| Total | Spawning |
{-emnnneane [EEETREE |------
| 743 | 312 | 1960
| 738 | 374 | 1961
| 908 | 283 | 13982
| 1136 | 461 | 1963
! 705 | 517 | 1954
| 775 | 461 | 13985
| 646 | 333 | 1966
i 820 | 122 | 1387
J 1380 | 452 | 19e8
| 761 | 826 | 1969
| 560 | 378 | 1870
| 557 | 238 | 1971
| 546 | 290 | 1372
| 2a3 | 408 | 1973
i 735 | 477 | 1874
| 1181 | 488 | 1975
| 1127 | 631 | 1978
| 1110 | 599 | 1577
| 778 | 452 | 1878
| 50 | 514 | 1979
| 836 | 20 | 1980
| 636 | 488 | 1981
| 491 | 3178 | 1382
| 512 | 337 | 1we3
| 484 | 271 | 1984
| 440 | 270 | 1985
! ez | za8 | 1985
! 36 | 298 | 1987
| 417 | 294 | 19as
| Sel | 273 | 1ses
| 483 | 317 | 1gso
| 458 | 277 ] 1991
! 407 | 266 | 1992
| 181 | 240 | 1993
| 373 | 229 | 1994
i 386 | 245 | 1935
| 317 | 223 | 1996
| 255 | 137 | 1997
| 255 | 157 | Min
! a1l | 371 |Gmean
I 1380 | 631 | Max

Min, max and geo. mean recruitment calculated cver years 198% to
(Arithmetic mean recruitment 1386 -
Bicmass totals calculated at start of year.

1995 = 30429)

1

+ , . .
overwritten in prediction by short term gecmetric mean

recruitment

[1985-199%5)

41866
75341
83667
1arpz2
36340
31961
592314
17547
14217
27645
431838
73887
97035
47783
99344
62708
61198
61945
&€3527
s327¢9
23202
26743
226689
35646
24725
50718
42637
297089
57986
26126
25039
26800
27280
26547
22667
19457

8786

|
|
|

I
I
I
I
|
I
I
I
|
I
I
|
I
|
|
|
I
|
I
|
|
|
I
I
I
|
|
I
I
|
|

(12507



Table 5.1.7.1

whiting in the North Sea (Fishing Areas [V and VIId)

S0z

The SAS System

Multi fleet prediction with mangement option table: Input data

1998 H Cons Dis 1BC
Exploit.| Weight | Exploit.| Weight | Exploit.| Weight Stoack Natural | Maturity|Prop.of F|Prop.of M| Weight
Age | pattern | in catch| pattern | in catch| pattern | in catch| size mortality| ogive (bef.spaw.|bef.spaw.| in stock
0 0.0010 0.144 0.0120 0.031 0.12%0 0.010(24691.489 2.5500 0.0000 0.0000 0.0000 0.017
1 ¢.0110 0.175 0.0480 0.107 0.0&60 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 D.149| 224.198 0.4500 0.9200 0.0000 0.0000 0.177
3 D.2630 0.284 0.2190 0.205 0.0170 0.268| 184.19% 0.3500 1.0000 0.0000 0.0000 0.250
[ 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 0.7640 0.388 0.1060 0.254 0.0040 0.397 55.559 0.2500 1.0000 0.0000 0.0000 0.372
] 0.9350 0.417 0.0590 0.256 0.0720 0.624 19.399 0.2500 1.0000 0.0000 0.0000 0.447
7 D.8070 0.423 0.0440 0.418 0.0000 0.000 1.998 0.2000 1.0000 0.0000 0.0000 0.416
g+ 0.83%90 0.424 0.0140 0.214 0.0000 0.000 0.999 0.2000 1.0000 0.0000 0.0000 0.423
Unit - Kilograms - Kilograms - Kitograms | Miltlions - - - - Kilograms
1999 H Cons Dis IBC
Exploit.| Weight | Exploit.] Weight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F{Prop.of M} Weight
Age | pattern | in catch| pattern | in catch{ pattern | in catch ment [mortality] ogive |bef.spauw.|bef.spaw.] in stock
0 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 G.175 0.0480 0.107 0.0660 0.059 . 0.9500 0.1100 0.0000 0.0000 0.088
2 0.0580 0.236 0.1610 0.1565 0.0580 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 0.223 0.0120 0.314 0.3000 1.0000 0.0000 0.0000 0.318
S 0.75640 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 0.0450 0.418 0.0000 0,000 . 0.2000 1.0000 0.0000 0.0000 0.416
8+ 0.8390 0.424 0.0140 n_214 0.0000 0.000 - 0.2000 1.0000 0.0000 0.0000 0.423
Unit - Kilograms - Kilograms - Kilograms; Millions - - - - Kilograms
{cont.)

