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2 TERMS OF REFERENCE

The terms of reference for +his Working Group are given in
C.Res.1988/2:4:12.

"The North Sea Roundfish Working Group will be renamed the Round-
fish Working Group (Chairman Mr D.W.Armstrong) and will meet in
Aberdeen from 12-24 October 1989 to:

a) evaluate further the validity of the present stock unit defi-
nitions for assessment and management purposes, particularly
for cod and whiting in Sub-area VII;

b) assess the state of and provide catch options for 1990 within
safe biological limits for the stocks of cod, haddock, whiting
and saithe in Sub-areas IV and VI (Including Division IIIa for
saithe); cod, haddock and whiting in Divisions VIId,e and
Divisions VIIb,c,h-k (including Division VIIg for haddock) ;
and saithe in Sub-area VII; for the stocks in Sub-area IV, the
assessments should be made on the basis of the following
assumptions:

i) there is no change in the existing minimum mesh
regulations from 1989 to 1990;

ii) a minimum mesh size of 120mm will apply to "fishing for
cod" in 1990; in order to make realistic assumptions
concerning the definition of "fishing for cod", a range of
scenarios should be examined in which the proportion of
the total catch of cod +taken in +the other fisheries
remains in the range 30-50%;

c) consider the results of the June 1988 and 1989 meetings of the
Multispecies Assessment Working Group, particularly the latter
when examining the effects of a minimum mesh size when
"fishing for cod";



d) advise on appropriate strategies for for minimizing the po-
tential for exceeding the TACs on individual North Sea round-
fish stocks while maximising the overall yield from these
stocks;

e) provide quarterly catch-at-age and catch and stock mean
weight~at-age data and information on the relative distri-
bution at different ages by quarter for cod, haddock, whiting,
and saithe in the North Sea for 1988 as input for the
multispecies VPA;

f) assess the effects of the cod box in the German Bight.

3 DATA BASE REVISIONS AND PROBLEMS

Preliminary data were prepared for 1988 and fevisions were made
to the data for 1987.

Norway provided revised data on saithe in the North Sea for the
period 1980-1986. France provided revised data for cod, haddock,
whiting, and saithe for the North Sea for the period 1976-1988
and for cod and whiting in Division VIId for the period 1976~
1986.

Problems remain, as described in previous reports, in obtaining
sufficiently detailed and accurate landings statistics for the
Netherlands.

For some nations, it is currently the case that collection of ac-
curate data on landings and age compositions is difficult because
of evasion of regulations when fleets have exhausted their
quotas. It also appears likely that other nations will soon en-
counter this problem.

4 STOCK UNIT DEFINITIONS
4.1 General

The question of the validity of the present stock unit defi-
nitions used for assessment and management purpcses has been con-
sidered on previous occasions by the Working Group. The relation-
ship between stocks in the North Sea and the West of Scotland was
examined in 1986. For haddock, there is clear evidence that there
is a distinct unit stock at Rockall (Division VIb) and we repeat
our previous recommendation that this should be a separate man-
agement unit. Although there is some interchange between Div-
isions IVa and VIa, its magnitude is uncertain and and until more
data become available it is considered inappropriate to combine
the assessments for these two areas.

4.2 Cod _and Whiting in Sub-area VII

Currently there are two management areas for Sub-area VII: Div-
ision VIIa (Irish Sea) and Divisions VIIb-k. Analytical assess-
ments are made for cod and whiting in Divisions VIIa and Divi-
sions VIIf,g by the Irish Sea and Bristol Channel Working Group



and for cod and whiting in Divisions VIId,e by the Roundfish
Working Group.

Little is known of the relationships between whiting in the vari-
ous Divisions of Sub-area VII but we are not aware of any major
problems associated with the present management areas.

As regards cod, there have been major management problems relat-
ing to landings from Divisions VIId,e in recent years. A working
paper on the relationships between cod in Divisions VIId,e and
adjacent areas was submitted to the Group. This summarized
tagging data from 1964 and also investigated CPUE correlations
between rectangles for 40-59ft English trawlers over the period
1972-1985.

There have been no tagging experiments for cod in Divisions VIIe
or VIIf,g. There have been several releases in Division VIId and
in the southern half of Sub-area IV and results from these are
summarized in Table 4.1, A significant proportion of cod released
in Division VIId were recaptured in the North Sea (27%) but there
was little movement westward to Division VIIe (4%). Cod released
in the southern North Sea were mostly recaptured there (96%),
with a small proportion (3%) recaptured in Division VIId.

The analysis of CPUE corelations shows that catch rates in
Division VIId rectangles were most higly correlated with catch
rates in Division IVc rectangles. For Division VIIe, the highest
correlations were with rectangles in Divisions VIIe and VIIE.

The evidence suggests that cod in the eastern Channel (Division
VIId) have strong links with those in the southern North Sea and
that there is little interchange with the western Channel (Divi-
sion VIIe).

There is little information relating to cod in Division VIIe, al-
though sampling for age distribution has been instituted by UK
(England) in 1989 and a tagging experiment is planned. However,
there is some indication from the CPUE analysis referred to above
that cod in Division VIIe may have links with cod in Divisions
VIIf,g. If s0 it may be appropriate for cod in VIIe to be
assessed by the Irish Sea and Bristol Channel Working Group since
they already assess cod in Divisions VIIf,gq.

5 Co 10 ECENT MULTISPECIES WORKING GROUP REPORTS

5.1 Natural Mortality Rates

The Working Group noted the consistency between the most recent
multispecies VPA estimates of mean natural mortality rate at age
(Anon., 1989%a) and those used in recent years for single species
assessments (Anon., 1988). No change was made to the assumed
values of natural mortality rates used at this meeting.

5.2 Long-Term Predictions

For cod, haddock, whiting, and saithe in the North Sea, long-term
predictions of yield and biomass assuming unchanged effort, con-
stant <recruitment and unchanged exploitation pattern are essen-
tially similar whether derived from single species or multi-



species forecasts (Anon., 1989a). Assuming that 68% of the inter-
national human consumption roundfish fleet adopts a 120 mm mesh
size then the conclusions drawn from multispecies and single
species long-term forecasts diverge considerably (Anon., 1989%a).
Under multispecies assumptions, the gains suggested by single
species assessments are much reduced or, in several cases, re-
versed.

In addition, the effects of selectively increasing fishing mor-
tality rate on predators (notably whiting) have also been simu-
lated in the multispecies context. Results of these procedures
were brought to the attention of the Working Group (Anon.,
1989a, ; Gislason, 1989). These simulations suggest that a
reduction in the biomass of major predator(s) results in long-
term gains in the biomass and hence yield of many of the other
species included in the simulations.

The results of long-term multispecies forecasts and their impli-
cations are thus radically different to those of long-term single
species forecasts when the effects of large changes 1in, for
example, mesh size, are estimated. This Working Group has long
held doubts over the validity of long-term single species fore-
casts because they ignore biological interaction, technical
interaction, and other factors such as spatial heterogeneity of
the exploited stocks. However, doubts still remain over the
specification of the multispecies model in which only biological
interaction is addressed.

The EC Scientific and Technical Committee on Fisheries is cur-
rently assembling fleet and area disaggregated data specifically
to examine the effects of spatial heterogeneity and technical
interactions. Such a data base is thought prerequisite to the
ability to predict the effects of technical measures, even in the
short term. For example, when considering the effects of an in-
creased mesh size "when fishing for cod", the multispecies data
base does not allow any account to be taken of the different pro-
portions of the different fleets which will adopt the increased
mesh size or for their spatial effects. This Working Group can
account for the former (see Section 9) but spatial effects are
ignored. The ability even to define"fishing for cod" is severely
limited by the lack of an adequate data base.

Technical interactions also impinge on experimental manipulations
of the multispecies system. Whilst it is entirely appropriate for
the Multispecies Assessment Working Group to investigate the be-
haviour of the multispecies model by selectively increasing fish-
ing mortality rates on individual predator species and assem-
blages, attention must be drawn to the improbability of achieving
such changes without adversely influencing fishing mortality
rates on other species.

The conflicting results of single species and multispecies fore-
casts present a warning that added realism in prediction may well
require a reassessment of long-term strategic decisions. There-
fore, it 1is highly desirable that the assumptions under which
long-term forecasts are made, and doubts about them, are clearly
expressed. Furthermore, until an adequate data base is assembled
and account taken of additional features such as spatial hetero-
geneity and technical interactions then any long-term forecast
must be viewed with caution. Even then, doubts will continue to



surround the validity of the fundamental assumptions of the re-
cruitment models under which long-term forecasts are made.

6 MINIMIZING THE POTENTIAL FOR EXCEEDING TACs WHILE MAXIMIZING
OVERALL YIELD

Little progress was made on this topic largely because the type
of information required to address the problem was not available.
The Group acknowledged the desirability of obtaining internally
consistent TACs for the North Sea roundfish stocks but felt that
considerable progress in a number of areas is required before
this can be achieved. Particular requirements include a compre-
hensively disaggregated data base, information on spatial dyna-
mics of fish species and fleets including technical interactions,
information on the changes in F-at-age vectors (by species and
fleet) likely to accompany a change in the F-at-age vector for
any specified species and fleets(s). A model to incorporate all
of this information is also required.

A preliminary investigation of the problem was made using the
catch forecast program MSFP of B. Mesnil. In the investigation it
was assumed that the stocks are completely mixed (i.e., that all
species are available at all times to all vessels) and that there
is only one fleet. Neither of these assumptions is realistic.

Using the same inputs as for the single species short-term pre-
dictions (Sections 12, 16, 20 and 24), catch predictions for 1989
and 1990 were generated for two scenarios:

a) the status guo situation with fishing effort maintained at the
1988 level throughout 1989 and 1990.

b) reduction in effort in 1989 to 90% of the 1988 level followed
by further reduction in 1990 to 80% of the 1988 level. This
scenario approximates to the recent intentions of ACFM for cod
and haddock with associated effects on whiting. In this
realisation, however, the reductions in fishing mortality were
also applied to saithe.

Predicted catches and associated total and spawning biomasses for
the two scenarios are presented in Table 6.1. For each species,
catch is broken down into human consumption landings, discards
and industrial by-catch. For scenario (a) the results are, not
unexpectedly, very similar to single species gstatus guo fore-
casts. Under scenario (b), landings of all four species are lower
in 1989 and 1990 than they are in scenario (a). Again, this is
not unexpected. Indeed, similar results could be obtained by
running a series of appropriately specified single-species short-—
term forecasts.

The MSFP program can accommodate different multipliers on the F-
at-age arrays for the different species. However, the program re-
quires that the user specifies the different multipliers. The
Group is at present not able to make this specification and a
considerable amount of analysis will be required before it is



able to do so. It was, therefore, felt that any attempt to carry
out further simulations at this meeting would produce arbitrary
results.

Attention was drawn to the MSF BOX program (an extension of the
MSFP program) currently being used by the EC Scientific and Tech-
nical Committee on Fisheries in conjunction with an appropriately
disaggregated data base. The Group felt that this type of devel-
opment 1is prerequisite to answering the type of problem referred
to in this Section.

7 QUARTERLY DATA

Quarterly catch-at-age and catch and stock mean weight-at-age
data for 1988 are required by the Multispecies Assessment Working
Group as input to the MSVPA program. Provisional data for 1988
have already been made available to the Multispecies Group for
its meeting of June 1989. Data for 1990 will be prepared when
they become available.

Several countries have revised their gquarterly data and these re-—
visions have not been included in the multispecies data set. It
is recommended that all nations provide a complete set of +their
quarterly data on age composition and mean weight at age from
1974 (even if unrevised) to the Chairman of this Working Group.
The data should be supplied on floppy disc in a format to be
defined in a letter to be circulated by the Chairman. In addi-
tion, it is recommended that ICES should provide paper-tabulated
data on the landings by quarter of each nation fishing in the
North Sea for the period 1974-1988. The latter request is made
because it is difficult to find quarterly landings data for those
nations which do not supply age compositions. At present,
quarterly data are "invented" for these nations by apportioning
their annual totals according to data submitted in conjunction
with age compositions.

A request for information on the relative distribution of round-
fish stocks by age group and by quarter for 1988 has also been
made - again as input to the Multispecies Working Group. During
the meeting of the Study Group on the Feasability of an Atlas of
North Sea Fishes (Anon., 1989b), an attempt was made +to combine
data for 1- and 2-group cod from 3 different surveys in the third
quarter of 1987. The results were very promising. In addition, it
is noted that the newly-established International North Sea,
Skagerrak and Kattegat Bottom Trawl Survey Working Group- will
consider this matter in more detail. It is, therefore, the opi-
nion of this Group that information on relative distribution by
age and by quarter would most easily be obtained via correspon-
dence between the Chairman of the Multispecies Assessment Working
Group and the Chairman of the Working Group on Trawl Surveys.

8 THE EFFECTS OF THE COD BOX IN THE GERMAN BIGHT

The cod box was introduced in 1986 to reduce fishing mortality on
the strong 1985 year class, and although subseguent year classes
have been weak, the box was retained. The recommendation from
ACFM was for a mesh size of 120 mm within the box, since this is



the smallest mesh size which would afford a significant increase
in selectivity for 1-year-old cod. However, the regulation
adopted included reference to a minimum mesh size of 100mm which
is unlikely to have had much effect. A positive effect of a tech-
nical measure such as the cod box would be expected to show up in
the VPA as a reduction in fishing mortality rate on 1-year-olds
and as an increased local abundance of this age group. No such
effects can be detected in the VPA or from survey data. However,
the relevant values of fishing mortality rate are as yet uncon-
verged in the VPA. It should be stressed that tagging studies
(Anon., 1971) indicate that any beneficial effects of the cod box
would be confined to a radius of around 100 miles, the normal
limit of cod migrations,

As noted in last year's report, measures like the cod box as rec-
ommended are likely to have a positive effect on the 1level of
spawning biomass. However, the Roundfish Working Group does not
have the data required to quantify this effect. Such data are
currently being assembled by an ad hoc working group of the EC
Scientific and Technical Committee for Fisheries and that Group
should be able to evaluate the effects of the cod box and other
technical measures in due course.

9 FISHING FOR COD WITH 120 mm MESH

The Roundfish Working Group was requested to consider +the June
1989 report of the Multipecies Working Group with respect to a
mesh change to 120 mm in the demersal fisheries "when fishing for
cod". In addition, the Roundfish Working Group was requested to
make single-species assessments under the assumption that a mini-
mum mesh size of 120 mm will apply to "fishing for cod" in 1990
and, within this assumption, to constrain the assessments so that
the proportion of cod in the total catch taken by those fleets
not using the 120 mm mesh was in the range 30-50%.

In its meeting of 1989, the Multispecies Working Group simulated
the effects of the required mesh change both including and ex-
cluding multispecies effects. The Multispecies Working Group
implicitly assumed that at present there is only one fleet fish-
ing in the North Sea and that this fleet uses a towed demersal
fishing gear for which mesh changes would affect the selectivity.
It was further assumed that the proportion of the fleet which
would adopt 120 mm mesh can be estimated as the proportion of the
total catch of cod, haddock, whiting, saithe, and plaice repre-
sented by cod + saithe + plaice. On this basis, it was estimated
that 68% of the present fleet would choose to adopt the 120 mm
mesh. The current fleet generates F-at-age vectors on each of the
species incorporated in the multispecies assessment data base.
These vectors can, therefore, be split into two vectors one of
which (32% of the current Fs) will not be changed as a result of
increasing mesh size. The other vector (68% of the current Fs)
will be changed. The change in this F-at-age vector was simulated
by methods previously adopted by the Roundfish Working Group
using estimates of selectivity parameters presented in the Multi-
species Working Group Report. The original "single" fleet was,
therefore, split into two fleets, one "fishing for cod" and
exhibiting selectivity associated with using 120 mm mesh, the
other "not fishing for cod" and maintaining its current selec-
tivity.



Short- and long-term predictions of the catches and associated
stock biomasses were made by the Multispecies Working Group, both
including and excluding species interactions. If interactions are
excluded, the Multispecies Group estimated for the 9 stocks in-
cluded in the simulation overall long-term gains of 4.5% in the
landings and 16.3% gains in spawning biomass. When interactions
were included, there were losses of 6.9% in the landings and of
1.4% in spawning biomass. These overall losses in spawning bio-
mass are, however, comprised of gains for roundfish stocks and
losses for other stocks. These increases for +the roundfish are
only 20-25% of those indicated in the absence of biological
interaction. In the short-term predictions, the Multispecies
Working Group found only small differences between simulations
including and excluding biological interaction.

This Working Group decided to approach the problem by basing its
(single-species) simulations on a more realistic fleet disaggre-
gation than was achievable by the Multispecies Group. A 4-
species, 13-fleet prediction program using the disaggregated data
available to the Roundfish Group was developed during the meeting
for this purpose. The species incorporated were cod, haddock,
whiting, and saithe. The fleets comprised 7 "national" fleets, 5
Scottish fleets and 1 residual fleet. Most of the national fleets
actually consist of several fleets using sometimes very different
fishing methods, some of which (e.g., gill netters) would not be
affected by changes in mesh size. Unfortunately, the data avail-
able to the Group did not permit these fleets to be specified
and, therefore, it was assumed that the national fleets all use
towed demersal gears whose selectivity can be affected by changes
in mesh size.

In parallel with the methods of the Multispecies Working Group, a
vector of F-at-age was estimated for each fleet with respect to
human consumption landings, discards, and industrial by-catch.
The proportion of each fleet which would adopt the 120 mm mesh
was estimated by evaluating for each fleet the proportion of the
total catch of cod, haddock, whiting, saithe, and plaice
represented by cod + saithe + plaice. However, this estimate was
not applied to the Dutch, Norwegian, and French fleets where it
was thought that a lower proportion than estimated would actually
change. Furthermore, it was assumed that none of the Scottish
Nephrops trawlers would adopt mesh sizes higher +than the 70 nm
currently required by regulations. Each fleet's F-at-age vector
was split into the proportion not fishing for cod and the pro-
portion fishing for cod. The latter vector was modified in
accordance with the estimated effect of the mesh change. Selec-
tivity parameters for saithe were assumed to be the same as those
for cod. No change was made to vectors of F for industrial by-
catch. The simulations incorporated ages O0-11 and did not
accommodate a plus-group.

The estimated proportions of each fleet changing to the 120 mm
mesh are shown in Table 9.1 where it can be seen that the propor-
tions are very variable. The mesh sizes currently in use in each
of the fleets together with values of I and L25 for the current
mesh and for 120 mm mesh are shown in ngle 9.27



Estimates of percentage changes in total catch, human consumption
landings, discards, and industrial by-catch, following the adop-
tion of 120 mm mesh when fishing for cod, are presented in Tables
9.3-9.6, respectively.

The Group was unable to accommodate the request to constrain the
cod catches of the "non cod" fleet to within certain limits. The
main reason for this is that on the basis of the data available
the various fleets specified in this work exhibit very differnt
exploitation patterns. This makes it nearly impossible to predict
a priori the effects on each fleet of the proposed technical
measure. The only way in which the Group could attempt to accom-
modate the request is by trial-and-error, incorporating ever more
arbitrary estimates of the proportion of each fleet which would
adopt the higher mesh size. Table 9.7 gives values of the propor-
tion of the total catch (human consumption + discards + indus-
trial by-catch) of cod, haddock, whiting, and saithe represented
by cod for the fleet retaining current mesh size. The proportion
varies considerably between fleets. In addition, the proportion
changes from year to year. In this simulation, the year-to-year
changes are not great because constant future recruitment is as-
sumed. In reality, with highly varying recruitment, the year-to-
year changes would be greater.

Problems also arise here in that the term of reference requests
estimates of the proportion of cod in the catch. The catch could
be interpreted as meaning the total catch of all species (in
which case there is almost no hope of carrying out a simulation)
or the total catch of all major demersal species (in which case
it should not be forgotten that data are not available to this
Group to allow estimation of the catches of plaice and sole).

Recent Scottish investigations (Armstrong et al., 1989) cast
doubt on the specification of the selectivity parameters for non-
Scottish fleets. For the purpose of this meeting, the Roundfish
Working Group used the selectivity data presented in the Multi-
species Working Group report for all except the Scottish fleets.
It is possible that, given changes to nets which may have oc-
curred relatively recently, the selection parameters imputed to
many of the fleets may not be appropriate.

