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1 INTRODUCTION

1.1 Participation

J. Cotter UK (England)
H. Degel Denmark

H. Gislason Denmark

J. Lahn-Johannesen Norway

K. Popp-Madsen Denmark

S. Reeves (part time) UK (Scotland)
D. Skagen (Chairman) Norway

1.2 Terms of Reference

At the 80th Statutory Meeting it was decided (C.
Res.1992/2:8:17) that the Working Group on the Assess-
ment of Norway Pout and Sandeel (Chairman: Mr D. W,
Skagen, Norway) should meet at ICES Headquarters
from 6-12 October 1993 to:

a) update the description of the historical develop-
ment of the fleet units exploiting Norway pout
and sandeel and the catches of these species and
the by-catch species;

b) quantify the species composition of by-catches
taken in the fisheries for Norway pout and
sandeel in the North Sea and adjacent waters;

c) resolve the age compositions of the 1990 catches
to allow the time series of catch-at-age data to
be maintained;

d) assess the status of Norway pout and sandeel in
Sub-area IV and Divisions Illa and VIa and
advise on the need for any management
measures, taking into account the outcome of the
meeting of the Working Group on Methods of
Fish Stock Assessment;

e) provide the data requested by the Multispecies
Assessment Working Group;

f) provide information on the industrial fish stocks
(Norway pout and sandeel), their age structures,
their stock distributions, and their fisheries on an
ICES statistical rectangle basis, in order to allow
the Working Group on Ecosystems Effects of
Fishing Activities to quantitatively evaluate the
effects of industrial fisheries in the ecosystem;

2) prepare for the transfer of the Group’s work to
area-based Working Groups in 1994.

In addition, in a letter dated 20 December 1992 from the
Chairman of ACFM, referring to the 1992 ACFM
consultations held on 23 September 1992, working
groups were requested to "evaluate and comment upon,

the quality and adequacy of the fislheryma\nd sampling data
upon which their assessments are based", "evaluate, and
comment upon, the quality of their assessments" and
express their consensus views on appropriate manage-
ment advice for any of their stocks, pointing out any
concerns and developments in the stocks and fisheries
which they feel ACFM should address.

1.3 Sources of Data
1.3.1 Denmark

The Danish industrial landings are defined as all landings
taken by fisheries using mesh size smaller than 32 mm
and landed with the purpose of being converted to fish
meal and oil.

Catches landed for human consumption, almost all taken
by gears of mesh size equal to or greater than 31 mm,
but for some reason (e.g. quality or price) used for
reduction, are not included in this description.

The objectives of the Danish sampling scheme are:

- To collect data needed for estimation of the total
landings taken in the Danish small meshed
industrial fishery by species, statistical square
and month.

- To collect information on age and length com-
position by species, month and area.

The basic sources of information are stored in four data
bases:

- Sales-slip database.

- Logbook database.

- Species composition database.
- Biological database.

The sales-slip database:

For all landings which are sold, first hand buyers are
obliged to report to the Ministry of Fisheries (MF)
information on target species, quantity, price and area
(ICES Division) for each landing. The information is
recorded in the MF’s Sales-slip Database.

The information on species composition in the industrial
sales-slip database is not representative of the true
species composition of the landings as only the target
species is recorded (e.g. a landing of nominal Norway
Pout may, and usually does, contain various quantities of
other species taken as by-catch). Therefore, only infor-
mation on total quantity of all species landed from each
main area (ICES-Division) is used from this database.



The loghook database:

For the North Sea the general rule deals with vessels
with an overall length of 17 m or more. In the Skagerrak
and Kattegat the minimum length of vessels is set at 12
m. The logbooks contain information at least on a daily
basis about, e.g., catch-data, catch-position (statistical
rectangle), species and quantity. Information from these
logbooks is recorded in the Logbook Database in the
Ministry of Fisheries. The logbook information is used
to estimate the relative distribution by ICES statistical
rectangle of the landings identified as having been taken
by the small meshed industrial fishery. In addition, catch
per unit of effort is obtained from catches and fishing
day according to this database.

The landings used in this relative distribution are those
in which the species composition is consistent with those
species typically landed for industrial purposes.

Species composition database:

The industrial landings are sampled for species composi-
tion on a routine basis by the Fishery Inspectors. One
standard sample of 10 to 15 kg is taken from each
landing sampled. The samples are sorted by species and
total weight by species and the position of capture (ICES
statistical rectangle) is recorded. The data are stored in
the Species composition database in the Ministry of Fish-
eries. The total number of samples of landings in the
North Sea, Skagerrak and Kattegat in the years 1989 to
1992 are given in the text table below.

Before the data are used to calculate the landings by
species a quality check is carried out using information
from research and commercial vessel surveys, historical
data, the biological database (see below) and informal
contacts in the most important port.

The species composition of landings by other nations in
Danish ports is also estimated and included in this
database.

Biological database:

Separate biological samples from industrial landings are
taken on a routine basis by the Fishery Inspectors and
handed over to The Danish Institute for Fisheries and
Marine Research (DIFMAR). The sample size is about
10 kg. After sorting the sample by species the total
weight by species, length composition and mean weight
by length group are recorded. Otoliths are collected for
age reading. The data, together with information on
catch position, are stored in DIFMAR’s Biological
database.

The total number of samples taken in the North Sea,
Skagerrak and Kattegat in the years 1989 to 1992 are
given in the text table below.

Number of landings from the North Sea, Skagerrak
and Kattegat sampled in the period 1989 to 1992.

1989 1990 | 1991 | 1992

Species com- 1,388 1,162 824 11,109
position data-

base

Biological 178 64 | 307 | 422
database

Total number
of samples

1,566 1,226 {1,131 1,531

Landings 1,322 960
(’000 tonnes)

1,207 {1,376

Estimation of landings by species:

The total industrial landing by month and ICES Division
or Sub-area are calculated using the sales-slip database.
The landings are allocated to statistical rectangle using
the relative geographical distribution from the logbook
database of landings identified as having been taken by
the small meshed industrial fishery. The output is
industrial landings by statistical rectangle and month.

The relative species composition by statistical rectangle
and month is estimated using the information in the
species composition and biological data base. An average
composition by rectangle is estimated taking the mean of
all samples from that rectangle. If more than one sample
is taken from the same landing, a mean composition of
the landing is calculated and treated as one sample.

After calculation of average composition by rectangle a
new average composition is calculated taking into
account the species composition in all neighbouring
rectangles. This is done by taking the mean species
composition of the rectangles and all 8 surrounding
rectangles.

The total landings by species, statistical rectangle and
month are calculated using the estimated species compo-
sition and total landings by rectangle and month.

The reason for possible discrepancies between the species
composition in the biological database and that in the
logbook database is: 1) that the species composition in
the logbook is based on a subjective estimate and, 2) that



there is a general tendency by the fishermen to under-
estimate the contents of protected by-catch species.

Estimation of the Fishing Effort

For effort calculation purposes, the number of fishing
days is calculated as the number of days on which any
fishing has taken place according to the logbook.

1.3.2 Norway

The term "industrial fisheries" in the Norwegian context
refers to fisheries for Norway pout and sandeel by small
meshed trawl, i.e. using mesh sizes ranging from 16 to
50 mm. In the sandeel fishery, a mesh size less than 16
mm may be used between 1 March and 31 October.

The current monitoring system for sampling landings
caught by small meshed trawl aims at a representative
sampling of the landings from the fisheries for Norway
pout and sandeel, to provide data for informational and
assessment purposes.

The main objectives of the current system are, through
random sampling of the trawlers and their landings:

1) to obtain a geographical coverage of the fishing
grounds on an annual/seasonal basis;

ii) to determine and record the species composi-
tion;
iii) to collect biological samples of the main species

to allow estimates of age frequency and mean
weight at age.

This has been achieved by establishing a sampling system
at fish meal plants receiving industrial landings from the
North Sea. In each port a person is appointed by the
Institute of Marine Research on a part-time basis and is
requested to sample two landings of Norway pout and
one of sandeel per week.

A standard sample size of 50 kg is extracted from
various parts of the landings in buckets of 10 litres. After
sorting the sample, the number and weight of all species
are recorded as well as the length distributions of the
main species (Norway pout, sandeel, blue whiting,
herring, horse mackerel, saithe, cod, haddock and
whiting).

The species composition is calculated by unweighted
arithmetic means, by quarter for the Norway pout fishery
and by month for the sandeel fishery.

The general species composition in the Norway pout
fishery demonstrates that the major components were

Norway pout (65%), blue whiting (20%) and herring
(5%), as an average of 1991 and 1992.

In the sandeel fishery, sandeel constitutes about 95% of
the landings.

Classification of landings

Norwegian official fishery statistics identify landings
from industrial trawlers, i.e., trawlers using small-
meshed gear, by codes for species which make up at
least 70% of a landing by weight. The codes commonly
used are D12 for Norway pout, D13 for blue whiting and
EO2 for sandeel. In cases where none of these codes are
appropriate, the code is M02. Landings labelled D12,
D13 and MO2 are all officially reported to ICES as
Norway pout when derived from the North Sea east of
longitude 0° or from the Skagerrak.

Effort data are derived from logbook records of landings
containing at least 70% by weight of either Norway pout
or sandeel.

1.3.3  Scotland

With the continuing decline in the amount of effort in the
Division VIa sandeel fishery, there has been an associ-
ated decline in the sampling coverage of landings from
the fishery. The landings are generally sampled as part
of routine market-sampling operations which rely on a
sampling team being present in Shetland when a landing
from Division VIa is made. Relatively few boats are
involved in the fishery so landings are relatively infre-
quent; hence the decline in coverage. Arrangements are
also made for the meal-plant operators to retain samples
for subsequent collection, but this is a less reliable
method of sampling. The samples are used for both age
determination and species composition. Effort data are
obtained from logbooks, but with boats fishing in
Division VIa and then having to sail to Shetland to land
the catch, the added steaming time has distorted the
effort data. In addition, a small proportion of landings
from the Division VIa fishery are made into foreign
ports, particularly in the Faroes, so it is not possible to
sample these landings. In recent years the few Scottish
boats fishing for sandeel in the North Sea have landed
virtually all of their catch into Denmark, so no samples
have been obtained from these catches.

1.4 Quality of Data

The working group noted and discussed the *Report of a
Meeting between the European Commission and Norwe-
gian Authorities to Evaluate and Describe Measures
Relating to Monitoring and Control of Industrial By-
Catches in the North Sea - Bergen, 21-25 June 1993°.



1.4.1 Sampling coverage

1.4.1.1 Denmark

To illustrate the geographical coverage of the Danish
sampling scheme in relation to that of the fishery for
Norway pout and sand eel combined, the number of
samples and the total Danish catch by rectangle and
quarter in 1992 are compared in Figures 1.4.1.1a,b,c
and d. It can be seen that catches were sampled from all
but the least productive rectangles, with those from the
most productive rectangles being most heavily sampled.
The sampling intensity is approximately 1 sample (10 kg)
per 1000 tonnes of the two species landed.

1.4.1.2 Norway

Figure 1.4.1.2 shows the geographical distribution of the
total landings of Norway pout in 1992 as per mille
proportions per rectangle, together with the correspon-
ding numbers of samples. A total of 63 samples were
taken for 106,000 tonnes of Norway pout landed in that
year, giving a sampling intensity of 0.6 samples of 50 kg
per 1000 tonnes landed. The same is illustrated for
sandeel in Figures 1.4.1.3a and b. In this case, a total
of 27 samples were taken for a total of 89,000 tonnes
landed, giving a sampling intensity of 0.3 per 1000
tonnes landed. The sandeel season in 1992 was very
short, ending in early July.

1.4.2  Sources of bias
1.4.2.1 Samples

The manner of sampling by Denmark, Norway and
Scotland has been described in Section 1.3. Possible
sources of bias identified in these procedures are:

i) The catch in a vessel may be poorly mixed and
heterogeneous. Fish at the surface of the hold
may consist predominantly of those from the
last haul, those which tend most readily to float
upwards as a result of the motion of the ship, or
those which the crew wish the inspector to see
first. These effects could bias species composi-
tions and biological measurements if samples
are only taken from the top of the hold. Com-
posite samples formed from subsamples drawn
from evenly spread locations in the bulk of the
catch would be preferable when possible. How-
ever, it may also be an advantage to sample
from the last haul because the catch is better
preserved and the source area is better known.

ii) Samples collected visually could be biased
towards the species composition expected in the
catch, or towards the more prominent individ-
uals. A sampling procedure which does not

involve human choice of fish should be arranged
if possible to minimise bias. The volume of
each sample should be sufficiently large to make
the inclusion of the larger fish in the catch
possible. Since fish greater than about 40 cm
are mostly removed from industrial catches
nowadays, the sample volumes in use were felt
to be adequate.

1i1) The use of inspectors to draw samples for the
purpose of collecting scientific samples could
cause biases depending on the perceived likeli-
hood of prosecution. The use of large volume
samples when infringement of by-catch regula-
tions is suspected may unduly weight those
events.

1.4.2.2 Choice of sampling unit

A number of alternative sampling units can be con-
sidered, e.g. landings without regard to vessel, landings
stratified by vessel, landings at given times and landings
at given tonnage intervals, Depending on local circum-
stances, there is considerable potential for biases towards
e.g. large vessels, different sea areas, different species
according to the fishing habits of different skippers, etc.
Ideally, each unit sample weight of fish within a given
sampling stratum should have an equal probability of
being sampled, given the sampling rate chosen for the
stratum.

1.4.2.3 Treatment of data

Bias can arise in both the Danish and Norwegian systems
for processing data because catch composition and total
weight are not estimated for the same sampling units,
This is mainly because the sampling of all landings to
estimate composition is not at present practicable, and
because randomisation cannot be perfect. The biases will
depend on local circumstances but can be expected when
there is a poor match between samples and landings with
respect to statistical rectangles, fishing intentions of
vessels, timing and perhaps other factors. These effects
could possibly be reduced when calculating averages by
weighting samples in relation to the proportion of the
total catch which they appear to represent, but this would
be unsatisfactory if many samples are missing. Data
smoothing processes for composition data, e.g. the
Danish system of averaging over sets of 9 adjacent
rectangles, could be exacerbating mismatches between
composition and tonnage measures, although it has the
advantage of helping to reduce the problems of missing
values for composition in some rectangles, and composi-
tion samples drawn from catches taken in more than one
rectangle.



Problems of bias of a different kind can arise if the main
species in catches are falsely declared in order to avoid
fishery regulations.

1.4.3 Sampling variance

The variance of estimates of catch weights by species
appears to be difficult to estimate using theoretically
derived formulae because of the difficulties in linking
qualitative and quantitative measures. If sampling does
not effectively cover the fishing fleet and its activities in
space, time and other significant respects, estimates of
variance are likely to be too low. Also, any bias present
in existing data is likely to lead to biased estimates of
variance. Nevertheless, because of the importance of the
herring by-catch in the Norwegian Norway pout fishery,
Skagen (1993) has studied the variance of estimates of
these by-catches by assuming that the proportion of
herring in samples is Poisson distributed and that the
samples provide a reasonable representation of actual
catches. Then, using a Bootstrap re-sampling technique,
he obtained a distribution of by-catch percentages as a
function of the number of samples, N, taken. During
1992, 63 samples were collected from the Norway pout
fishery. This implies that the range between the 10 and
90 percentiles for the proportion by weight of herring is
somewhat less than half of the estimated mean value for
the year. It was suggested that a modest increase of
sampling effort from 1992 levels would be worthwhile.
This method shows promise when there is only one
species of interest in the by-catch. Extension to a multi-
species situation would be complicated by the negative
covariance between species’ weights in a sample of fixed
total weight.

1.5 Assessment Strategy
1.5.1 Background

Due to the breakdown of the sampling system in 1990,
analytical assessments have not been made for the main
North Sea stocks at subsequent Working Group meetings
because standard VPAs require catch data for every year
and season. At the last meeting (Anon., 1992), it was
decided to attempt to estimate the missing catches as part
of the assessment, rather than to use the very few
samples that were available to estimate catches at age. At
that meeting, two newly developed assessment models
were tested, but neither of them worked satisfactorily at
that time. One was a modified XSA, the other a separ-
able VPA, which was specifically designed to handle the
case where the catches are very low or zero, but where
one survey index is available. For this purpose the
separable VPA proved useful, and was used for the
Shetland and Division VIa sandeel assessments in 1992
and again this year.

Since the last meeting both the separable VPA (Cook and
Reeves, in press) and the seasonal XSA (see Appendix I)
have been developed further. For most of the assess-
ments done at the present meeting both programs have
been tested, although time constraints prevented a full
testing of the Seasonal Separable VPA (SSVPA). The
seasonal XSA has the advantage that it can constrain the
catches to a specified SOP, and it is also more flexible
with respect to the treatment of the survey data. For the
Shetland and Division VIa sandeel assessments the
Working Group found no reason to change the previous
practice.

1.5.2  Seasonal Separable VPA

The seasonal separable VPA (SSVPA) was first used at
the previous Working Group meeting and is documented
in the Working Group Report (Anon. 1992). Since then
the method has been developed further, and it now
includes an option to down-weight selected ages in the
catch or survey data. This is appropriate where these
ages are not well sampled or represented in the catches.
The current implementation of the SSVPA, and its use in
the assessment of industrial stocks is documented in
Cook and Reeves (in press). The SSVPA program can
still accept only a single research vessel series. However,
where more than one series exists, as in the case of
Norway Pout in the North Sea, the practice has been to
combine the indices using factor analysis (Rosenberg et
al, 1992).

1.5.3 Seasonal extended survivors analysis (SXSA)

This is a modification of the XSA used elsewhere within
the ICES community. The basic theory is the same, but
the practical implementation and tuning options are
different. It operates on a seasonal basis and at present
a half-yearly and quarterly version are available. In the
present version, the unknown catches are estimated using
estimated catchabilities and stock numbers. It is also
possible to treat the current year as the year with
unknown catches. This enables a prediction of the
catches in the current year, where the information from
survey indices is included.

A more detailed description of the method is given in a
working paper which is attached to the report as Appen-
dix I

2 TRENDS IN THE INDUSTRIAL FISH-
ERIES

2.1 Division IIla

The annual landings from the industrial fisheries for the
years 1974-1992 are presented in Table 2.1. Minor
revisions were made for sandeel in the period 1982-1989.
The total landings have fluctuated between 93,000 t and



235,000 t without any particular trend. Since 1987 the
landings have been below the long-term mean of 160,000
t, mainly due to a decline in the landings of clupeoids.
The so-called mixed-clupeoid fishery is not included in
this table from 1991 onwards because the mesh size in
this fishery was increased to over 32 mm. Comparatively
low landings in the period 1989-1991 were followed by
a marked increase to 148,000 t in 1992, due to an overall
increase in landings of all species except sprat.

2.2 North Sea

The annual landings from the industrial fisheries for the
years 1974-1992 are presented in Table 2.2. For 1992
the landings have been broken down by quarters to
indicate the seasonality of the various fisheries. Minor
revisions were made for sandeel and sprat in the most
recent years. The total landings were at a higher level in
the 1970s than in more recent years, and have since then
fluctuated without any particular trend, ranging from 1
million to 1.9 million t during the entire period. Land-
ings increased from 1 million t in 1990 to over 1.3
million t in 1991 and exceeded 1.5 million t in 1992,
There was an overall increase in landings of all species
in 1991, especially sandeel. A further increase in 1992
was due to high landings of sprat and Norway pout.