15:52 Saturday, October 10, 1998



Table 5.1.7.1 (Cont’d)

Whiting in the Morth Sea (Fishing Areas 1V and VIId)

The SAS System

Multi fleet prediction with mangement option table: Input data

{cont.}
2000 # Cons Dis 18cC
Exploit.| Weight | Exploit.| Weight | Exploit.| Weight | Recruit-| Natural | Maturity|Prop.of F{Prop.of M Weight
Age | pattern | in catch| pattern | in catch| pattern | in cateh ment |(mortality| ogive |bef.spaw.|bef.spaw.| in stock
0 0.0010 0.144 0.0120 0.031 0.1290 0.010|2469%.500 2.5500 0.0000 0.0000 0.0000 D.017
1 0.0110 0.175 0.0480 0.107 0.06460 0.059 . 0.9500 0.1100 0. 0000 0.0000 0.088
2 D.0680 0.236 0.15610 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 D.228 0.0120 0.314 0.3000 1.0000 0.0000 0.0000 0.318
5 0.7840 0.388 0.1060 0.254 0.0040 0.397 0.2500 1.0000 0.0000 0.0000 0.372
& 0.9350 0.417 0.0550 0.256 D.0720 0.624 0.2500 1.0000 0.0000{ 0.0000 0.6447
7 0.8070 0.423 0.0460 0.418 0.0000 0.000 0.2000 1.0000 0.G000 0.0000 0.416
a8+ 0.8390 0.424 0.0140 0.214 0.0000 0.000 . 0.2000 1.0000 0.0000 0.0000 0.423
Unit - Kilaograms - Kilograms - Kilograms| Millions - - - - Kilograms
Notes: Run name : MANPAKO3

Date and time: 100CT98:16:34

206
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Table 5.1.7.2

Whiting in the North Sea (Fishing Areas [V and VIId)

The SAS System

Multi fleet prediction with mangement option table

Year: 1998
H Cons Dis 1BC Total

F Reference| Catch in F Reference{ Catch in F Reference| Catch in| Catch in| Stock $p.stock
Factor F weight Factor F weight Factor F weight weight biomass | biomass

1.0000 0.5062 446402 1.0000 0.1386 22513 1.0000 0.0540 18184 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 S$p.stock
Factor F weight Factor F weight Factor F wWeight weight hiomass | biomass | biomass | biomass
0.0000 0.0000 0 0.0000 0.0000 0 1.0000 0.05560 20706 20706 759400 199741 840884 279831
0.1000 0.0506 4918 0.1000 0.013% 2904 1.0000 0.0%60 20598 28420 199741 83332¢ 272498
0.2000 0.1012 9556 0.2000 0.0277 5737 1.0000 0.05%60 20492 35786 199741 826146 265537
0.3000 0.1519 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 0.05560 20291 49562 199741 812798 252633
0.5000 0.2531 21982 0.5000 0.0693 13837 1.0000 0.0560 20195 56014 199741 808590 2465645
0.4000 0.3037 25685 0.8000 D.0832 16413 1.0000 0.0560 20102 62200 199741 800665 240941
0. 7000 0.3543 29162 0.7000 0.0970 18932 1.0000 0.05460 20011 68136 199741 795006 235502
0.8000 0.4050 32519 0.8000 D.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 38676 1.0000 D.1386 26167 1.0000 0.0560 19753 84595 199741 179462 220614
1.1000 0.55568 41529 1.1000 0.1525 28478 1.0000 0.0560 19671 85478 199741 T74709 216079
1.2000 0.6074 46264 1.2000 0.1663 30742 1.0000 0.0560 195¢1 94578 199741 770150 211737