Overall, the results presented here indicate the complexity which
emerges when attempts are made to incorporate technical inter-
actions into assessment of the likely effect of a mesh change. In
this example, the complexity is further increased by the fact
that a mesh change by a proportion of each fleet is being simu-
lated. The estimation of the proportion of each fleet which will,
in fact, change to the higher mesh size is difficult and very
arbitrary criteria have been adopted since no better basis exists
at present. Furthermore, as already indicated, the data available
to the Roundfish Group are not sufficiently disaggregated to
allow separation of those fleets which will definitely not change
their mesh size from those fleets which might do so.

The feeling of the Group was that, although these assessments
attempted to simulate more realistically the technical interac-
tions of the fleets than the assessments carried out by the
Multispecies Group, the results should be viewed with consider-
able caution. Attempts should be made to amalgamate consider-
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ations of technical interaction, biological interaction and as-
sociated effects of spatial and temporal heterogeneity of stocks
and the fleets exploiting them. The best prospect for carrying
out this kind of work in a satisfactory manner lies in the data
base and associated computations currently being prepared or
considered by the EC Scientific and Technical Committee for
Fisheries.

10 ESTIMATES OF RECRUITMENT

10.1 Recruitment Indices

Recruitment indices for the North Sea stocks of cod, haddock, and
whiting (Tables 10.1-10.3) were available from the International
Young Fish Survey (1971-1989), the English Groundfish Survey
(1977-1988), the Scottish Groundfish Survey (1982-1988), and for
cod and whiting from +the Dutch Groundfish Survey (1980-1988).
Preliminary results for cod from the 1989 Dutch Groundfish Survey
will become available during the November meeting of ACFM. Abun--
dance indices of cod taken as by-catch in the shrimp fishery by
the Federal Republic of Germany were available for the years
1968-1989. The index for the 1989 year class is still provi-
sional.

For the stocks of cod, haddock, and whiting in Division VIa, 1-
and 2-group indices are available from Scottish surveys (1982-
1989) (Tables 10.4-10.6).

No research vessel surveys are available for saithe.

10.2 Use of Indices

As last year, RCRTINX2 was used to combine the available research
vessel indices. The options chosen were:

a) Calibration regression;

b) Shrinkage towards the mean;

c) Minimum variance of prediction of 0.2 for any estimate;

d) Minimum of 5 data points in regression;

e) Tricubic weighting.

To estimate recruitment at age 1 and 2 for the North Sea stocks
of cod, haddock, and whiting various recruitment indices were
used in conjunction with VPA estimates obtained by Laurec-
Shepherd tuning. The results of the RCRTINX2 runs were used when
making predictions. Estimated recruitments and associated
diagnostics are shown in Table 10.7.

For the stocks of cod, haddock, and whiting in Division VIa, sev-
eral runs of RCRTINX2 were made using different sets of input
data:

a) Using VPA numbers and CPUE data for ages 1 and 2 for Scottish
light trawlers and seiners;



b) Using VPA numbers and research vessel indices from the North
Sea and from Division Via;

c) Using VPA numbers, Scottish CPUE data as described above and
the results of North Sea VPA.

The results of these runs are presented in Table 10.7. For some
stocks, alternative means of estimating recruitment were adopted.
The final values adopted are given in the respective stock Sec-
tions (13.7, 17.7 and 21.7).

Various attempts were made to estimate recruitment of cod and
whiting in Division VIId using North Sea indices but these at-
tempts were abandoned because of the apparent lack of correlation
between data for the North Sea and VPA estimates of numbers at
age in Division VIId.

11 TUNING METHO

The Laurec-Shepherd tuning method was used to estimate F-at-age
in the last data year and at the highest age for the stocks
indicated in the text-table below. The fleets for which effort
data are available and which were used in the tuning procedure
are also indicated in the text table.

Sub-area IV Division VIa
Country Fleet
Cod Had Whi Sai Cod Had Whi Sai
Scotland GFS + + +
TRL + + + + + + + +
SEI + + + + + + + +
LTR + + + + + + + +
NTR + + + + + + +
England GFS + + +
TRL +
SEI +
France TRB + + + +
TRS + +
ALL + + +
Netherlands GFS + +
Norway LTR +
TRL +
International GFS + + +

Full diagnostic statistics for each stock will be presented to
ACFM on floppy disc.
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12 COD IN SUB-AREA IV
12.1 Catch Trends

Official 1landings data are given in Table 12.1. Trends in
landings from Working Group estimates are given in Table 12.2 and
are graphed in Figure 12.1. Provisional landings in 1988 were
150,000 t compared to a TAC of 160,000 t and were the lowest in
the last 20 years. Landings have declined markedly since 1981.

12.2 Natural Mortality Rate and Maturity at Age

These values are given in Table 12.3. They are unchanged from
those used last year.

+12.3 Age Compositions

The VPA input data for the last 20 years are given in Table 12.4.
They do not include estimates of discards or industrial by-
catches. Data for 1988 were provided by England, Scotland,
Netherlands, Denmark, France, Belgium, and the Federal Republic
of Germany.

12.4 Mean Weights at Age

Total international mean weights at age for the catch are given
in Table 12.5. These were also used as stock. weights at age.

12.5 Commercial Catch/Effort Data and Research Vessel Indices

These data were used to tune the VPA and to provide recruitment
estimates. The fleets used in the tuning are indicated in the
text table in Section 11. The research vessel indices are given
in Table 10.1.

12.6 VYPA_Tuning

Fishing mortality-at-age and numbers-at-age resulting from the
tuning are given in Tables 12.6 and 12.7, respectively.

12.7 Abundance Estimates of the 1986-1989 Year Classes

Methods employed for deriving estimates of recruitment are de-
scribed in Section 10. The results from RCRTINX2, used as input
values for prediction, are given in Table 10.7.

12.7.1 The 1986 year class in 1988

The RCRTINX2 estimate is 102 millions which compares with the
estimate derived from tuning of 95 millions. It was decided to
adopt the RCRTINX2 estimate.

12.7.2 The 1987 year class in 1988

This abundance was estimated by RCRTINX2 to be 193 millions com-
pared to the estimate from tuning of 157 millions. Last vear's
Working Group estimate of this year class was 277 millions but
this was revised by ACFM in May 1989 to 198 millions.
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12.7.3 The 1988 year class in 1989

This was estimated to be 329 millions at age 1. Last year an av-
erage year class value (arithmetic mean) of 412 millions had to
be assumed by the Working Group in the absence of research vessel
data. In the ACFM assessment of May 1989, an estimate of 251
millions was used. The differences are due to additional research
vessel data now available.

12.7.4 The 1989 year class in 1990

The only survey data available at present are the O-group index
from the English Groundfish Survey of 1989. The RCRTINX2 estimate
is 315 millions at age 1. This estimate is very preliminary and,
because of the use of shrinkage in RCRTINX2, is not much differ-
ent from the long-term geometric mean of 351 millions.

12.8 Long-term Trends in Biomass, Fishing Mortality and
Recruitment

Historical trends in mean fishing mortality, biomass and recruit-
ment are shown in Table 12.8 and Figure 12.1. Fishing mortality
peaked in 1982 and appears to have declined somewhat thereafter.
Spawning stock biomass reached another historically low value of
88,000 t in 1988 but appears to have increased to 91,000 t at the
beginning of 1989. No trend in recruitment is apparent. The 1986
and 1987 year classes were below average but the 1988 year class
is about average.

12.9 Catch_and Biomass Predictions

The input data for catch predictions are given in Table 12.9. The
F values for age 1 (0.164) and age 2 (0.918) are the mean for the
period 1984-1988 and replace the tuned values of 0.177 and 0.940
(Table 12.6).

12.9.1 Status quo prediction

The results of a status quo catch prediction are given in Table
12.10. The gtatus guo catch in 1989 is 136,000 t compared to
144,000 t predicted by ACFM last year. The same fishing mortality
in 1990 results in a catch of 143,000 t. Spawning biomass will
fall from 91,000 t 1in 1989 to 83,000 t in 1990, with a further
fall to 80,000 t at the beginning of 1991. Catches and associated
biomasses in 1990 under a range of F values are given in Table
12.10 and Figure 12.2.

12.9.2 Prediction assuming TAC taken in 1989

The results of this catch prediction are given in Table 12.11.
The TAC of 124,000 t for 1989 implies a reduction of F of 12% in
1989 compared to 1988. This will result in no change in spawning
biomass in 1990 (31,000 t). In the prediction made by ACFM in
November last year, this level of catch implied a reduction in F
of 20%. Catches and associated biomasses in 1990 under a range of
F values are given in Table 12.11 and Figure 12.2.
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12.9.3 Catch at age data for 1989

Provisional estimates for the total number landed at each age for
the first six months of 1989 are given in Table 12.12. This shows
an unexpectedly high number of 2-year-old fish. Since these data
are very preliminary and do not include all countries it is dQif-
ficult to assess the significance of the material.

12.10 Yield and Biomass per Recruit
Plots of yield and biomass per recruit are shown in Figure 12.2
12.11 safe Biological Limits

The stock/recruitment scatter diagram is shown in Figure 12.3.
Fmed is 0.72 and Fhigh is 0.92 and the current value of F is O.8.

Spawning biomass at the beginning of 1989 was estimated to be

91,000 t which is among the lowest in the historical series. The
minimum acceptable spawning biomass advised by ACFM is 150,000 t.

13 COD IN DIVISION VIa

13.1 Catch Trends

Official landings data are given in Table 13.1. Trends in lan-
dings are shown in Figure 13.1. Working Group estimates of lan-
dings are given in Table 13.2. Landings in 1988 were 20,456 t
which is an increase of 1,500 t on 1987. The agreed TAC for Sub-
area VI for 1988 was 18,430 t.

13.2 Natural Mortality and Maturity at Age

These values are given in Table 13.3. They are unchanged from
those used last year.

13.3 Age Compositions

The VPA input data are given in Table 13.4. These data do not in-
clude discards or industrial by-catch. Data for 1988 were sup-
plied by Scotland, England, Ireland, and France.

13.4 Mean Weight at Age

Total international mean weights at age for the catch are given
in Table 13.5. These values were also used as stock mean weights
at age.

13.5 Commercial Catch/Effort Data and Research Vessel Indices

These data were used to tune the VPA and to provide recruitment
estimates. The fleets used in the tuning are indicated in the
text table in Section 11. The research vessel indices are given
in Table 10.4.



13.6 VPA Tuning

Fishing mortality rates and numbers at age for the tuned VPA are
presented in Tables 13.6 and 13.7, respectively.

13.7 Abu ce Esti e the 1987-198 ear Classes

The results from the RCRTINX2 method are given in Table 10.7.
Various research vessel indices for both Division VIa and Sub-
area IV, as well as CPUE indices for Scottish light trawlers and
seiners in Division VIa were input. It was decided that the
RCRTINX2 results were unacceptable since the correlations between
the indices and VPA were generally low.

13.7.1 The 1986 year class in 1988

The catches of this year class in 1987, 1988, and the first half
of 1989 all indicate that it is very abundant. In these circum-
stances (lacking a definitive estimate of abundance from RCRTINX2
or other methods) the Methods Working Group suggests selection of
an appropriate quantile of the historical recruitment series. The
upper quartile of the historical VPA series for age 2 1is 8-9
millions but this value is equalled by the catch in 1988. It was,
therefore, decided to set the abundance of this year class to the
highest estimated historical abundance for age 2 (1979 year
class). This results in an estimate of 16 million fish.

13.7.2 The 1987 and later year classes

The value adopted for these year classes was 10 million, the geo-
metric mean recruitment for the period 1969-1988.

13.8 Long-Term Trends in Biomass, Fishing Mortality and
Recruitment

Estimates of biomass, fishing mortality and recruitment are given
in Table 13.8 and plots are shown in Figure 13.1. Spawning bio-
mass has declined from 1981 to reach a historically low level in
1986 of 18,000 t but is estimated +to have increased in the
following two years. Mean fishing mortality shows an upward trend
but has apparently stabilized in the past 5 years. Recruitment in
the past decade has been at a higher 1level than in previous
years.

13.9 Catch and Biomass Predictions

Input data for predictions are given in Table 13.9. Stock numbers
at age 3 and older in 1988 are the tuned values from VPA. The
values for ages 1 and 2 in 1988 are the estimates obtained as de-
scribed in Section 13.7. The tuned F values for ages 1 and 2 in
1988 have been replaced by average Fs for the period 1984-1988.

13.9.1 Status quo catch prediction

The status gquo catch in 1989 is predicted as 20,000 t (Table
13.10), which is close to the TAC for Sub-area VI of 18,430 t.
The status gquo catch in 1990 is predicted to be 17,000 t.
Spawning stock biomass will fall from 27,000 t in 1989 to
23,000 t at the start of 1990, and to 19,000 t at the start of
1991. The latter is close to the lowest recorded value from VPA.
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13.10 Catch at Age Data for 1989

Catch-at-age data for the first quarter of 1989 for Scotland are
given in Table 13.11. The 1986 year class is prominent in the
landings.

13.11 Yield and Biomass per Recruit

Plots of yield and biomass per recruit are shown in Figure 13.2

13.12 safe Biological Limits

The stock-recruit scatter diagram is shown in Figure 13.3. Values
for Fmed(0.68) and Fhigh(1.05) are shown in Tigure 13.2. The
current level of F is close to Fhigh. Spawning biomass is among
the lowest recorded in the historic series.

14 COD IN DIVISION VIb

No age composition data are available for this stock. Landings
are small and are given in Table 14.1.

15 COD _IN SUB-AREA VII
15.1 Cod in Divisions VIId.e

In recent years, an analytical assessment has been attempted for
cod in Divisions VIId,e. In fact, age composition data are avail-
able only for cod in Division VIId and this has been raised to
include landings in Division VIIe. However, recent studies have
suggested that there is little interchange of cod between the two
areas and that there are closer links between Division VIId and
Sub-area IV, and between Division VIIe and Divisions VIIf,g (see
Section 4). It was, therefore, decided to restrict the analytical
assessment to Division VIId and to predict catches in Division
VIIe by the SHOT method.

The Group notes that the assessment of cod in Divisions VIIb-k
has been considered several times during 1989, both by ACFM and
the STCF.

15.2 Cod in Division VIId

15.2.1 Catch trends

Recent nominal landings are given in Table 15.1 which also in-
cludes Working Group estimates. The latter are plotted in Figure

15.1. There have been significant revisions to these estimates.
Landings in 1986-1988 have been well above those for previous

years.

15.2.2 Natural mortality and maturity at age

The values used are shown in Table 15.2
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15.2.3 Age compositions and mean weight at age

The VPA age composition input data are given in Table 15.3, and
the mean weight-at-age data (used as both catch and stock mean
weights) are given in Table 15.4. The data were revised to take
account of revisions in the landings data. Data for 1988 were
provided by France and England.

16.2.4 VPA

No data are available for tuning the VPA and, therefore, a separ-
able VPA was run. Trial values of terminal F and S were input and
final wvalues of F = 1 for age 3 and S = 1 were adopted. The log
catch ratio residuals are given in Table 15.5. They indicate the
high wvariability of the catch at age data. The separably-gener—
ated population numbers at age in 1988 were used to initiate a
conventional VPA and the resulting estimates of F and N at age
are given in Tables 15.6 and 15.7, respectively. The values of
fishing mortality rate in 1985 and 1986 appear to be anomalous.

15.2.5 Estimates of recruitment

There are as yet no recruitment indices for this area; however, a
survey was initiated by France in October 1988. The VPA estimates
for age 1 do not correlate with any of the recruitment indices or
with historical VPA values from the North Sea.

15.2.5.1 The 1987 vear class in 1988

In the absence of other data, the number implied by the use of
mean fishing mortality for the period 1976-1985 (0.126) was ac-
cepted. The value so obtained was 6 millions.

15.2.5.2 The 1988 and later year classes

These were estimated to be 6.6 million fish at age 1, the geo-
metric mean for the period 1976-1988.

15.2.6 Long-term trends in biomass, fishing mortality, and
recruitment

Historical values of biomass, fishing mortality, and recruitment
are given in Table 15.8 and are plotted in Figure 15.1. Total
biomass has apparently increased in recent years as a result of
increased recruitment.

15.2.7 Catch and biomass predictions

Input data for predictions are given in Table 15.9 and the re-
sults are given in Table 15.10 and Figure 15.2. The predicted
status guo catch for 1989 1is 11,000 t followed by 9,000 t in
1990. Spawning biomass is predicted to increase from 4,000 t in
1989 to 5,000 t in 1990 but will fall to 3,000 t at the start of
1991.

15.2.8 Yield and biomass per recruit

Plots of yield and biomass per recruit are shown in Figure 15.2.
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15.2.9 Safe biological limits

The stock/recruit scatter diagram is shown in Figure 15.3. Values
for F N (1.2) and F, . (1.7) are shown in Figure 15.2. The cur-
rent Tegel of F is eg%gﬁated to be 1.33.

15.2.10 Reliability of assessment

It was pointed out last year that the data on which this assess-—
ment is based are less reliable than for most other stocks dealt
with by this Working Group. Although there has been some improve-
ment in the data base, it remains likely that the reliability of
the assessment is lower than for the other stocks.

15.3 Cod_in Division VIIe

15.3.1 catch trends

Nominal landings for recent years together with Working Group
estimates are given in Table 15.11

15.3.2 Catch prediction

There are no age- and few length-composition data for past years.
sampling of landings in England started this year.

It was decided to carry out a SHOT forecast for this area using
recruitment data for Divisions VIIf,g since there is some evi-
dence that cod in these two areas are linked. The results of the
SHOT forecast using Working Group estimates of landings are given
in Table 15.12. Status guo landings are predicted to fall from
1,600 t in 1988 to 1,100 t in 1989, reducing further to 800 t in
1900. These predictions are sensitive to the assumption of con-
stant yield/biomas ratios over the years and to the recruitment
weights adopted.

16 HADDOCK IN SUB-AREA IV
16.1 Catch Trends

Official landings figures are given in Table 16.1. Total inter-
national catches and total international discards as estimated by
the Working Group are given in Table 16.2. Catch trends are
plotted in Figure 16.1. Total human consumption landings in 1988
were 105,000 t which is rather lower than the fairly stable range
of landings (130,000-160,000 t) in the period 1981-1986.
Industrial by-catch remains low at 4,000 t.

The agreed TAC for 1988 was 185,000 t and was largely based on an
overestimate of the abundance of the 1986 year class.

16.2 Natural Mortality and Maturity at Age

These values are given in Table 16.3 and are the same as those
used last year.
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16.3 Age Compositions

Total international catch at age are given in Table 16.4. Age
compositions for human consumption landings were supplied for
1988 by Belgium, France, Federal Republic of Germany, England,
Denmark, and Scotland. Age compositions for discards were sup-
plied by Scotland, and for industrial by-catch by Denmark and
Norway.

16.4 Mean Weights at Age

Total international mean weights at age are given in Table 16.5.
These values are also used as stock mean weights at age.

16.5 Commercial Catch/Effort Data and Research Vessel Indices

These data were used to tune the VPA and to provide recruitment
estimates. The commercial fleet data used to tune the VPA are
indicated in the text table in Section 11. The research vessel
indices are presented in Table 10.2.

16.6 VPA Tuning

The estimates of F-at-age and numbers-at-age resulting from the
tuning are given in Tables 16.6 and 16.7, respectively.

16.7 Abundance Estimates of the Year Classes 1986-1988

Methods for estimating recruitment are described in Section 10.

16.7.1 1986 year class in 1988

The abundance of the 1986 year class at dage 2 was estimated by
RCRTINX2 as 944 million. This value may be compared to the value
of 1,020 million obtained by Laurec-Shepherd tuning. The pre-
dicted abundance of this vear class at age 2 made by last year's
Working Group (April 1988) was 707 million. In the review of the
1989 TAC presented to the ACFM meeting of May 1989, the predicted
abundance of this year class at age 2 was 751 million.

16.7.2 1987 yvear class in 1988

The RCRTINX2 estimate of +the 1987 year class at age 1 is 553
million which compares favorably with the estimate of 576 million
obtained from Laurec-Shepherd tuning. The Roundfish Working Group
of April 1988 estimated this abundance as 825 million. In the
revue of the 1989 TAC of May 1989, this year class was estimated
at 470 million. While these results are somewhat variable they
all indicate that the 1987 year class is one of the least
abundant on record.