2.2.1 Trends in the industrial sandeel fishery in the

North Sea

Looking back at the industrial fishery as it has been
performed during the last twenty years in the North Sea,
the spatial distribution of the fishery has been rather
variable lacking any consistency in trends. This may be
related to the fact that the area definitions are not based
on any biological criteria with the result that they to
some extent divide high density areas in two as happens
in the high density area which occurs in the central North
Sea during May in most years. A small change in
location of the catches causes a shift in the apparent
importance from one area to another. The importance of
Area 2A (Figure 2.2.1a) is an example. The importance
of Area 2A has been highly variable, being the most
important area in 1978, 1981 and 1989 and of little to
medium importance in other years with Area 1A to a
large extent shoring complementary changes (Figure
2.2.1b).

Some general remarks can be made. Looking at the
relative importance of each of the sandeel areas as shown
in Figure 2.2.1b and c, it can be seen that Area 1A is
the area in which the biggest fraction of the yearly catch
has been caught in most years. The area of former
importance in the southwestern North Sea (Area 4) has
since the mid-1980s been of insignificant importance.
The area around Shetland became increasingly more
important during the 1970s and had its maximum in 1981

and 1982 after which the importance of the area declined
with almost no catches in 1991 and 1992. Area 2B was
of little importance, except in the mid-1970s, until in
1986, it became one of the most important areas,
although there was a significant decline in catches from
this area in 1992. Area 1C was only of significant
importance around 1980.

2.3 Division VIa

The annual landings of Norway pout and sandeel as
officially reported to ICES are presented in Table 2.3.
The landings of both species in 1992 were well below the
long-term average. Norway Pout landings were slightly
greater than in 1991, but have remained at a low level.
Landings of sandeel were the lowest since 1981 and
continue the decline since 1988.

3 BY-CATCHES IN INDUSTRIAL FISH-
ERIES IN THE NORTH SEA

Fish suitable for marketing for human consumption may
be removed from industrial catches and sold separately.
They then count against the relevant Norwegian or EC
quotas and are not considered to be part of industrial by-
catches.

The annual landings of by-catches of the major protected
species haddock, whiting and saithe are given separately
in Table 2.2. By-catches of haddock were at a compara-
tively high level up to 1977, then dropped to the level of
the long-term mean of 17,000 t and have since 1983 been
below that level. By-catches of whiting were at consider-
ably higher levels in some years, and above the long-
term mean of 55,000 t up to the early 1980s. They
declined to levels below 20,000 t in the period 1984-
1987 but then increased to a level closer to the long-term
mean. By-catches of saithe were at relatively high levels
up to 1976, then suddenly dropped to a level of a few
thousand tonnes where they have remained ever since.

The distribution of industrial landings by fisheries, and
associated by-catches of selected species north and south
of 57°N, based on Danish and Norwegian estimates com-
bined, is shown in Table 3.1. In the north the 1992
figures clearly indicate a sandeel fishery with insignifi-
cant by-catches, a fishery for Norway pout with marked
by-catches of herring, whiting, blue whiting and other
non-listed species and a non-defined category of other
species consisting mainly of blue whiting. In the south
there was a fishery for sandeel with some by-catches of
sprat, herring, whiting and other species, a sprat fishery
with some by-catch of herring and a mixed fishery for
other species such as herring, sprat, sandeel, Norway
pout and others. The break-down of species in the
column "other" in Tables 2.2 and 3.1 respectively are
presented in Table 3.2.



4 NORWAY POUT IN DIVISION IIIA
4.1 Landings

Total landings as officially reported to ICES are shown
in Table 4.1. In 1992 they amounted to 84,000 t. This is
a considerable increase on the 1991 total of 49,000 t, and
has previously only been exceeded in 1985 when the total
was 86,000 t.

5 NORWAY POUT IN THE NORTH SEA
5.1 Landings

Annual landings as provided by Working Group mem-
bers are shown by country in Table 5.1.1. In 1992 the
landings were 255,000 tonnes which is an increase of
64% over 1991 and the highest landings on record for
the last 8 years. Table 5.1.2, which contains the landings
for 1990 to 1992 by month and country, shows that most
of the increase took place from July to November in
which months landings almost doubled compared to
1991. The area distribution is shown in Figure 5.1.1.

5.2 Fishing Effort and Catch Per Unit of Effort
Danish effort

Danish CPUE (tonnes per day fishing) by vessel category
(Gross Register Tonnes) is shown in Table 5.2.1 for the
period 1983 to 1992. CPUE has increased for all vessel
categories since 1990 and, with the exception of the 251-
300 GRT category, is now the highest on record.

In all years the CPUE of the 251-300 GRT vessels has
been lower than the CPUE of the 201-250 GRT vessels.
The consistently lower efficiency of these vessels may be
explained by a low average horsepower which is at the
same level as in the 201-250 GRT category. In previous
years effort was standardized to a vessel size of 200
GRT by fitting a linear model to log CPUE versus GRT.
In order not to smooth out the consistently lower CPUE
of the 251-300 GRT category it was decided to use the
raw CPUE values directly as an indication of relative
fishing power. The effort was therefore standardized to
the 151-200 GRT category by multiplying the quarterly
number of fishing days of each vessel category by the
average yearly CPUE of that category divided by the
average yearly CPUE of the 151 to 200 GRT category.
This approach was used to revise the time series of effort
data back to 1984,

Norwegian effort

The number of fishing days and average GRT of Norwe-
gian vessels fishing for Norway pout are shown by

quarter in Table 5.2.2 for the period 1982 to 1992. The
effort and mean GRT for the period 1982 to 1991 has
been revised. The CPUE now refers to all landings
reported as the category Norway pout. The total effort is
obtained by dividing the estimated catch of biological
Norway pout by the CPUE.

Combined Danish and Norwegian effort.

The Danish and Norwegian data were combined after the
Norwegian data had been standardized to a vessel size of
175 GRT. This was done by fitting a linear model to the
Danish log CPUE by vessel category with GRT as the
independent variable:

Log CPUE = log (a,,) + b*(GRT-50)

For the years 1988 to 1992 b was estimated to be 0.324.
Prior to 1988 a value of b of 0.38 was used (Anon.
1988). The practice of using a constant b over several
years was originally introduced in 1985 (Anon. 1985). In
the present analysis, b was not found to vary significant-
ly between years. The model was used to standardize the
Norwegian data by multiplying the number of fishing
days by:

Effort,,s = Effort, * [(x-50)/(175-50)]°

where x is the average GRT of the vessel category. The
combined Danish and Norwegian effort is shown in
Table 5.2.3. Compared to 1991 total effort increased by
44% in 1992 and was the highest on record since 1984,

53 Catch at age

Catch in numbers at age was estimated from Danish and
Norwegian samples (Table 5.3.1). The catch at age in
1992 was dominated by the 1991 year class. One year
old fish accounted for 72% of the landings in weight in
1992 compared to 52% in 1991.

5.4 Weight, maturity and natural mortality at
age

The mean weight at age in the catch by quarter for 1992
was estimated from Danish and Norwegian data (Table
5.4.1). The mean weight at age in the stock was the
same as used in the 1990 report (Anon. 1990). Com-
pared to previous reports the maturity at age 1 was
reduced from 0.5 to 0.1. This follows the recommenda-
tion in the 1984 working group report (Anon 1984).
Weight at age in the stock, maturity at age and natural
mortality at age are given in Table 5.4.2.

5.5 Research Vessel Surveys

Updated research vessel indices are given in Table 5.5.1.
Two points should be noted:



i) All indices back to 1982 from the Scottish Ground-
fish survey (SGFS) conducted in August have been
re-computed uniformly and in the same way as
other roundfish indices derived from the same
surveys. Past indices have changed slightly but are
believed to reflect changing abundances from year
to year more accurately.

ii) In 1992, the net used on the English Groundfish
survey (EGFS) conducted in August was changed
from a Granton trawl to a GOV type. A correc-
tion factor for the 1992 results was estimated by
regression analysis of year class numbers as
described by Cotter (1993) using data from the
English and Scottish GFSs, both being in the same
season. Estimation was less accurate for Norway
pout than for other species because of the short life
span, and because Scottish data were in the form
of a combined index representing round fish areas
1, 2 and 3 primarily (as shown in the table), rather
than being disaggregated to the individual areas as
would be preferred for the analysis. Data from the
EGFS were available for the three areas individ-
ually. To compensate for expected effects on
variance, the Scottish and English data were
weighted 3 and 1 respectively in the GLM analysis.
The selected model was:

InN = a.Agel + b.Age2 + c.Yearclass + d.RFA + GOV + error

where N is the abundance index, Agel=0 for O-group
and 1 for older fish, and Age2=0 for O-group and (age
in years - 1) for older fish. (The use of dummy age
variables in this way allows for the reduced availability
of O-group to the survey.) The SGFS results were
arbitrarily designated as RFA=0 for the purpose of the
model. All factors were found to be significant (P <-
0.04) except RFA which was marginal (P=0.057) but
retained in the model nevertheless. The GOV net was
estimated to fish 3.3 times more effectively than the
Granton (-/+ 1 s.e.=2.0 and 5.7). The estimate is
comparable to those obtained more accurately for cod,
haddock and whiting (recently revised with data from
EGFS 1993), and the decision was therefore taken to
utilise it together with data from EGFS 1992 for tuning
the Norway pout VPAs.

In Table 5.5.1 it is notable that the EGFS results for
O-group in 1992 are double those in 1991, and double
again in 1993 to strengths not previously reached since
the early 1980s. All three surveys indicate that the 1991
year class was strong as 1-group in 1992, but the IYFS
and the EGFS differ in the relative strengths of the
2-group in 1993. The relative numbers of the 1990 year
class as 3-group in 1993 show the same.

5.6 Stock Assessment

Separable seasonal VPA (SSVPA) and seasonal XSA
(SXSA) were used to estimate the missing quarterly catch
in numbers at age for 1990 and the state of the stock.

The SSVPA was used to fit catch at age data to com-
bined Norwegian and Danish effort data from 1985 to
1992 and to combined EGFS, IYFS and SGFS survey
indices. Only catch at age data for 1985 to 1989 and
1991/92 could be used. Because the SSVPA can only use
one time series of survey indices at a time the available
indices were combined by factor analysis using IYFS,
EGFS and SGFS indices for ages 1 to 3 and SGFS for
age 0. The resulting combined index as well as statistics
from the factor analysis are given in Table 5.6.1. In the
SSVPA the catch data, combined survey indices and
effort data were given equal weight as this resulted in
similar mean square residuals for each data set. Research
vessel catchability was assumed to be constant for 2-year
-old and older fish. Output statistics from the SSVPA are
given in Table 5.6.2. The estimated selectivities increase
with age and season to an extent which is not reflected
by the CPUE data. The positive year/season effect
residuals and positive research vessel residuals for 1992
suggest that the high research vessel indices are not
reflected by the commercial CPUE.

The XSA is able to provide estimates of catches for
which the SOP is in accordance with landings. Initially,
the model was allowed to weight the various indices
automatically by the inverse variance of the catchabili-
ties. However, this procedure resulted in survey indices
receiving 10-20 times the weight of the commercial cpue.
As this resulted in large negative catch residuals for
1992, it was decided to give equal weight to commercial
and research vessel cpue. This option, constraining the
SOP of the unknown catches to the actual landings, and
a linear model for catchability as a function of time with
a 5 year cosine taper was applied in an attempt to
estimate the 1990 catch at age data. Output statistics are
given in Table 5.6.3. For ages 1 and 2 the log catch
residuals are all negative in 1992 suggesting that com-
mercial CPUE would underestimate the stock.

The XSA and SSVPA log catch residuals versus time are
shown in Figure 5.6.1 for ages 1 and 2. For age 1 the
catch residuals from both models show corresponding
changes over time. Both series show large residuals in
1986 and 1989 and both decline from 1987 onwards.

Table 5.6.4 shows the estimated catch in numbers at age
in 1990 from the SSVPA and the SXSA. For age 2 the
results from both methods are very alike, but for age 1
the results differ in quarter 1 where the XSA estimates
a catch at age 1 60% above the estimate from the
SSVPA. The Working Group decided to use the catch in
numbers estimated by SXSA since these were estimated



taking the observed wight of the landings into account.
However, despite the fact that the catches estimated by
the SSVPA are not constrained to have the same SOP as
the landings, the results are very similar. This could give
some confidence in the values adopted.

The results from the SXSA in terms of stock in numbers
at age, total biomass and spawning stock biomass are
given in Table 5.6.5. After a rapid decline from 370
thousand tonnes in 1984 to 92 thousand tonnes in 1986
the spawning stock biomass has gradually increased to
220 thousand tonnes at the beginning of 1992 (Figure
5.6.1). Quarterly fishing mortalities are given in Table
5.6.6.

Figure 5.6.2 compares the total stock biomass as esti-
mated by SXSA and SSVPA to the stock biomass
estimated by VPA at the 1990 meeting of the WG
(Anon. 1990). With the exception of the terminal year
the results from the SXSA show a close correspondence
to the historic VPA. The biomass from the SSVPA is far
below the biomass estimated by the two other methods,
but shows the same trend over time.

The annual fishing mortality at age 1 is shown in Figure
5.6.3. The SXSA is seen to produce values in the same
range as the historic VPA, albeit with less interannual
variability, while the SSVPA estimates are consistently
higher. Fishing mortality is estimated to have declined
from a peak of 0.8 in 1985 to a level around 0.4 in
recent years: This pattern is not reflected by the develop-
ment of fishing effort which increased in 1992 to the
highest value on record since 1984.

The sensitivity of the SXSA was investigated by retro-
spective analysis in which the terminal year was
decreased from 1993 to 1989 (Figure 5.6.4). All of these
runs produced almost identical values of total stock
biomass at 1 January indicating that the results for the
terminal year are quite robust.

5.7 Catch prediction

The SXSA can also be used to perform a catch prediction
one year ahead provided catch at age data are available
for all other quarters and years. The fishing effort was
assumed to be equal to that in 1992. Using the estimate
of the catch in numbers at age in 1990 and the IYFS and
EGFS survey indices obtained in 1993 the total landings
in 1993 were predicted to increase to 304 thousand
tonnes, of which 129 thousand tonnes should be taken in
the first two quarters. Preliminary estimates of the actual
landings are approximately 68 thousand tonnes in the
first two quarters of 1993.

6 NORWAY POUT IN DIVISION VIA
6.1 Landings

Landings of Norway pout as officially reported from
Division VIa are given for the period 1974-1992 in Table
6.1. There have been considerable variations in landings
over this period, varying from 38,000 t to 3,000 t.
Landings in 1992 were relatively low, as in the previous
two years.

7 SANDEEL IN DIVISION IIIA
7.1 Landings

Landings in 1992 are estimated to be about 39 000
tonnes (Table 7.1) representing an increase of almost
70% from 1991. The main part (34 610 tonnes) was
recorded from the Skagerrak. Table 7.1 has been revised
and the landings in 1982-89 are not likely to undergo
further revision. For 1990-1992 a different method of
estimating the Danish species composition has been used
besides the one used hitherto. The estimated landings in
these years are likely to be revised if the new method is
adopted as standard in the future.

Landings in 1993 have not yet been estimated.
7.2 Biological Data

Sampling biological data was started in 1992 and con-
tinued in 1993. They show amongst other features that
the landings do not consist entirely of Ammodytes
marinus but also contain species like A. lancea, Hyper-
oplus lanceolatus and even Gymnammodytes semi-
squamatus. The second species is even the main constitu-
ent in some samples.

8 SANDEEL IN THE NORTH SEA
8.1 General

8.1.1 Landings in 1992 and 1993

Total landings in 1992 show a slight increase from 1991
and reached about 855,000 t (Table 8.1.1). Landings by
country show an increase in Danish landings of about 50,
000 t while the Norwegian landings decreased by 40,000
tonnes. Table 8.1.2 shows that the fishery in 1992 came
to an early end suggesting a lack of fishable concentra-
tions of O-group sandeel in the second half of the year.
Table 8.1.3 gives the monthly landings in each of the
areas shown in Figure 2.2.1a.

Table 8.1.4 shows a substantial difference in develop-
ment between the two assessment areas. In the northern



area landings went down by about 200,000 tonnes while
those in the southern area increased by a similar amount
to nearly 670,000 t which is the highest on record.

Figure 8.1.1 shows the distribution of the Danish and
Norwegian catches combined by statistical rectangle in
1992. The landings from the new fishing grounds off the
Firth of Forth increased further in 1992 to about 60 000
tonnes landed in Danish harbours. The exploitation began
in 1990 with a catch of about 3 000 tonnes and increased
to nearly 39 000 tonnes in 1991. In those two years the
fishery off the Firth of Forth only took place in June.

Final landings figures for 1993 estimated by samples
collected for species composition were not yet ready at
the time of the Working Group meeting. Preliminary
official figures, and data from log-books both point to a
reduction of about 40% in the Danish landings as
compared with 1992. As preliminary estimates of the
Norwegian fishery do not indicate any major change
from the previous year, this would indicate a Danish
catch of about 450,000 t. One reason for the decrease in
Danish landings was a strike in the last part of March
and the first part of April 1993.

8.1.2 Effort and CPUE

The effort statistics and the estimation of CPUE were
discussed by the Working Group and some preliminary
revisions of the material were made.

Fishing effort (number of days fishing) are extracted
from the fishermen’s log-books if the landing is recorded
as being more than 70% sandeel. In recent years the total
landings selected in this way have exceeded those
estimated from the market samples taken for species
composition and presented in the catch tables of the
Working Group report by the Working Group members.
Discrepancies are thus apparent between catch figures in
Table 8.1.2 and the "catch sampled for fishing effort" in
Table 8.2.1.3. The misreporting has apparently increased
in recent years and represents a bias confined to the
second half year. While log-books are obligatory for
Danish fishermen they are optional in the Norwegian
industrial trawl fisheries. This makes it difficult to
estimate the range of the bias so introduced. By-catches
on the other hand, are not important in the case of
sandeel.

One way to overcome the problem is to extract effort
data from only those landings which are represented in
the market samples for species composition, i.e. those
for which there is evidence that the contents were
sandeel. However, time did not permit such corrections
to be made the last five years material in time for the
Working Group meeting.
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Another objection which could be made to the effort
data, as hitherto presented, is the way in which they are
standardised in order to obtain an estimate of the total
international effort.

The Norwegian effort data (Table 8.2.1.2) are presented
as the total number of fishing days and a mean GRT
calculated by weighting each participating vessel’s GRT
by its number of trips. To convert the Norwegian CPUE
to the standard CPUE corresponding to a vessel size of
200 tonnes, the multiplicative model CPUE=a*(gtr-
50)**b was applied to all Danish data (Table 8.2.1.1),
assuming that a is dependent on year and season, and b
on season only, as originally suggested by the 1985
Working Group (Anon 1985). The ensuing values for b
were 0.35 for the first half of the year and 0.24 for the
second half of the year. The Norwegian data were
standardized to a vessel size of 200 tonnes by applying
these values of b to the mean GRT for each year and
season.