- - Tonnes - - Tonnes - Tonnes Toennes Tonnes Tonnes Tonnes Tonnes

Notes: Run name : MANPAKO3

Date and time

Computation of ref. F:

Basis for 1998 :

100CT98:16:34

H Cons: Simple mean, age 2 - 6

Dis: Simple mean, age 2 - &
1BC: Simple mean, oge 0 - &
F factors
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Table 5.1.7.3

whiting in the North Sea (Fishing Areas IV and VIId)

The SAS System

Multi fleet prediction: Detailed tables

15:52 Saturday, October 10, 1998

Year 1998. H Cons F-factor 1.0000 and reference F 0.5062
Dis F-factor 1.0000 and reference F 0.1386
IBC F-factor 1.0000 and reference F 0,0540
H Cons Dis 1BC Total [ 1 January Spanning 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 numbers | weight F numbers | weight F mmbers | weight numbers | weight size biomass size biomass size biomass
0 0.0010 8551 1231 0.012Q 102610 3181 0.1290{ 1103052 11031 1214213 154431 246914689 419755 0 0 0 0
1 0.0110 12407 217N 0.0480 54138 5793 0.0660 Ta440 4392 140985 12356 1840701 161982 202477 17818 202477 17818
2 0.0680 10794 2548 0.1610 25562 4218 0.0560 8891 1325 45249 8090 224198 39483 206262 36508 206262 36508
3 0.2630 32648 9337 0.2190 27186 5573 0.0170 2110 586 61943 15476 184199 45050 184199 45050 184199 46050
4 0.5010 41961 14393 0.1380 11558 2635 0.0120 1005 316 54525 17344 129800 41276 129800 41276 129800 41276
5 0.7640 25492 ¢891 0.1060 3537 898 0.0040 133 53 29162 10842 55559 20668 55559 20668 55559 20668
6 0.9350 10047 4189 D.04%0 741 190 0.0720 774 483 11542 4862 1939% 8571 19399 8571 19399 LY g
7 0.8070 9o7 422 0.0450 57 24 0.0000 1} 0 1054 445 1998 a31 1998 831 1998 831
8+ 0.8390 518 220 0.0140 9 2 0.0000 0 0 527 222 99 423 999 423 99 423
Total 143416 44402 225397 22513 1190406 18164 1559219 85080 27148322 739339 ° 800693 172246 800693 172246
unit - Thousands| Tonnes - Thousands| Tonnes - Thousands| Tonnes |Thousends| Tonnes |Thousands| Tonnes [Thousands| Tonnes |Thousands| Tonnes
Year 1999. H Cons F-factor 1.0000 and reference F 0.5062
Dis F-factor 1.0000 and reference F 0.1386
18C F-factor 1.0000 end reference F 0.0560
H Cans Dis 1BC 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 numbers | weight F nunbers | weight F numbers | weight numbers | weight size tiomass size biomass size biomass
0 0.0010 8551 1231 0.0120 102610 381 0.12%0( 1103054 11031 1214214 15443 24691500 419756 0 0 0 0
1 0.0110 11275 1973 0.0480 49198 264 0.0650 67647 399 128120 11228 1672731 147200 184000 16192 184000 16192
2 0.04680 30252 7139 0.1610 71626 11818 0.0560 24913 3712 126792 22670 428227 111196 577969 102301 S7T7969 102301
3 0.2630 19054 5449 0.2190 15866 3253 0.0170 1232 330 36152 {032 107504 26876 107504 26874 107504 26876
4 0.5010 25477 8739 0.1380 7018 1600 D.0120 610 192 33105 10530 78808 25061 78808 25061 78806 25061
5 0.7640 23009 B928 (0.1050 3192 an 0.0040 120 48 26322 9786 50149 185655 50149 18655 50149 18655
& 0.9350 9351 3899 0.0&90 690 177 0.0720 720 449 10761 4525 18055 8071 18055 8071 18055 8071
7 0.8070 2570 1087 0. 04560 147 61 0.0000 0 0 217 1149 5151 2143 5151 2143 5151 2143
8+ 0.8390 542 23D 0.01M40 9 2 0.0000 0 0 552 232 1046 442 1046 42 1046 442
Total 130081 38676 250356 26167 1198297 19753| 1578734 84595 27253172 759400 1022683 199741 1022683 199741
unit - Thousands| Tonnes - Thousands| Tonnes - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes |Thousands! Tonnes |Thousands| Tonnes
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Table 5.1.7.3 (Cont’d) ' ' |
|