16.7.3 1988 vear class in 1989

The RCRTINX2 estimate of this year class at age 1 is 980 million.
In the review document presented to ACFM in May 1989, this year
class was estimated at 1,300 million at age 1. These values may
be compared to the estimate made by ACFM in November 1988 of
1,219 million.
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16.7.4 1989 vear class in 1990

RCRTINX2 allows prediction of the abundance of this year class
using abundance indices at age O in 1989 from the Scottish and
English Groundfish Surveys carried out in August-September. The
estimated abundance is 1,900 million, indicating yet another poor
year class. (The approximately equivalent number at age O in 1989
is 1,900*exp(2.05)=14,870 million.)

16.7.5 Abundance of the 1990 and 1991 yvear classes_at age O

The abundances of these year classes were assumed to be 26,392
million, the geometric mean value for the period 1969 to 1988.

16.8 Long-Term Trends in Biomass, Fishing Mortality, and
Recruitment

Trends in biomass, fishing mortality and recruitment are given in
Table 16.8 and are plotted in Figure 16.1. Human consumption
fishing mortality rate is currently among the highest on record.
Industrial by-catch fishing mortality remains at the low level of
recent years.

As noted above, recent recruitments have been poor. Since 1984,
only the 1986 year class has been of average abundance, all other
year classes being below average. This has resulted in the esti-
mate of total stock size at the start of 1988 (which excludes O-
group haddock) being the lowest on record at 398,000 t. The 1988
spawning biomass is slightly higher than in the period 1978-1980
but is among the lowest on record at 149,000 t. At the start of
1989, total stock size 1is estimated to be 329,000 t, while
spawning stock size is estimated at 137,000 t.

16.9 Catch and Biomass Predictions

Input data for predictions are given in Table 16.9. Values of F
at ages 0, 1 and 2 in 1988 obtained by tuning were replaced by
mean Fs for the period 1984-1988.

16.9.1 Prediction for 1989

The agreed TAC is 68,000 t. If catches for human consumption and
as industrial by-catch do not exceed this value, the human con-
sumption fishing mortality rate will decrease by 50% compared to
that of 1988,

In recent weeks, Scottish fishing vessels have been prohibited
from landing haddock from the North Sea because their gquota of
the North Sea TAC has Leen exhausted. However, landings of other
species are permitted and, therefore, fishing will continue. It
is inevitable that haddock will be caught by this fishery and
these catches will not be recorded in official statistics. 1In
these circumstances it is difficult to forecast the real fishing
mortality rate on haddock in 1989. There is some preliminary evi-
dence that Scottish fishing effort in the North Sea decreased
prior to the prohibition on landings of haddock. It is also like-
ly that the landings prohibition will lead to a further decrease
in fishing effort. The Group decided that the best that can be
done at present is to assume that human consumption fishing mor-
tality on haddock will be reduced by 10% during 1989.
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The prediction presented in Table 16.10 and graphically in Figure
16.2 is contingent on this assumption. In the absence of a prohi-
bition on landings, it is predicted that human consumption lan-
dings in 1989 would be 92,000 t, industrial by-catch would be
3,000 t and discards would be 17,000 t. If landings do not exceed
the TAC of 68,000 t, it is, therefore, expected that discarding
will be increased by 24,000 t. Spawning biomass at the start of
1990 1is expected to be 89,000 t which is well below any previ-
ously recorded level.

16.9.2 Catch predictions for 1990

If human consumption fishing mortality rate in 1990 reverts to
the level of 1988, it is expected that landings will be 64,000 t
(61,000 t human consumption + 3,000 t industrial by-catch) and
24,000 t will be discarded. Spawning biomass at the start of 1991
is expected to decrease further to 76,000 t.

16.10 safe Biological Limits

The stock-recruitment plot is shown in Figure 16.3. In its report
of 1987, the Group suggested that 100,000 t should be the lowest
acceptable level for spawning biomass. It appears that, given the
sequence of poor recruitments in recent years, spawning biomass
is about to fall well below this level. If the assumptions made
about likely changes in fishing mortality in 1989 are correct, it
appears that a reduction in fishing mortality in 1990 to 60% of
the 1988 level is required to leave a spawning biomass in the sea
of 98,000 t at the start of 1991. To achieve this result, land-
ings in 1990 would need to be limited to 46,000 t (43,000 t human
consumption + 3,000 t industrial by-catch).

16.11 Further Comments on the Abundance of the 1986 Year Class

The predictions referred to above depend critically on the esti-
mated abundance of the 1986 year class in 1988 since this is at
present the year class on which the fishery is almost totally
dependent. As indicated in Section 16.7.1, the abundance of this
year class at age 2 estimated at this meeting is about 30%
greater than predictions of this abundance made previously. The
current estimate of abundance depends heavily on IYFS indices at
age 1 and 2 which are more heavily weighted by RCRTINX2 than the
other indices currently available. In the recent past, it has
repeatedly been found (retrospectively) that abundance estimates
of haddock based purely or largely on IYFS indices have been con-
siderable overestimates. This has been the major contributor to
setting TACs for the last 5 years which have been too great for
the fleet to catch.

An alternative estimate of the abundance of the 1986 year class
at age 2 was made using only the Scottish and English Groundfish
Survey data. The abundance estimated in this way is 734 million.
This value is much more in line with previous predictions.

If this value is accepted, the predicted landings in 1989, assum-
ing a 10% reduction in fishing mortality, are 80,000 t. (Alterna-
tively, strict adherence to the TAC of 68,000 t implies a reduc-
tion in fishing mortality to 70% of the 1988 level). The asso-
ciated status guo landings in 1990 are 57,000 t. Spawning biomass



22

in 1988 1is 134,000 t, decreasing to 117,000 t in 1989, 79,000 t
in 1990, and 72,000 t in 1991.

16.12 Working Group Advice on TAC for 1990

Given the uncertainty about probable catches and hence fishing
mortality in 1989, the Group suggests that the TAC for 1990
should be set at a level which, on the basis of the results pre-
sented in Table 16.10, will reduce fishing mortality by 20% com-
pared to 1988. This will result in a TAC for 1990 of 56,000 t
(53,000 t human consumption + 3,000 t industrial by-catch) and a
potential spawning biomass at the start of 1991 of 86,000 t.

The situation should be reviewed early in 1990, when the index of
abundance of the 1989 year class at age 1 will be available from
the IYFS and when catch-at-age data reflecting the actual vyield
in 1989 will also be available.

16.13 Yield and Biomass per Recruit

Plots of yield and biomass per recruit are shown in Figure 16.2.

16.14 Catch at Age Data for 1989

Provisional estimates of the total international age composition
for the first half of 1989 are given in Table 16.11. These data
are very preliminary and were not provided by all nations which
usually contribute to the data set. It is, therefore, difficult
to assess the significance of this material.

17 HADDOCK IN DIVISION VIa

17.1 Catch Trends

Officially reported landings are given in Table 17.1. Total
international catches and total international discards estimated
by the Working Group are given in Table 17.2. Catch trends are
plotted in Figure 17.1. Total human consumption landings in 1988
were 21,000 t compared to 27,000 t in 1987 and 20,000 t in 1986.

There is no TAC explicitly applicable to Division VIa. The TAC
for the whole of Sub-area VI is 35,000 t.

17.2 Natural Mortality and Maturity at Age

These values are given in Table 17.3.

17.3 Age Compositions

Total international catch at age are given in Table 17.4. Age
compositions for human consumption landings for 1988 were sup-
plied by France, England, Ireland, and Scotland. Age compositions
for discards were supplied by Scotland.

17.4 Mean Weights at Age

Total international mean weights at age are given in Table 17.5.
These values were also used as stock weights at age.
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17.5 Commercial Catch/Effort Data and Research Vessel Indices

The commercial catch and effort data used to tune the VPA are
indicated in the text table in Section 11. Abundance indices from
research vessel surveys and from Scottish light trawlers and
seiners used in attempts to estimate recent recruitment are shown
in Table 10.5.

17.6 VPA Tuning

Values of F-at-age and numbers-at-age resulting from tuning are
shown in Tables 17.6 and 17.7, respectively.

17.7 Abundance Estimates of the Year Classes 1986-1988

Methods for estimating recruitment are described in Section 10.
None of the many attempts by the Group to estimate recruitment,
using various combinations of indices as input to RCRTINX2, was
considered satisfactory.

17.7.1 1986 year class in 1988

This abundance was estimated as 150 million from RCRTINX2, using
Scottish CPUE data at ages 1 and 2 for light trawlers and seiners
and North Sea estimates of abundance at age 2 as input. This
value compares reasonably well with that of 135 million obtained
from Laurec-Shepherd +tuning. In last year's report, this value
was predicted as 68 million.

17.7.2 1987, 1988 and 1989 year classes at age 1

No acceptable results were obtained from RCRTINX2 for these year
classes.

There is a historical relationship between recruitment in Div-
ision VIa and that in the North Sea. On +this basis, the Group
felt that it 1is 1legitimate to assume that the year classes of
1987, 1988, and 1989 are all of below-average abundance (this was
also indicated by the RCRTINX2 results even though the latter
were not accepted). The Group decided to assume the lower
quartile value of historical recruitment at age 1 for these year
classes. This value is 40 million.

17.8 Long-Term Trends in Biomass, Fishing Mortality, and
Recruitment

Trends in biomass, fishing mortality, and recruitment are given
in Table 17.8 and are plotted in Figure 17.1. Human consumption
fishing mortality in 1988 is estimated to be less than that in
1987 and to approximate to the average level for the 1last 5
years. Total stock biomass and spawning biomass have been rela-
tively stable in the last 10 years, but the estimates for 1988
are at the lower end of the historical range. In last year's
assessment the 1986 year class was estimated as having average
abundance. This year's assessment indicates that it is of above-
average abundance. All other year classes after that of 1983 are
estimated to be of below-average abundance.
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17.9 Catch and Biomass Predictions

Input data for predictions are given in Table 17.9. Values of F
for 1988 for ages O, 1 and 2 obtained from tuning were replaced
by mean values for the period 1984-1988.

17.9.1 Status quo catch prediction

Table 17.10 and Figure 17.2 give results of predictions assuming
that fishing mortality in 1989 will be the same as that in 1988.
The predicted human consumption landings in 1989 are 23,000 t.
This value is greater than the 18,000 t predicted 1last year,
mainly because of the upward revision of the abundance of the
1986 year class in 1988. Human consumption landings at status gquo
fishing mortality in 1990 are predicted as 17,000 t. The decline
compared to 1989 is due to the expected entry into the fishery of
a succession of poor year classes.

In parallel with this sequence of predicted catches, spawning
biomass is expected to decrease from 57,000 t in 1988 to 41,000 t
at the start of 1990 and to 29,000 t at the start of 1991. The
latter value is equal to the lowest on record.

The arbitrary or unsatisfactory nature of the estimates of abun-
dance of the year classes 1986-1989 should not be forgotten when
considering the catch and biomass predictions.

17.10 Yield and Biomass per Recruit

Plots of yield and biomass per recruit are shown in Figure 17.2.

17.11 safe Biological Limits

The value of F (0.52) is shown in Figure 17.2. The value of
Fhl h is 2.5.  "Spawning biomass is expected to reach the lowest
rét32ded level in the near future but the doubts about estimates
of recent recruitment should not be forgotten in this context.
The stock-recruitment plot is shown in Figure 17.3.

17.12 Catch at Age in the First Quarter of 1989

Scotish catch-at-age data for the first quarter of 1989 are pres-
ented in Table 17.11.

18 HADDOCK IN DIVISION VIb

18.1 Catch Trends

Officially reported landings for recent years are given in Table
18.1. The nominal landings in 1988 were 7,678 t which is very
similar to the 1987 value.

18.2 Age Compositions

Age compositions were available from Ireland, England, and
Scotland. These were used to estimate total international catch
at age given in Table 18.2. The 1984 vyear class dominates the
landings, accounting for over 70% of the landed weight.
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18.3 Mean Weight at Age

Mean weights at age in the catch are given in Table 18.3.

18.4 Abundance Indices

Table 18.4 gives the abundance indices obtained from various sur-
veys since 1967. During August 1988 and 1989, Scotland conducted
surveys at Rockall using the research vessel "Scotia". Only the
surveys since 1985 are in any way consistent in that the gear and
timing of the Surveys were the same, but the vessels were dif-
ferent. In the assessment presented below only the survey data
from 1985 were used.

18.5 Assessment

The assessment methodology is described in Cook (1989) and is an
extension of the methods used in the 1988 Roundfish Working
Group. A linear model has been fitted to the research vessel data
to obtain an index of year-class strength corrected for changes
in survey vessel. The main departure from last year's methodology
is that a constant term has been omitted from the fitted model .
This reduces the variance of the parameter estimates and hence
makes estimation more robust. Results from fitting the model are
presented in Table 18.5. The analysis indicates that the 1986
year class is not as strong as previously thought but that the
1989 year class is strong.

At the 1988 Working Group meeting, the catch-at-age data were
analyzed using the same linear model. This year, the catch-at-age
data were analyzed using a version of separable VPA. This separ-
able model estimates the parameter values by minimizing the sum
of squares of the log catch residuals. The year effects are con-
strained so that the slope of the year effects with time is the
Same as that of the slope of effort data with time. Relative ef-
fort data for Scottish vessels are given in Table 18.6. The slope
of these data with time is O.1803. Results of fitting the model
to the catch-at-age data are given in Table 18.7. The table shows
the fitted values of fishing mortality rate, fitted numbers at
age, and the log catch residuals., The residuals are large and
this inevitably undermines the reliability of the estimated
values.

18.6 Catch Forecast

The parameterization of the catch-at-age data provides a basis
for a short-term forecast since the estimated values can be used
to roll the population forward in much the same way as in a con-
ventional forecast. Estimates of recruitment are also required,
These have been obtained by performing a calibration regression
of the VPA-estimated populations at age 2 on the survey index at
age 0. Table 18.8 gives the input data used, the regression ana-
lysis, and the fitted recruitment values at age 2. The regression
is plotted in Figure 18.1. It should be noted that the recruit-
ment values from VPA at age 2 for the year classes 1979-1982 are
derived from the population vector in 1979 normalised to age 2
assuming status gquo fishing mortality in earlier years. This has
been done to use as many data points as possible to derive the
regression equation.The fitted values have been shrunk towards
the mean. The recruitment values used in the catch predictions
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are those for the year classes 1986-1989.

Table 18.9 gives the estimated spawning stock size and fitted
yield for the years 1985-1988 and the predicted values for 1989-
1991. An approximation to a 95% confidence interval is given for
these estimates. These should not be over-interpreted and simply
serve to illustrate the imprecision of the forecast. It should be
noted that the present forecasts are substantially lower than
those in last year's report. This is primarily due to the re-
evaluation of the abundances of the 1985 and 1986 year classes.
However, the predictions are now much more in line with recent
landings. It is extremely important to interpret the forecasts
cautiously since the forecast is incorporated in the TAC for the
whole of Sub-area VI. A high TAC for Sub-area VI may be very dam-
aging to haddock in Division VIa if the TAC is dominated by the
Rockall forecast as it was for 1989.

19 HADDOCK IN SUB-AREA VII

Nominal landings in Divisions VIId,e are shown in Table 19.1,
landings in Divisions VIIb,c are shown in Table 19.2 and landings
in Divisions VIIg-k are shown in Table 19.3.

20 WHITING IN SUB-AREA IV

20.1 Catch Trends

Total nominal landings and total international catches as esti-
mated by the Working Group are given in Tables 20.1 and 20.2,
respectively. Total international catches in 1988 amounted to
128,000 £, of which 51,000 t were human consumption landings and
49,000 t were industrial by-catch. The industrial by-catch was
the highest since 1981. However, total estimated landings were
well below the predicted landings for 1988 of 152,000 t given in
last vyear's report and also below the TAC of 120,000 t. Catch
trends for the last 20 years are shown in Figure 20.1. The de~
cline of catches and landings in the late 1970s and early 1980s
appears to have stopped.

20.2 Natural Mortality a Maturity at Age

Natural mortality rate and proportion mature at age are shown in
Table 20.3.

20.3 Age Compositions

Age composition data on human consumption landings were provided
by Scotland, Netherlands, England, Belgium, and France. Scotland
provided data on discard age compositions. Denmark and Norway
provided data on age compositions of industrial by-catch. Total
international catch-at-age data are given in Table 20.4.

20.4 Mean Weight at Age

Total international mean weight-at-age data for the catch (also
used as stock mean weight at age) are given in Table 20.5.
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20.5 Commercial Catch/Effort Data and Research Vessel Indices

Commercial fleet catch and effort data used to tune the VPA are

indicated in the text table in Section 11. Research vessel in-
dices are shown in Table 10.3.
20.6 VPA Tuning

Total international fishing mortality rates and stock numbers at
age resulting from the VPa tuning are presented in Tables 20.6
and 20.7, respectively.

20.7 Abundance Estimates of the Year Classes 1986-1989

20.7.1 The 1986 year class in 1988

This was estimated by RCRTINX2 to be 962 million compared to a
tuned VPA of 1,000 million. Last year's Working Group predicted
this abundance as 1,667 million.

20.7.2 The 1987 vear class in 1988

RCRTINX2 estimated this year class as 3,044 million compared to
the tuned VPA value of 2,022 million. Last vear's Working Group
predicted this abundance as 3,504 million.

20.7.3 The 1988 vear class in 1989

RCRTINX2 estimated this year class as 5,503 million. Natural
mortality rate at age 0 is 2.55, and hence the corresponding
approximate number at age O in 1988 is 5503 x exp(2.55) = 70,480
million. Last year's Working Group estimated this number as the
the historical arithmetic mean of 4,759 million.

20.7.4 The 1989 year class in 1990

RCRTINX2 estimated +this year class using O-group indices from
English and Scottish surveys in 1989 as 3,225 million at age 1 in
1989, corresponding approximately to 41,000 million at age 0 in
1988.

20.7.5 The 1990 and 1991 vear classes at age O

The abundance of these year classes was set at 43,305 million,
the geometric mean value for the period 1969-1988,

20.8 Long-Term Trends in Biomass, Fishing Mortality, and

Recruitment

These values are given in Table 20.8 and are plotted in Figure
20.1. Mean fishing mortality has decreased and is curently at the
lowest value (0.81) since 1983. Industrial by-catch fishing mor-
tality has increased considerably in 1988 to 0.17, the highest
value since 1981. Spawning stock biomass has decreased slightly
and remains below the average of 378,000 t for the period 1969-
1988. The 1988 year class is estimated to have been very
abundant, being the third largest since 1969.
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20.9 Catch and Biomass Predictions

Input data for predictions ‘are given in Table 20.9. The F values
for ages 0-2 have been set to the mean values for the period
1984-1988 and differ from the tuned VPA values.

20.9.1 Status quo prediction

The results of the status guo prediction are given in Table 20.10
and Figure 20.2. The predicted human consumption landings in 1989
are 66,000 t and the industrial by-catch is 72,000 t. The high
prediction of industrial by-catch is due to the expected laxge
numbers of young fish in the sea and to the recent apparent in-
crease in fishing mortality rate by the industrial fishery. In
1990, +the human consumption landings are expected to be 72,000 t
and the industrial by-catch 68,000 t. Spawning stock biomass is
expected to rise to 325,000 t 1n 1989 and to 391,000 t in 1990,
followed by a fall to 354,000 t in 1991.

20.9.2 TAC prediction

The agreed TAC for North Sea whiting in 1989 is 115,000 t. This
TAC was set on the basis of assumed average recruitment in 1988.
Due to the strong 1988 year class, the catches by the small-mesh
fisheries are expected to be much higher than predicted in the
1988 report. In such a situation strict adherence to the TAC in
1989 would require a 50% reduction in human consumption fishing
mortality and this is considered unrealistic. Predictions for
1990 on the assumption of adherence to the TAC in 1989 have not
been presented.