The Danish effort data (Tables 8.2.1.1 and 8.3.1.1) are
treated in 7 tonnage groups: 0-50, 51-100, 101-150, 151-
200, 201-250, 251-300 and >300 GRT. Mean CPUEs
are calculated for each group and a power function of the
form:

log CPUE(season,GRT) = log A + B* log GRT

is fitted by half-year and assessment area. CPUE for a
200 GRT vessel is then calculated using the parameters
obtained and revised versions of which are shown in
Tables 8.2.1.4 and 8.3.1.3. However, in order to
estimate fishing power differentials between vessel
categories, the vessels should ideally fish on the same
concentration of fish, i.e. fish in the same place at the
same time. This condition is not fulfilled by the routine
outlined above and may in part explain the often very
large differences in the two parameters estimated from
one assessment to another. Figure 8.1.2 clearly shows
that the smaller vessels are fishing close to the Danish
coast while the larger the vessel the further is the area of
action extended westward. A comparison of the vessel
categories will thus include not only differences in
fishing power but also very significant differences in
stock densities and catchability.

The Working Group considered that a better approach
would be to calculate efficiency coefficients and apply
these to the actual number of days fishing by the respect-
ive vessel categories. The coefficients will probably be
constant over an appreciable number of years considering
the present stability in fleet composition.

A special feature apparent in Tables 8.2.1.3 and 8.3.1.1
is the fact that the CPUE of the vessel category 251-300
GRT is at the same level and often lower than the
smaller 201-250 GRT group. The most probable explana-



tion is that, while the mean tonnage in the two categories
are 229 and 276 GRT respectively, the mean horse-
powers of 914 and 930 HP are only slightly different.
This will make the bigger vessels less efficient and
influence the fitted curve. Applying the revised method
outlined above leaves the categories independent of each
other.

8.2 Sandeel in the Northern North Sea

8.2.1 TFishing effort and CPUE

The effort data have been commented upon in the section
above. It should be kept in mind that estimates for the
second half-year are rather unreliable due to misreporting
of catches. Table 8.2.1.1 giving Danish CPUE data has
nevertheless been revised for both seasons and new
standard CPUEs have been calculated as shown in Table
8.2.1.4. The low value in 1993 reflects the lower
abundance of the 1992 year class. The Norwegian effort
data are given in Table 8.2.1.2.

The standard international CPUEs have been calculated
as the average of the Danish and Norwegian means
weighted by the catch sampled for fishing effort and are
shown in Table 8.2.1.3. The figures for 1982-1987 differ
considerably from previous reports in which the Danish
standard effort was scaled to the average value of the
Norwegian time series because the Danish recorded
CPUE was higher than the Norwegian CPUE. The
Working Group could not accept this reason as being
valid and pointed out that differences in the fishing areas
of the two fleets could account for different CPUEs in
the early period. Table 8.1.4 and Figure 2.2.1 suggest,
for example, that the proportional catches in sandeel
areas 2B and 3 have changed over the period in question
and that Area 3 has been mainly exploited by Danish
vessels.

8.2.2 Catch at age

Data were available from both the Danish and the
Norwegian fisheries with a satisfactory coverage in the
first half of 1992. The second half-year was poorly
covered, as usual, but the season was short and the catch
only amounted to about 14 % of the total.

Age analyses have probably improved, but there are still
appreciable differences between the two sets of national
data. The Norwegian data give a higher average age than
the Danish and the numbers per tonne are 67,500 and
115,300 for Norwegian and Danish data respectively.
Again, geographical differences in the areas fished may
be responsible. Catches in number at age are given in
Table 8.2.2.1.

8.2.3 Weight at age

Mean weights at age for 1992 are shown in Table
8.2.3.1 together with revised data for 1991. The Danish
and Norwegian data were combined by weighting by
catches in number.

8.2.4 Stock assessment

A semi-annual XSA was run using the catch-at-age and
effort data described above. The natural mortalities and
the maturity ogive given in Tables 8.2.4.1 and 8.2.4.2
are the same as in previous assessments.

The estimates of unknown catches were constrained to
give a sum of products equal to the assumed catch in
tonnes, with weights at age being the mean values over
the years 1989-1991.

Test runs weighting the catchabilities according to their
inverse variance gave higher weight to the data from the
second half of the year compared to the first half of the
year, and also gave high weight to the oldest age groups.
Since there is evidence that both the effort data and the
age distributions may be more reliable for the first than
for the second half of the year, and since the age dis-
tribution for the oldest ages is uncertain, the group
decided to use the option for manual weighting of the
catchabilities. The weighting factors are given in Table
8.2.4.3. The results in terms of stock numbers, fishing
mortalities and estimates of unknown catches were not
radically different by the two approaches.

The log catch residuals were generally quite high, but
without any particular trend. This underlines the prob-
lems with using CPUE in the commercial fishery as the
only data for calibrating the VPA, in particular when
CPUE may reflect the concentration of fish in limited
localities more than the total stock abundance. The
results of the XSA are given in Table 8.2.4.3.

Average F over ages 1 - 2 is plotted against effort in
Figure 8.2.1. The correspondence between F and effort
is very poor.

The estimates of recruitment in the most recent years are
very uncertain, because each of these is effectively
determined by a single CPUE value. For this reason, and
because actual catch data for comparison were not
available, a prediction for the 1993

catches was not attempted.

For the above reasons, it is also apparent that the
assessment will be quite unreliable for the most recent
cohorts. The estimate of the state of the stock will
therefore always lag behind. This can hardly be
improved unless supplementary measures of stock
abundance, e.g. by survey indices, become available.
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8.3 Sandeel in the Southern North Sea

8.3.1 Fishing effort and CPUE

The mean CPUE per vessel category, the total estimated
international effort and the calculated standard CPUEs
revised back to 1987 are shown in Tables 8.3.1.1-8.3.1.3
respectively. After the rather low figures in 1991 the
effort increased again in 1992 to the level of 1989 and
1990.

8.3.2 Catch at age

Catch in numbers at age were available for the Danish
fishery. Catches from other nations were distributed by
age using the Danish age distribution. Total catches in
number at age are given in Table 8.3.2.1.

8.3.3 Weight at age

Weights at age in the catch were obtained from Denmark
(Table 8.3.3.1). Weights at age in the stock, natural
mortality and maturity ogive were not changed from
previous years.

8.3.4 Assessment

A seasonal XSA was run on a half yearly basis, with the
effort and catch at age data described above. The natural
mortalities and the maturity ogive given in Tables
8.2.4.1 and 8.2.4.2 are the same as in previous assess-
ments. The estimates of the unknown catches at age in
1990 were constrained to give a SOP equal to the
assumed catch in tonnes, using as weights at age the
mean values over the years 1989-1991,

As for the northern stock, test runs weighting the catch-
abilities according to their inverse variance gave higher
weight to the data from the second half of the year
compared to the first half of the year, and also gave high
weight to the oldest age groups. Again, it was decided to
use the option for manual weighting of the catchabilities.
The weighting factors are given in Table 8.3.4.1. The
results in terms of stock numbers, fishing mortalities and
estimates of unknown catches were not radically different
and for the run accepted are given in Table 8.3.4.1.

The log catch residuals were generally quite high, but
without any particular trend.

Average F over ages 1 - 2 is plotted against effort in Fig
8.3.1. The correspondence between F and effort is gen-
erally quite good (r = 0.77 for 1982-1990), the first half
of the year for 1991 being an exception. This fairly good
correspondence may point to the age distributions as the
most important source of the large log catch residuals.
This again may possibly be influenced by the fishermen’s
tendency to remain on the same grounds as long as the
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fishery is satisfactory, which implies that strong year
classes may be overrepresented in the catches.

The estimates of recruitment in the most recent years are
very uncertain, since each of these are effectively
determined by a single CPUE value.

For the reasons given above, and because actual catch
data for comparison were not available, a prediction for
the 1993 catches was not attempted.

8.4 Sandeel in the Shetland Area

8.4.1 TFishing effort and CPUE

The sandeel fishery at Shetland remained closed during
1992 and 1993, so there was no fishing effort or catch
during these years. Standardised effort data for previous
years are presented in Table 8.4.1, and catch-at-age data
for the commercial fishery are given in Table 8.4.2,
Total landings are shown in Tables 8.1.3 and 8.1.4.

8.4.2 Research vessel survey data.

The series of annual sandeel surveys at Shetland which
started in 1984 was continued in 1992 and 1993. Details
of the surveys, and of the calculation of the survey
indices, were given in the previous Working Group
Report (Anon. 1992). The surveys are conducted in
August of each year which means that the indices from
the 1993 survey were available to the Working Group.
The indices are given in Table 8.4.3.

8.43 Weights at age.

With no recent commercial catch data from the stock,
long-term average weights-at-age from the catch have
been used to estimate biomass totals. These are given in
Table 8.4.4.

8.4.4 Natural mortality and maturity

Natural mortality coefficients, and the proportion mature
at age are as used previously. The values are given in
Table 8.4.5.

8.4.5 Analytical assessment

Seasonal separable VPA (SSV) was used in the present
assessment as it can use both commercial and survey
data. At present the number of years’ catch and survey
data must correspond, so the present assessment only

used catch data back to 1984. All available survey data
up to and including 1993 were used.

Initial runs of the SSV gave equal weighting to commer-
cial and survey catches at all ages. The diagnostics from
these runs showed some large residuals on the commer-



cial catch at age 0, suggesting that these catches were
less well sampled than those at older ages. Thus, in
subsequent runs, the catch data at age 0 were given a
weighting of 0.5 relative to the older ages. There was
also a similar pattern in the research vessel catches at
older ages (4+), so these were also down-weighted to
the same extent. The survey data were given a weight of
0.5 relative to the catch and effort data as the survey has
used a number of different vessels, including both
commercial and research vessels.

Some diagnostics from the final SSV run are shown in
Table 8.4.6. As previously, the catch residuals for the
first half of 1987 show a large positive residual at age 1,
with negative residuals at all older ages. This reflects the
concentration of fishing effort on grounds where the
relatively strong 1986 year class was concentrated, and
thus represents a slight violation of the assumption of
separability. The research vessel residuals show a
suggestion of a shift from positive to negative over time.
This may correspond to the shift from commercial to
research vessels in conducting the survey.

8.4.6 Trends in biomass, fishing mortality and
recruitment

Fitted populations since 1984 from the SSV are given in
Table 8.4.7, along with spawning stock biomass esti-
mates. This relatively short time series is a result of the
constraint on the number of years of data which the
program can handle. Trends in recruitment and spawning
biomass are shown in Figure 8.4.1a and b. The estimates
of the strength of the 1993 year-class, and the 1994
spawning biomass are subject to particularly high
uncertainty and this is indicated on the graph. Fishing
mortality estimates are given in Table 8.4.8.

The present assessment confirms that the 1991 year class
is substantially stronger than any other recent year-
classes, and its maturation at the start of 1993 has
reversed the decline in spawning stock, which was at a
historic low following a series of very poor year-classes.
The first estimate of the 1993 year-class indicates that it
may be of moderate strength.

8.4.7 Management considerations

The fishery was closed at the start of 1991 as the
spawning stock had fallen to a historic low, and there
was doubt over its ability to produce a strong year class
and thus ensure stock recovery. Since then, the strong
1991 year-class has recruited to the stock. Research into
factors affecting the availability of sandeels to seabirds at
Shetland (Wright and Bailey, 1993), indicates that in
1991 there was a substantial influx of 0-group from areas
to the south-west of Shetland. In general it seems highly
likely that recruitment to the Shetland stock is not wholly
dependent upon the amount of larvae spawned at Shet-

land, although the contribution from spawning areas
outside of Shetland can vary considerably from year to
year.

8.4.8 Quality of assessment

The assessment of the current state of the stock is based
wholly on survey data and, for years where catch data
are available, the fishing mortality is very low. Thus,
this assessment is subject to particularly high uncertainty.
In addition, the stock is at present dominated by the
strong 1991 year-class so estimates of spawning stock are
particularly sensitive to values of weight at age and
maturity assumed for this year-class. Nonetheless, it is
clear that this year-class is very strong and that it should
have resulted in a marked increase in the spawning stock
biomass, although the absolute level of that increase is
uncertain.

8.4.9  Other issues

The main sandeel grounds off the south-east coast of
Shetland are close to the site of the "Braer" oil spill in
January 1993. Monitoring of the effects of the oil
pollution have detected some contamination of sandeels,
but whether this has had any deleterious effects on the
population is as yet unclear. Work on this is still under-
way.

9 SANDEEL IN DIVISION Via
9.1 Landings

Official landings of sandeels from Division Vla are given
in Table 9.1 and in Figure 9.1.a. Landings in 1992
showed a further decline to just under 5,000 thousand t.
This represents a 42% reduction on the 1991 figure, and
is the lowest figure since the start of the fishery in 1980.

9.2 Fishing Effort and CPUE

Fishing effort data, in days absent by month, for the
period 1981 to 1992 are given in Table 9.2. In recent
years boats exploiting this fishery have occasionally
landed their catch into the Faroes or Denmark, so the
record of effort is incomplete. However, it is apparent
that the reduced catches in 1992 were in line with a
further decline in effort. As in 1991, the absence of a
local processing plant is the main reason for the decline
in the fishery.

Due to the low number of fishing trips made in 1992,
and to the loss of information due to boats landing
abroad, it was not possible to standardise effort to a
fixed vessel size. For similar reasons, no correction has
been made for the additional steaming time required to
land the catch in Shetland. Nominal effort figures were
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used for 1992. These are given in Table 9.3, together
with standardised effort figures for previous years. The
problems arising from this deterioration in the quality of
the effort data are addressed in Section 9.6.

In 1992 and 1993 the August survey of sandeels at
Shetland was extended to cover the west coast grounds.
As there are only two years of data from this survey, and
as there were differences in the grounds covered in the
two years (due to bad weather), it is not yet possible to
use these survey data in the assessment.

9.3 Catch at age

Catch at age data by month for 1992 are given in Table
9.4, and catch at age data by half-year for 1983 to 1992
are given in Table 9.5. There are some minor revisions
of past data to allow for landings into foreign ports.

In 1992, sampling coverage was once again incomplete,
but the 14 samples obtained came from areas/months
which accounted for 67% of the total catch.

9.4 Weight at age

In view of the incomplete sampling coverage in recent
years, long-term mean weights at age in the catch were
used to estimate biomass totals. These are given in Table
9.6.

9.5 Natural Mortality and Maturity

Values used for natural mortality and proportion mature
at age are as used previously. The values are given in
Table 9.7.

9.6 Analytical Assessment

The assessment used a semi-annual separable VPA with
equal weight given to the catch and effort data. The
catches at age O were given a relative weighting of 0.5,
to remove some large residuals at this age. As the
diagnostics from this run (Table 9.8) show, there are still
some quite large residuals at this age, but further down-
weighting was not considered appropriate as the 0-group
fish are an important component of the catch. The
year/season effect residuals for 1992 are not particularly
large, suggesting that the problems with the effort data
have not caused any additional problems in the assess-
ment. The residual mean-square associated with the
effort data is rather smaller than that associated with the
catch data, suggesting that it may be appropriate to give
more weight to the effort data. In view of the known
problems with these data, however, this has not been
done.
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9.7 Trends in Biomass, Fishing Mortality and
Recruitment

Figures 9.1a-d show trends in landings, fishing mortality,
recruitment and spawning stock. Population estimates
from the SSV are given in Table 9.9, along with spawn-
ing stock biomass estimates, and fishing mortality is
given in Table 9.10. Fishing mortality has always been
lower than 0.2, and has declined steadily since 1989 to
its present very low level. The 1991 year-class appears
rather stronger than other recent year-classes, but its
precise strength is still uncertain. The first estimate of
the 1992 year class is also large but this estimate is
subject to particularly high uncertainty, and the available
survey data do not suggest that it is a strong year-class
so this estimate has been omitted from the graph.
Spawning biomass appears to be increasing, and the
maturation of the 1991 year-class at the start of 1993
should have continued this trend.

9.8 Management considerations

Following the previous assessment of this stock, ACFM
commented that this stock was virtually unexploited at
present. Since then there has been a further decline in
fishing effort and landings. With a recent strong year-
class and an increasing spawning stock, there appears to
be no reason for concern over this stock.

9.9 Quality of Assessment

The low level of landings and effort in this fishery has
led to problems in catch sampling. Together with the
tendency for some boats to land their catch into foreign
ports, this means that there has been a decline in the
quality of both catch and effort data in recent years. As
fishing mortality is very low relative to natural mortality,
it can be seen that this assessment is subject to particular-
Iy high uncertainty.

10 AREA DISTRIBUTION
10.1  Sandeels

The distribution of sandeels is not well shown by national
groundfish surveys because they are not caught effective-
ly by the gears used. Instead, an attempt was made to
use fish stomach contents to provide indications of
distribution. Data on the percentage by weight of sand-
eels in total stomach contents were available to the
Working Group for cod in 1980, 1981, 1982 by quarter,
and in 1985, 1986 and 1987 for the first and third
quarters only. Preliminary data for mackerel in 1991 by
quarter were also available. Except for these mackerel
data, the results of the 1991 stomach sampling project
were not yet available. Figures 10.1 a,b,c,d and e
illustrate the results of the most complete surveys for



cod, those in 1980, 1981, 1985, 1986 and 1987; and
Figure 10.1 f illustrates the results for mackerel in 1991.

Worthwhile distributional information is available from
both predator species. Stocks of sandeel are revealed
around Shetland, Orkney, along the coasts of eastern
Scotland, eastern England, Netherlands, Germany and
Denmark, as well as in the central and northeastern
North Sea. The indications are, however, variable from
quarter to quarter and year to year in the maps of cod
stomach contents, and one cannot readily say whether
this reflects varying distribution of sandeels or varying
distribution or eating habits of the cod. The percentages
of sandeels in mackerel stomachs in 1991 were generally
higher than those for cod in earlier years, suggesting that
the mackerel may be the better indicator. Their more
patchy and seasonal distribution counts against this,
however.

The Working Group did not have time to consider
whether the occurrence of sandeels in stomach contents
could provide a valid quantitative indicator of stock sizes.
The uncertainties would include the effects of the
presence of alternative prey for the indicator species,
varying stocks of the indicator which would affect
competition for food, varying feeding habits and migra-
tional patterns, varying distributions in the water column,
and possibly a host of other factors. Since these factors
could vary from one sandeel stock to another, there
would be reservations about relative stock sizes as well.

11 REFERENCES

Anon. 1984, Report of the Industrial Fisheries Assess-
ment Working Group, ICES, Doc.
C.M.1984/Assess:9.

Anon. 1985. Report of the Industrial Fisheries Assess-
ment Working Group. ICES,
Doc.C.M.1985/Assess:8.

Anon. 1988. Report of the Industrial Fisheries Assess-
ment Working Group. ICES, Doc.
C.M.1988/Assess: 15.

Anon. 1990. Report of the Industrial Fisheries Assess-
ment Working Group. ICES, Doc.
C.M.1990/Assess:13.

Anon. 1992 Report of the Industrial Fisheries Assess-
ment Working Group. ICES, Doc.
C.M.1992/Assess:9.

Cook R.M. and Reeves, S.A. (in press) Assessment of
North Sea Industrial fish stocks with incomplete
catch-at-age data. In press, ICES J. Mar Sci.

Cotter, A.J.R. 1993. Intercalibration of groundfish
surveys using regression analysis of yearclass
mortalities. ICES, Doc. C.M. 1993/G:21.

Rosenberg, A.A, Kirkwood, G.P., Cook, R.M. and
Myers, R.A. (1992) Combining information
from commercial catches and research vessel
surveys to estimate recruitment: a comparison
of methods. ICES J. Mar Sci. 49, 379-387.