60T

The SAS System 15:52 saturday, October 10, 1998
Year 2000. H Cons F-factor 1.0000 and reference F {.5062
Dis F-factor 1.0000 and reference F 0.1386
1BC f-factor 1.0000 and reference F 0.0560
H Cons Dis 1BC Total 1 January SpaWning time
Absclute| 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 nunbers | weight F nunbers | weight F numbers | weight numbers | weight size biomass size biomess size biomess
0 0.0010 8551 1231 0.0120 102610 3181 0.1290( 1103054 11031 1214214 15443 | 24691500 419756 0 0 0 Q :
1 0.0110 11275 1973 0.0480 49198 5264 0.0660 T84T 3991 128120 11228| 1672733 147201 184001 16192 184001 16192 !
2 0.0880 27491 6488 0.1510 65090 10740 0.0560 22640 3373 115221 20601 570899 101049 525227 929455 525227 92965 :
3 0.24630 53352 15270 0.2190 44459 9114 0.0170 3451 925 101302 25309 3ma3a 75310 301238 75310 301238 75310 ‘
4 0.5010 14869 5100 0.1380 4096 934 0.0120 356 112 19321 4146 45995 14626 45995 14626 45995 14626
5 0.7640 13970 5420 0.1060 1938 492 0.0040 73 9 15982 5942 30448 11327 30448 11327 30448 11327
[ 0.9350 8440 3520 0.0690 623 15¢ 0.0720 650 406 9713 4085 16297 7285 16297 7285 16297 7285
7 0.8070 2392 1012 0.0460 136 57 0.0000 0 0 2529 1069 4794 1994 4794 1994 4794 1994
8+ 0.8390 1122 476 0.0140 19 4 0.0000 0 1) 1140 480 2162 215 2162 915 2162 915
Total 141502 40490 268169 29946 1197872 19866 1607543 90302 | 27336068 779462 1110163 220614 1110163 220614
unit - Thousands| Tonnes - Thousands | Tonnes - Thousands| Tonnes |Thousands| Tonnes [Thousands| Tonnes |Thousends| Tonnes |Thousands| Tonnes
Notes: Run name : SPRPAKO1
Date and time : 100CT98:16:1%9
Computation of ref. F: H Cons: Simple mean, age 2 - &
Dis: Simple mean, age 2 - 6 )
IBC: Simple mean, age 0 - &
Prediction basis : F factors
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Table 5.1.7.4

Year-class

Stock No. {thousands)
of Q year-olds
Source

Status Quo F:
% in 1998 landings
% in 1299

% in 1998 SSB
% in 19929 SSB
% in 2000 SSB

Whiting in IV and VIId
Stock numbers of recruits and their source for recent year classes used inpredictions, and the
relative (%) contributions to human consumption landings and SSB (by weight) of these year classes

1294

1935

1996

1997 1998

1999

22667000 19457000 8786000 24631000 24691000 246910600

XSA

324
231

24.0
9.3
3.3

GM : geometric mean recruitment

a)

XSA

26.7
12.5
5.1

1999 landings

1999

1998

XSA GM GM GM

5.7 4.9 2.8 -

14.1 18.5 5.1 3.2

21.2 10.3 0.0 -

1356 h1.2 2.1 0.0

6.6 34.1 42.1 7.3

Whiting in IV and VIld : Year-class % contribution to
b} 2000 SSB
- o B TTT:
1994 1998 . 1996
. 1997
1995

1998

T-5174.XLS



Table5.1.,7.5 Whiting,North Sea and VIId
Input data for catch forecast and linear sensitivity analysis.