20.10 Yield and Biomass per Recruit

Plots of yield and biomass per recruit are shown in Figure 20.2

20.11 safe Biological Limits

The scatter diagram of recruitment and spawning stock is shown in
Figure 20.3. The value of Fme (0.48) is shown in Figure 20.2.
The value of F, . (3.0) is too great to indicate on Figure 20.2.
Current F is O. % The spawning stock is currently above its his-
torical minimum and is expected to increase in 1989 and 1990.

20.12 Age Composition for First Half of 1989

A very preliminary estimate of the age composition of the human
consumption landings and discards in the first half of 1989 is
shown in Table 20.11. Little use can be made of these data since
no corresponding age composition estimates were available for the
industrial by-catch which is expected to form an important com-
ponent of the catch in 1989. Even if these data had been avail-
able, they would have been of relatively little use since the
majority of the industrial by-catch of whiting is taken in the
second half of the year.
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21 WHITING IN DIVISION VIa

21.1 Catch Trends

Total nominal landings are given in Table 21.1 and total inter-
national landings, as estimated by the Working Group, are given
in Table 21.2. Total international landings in 1988 amounted to
11,500 t, which is almost equal to the status gquo prediction of
12,000 t nade by last year's Working Group. The agreed TAC for
Sub-area VI in 1988 was 16,400 t. Catch trends are plotted in
Figure 21.1. Recent landings remain at a historically low level.

21.2 Natural Mortality and Maturity at Age

Natural mortality rates and Proportion mature at age are given in
Table 21.3.

21.3 Age Composition

Total international age composition data are shown in Table 21.4.
Age composition data for 1988 were provided by Scotland and
Ireland. Data on discards are not vet included in this data set.
Landings were dominated by 2-year-old fish which represented 52%
by number.

21.4 Mean Weight at Age

Total international mean weight at age data are shown in Table
21.5. These data were also used as stock mean weights at age.

21.5 Commercial Catch/Effort Data and Research Vessel Indices

The commercial catch effort data used to tune the VPA are indi-
cated in the text table in Section 11. Research vessel abundance
indices and CPUE data for ages 1 and 2 for Scottish light
trawlers and seiners used in various runs of RCRTINX2 are shown
in Table 10.6.

21.6 VPA Tuning

Total international fishing mortality rates and stock nunmbers
provided by Laurec-Shepherd tuning are given in Tables 21.6 and
21.7, respectively.

21.7 Abundance Estimates of the Year Classes 1986-1989

Methods used to estimate recruitment are described in Section 10.

21.7.1 The 1986 year class in 1988

Many combinations of research vessel indices and commercial CPUE
data were input to RCRTINX2 in an attempt to estimate the abun-
dance of this year class. No fully satisfactory result was ob-
tained. The Working Group decided that the results obtained using
Scottish CPUE data for ages 1 and 2 for light trawlers and
seiners and North Sea VPA abundances at age 2 gave the most ac-
ceptable result. On this basis, the abundance was estimated to be
60 million. This may be compared to the estimate from tuning of
54 million.
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21.7.2 The 1987 year class in 1988

The abundance of this year class was estimated to be 40 million
at age 1, using the same inputs to RCRTINX2 as those used to
estimate the abundance of the 1986 year class. The tuned value is
13 million.

21.7.3 The 1988 and later vear classes

These were set at the geometric mean value at age 1 for the
period 1969-1988 of 62 million.

21.8 Long-Te in Bioma Fishi ortali
Recruitment

These are given in Table 21.8 and are plotted in Figure 21.1.
Mean fishing mortality has increased and is currently 0.89, one
of the highest values in the last 20 years. Spawning biomass has
increased slightly but remains below the historical average of
32,600 t. The 1987 year class is estimated to be of below-average
abundance.

21.9 Catch and Biomass Predictions
Input data for predictions are given in Table 21.9. The F values

for ages 1 and 2 in 1988 have been set to the mean value for the
period 1984-1988.

21.9.1 Status quo prediction
Results of the status gquo prediction are given in Table 21.10 and
Figure 21.2. The predicted landings in 1989 and 1990 are both

11,000 t. Spawning stock is expected to fall to 19,000 t in 1989
and 1990, followed by a slight increase to 20,000 t in 1991,

21.9.2 TAC prediction
The agreed TAC for whiting in Sub-area VI in 1989 is 16,400 t. To
take this TAC would require an unrealistic increase in fishing

mortality in 1989 and no corresponding prediction for 1990 is
presented.

21.10 Yield and Biomass per Recruit
Plots of yield and biomass per recruit are shown in Figure 21.2.

21.11 safe Biological Limits

The scatter diagram of spawning stock and recruitment is shown in
Figure 21.3. The values for F d and Fui are shown in Figure
21.2. The current value of F10989) is'#d11 above F g (0.53) but
is close to the value of F (0.84). The spawning stock is at a
low level and 1is not expéCted to increase significantly in the
near future.

21.12 Catches in 1989
The age composition of landings by Scotland in the first quarter

of 1989 are shown in Table 21.11. It is difficult to interpret
the significance of these data.



31

22 WHITING IN DIVISION VIb

Landings of whiting in Division VIb are insignificant (Table
22.1).

23 WHITING IN SUB-AREA VII

23.1 Whiting in Divisions VIId.e

In recent years, analytical assessments have been attempted for
whiting in Divisions VIId,e. Age composition data are available
from England and France for Division VIId but from England only
for Division VIIe, but no data for Division VIIe were available
for 1988. It was, therefore, decided to restrict the analytical
assessment to Division VIId and to attempt a SHOT forecast for
Division VITe.

23.2 Whiting in Division VII4

23.2.1 Catch trends

Nominal 1landings are given in Table 23.1, together with Working
Group estimates. Total landings have been decreasing since 1976
and were 52,000 t in 1988 (Figure 23.1).

23.2.2 Natural mortality and maturity at age

Natural mortality rates and proportion mature at age are given in
Table 23.2.

23.2.3 Age composition and mean weight at age

The VPA input data are given in Tables 23.3 and 23.4, respect-
ively. Further revisions were made to age compositions for the
period 1976-1986 to take account of revisions to the landings
data. Data for 1988 were provided by England and France. Weight
at age in the stock was assumed to be the same as that in the
landings.

23.2.4 VPA

No data are available for tuning the VPA. A separable VPA was
run. Trial values of F and S were input and final values of F = 1
for age 3 and S = 1 were adopted. The log catch ratio residuals
are given in Table 23.5. They indicate the high variability of
the catch-at-age data.

The separably generated population numbers were used to initiate
a conventional VPA and the resulting estimates of fishing mor-
tality rate and numbers at age are given in Tables 23.6 and 23.7,
respectively.

23.2.5 Recruitment estimates

There are no data from which to estimate recent recruitment in
this area. The historical VPA estimates of recruitment do not
correlate with any of the survey indices in the North Sea or with
VPA estimates in that area.
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23.2.5.1 The 1987 year class in 1988

In the absence of other data, the number implied by the use of
mean fishing mortality rate for the period 1976-1985 (0.036) was
adopted. The value so obtained was 67 million.

23.2.5.2 The 1988 and later year classes

These were set at 44 million fish at age 1, the geometric mean
for the period 1976-1988.

23.2.6 Long-term trends in fishing mortality, biomass, and
recruitment

These are tabulated in Table 23.8 and graphed in Figure 23.1.
Fishing mortality has decreased in the last two years but remains
at a high level. Total biomass has increased but the spawning
biomass is very close to its lowest level.

23.2.7 Catch and biomass

Input data for predictions are given in Table 23.9. Results of
predictions are given in Table 23.10 and Figure 23.2.

The predicted status guo landings for 1989 are 7,000 t followed
by 8,000 t in 1990. Spawning stock is predicted to increase to

15,000 ¢t in 1989 and 1990 and to remain close to this level
(14,000 t) in 1991.

23.2.8 Yield and biomass per recruit

Plots of yield and biomass per recruit are shown in Figure 23.2.
23.2.9 safe biological limits

The stock/recruit scatter diagram is shown in TFigure 23.3. The
values for and F are shown in Figure 23.2., The current
level of F (O. ?3? is welT®Below F (1.24). Spawning biomass is
low but is above the historical minImum.

23.2.10 Reliability of assessment

Although there have been some improvements in the data base since
last year's meeting, it is pointed out that the reliability of
this assessment is lower than that for the majority of the other
stocks dealt with by this Working Group.

23.3 Whiting in Division VIIe
23.3.1 Catch trends

Nominal landings for recent years together with Working Group
estimates are given in Table 23.11.

23.3.2 Catch prediction

In the absence of catch-at-age data for 1986, it was decided to
attempt a SHOT forecast. This method needs estimates of recruit-
ment. Recruitment estimates were available from VPA for Divisions
VIIa (from the Irish Sea and Bristol Channel Working Group) and
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VIId (from this meeting), A separable VPA for the period 1976-
1987 was carried out for Division VIIe from which recruitment
estimates were obtained. These estimates were not correlated with
recruitment in Division VIIa or in Division VII4. It was, there-
fore, decided that the SHOT forecast for Division VIId should not
be attempted.

A precautionary TAC set at the average catch for the period 1976-
1988 of 1,300 t could be considered.

23.4 Whiting in Divisions VIIb,c,h-k

Nominal 1landings for the period 1984-1988 are given in Table
23.12,

24 SAITHE IN SUB-AREA IV AND DIVISION IIIg

24.1 Catch Trends

Recent nominal landings are given in Table 24.1. Working Group
estimates are given in Table 24.2 and are plotted in Figure 24.1.
Landings were high in the early 1970s, reaching a maximim of
320,000 t in 1976, Subsequently, landings declined to minimum of
114,000 t in 1979, increased to 200,000 t in 1985 but have since
fallen again to 149,000 t in 1987 and a preliminary value of
105,000 t in 1988. sSmall amounts of saithe are taken as indus-
trial by-catch. Since 1976, the average industrial by-catch has
been 3,100 t. The agreed TAC for 1988 was 170,000 t.

24.2 Natural Mortality Rate and Maturity at Age

Values of natural mortality rate and maturity at age are given in
Table 24.3.

24.3 Age Compositions

Total international age compositions are given in Table 24.4.
Data for 1988 were supplied by Denmark, Federal Republic of
Germany, France, Norway, Scotland, and England. Discards are not
included.

24.4 Mean Weight at Age

Mean weight at age in the landings are given in Table 24.5. These
are also used as stock mean welghts.

24.5 Commercial Catch/Effort Data

Commercial catch and effort data used to tune the VPA are indi-
cated in the text table in Section 11. There are no research ves-
sel indices of abundance for saithe.

24.6 VPA Tuning

The quality of the catch-at-age data for the older ages 1is con-
sidered to be poor. This is also the case for saithe in Sub-area
VI. In the latter case, the use of these poor data led to esti-
mates of biomass which were thought to be over-optimistic. The
age composition data for Sub-area VI were, therefore, aggregated
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into a plus-group for ages 10 and older. A similar procedure was
adopted for saithe in Sub-area IV but this had little effect on
the results. Fishing mortality rates estimated by Laurec-Shepherd
tuning are given in Table 24.6 and stock numbers are given in
Table 24.7.

24.7 Recruitment

No data to estimate recent recruitment are available. The number
of saithe estimated at age 1 in 1988 (1987 year class) by tuning
appeared to be unrealistically low. The Group, therefore, decided
to assume geometric mean recruitment at age 1 for the year
classes 1987 onwards (237 million fish).

24.8 Long-Term Trends in Biomass, Fishing Mortality, and

Recruitment

These are given in Table 24.8 and are plotted in Figure 24.1. 1In
recent years, fishing mortality has increased from 0.31 in 1981
to 0.75 in 1986. Fishing mortality in 1987 and 1988 are estimated
to be 0.46 and 0.40, respectively. This reduction is supported by
the fact that fishing effort by French and Norwegian vessels (the
major catchers of saithe in the North Sea) has decreased by 50%
since 1986. Total biomass has declined from 713,000 t in 1983 to
526,000 £t in 1988 and spawning biomass has declined from 463,000
t in 1974 to 114,000 t in 1985 which is the lowest on record.

24.9 Catch and Biomass Predictions

Input data for prediction are given in Table 24.9. The fishing
mortality rate at age 1 in 1988 is the mean value for the period
1984-1988. Results of the predictions are given in Table 24.10
and Figure 24.2.

24.9.1 Status quo prediction

Maintenance of the 1988 level of fishing mortality in 1989 will
lead to landings of 118,000 t in 1989 and 120,000 ¢ in 1990. Pre-
dicted spawning stock size is predicted to increase from 186,000
t in 1988 to 240,000 t in 1991. However, +the assumptions about
recent and future recruitment should not be forgotten in this
context.

24.9.2 ediction as i that TAC taken

The Group felt that the increase in fishing mortality required to
take the TAC of 170,000 t in 1989 is unrealistic and no predic-
tions on this basis are presented.

24.9.3 Yield and biomass per recruit

Yield and biomass per recruit are shown in Figure 24.2

24.9.4 Safe Biological Limits

The stock/recruit scatter diagram is shown in Figure 24.3. Fme
(0.45) and Fhi h (0.62) are shown in Figure 24.2. The curreng
level of F is a Iittle lower than F . Spawning biomass is pre-
dicted to increase but this assumes géometric average recruitment
for the year classes 1987 onwards.
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24.9.5 catches in 1989

Very provisional estimates of catch-at-age for the first quarter
of 1989 are presented in Table 24.11. A catch of 18,000 t is
estimated which might indicate a low catch for 1989.

25 SAITHE IN SUB-AREA VI

25.1 Catch Trends

Recent nominal landings are given in Table 25.1. Working Group
estimates are given in Table 25.2 and are plotted in Figure 25.1.
Landings increased in the early 1970s reaching 42,000 t in 197e6.
Landings then declined to 25,000 t in the early 1980s and then
increased to 40,000 t in 1986. Landings were 31,000 t in 1987 and
34,000 t in 1988. The agreed TAC for 1988 was 35,000 t.

25.2 Natural Mortality Rate and Maturity at Age

Values of natural mortality rate and maturity at age are given in
Table 25.3,

25.3 Age Compositions

Total international age compositions are given in Table 25.4.
Data for 1988 were supplied by Federal Republic of Germany,
France, England, and Scotland.

25.4 Mean Weight at Age

Mean weight at age in the landings are given in Table 25.5. These
values were also used as stock mean weights.

25.5 Commercial Catch/Effort Data

The commercial catch and effort data used to tune the VPA are
indicated in the text table in Section 11. There are no research
vessel indices of abundance for saithe.

25.6 VPA Tuning

When wusing the full age-range of 1-15 years in the tuning pro-
cess, very low fishing mortality rates and hence very high stock
sizes were estimated for the older age groups. However, it is be-
lieved that the quality of the data for older ages is poor, and
the Group, therefore, decided to aggregate data for ages 10 and
older into a plus-group and to carry out tuning on this revised
data set. Table 25.6 gives the fishing mortality rates and Table
25.7 gives the stock numbers estimated by tuning.

25.7 Recruitment

No data are available from which to estimate recent recruitment
and the Group decided to assume geometric mean recruitment at age
1 for the year classes 1987 onwards.
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25.8 Long-Term Trends in Biomass, Fishing Mortality, and
Recruitment

These are given in Table 25.8 and are plotted in Figure 25.1.
Fishing mortality has increased in recent years from 0.31 in 1980
to 0.58 in 1986. The estimates for 1987 and 1988 are 0.48 and
0.55, respectively. Total biomass increased from 99,000 t in 1977
to 145,000 t in 1985 and then declined +to 116,000 t in 1988.
Spawning biomass has declined from 93,000 t in 1974 to 48,000 t
in 1988.

25.9 Catch and Biomass Predictions

Input data for predictions are given in Table 25.9. The fishing
mortality rate at age 1 in 1988 is the mean value for the period
1984-1988 obtained from tuning. Results of predictions are given
in Table 25.10.

25.9.1 status quo prediction

Maintenance of the 1988 fishing mortality will result in landings
in 1989 of 30,000 t followed by 29,000 t in 1990. Assuming geo-
metric average recruitment of the 1987 and later year classes,
spawning biomass is expected to decline from 48,000 t in 1988 to
30,000 t in 1991 which is lower than any on record.

25.9.2 Prediction assuming TAC taken in 1989

The agreed TAC for 1989 is 30,000 t which is the status gquo pre-
dicted catch.

25.10 Yield and Biomass per Recruit

Yield and Biomass per recruit are shown in Figure 25.2.

25.11 Safe Biological Limits

The stock/recruit plot is shown in Figure 25.3. F a (0.30) and
Fh‘ h (0.42) are shown in Figure 25.2. The curreflf9 evel of F is
wet¥ avove Fh. Spawning biomass is predicted to fall to a
N X 1gh . : .
historically ow level even assuming geometric mean recruitment
for the year classes 1987 onwards.

26 REFERENCES

Anon. 1971. Report by +the North Sea Roundfish Working Group on
North Sea cod. ICES, Doc. C.M.1971/F:5.

Anon. 1988. Report of +the North Sea Roundfish Working Group.
ICES, Doc.C.M.1988/Assess:21.

Anon. 1989%a. Report of +the Multispecies Assessment Working
Group. ICES, Doc. C.M.1989/Assess:20.

Anon. 1989b. Report of the Study Group on the Feasibility of an
Atlas of North Sea Fishes. ICES, Doc. C.M.1989/G:7.

Armstrong, D.W., R.J. Fryer, 5.S. Reeves, and K.A. Coull. 1989.
Cod-end selectivity of cod, haddock, and whiting by Scottish
trawlers and seiners. ICES, Doc. C.M.1989/B:55.



37

Cook, R.M. 1989. Assessing a fish stock with limited data: an
example for Rockall haddock. ICES, Doc. C.M.1989/G:4.

Gislason, H. 1989. Multispecies yield and SSB curves for North
sea cod, haddock and whiting. Working Paper to the 1989
Roundfish Working Group.



38

Table 4.1

Tagged cod returns.

a) Released in eastern English Channel

Area of capture

Quarter
of release Western Chahnel Eastern Channel North Sea
No. % No. % No. %
1 15 5.6 136 51.1 115 43.2
3 0 0 24 77.4 7 22.6
4 3 1.5 183 92.0 13 6.5
Total 18 3.6 343 69.2 135 27.2

b) Re se

i outhe North

Area of capture

Quarter
of release Western Channel Eastern Channel North Sea
No. % No. % No. %
1 4 0.2 88 4.0 2110 95.8
4 4 0.3 28 2.4 1158 97.3
Total 8 0.2 116 3.4 3268 96.3

There were
the German
coast.