Skagen D.W. (1993). Variance in estimates of by-
catches in the industrial fisheries with the
Norwegian sampling system. Report of a
Meeting between the European Commission and
Norwegian Authorities to Evaluate and Describe
Measures Relating to Monitoring and Control of
Industrial By-Catches in the North Sea - Ber-
gen, 21-25 June 1993, Working Paper 3.

Wright P.J., and Bailey, M.C.(1993). Biology of sand-
eels in the vicinity of seabird colonies at Shet-

land. Fisheries Research Services Report,
XXX/93. :

15



Table 2.1  Species composition in the industrial fisheries in Division IITa ("000 t), 1974-1992',

Year Sandeel Sprat? Herring® Norway pout Blue whiting Total
1974 8 71 76 13 - 168
1975 17 101 57 19 - 194
1976 22 59 38 42 - 161
1977 7 67 32 21 - 127
1978 23 78 16 25 - 142
1979 34 96 13 25 6 174
1980 39 84 25 26 14 188
1981 59 76 63 30 + 228
1982 25 40 54 44 5 168
1983 29 26 89 30 16 190
1984 26 36 112 46 15 235
1985 6 20 116 9 19 170
1986 73 11 65 6 9 164
1987 S 14 72 3 25 119
1988 23 9 97 8 15 152
1989 18 10 52 6 9 93
1990 16 10 51 27 10 114
1991 23 14 22 32 11 97
19924 39 2 47 42 18 148
Me‘;“ggllg s 25 46 58 23 128 160

'Data from 1974-1984 from Anon. (1986), 1985-1992 provided by Working Group members.
*Total landings from all fisheries.

*For years 1974-1985, human consumption landings used for reduction are included in these data.
“Preliminary.

SMean 1979-1991.
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Table 2.2  Species compositon in the industrial fisheries in the North Sea (000 t), 1974-1992.

Year Sandeel  Sprat  Herring Norway B!u'e Haddock Whiting  Saithe Other Total
pout whiting
1974 525 314 - 736 62 48 130 42 1,857
1975 428 641 - 560 42 41 86 38 1,799
1976 488 622 12 435 36 48 150 67 1,791
1977 786 304 10 390 38 35 106 6 1,675
1978 787 378 8 270 100 11 55 3 1,612
1979 578 380 15 320 64 16 59 2 1,434
1980 729 323 7 471 76 22 46 - 1,675
1981 569 209 84 236 62 17 67 1 1,245
1982 611 153 153 360 118 19 33 5 24 1,476
1983 537 88 155 423 118 13 24 1 42 1,401
1984 669 77 35 355 79 10 19 6 48 1,298
1985 622 50 63 197 73 6 15 8 66 1,100
1986 848 16 40 174 37 3 18 1 33 1,170
1987 825 33 47 147 30 4 16 4 73 1,179
1988 893 87 179 102 28 4 49 1 45 1,388
1989 1,039 63 146 162 28 2 36 1 59 1,537
1990 591 71 115 140 22 3 50 8 40 1,033
1991 843 110 131 155 28 5 38 1 38 1,350
1992 854 214 128 252 45 11 27 - 30 1,561
1st qgrt. 26.8 5.7 18.6 59.8 2.9 2.3 3.8 0.1 7.8 127.8
2nd qrt. 753.8 4.8 6.3 19.8 16.9 1.8 5.9 - 4.9 814.2
3rd qrt. 73.8 165.5 81.4 85.2 19.4 1.7 7.5 - 11.9 446.4
4th qtr. + 37.8 21.7 87.6 5.6 5.0 9.7 - 5.0 172.4
Mean 687 218 67 313 58 17 55 11 47 1,472

1974-1991
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Table 2.3 Landings (t) from the fisheries for sandeel
and Norway pout in Division VIa, (Data as
officially reported to ICES.)

Year Sandeel  Norway pout Total
1974 + 6,721 6,721
1975 + 8,655 8,655
1976 17 19,933 19,950
1977 67 5,206 5,273
1978 + 23,250 23,250
1979 - 20,502 20,502
1980 211 17,870 18,081
1981 5,972 7,757 13,729
1982 10,873 4911 15,784
1983 13,051 8,325 21,376
1984 14,166 7,794 21,960
1985 18,586 9,697 28,283
1986 24,469 5,832 30,301
1987 14,479 38,267 52,746
1988 24,465 6,742 31,207
1989 18,785 28,196 46,981
1990 16,515 3,316 19,831
1991 8,532 4,348 12,880
1992! 4,137 5,158 9,295
Mean 1974-1991 9,455 12,629 22,084

'Preliminary.
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Table 3.1 North Sea. Distribution of landings and associated by-catches of selected species ("000 t) from industrial
fisheries by Denmark and Norway by landing categories to the north and south of 57°N, respectively, in
1992. (Data provided by Working Group members.)

Area  Fishery Species composition Total
north  (target spe- N p |
cies) orway . ad- . . Blue
pout Sandeel Sprat Herring doc Whiting  Saithe whiting Other
Norway pout 238 + 11 7 15 + 10 10 292
Sandeel 2 101 + 1 1 r + + 107
Sprat! + + ‘; +
Other 6 2 1 5 + 1 34 2 50
Sum 246 103 1 17 9 17 + 44 12 449
Area  Fishery
south (target spe-
cies)
Norway pout + + + + + +
Sandeel + 716 13 11 + 5 6 751
Sprat' + 2 159 14 + 1 + 2 179
Other 6 19 40 85 2 3 1 9 166
Sum 6 737 212 110 2 10 1 17 1096
Grand Total 252 840 213 127 11 27 + 45 29 1545

'Includes catches taken with purse seine by Norway.
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S Table 3.2 Sum of Danish and Norwegian by-catch by species and year in tonnes.

Species 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Gadus morhua 2352 4175 544 710 1092 1404 2988 2948 570 1044
Scomber scombrus 2075 1278 4 534 2663 6414 8013 5212 7466 4631
Trachurus trachurus 95° 1333 22789 16658 7391 18104 22723 14918 5704 6651
Trigla sp. 23 2168 0 838? 4534272 53942 93912 25982 56222 4209
Limanda limanda 116° 1493 187 3209 4632 3781 7743 4706 5578 3986
Argentina spp. 100693 6977? 8714 5210 3033 1918 778 2801 3434 2024
Hippoglossoides platessoides 44? 170° 59 718 1173 946 2160 1673 1024 1694
Pleuronectes platessa 10° 0 34 119 109 372 582 566 1305 218
Merluccius merluccius® 472 546 349 165 261 242 290 429 28 | 359
Trisopterus minutus 0 0 0 68° 0 5? 48? 1217 79* 111
Molva molva® 773 528 51 1 40 39 37 13 65 10
Glyptocephalus cynoglossus 3143 2413 236° 132 341 44 255° 2513 1439° 195°
Gadiculus argenteus® 4511 2690 1210 729 3043 2494 741 476 801 0
Others 21093 29261 31715 3853 3604 3670 3528 3154 4444 4553
Total 41926 48316 65892 32994 72724 44827 59277 39866 37559 29685

'Danish cod and mackerel included.
’Only Danish catches.
*Norwegian catches. Danish catches included in "Others".



Table 4.1 Norway pout. Annual landings (tonnes) in Division Illa. (Data as officially reported to ICES.)

Country 1976 1977 1978 1979 1980 1981 1982 1983 1984
Denmark 40,144 20,694 23,922 23,951 26,235 29,273 51,317 36,124 67,007
Norway 507 104 362 1,182 141 752 1,265 990 947
Sweden 2,255 318 5913 32 39 60 60 52 +
Total 42,449 21,116 24,875 25,165 26,415 30,085 52,685 37,166 67,954
Country 1985 1986 1987 1988 1989 1990 1991' 1992!
Denmark 85,082 32,056 47,527 45,034 16,873 41,215 49,341 83,866
Norway 831 400 1,680 1,178 309 40 23 221
Sweden - + - - + + 3 5

Total 85,913 32,456 49,207 46,212 17,182 41,255 49,326 84,092
Preliminary.

Including by-catch.

3Includes North Sea.
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Table 5.1.1 Norway pout annual landings ("000 t) in Sub-area IV, the North Sea, by countries
in 1958-1992. (Data provided by Working Group members.)

Year Denmark Faroes Norway Sweden UK (Scotland) Others Total
1958 - - - - - - -
1959 - - 7.8 - - - 69.3
1960 17.2 - 13.5 - - - 30.7
1961 20.5 - 8.1 - - - 28.6
1962 121.8 - 27.9 - - - 14.7
1963 67.4 - 70.4 - - - 137.8
1964 10.4 - 51.0 - - - 61.4
1965 8.2 - 35.0 - - - 43.2
1966 35.2 - 17.8 - - + 53.0
1967 169.6 - 12.9 - - + 182.6
1968 410.8 - 40.9 - - + 451.8
1969 525 19.6 41.4 - - + 113.5
1970 142.1 32.0 63.5 - 0.2 0.2 238.0
1971 178.5 47.2 79.3 - 0.1 0.2 305.3
1972 259.6 56.8 120.5 6.8 0.9 0.2 444.8
1973 215.2 51.2 63.0 2.9 13.0 0.6 345.9
1974 464.5 85.0 154.2 2.1 26.7 33 735.8
1975 251.2 63.6 218.9 23 22.7 1.0 559.7
1976 2449 64.6 108.9 + 17.3 1.7 435.4
1977 2322 50.9 98.3 29 4.6 1.0 389.9
1978 163.4 19.7 80.8 0.7 55 - 270.1
1979 219.9 21.9 75.4 - 3.0 - 320.2
1980 366.2 34.1 70.2 - 0.6 - 471.1
1981 167.5 16.6 51.6 - + - 235.7
1982 256.3 15.4 88.0 - - - 359.7
1983 301.1 24.5 97.3 - + - 422.9
1984 251.9 19.1 83.8 - 0.1 - 354.9
1985 163.7 9.9 22.8 - 0.1 - 196.5
1986 146.3 6.6 21.5 - - - 174.4
1987 108.3 4.8 34.1 - - - 147.2
1988 79.0 1.5 21.1 - - - 101.6
1989 95.6 0.8 65.3 - 0.1 0.3 162.7
1990 61.5 0.9 77.1 - - - 139.5
1991 85.0 1.3 68.3 - - + 154.6
1992 146.9 2.6 105.5 - 0 0.1 255.1
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Table 5.1.2 Norway Pout, North Sea. National landings (t) by month, 1990-1992. (Data
provided by Working Group members.)

Month Denmark Norway Faroes Total'
1990

Jan 8,049 1,210 9,282
Feb 8,436 4,402 12,773
Mar 4,892 1,122 6,017
Apr 1,730 10,185 7,733
May 385 9,388 5,909
Jun 4,620 13,180 12,406
Jul 4,080 4,693 8,116
Aug 1,335 9,281 9,269
Sep 3,016 3,593 6,106
Oct 6,085 4,592 9,842
Nov 12,043 9,495 19,810
Dec 6,802 5,961 11,672
Total 61,473 77,102 850 139,425
1991

Jan 11,601 5,755 17,495
Feb 10,141 6,996 17,275
Mar 5,633 2,514 8,212
Apr 410 3,913 4,358
May 96 3,878 4,006
Jun - 9,491 9,567
Jul 316 7,107 7,483
Aug 3,460 8,397 11,952
Sep " 10,683 4,808 15,615
Oct 20,894 7,017 28,135
Nov 12,086 3,826 16,040
Dec 9,629 4,632 14,375
Total 84,949 68,334 1,230 154,513
1992

Jan 12,442 8,180 20,622
Feb 13,880 9,362 23,242
Mar 13,337 2,588 15,925
Apr 1,626 3,687 5,313
May 321 7,526 7,847
Jun 1,456 5,175 6,631
Jul 3,228 10,846 14,074
Aug 10,677 13,970 24,647
Sept 36,521 9,977 46,489
Oct 34,605 19,160 53,765
Nov 18,801 10,895 29,696
Dec 31 4,093 4,124
Total 146,925 105,459 2,586 254,970

"Monthly totals for 1990 estimated assuming Faroes catch is distributed over months as the sum
of the Danish and Norwegian landings.



Table 5.2.1 Norway pout. Danish CPUE data (tonnes/day fishing) by vessel category

for 1983-1992.

Vessel GRT 1983 1984 1985 1986 1987 19838 1989 1990 1991 1992
51-100  11.37 12.53 11.60 10.83 11.73 20.26 14.64 9.68 12.56 -
101-150  24.51 21.35 17.98 19.49 20.70 19.83 19.93 18.21 24.14 26.43
151200 29.00 24.17 20.76 22.97 22.20 23.91 24.06 25.62 28.22 34.20
201-250  32.71 27.82 24.80 25.20 27.51 30.50 27.43 25.34 29.45 37.50
251-300  32.05 26.59 22.86 25.12 25.58 24.03 26.10 21.87 28.15 31.90
301- 31.81 37.47 26.86 26.63 31.10 40.09 28.92 25.91 36.73 41.84
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Table 5.2.2 Days fishing and average GRT of Norwegian vessels fishing for Norway pout

by quarter, 1982-1992.

ql q2 q3 q4
1982 | Effort 528 1578 1043 616
Ave GRT 161.2 122.5 160.5 170.9
1983 | Effort 293 1168 2039 552
Ave GRT 167.6 168.4 159.9 171.7
1984 | Effort 509 1442 1576 315
Ave GRT 141.7 121.3 140.9 182.2
1985 | Effort 363 417 230 250
Ave GRT 142.7 144.2 175.2 196.8
1986 | Effort 429 598 195 222
Ave GRT 166.5 121.8 170.7 212.4
1987 | Effort 412 555 208 334
Ave GRT 181.5 144.5 130 177.3
1988 | Effort 296 152 73 590
Ave GRT 200.2 131.7 191.1 202.9
1989 | Effort 132 586 1054 1687
Ave GRT 215.4 101.2 181.7 162.4
1990 | Effort 369 2022 1102 1143
Ave GRT 200.2 156.2 178.8 177
1991 | Effort 774 820 1013 836
Ave GRT 192.1 167.3 166.5 176.1
1992 | Effort 1072 787 1514 1332
Ave GRT 206.3 181.3 202.2 199.8

25



26

Table 5.2.3 Combined Danish and Norwegian fishing effort on

North Sea Norway pout, 1¢82-1992.
Table 5.2.3

ql q2 q3 a4 Total

1982 Norway 505 1283 995 608 3391

Denmark* 1922 502 3929 2234 8587

Total 2427 1785 4924 2842 11978
Total

1983 Norway 286 1144 1942 546 3919

Denmark 2318 505 3725 3620 10168

Total 2604 1649 5667 4166 14087
Total

1984 Norway 452 1165 1396 322 3336

Denmark* 1887 454 3783 4433 10557

Total 2339 1619 5179 4755 13893
Total

1985 Norway 324 374 230 266 1194

Denmark 2177 232 2044 3340 7793

Total 2501 606 2274 3606 8987.
Total

1986 Norway 418 484 192 245 1340

Denmark 1868 87 1249 2984 6188

Total 2286 571 1441 3229 7528
Total

1987 Norway 420 499 176 336 1431

Denmark 1169 7 1333 1946 4455

Total 1589 506 1509 2282 5886
Total

1988 Norway 314 132 76 630 1152

Denmark 910 3 464 1957 3334

Total 1224 135 540 2587 4486
Total

1989 Norway 145 439 1072 1630 3285

Denmark 565 76 1323 2009 3973

Total 710 515 2395 3639 7258
Total

1990 Norway 392 1918 1113 1149 4571

Denmark 890 297 342 964 2493

Total 1282 2215 1455 2113 7064
Total

1991 Norway 807 803 990 838 3439

Denmark 1153 24 384 1412 2973

Total 1960 827 1374 2250 6412
Total

1992 Norway 1152 800 1614 1412 4978

Denmark 1682 101 1213 1264 4260

Total 2834 901 2827 2676 9238




Table 5.3.1 NORWAY POUT in the North Sea. Catch in numbers at age by quarter (millions). + represents less than half a

million. Data for 1990 only partly available and, therefore not included.

Year 1978 1979 1980
Age 1 2 3 4 1 2 3 4 1 2 3 4
0 0 0 304 1,225 0 0 968 864 0 0 24 641
1 2,931 1,181 2,385 1,400 5,079 3,270 4,244 2,154 5,044 2,586 7,711 3,920
2 1,371 650 780 322 940 249 763 167 1,075 689 1,960 512
3 93 194 30 6 170 27 49 11 59 29 18 6
4+ 4 + 0 0 3 1 0 0 2 5 0 0
Age Year 1981 1982 1983
0 0 0 77 36,560 0 0 151 1,058 0 0 421 2,520
1 2,223 1,072 1,316 1,038 5,267 3,251 6,576 3,017 3,969 1,723 5,495 4,053
2 1,688 621 944 301 415 275 431 46 1,224 1,165 1,485 358
3 76 77 17 3 216 23 62 0 14 9 16 7
4+ 6 2 0 0 0 0 0 0 0 0 1 1
Age Year 1984 1985 1986
0 0 0 1 2,209 0 0 6 665 0 0 0 5,436
1 2,732 2,230 5,238 3,457 2,220 840 1,373 2,932 395 180 1,186 1,687
2 1,361 1,153 1,666 727 1,337 142 777 171 1,066 60 245 36
3 142 266 8 0 188 13 19 0 72 2 6 0
4+ 0 0 0 0 1 0 0 0 3 0 0 0
Age Year 1987 1988 1989
0 0 0 8 221 0 0 24 2,947 0 0 147 4,585
1 2,665 1,073 1,585 2,138 246 82 183 632 1,711 647 1,653 1,719
2 398 60 165 230 699 71 250 405 48 133 207 90
3 12 0 0 5 20 0 0 0 6 6 0 13
4+ 1 0 0 0 0 0 0 0 0 0 0 0
Age Year 1990 1991 1992
0 0 0 76 2,607 0 0 34 456
1 1,485 419 1,010 1,030 3,340 997 2,608 2,643
2 1,335 397 67 185 1067 230 372 254
3 93 19 1 17 117 20 1 2
4+ 6 0 0 0 3 0 0 0

27



Table 5.4.1 Norway pout. North Sea 1986-1992. Mean weight at age by quarter.
Danish and Norwegian catches combined (grams).
Age Group
Year Quarter 0 1 2 3 4
1986 1 - 6.69 29.74 44.08 82.51
2 - 14.49 42.92 55.39 -
3 - 28.81 43.39 47.60 -
4 7.20 26.90 44.00 - .
1987 1 - 8.13 28.26 52.93 63.09
2 - 12.59 31.51 - -
3 5.80 20.16 34.53 - -
4 7.40 23.36 37.32 46.60 -
1988 1 - 9.23 27.31 38.38 69.48
2 - 11.61 33.26 - -
3 9.42 26.54 39.82 - -
4 7.91 30.60 43.31 - -
1989 1 - 7.98 26.74 39.95 -
2 - 13.49 28.70 44.39 -
3 7.48 26.58 35.44 - -
4 6.69 26.76 34.70 46.50 -
1990 1 - 6.51 25.47 37.72 68.00
2 - 13.75 25.30 40.35 -
3 6.40 20.29 32.92 39.40 -
4! 66.7 21.7 38.9 52.94 -
1991 1 - 7.85 20.54 35.43 44.3
2 - 12.95 28.75 49.87 -
3 6.06 30.95 44.28 67.25 -
4 6.64 30.65 43.10 59.37 -
1992 1 - 8.12 25.73 41.80 43.9
2 8.00 11.31 31.25 49.49 -
3 6.70 26.52 42.42 50.00 -
4 8.14 27.49 44.14 50.30 -

"Mean of 1989 and 1991 values.
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Table 5.4.2 Norway pout. Mean weight at age in the stock, proportion mature
and natural mortality.
w

N ~ - (8) - " Matprop éfa?t)::)

0 - - 4 6 0 0.4
1 7.0 15.0 25.0 23.0 0.1 0.4
2 22.0 34.0 43.0 42.0 1.0 0.4
3 40.0 50.0 60.0 58.0 1.0 0.4
4 56.0 56.0 - - 1.0 0.4
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Table 5.5.1 Research vessel indices for NORWAY POUT.
Year IYFS' February EGFS? August SGFS? August
Class 1-group 2-group 3-group 0-group 1-group 2-group 3-group 1-group 2-group 3-group
1968 - 6 - - - - - - - -
1969 35 22 - - - - - - - -
1970 1,556 653 - - - - - - - -
1971 3,425 438 - - - - - - - -
1972 4,207 399 - - - - - - - -
1973 25,626 2,412 - - - - - - - -
1974 4,242 385 - - - - 25 - - -
1975 4,599 334 - - - 239 25 - - -
1976 4,813 1,215 - - 770 119 - - - -
1977 1,913 240 - 1,388 314 20 7 - - 12
1978 2,690 611 - 1,209 600 60 25 - 346 9
1979 4,081 557 - 1,599 824 283 11 1,928 127 22
1980 1,375 403 9 151 385 13 1 185 44 1
1981 3,315 663 58 1,770 712 29 3 991 91 8
1982 2,331 802 71 1,818 517 93 2 490 69 5
1983 3,925 1,423 23 1,501 1,008 74 18 615 173 9
1984 2,109 384 65 160 300 47 - 636 54 1
1985 2,043 469 13 136 219 41 3 389 23 4
1986 3,023 760 178 109 152 34 5 338 209 14
1987 127 260 46 2 26 153 9 38 21 2
1988 2,079 773 129 45 350 45 2 382 51 6
1989 1,320 677 33 400 264 118 48° 206 42 24
1990 2,497 902 259 627 161 324° 3443 732 221 -
1991 5,121 2,644 - 401 1,877° 38843 - 1,715 - -
1992 2,681 - 874° 1,095%3 -
1993 - 1,72243

'International Bottom Trawl Survey, arithmetic mean catch in no./h in standard area.