R e R R i e it +
| Populaticns in 1998 | |Stock weights || Nat.Mortality]| Prop.mature|
B e e et et R T R e +--—-+
|Labl | value| CV||Labl|value| CV{|Labl|Value{ <V|jLabl|Value| cCV|
Ll il R il e el Lt e e +----+
INo | 24621489| .12||wso | .o2{ .44||Me | 2.55| .09||MTO | oo| .10]
N1 | 1840701|1.51||wsi | .o3z] .o1|[M1 | .85| .1i|}mMT1 | 11| .1c¢]
jNz |  224198| .1s||wsz | .18{ .o4|[M2 | .45| .z26||MTZ | .92] .10|
jnz | 184199| .03} |wWs3 | 25} .o3||M3 | .35| .14||MT3 | 1.00| .10
o4 | 1239800| .07[|wsa | 321 .os||M4 | .30| .14||MT4 | 1.00| .00
|N5 | 55595| .o07||wses { .37| .o08||M5 | .25| .14]||MTS | 1.00| .00
N6 | 15399| .o7||wse | .45 .07|[M& | .25| .14||MTé | 1.00| .00
IN7 | 1998]| .1c||ws7 | .a2( .o7||m7? | .20]| .14||MT7 | 1.00| .o00]
|ws | 999| .13||wsa | .,42] .o2||M8 | .20| .14||MTE8 | 1.00| .o00|
Fmmmm b m - Rl b el e i LR S i e e i LR
tommmm e m e mmm - R e i R e St B e i +

| HC selectivity]| HC.catch wt||Dis selectivity||Discrd catch wt|

R Sttt St i L il 25 Rl St L R R e e o e +----+
|Lablivalue| ¢V|i{Labl|{Value| CV||Labl|Value] CV||Labl|Value| cCV|
LT i LR L R R Skl EE RS et Skt 4mm e mmm g mm— - -
jeHo } .00|1l.28||WHo | .i4| .o4]||sDo | .01j1.30]|WDO | 03} .oz
|sH1 | .01| .30f|wH1 | .18| .o2||sD1 | .05) .23]||wD1 | 11| .15]|
|sH2 | .07| .33||wH2 | .24| .07||sD2 | .16]| .15||wD2 | 16| .09]|
|sB3 | .26| .1s||wWH3 | .29| .oS||sD3 | .22] .07||wD3 | 20| .o4|
|eHa | .s0| .12||wH4 | .34| .os|lsDa | .14] .02||wD4 | .23} .o2|
|sE5 | .76| .10||wH5 | .3%| .cs&|jsD5 | .11| .31]||wD5 | 25| .10
|sHe | .9%3| .05||wHe | .42| .ca||sDs | .07| .6a||wDs | 26| .04
|sH7 | .81| .28||wH7 | .42| .c8||sD7 | .05]1.28||wD7 | 42| .41
|eHB | 84| .20||wHs | .a2| .oir|}sD& | .01{1.23]|wD8 | 21| .ss8|
Ll LRt il e Rl o et e el Rt & e i +----+
e FH-mmmmmm e —m - — - +

| Ind selectivity|| Industrial wt|

R R it ot

|Labl{value| <V||Labl{value| cV|

B R e e

|exo | .13] .79||wio | .ol} .48

|s11 | .07 .43||wIy | .06} .18}

|st2 | .08| .77||WwI2 | .15} .06]

|s13 | .02 .40|lWwIz | .27] .14}

|ex4 § .01| .59||wWIa | .31] .28

|ers | .oo| .9&]|(wIs | .40] .25]

|ste | .07| .92||wie | .&2} .B9|

|sI7 | .00} .ao||wI7 | _.ool .oo0]

[sIs8 | .00| .oo0l|wIs | .o} .00]

e e e mm -

B thmmmmm e mmmm - — - B e +

|Year effect M ||HC relative eff||Ind reltive eff|

e e N s B e i +--=--+

|Lakl|value| CV||Lakl|value| CV||Labl|value| cCV|

- -—---- R St o il i L il Snfinillh Sl b il

|kss | 1.00{ .23||HF98] 1.00| .17||IF98| 1.00| .80}
|®se | 1.00| .23||HF%2| 1.00| .17||IF%9| 1.00| .80}
|gx* | 1.00] .23||HF**| 1.00| .17||LIF**| 1.00]| .80}

e B i R +--— -+
R +
|Recruitment |
B e to-—-+
| Labl | Value| cCV|
et S et

|rR9s | 24691500 .12]|
|R** | 248391500| .12}

- mmmmmmmmm +--—- 4
Proportion F before spawning= .00
Proportion M before spawning= .00

Stock numbers in 19%8 are VPA survivors.