There have
Channel or

no recaptures in the Channel of cod tagged in
Bight, Central North Sea and off the North-East

been no tagging experiments in the Western
Celtic Sea.
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Table 6.1 Combined North Sea species prediction.
MSFF — NORTH SEA - 1989 wg Status Quo
FREDICTION of CATCHES and RIOMASSES in 1989 — Season # 1

CoD HADDOCE: WHITING SAITHE
Metier E198%/E Ref Catches Catches Catches Catches TOTAL
HCL 1.000 135,55 7 .94 68.356 117.84 416.46%
Val 00 00 - Q0 .00 ele]
nIis 1.000 .00 18.97 S7.07 Misls} 76,04
Val .00 Nslv] Nsls) sls]
IRC 1.000 .00 2.56 72.01 .49 75,07
Val .00 .00 L 00 .00 Nsls]
TOTALS %1000 t. 135.585 119.48 124.44 118.33
VALUE kU .00 00 .00 .00
BIOMASS Start F329.49
BIOMASS Final I84.97
Final Sp. 5t. B. 8%.07 8Z.11
Recr. (M) 1989 I28.00 14870 .00 41290.00
Recr. (M) 1990 314,00 : 4TE04.90
MSFF — NORTH SEA -~ 1989 WG
FREDICTION of CATCHES and EIOMASSES in 1990 — Season # 1
CoD HADDOCHE: WHITING SAITHE
Metier E1990/E Ref Catches Catches Catches Catches TOTAL
HCL 1.000 142,57 94.16 70,26 120,25 x89.24
Val .00 .00 .00 L 00 .00
DIS 1.000 .00 24,39 95,08 L0 79.41
Val alx) .00 00 .00 .00
IRC 1.000 .00 2.77 68,53 .56 71.8646
Val .00 Nsls) .00 .00 .00
TOTALS  x1000 t, 142,57 FLER 193.80 120.82
VALUE kU .00 .00 .00 .00
BIOMABS Start 422,53 I86.97 &41 .38 897.49
BIOMASS Final 452 .66 608.57 bO7 .07 b27 .0
Final Sp. St. R. 79.73 73,15 IHTLEZ 246,11
Recr. (M) 1990 E14.00 43E04, 90 7 .09
Recr. (M) 1991 EB0.82 4TIOL .90 7.09

cont'd.
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Table 6.1 cont'd. F89/F88 = 0.9 F90/F88 = 0.8

MBFF — NORTH SEA -~ 1989 WG

FREDICTION of CATCHES and BIOMASSES in

1989 - Season # 1

CoD HADDOCE, WHITING SAITHE
Metier E198%9/E Ref Catches Catches Catches Catches
HCL .00 125.97 ?1.82 60,38 107.89
Val . Q0 - Q0 L Q0 00
DIS . 200 Q0 17.49 51.88 L0
Val Nals} .00 .00 uls]
IRC 1.000 OO0 263 72.77 .50
Val 00 . Q0 .00 00
TOTALS %1000 t. 128.97 111.94 185.03 108.39
VALUE kU 00 L Q0 .00 L 00
EIOMASS Start 411.63 329.49 568.38
BIDMASS Final 435.94 F95.44 610.51
Final Sp. St. BE. 89.96 89.21 28EF.2
Recr. (M) 1989 I28.00 14870.00 41290.00 237.09
Recr. (M) 1990 314.00 26392.31 3304.90 237.09

MSFF — NORTH SEA - 1989 WG

FREDICTION of CATCHES and BIDMASSES in 1990 - Season # 1

coD
Metier E1990/E Ref Catches
HCL .800 127.61
Val .00
DIS .800 L OO0
Val .00
IBC 1.000 .00
Val .00
TOTALS 1000 t. 127.61
VALUE kU .00
BIOMASS Start 435.94
BIOMASS Final 491 .56
Fimal Sp. St. B. ?9.49
Recr. (M) 1990 314,00
Recr. (M) 1991 E50.82

HADDOCE
Catches

82.90
Nsls}

20.28
Q0

76.12
.00

393.44
624,50
86.09

26392.31

WHITING
Catches

&1.46
.00

45.37
L 00

71.07
.00

178.10
.00

630,31
&30.18
I76.11

43304.90

4

304,90

SAITHE
Catches

10Z.03
« 00

610.51
bb4.61
274.10

2E7.09
2I7 .09

TOTAL

ZB6.05
.00

&9.37
.00

75.90
.00

TOTAL

I44.41
LO0
465.88
00

74.61
.00
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Table 9.1 Current Mesh, Proportion of Fleets Changing to 120mm mesh

Nation Gear Current Percentage Changing
Mesh to 120mm Mesh

Denmark ALl 90 79
Netherlands AlLL 90 20

Fed. Rep. Germany ALl 100 90
Belgium ALL 20 78
England ALL 90 68

Norway ALL 100 (U
Scotland Trawl 90 36
Scatland Seine %0 21
Scotland Light Trawl 90 27
Scotland Nephrops Trawt 70 0 =
Scotland Pair Trawl 90 28

France ALL 90 20

Other ALL 90 59

See text for specification of percentages marked x

Table 9.2 Current L50 and L25, L50 and L25 for 120mm Mesh

Nation Gear Mesh €oD HAD WHI
L50 L25 L50 L25 L50  L25
sco TRL 90 27.0 23.0 25.0 22.0 29.0 25.0
120 45.0 40.0 33.0 30.0 46.0 42.0
sCo SEI 90 22.4 18.0 19.6 16.1 24.1 20.3
120 34.4 30.0 31.1 27.6 33.9 30.1
SCOo LTR 90 26.6 19.9 22.0 19.3 25.8 22.3
120 41.5 36.8 30.2 27.4 42.6 39.0
sco NTR 70 25.0 20.0 22.0 19.0 27.0 24.0
Sco PTR 90 22.4 18.0 19.6 16.1 24.1 20.3
120 34.4 30,0 31.1 27.6 33.9 30.1
FRG, NOR AlL 100 36.0 32.7 34.0 31.2 38.0 34.5
120 43.2 39.3 40.8 37.4 45.6 41.5
Other ALL 90 32.4 29.5 30.6 28.0 34.2 3.1
120 43.2 39.3  40.8 37.4 45.6 41.5

Note : Selectivity parameters for saithe assumed to be the same as those for
cod
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Table 9.3 Percent change in total catch following adoption of
120 mm mesh when fishing for cod.

TOTAL CATCHES TOTAL CATCHES

1998 oD HAD Whi SAI 1992 cop HAD wel
DENALL -1 2.9 2.6 -18.7 DENALL 5.2 -7 .8 8.3
NETALL Se -7 4.4 NETALL 43 -8.2 -6.3 -1.7
FRGALL -34.0 <253 -e8.t  -1B.8 FRBALL -28.4 464 -p47 -
BELALL S3b <497 89,0 -15.8 BELALL =263 -59.7  -65.8  -11.5
ENGALL -20.2 44 -50.7 0 -i2u6 ENBALL -4 52 -S43 -9
NORALL 2.9 3.6 4.9 0.7 NORALL 12,7 12,7 18.6
SCOTRL -1 -12,8 0 -30.8 8.4 SCOTRL 45 -1 -18.¢
SCOSE] 1.5 -1 -8.9 6.6 SCOSEI 12,5 43 5.6
SCOLTR -2.7 -z -ua -4.4 SCOLTR 7.8 -Le o -lL?
SCONTR 4.9 2.2 2.2 6.6 SCONTR 1 5.4 5.3
SCOOTH 1.3 -5.8 -16.9 -6.3 SCOOTH 16,7 -1.4 -4.6

FRAALL -3 9.2 -l4b -0.8 FRAALL 8.7 -5.2 -5
OTHOTH -14.1 -34.5 -4.8 -12.9 OTHOTH ~4,8 -3%.3 2.9

ALLALL -8,2 -85 -11.9 -3.6 ALLALL 1.4 -8, -39

199¢ COD  HAD  WHI  SAl 1992 COD  HAD  WHI  SAl
558 8.6 0.8 6.9 &8 558 9.8 1.4 9.6 2.4

B 8.8 B 8.0 6.6 % 61 Wb 53 W7
TOTAL CATCHES TOTAL CATCHES

1991 cop HAD HHI SAT 7619 Wil HAD W]
DENALL 9.7  -31.8 5.9 -9.8 DENALL 12,4 -22.1 6.7
NETALL 21 -10.3 9.4 -2.9 NETALL [N -4.3 6.6

FREALL -3.3 0 <428 <662 -18.1 FRBALL =269 -26.2  -b42 0 -
BELALL -85 -8.6 -66.8  -14,0 BELALL -22,8  -SL.7 -8hT
ENGALL -3 -5 -5b. -12u1 ENBALL <54 45,9 -53.4

NORALL 9.2 8.7 12,9 2.1 NORALL 1h.4 18,7 18.2
SCOTRL 8.9 -4t -39 -8.7 SCOTRL 7.5 -2,2 -15.5
SCOSEL 8.5 6.3 0.4 1.0 SCOSEI 16,6 11.8 7.6
SCOLTR 43 -6 -16.3 -3.2 SCOLTR 10.9 42 -10.9
SCONTR 9.7 3.6 45 1.7 SCONTR 12,7 6.2 5.2
SCOOTH 7.4 -5.0 -8.9 0.8 SCOOTH 14,1 6.1 -3.9
FRAALL 5.9 <11 -8.8 1.6 FRAALL 11,6 3.4 -4.5
OTHOTH -8.2 -38.2 -0.9 -9 OTHOTH 60 -321 2.3

ALLALL -6 -16.7 ~6.9 -2.3 ALLALL 5.8 9,2 -2.8

1991 COD  HAD  WHI  SAI 2010 C0D  HAD  WMI  SAI
558 38 10 b1 8.8 §58 22,0 0.3 10,2 7.1
8 3.8 L4 34 0.9 i} %1 54 86 37

'
[N RIEAares

— 0 O O Fe M o o~ O O

—— > =

t
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Table 9.4 Percent change in human consumption landings
following adoption of 120 mm mesh when fishing for
cod.

w e o 1992 WD WD W shi
1999 cop

3 52 -4 8B RS
DENALL 6 -lLb 8.8 -10.7 ﬁé?ﬁtﬁ I
NETALL 330 94 -8 -k FREALL a4 <157 450 -15.3
FAGALL e -z eRE o -18E BELALL 36 B B -10S
BELALL MBI bR -15.8 ENGALL S 459 -5 -9.8
ENBALL “W.: o -6 CF9 -inb NDRALL 127 17 2.5 .5
NORALL 2.3 3-g 32-3 g'z SC0TRL 45 5S4 <155 -4
SCOTRL 1.1 -h w0 e SCOSET 12,5 12,6 14,6 Li
SCOSE! S SCOLTR 18 i8S -6I <13
SCOLTR -n7 B4 23 A SCONTR I 123 184 2.4
SCONTR L ke b1 e SC00TH 6.7 95 60 Lt
SC00TH [ I N A FRAALL 81 L6 a2 b
FRAALL R R ATHOTH Y R A RE
0THETA i M4 SLE (IR ALLALL 1.4 3.8 -7 -1l
ALLAL 22 A5 -lb BT

-;;;-—-_---------56; """ wd i sl 2616 oo HAD BHi SAi
| :

BERALL 2.0 -4 8.9 b6
DENALL 0.7 -leb Bb o -8 RETALL 8 22 - 5.8
HETALL 21 T ek 29 FRGALL 2.9 L4 b -139
FRGALL LI O B IV BELALL 228 462 -bLb .
BELALL -85 -8 -eb2 -1he ENBALL 5.1 <32 <506 6.8
BBALL -3 -anS o -8R -l NORALL B4 /3 WA 52
NORALL $.2 122l i SCOTRL 5 10 -l 42
STOTRL 8.9 23 -l 8T SCOSEI 66 2.9 1% I
sCsEl 85 B0 52 1 SCOLTR 9.9 190 29 89
SCOLTR 4.3 65 -182 32 SCONTR 127 153 199 2.5
SCONTR 9.7 162 138 L7 SE00TH i 18t 9.3 5.6
SC00TH 7.4 57 -l7 8.8 FRARLL e 139 3 7
FRAALL E A L Lo aTHOTH 6.1 -3 <498 1S
OTHOTH 4.2 -2 -4 128 BLLALL 5.8 2.2 8.1 13
ALLALL 2.6 0.6 -4 -2
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Table 9.5 Percent change in discards following adoption
of 120 mm mesh when fishing for cod.

DISCARDS
2 I 'Y
WL sl " :
DENALL R TR B N
DERALL SIS B Y S ot o8 -8 -132
ETALL 8.0 <16 157 6.0 FREALL 66 The b2
FRALL R L BELALL 80 TL2 4T
BELALL 60 TLE 88 0.6 ENBALL b L1 19
ENGALL 8.6 -6L2 -5 g IR 6t b7 ;
hIRALL a2 nb 6 SCOTRL 60 B -2
SCOTRL 86 a7 29 e SCOSE] 08 B8 Lo
SCOSEL SO B L) SCOLTR 86 -155 219
SCOLTR B0 -89 5.6 6. SCONTR 00 31 i
SCONTR 80 LT LE 6 SCO0TH 00 -158 -8l
ScaoTh So o 8E FRAALL 08 -I3b -5
FRARLL [A] -l6.2 -i5.4 6.6 OTHOTH 0.0 52,4 50,5
GTHOTH 9.4 -33.8 -5t.7 6.9 ALLALL 6.0 -22.5 -18.5
ALLALL U I T
DISCARDS
""""""""""""""" Wi
1991 W oW W s
- DENALL 6 T e
DENALL boo LI 86 RETALL 0.0 -12.6  -134
NETALL A L B - A R X FRGALL 0.0 1LY -bh2
FRBALL 9.9 =123 -b4.6 6.6 BELALL 6.6 T -7,
BELALL 86 TLe 618 6p ENBALL 00 -9 -58.0
ENGALL 60 L7 B2 6.0 NORALL 08 715 59
HORALL who w6 a5 6l SCOTRL 00 W2 .l
SCOTAL 08 T W3 6. SCOSET 60 86 -113
SCOSET 00 <106 -ILT 6.6 SCOUTR 00 -8 -2
SCOLTR IR R T Y SCONTR o8 32 20
SCONTR S I L SCaoT 80 M4 -18.3
SCa0TH 00 <168 -183 6.0 ERAALL b0 -1 o127
FRAALL I TR A A ¥ OThOTH 08 21 01
OTHOTH 00 S 83 0. -
: ‘ ALL 06 A9 -8
ALLALL - T X BN A

en
B3

o e
LT T L T DD @ D@ D DD

© o Do D> DD



Table 9.6

GENALL
RETALL
FREALL
BELALL
ENGALL
NORALL
SCOTRL
SCOSEL
SCOLTR
SCONTR
SCO0TH
FRAALL
OTHOTH
ALLALL

DENALL
NETALL
FREALL
BELALL
ENGALL
NORALL
SCOTRL
SCOSEI
SCOLTR
SCONTR
SCOOTH
FRAALL

OTHOTH.
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Table 9.7 Percentage of Cod in Catch of "Non-cod" Fleets

1990 1991 1992 2010

DENALL 9 10 11 13
NETALL 53 54 56 58
FRGALL 34 34 33 32
BELALL 51 52 54 56
ENGALL 56 55 53 53
NORALL 7 7 7 8
SCOTRL 15 16 15 14
SCOSEI 22 22 20 19
SCOLTR 24 23 23 22
SCONTR 7 7 8 8
SCOPTR 27 26 24 23
FRAALL 10 11 11 11
OTHALL 14 14 13 13
ALLALL 21 21 21 21



Table 10.1

fEAR UPAL
CLABS
1970 947
1971 159
19712 283
1973 232
1974 421
1975 198
1978 126
1877 426
1878 449
1379 800
1980 m
1984 557
1382 2
1983 c28
1384 108
1985 576
1986 -1
1987 -1
1388 -1
1989 -1
Table 10.2
YEAR  UpAL
CLASS
1970 10053
1970 942
18972 2469
1973 579
1974 15550
1975 1332
1978 1859
1977 2945
1978 4636
1979 8963
1380 1750
1981 3707
1982 2964
1983 g062
1984 2062
1985 7968
1986 -1
1397 -1
1998 -1
1989 -1

Cod IV RCRTINX2 input values.

UpAZ

383

114

12

286
175

320
109
208
106
201

-1
-1
-1
-1

IvFst

8.3
4.0
8.0
1.7
40.3
7.9
3.7
12,3
9.9
16.9
7.9
9.2
3.3

IYF82

EGFS0

Haddock IV RCRTINX2

UpAZ

1258
1550
n?
1192
291
193
263
298
758
1353
285
608
99
1370
328
-
-1
-1
-1
-

TiFsE

855
740
147
1092
1168
i
162
385
480
895
268
526
307
1087
229
579
485
%2
219
-1

1F82

299
anl
Lo
365
670
8
108
240
402
675
252
400
219
928
244.
326
it}
97
-1
-1

EGFS0

-1
-l
-1
-l
-1
-1
-t
635
358
876
ki3
1538
28t
432
229
246
266

61
%

EGFSL

EGF§2

SGFaL

input values.

EGFS1

-l
-1
-1
-1
-1
-1
67
17
296
623
173
36
218
599
187
150
282

-1

E6F§2

SGFS0

86FG2

§6FS1

D6FS0

86F§2

DGF§L

-1
-1
-1
-l
-t
-1
-1
-

163.8
6.9
83.0
2.8

1213

3.6
1z
4.5
17.8
-L
-1

06FsL

DéFs2

D6F52

-1
-1
-
-1
-l
-1
-1
-l
4.5
112
LE
2.3
1.8
a4

8.0
L
-l
-1
-1

FREFS

30.4

355

43,0

3.8
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Table 10.3 Whiting IV RCRTINX2

(EAR
CLABS

PAL

1370
1971
1972
1973
1974
1975
1476
1977
1978
1973
1390
1981
1362
1983
1984
1985
1986
1987
1988
1983

YpAZ

2853
5089
6360
2453
7092
4433
4267
4231
4443
4099
1537
128
1595
2385
1808
3681

-l

-l

-1

-1

IYFsL

%3
1420
2016

897
2181
1431
1068
1413
1359
1428

4499

558

500

738

set

-
-1
-
-1

T¥FS2

204
32
L156
2
893
673
48
513
467

1
161
128

KIS
456
669
%4
1465
-l

EGFS0

190
63
496
153
535
218

183
81
485
PR
126
178

261
54¢
862
542
-l
-1

EGFSL

1170

-1
-l
-l
-1
-1
-l
220
47
201
353
183

119
506
159
152
228
188
295

input values.

EGFS2  56FS0

36FS1

86F§2

-1
-1
-1
-l
-1
-1
-t

-1
!
-1
65
58
108
158
Jit]
141
97
404
-1

D6FS0

DGF8L

-
-1
-1
-l
-1
-1
-1
-1
-1
-1
166
1333

2648
143
959

1784

2803
623

D6F52



Table 10.4

YEAR
CLASS

1970
1971
1872
1973
1374
1975
1976
137
1978
1978
1380
1981
1982
1983
138¢
1985
1986
1987
1968
1989

SHFSL

'

o
RN SR

VPAL

10453
6301
8521
8297

11452
8541
9800
4577

14978

20621
s9n

15049
9084

14987
5348

RS2

\pAz

8328
496
5061
§033
4289
4481
6883
7188
11426
15307
4478
10675
5348
10340
3651
-

-1
-1
-1

-

HSUPAL

847
159
283
2
421
196
28
426
449
800
2
557
bt
528
105
516
254
193
328

-1

TiFsL

38.3

H5UPAZ

383

L4

11F52

4.5
0.6
9.5
6.2
19.9
3.2
3.3
9.3
14,8
5.5
6.7
16.6
2.0
17.6
3.8
8.8
6.l
6.3
-
-1

SCSEDL
CPUE

5l
93t
3600
1598
2657
286
2852
2240
34l
6553
380
556¢
4815
5642
3625
5408
6071
1538
-1
-

[

ELF80

4
8.2
L2
4
16.8
6.0

CSET2
CPUE

3608
7

EGFSL

SCLTRE
CPUE

2086
1867
2645
L8zt
kie)
1509
2413
1082
1616
1389

200
2908
2448
3547
1632
2193
4615

Cod VIa RCRTINX2 input values.

EGF52

SCLTR2
CPUE

2508
1512
4195
2465
332
12%
3154
1878
5767
6823
218
10333
4498
9205
2361
7938
10500
-l
-1
-1

56FSL

-1
-1
-1

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

6.

3.3

8.7

8.0
2.2
L.g
5.6

-1

56F52

DGF30

-1
-l
-1
-1

-1

-1

-1

-1
43.2
176.8
25.9
1218

143.6
3.0
3.2
16.6

-1

06ESL

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

163.8
4.9
3.0
2.8

1209

3.6

1.2
4L.5
7.8

-1
-1

06F82

-1
-l
-1
-
-1
-1
-1
-1
&5
L2
LB
2.3
1.8
3.1

8.0
L7
-l
-1
-1

FREFS

-1

49
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" Table 10.5 Haddotk VIa RCRTTNK2 input values.

YEAR
(LASS

1970
1971
1972
1973
187¢
1975
1976
1977
1978
1879
1380
1581
1382
1983
1984
1985
1986
1987
1388
1383

HSUPAZ

1289
1550
kxy
1192
2497
193
263
396
58
1353
285
608
%
1370
a8
508
944

2
-1

VPAL

2463
68
86

1687

4330

32
592
1796
4422
LIS
802
456
3882
u“t
580
-1
-1
-1
-l

SCSELL

35451
11382
42008
42443
158953
2014
9097
10310
31708
19250
94
049
5524
25383
4737
4353
52135

Sii4

-1
-1

UPAZ

1375

1930

SCSET2

25320
5760
2901

13833

36442
2786

819
4268

16387

46346
3303
821
4036

21950
0587
6663

1912

-l
-1
-L

IYFSL

855
40
187
1082
1168
1

385
480
896
%0
526
07
1057
223
579
885
/4
210
-1

SCLTRL

9952
959
895

5824-

15348
1485
801
2011
10367

407

1
3662
281

19228
2
1583

13831

IYFS2

298
qn
130]
25
670

108
40
402
675
252
400
29
8
244
6
€68

SCLTR2

13537
1247
1072
2420
4248

23
162
2824
3192
9008
08
5116
1672
142t
2028
3069
10953
-1

-1

-1

EGFS0

EGFSE

EGFS2

§6F50

8GFSL

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

-1
!
-1
249
6L
437
198
203
238
47
a3
-1

S6FS2

SHFSL

SHFR2

H3UPAL



Table 10.6 Whiting VIa RCRTINX2 input values.