’English groundfish survey, arithmetic mean catch in no./h, 22 selected rectangles within Roundfish areas 1, 2, and 3.
*Scottish groundfish surveys, arithmetic mean catch no./h.*

“Preliminary.

GOV adjusted to Granton trawl by dividing by 3.3.



Table 5.6.1

Factor analysis of RV indices.

Norway Pout, Compound RV indices from factor analysis.
Year class Age O Age 1 Age 2 Age 3
1969 11 4
1970 362 87
1971 748 62
1972 903 57
1973 4752 276
1974 910 55
1975 980 80
1976 1008 147
1977 1388 421 30 12
1978 1209 653 140 9
1979 1599 1308 121 22
1980 151 270 39 1
1981 1770 875 74 8
1982 1818 531 89 5
1983 1501 793 152 9
1984 160 521 53 1
1985 136 387 40 4
1986 109 381 112 14
1987 2 34 39 2
1988 45 423 68 6
1989 400 260 71 24
1990 627 519 186 50
1991 401 1566 333
1992 874 812
1993 1722
Norway PoTt, Combined RV indices (EGFS only at age 0)
Indices by year
Year Age O Age 1 Age 2 Age 3
1977 1388 1008 80
1978 1209 421 147
1979 1599 653 30
1980] 151 1308 140 12
1981 1770 270 121 9
1982 1818 875 39 22
1983 1501 531 74 1
1984 160 793 89 8
1985 136 521 152 5
1986 109 387 53 9
1987 2 381 40 1
1988 45 34 112 4
1989 400 423 39 14
1990 627 260 68 2
1991 401 519 71 6
1992 874 1566 186 24
1993 1722 812 333 50

cont'd.
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Table 5.6.1 cont'd.

NORWAY POUT AGE 1 NORWAY POUT AGE 2

Sample covariance matrix

Sample covariance matrix
1.5624

1.4540 1.6042 1.6894

1.4811 1.4233 1.5331 1.2881 1.7114

1.5256 1.2301 1.7645

Sample correlation matrix

1.0000 Sample correlation matrix
.9184  1.0000 1.0000
.9570 .9076  1.0000 7575 1.0000
.8836 .7079  1.0000
Survey Factor loadings Uniqueness . .
IYFS 1.2097 .9909E-01 Survey Factor loadings  Uniqueness
EGFS 1.0897 . 1443E+00 IYFS 1.1877 . 2789E+00
SGFS 1.1115 .6265E-01 EGFS .9401 4495E+00
SGFS 1.0454 .2329E+00

iterations=  3<[FAIL= 0> .
Number of ite ° Number of iterations= 5<IFAIL= 0>

Year weight Estimated factor scores

1969 1.0000 11.0844 Year weight Estimated factor scores
1970 1.0000 362.1911 1968 1.0000 1.4096
1971 1.0000 747.8005 1969 1.0000 4.4237
1972 1.0000 903.3392 1970 1.0000 87.4793
1973 1.0000 4752.1175 1971 1.0000 61.5517
1974 1.0000 910.2424 1972 1.0000 56.7009
1975 1.0000 980.3978 1973 1.0000 276.3134
1976 1.0000 1008.7862 1974 1.0000 54,9459
1977 1.0000 421.8632 1975 1.0000 80.4938
1978 1.0000 653.3688 1976 1.0000 146.8698
1979 1.0000 1308.2776 1977 1.0000 30.1576
1980 1.0000 270.2200 1978 1.0000 140.2933
1981 1.0000 875.2059 1979 1.0000 121.1062
1982 1.0000 530.8837 1980 1.0000 39.4195
1983 1.0000 793.2482 1981 1.0000 74.0093
1984 1.0000 521.2563 1982 1.0000 88.5136
1985 1.0000 386.5806 1983 1.0000 152.3998
1986 1.0000 381.9121 1984 1.0000 53.3988
1987 1.0000 35.9577 1985 1.0000 39.9034
1988 1.0000 422.6774 1986 1.0000 112.0290
1989 1.0000 260.2895 1987 1.0000 39.3166
1990 1.0000 519.3272 1988 1.0000 67.5331
1991 1.0000 1565.9553 1989 1.0000 71.1216
1992 1.0000 812.1595 1990 1.0000 186.2226
1991 1.0000 332.7308

NORWAY POUT AGE 3

Sample covariance matrix
1.1480
.3083 1.6476
.6380 1.1110 1.3258

Sample correlation matrix

1.0000
.2241 1.0000
L5171 L7517 1.0000
Survey Factor loadings Uniqueness
IYFS L7417 .9980E+00
EGFS .9661 .6790E+00
SGFS 1.0663 J1991E-01

Number of jterations= S<IFAIL= 0>

Year weight Estimated factor scores

1977 1.0000 11.8920
1978 1.0000 9.2810
1979 1.0000 21.7471
1980 1.0000 .9921
1981 1.0000 7.8217
1982 1.0000 4.9260
1983 1.0000 9.0655
1984 1.0000 1.0204
1985 1.0000 3.9208
1986 1.0000 13.8245
1987 1.0000 2.0979
1988 1.0000 5.9234
1989 1.0000 24.1278
1990 1.0000 50.2456
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Table 5.6.2 Output statistics from seasonal separable VPA.

NORWAY POUT NORTH SEA + Combined RV Indices.

Input parameters

weight for effort data = 1.0000
weight for RV data = 1.0000
RV catchability constant above age =

IFAIL on exit from EO4FDF = §

Initial sum of squares = 492.5397
Final sum of squares = 17.3270

Residual mean square = 1575

Coefficient of determination = 9648
Adj. Coeff. of determination = .9463

Number of observations = 169
Number of parameters = 59

IFAIL on exit from EO4YCF = 0

Selectivities at age

age 1 2 3 4
0 .0000 .0000 .0002 .0354
1.0921 .1744/.2145 .3818
2 .5516 .748§1.02291.8880
3 .5516 .7488§1.02291.8880

Year/season effects

year 1 2 3 4

1985 1.0170 .2376 1.0156 1.5331
1986 .9167 .1581 1.1950 1.4113
1987 7211 .2147 .5640 1.2216
1988 4764 .0734 .2724 1.0744
1989 .2885 .2814 .7666 1.3810
1990 .5129 .8758 .5782 .8344
1991 8718 .3362 .3616 .6466
1992 8891 .2677 .7899 9827

RV catchabilities

age logQ
0 -6.9679
1-4.2672
2 -3.4469
3 -.9676

2

cont'd.
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Table 5.6.2 cont'd.

34

Estimated populations

1

0 89482.
1 25874.

2 4427.
3 1e.

1

0 40435.
1 35673.

2 139%4.
3 5.

1

0 131837.
1 29873.

2 933.
3 53

1

0 288491.
1 29388.

2 2691.
3 25,

2
59982.
15794,

1693.

27104,
22376.
628.

88373.

19500.
534.
30.

2

193382.

18180.
1115.
10.

1985 1986
3 4 1 2 3 4
40207. 26947. 185789. 124538. 83480. 55947,
'10157. 5476. 17108. 10540. 6873. 3565.
950. 225. 2044. 826. 492. 97,
3. I. 8. 3. 2. 0.

1987 1988

3 4 1 2 3 4

18168. 12177. 153712. 103036. 69067. 46295.
14448, 8581. 7817. 5015. 3319. 2098.
358.  135. 3608. 1860. 1180. 599.

1. 0. 9. 5. 3. 1.

1989 1990
3 4 1 2 3 4
59238. 39703. 149939. 100507. 67372. 45156.
12445, 7077. 25343. 16204. 9324. 5521.
290.  89. 2800. 1414. 492. 183,
16. 5. 4. 2. I. 0.

1991 1992
3 4 1 2 3 4
129627. 86887. 321905. 215779. 144641. 96943.
11492, 7128. 56923. 35157. 22492. 12727.
581. 269. 3733. 1532. 841, 251.
5. 3. 53, 22, 12, 4.

Total fishing mortality

1

0 .000
1 .09
2 .561
3 .561
1
0 .000
1 .066
2 .398
3 .398

2
.000
041
178
178

.000
.037
161
161

1985 1986
3 4 1 2 3 4
.000 .054 .000 .000 .000 .050
218 585 .084 .028 .256 .539
1.039 2.894 506 .118 1.222 2.665
1.039 2.894 506 .118 1.222 2.665

1987 1988
3 4 1 2 3 4
.000 .043 .000 .000 .000 .038
21 466 044 013 .058 410
S77 2306 263 055 279 2.028
577 2306 263 .05 279 2.028

cont'd.



Table 5.6.2 cont'd.
1989

1 2 3 4 1 2

0 .000 .000 .000 .049 .000
1 .027 .049 .164 527 .047
2 159 211 784 2.607 .283
3159 211 784 2.607 .283
1991
1 2 3 4 1 2
0 .000 .000 .000 .023 .000
1 .080 .059 .078 .247 .082
2 481 252 370 1.221 .490
3 481 252 370 1.221 490

Fitted separable catches

1985
1 2 3 4 1 2

0 0. 0. 6. 704. 0. 0.
1 1912, 529. 1651. 2039. 1145.
2 1596. 229. 523. 191. 680.
3 132, 10. IS, 0. 52
1987

1 2 3 4 1 2
0 0. 0. 7. 236. 0. 0.
1 1893. 678. 1362. 2677. 277.
2 382, 77. 132, 107. 693.
3 10. 0. 0. 4. 16. 0.

1989
| 2 3 4 1 2

646. 771. 1564. 2432. 965.
114, 84, 133, 73. 574

W N - O

1991
1 2 3 4 1 2

0 0 59. 2486. 0. 0.
1324. 2906. 3323.
231. 394, 18s5.

0 . .

1 1873. 855. 709. 1296. 3698.
2 860. 206. 150. 163. 1212,
3

73.  15. . 13, 97. 17.

Log catch residuals

1985
1 2 3 4 1 2

0 0 7. 4227. 0. 0.
1901. 900. 1255.
573. 185, 125.

7. 6. 0. 1L 1. 1.

1990

3 4

.000  .000 .030
153 124 319
656 591 1.575
656 591 1.575

1992
3 4

.000 .000 .035
.047 169 375
200 .808 1.855
200 .808 1.855

1986
3 4
0. 4978.
236. 1292. 1246.
76. 298.  8I.
5. 0.

1988
3 4
19. 2741.
53.  156. 590.

82. 239. 456.

0. 0.

1990
3 4
5. 1085.

0. 0.
1992

3 4

32.  535.

1. 2.

1986
3 4

0 -.0346 -.0004 .0050 -.0570 -.0973 -.0327 -.7240 .0881

11492 4623 -.1843 .3635 -1.0639
2 -.1769 -4773 3953 -.1088 .4497
3 .3504 2775 .2327 -4213 3254

-.2727 -.0855 .3030
-.2409 -.1943 -.8051

1857 1596 -.3494

cont'd.
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Table 5.6.2 cont'd.

1987 1988

1 2 3 4 1 2 3 4
0 .0792 .0892 .1720 -.0656 .0000 .0000 .2198 .0725
1 .3420 .4585 .1513 -.2250 -.1184 4449 .1633 .0684
2 .0407 -2527 .2235 .7624 .0083 -.1448 .0478 -.1183
3 .2268 -.3224 -3759 .2662 .2447 .0000 -.4088 -.4735

1989 1990

1 2 3 4 1 2 3 4
.0527 -.0561 .0067 .1104 .0000 .0000 .0000 .0000
.9780 -.1055 -.3550 -.2235 .0000 .0000 .0000 .0000
-.8616 .5520 .3960 .2103 .0000 .0000 .0000 .0000
.0089 .0317 -.6624 .1125 .0000 .0000 .0000 .0000

W N - O

1991 1992

1 2 3 4 1 2 3 4
0 .0000 .0000 .2451 .0474 .0000 .0000 .0755 -.1814
1 -.2323 -7130 .3540 -.2296 -.0869 -.2834 -.1081 -.2288
2 4394 6546 -.8055 .1290 -.1275 -.0041 -.0580 .3172
3 .2441 2281 -.0344 .2408 .1913 .1804 -.1726 -.0276

RMS for catch data = .2957
Year/season effect residuals

year 1 2 3 4

1985 -.0168 .0194 -.1107 -.0614
1986 -.0030 .3674 -.7295 -.0890
1987 -.1266 -.0593 .0675 -.2918
1988 .0269 -.3067 -.2325 -.0379
1989 -.0160 -.3121 .2225 .0522
1990 -.0006 .0112 .0061 .0125
1991 -.1066 -.0167 .4181 .3303
1992 2426 2968 .3584 .0851

RMS for etfort data = 2256
Log RV residuals

1985 1986 1987 1988 1989 1990 1991 1992

1 1 1 1 1 1 1 1
0 .0479 -.0473 -2946 -.1168 .1170 .1491 .0389 .1059
1 3620 .4783 -.2721-1.1705 .0099 -.3124 .2308 .6740
2 .0752 -2055 -.1044 -.0255 .2717 -2710 -.1882 .4477
3 -.0879 .5208 -.2721 .0778 -.1797 .0916 -.2363 .0857

RMS for RV data = .2999
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Table 5.6.3

Norway pout in the North Sea
LE AR AR EEEERE R R R REREEERE R

XSA stock analysis with input from file:
file.lst

Unknown catches have been estimated
They were estimated so that they conform the SOP

Catcabilities at oldest age have been shrunk towards
those of the second oldest age.
with weight of the oldest: .0

The linear funct. model used for estimating catchabilities

A cosine taper over 5 years was applied

CPUE indexes have been weighted using fixed weights

Estimates of unknown catches

Year Seas Age Catch Init. ¢
1990 1 1 1547.8 2297.0
1950 1 2 661.7 500.0
1990 1 3 23.9 35.0
1990 1 4 6.7 6.0
1990 2 1 1689.2 938.0
1990 2 2 616.8 1032.0
1990 2 3 22.3 20.0
1990 3 0] 21.8 215.0
1990 3 1 964.0 773.0
1990 3 2 188.1 305.0
1990 3 3 6.8 6.0
1990 4 0 1591.1 1814.0
1990 4 1 1017.4 907.0
1990 4 2 133.3 181.4
1990 4 3 4.8 18.1

SOP in season 1 28282.99
SOP in season 2 39729.99
SOP in season 3 26157.99
SOP in season 4 45252.99

Survivors (Year, age, number at end of the year)

1992 0 34564.00
1992 1 14221.36
1992 2 549.21
1992 3 24.50
1991 3 13.51
1990 3 10.41
1989 3 38.60
1988 3 23.55
1987 3 16.72
1986 3 34.96
1985 3 26.58
1984 3 20.67
1983 3 3.30
1982 3 83.51

cont'd.
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Table 5.6.3

cont'd.

VPA: log catch residuals (log(actual/fitted))

using effort in commercial fleet and est.

Year
Season 1
Age
0 .
1 .181
2 -.019
3 .599
4 .
Year
Season 1
Age
o] .
1 .006
2 -.578
3 .051
4 .
Year
Season 1
Age
0 .
1 -1.083
2 .855
3 .379
4 .
Year
Season 1
Age
0 .
1 -.498
2 .293
3 .203
4 .
Year
Season 1
Age
0 .
1 .260
2 .260
3 .260
4 .
Year
Season 1
Age
0 .
1 -,725
2 -.390
3 .569
4

1982
2 3
. .754
-.011 -.089
.062 .031
-1.112 -.867
1984
2 3
. =3.310
-.029 -.057
-.010 -.520

1.842 -1.662

1986
2 3
-.758 .513
-.071 .688

-1.444 -1.227

1988
2 3
. 1.615
.410 .124
.436 .696
1990
2 3
. .068
-.150 .068
-.150 .068
-.150 .068
1992
2 3
. .126
-.564 ~.498
-.747 -.280

.283 =-2.79°9

4

-.869
-.253
-.101

4

.231
-.175
.271

.973
.226
-.732

.516
-.100
.610

-.078
-.078
-.078
-.078

-1.311
-.249
-.218

-1.631

catchabilities
1983
1 2
-.196 -.687
-.642 .050
-.431 -.128
1985
1 2
.337  .556
.161 -.288
.976 .416
1987
1 2
.604 .643
.059 -.437
-.348 .
1989
1 2
.979 .316
-1.096 .446
-,981 -.665
1991
1 2
-.414 -.695
.569 . 440

.753

.299

3

2.118
-.569
-.617
-.447

-.383
.003
.332

-.369

.702
.283
-.253

-1.458
-.427
-.093

°

.596
.013
-.823
-1.789

4

-.024
-.504
-.405

.647

-.505
.509
-.209

~.872
.325
.808
-.466

.601
-.075
-.442
-.894

-.402
-.311
.068
.613

cont'd.