Human consumpticn + discard Fs are cbhtained from mean expleoitation pattern over 1395 to 1997.
This is scaled to give a value for mean F {ages 2 to &) equal to that in 1997, i.s. .515
Fs are distributed between consumpbion and discards by mean propeorticon retained over 1995 to 1957 .
N.B. Above wvalue for H cons+Disc ref F is wvalue for both catch categories combined.

Bycatch Fs are obtained from mean exploitation pattern over 1995 to 1997,
This is secaled to give a value for mean F (ages 0 to 4} equal to that in 1997, i.e. .Q037
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Table 5,1.10.1

The SAS System 15:52 Saturday, October 10, 1998
Whiting in the North Sea (Fishing Areas IV and VIId)

Multi fleet yield per recruit: Summary table

H Cons Dis IBC Total 1 January Spawning time
F Reference| Catch in F Reference| Catch in F Reference| Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock( Sp.stock
Factor F weight Factor F weight Factor F weight weight size biomass size biomass size biomass

0.0000 0.0000 0 0.0000 0.0000 a 1.0000 0.0560 1 1 1156 50 93 27 93 27
0.1000| . 0.0506 1 0.1000 0.0139 a 1.0000 0.0560 i 2 1141 (13 78 21 78 21
0.2000 0.1012 1 0.2000 0.0277 0 1.0000 0.0560 1 3 1133 41 70 18 70 18
Q.3000 0.1519 2 0.3000 0.0414 1 1.0000 0.0560 1 3 1127 38 64 16 &4 1é
0.4000 0.2025 2 0.4000 0.0554 1 1.0000 0.05560 1 3 1123 37 &0 14 60 14
0.5000 0.2531 2 D.S000 0.05693 1 1.0000 0.0540 1 4 119 36 57 13 57 13
0.4000 0.3037 2 0.6000 0.0832 1 1.0000 0.0560 1 4 117 35 54 12 54 12
0.7000 0.3543 2 0.700D 0.0970 1 1.0000 0.0550 1 4 1115 34 52 1" 52 1"
0.8000 0.4050 2 0.8000 0.1109 1 1.0000 0.0560 1 [A 1113 33 50 11 50 1"
0.5000 0.4556 2 0.9000 0.1247 1 1.0000 0.0560 1 [ 1111 33 49 10 49 10
1.0000 0.5062 2 1.0000 0.1384 1 1.0000 0.0560 1 4 1109 32 47 10 &7 10
1.1000 0.5568 2 1.1000 0.1525 1 1.0000 0.0560 1 4 1108 32 (4.1 g 46 9
1.2000 0.6074 2 1.2000 0.1663 1 1.0000 0.0560 1 4 1107 32 45 9 45 9
1.3000 0.6581 2 1.3000 0.1802 1 1.0000 0.0560 1 [ 1106 L3 44 9 &4 9
1.4000 0.7087 2 1.4000 0.1940 2 1.0000 D.0560 1 4 1104 31 43 B 43 8
1.5000 0.7593 2 1.5000 0.2079 2 1.0000 0.0560 1 [ 1103 3 42 8 42 a
1.6000 0.8099 2 1.6000 0.2218 2 1.0000 0.0560 1 4 1103 30 41 8 41 8
1.7000 0.8505 2 1.7000 0.2356 2 1.0000 0.0550 1 4 1102 30 40 8 40 8
1.8000 0.%112 2 1.8000 0.2495 2 1.0000 0.0560 1 4 1101 30 9 7 39 7
1.%000 0.9618 2 1.9000 0.2633 2 1.0000 0.05560 1 (A 1100 30 39 7 39 7
2.0000 1.0124 2 2.0000 0.2772 2 1.0000 0.0560 1 5 1099 30 38 7 38 7

- - Tonnes - - Tonhes - - Tonnes Tonnes |Thousands|{ Tonnes [Thousands| Tonnes |Thousands| Tonnes

Notes: Run name : YLDPAKDZ
Date and time : 100CT98:16:41
Computation of ref. F: H Cons: Simple mean, age 2 - &
Dis: Simple mean, age 2 - 6
IBC: Simple mean, age 0 - &
Recruitment : 1000000 (Number)