YEAR
CLABS

1970
1571
1572
1973
1374
1975
1978
1971
1378
1978
1880
1981
1982
1983
1384
1385
1986
1997
1388
1989

BHFS1

UPAL

08
930
1949
674
1512
513
802
1106
7
1507
400
54
430
564
546
477
-1
-1
-1
-1

SUFS2

-1
-1
-l

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

14

a0
232
119
166
172
nL
44
-1

UPAZ

23
610
1469
10
1103
343
512
46
580
1456
26
263
32l
478
42
-1
-1
-1
-
-1

HsuPAL

2853
5089
6360
3483
1082
4443
4267
4291
4443
4099
1537
1%
1595
2385
1808
58l
4710
064
5508

-1

TSt

274
302
1158
a2
893
678
48
513
457
532
a2
181
128
436
341
456
669
3%
1465
-1

HSUpAz

%3
1620
2016

897
2161
1431
1068
1413
1359
1428

499

558

500

738

58L
1053

963

831l

§73

1VF82

190
7h3
496
153
535
219
233
182
9t
[
232
1%
179
359
21
544
862
542

-1
T

SCSEIL
CPUE

1068
© 9738
9304
4508
8799
4247
11369
14567
6956
4555
172
836
1403
4315
2280
1232
3558
819
-1
-1

EGFS0

SCSET2
~ CPUE

5815
15417
27525

8890
30046

6583

6311
27046

6395
t00gL

2212

3426

4886
13793
13463

8855
16578

-
-1
-1

EGFBY

-1
-1
-l
-1
-1
-1
20
%7
208
359
183
m
13
506
158
152
28
188
285
-1

SCLTRL
CPUE

28
2142
3k(}
1960
1882
1828
3038
2626
1200
183

38

556

842

404

4

200
1003

124

-1
-1

EGF§2

108
170

130
132
s
-1
-1

SCLTR2
CPUE

1674
743§
9692
2740
6022
1633
pasd
558
24144
4017
Lot
179
2194
4342
2005
1848
3236

-1

-1

-l

§6FB0

S6F81

-1
-

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

I
Bl

105
158
L
141

404
-1

SEF82

06F80

-1
-l
-1
-1

-1
-1
-1
-1
-
186
139
168
2649
143
859
1784
2883
629
-1

DGFSL

-1
-l

-1
-
-1
-
-1
-1
130

640
431
1330
83
3¢
2004
1441
-1
-l

06F82

-l
-1
-l

-t

-1
-t
-1
-1
62
121
108
224

823
[
252
612
-1
-1
-l

51



Table 10.7 Predictions and Summary Statistics from RCRTINX2, 1989 Roundfish
Working Group

Species Stock Age Year Class Weighted Internal External Ext S.E.
Average Standard Standard -——————-

Predicted Error Error Int S.E.
Abundance
at Age
(millions)
Cod v 1 1986 254 0.06 0.07 0.89
1987 193 0.08 0.09 1.11
1988 328 0.11 0.13 1.20
1989 314 0.44 0.18 0,41
2 1986 102 0.08 0.07 0.88
1987 77 0.09 0.10 1.13
1988 110 0.13 0.14 1.11
1989 116 0.41 0.18 0.43
Cod Vla 1 1986a 22 0.23 0.31 1.37
1987 8 0.29 0.26 0.95
1986b 9 0.09 0.14 1.45
1987 [ 0.09 0.06 0.65
1988 11 0.13 0.09 0.71
1989 10 0.33 0.12 0.35
1985¢ 16 0.18 0.19 1.0
1986 15 0.18 0.32 1.75
1987 7 0.21 0.16 0.84
1988 10 0.24 0.05 0.21
2 1986a 17 0.28 0.41 1.44
1987 6 0.39 0.34 0.86
19860 6 0.10 0.16 1.55
1987 4 0.11 0.08 0.71
1988 6 0.19 0.14 0.73
1989 6 0.37 0.13 0.37
1985¢ 12 0.20 0.22 1.11
1986 10 0.21 0.38 1.79
1987 5 0.25 0.20 0.80
1988 6 0.26 0.10 0.40
Haddock v 1 1986 4577 0.12 0.16 1.26
1987 553 0.17 0.27 1.59
1988 985 0.17 0.26 1.57
1989 1914 0.56 0.93 1.67
2 1986 944 0.13 0.15 1.13
1987 109 0,16 0.21 1.29
1988 233 0.19 0.24 1.27
1969 309 0.63 1.04 1.65
Vlia 1 1986a 246 0.31 0.21 0.66
1987 a1 0.67 0.14 0.21
1986b 149 0.19 0.19 1.00
1987 13 0.24 0.48 1.97
1988 18 0.29 0.41 1.39
1989 51 0.89 1.44 1.62
1985¢ 88 0.26 0.11 0.43
1986 209 0,27 0.20 0.76
1987 20 0.46 0.79 1.69

cont'd.



Table 10.7 cont'd.
2 1986a 156 0.33 0.24 0.72
1987 45 0.96 0.21 0.22
1986b 115 0.23 0.20 0.88
1987 5 0.27 0.42 1.53
1988 11 0.38 0.46 1.21
1989 26 1.05 1.61 1.54
1985¢ 49 0.30 0.12 0.41
1986 147 0.30 0.20 0.66
1987 9 0.61 0.77 1,28
1988 17 0.58 0.68 1.15
Whiting v 1 1986 4710 0.22 0.20 0.91
1987 3044 0.21 0.16 0.75
1988 5503 0.28 0.35 1.26
1989 3223 0.48 0.74 1.53
2 1986 963 0.15 0.18 1.23
1987 831 0.15 0.12 0.81
1988 873 0.17 0.32 1.94
1989 993 0.49 0.67 1.38
Via 1 1986a 84 0.25 0.11 0.47
1987 33 0.36 0.47 1.30
1986b 80 0.14 0.13 0.95
1987 46 0.14 0.13 0.92
1988 64 0.17 0,26 1.59
1989 78 0.51 0.81 1.57
1985¢ 52 0.23 0.22 0.96
| 1986 90 0.23 0.12 0.54
| 1987 42 0.30 0.38 1.25
1988 102 0.40 0.48 1.19
2 1986a 61 0.28 0.13 0.48
1987 25 0.42 0.61 1.45
1986b 89 0.27 0.27 1.01
1987 55 0.26 0,23 0.89
1988 108 0.38 0.37 0.99
1989 57 0.54 0.76 1.41
1985¢ 39 0.24 0.22 0.91
| 1986 60 0.24 0.10 0.42
! 1987 13 0.32 0.41 1.30
1988 50 0.36 0.00 0.01
a CPUE, Scottish Light Trawl, Scotish Seine
b Research vessel indices, Division Via
! and Sub-area IV
¢ CPUE and North Sea VPA results
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Table 12.1 Nominal catch (in tonnes) of COD in Sub-area IV, 1979-1988,
as officially reported to ICES.

Country 1979 1980 1981 1982 1983
Belgium 12,576 9,630 8,744 6,604 6,704
Denmark 48,509 56,404 64,968 61,454 48,828
Faroe Islands 113 150 38 65 361
France 12,559 10,910 11,369 8,399 7,159
German Dem.Rep. 84 63 - - -
Germany, Fed.Rep. 20,411 26,343 29,741 18,525 20,333
Ireland 1 - - - -
Nether&ands 34,752 45,400 51,281 36,490 34,111
Norway' 3,575 4,506 6,766 12,163 6,625
Poland 142 28 7 62 75
Sweden 298 293 321 453 422
UK (England & Wales) 54,923 49,951 59,856 54,277 53,860
UK (Scotland) 42,811 45,044 53,921 57,308 58,581
USSR 17 - - - -
Total 230,771 248,722 287,012 255,800 237,059
Country 1984 1985 1986 1987 1988
Belgium 5,804 4,815 6,604 6,693 5,508,
Denmark 46,751 42,547 32,892 36,9481 34,8901
Faroe Islands - 71 15 - “13
France 8,129 4,834 8,402 8,199 8,138
German Dem. Rep. - - - - 4
Germany, Fed. Rep. 13,453 7,675 7,667 8,230 9,060
Ireland - - - - -
Nether}ands 25,460 30,844 25,082 21,347 Ceg
Norway 7,005 5,766 4,864 5,000 4,145
Poland 7 - 10 13 19
Sweden 575 748 839 688 367
UK (England & Wales) 35,605 29,692 25,361 29,960 23,496
UK (Scotland) 54,359 60,931 45,748 49,671 41,382
USSR - - - - -
Total 197,148 187,923 157,484 166,749 127,005

"preliminary. ]
Figures from Norway do not include cod caught in Rec.2 fisheries.
Includes Division IIa.



55

in Sub-area IV between 1969 and 1988

Table 12.2 Annual weight and numbers of cod caught
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Table 12.4 Total international catch at age ('000) of cod in
Sub-area IV between 1969 and 1988.

1969 1 1970 % 1970 4 1972 1+ 1973 1974 1975 1 1976 1977 1 1978 1 Agel
1 1 ! 1 ] H H

]
i
]
i

! 28428 52719t 429728 36921 24742F 146901 30081} 51820 627441 249301 L}
| 218670 328131 148927! 1808331 30259  SSL7  42487) 902671 422751 1588361 2!
T 304531 178B&Y 165071 46391 523421 107631 170731 led720 229180 13094 3}
13222 129041 64751 54741 134091 14937 4203} 60161 4104 BALTY 4}
! 4403 5092 6808} 26271 21024 43651 68141 15421 20551 28097 51
i 292 17051 25881 30841 1057} 9071 18631 2764} 7521 941t &1
i 5671 9301 854} 1618} 10£0¢ 4143 4053 8371 10304 366t 70
H 4074 202} 239 5891 4661 373 1763 19 3351 3721 81
! "2 180} 2191 3761 78 338 206! b1l a3 1401 9t
! LEH 95! L 108t 554 761 LLH a7 231 33108
H 811 i bb! n m 149 451 221 N 150 11
! 101 1 24 101 38! 25 i 161 431 21121
H ! H i H 2 ! i ! 354 P13
VAgel 1979 1 1980 1 1981 ! 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 ! Agel
==l i ! | i ! i | | ! Rt}
oL A3 608681 198331 648361 238371 63854 78941 825911 218331 177831 L}
P20 B3B44l  9eli4l 1759200 599471 1218261 577731  1Mi11B) 208281  10S17% 499891 21
P30 404580 295621 275631 532381 175181 277641 157120 28918 69621 358431 3 i
Vo4 33320 102728 76491 726870 10104} 34618 68741 39541 76251 547 4%
I 31304 1590¢ 3802} 3193 25013 BItH 11501 2584} 13481 22350 54
Vb 875} u 740} 1883} 1167} 9391 116! 5211 9551 5601 6%
A 3651 42 9551 3554 9621 4151 3281 498! 2094 4 714
I 1291 1914 134 218! 142} 2331 1621 148! 188} 591 81
I 1451 m 831 72 701 571 73 601 46! 521 91
HE o 541 361 251 yr3 431 134 39 3 121 103
VS ! 18! 161 ot 131 13t 201 17 ! 9l 1L
P2 131 ! Iy 51 ! 4 3 ! H 51124
V3 )

i ! 3t ! H 2! 0 | 3 2 13
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Table 12.5 Total international mean weight at age (kg.) of cod

in Sub-area IV between 1969 and 1988.

1973 0 1974 0 1975 0 1976 % 1977 1 1978 | Age!

LI 74 G LYV

1970

1949

| Age

H S

V15,676 1 14,455 ) 12,892 1 13.660 1 13.B31 1 14,705 | 14,417 1} 13,847

114,473

Ut LLo17

|93 | 1984 § 1985 ! 1986 | 1987 | 1988
; | | | X X
! ! ! ! ! !
! 10593 1 0,52 ! Eo0.56
! P09 10920 ! !
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cod in Sub-area IV between 1969 and 1988.

Table 12.6 Total international fishing mortality rate at age of

58

e

=3

POO1973 O 1974 ) 1973 0 1976 0 1977 1 1978 A

1972

34
&

0.088 }
0.859 |
0.886 1
0,684 1
0.678 |

0.133 4
0,763 1
0,635 1
0,604 1
0.807 1

9,039 1
0,829 !
0,566 1
0,79 1
0.761 §

0.107 ¢
0.786 !
0.746 1
0,679 4
0.527 §

0.096 !
0.693 1
0.666 1
0,560 1
0.641 3

0.132 4
0.854 |
0,595 !
0.688 1
0.699 !

0.076 1 0,034}
0,699 1

0.110 4

0,021 1

0.467 1 0.544 1 0,743

0.434

1,029 ¢

1,383 ¢
0.320 ¢

! fgel
i

1,087 1 104
1988

0.477 4
0,59 1
0.572

1987
0.138 ¢
0.619 1

9,580 ¢
1986

0.230 1
0.821 1§

i
i

0,456 1}
1985

0.115 4
0.663 1

1
i

0,494 1
1984
0.770 1

'
'

0.243 1
1983
0,783 §

0.545 1
1982
0.795 1

0.267 4
1981
0.682 !

0.614 )
1980
0.602 1

1979

i fAge!

0,570 5 12}
0.570 1 13}

LO73 1 07610 07264 07491 0.879 ) 0.959 1 0.945 4 0,704
0761 1 0726 1 0.749 1 0.879 1 0,959 1 0.945 1 0.704 }

1073 %

0.629 1
0.629 1

HS VI
P



Table 12.7 Stock numbers at

age ('000) of cod in Sub-area IV

59

between 1969 and 1988.
Agel  196% 1 1970 1 1971 1 1972 4 1973 % 1974 | 1975 ! 1976 1 1977 1 1978 i fAgel
] ! i ! | H i ! ! H et}
PO I98B19) 7292671 8467111 1593481  289089! 231617 426099 1950111 7259081 4257891 1}
PR 794280 BeIBAl 2935160 3S2SALY 49195!  1138B4)  94544! 1719601 847001 2855701 2!
P30 75308 379ULY 340651 855481 101218 23998 34694 38810 4778l 29238 3t
POAT 329341 32731 140200 122291 285701 33555! 93481 123881 108341 173371 4 {
PO M7 15134 14795 56971 5122} 97981 14126} 38991 47731 96§
Pob 63771 45924 59401 60341 23183 23134 4122 34831 jLiv 20728 6}
A 1763 2726} 3 3364} 24911 9341 10821 171 20251 8l 7
HR: i 9361 13981 10614 13104 8921 4124 5234 8341 7401 8 4
P9 LMY 94 3841 754 3451 6351 3971 1791 22 271 9
110} 164} 25 324 282} 280} It 2571 1411 92 RLERN{
LY 1321 94 100 1991 134 1800 - wn 1331 L5 851 41
112 271 541 571 3 1571 44} in i 89! 451 12}
P13 ity ! i ! &0} } i L3 m 5 L3
PAgel 1979 0 1980 ! 1981 ! 1982 ! 1983 ! 1984 | 1985 ! 1984 Po1987 1 1988} Age!
=i ! i i ! H i { i | i
POl M93160 7999971 2704860 3567680  270738!  5381Bh!  104955! 5734891 241Bk4)  15733L 14
P20 1751400 1797921 320032t 109434} 2083541 1042370  200648! 420450 2054780 944831 2}
T3 723730 S3418) 483830 827200 28243!  48228) 279451 312250 {26580 588241 3!
[ 83291 214470 10811 14039)  18715! 69321 136214 82060 14934} 384l 4}
I 5685} 38381 83931 83391 30173 63271 25891 8023t 3190 39§
Vb 17531 26791 1720 34758 23431 1878} 23981 10921 1810} 1070 41
[ 8561 831} 1146} AT} 11691 8781 700} 9661 4291 &3 7
- 337 3741 33 444} 2931 4361 3481 2801 3471 165 8}
P9 274 1611 1364 139 1681 14 166} iUy 974 1161 9
t10d & 951 601 351 50% 751 431 70 a1 38110 4
P 151 22 300 41 3 21 24 231 231 301
P12 3 101 2 104 104 i i 2 LH 132
P13 H : &1 { ! H ! 2 7 513
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1391
il

426 1
196 4

1974

Recruits
Age 1§

3

i
i
1
i

290 168 0
97172
189 1744
163}

kiosass

1000 tonnes
Total | Sp St iY.C.iMillion}

806
1o 3
806 1
622 1
271

'
i
'
1
1!
i
1
i
i

figes

P 1te

t By-cat
0.000
0,000 3
0,000 1
4,000
0,000 }
9,000 }

0,000 |
0.000 1
0.000 !
0,000 1
0,000 3
9,000
0,000 !

Disc

fAges
2 to

H.Con |

recruitment of Cod in Sub-area IV

between 1969 and 1988.

Hean Fishing Hortality

0,536 1
0.649 3
0.810 ¢
0,591 1
0,667 1
0.683 1
0.703 4
4.717

'
b

1973
) 1974 4
1978
1976 %
LT

i Year |
11969 4
11970 4
11971
t1972 8

Table 12.8 Mean fishing mortality, biomass and

60

'
i

426 4
449 4
701
537 1
103
351

W37
1471781
174 1804
168 1 81 1
109 1 84

709 1
705 4
7421
738 %
629 1
LI
478 4

0,000}
0.000 1
0,000 4
0.000 §
0.000 §
0.000 1
0.000
0000 ¢

0.000 1
0.000 !
0,000
0,000 !}
0,000 §
0,000 1
0,000 §
0.000 1

9,811 1
0,687 1
0.772 4
0.893 1
0.886 1
0,840 1
0.798 1
0.825 |

P
i

Arit-zean recruits at age | for period 1969 to 1968
i Beoa-mean recruits at age 1 for period 1949 to 1988

1978 4
I
1982
11983 ¢
1984

11985

'

1ieel
11987 %

1
i
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Table 12.9 Input for catch prediction of cod in Sub-area Iv.