Table

VPA: Log inverse catchabilities

Year
Season

Fleet
0
1
2
3
4

Fleet

DHWN - O

Fleet

WO

Fleet

B WO

Year
Season

Fleet

5.6.3

no: 1
10.764

9.470
9.470

no: 2

2.983
2.066
2.066

no: 3

no: 4

no: 1

10.729
9.216
9.216

no: 2

2.882
1.859
1.859

no: 3

no: 4

cont'd.

1982
2 3

16.422
9.994
8.741
8.741

.

10.285
9.052
9.052

. 5.253
. 3.642
. 3.486

3.486

3.520
2.895
2.895

1984

16.328
9.798
8.557
8.557

3

10.070
9.023
9.023

. 6.039
. 3.782
. 3.060

3.060

. 3.509
. 2.761
2.761

1983
1 2 3
. . 16.452
10.737 10.184 9.888
9.337 9.066 8.658
9.337 9.066 8.658
2.865 .
1.955
1.955
. . 5.665
. . 3.671
. 3.206
. 3.206
. . 3.464
. . 2.856
. . 2.856
1985
1 2 3
. . 16.275
10.653 9.957 9.749
9.180 8.945 8.498
9.180 8.945 8.498
2.882
1.791
1.791
. 6.284
. 3.849
2.856
. . 2.856
. . 3.537
. . 2.722
. . 2.722

11.797
9.361
9.106
9.106

11.495
9.247
8.927
8.927

cont'd.
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Table

Year
Season

Fleet

]
-wal—'Og WO
o
(23

5.6.3 cont'd.

1986
1 2 3
no: 1
. . 16.192
10.561 9.867 9.706
9.130 8.872 8.466
9.130 8.872 8.466
no: 2
2.891 . .
1.720 . .
1.720 . .
no: 3
. . 6.442
. . 3.899
. 2.696
2.696
no: 4
3.582
. . 2.694
. . 2.694
1988
1 2 3
no: 1
. 15.906

10.414 9.798  9.671
9.010 8.695 8.579
9.010 8.695 8.579

no: 2
2.897
1.588
1.588
no: 3
. . 6.620
. . 4.002
. . 2.350
. . 2.350
no: 4
. . 3.598
. . 2.650

2.650

11.339 .
9.223 10.479
8.868 9.056
8.868 9.056

2.890
. 1.651
. 1.651

11.122 .
9.258 10.369
8.770 8.999
8.770 8.999

2.944
1.566
1.566

1987

. 16.072
9.813 9.671
8.769 8.504
8.769 8.504

-

6.591
3.967
. 2.522
. 2.522

3.601
2.688
2.688

1989

. 15.599
9.842 9.715
8.629 8.687
8.629 8.687

6.517
4.052
. 2.253
. 2.253

3.630
. 2.640
. 2.640

11.187
9.223
8.807
8.807

11.087
9.332
8.760
8.760

cont'd.



Table 5.6.3

Year
Season 1

Fleet no: 1

0 .
1 10.336
2 9.034
3 9.034
4 .
Fleet no: 2
0 .
1 2.982
2 1.599
3 1.599
4 .
Fleet no: 3
0
1
2 .
3 .
4
Fleet no: 4
0
1
2
3 .
4 .
Year
Season 1
Fleet no: 1
0 .
1 10.350
2 9.075
3 9.075
4 .

Fleet no: 2
2.954

1.623
1.623

no: 3

(]
o
ct

o .
WO H WO H WO

1
[0}
ct

s e o s o

cont'd.

1990

9.913
8.573
8.573

°

1992

10.141
8.540
8.540

15.542

9.779
8.839
8.839

6.337
4.043
2.207
2.207

3.659
2.692
2.692

15.624

9.940
9.123
9.123

5.487
3.863
2.150
2.150

3.519
2.671
2.671

11.065
9.433
8.745
8.745

11.122
9.613
8.842
8.842

10.287
9.079
9.079

3.001
1.610
1.610

9.974
8.546
8.546

s e o o o

1991

15.573
9.867
8.995
8.995

6.006
3.990
2.185
2.185

3.630
2.708
2.708

11.122
9.523
8.753
8.753

e @ 9 o o
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Table 5.6.4 Norway pout. Estimates of catch in numbers at age (*10°) in 1990 from SSVPA
and SXSA.
Quarter 1 4
Age SXSA SSEP SXSA SSEP SXSA SSEP SXSA SSEP
0 22 5 1591 1085
1 1548 965 1689 1901 964 900 1017 1255
2 662 574 617 573 188 185 133 125
3 24 1 22 1 7 0 5 0
4 7
. SOP 28283 20940 39730 40676 26158 24383 | 45253 48118
Landings 28283 39730 26158 ' 45253
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Table 5.6.5

VPA:

Year
Season
Age

H WO

Year
Season
Age

H WP O

SSN
SSB
TSN
TSB

Year
Season
Age

0

1

2

3

4

SSN
SSB
TSN
TSB

Year
Season
Age

WO

SSN
SSB
TSN
TSB

106760.
2969.
888.

6.

14539.
175926.
110623.
848515.

65818.
13403.
782.
20.

20786.
373323.
80022.
787975.

24115.
2807.
281.
31.

5531.
91625.
27234.

243549.

13499.
4610.
141.
25.

6126.
117882.
18275.
202926.

1982
2 3
237450,
67251. 42418.
1650. 881.
418. 262.
4. 3.
1984
2 3
79173.
41882. 26249.
7870. 4331.
408. 56.
13. El
1986
2 3
101205.
15841. 10471.
1009. 627,
129. 85.
19. 12.
1988
2 3
85709.
8847. 5863.
2519. 1630.
78. 52.
17. 11.

Stock numbers at age at start of season

4 1
159044.

23050. 105744.
238. 12981.
125. 122.

2. 85.
23762.
369212.
118931.
1035398.

4 1

53070.

13307. 33765.
1539. 6089.
31. 437.
6. 25.
9927.
176445.
40316.
389168,

4 1

67840.

6048. 41024.
220. 2673.
52. 118.
8. 41.
6934.
94504.
43855,
352955,

4 1

57433.

3780. 36086.
887. 2017.
35. 263.
7. 29.
5917.

81761.

38395.
309103.

1983
2 3
151586.
67633. 43925.
7699. 4207.
70. 40.
57. 36.
1985
2 3
54888.
20816. 13266.
2987. 1886.
139. 82.
le. 11.
1987
2 3
30455.
25317. 16092,
1466. 934.
69. 46.
26. 18.
1989
2 3
87989.
22783. 14704.
1313. 760.
171. 109.
19. 13.

4

101267.
24945.
1604.
13.

24.

36787.
7768.
628.
40.

20408.
9489.
491.
31.
12.

58975.
8959.
348.
73.

9.

cont'd.
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Table 5.6.5

Year
Season
Age

WO

Year
Season
Age

WO

cont'd.
1990
1 2 3

95525.

35667. 22641. 13794.

4413, 2416. 111s.

159. 87. 40.

44 . 24. 16.
8183.
130898,
40283.
355601.

1992
1 2 3

77795.

94142, 60371. 39652.

6482. 3472. 2139,

313. 114. 60.

16. 8. 5.
16225.
221894.
100952,
814986.

4 1
64014.
8457. 41607.
593. 4836.
21. 288.
11. 18.
9303.
148045.
46749,
410171.
4
52120.
24444,
1129.
39.
4.

1991
2 3 4
214359. 143627.
26675. 17537. 10928.
2149. 111s5. 693.
117. 63. 41.
7. 5. 3.



Table 5.6.6

VPA: Fishing mortalities

Year
Season 1
Age
0 .
1 .062
2 .184
3 .341
4 .000
Year
Season 1
Age
0 .
1 .052
2 .130
3 .245
4 .000
Year
Season 1
Age
0 .
1 .020
2 .582
3 .362
4 .122
Year
Season 1
Age
0 .
1 .022
2 .201
3 .183
4 .000
Year
Season 1
Age
0 .
1 .054
2 .198
3 .198
4 .198
Year
Season 1
Age
0 .
1 .044
2 .220
3 .573
4 .279

1982
2

.060
.223
.069
.000

1984
2

.067
.193
1.233
.000

1986
2

.014
.075
.019
. 000

1988

.011
.035
.000
.000

1990

.094
.360
.360
.000

1992

.020
.083
.234
.000

at age

.001
.206
.812
.331
.000

.000
.272
.592
.189
.000

.000
.147
.604
.089
.000

.000
.039
.204
.000
.000

.000
.088
.226
.226
.000

.001
.083
.233
.019
.000

.008
171
.263
.000
.000

.052
.368
.774
.000
.000

.102
.400
.219
.000
.000

.064
.223
.739
.000
.000

.031
.156
.311
.311
.000

.011
.139
.311
.076
.000

.131
.030

.059
.029
.033
.000

.044
.395
.475
.476

1983
2 3
. .003
.031 .163
.200 .531
.168 .630
.044 .000
1985
2 3
. .000
.050 .133
.059 .646
.120 .321
.000 .000
1987
2 3
. .000
.053 .126
.051 .238
.000 .000
.000 .000
1989
2 3
. .000
.038 .094
.144 .368
.047 .000
.000 .000
1991
2 3
. .000
.019 .072
.249 .075
.217 .028
.000 .000

.031
.216
.309
.883
.000

.022
.578
.388
.000
.000

.013
.312
.766
.214
.000

.102
.299
.367
.234
.000

.022
.121
.381
.656
.000
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Table 6.1 Norway Pout. Annual landings (t) in Division VIa. (Data officially reported to ICES).

Country 1974 1975 1976 1977 1978 1979 1980 1981
Denmark - 193 - - 4,443 15,609 13,070 2,877
Faroes 1,581 1,524 6,203 2,177 18,484 4,772 3,530 3,540
Germany 179 - 8 - - - - -
Netherlands - 322 147 230 21 98 68 182
Norway 1443 - 823 - - - - -
Poland 75 - - - - - - -
UK (Scotland)? 4,702 6,614 6,346 2,799 302 23 1,202 1,158
Russia 40 2 7,147 - - - - -
Total 6,721 8,655 19,933 5,206 23,250 20,502 17,870 7,757
Country 1982 1983 1984 1985 1986 1987 1988 1989
Denmark 751 530 4,301 8,547 5,832¢ 37,714 5,8495  28,180°
Faroes 3,026 6,261 3,400 998 - - 376 11
Germany - - 70 - - - - -
Netherlands 548 1,534 - : 139 - - - -
Norway - - - - - ’ - -
Poland - - - - - - - -
UK (Scotland)? 586 - 23 13 - 553 517 5
Russia - - - - - - - -
Total 4,911 8,325 7,794 9,697 5,832 38,267 6,742 28,196
Country 1990 1991 1992!
Denmark 3,316° 4,348 5,147
Faroes - - -
Germany - - -
Netherlands - - 10
Norway - - -
Poland - -
UK (Engl.& Wales) - - 1
UK (Scotland) + - -
Russia - - -
Total 3,316 4,348 5,148
'Preliminary.

*Amended using national data.
*Including by-catch.

“Includes Division VIb.
’Included in Division IVa.



Table 7.1 SANDEEL, Division IIIa. Landings in tonnes .
Official figures 1982-85, estimates provided
by Working Group members 1986-92.

Denmark Norway Sweden

1982 25364 - 5
1983 29169 178 31
1984 26436 - -
1985 5610 - -
1986 73133 - -
1987 5410 - -
1988 23159 - -
1989 18170 - -
1990% 15831 - -
1991+%* 22989 - -
1992%* 38830

*)preliminary



Table 8.1.1 Landings ("000 t) of sandeel from the North Sea,

1952-1992. (Data provided by Working Group

members.)

Year Denmark Germany  Faroes Netherlands Norway Sweden UK Total

1952 1.6 - - - - - - 1.6
1953 4.5 + - - - - - 4.5
1954 10.8 + - - - - - 10.8
1955 37.6 + - - - - - 37.6
1956 81.9 5.3 - + 1.5 - - 88.7
1957 73.3 25.5 - 3.7 3.2 - - 105.7
1958 74.4 20.2 - 1.5 4.8 - - 100.9
1959 77.1 17.4 - 5.1 8.0 - - 107.6
1960 100.8 7.7 - + 12.1 - - 120.6
1961 73.6 4.5 - + 5.1 - - 83.2
1962 97.4 1.4 - - 10.5 - - 109.3
1963 134.4 16.4 - - 11.5 - - 162.3
1964 104.7 12.9 - - 10.4 - - 128.0
1965 123.6 2.1 - - 4.9 - - 130.6
1966 138.5 4.4 - - 0.2 - - 143.1
1967 187.4 0.3 - - 1.0 - - 188.7
1968 193.6 + - - 0.1 - - 193.7
1969 112.8 + - - - - 0.5 113.3
1970 187.8 + - - + - 3.6 191.4
1971 371.6 0.1 - - 2.1 - 8.3 382.1
1972 329.0 + - - 18.6 8.8 2.1 358.5
1973 273.0 - 1.4 - 17.2 1.1 4.2 296.9
1974 424.1 - 6.4 - 78.6 0.2 15.5 524.8
1975 355.6 - 4.9 - 54.0 0.1 13.6 428.2
1976 424.7 - - - 44.2 - 18.7 487.6
1977 664.3 - 11.4 - 78.7 5.7 25.5 785.6
1978 647.5 - 12.1 - 93.5 1.2 32.5 786.8
1979 449.8 - 13.2 - 101.4 - 13.4 577.8
1980 542.2 - 7.2 - 144.8 - 34.3 728.5
1981 464.4 - 4.9 - 52.6 - 46.7 568.6
1982 506.9 - 4.9 - 46.5 0.4 52.2 610.9
1983 485.1 - 2.0 - 12.2 0.2 37.0 536.5
1984 596.3 - 11.3 - 28.3 - 32.6 668.6
1985 587.6 - 3.9 - 13.1 - 17.2 621.8
1986 752.5 - 1.2 - 82.1 - 12.0 847.8
1987 605.4 - 18.6 - 193.4 - 7.2 824.6
1988 686.4 - 15.5 - 185.1 - 5.8 892.8
1989 824.4 - 16.6 - 186.8 - 11.5  1039.1
1990 496.0 - 2.2 0.3 88.9 - 3.9 591.3
1991! 701.4 - 11.2 - 128.8 - 1.2 842.6
1992 751.1 - 9.1 - 89.3 0.5 4.9 855.0

'Preliminary.

+ = less than half unit.
- = no information or no catch.
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Table 8.1.2 Sandeel North Sea. Monthly landings (t) by country, 1987-1992. (Data provided by Working

Group members.)

Year Month Denmark Faroes Norway Scotland Total
1987 Jan - - - - -
Feb - - - - -

Mar 15,159 - 4,681 7 19,847

Apr 59,495 412 13,921 875 74,703

May 143,719 1,141 27,308 2,385 174,553

Jun 278,659 10,251 80,527 1,233 370,670

Jul 94,532 6,815 15,230 925 117,502

Aug 7,320 - 37,049 1,521 45,890

Sep 6,471 - 8,451 280 15,202

Oct - - 6,214 1 6,215

Nov 12 - - - 12

Dec - - - - -

Total 605,367 18,619 193,381 7,227 824,594

1988 Jan - - - -
Feb - - - -

Mar 48,766 21,582 4 70,352

Apr 147,839 27,181 1,518 186,538

May 246,852 65,160 2,481 314,493

Jun 169,526 32,995 744 203,265

Jul 33,120 n/a 104 633 33,857

Aug 21,155 5,212 198 26,565

Sep 9,224 9,111 181 18,516

Oct 9,885 13,709 36 23,630

Nov - - - -

Dec - - - -

Total 686,367 15,531 185,054 5,795 877,216'

1989 Jan - - - -
Feb - - - -

Mar 62,927 23,117 106 86,150

Apr - 164,296 27,953 1,345 193,594

May 300,524 61,764 4,912 376,200

Jun 235,779 n/a 59,079 5,124 299,982

Jul 31,670 187 - 31,857

Aug 6,533 9,581 - 16,114

Sep 22,705 5,086 - 27,791

Oct - 65 - 65

Nov - - - -

Dec - - - -

Total 824,434 16,612 186,832 11,487 1,022,753'

'Excluding the Faroes.

Table 8.1.2 (cont’

d
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Table 8.1.2 (cont’d)

Year Month Denmark Faroes Norway Scotland Total'
1990 Jan - - - -
Feb - - - -
Mar 24,700 11,542 - 36,242
Apr 94,670 13,673 906 109,249
May 181,582 35,394 2,184 219,160
Jun 121,981 n/a 6,660 797 129,438
Jul 17,307 1,101 - 18,408
Aug 48,992 17,519 - 66,511
Sep 6,793 2,541 - 9,334
Oct - 474 - 474
Nov - - - -
Dec - - - -
Total 496,025 2,230 88,904 3,887 588,816!
1991 Jan - - - -
Feb - - - -
Mar 23,454 7,349 - 30,803
Apr 78,374 12,582 30 90,986
May 204,894 n/a 50,110 1,124 256,519
Jun 217,334 13,176 - 230,509
Jul 129,548 8,267 - 137,815
Aug 43,024 16,955 - 59,979
Sep 4,801 16,153 - 20,955
Oct - 4,242 - 4,242
Nov - - - -
Dec - - - -
Total 701,429 128,834 1,154 831,808!
1992 Jan - - - -
Feb - - - -
Mar 22,686 3,490 392 26,269
Apr 148,866 10,998 2,975 160,256
May 242,170 29,149 1,469 274,294
Jun 265,879 44,197 - 311,545
Jul 64,910 n/a 1,464 - 66,374
Aug 6,574 - - 6,574
Sep 1 - - 1
Oct 16 - - 16
Nov - - - -
Dec - - - -
Total 751,102 9,139 89,298 4,836 854,462

'Excluding the Faroes.
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Table 8.1.3 Monthly landings of sandeels from each area in Figure 2.2.1a, 1989-1992.