Table 5.1.12.1  Whiting In IV and VIId Reference points ASSUMING THE TRUNCATED STOCK

estimate

AND RECRUIT DATA SERIES.
Biomasy

WGNSSK

Bis 200,000t
Biim 200,000t
Bea 280,000t
MBAL not defined
SGPAFM

Bis 240,0001
Biin 240,000
Bea, 350,000t
MBAL not defined
Fishing Mortality

Fo 0.33
Flo.c" 15! 042
Fisspr 0.55
Frred .56
Fiea 0.58

F range from the 1977 to date series:

F range from the full historic time series:

SSB range from the 1977 to date series:
SSB range from the full historic time series:

pI'Ob SSB<BPA in 2007

=0.15
<0.50
>0.50
>0.50
>0.50

0.57-1.16
0.53-1356

197kt - 599kt
197kt - 631kt

% above historical
Human consumption F
100%

100%

93%

95%

93%

Ricker stock and recruitment plot was fitted to the truncated data series using RECRUIT EXE
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Table 5.2.1.1 Nominal landings (in tonnes) of WHITING from Division 1lIa as supplied by
the Study Group on Division I1la Demersal Stocks {Anon., 1992b) and updated
by the Working Group.

Year Denmark Norway Sweden Others Total
1975 19,018 37 611 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 49,09 1
1979 16,971 63 1,033 16 18,083
11980 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 1,311 23,505 24,816 48 1,061 8 25,933
1984 1,036 12,102 13,138 51 1,168 60 14,417
1985 357 11,967 12,524 45 654 2 13,225
1986 484 11,979 12,463 64 477 1 13,005
1987 443 15,880 16,323 29 262 43 16,657
1988 391 10,872 11.263 42 435 24 11,764
1989 917 11,662 12,579 29 675 - 13,283
1990 1,016 17,829 18,845 49 456 73 19,423
1991 871 12,463 13,344 356 527 97 14,041
1992 555 10,675 11,230 66 959 1 12,256
1993 261 3,581 3,565 42 756 1 4,041
1994 174 5,391 5391 21 440 1 6,027
1995 85 9,029 o114 24 431 1 9,570
1996 55 2,668 2,723 21 182 - 2,926
1997 38 568 606 18 129 753
'Preliminary.



Figure 5.1.4.1 Whiting in Divisions IV and VIld Residuals from a separable VPA fit

Residuals

Whiting in IV and Viid
separable VPA residuals
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Figure 5.1.4.2 Whiting in Divisions IV and VIId

Effect of 0Ogp model on index vs XSA relationship at age 0

Ln IBTS QI

IBTS Ql vs XSA
0gp InQ proportional to N

H
15
1
05

3 T... S I :
25 ¢ *
; oot
21 * .
.

Q0+ t et d

14 15 16 17
Ln XSA

18

LnIBTS Qi

IBTS QI vs XSA
constant catchability model
3 P -

25} *

15 %
14
05 +

-~

13
N o
4 .

:

*

i

0 " : . ;

14 15 16 17
Ln XSA

Ln FraGfs 7d

FraGfs 7d vs X5A
Ogp InQ proportional to N

75 ¢ ¢

74

65 i .
6

55

A

5 .
45

4+

14 15 16 17
Ln XSA

Ln FraGfs 7d

FraGfs 7d vs XSA
constant catchability model

7

6
55
5

8 .....,........_,._..‘..................................‘............‘.2
75 1 ¢
! o
65+ .
N

.

4.5 4

14 15 16 17
Ln XSA

Ln EngGfs QIV

EngGfs QIV vs XSA

25 +

2} '

[ ]
15 | i

Ggp InQ proportional to N

14 15 16 17
Ln XSA

LnEngGfs QIV

EngGfs QIV vs XSA
constant catchability model

2

15

1

0.5

0

5 S
N
i d
i
1 H

*
i !
i |
i i
1 i
i
H i

14 15 16 17
Ln XSA




Figure 5.1.4.3 Whiting in Divisions [V and VIId. XSA log catchability residuals.
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Figure 5.1.4.3 (Cont’d)
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Figure 5.1.4.3 (Cont'd)
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Figure 5.1.4.4a
Whiting in IV and Viid
Log VPA vs. log Index
ScoSei

Year range : 1988-1997
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Figure 5.1.44 b
Whiting in IV and Viid
Log VPA vs. log Index