1988 Values used in Prediction

o )
b |
! i Stock and Fishing Mortality t F at age , Hean Wt. and Propn. Retained by Consumption Fishery
HE i
H H ! Scaled mean F t Mean values for period 1984 to 1988
i Age! Stock i Fishing Hortality ! 1984 to 1988 h Hean Height (Kg.) i Prop
{1 Nusber 1 H.Con. ! Disc | Ind i H.Con. i Disc | Ind ! H.Con, ! Disc | Ind | Stock | Ret
Pmm-i ! H H H H ! ! H ! i i
Pl 193000 1 0.164 0 } Po0.168 4 i {0,585 f 1 i0.585 ) 1,000
P2 102000 1 0.918 4 i Po0.918 i Po9e ! P0.919 1 1,000
V34 5es0 i L9 H to0.984 ) } boL990 1} | PoL9%0 11,000
I 3L 1,234 1 H 10,855 1 ! 1o3.814 1 {3,814 1 1,000
Poa 439 1 0,596 1 | 10,678 ¢ ! tos22t i to6.220 1 1,000
e 1406 1 0.572 ) H V0,715 | boB.23% ! P8,239 11,000
A 6311 0.643 4 ! HE VTR ! | 10,065 ! i 10,065 1 1,000
HEE 165 1 04998 ! P03 ! 111,628 ! V11,628 1 1,000
P 161 0,665 % i V0,478 0 i i 12,959 ! 112,959 1 1,000
HE LU 381 0.442 0 i Po0.692 ) ! 14,028 ¢ ! t14,028 1,000
(V] 231 0.601 3 ! L4 ! HECA LI ! P54 Y LL000
1z 137 0,570 4 i 0793 ) H | 14,530 1 B 14,530 1 1,000
V13 300,570 4 } 0793 ] 115,346 8 i | 18,346 § 1.000

! Hean F 1 Age Zto 8 iAge! 1i Age 2to B lAge ! I

! Unscaled | 0.800 1 0,000 } 6.819 1 0.000

| Scaled | H 0.800 1§ 0.000

Recruits at age 1 in 1989 = 328000
Recruits at age 1 in 1990 = 314000
Recruits at age 1 in 1994 = 350822
Recruits at age ! in 1992 = 350822

W at age and proprtion mature at age are as shown in Table 12.3

fean F for ages 2 to 8 in 1988 for human consuaption landings + discards = 0,800 . .
Human consusption + discard F-at-age values in prediction are mean values for the period 1984 to 1988
rescaled to produce a mean value of F for ages 2 to B equal to that for 1988

Hean F for ages 1 to 1 in 1988 for small-mesh fisheries = 0.000 .
Industrial fishery F-at-age in the prediction are averages for the period 1984 to 1988 .
rescaled to produce a mean value of F for ages | to I equal to that for 1988

Values of H in 1988 from YPA have been oversritten
for the following ages .....

fige 1
fge 2

Values of F for these agez in 1988 from VPA have been overwritten
with scaled mean values used for predictions for 1989 onwards
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Table 12.10 Predicted catches and biomasses ('000 tonnes) of cod in
Fao

Total

| Biosass ! Jan of Year
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'000 tonnes) of cod in

. TAC constraint in 1989.
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Sub-area IV 1989 to 1990
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Table 12.12 Estimated age composition of cod in Sub-area IV in
first half of 1989.

t International

Saall Hesh

Huaan Consuaption

Landings

Discards i By-catch } Catch

ei Nuaber | Height | Nuaber | HWeight | Nuaber | Height | Muamber | Height

oo

A

0.460 1

1162 1

1,479 %

13379 4

34

3.475 ¢
5,688 1
7.635 1

5279 1
1331
31 1 10,055 §

'
i
1
'

552 1

7.635 4

3321

1311 10,055 !
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~ 35
o
@ =
=
<
=4
n o
~ =
@ o~

221 14,097 8
L]
7

~ w3 o
o

R =
o e~
- ==

4 oy

]
==

)
-

-
=3




Table 13.1 Nominal catch

(in tonnes)

of COD in Division

VIa, 1979-1988, as officially reported to ICES.

65

Country 1979 1980 1981 1982 1983
Belgium 4 572 30 35 21
Denmark - 27 - 3 -
Farce Islands 40 3 - 2 -
France 4,590 5,495 7,601 7,160 8,140
Germany, Fed. Rep. 40 1 21 8 205
Ireland 2,237 2,331 2,725 3,527 2,695
Netherlands 20 1 - - -
Norway 32 48 40 238 267
Spain - = - 41 52
Sweden - ~ o3 1 -
UK (England and Wales) 2,348 2,302 3,187 2,948 1,141
UK (N. Ireland) 2 2 7 33 37
UK (Scotland) 6,929 7,603 10,339 7,969 8,933
Total " 16,242 17,870 23,950 21,965 21,491
Country 1984 1985 1986 1987 1988
Belgium 22 48 88 33 44
Denmark - - - 4 1
Faroe Islands - - - - "
France 7,637 7,411 5,096 5,044 6,47312
Germany, Fed. Rep. 75 66 53 12 68,
Ireland 2,316 2,564 1,704 2,442 2,117
Netherlands - 1 - - cey
Norway 231 204 174 77 186
Spain 64 28 - - e
UK (England & Wales) 692 243 106 306 184
UK (N. Ireland) 32 17 54 138 46
UK (Scotland) 9,483 8,032 4,251 11,143 8,465
Total 20,552 18,614 11,526 19,199 17,584
;Preliminary.

jIincludes Division VIb.

4Including 37 tonnes caught in Sub-area VI.

Includes Divisions Vb and VIb.



Disc | By-cat!

Nuaber { aillions )

Disc | By-cat! Total | H.Con |

141

in Division VIa between 1969 and 1988.

Weight { 1000 tonnes )

Year | Total { H.Con |
141

'
i

1974

Table 13.2 Annual weight and numbers of cod caught
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Table 13.4 Total international catch at age ('000) of cod in Division VIa

between 1969 and 1988.

67

PAgel 1969 4 1970 1 1970 1 1972 0 1973 1 1974 3 1975 1 1976 1 1977 1 1978 ! Agel
-t ! i | i i ! ! i H {=---i
HE 1Y 256! 2541 7351 10151 8431 1207¢ 970} 12631 73 1
P2 19714 1176} 19031 28914 15241 23181 18981 36821 1314 761 24
3 13324 16381 3501 1394 144 778} 11871 14671 16393 9991 34
Poad 19431 571 841! 4091 5831 10681 3331 5381 8241 8951 44
Y 759 4761 2401 5011 161} 2881 3250 256} 2691 2860 51
b 1391 1531 201 JULH 193¢ A 901 248 871 7 6
A 941 261 LLH 701 831 761 121 441 571 a7
- 651 24 15 24} 28! 131 131 i I3y 8 81
[ 2 3 n 12 10 i 91 i 4 R
1104 ! 41 n H H ! Iy H L} 21 10}
PAget 1979 1 1980 § 1981 | 1982 | 1983 i 1984 | 1983 | 1986 | 1987 | 1988 ! Age!
i ! ! H i i H B i ! teemnt
[ 9291 11938 4611 18271 23351 24438 1355 792} 78731 1004 11
[ Le12d 32944 70161 16731 45(5¢ 23601 5069} 1486} 4837} LAN S
L3 21251 20011 32208 32064 1is: 25641 1269} 2055} 9881 204 3¢
I 582} 7961 9041 1189 14001 4481 JUEIY 411 905! 2050 41
oo 3421 9 182} 367} 4681 5551 140} 1918 137 AL 53
- 134} m 291 38 1484 1851 1674 40 bt 400 61
PT 32 mn 16 22 401 401 604 161 i mo7
I 16t H i 104 16} 14 13 ! 14 38
HE ] 17 H H H 24 i b1 t } 2191
110 } | ! i iy i 01 i i 1100




i Agel
t fge

91
P10

i

1978
1988
113,384

1977
1987
11299
116,056

1
V
i
i

1976
8.754
1984
112,128

'
i
+
'
i

37

1975

9.789

1985
3

i
113,442

'
i
1
i
1

1974
8,931
1984
9.134

1
i
1

'
i

1973
9.208
1983
112,467
1 11.882

1
i
1
'

19712
7.968
1982
0,492
P49
110,306

'
P
1
'
i

97
1981

7.781
2.550

Division VIa between 1969 and 1988.

L

l
l
i
fl
i
'
i
'
i

1970
7.350
1980
0.624
8.500

! 10.875

'
P
1
i
s
1
H
'

Table 13.5 Total international mean weight at age (kg.) of cod in

1969
1979

7,529
9,593

91 11,097

1
IR
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i Age

1
i

b

e

i
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Table 13.6 Total international fishing mortality rate at age of cod in

Division VIa between 1969 and 1988.

i Age}

1978

1972 % 1973 0 1974 % 1975 1 1976 1 1977
! i H i i H

1971

i
1
i

1970

- e
~ o
= 3
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=
]
BB
=28
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©
23
53
< <
o
g5
==
=S
o o
=
iy
= <
-
235
3532
P
~ @
BR
8=
&
~ o4
5 =
83
= =
~ o
382
2%
=
~ =
5=
=5
-t

0,596 ¢ 0,682 0 87150 05770

0,459 1
4,769 1
0.824 ¢
1,026 ¢
1,309 ¢

0.467 1
4,639 1
0.777 ¢
0.925 1
0.877 1

6.731 ¢
0,754 1
0,828 1
0.603 1
0,799 1

0,460 4
0,575 ¢
0,603

0.529 ¢
0,631 1

1,008 |
L6
0,929 ¢
1,065 1

0,857 1
0.992 ¢
1,148 ¢

0,888 1
@713
0.710 1

0,801 1

0,938 4
0,838 |

0,563 1
0.671 1
0,468 §

3
0.830 !

0,740 ¢
0,711 4

0.794 4

0,408 1

0,710 1 0,857 1 10

9,773 1

642 1

6,746 1 0,834 1 0.870L % @

0.646 1

0.973 1 0.448 1
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0.947 ¢

13904
L0094
1,509 ¢
1.438 4
0,866 ¢

0.980 !
1,140 4
1.083 ¢
0,906 1

0.880 |
0.866 1
1,033 4
0.862 i
0,985 !

0,792 4
0.839 4
0.829 1
0.529 1
1195 1

0.763 1
0,566 |
0.369 1
0,663 4

0.933

1,040 3
12194
L4674
1,158 1

1.042 3
0.944 1

0.981 ¢
1,078 1
1703}

L.000 ¢
1,037 3

1,080 ¢
0.504 1
1,507 ¢

'
i

0,357 3
0,95 1

71

0.844 1

Ldle t L4721 0.660 1 0.8370 0.920 % G.991 1 1,247 4 0.889 ¢ L0641 0,968 ) 10}
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Table 13.7 Stock numbers at age ('000) of cod in Division VIa between
1969 and 1988.

Phgel 1969 4 1970 0 197 4 1972 1 1973 0 1974 1 1975 1 1976 1 1977 & 1978 | Agel
=i i ! i H ' i i i ! Pl
RS 40761 78201 104338 63041 85201 82971 11452} 65411 98001 95774 L
P2 74941 32801 51724 83291 44961 S06L3 60331 8289} 44811 68831 2%
Pl 30801 43601 1634 33451 42281 2345 28871 AT 34964 24900 31
HEE I 33208 13310 21033 842} 1319¢ 21691 1198} 13023 13404 13991 44
I 1223 9921 5801 969} 3241 8581 823} 3051 4974 5401 8!
HEE- I 2671 328 3881 260} un nn 2014 3831 1861 1677 614
VT 1551 861 1321 1381 116} 2 361 ELH 1238 70
P8 134 443 4N n 5t 403 25 18} 301 49 81
R 1y 32 i 251 19 16} 244 9 H 491
| 110} H H 151 H & ! 2 3 131 P10
tAgel 1979 1 1980 1 1981 ! 1982 1} 1983 1 1984 1 1985 i 1986 1 1987 | 1988 | Aqel
=== i H H H : } ! H H ot
Pl 149791 206230 59770 150498 90941 14987} 59481 126951  331sl) 31650 11
[ 71881 11426t 15807 44781 10675} 53481 103408 36514 96791 200740 24
V3 4083 44363 5398! 86738 21481 4703} 22694 39441 16601 3 30
P4 11454 14268 1845¢ 23674 26024 7781 15683 9 1398} 82t 41
HE 526} kST 4591 704} 878} 8841 289 320% 231 3§
[ 188} 12n 102 43 249} 303! 231 m 921 881 &1
L i 351 35 581 761 3 84 421 231 YLI
[ ItH 13 i 151 281 261 243 161 20 i 8
R yiH Y H 2t 4 ! 9 8! 51 LI
P10 ! Iy H 2 2 ! 0} | 2i U]
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Recruits
fAge 1

1
i
]
i

Biomass
1000 tonnes

1
i
1
'

Ages
i By-cat } Total | Sp St iY.C.iHillien:

Disc

Ages

recruitment of cod in Division VIa

between 1969 and 1988.

Hean Fishing Hortality

s
i

Table 13.8 Mean fishing mortality, Biomass and
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Geoa-nean recruits at age 1 for period 1969 to 1988

i
i Arit-mean recruits at age 1 for period 1949 to 1988 | LI



Table 13.9 Input for catch prediction of cod in Division VIa.

x>
-1
D

1988
Stock and Fishing Mortality

Fishing Mortality
Disc

H.Con.

Values used in Prediction
F at age , Hean Bt. and Propn. Retained by Consuaption Fishery

H.Con. |

Hean

H.Can.

values for period 1984 to 1988
Hean Height (Kg.)

Stack

—_

S OGO et

—

0.264
0,679
1,081
1,026
1,095
1.000
1.037
0.680
0.948
0.968

'
1
l
P
1
i
1
i
1
i
1
i
]
i
1
i
1
i
i
i
1l
i
'
H

0.264
0.679
0.957
1.109
1060
1.122
0.892
0.570
1,031
1.031

0.682
1,238
2,842
4.924
5,588
8.283
9.549

10.259
11,460
14,749

0.682
1,258
2,842
4.924
5.5688
8.283
9.549

10.259
11,460
14,749

o =

Age

ige 1 I

1
i

Age

—_—

in 1989 =
in 1990 =
in 1991
at age 1 in 1992

9914
9914
9914
9914

and proprtion mature at age are as shown in Table 13.3

Hean F for ages { to | in 1988 for small-sesh fisheries = 0,000 .
Industrial fishery F-at-age in the prediction are averages for the period 1984 to 1988 ,
rescaled to produce a mean value of F for ages | to ! equal to that for 1988

Values of N in 1988 from VPA have been overwritten
for the tfollowing ages .....

Values of F for these ages in 1988 froa VPA have been overwritten
with scaled mean values used for predictions for 1989 onwards

Hean F for ages 2 to § in 1988 for human cunsuiption landings + discards = 0.952 .
Husan consusption + discard F-at-age values in prediction are mean values for the period 1984 to 1988
rescaled to produce a mean value of F for ages 2 to 5 equal to that for 1988
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Year

in Division VIa 1989 to 1990.

Table 13.10 Predicted catches and biomasses ('000 tonnes) of cod

1990

11988 11989 ¢

1
i
1
v
¢
H

20 10,00 10,00 4

1.00 11,

20 10.40 10,40 10.90

310,95 10,95 10,00 10,19 10,38 10,57 10.76 10,95 11,14 10.00 10,00
11,00 11.00 10,00 10

1to 110,00 10,00 10,00 10,00 10.00 10,00 10,00 10,00 10,00 10,00 10,00

2 to

Cans.

Total
Spawning
Huaan Consumption

Hugan

i Small-sesh
iHean F{Year}/Hean F{1988) |

i Biomass i Jar of Year

i Hean F

i
'
i
'
i
s
H

‘
'

F{ 1989 ) ’
Total

i Discards! By-catchi

Stock at start of and catch during 1990
i H.Cons

for F{ 1990 )

Stock o

| Agel

'
i

Total

01
i Discards! By-catch!

'
i
i

tart of and catch during 1989

H.Con

'
‘

Stack at

Stock Mo

Small-sesh Fisheries
Total landings

Catch weight
Human Consuaption
Discards
Total catch
Total
Spavning

i Biomass 1 Jan of Year+l

| Age!

1
i
'
i
1
i
1
i
'
i
'
i

2097 1

97 1
2816 1

=

9914 ¢

07 2097 4

U

2097 }

9914 1

01
01

14791

8231 1
2609 1

04 37663

[
01

2840 1§

2

5283 1

1634 U

271

851

85 1

Hi

o

17017 ¢

01

04

17017 @

4773 1

3

i

Wt

10

19997 4 01 04 19997 % '

40333 3




74

Table 13.11 Age Composition of COD in VIa in Scottish Landings
" First Quarter 1989 (Numbers in '000's)

Number

14
255
832
106
23
23
10
+

1

o]

A

_\*OMNOU"#WN"‘%

o
e

Tonnes 2764

Table 14.1 Nominal catch

(in tonnes) of COD in Division VIb,

1979-1988, as officially reported to ICES.

Country 1979 1980 1981 1982 1983
Faroe Islands 92 75 2 77 112
France 2 1 4 27 97
Germany, Fed. Rep. 111 136 443 + 195
Norway 138 80 134 51 462
Spain - - 70 58 42
UK (England and Wales) 129 1 67 3 163
UK (N.Ireland) - - - - -
UK (Scotland) 198 370 143 157 35
Total 670 696 863 373 1,106
Country 1984 1985 1986 1987 1988
Faroe Islands 18 = 1 - —:2
France 9 17 5 7 12
Germany, Fed. Rep. - 3 - - ceey
Norway 373 202 95 130 195
Spain 241 1,200 1,219 808 ..
UK (England & Wales) 161 114 93 69 56
UK (N. Ireland) - - 1 - -
UK (Scotland) 221 437 187 284 254
© Total 1,023 1,973 1,601 1,298 505
1Preliminary.
Included in Division VIa.
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Table 15.1 Nominal catch (in tonnes) of COD in Division VIIQ,
1979-1988, as officially reported to ICES.

Country 1979 1980 1981 1982 1983
Belgium 6901 1511 329 251 368
Denmark s AN - = =
France 3,998 3,203 3,707 2,696 2,802
Netherlands - - 4 1 4
UK(England and Wales) 348 160 206 306 358
Total 5,036 3,514 4,246 3,254 3,532
WG Estimate 4,743 3,892 5,497 4,117 4,020
Country 1984 1985 1986 1987 1988
Belgium 331 501 650 815 4862
Denmark - - 4 - +3
France 2,492 2,5891 9,9381 7,541 6,642
Netherlands - e e - e
UK(England and Wales) 282 326 830 1,044 867
Total 3,105 3,416 11,422 9,400 7,995
WG Estimate 3,686 3,401 12,395 15,219 10,528

"Included in Division VIIe.
Preliminary.
Working Group estimate.



1985 | Agel
==t
12351 21

1
i

9
L6661

1984

1
i

1983
1251
18721

'
1

1982
8911
9341

1981
ST
21151
10891

1
i

1980
5201
15391

1979
236}
12291

'
P

3
464114
10354

1978

1977 4
5090%
36971

between 1976 and 1988.

0,200 } 1,000 |

5
1976 4
%
844}

Table 15.2 Values of natural mortality rate and proportion mature at age.

Table 15.3 Total international catch at age ('000) of cod in Division VIId

! Age}

76

B17} 4233

tH
2811

]
s

a2il

991

1823

IRH
38t
u

196}
42

2081
294

2301
20}

9
£y

1
2}

2011
5421
29441
014
2811

2

RLH
141
32233
86821
1761
2241

91
351
22
7504}
Bhbb}
16773
a2n

61
8

w -

! Aget

boo1983

1984

s
i

1983

fl
i

ge (kg.) of cod in Division VIId

1982

1984

1
i

1980

'
1

1979
i Agel

1978
1988

'
'

1987

between 1976 and 1988.

1
i

1986

Table 15.4 Total international mean weight at a
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Table 15.5 Results of separable VPA of cod in Division VIId.

Separable analysis
tron 1976 to 1988 on ages | fo &
with Terainal F of 1.000 on age 3 and Termiral § of 1.000

Initial sum of squared residuals was 220.017 and
final sum of squared residusls is 54,093 after 37 iterations

fatrix of Residuals

Years  137R/77 1977/78
Ages

172 -3.970 Z.148
%3 0,263 0.200
R 1,455 -1.146
4 5 0,078 -0.216

G.000 0,000

uts 1,000 1,006

fears  1378/73 1573/80 1380481 1981/82 1332/8) 1383/8¢ 1984/65 1985/56 1986/87 1987/48 - LiE]
Nges
172 0.765 0.050 0747 0770 LG4 -0.533  0.604 -2.977 0.963 L.700 0.008 0.2
23 0,32f -0.337 -0.585 €308 -0.713 ©.204 -0.442 0,287 0.777 -0.292 0,906 0,948
RS 9.568  ¢.327 0,047 6.353 0.186 1S5 0,120 0.407 -1.260 -2.203 0,006 0.415
45 =073 0472 0.387 -0.258 0,260 -0.520 0.228 0.45 -0.424 0.783 1,006 1.000
0,000 0.000 C.000 0,000 0,000 0.000 9,000 0,000 0.015 0.000 0.023

urs L0000 1000 1,600 1000 1000 L.000 1.000  1.000 1000 1.000
Fishing Hortalitiss (F)

19%6 1517 1378
Fevalues  0.9961 1.0669 1.133¢

1979 1580 1380 (982 1983  138¢ 1985 1986 14997 1948
Fevalugs  1,0607 0.5183 0.9806 0.9316 1.I589 1.8132 0.4033 3.0000 (.519% 1.0000

Gelection-at-age (5)

1 2 3 4 5
G-values  0.0621 0.9073 1.0000 1.4587 1,0000
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Division VIId between 1976 and 1988.
0,128 0 0,006 4 0.42B1 0,023 ¢ 0.248 % 0,034 1 01261 0,001 !