Month 1A 1B 1C 2A 2B 2C 3 4 5 6 Shetland
1989

Mar 0 14,831 441 2,221 63,853 - 4,695 - - 76 11
Apr 61,528 10,782 - 34,479 61,686 - 22,350 1,024 133 421 1,193
May 121,323 4,771 - 113,244 61,961 240 38,946 4,013 328 20,452 1,763
Jun 43,429 158 11 12,924 133,876 - 16,613 21,379 3,282 67,624 536
Jul 1,272 154 - 1,284 290 - 17,825 3,778 790 6,412 -
Aug 786 32 - 2,688 7,240 - 4,891 333 - 109 -
Sep - 227 - 1,057 5,195 1,291 20,017 - - - -
Oct - - - - 65 - - - - - -
Nov - - - - - - - - - - -
Total 228,338 30,955 455 167,897 334,166 1,531 125,337 30,527 4,533 95,094 3,503
1990

Mar 1,556 368 119 230 33,271 136 529 - - 18 286
Apr 37,364 167 - 37,794 23,175 56 6,379 2,049 51 1,909 1,450
May 85,255 147 - 18,544 39,329 - 18,343 11,555 3,185 41,163 608
Jun 15,337 418 - 7,992 13,574 - 12,728 28,437 10,564 39,688 -
Jul 1,478 218 - 2,934 3,590 8 4,926 3,440 - 1,814 -
Aug 429 43 - 10,987 40,325 370 13,678 - - 679 -
Sep - - - 1,931 2,686 - 4,440 - - 277 -
Oct - - - - 474 - - - - - -
Nov - - - - - - - - - - -
Total 141,419 1,361 119 80,412 156,424 570 61,023 45,481 13,800 85,548 2,344
1991

Mar 902 494 - 1,582 26,528 737 548 - 4 8 -
Apr 8,443 356 680 27,611 34,413 418 18,032 138 - 892 3
May 86,975 4,631 - 9,615 106,294 615 39,939 4,038 660 3,144 -
Jun 91,485 1,005 - 26,522 12,671 - 34,263 10,261 115 54,187 -
Jul 30,976 411 - 43,619 15,253 - 13,174 8,195 215 25,972 -
Aug 4,624 223 - 4,631 37,052 - 4,567 - - 8,882 -
Sep 4,789 - - 391 15,762 - 13 - - - -
Oct - - - - 4,242 - - - - - -
Nov - - - - - - - - - - -
Total 228,194 7,120 680 113,971 252,215 1,320 110,596 22,632 993 93,086 3
1992

Mar 3,900 30 653 10,778 8,480 92 1,619 - - 717 -
Apr 70,224 403 828 35,672 20,817 - 28,568 1,539 - 2,204 -
May 111,120 760 85 94,723 27,301 3 24,752 488 167 14,875 -
Jun 218,335 2,574 2,030 17,870 9,406 108 22,712 10,291 1,712 26,507 -
Jul 18,802 180 622 9,711 1,070 68 18,128 7,771 935 9,087 -
Aug - - - 162 10 - 5,416 - - 986 -
Sep - - - - - - - - - 1 -
Oct - - - - - - - - - 7 -
Nov - - - - - - - - - - -
Total 422,381 3,948 4,218 168,916 67,083 271 101,204 20,089 2,834 54,381 -
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Table 8.1.4 Annual landings (000 t) of Sandeels by area of the North Sea [Denmark, Norway and
UK (Scotland)]. (Data provided by Working Group members.)

Area I Assessment areas!
Year 1A 1B 1C 2A 2B 2C 3 4 5 6  Shetland Northern Southern
1972 98.8 28.1 39 245 85.1 0.0 13.5 58.3 6.7 28.0 0.0 130.6 216.3
1973 59.3 37.1 1.2 164 60.6 0.0 8.7 374 9.6 59.7 0.0 107.6 182.4
1974 50.4 178.0 1.7 22 177.9 00 29.0 274 11.7 254 7.4 386.6 117.1
1975 70.0 38.2 17.8 12.2 154.7 4.8 38.2 42.8 12.3 19.2 12.9 253.7 156.5
1976 154.0 3.5 39.7 71.8 38.5 3.1 50.2 59.2 8.9 36.7 20.2 135.0 330.6
1977 171.9 I 34.0 62.0 I 154.1 |179.7 1.3 I 71.4 28.0 13.0 25.3 21.5 348.4 392.3
1978 159.7 50.2 346.5 70.3 42.5 374 6.4 272 28.1 163.0 577.2
1979 194.5 0.9 61.0 323 270 723 34.1 79.4 54 443 13.4 195.3 355.9
1980 215.1 3.3 1193 89.5 524 27.0 90.0 30.8 8.7 57.1 25.4 292.0 401.2
1981 105.2 0.1 42.8 1519 11.7 239 596 63.4 13.3 45.1 46.7 138.1 378.9
1982 189.8 5.4 4.4 132.1 249 23 37.4 757 6.9 74.7 52.0 744 479.2
1983 197.4 - 2.8 594 17.7 - 577 87.6 8.0 66.0 37.0 78.2 419.0
1984 337.8 4.1 59 749 30.4 0.1 513 56.0 3.9 60.2 32.6 91.8 532.8
1985 281.4 46.9 2.8 823 7.1 0.1 299 46.6 18.7 84.5 17.2 79.7 513.5
1986 295.2 357 85 553 244.1 2.0 84.8 225 4.0 80.3 14.0 375.1 457.4
1987 275.1 63.6 1.1 53,5 3252 0.4 5.6 21.4 7.7 45.1 7.2 395.9 402.8
1988 291.1 58.4 2.0 47.0 256.5 03 37.6 353 12.0 102.2 4.7 384.8 487.6
1989 228.3 31.0 0.5 167.9 334.1 1.5 125.3 30.5 45 95.1 3.5 4924 526.3
1990 141.4 1.4 0.1 80.4 156.4 06 61.0 455 13.8 85.5 2.3 219.5 366.7
1991 228.2 7.1 0.7 114.0 252.8 1.8 110.5 22.6 1.0 93.1 + 3729 458.9
1992 422.4 3.9 4.2 1689 67.1 0.3 101.2 20.1 2.8 54.4 0 176.7 668.6
! Assessment areas: Northern - Areas 1B, 1C, 2B, 2C, 3.

Southern - Areas 1A, 2A, 4, 5, 6.

52



Table 8.2.1.1 Sandeel Northern North Sea. Danish CPUE data.

Vessel size (GRT)

Year

5-50 50-100 100-150 150-200 200-250 250-300 >300

First half year
1982 11.2 17.2 31.8 26.7 47.6 40.8 25.8
1983 11.1 17.1 23.6 23.9 31.6 36.4 41.3
1984 14.6 24.8 33.4 32.1 44.4 55.5 19.7
1985 12.1 17.2 35.7 51.2 57.9 67.2 55.8
1986 21.0 32.0 45.5 50.2 63.9 57.4 71.8
1987 23.7 37.8 67.0 66.5 78.6 79.9 113.0
1988 19.0 25.6 34.4 42.5 48.0 47.8 75.3
1989 16.3 25.2 36.7 41.0 49.6 51.4 76.2
1990 14.5 21.6 27.3 27.8 29.5 27.4 39.7
1991 16.7 25.5 38.4 42.5 47.6 47.5 72.2
1992 16.6 24.6 36.3 34.7 60.6 46.9 76.9
1993 14.9 19.3 33.6 36.5 47.2 51.1 51.8
Second half year

1982 - 17.7 33.6 46.7 19.9 - -
1983 17.9 25.7 31.0 32.9 44.5 34.3 57.1
1984 113.2 22.0 21.5 35.2 - 28.3 24.0
1985 21.6 23.5 25.8 39.6 60.7" 33.3 -
1986 17.1 27.5 50.2 50.0 77.9 74.0 80.7
1987 21.3 31.8 23.9 24.3 42.6 25.4 46.3
1988 16.8 21.3 30.0 32.4 38.0 33.1 43.9
1989 16.6 22.3 23.6 27.3 28.3 35.6 25.0
1990 17.6 32.5 29.4 34.1 40.4 32.6 53.3
1991 15.1 26.3 40.8 44.8 54.4 51.3 72.5
1992 20.4 25.4 35.2 38.2 53.6 50.9 52.1
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Table 8.2.1.2

Sandeel northern North Sea. Norwegian effort data.

Year Fishing days Mean gross register tonnage (GRT)
Jan-Jun Jul-Dec Jan-Jun Jul-Dec
1976 595 - 198.8 -
1977 2,212 457 172.3 184.9
1978 1,747 806 203.4 203.7
1979 1,407 1,720 213.8 188.9
1980 2,642 1,099 215.5 210.3
1981 1,740 404 216.6 190.9
1982 1,206 - 209.1 -
1983 304 66 254.6 191.1
1984 145 - 182.6 -
1985 366 - 219.5 -
1986 1,562 567 201.1 187.4
1987 2,123 1,584 218.8 200.9
1988 3,571 925 203.3 198.2
1989 4,292 588 192.3 202.1
1990 2,275 683 207.9 185.6
1991 1,749 958 199.7 194.1
1992 1,202 23 204.5 212.7
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Table 8.2.1.3 Fishing effort indices for SANDEEL in the Northern North Sea (days fishing multiplied by scaling factors for
' each vessel category to represent days fishing for a vessel of 200 GRT)

Norwegian Danish Total Derived

Intnat.

Mean Intnat. offort

Year  gundardized  CHCD SAWPled ooy | Catch sampled oy, | CPUE catch (000

fishing davs for fishing (t/day) for fishing (t/day) (t/day) (’000 t) da
8dayS  otrort (;000 £) V) | effort (000 £) y yS)
First half of year

1976 593 11.1 18.7 - - 18.7 110.3 5.9
1977 2,061 50.4 24.4 - - 24.5 276.0 11.2
1978 1,761 44.9 25.5 - - 25.5 109.7 4.3
1979 1,451 29.6 20.4 - - 20.4 47.7 2.3
1980 2,733 112.8 41.3 - - 41.3 220.9 5.4
1981 1,804 42.8 23.7 - - 23.7 93.3 3.9
1982 1,231 26.9 21.9 13.5 34.9 26.2 62.3 2.4
1983 338 8.7 25.7 17.4 28.9 27.8 54.5 2.0
1984 139 3.5 25.2 54.1 41.2 40.2 74.1 1.8
1985 382 8.7 22.8 47.4 46.7 43.0 69.9 1.6
1986 1,565 60.4 38.6 154.1 54.7 50.2 221.3 4.4
1987 2,212 122.9 55.6 213.2 72.5 66.3 360.9 5.4
1988 3,598 143.8 40.0 158.1 45.1 42.7 332.0 7.8
1989 4,214 146.9 34.9 267.3 45.9 42.0 435.2 10.4
1990 2,316 58.6 25.3 94.9 28.8 27.5 148.7 5.4
1991 1,748 67.7 38.7 210.6 45.0 43.5 282.2 6.5
1992 1,214 53.7 44.2 124.0 42.4 42.9 151.2 3.5

1993 - - - 39.4 - - -

Second half of year

1976 108 2.0 18.5 - - 18.5 44.9 2.4
1977 445 11.8 26.5 - - 26.5 110.0 4.2
1978 811 22.5 27.6 - - 27.8 53.3 1.9
1979 1,688 52.2 30.9 - - 30.9 147.7 4.8
1980 1,117 33.1 29.6 - - 29.5 71.1 2.4
1981 398 7.9 19.6 - - 19.9 44.9 2.3
1982 - - - 1.8 32.3 33.0 12.0 0.4
©983 65 2.4 36.9 12.3 36.6 37.3 23.7 0.6
984 - - - 10.7 29.6 30.2 17.7 0.6
1985 - - - 16.4 38.0 38.8 16.8 0.4
1986 555 21.8 39.3 96.1 60.2 57.4 153.8 2.7
1987 1,586 68.1 42.9 55 30.8 42.1 76.9 1.8
1988 922 26.9 29.2 41.5 32.4 31.6 71.4 2.3
1989 590 11.5 19.5 44.9 26.1 25.2 57.2 2.3
1990 667 22.8 34.2 65.8 35.7 35.9 70.8 2.0
1991 949 30.3 31.9 96.0 46.5 43.8 90.7 2.1
1992 23 1.5 64.0 48.0 41.5 42.2 25.5 0.6
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Table 8.2.1.4 Standard CPUE for a vessel of 200 GRT calculated from the data given in Table 8.2.1.1.

Northern North Sea

Half-year R-square a b CPUE
I 0.97 4.108 0.5417 72.5
1987
IT 0.40 11.070 0.1973 31.5
I 0.96 3.837 0.4650 45.1
1988
IT 0.94 5.482 0.3394 33.1
I 0.99 2.817 0.5267 45.9
1989
II 0.67 9.197 0.2014 26.7
I 0.94 5.421 0.3150 28.8
1990
I 0.84 6.650 0.3215 36.5
I 0.98 3.302 0.4981 45.0
1991
II 0.98 2.656 0.5444 47.5
I 0.92 3.036 0.5075 44.7
1992
IT 0.91 5.709 0.3785 42.4
I 0.93 2.810 0.4983 39.4
1993
II - - - -
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Table 8.2.2.1

Sandeels in the northern North Sea. Catch in numbers, half-year (millions).

'Based on Norwegian data only.

Note: 1 = Jan-Jun.

2 = Jul-Dec.

Age 1978 1979 1980 1981
group 1 2 1 2 1 2 1 2 1 2
0 3,686 3,067 - 7,820 - 44,203 17 8,349 17 9,128
1 24,307 2,856 6,127 1,001 2,335 1,310 13,394 1,173 5,505 346
2 2,351 913 2,338 307 1,328 433 8,865 214 4,109 94
3 516 142 573 39 242 66 1,050 19 904 14
4 124 99 78 1 5 10 645 4 128 6
5+ 20 43 66 1 7 - 183 4 46 -
Age 1984 1985 1986
group 1 2 1 2 1 2 1 2 1 2
0 2 6,530 - 7,911 - - 1 349 7 7,105
1 3,518 65 5,684 303 11,692 1,207 2,688 109 23,934 7,077
2 2,132 - 1,215 316 1,647 121 3,292 239 2,600 473
3 556 - 89 19 153 43 1,002 89 200 -
4 76 - 8 - 5 - 377 7 - -
5+ 9 - 4 - - - 103 4 - -
Age 1989 1990! 1991
group 1 2 1 2 1 2 1 2 1 2
0 - 455 2,453 13,196 6,163 3,380 1,599 18,293 - 13,616
1 26,236 5,768 9,855 1,283 57,002 4,038 10,551 - 41,855 866
2 10,855 198 25,922 340 2,233 274 1,481 - 2,342 28
3 350 - 1,319 119 3,406 - 232 - 908 8
4 107 - 26 17 - - - - 225 3
5+ 48 - - - - - - - 93 -
Age
group 1 9
0 137 6,797
1 9,871 48
2 4,056 3
3 486 -
4 195 -
5+ 110 -
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Table 8.2.3.1 SANDEEL North Sea. Northern area.
Mean weight at age (g) in the catch for
1991 (revised) and 1992. Data from
Denmark and Norway.
1991 Half-year
Age 1 2
0 2.87 3.42
1 7.43 9.57
2 14.23 14.99
3 22.40 16.20
4 29.93 -
5+ 33.15 -
1992
Age 1 2
0 - 5.48
1 5.45 18.03
2 10.86 25.40
3 18.49 21.56
4 25.28 39.33
5+ 38.15 -




Table 8.2.4.1 SANDEEL Natural Mortality Coefficients

Age I II
0 0.8
1 1.0 0.2
2 0.4 0.2
3 0.4 0.2
4 0.4 0.2
5 0.4 0.2
6 0.4 0.2
7+ 0.4 0.2

Table 8.2.4.2 SANDEEL, Proportion mature at age

Age Proportion Mature
0 0

1 0

2 1

3 1

4 1

5 1

6 1

7+ 1
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Table 8.2.4.3

Sandeel in the Nort Sea

Northern stock
HHAAR KA A KRAAAARKRA AR AN RN

XSA stock analysis with input from file:
file.1lst

Unknown catches have been estimated
They were estimated so that they conform the SoOP

Catcabilities at oldest age have been shrunk towards
those of the second oldest age.
with weight of the oldest: .0

The linear funct. model used for estimating catchabilities

CPUE indexes have been weighted using fixed weights

Estimates of unknown catches

Year Seas Age Catch Init. ¢
1990 1 1 8653.0 22901.0
1990 1 2 5783.2 3435.0
1990 1 3 640.2 229.0
1990 1 4 2.2 1.0
1990 1 5 138.0 1.0
1990 2 0 11388.4 15804.0
1990 2 1 1366.1 1580.0
1990 2 2 529.7 1.0
1990 2 3 95.5 1.0
1990 2 4 .3 1.0

SOP in season 1 148400.0
SOP in season 2 70800.0

Survivors (Year, age, number at the end of the year)

1992 0 273662.47
1992 1 6996.33
1992 2 100.92
1992 3 257.01
1992 4 40.62
1991 4 7.54
1990 4 1.00
1989 4 137.35
1988 4 11.09
1987 4 78.99
1986 4 872.11
1985 4 95.69
1984 4 65.41
1983 4 148.41
1982 4 112.82

cont'd.



Table 8.2.4.3 cont'd.

VPA: Fishing mortalities at age

Year
Season
Age

W= O

Year
Season
Age

Wik O

1982
1 2
. .093
.291 .013
1.231 .000
.763 .000
.359 .000
.355 .000
1986
1 2
. .024
362 .303
884 .535
382 .000
.000 .000
.000 .000
1990
1 2
. .080
.471 .225
.895 .246
.692 .255
.692 .255
.692 .000

1983
1 2
. .114
.225 .027
.373 .180
.339 .128
.035 .000
.000 .000
1987
1 2
. .007
.235 .122
1.122 .076
1.115 .000
.602 .000
.042 .000
1991
1 2
. .197
1.057 . 141
.800 .024
.924 .023
1.608 .302
3.551 .

VPA: Stock numbers at age at start of season

Year
Season
Age

U W e O

SSN
SSB
TSN
TSB

Year
Season
-Age

(LN S S o]

SSN
SSB
TSN
TSB

Year
Season
Age

Vb WNEO

SSB
TSN
TSB

1982
1 2
101487.
17629. 6144.
3268. 464.
1190. 343.
298. 138.
36. 17.
4791.
113840.
22420.
228428.
1986
1 2
386134.
97823. 31531.
4917. 1285.
745. 352.
1589. 1065.
142. 95.
7393.
147319.
105216.
636434.
1990
1 2
222365.
29649. 7930.
10933. 2849.
1458. 499.
5. 2.
318. 100.
12714.
220560.
42363.

368807.

1983
1 2
100526.
38968. 13073.
4553. 2233.
364. 174.
280. 181.
126. 85.
5324.
117442.
44292.
370732.
1987
1 2
82108.
152683. 60051.
17644. 3190.
568. 102.
275. 96.
950. 611.
19437.
335258.
172120.
1098672.
1991
1 2
112276.
83558. 7875.
4837. 1404.
1690. 421.
293. 13.
83. 0.
6903.
129185,
90461.
546972.

1984
1 2
. .000
.532 .172
.220 .025
.137 .058
. 045 .000
.000 .000
1988
1 2
. .058
.466 .179
1.230 .071
1.041 .350
.480 .801
.000 .000
1992
1 2
. .016
.466 .006
1.690 .026
.742 .000
1.154 .000
1984
1 2
41276.
36224. 9013.
9939. 5501.
1426. 896.
125. 80.
218. 146.
11707.
204047.
47931.
385165.
1988
1 2
337310.
33121. 9233.
39765. 6003.
2245. 437.
77. 32.
579. 388.
42666.
711461.
75787.
877066.
1992
1 2
619187.
39600. 8598.
5142. 127,
1062. 314.
312. 50.
8. 0.
6524.
117066.
46124.
315065.

1985
1 2
. .002
.216 .019
1.008 .252
.327 .049
1.042 .064
.666 .057
1989
1 2
. .062
.841 .282
.584 .154
1.799 .000
.000 .000
.000 .000
1985
1 2
240481.
16803. 6749.
5734. 1236.
4252, 2039.
645. 125.
185. 60.
10817.
218615.
27619.
302629.
1989
1 2
77305.
129214. 19189.
5794. 2268.
4169. 6.
250. 168.
329. 220.
10542,
210867.
139756.
856936.
cont'd.
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Table 8.2.4.3 cont'd.

VPA: log catch residuals (log(actual/fitted))
using effort in commercial fleet and est.