ScolLtr

Year range : 1988-1997
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Figure 5144 ¢
Whiting in IV and Viid
Log VPA vs. log Index
FraTro IV

Year range : 1988-1997
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Figure 51.4.4d

Whiting in IV and Vild
Log VPA vs. log Index
FraTrb IV
Year range : 1988-1997
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Figure 5.1.4.4.e
Whiting in IV and Viid
Log VPA vs. log Index
ScoGFS

Year range : 1988-1997
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Figure 5.1.4.4 f
Whiting in IV and Viid
Log VPA vs. log Index
EngGFS

Year range : 1988-1997
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Figure 5.1.4.4 g
Whiting in IV and Viid
Log VPA vs. log Index
IBTS Qi

Year range : 1988-1997
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Figure 5.1.4.4 h
Whiting in IV and Vlid
Log VPA vs. log Index
IBTS Qil

Year range : 1988-1997
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Figure 51.4.4. i
Whiting in IV and Vlid
Log VPA vs. log Index
IBTS QIV

Year range : 1988-1997
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Figure 5.1.4.4j
Whiting in IV and Viid
Log VPA vs. log Index
FraGFS Viid

Year range : 1988-1997
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Figure 5.1.4.5 Whiting in Divisions IV and VIid

Tuning fleet scaled weights at age
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Figure 5.1.4.7 Whiting in IV and VIId. Retospective analysis {"moving window")

Recruitment Age 0

120000000 1

100000000

80000000 -

Recruits
%

40000000 -
: 20000000 4
i 0 4 Il L + 1 + i
wn © P~ o} .} o - 4 0 by w © [ !
] m 8 =] o] 7] [v)] [vi] & (o] D [*1) Le)] '
g 2 2 2 2 2 2 @2 ¢ & 2 @2 o
Year
Spawning Biomass
TGO vt s i e P60 6 0655 5 0 A 5 05 152 A5 2055 e

o !
o\ !
bl |
100000 + ’
!
50000 1 ’
0 ! i ! +
o !
Te] s = @ @ o = o ) -+ ) © e l
] 8 [==] © (%] [s)] (2] oy [o] & o O i
o =] [v)) [+ (o] (9] (s3] oy (o)) (] (o] &
- = - = - - = = - - - - - {
I
Year ;
i
f Mean F
.
: { D oot ettt e R RS R RS 83 8555 A58 5 A5RS8O P 0,
i
I
i
G?
™
[T
02+
o] - ; :
[Fp] (i) P~ o [+)] — (=] [y ] = w D P~
) D [0 a [ 8
3 b 3 3 3 3 3 3 3 3 & 8 3
- - - - - = - i = - - = e
Year

231



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 |V and Viid

Pairwise comparisons of indices and XSA numbers for age
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Figure 5151 b

Whiting in Divisions IV and VlId

'Pairwise comparisons of indices and XSA numbers for age 1
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Figure 5.1.5.1 ¢

Whiting in Divisions IV and Viid
'Pairwise comparisons of indices and XSA numbers for age 1
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Figure 5.1.5.1d

Whiting in Divisions IV and VIId

'Pairwise comparisons of indices and XSA numbers for age 3
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Figure 5.1.6.1 Whiting in Divisions IV and VIId.
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Figure 3.1.7.1

Figure Whiting,North Sea and VIId. Sensitivity analysis of short term forecast.
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Figure 5.1.7.2

Probability F{1999)>Fsq

Probability SSB(2000)<X

Whiting North Sea and VIId. Probability profiles for short term forecast.
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Figure 5.1.8.1 Whiting in Divisions 1V and Vild
Medium term stock projection at status quo, showing 5, 13, 20, 50 and 95 percentiles
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Figure 5.1.9.1

; North Sec and V Whiting: Stock and Recruitment
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Figure 5.1.9.2

North Sea and V Whiting: Stock and Recruitment
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Figure 5.1.10.1

North Sea and V Whiting: Yield per Recruit
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Figure 5,1.10.2
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Figure 5.1.12.1

Whiting IV and VIId (Fpa is SGPAFM value not WGNSSK)
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Figure 5.1,12,2

Whiting IV and VIId (Fpa is SGPAFM value not WGNSSK)
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