0.512 3

0.001 }

Table 15.6 Total international fishing mortality rate at age of cod in

18

R E]
Lclie]
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]
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o -
o
~ o
-
IR
— e
~ 0
S~
o o
= o
= =
S o
-
-
W
S -
2 o~
< <
< o
~ o~
~ o4
=
@ o
o4 =
P ws
—_—
[
=
o
-
o =
>
~ S
< o
o~

A3t 13890 1285 % L4961 L32LE L4021 0.472 ¢

1.282 %

1.308 ¢
1987

1.494 }
1986 1}

i Agel
]

0.987 }
2,355 4

0.391 1
2,905 !
1,632 }

1.927 %
995

[

[

0.937 4

2,283 1

[y

i Agel
L

1985
121401
1193}

34301
32701
8691

1984

+
4132t
28441
10044

289}

Division VIId between

1983

in

44494
2249}
RATA
3901

1982

2810}
34378
1654}
3101
671

1981

1980 1
i
37023

9451
3304
381

1979 &
47811
2494}
1480}

?
i

1978
34611
58201
14061

1976 and 1988.
1977
13898!
57181
5671

'
i

6994}
13963
7738

1978

Table 15.7 Stock numbers at age ('000) of cod

i Agel

161

1

131

2}

38!

-

i Age!
1
24

1988
117451
67391
3486}
3301
1

+
i
i

117904
136581
971
2511

24906}
99261
2102}

562}
i

1
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Table 15.8 Mean fishing mortality, biomass and recruitment

of cod in Division VIId between 1976 and 1988.

Recruits

Biomass !

Hean Fishing Mortality |

'
)

I
i
s
'
il
i

P
S
=l
- —
=
as ==
[
<E :
3
>
)
w o
@
c c
1= &
S
-3 -—
= —
> o
> piy
= o
fhid
-
-
0 ™
Qoo
[ =
< >
)
o
@
-
=
w
& o
==
=
=
S
s
ES
~
™
@
-

'
i
'
i
i
i

[P
i i

0.000 }
0.000 |
0,000 1

4.000 1
0.000 1
0,000 }

1,409}
0.982 1
1,393 4

1974
19T

17

131

1978 4

21791
2180

104
101

06,000 1

0.000 }
0.000 1
0.000 ¢
0,000 1

3
0.970 4
1,209 1
1,026 4
1,536 4

7
1980 &

0

0.000 1
0.000 1
0,000
0,000 1
0,000 4
0,000 4
0,000 1
¢.000 }

1981 1
11982 !

1983

ws

1183t
118
21851
1ies!
Lierd

101

4
=

171

0.000 }
0,000 |
4,000 1
0.000

.549 1
2.844 1
1.487 |
1329 %

11985 ¢
1986 4
P19e7

s
1

204

o
=

o
4

24}

1988

81
71

1
i

Arit-gean recruits at age 1 for period 1974 to 1988
Geos-nean recruits at age 1 for period 1976 to 1988




Table 15.9 Input for catch prediction of cod in Division VIId.

Values used in Prediction
F at age , Hean Wt. and Propn. Retained by Consusption Fishery

1988
Stock and Fishing Hortality

Scaled mean F Hean values for period 1984 to 1988

P !
oot i
Vot !
Vo H !
i Agel Stock ! Fishing Hortality | 1984 to 1968 ! Hean Height {Kg.} i Prop.
! 1 MNuaber | M.Con. ! Disc | Ind ! H.Con. ! Disc { Ind ! H.Con. } Disc ! Ind ! Stock ! Ret.
=t H H H i H i H | i ! !
. 8967 1 0,126 4 H Po0.183 4 { to0.870 1 ! bo0.670 1 1,000
H 8761 1 0.644 ] PoL024 H boL039 i POLO3% 1,000
HE 3486 1 0.987 ! Po0.908 | H {2,453 H I 2,453 1 1.000
HEE B[ O2.355 H bo2.083 4 ! P97 i 13,975 1 1000
Posd i 09371 i P24 i bob301 H to8.301 1,000
HEE Po0.937 4 ! WV H RV H to7.461 1 1,000
i Mean F ! Age 2to 4 iAge! 1! Age 2to § tge L L1
! Unscaled | 1329 1 0,000 i 1.466 1 0,000
! Scaled ! ! L3291 6.000

Recruits at age { in 1989 = 6608

Recruits at age 1 in 1990 = 4608
Recruits at age { in 1991 = 6608
Recruits at age 1 in 1992 = 5608

M at age and proprtion mature at age are as shown in Table 15.2

Wean F for ages 2 to 4 in 1988 for human consusption landings + discards = 1,329 .
Husan consusption + discard F-at-age values in prediction are mean values for the period 1984 to 1988
rescalad to produce a mean value of F for ages 2 to 4 equal to that for 1988

ean F for ages | to | in 1988 for small-nesh fisheries = 0,000 .
Industrial fishery F-at-age in the prediction are averages for the period 1984 to 1988 .
rescaled to produce a aean value of F for ages | to 1 equal to that for 1988

Recruits in 1988 from F 1976-1985 (0.126)
Recruits in 1989 from R 1976-1988
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'
i
1
i

71
.00

0

|

7

174
L.00 11,20 10.00 10.0

1
i

1990
1713

Year
000 173 174 174 17
i
1to 110,00 10,00 10.00 }0.00 10.00 10.00 10.00 $0.00 $0.00 $0.00 }0

244
i

11,00 11,90 10,00 10.20 10,40 10.60 10.80

11988 11989 ¢

'
i
'
i

Division VIId 1989 to 1990.
2 to 411,33 11,33 10.00 10.27 10.53 {0.80 11,06 11,33 11.59 10.00 10.90

Small-mesh Fisheries
Total landings

Human Consumption
Total catch

Human Consuaption

Spawning
Discards

Biomass 1 Jan of Year
Total

Hean F{Year)/Hean F{1988) |

i Catch weight

i Huaan Cons.
Small-mesh

{ Hean

1
i
i
i
i
i
1
i
'
i
'

'

Table 15.10 Predicted catches and biomasses ('000 tomnes) of cod in

1
i
'
i

|
!
{ Bioaass | Jan of Yeart!

177 151 18}

191

-

7t 291 41

20 ¢

Total

'
i

1003 4
2544 4
1596 1
867 1

Total

0
01
[UN]

01
01
01

i Discarde! By-catchi
[N

1005 4
2544 1
1396 ¢
847 1

161

Stock at start of and catch during 1989
i H.Cons

5508 1
4307 4
2907 &
1064 1

26 1

Stock No

Spanning

1
i

| fAge

10800 ¢

10800 } 01 [

20459

Wt i

= F{ 1989 )
[

i H.Cons 1| Discardsi By-catch! Total
1005

Stock at start of and catch during 1990

for F{ 1990 )

5608 1

2661

[

4305 1 2681}

1
P

[ 9!
0 7931

[
¢

695 ¢
783 4

1266 4
960 !

"o

701
o 873

0!

70
8731 1

"2
16794 4

Pt
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Table 15.11 Nominal catch (in tonnes) of COD in Division VIIe,

1979-1988, as officially reported to ICES.

Country 1979 1980 1981 1982 1983
Belgium 91 121 34 42 21
Denmark 2,052 660 - N -
France 850 798 779 653 567
Netherlands - - - - -
UK(England and Wales) 137 205 222 262 292
Total 3,048 1,675 1,035 957 880
WG Estimate 2,654 1,327 731 493 461
Country 1984 1985 1986 1987 1988
Belgium 15 12 8 10 122
Denmark - - - + +3
France 390 3591 1,3051 1,122 1,326
Netherlands - 1 66 - -
UK(England and Wales) 236 243 406 524 840
Total 641 615 1,785 1,656 2,178
WG Estimate 385 458 1,447 1,700 1,644

!Includes Division VIIA4.
Preliminary.
Working Group estimate.



Table 15.12 Results of SHOT forecast for cod in Division ViIe.

running recruitment weights

older .50 6= .00
central .50 exp(d) (.00
younger .00 exp(d/2) 1.00

Year Land Recrt W'td Y/B Hang Act’l Est'd Est'd Act'l Est'd £st'd
-ings Index Index Ratio -over Prodn Prodn 5QC. Expl Expl Land
Bios Biom -ings

1919 2,7 3.3 50050 5

1980 L3 58 5 5 50 9 3

1381 T3 4 50 50 0 i

1982 S 8 7 50 5 0 L

1983 S35 Z 5 5 0 0 9 t Lo
1984 A3 4 8 8 0 0 0 1L 4
1385 S 285 3 8 5 L0 0 L 1.3
1985 14 19 2 % & 2 g9 0 3 1 3
1987 L7 127 7 5 L0 2 L [ A K )
198 16 38 8 8 s 2z 2 2 1 1 Lt
1989 L2 5 .50 1 { 2 1!
1930 &0 3 50 .50 1 L 2

1931 4.0

83
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Table 16.1 Nominal catch (in
IV, 1979-1988, as

tonnes) of HADDOCK in Sub-area

officially reported to ICES.

Country 1979 1980 1981 1982 1983
Belgium 732 1,414 1,217 966 985
Denmark 8,248 12,928 13,198 22,704 25,653
Faroe Islands 7 27 46 6 51
France 7,208 7,407 11,966 15,988 11,250
German Dem. Rep. 12 36 - - -
Germany, Fed. Rep. 2,549 2,354 3,387 4,510 3,654
Netherlands 955 1,557 2,279 1,021 1,722
Norway 968 1,191 2,283 2,888 3,862
Poland 106 59 31 317 150
Sweden 907 1,165 1,301 1,874 1,360
UK (England and Wales) 10,774 12,195 14,570 16,403 15,476
UK (Scotland) 54,119 64,058 82,798 107,773 100,390
USSR 18 - - - -
Total 86,603 104,391 133,076 174,450 164,553
Country 1984 1985 1986 1987 1988
Belgium 494 719 317 165 2201
Denmark 16,368 23,821 16,397 7,7671 9,17“
Faroe Islands - 5 4 - 13
France 8,103 5,389 4,802 3,889 2,166
German Dem. Rep. - - - - -
Germany, Fed. Rep. 2,571 2,796 1,984 1,231 825‘
Netherlands 1,052 3,875 1,627 1,093 8591
Norway 3,959 3,498 5,190 2,610 1,505
Poland 17 - 1 - -
Sweden 1,518 1,942 1,550 937 614
UK (England & Wales) 12,340 13,614 8,137 7,491 5,537
UK (Scotland) 87,479 112,549 126,650 84,063 84,104
USSR - - - - -
Total 133,901 168,208 166,659 109,246 105,001

1Preliminary.

Figures from Norway do
fisheries

Includes Division IIa.

Working Group estimate.

not include haddock caught in Rec.

2
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H

1890 1
1622 4

Disc | By-cat}
{0
5151

660 1

aught in Sub-area IV

1
1

494

Nuaber { sillions )
910 4

4003 4
1280 !

'
338 4
11

i

Disc ! By-cat! Total { H.Con
50

[ N |
i I i

33

2
151

1794

'
|
1

Height { 1000 tonnes )
| Year | Total | H.Con !

29

350

305 ¢

9.

'
i
'
i
'

1969
734

between 1969 and 1988.
11972 4

1
i
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Table 16.4 Total international catch at age ('000) of haddock in

Sub-area IV between 1969 and 1988.

Phgel 1969 1970 1 1970 % 1972 % 4973 4 1974 4 1975 ) 197 0 1977 1 1978 | Age!
| ' 1 i H H H } ! i -t
PO 725591 9246011 3306741 240891 598731 6014125 44947 1671731 1149021 285Bfs) G !
VoL 208691 2661471 18099631 4738311 3448241 12138441 20968261  LA7599) 2501341 4540821 1}
P20 3TAT9TY 2182931 707351 5840741 SATA3NI 1743891 6326721 1046110  104307! 1426641 2 !
P31 3030701 19065731 472241 401503 2374981  326659% 576301 204506 3769741 284951 3 |
HEE ] 73847 573621 3973781 20948} 60991 831370 1060481 93551 38061} 1071700 4%
P 207 176 loz88} 155922} 43991 18321 183201 30044: 4086} 8153t 51
Vb 25124 1195 458} 35161 38829 1320 9521 47934 39391 1901 6
T 19099 2541 193} 1884 12370 10672t &011 198 12301 1942} 71
- 2001 59461 146} 331 106} 236! 26281 73 128 317% B4
HE 241 671 15781 7 28} 23t 2581 7281 m logi 91
P10 n 1 1598 4024 108! i Y 58% 190 140103
Bt ! 19 81 1 331 1 181 3 L YLIm Y
PAgel 1979 1 1980 1 1981 | 1982 | 1983 | 1984 | 1985 | 1986 1 1987 | 1968 | Age!
et ! | i H ! i } ! | -t
P01 BALIB2Y 374948 b4A33BI 2786911 6397881 954881 1396031 56476 94151 10800% 0}
Pl 3447300 6595461 1344331 2753411 1961231 432105) 179217 1402561 2772371 29017% 1}
P20 1981420 323UIZI AA3L051 838151 2476141 161709} 5263520 1776911 248101 4824441 2 |
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1103 o9 701 23 151 521 110} 22} 43 328 487 10 4
Y 23 42 ktH i ity 21 934 m i 480 110




87

weight at age (kg.) of haddock in

Sub-area 1V between 1969 and 1988.

Table 16.5 Total international mean

POAST0 T 1970 1972 0 1973 0 1974 4 1975 1978 1 1977 | 1978

1969

i fAgei

i fge}

3

1
i

0,418

0,345

PO0.B91 4 0,873 1 0,887 | 0.606

'
i

i

2.036

HS Y o}

11967 1 1988 ! Age!

1984
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mortality rate at age of

hing
ween 1969 and 1988.

Sub-area IV bet:

Table 16.6 Total international fis
haddock ir
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Table 16.7 Stock numbers at age ('000) of haddock ir Sub-area TV
between 1969 and 1988.
Phgel 1959 4 1970 1 {970 1972 ¢ 1973 4 1974 ! 1975 ! 1976+ 1977 4 918 %
t-mm-i H H | H H H H H ! i
{0 1 111777700 802727201 739849701 197433104 668113101122235600¢ 104380101 148502301 231483801 346943701
PoLb ZUI34300 14170450 100550601 94247147 24690241 65828181 155541707 1332719% 18613221 2945246}
P20 8832220 3978770 1736370 12593220 1550268!  337274) 1191865 21969661 192602} 243188}
b3 adei22) 307s170¢ 949981 40098 3812881  584523) 883061 3004391 5344924 470021
HEE S 118824 87917% 756235} 330981 123941 927601 1748314 194761 588791 1770704
H 48454 27401 192521 243429) 79 43718 264181 44890} 58931 131841
HE- 38441 18213 11924 56001 627234 24561 19401 80131 101494 0134
LI 330431 9251 4321 3661 22734 169051 8361 739 23041 3049}
LI 844} 100761 5271 1821 2954 7604 43781 155} 427 7911
P 351 5121 29671 3001 I3tH 1461 4101 12514 bi} 235
U 143 251 3581 10234 2224 72} 99: 107} m 281
NS H 441 18} 28} 109} 201 304 H 7 131
PAgel 1979 1 1980 f 1981 } 1982 i 1983 ! 1984 } 1985 | 1986 1987 1 1988 | Age!
et ! H H H H t } H i ===t
T0 1 569388301 144737501 303072301 190209601 634781301 162445301 233937801 457892301 44992431 77089307 0 !
P10 46375270 83637221 1750829% 3707410% 23647141 8004542} 20623791 29694051 3B7371L) 5763601 1 !
V20 3956071 7582470 13533041  284657! 6046265  394038! 13703310 327513% 5083401 10207280 7 ¢
Po3d 64130% 1088451  251451F 5761541 123614% 2093400  135462F 498973 796877 145522% 3}
HE I 11916} 159294 25575} 76311F 1995381 348911 608061 40345F 113590} 218001 4%
- 4566141 31923 39451 744b1 247284 49409} 87921 158314 82281 304841 5 4
HEH 35411 136213 27t 15494 nn 61104 119944 25181 4522¢ 26201 &t
HE A 391! 1021} 4414} 5061 6541 11844 1720} 33501 984} 1205 7t
H I 775t 2601 3361 1424t 1731 2781 443} 359 133 3340 8¢
HE 31 225 1124 1451 721 9Ll 159} 178} 2481 2497 914
U 964 1254 49} 35t 1094 218} 413 821 hLH 881 16 ¢
A 421 75} 801 26! 304 423 17 146} 1881 a8 1
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1
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Ages

H.Con |
0,749 4
0.753 |
9,603 §
0.900 1
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0.783 ¢
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haddock in Sub-area IV between 1969 and 1988.

Table 16.8 Mean fishing mortality, biomass and recruitment of
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Table 16.9 Input for catch prediction of haddock in Sub-area Iv.
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H H 1988 i Yalues used in Prediction
H i Stock and Fishing Hortality I Fatage, Hean Ht, and Propn. Retained by Consumption Fishery
oo i !
i i i Scaled mean F i Hean values for period 1984 to 1988
i Agel Stock ! Fishing Hortality | 1984 to 1968 ! Hean Weight (Kg.j i Prop.
H i Number ! H.Con. i Disc ! Ind | H.Con. ! Disc ! Ind ! H.lon. | Disc | Ind { Stock | FRet.
==t H i H H B i H ! H | i :
P01 7650000 Po0,008 1 9.007 ! Po0.000 1 0,007 ¢ V0043 0,010 1 0,016 ¢
PoLd 533000 0 0,005 4 0,100 1 0,020 1 0.005 ! 0.100 ! 0,020 ! (.273 ! 0.157 ! 0.049 1 0141 1 0.050
P2 944000 1 0,307 § 0,440 1 0,020 % 0,307 ¢ 0.460 ¢ 0.020 ¢ 0.350 ¢ 0.203 V0,207 1 0,261 ) 0,409
P30 145522 1 6,939 % 0,120 0,031 0 0,888 ¢ 0.150 ! 0.019 ! 0.469 | 0.259 | 6,375 1 0.437 | 0,858
PoAd 2MB04 1 0,981 % 0,066 1 0,052 0 1.100 1 0.022 ! 0.048 ! 0.480 ! 0347 ! 0,633 1 0.630 1 0,979
VoS 30483 1 L1049 1 0,004 1 0,012 0 L1044 ! 0,003 ! 0.014 ! 0.865 ! 0.356 1 0.781 1 .88 1 0.997
Vb 2619 1 1,023} | io1.002 % 0,000 1 0.000 1 1,195 1 0.420 % 0,555 ) 1.194 | 1.000
V7 1204 1 0.810 ¢ | bo0.853 4 H P13 H Po1.326 1 1,000
Vo8 3341 0.688 ! to0.737 ) ! ioL700 ) H ioL700 4 1,000
P9 249 1 0.878 ! { b0.749 H POL9Is ! POLAS 1,000
P10 88 1 0.893 ) i {o0.88L i 2,072 H PO2.072 1 1,000
S 88 1 0.893 i H i0.881 ! H i2,458 ) ! Po2.458 1000

| fean F ! Age 2to & lfge 0 3! Age 2to & thge 0 3i

! Unscaled !} 0.995 1 0.017 ¢ 0.999 1 0,018 ¢

! Scaled | H 0,995 1 0,017

Recruits at age 0 in 1989 = 14870000
Recruits at age 0 in 1990 = 26392310
Recruits at age 0 in 1991 = 26392310
Recruits at age 0 in 1992 = 26392310

H at age and proprtion mature at age are as shown in Table 16.3

ilean F for ages 2 to 6 in 1988 for husan consusption landings + discards = 0.995 ,
I Human consuaption + discard F-at-age values in prediction are mean values for the period 1994 to 1988
rescaled to produce a mean value of F for ages 2 to 6 equal to that for 1988

Hean F for ages 0 to 3 in 1988 for seall-aesh fisheries = 0.017 .
Industrial fishery F-at-age in the prediction are averages for the period 1984 to 1988
rescaled to produce a mean value of F for ages 0 to 3 equal to that fer 1988

Values of N in 1988 from VPA have been overwritten
for the following ages .....

fge 0
Age !
Age 2

Values of F for these ages in 1988 froa YPA have been overwritten
with scaled mean values used for predictions for 1989 onwards
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Table 16.11 Estimated age composition of haddock in Sub-area IV in

first half of 1989.
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