Year 1982
Season 1
Age

0 .000

1 .173

2 .974

3 .753

4 .000

5 .000
Year 1986
Season 1
Age

0 .000

1 -.214

2 .036

3 -.544

4 .000

5 .000
Year 1990
Season 1
Age

0 .000

1 -.155

2 -.155

3 -.155

4 -.155

5 .000

2.158
-.871
.000
.000
.000
.000

2

-1.114
.399
.875
.000
.000
.000

.399
.399
.399
.399
.399
.000

1983
1

.000
.101
-.037
.125
-2.141
.000

1987
1

.000
-.850
.070
.322
-.296
.000

1991

1

.000
.468
-.454
-.051
.502
.000

VPA: Log inverse catchabilities

All years

Season 1

Age Fleet
0 1 .
1 1 2.284
2 1 1.642
3 1 1.899
4 1 1.899
5 1 .

.621
.584
.493
.460
.460

MDD W

1

1

-1

-1.
-2,

.962
.516
.290
.918
.000
.000

.864
.104
.674
.000
.000
.000

.255
.118
999
060
.521
.000

1

-1

catchabilities
1984
1 2
.000 .000
.064 1.334
.460 -.677
.675 .119
.797 .000
.000 .000
1988
1 2
.000 -.056
.533 .031
.205 -.986
.115 .578
.889 1.406
.000 .000
1992
1 2
.000 .000
.268 -=1.992
.913 -.628
.348 .000
.790 .000
.000 .000

VPA: Weighting factor for catchablities *1000

All years

Season

Age Fleet
o] 1
1 1
2 1
3 1
4 -1
5 1
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1985

.000
.281
1.180
.312
1.470
.000

1989

.000
-.231
-1.238
.145
.000
.000

=-1.727
-.437
2.029
.366
.625
.000

.001
.486
-.209
.000
.000
.000



Table 8.3.1.1 Sandeel. Southern North Sea. Danish CPUE data.
Vessel size (GRT)

Year

5-50 50-100 100-150 150-200 200-250 250-300 >300

First half year
1982 16.1 26.9 43.1 47.2 59.2 5372 59.6
1983 17.0 20.6 36.3 44 .4 49.1 51.2 50.9
1984 19.9 26.3 42.6 50.4 60.9 56.4 60.1
1985 13.8 21.2 35.5 43.4 49.8 49.1 56.3
1986 23.2 31.4 41.1 49.8 58.9 58.4 69.4
1987 23.9 33.9 53.9 67.4 76.1 76.4 115.5
1988 19.2 26.8 42.9 52.3 60.0 56.6 82.8
1989 19.4 24.5 43.3 52.3 58.9 55.2 74.3
1990 20.0 20.8 30.4 33.7 39.8 35.7 49.1
1991 27.0 30.0 49.5 50.3 62.8 60.7 92.8
1992 18.4 23.4 53.1 63.2 83.8 82.4 115.9
1993 17.2 18.1 38.1 40.2 58.6 60.9 89.5
Second half year

1982 - 20.3 37.5 40.5 - 27.9 -
1983 15.1 21.3 25.1 324 45.4 34.0 34.7
1984 12.7 16.4 26.9 34.2 36.5 40.2 40.9
1985 13.2 19.5 26.0 35.8 36.2 38.2 39.4
1986 18.4 25.2 325 44.5 45.8 51.8 55.5
1987 16.2 22.6 41.4 45.8 49.3 45.6 75.4
1988 18.8 29.3 29.9 31.1 38.6 311 44.0
1989 26.7 26.2 27.0 38.3 38.0 29.3 40.4
1990 27.9 32.8 36.4 41.3 48.3 45.2 42.7
1991 21.4 26.8 41.8 49.4 65.1 53.7 98.3
1992 21.3 28.7 36.7 42.6 44.8 39.1 58.3
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Table 8.3.1.2

SANDEEL Southern North Sea.
Standardized CPUE, based on Danish Data. (Revised)

Total Intl. fishing

Total )
Year Half-year ((i/l;i}?) international effort (000 days)
(000 ) Half-year
1982 1 48.2 426.5 8.9
2 35.7 52.6 1.5
1983 1 42.8 359.8 8.4
2 33.9 59.3 1.8
1984 1 50.5 461.1 9.1
2 32.9 71.1 2.2
1985 1 41.9 417.1 10.0
2 33.6 110.6 3.3
1986 1 53.7 386.4 7.2
2 44.1 75.5 1.7
1987 1 69.1 297.7 4.3
2 45.7 105.1 2.3
1988 1 52.7 462.0 8.8
2 33.8 33.4 1.0
1989 1 50.7 506.1 10.0
2 33.4 18.5 0.6
1990 1 35.1 341.7 9.7
2 41.2 24.0 0.6
1991 1 57.2 326.6 5.7
2 54.4 132.3 2.4
1992 1 67.2 621.1 9.2
2 41.5 73.0 1.8
1993 1 49.0
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Table 8.3.1.3 Standard CPUE for a vessel of 200 GRT calculated from the data given in Table 8.3.1.1.

Southern North Sea

Half-year R-square a b CPUE
I 0.97 3.678 0.5536 69.1

1987
I 0.94 2.825 0.5256  45.7
I 0.97 3.387 0.5181 52.7

1988
II 0.86 8.559 0.2593  33.8
I 0.94 3.622 0.4983 50.7

1989
II 0.51 15.501 0.1448 33.4
I 0.88 6.272 0.3249 35.1

1990
II 0.83 15.413 0.1855 41.2
I 0.90 5.896 ©0.4290 57.2

1991
II 0.92 3.496 0.5182 54.4
1 0.93 1.687 0.6956 67.2

1992
II 0.93 7.294 0.3283 41.5
I 0.90 1.874 0.6159 49.0

1993

II - - - -



(=)
(=)

Table 8.3.2.1

SANDEELS in the Southern North Sea. Catch in numbers, half-year (millions)

Age 1976 1977 1978 1979 1980 1981 1982
groups
1 2 1 2 1 2 1 2 1 2 1 2 1 2
0 4 - - 13,263 922 41,224 181 1,947 62 72 415 43,420 242 5,039
1 16,308 249 19,500 269 58,839 2,774 16,018 5,210 33,269 4,738 13,394 407 56,545 4,718
2 14,505 2,358 5,596 27 16,948 385 22,737 2,085 12,472 840 11,719 1,892 6,224 490
3 1,522 392 6,300 8 1,793 124 4,487 138 3,794 575 2,466 115 3,277 344
4 1,234 102 965 8 1,006 97 1,265 110 375 9 774 36 1,813 36
5 171 20 445 3 114 26 441 30 63 - 353 3 94 4
6 72 58 239 3 21 26 244 - 50 - 84 - 24 -
7+ 1 16 159 - 39 9 35 - + - 21 - 8 -
Age 1983 1984 1985 1986 1987 1988 1989
groups
1 2 1 2 1 2 1 2 1 2 1 2 1 2
0 955 9,298 20 - 6,573 11,940 - 112 - 298 1,420 - 29 1
1 2,232 240 62,517 9,423 7,790 1,896 43,629 5,350 4,351 3,095 2,349 - 44,444 1,619
2 35,029 2,806 2,257 92 39,301 3,229 7,333 293 22,771 6,664 10,074 234 405 165
3 934 513 13,272 577 2,490 2,234 1,604 241 1,158 196 17,914 2,084 957 35
4 234 2 267 44 233 163 30 9 141 45 1,820 63 3,350 122
5 122 - 109 - 18 77 - 9 24 6 617 5 18 1
6 25 - 66 - 7 30 - - - 146 - - -
7+ 6 - - - 7 28 - - - - 86 - - -
Age 1990 1991 1992
£roups 2 2 1 2
0 - 12,115 2 134
1 20,058 11,411 60,337 3,903
2 9,224 344 10,021 382
3 1,320 111 1,002 157
4 454 - 427 25
5+ - - 69 2
6 103 5
7+ 22 2

Note: 1 = Jan-Jun
2 = Jul-Dec



Table 8.3.3.1 SANDEEL, North Sea.
Southern area. Mean
weight at age (g) in the
catch for 1992. Data from

Denmark.

1992 Half-year
Age 1 2
0 2.00 3.40
1 7.43 9.43
2 13.83 16.61
3 17.51 20.04
4 20.91 22.11
5 22.92 23.90
6 30.11 23.20
7+ 19.43 25.60
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Table 8.3.4.1

Sandeel in the North Sea

Southern stock
HAAKKAAKRAA KA KAAKNRKR A KAk hk*

XSA stock analysis with input from file:
file.lst

Unknown catches have been estimated
They were estimated so that they conform the sop

Catcabilities at oldest age have been shrunk towards
those of the second oldest age.
with weight of the oldest: .0

The linear funct. model used for estimating catchabilities

CPUE indexes have been weighted using fixed weights

Estimates of unknown catches

Year Seas Age Catch Init. ¢
1990 1 1 12993.0 10000.0
1990 1 2 15758.0 20000.0
1990 1 3 2804.4 2000.0
1990 1 4 406.4 1.0
1990 1 5 2098.4 1.0
1990 2 0 964.0 1000.0
1990 2 1 1100.7 500.0
1990 2 2 395.3 100.0
1990 2 3 182.9 100.0
1990 2 4 22.7 1.0
1990 2 5 117.3 1.0

SOP in season 1 341700.0
SOP in season 2 24000.0

Survivors (Year, age, number at end of the year)

1992 0 32449.08
1992 1 132551.81
1992 2 11057.83
1992 3 1207.18
1992 4 800.48
1992 5 98.41
1991 5 143.02
1990 5 1345.48
1989 5 23.52
1988 5 166.06
1987 5 26.58
1986 5 336.99
1985 5 .10
1984 5 169.29
1983 5 233.12
1982 5 97.17

cont'd.



Table 8.3.4.1 cont'd.

VPA: Fishing mortalities at age

Year 1982 1983 1984 1985
Season 1 2 1 2 1 2 1 2
Age
0 . .056 . .017 . .000 . .015
1 .254 .049 .063 .014 .321 .123 . 147 .078
2 .697 .129 .653 .117 .187 .012 1.102 .370
3 .835 .247 .421 .507 1.242 .264 .526 1.586
4 .947 .055 .294 .004 .620 .233 .180 .208
5 .462 .036 .292 .000 .347 .000 .157 1.896
6 .409 .000 .312 .000 .316 .000 .062 .433
Year 1986 1987 1988 1989
Season 1 2 1 2 1 2 1 . 2
Age
0 . .001 . .003 . .000 . .000
1 . 140 .036 .092 .142 .067 .000 .470 .048
2 .520 . 040 .234 .112 .960 .067 . 405 .026
3 .357 .095 .243 .066 .536 .127 .457 .031
4 .187 .088 .081 .037 1.538 .590 . 340 .021
5 .000 .024 .391 .184 1.032 .027 .386 .038
6 .000 .000 .000 .000 2.509 . .000 .000
Year 1990 1991 1992
Season 1 2 1 2 1 2
Age
0 . .004 . .014 . .003
1 .263 .052 .193 .268 .186 .026
2 .901 .063 .831 .081 .442 .031
3 .834 .146 .337 .048 .388 .111
4 .628 .076 .696 .000 .290 .028
5 .628 .076 .000 .000 .366 .018
6 .000 .000 .000 .000 .179 .015

cont'd.
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Table 8.3.4.1 cont'd.

VPA: Stock numbers at age at start of season

Year 1982

Season 1 2

Age
0 110095,
1 311608. 117619.
2 13936. 4693,
3 6509. 1784.
4 3314. 760.
5 298. 123.
6 112. 49.

SSN 24169.

SSB 343051.

TSN 335777.

TSB 1589483.

Year 1986

Season 1 2

Age
0 145451.
1 412442. 177966.
2 21003. 8906.
3 6286. 3135.
4 208. 121.
5 627. 422,
6 94. 63.

SSN 28218.

SSB 378234.

TSN 440660.

TSB 2028002.

Year 1990

Season 1 2

Age
0 365669.
1 72453. 25599,
2 29774. 7457.
3 5594, 1564.
4 1005. 343.
5 5190. 1773.
6 115. 77.

SSN 41677.

SSB 583169.

TSN 114130.

TSB 872980.

1983 1984 1985
1 2 1 2 1 2
705345. 168388. 1020730.
41797. 20743. 281711. 96939, 68543. 30413.
83625. 29993, 15198. 9196, 64274. 11925.
3075. 1433, 20116. 2750. 6753. 2738.
1094. 559. 642. 233. 1671. 948.
574. 285. 442, 207. 137. 85.
137. 67. 288. 139. 283. 178.
88505. 36686. 73118.
1127023. 5282009. 946863.
130302. 318396. 141662.
1294213. 1655052. 1221037.
1987 1988 1989
1 2 1 2 1 2
108008. 374857, 175092.
59566. 27807. 44075. 21412. 153935, 41358.
128872. 73821. 18216. 4268. 15965. 7656.
6371. 3662. 50007. 20263. 3053. 1335.
2177. 1447. 2560. 154. 13730. 6825.
87. 39. 1064. 208. 66. 30.
388. 260. 240. 0. 166. 111,
137896. 72086. 32980.
1758738. 1075184. 498832.
197462. 116160. 186915.
1997003, 1251482. 1114573.
1991 1992
1 2 1 2
1261517, 72417.
154451, 54512. 547426. 166213.
18444. 5035. 32958, 13928.
5454, 2659. 3658. 1648.
1040. 337. 2017. 1005.
261. 175. 267. 122.
1408. 944, 916. 512.
26607. 39816.
368599. 0.
181059. 587242.
9864065, 0.
cont'd.



Table 8.3.4.1 cont'd.

VPA: log catch residuals (log(actual/fitted))

using effort in commercial fleet and est. catchabilities

Year
Season
Age

AUTH WO

Year
Season
Age

oUW O

Year
Season
Age

UL WO

VPA: Log inverse catchabilities

1982

1

.000
377
.154
.413
.822
.104
.000

1986

1

.000

-.010

.073

-.226
-.589

.000
.000

1990

.000
.315
.315
.315
.315
.315
.000

All years

Season 1

Age Fleet
0 1 .
11 3.933
2 1 2.701
3 1 2.779
4 1 3.062
5 1 3.062
6 1 .

2.719

.680
.489

-.763
.000

-1.480
-.522
~-.605
-.596
-.002

-1.314

.000

.882
.882
.882
.882
.882
.882
.000

6.013
3.325
3.136
2.292
2.954
2.954

1983

1

.000
.953
.147
.216
.290
.297
.000

1987

1

.000
.094
-.211
-.095
-.908
. 665
.000

1991

1

.000
.547
.775
-.049
.960
.000
.000

1.369
-1.562
.406
1.025
-3.135
.000
.000

-.505
.538
.117

-1.251
-1.164
.429
.000

.884
1.134
-.255

-1.612

.000

.000

.000

1984
1 2
.000 .000
.589 .439
-1.182 -2.112
.788 .173
.375 .708
-.205 .000
.000 .000
1988
1 2
.000 .000
-.949 .000
.485 . 426
-.020 .232
1.318 2.427
.919 -.665
.000 .000
1992
1 2
.000 .000
.031 -.411
-.335 -.443
-.386 -.004
-.395 -.724
-.163 -1.149
.000 .000

Weighting factors for catchabilities (*100)

All years

Season

Age Fleet
0]

UL WN -

1985

.000
-.287
.496
-.166
-.956
=1.093
.000

1989

.000
.875
-.505
-.306
-.318
-.192
.000

.606
-.423
.949
1.560
.192
2.400
.000

-5.268
.794
.003

-.676
-.402
.185
.000
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Table 8.4.1

Sandeel at Shetland
Standardised Effort, (days absent), by half-year, 1984-1993,
UK (Scotland) data.

Year

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

1

852
358
404
180
200
168
102

Table 8.4.2
Sandeel at Shetland

Commercial catch at age, (millions), 1984-1993

NOOAOLEWN=2O0 NO O, WN—=O

NOOA_WN-—2O

1
1940
1843
1064
501
134
38
14

9

52
30
151
107
48
26
15

[eNeoNeoNeoNeNo oo,

539
302
157

98

OOOOOK‘)

1984
2
4833
481
154
36
10

9

1

1

1988

478

-

[Co]

©O

N OQON 2 2 W

lcNeoNoNoNeoNoNaNol

1
158
1076
313
166
55
17

33

199
96
34
14

[oNeNeoNeoNoNoNeNolm

1985
2
2039
252
157
83
20
11

3

1

-
©o
©
©o

[eNeoReoNoNeNeoNoNoN G

—t
[ (o]
[Ce]
w

OO OOO0OO0OO0OON

1
898
522
352
327
141

58

14

14
162
22
14
60
29

1986

1328
94
25
24
11

—
[(e]
©O
o

[eNeoNoNoNoNoNeNoN V]

1

19

873
53
35
38
16

[eNeoNeoNoNeNolNelNe RN

1987
2
400
111
16
10

—
(o]
[(o]
are O™

[ooNoNoNeoNeNolNoN b



Table 6§.4.3

Sandeel at Shetland
Survey indices, Mean No. fish per 30 minute tow

Age

NoOUGTh WOWN -+ O

1984

345774
47590
34613

9921
3999
1369
856
258

Table 8.4.4

Sandeel at Shetland
Mean Weights at age (g) in catch by half-year, 1974-1990.

Age

NO O~ WON-=20O

1

0.746
3.095
5.409
8.685
11.143
13.705
15.605
21.254

Table 8.4.5
Sandeel at Shetland

Natural Mortality and proportion mature at age.

Age

NoOooah~howNn -+ O

1985

121905
74509
38843
23455
10872

1959
962
119

2

1.618
5.053
7.87
10.483
13.255
15.787
19.472
24,482

1986

681869
49816
11399
15376

7049
2893
1210

191

1987

Natural Mortality Proportion Mature

1

0
1
0.4
0.4
0.4
0.4
0.4
0.4

2

0.8
0.2
0.2
0.2
0.2
0.2
0.2
0.2

—_ s . 0O00

1984-1993.

Year

1988

73371
898
7189
4843
4612
3031
1619
20

1989

813752
9059
977
3820
3893
2017
462
86

1990

90148
30118
3771
1346
1736
1142
444
329

1901

1009024
10001
1925
1694
750

53

21

5

1992

199301
465958
1215
347
168

43

10

12

1993

635331

73

18180
73176
2176
361
150
72
23
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Table 8.4.6

Sandeel at Shetland
Diagnostics from Semi-Annual Separable VPA,

weight for effort data =
weight for RV data =

1.0000

0.5000

RV catchability constant above age = 3

IFAIL on exit from EO4FDF = §

Initial sum of squares = 471.6854

Final sum of squares = 28.3959
Residual mean square = 0.2309
Number of observations = 171
Number of parameters = 48
No. parameter s.d,
1 -04719  0.2592
2 07492 0.2784
3 -1.3178  0.2584
4 -05882 0.2694
5 -0.5158 0.2397
6 -1.4861 0.2626
7 -1.7884 0.2397
8 -1,7729 0.2662
8 -1.3061 0.2413
10 -3.21556  0.2832
11 -1.8331 0.258
12 -1.4294 02833
13 -2.8905 0.4568
14 0.0391 0.4382
15 -07752 03137
16 -1,.0084 0.3434
17 -0.6234 0.3091
18 -1,7525  0.3427
19 -0.0768 0.2973
20 -1.5728 0.3403
21 0.1219 0.2956
22 -1.4078 0.3444
23 0189  0.2952
24 -0.538  0.3467
25 0.2623  0.3181
26 -1.0022 0,3832
27 9.8025 1.0508
28 86,6533 0.7607
29 8.4067 0.6341
30 43635 0.5242
31 45168 0.4575
32 27905  0.4202
33 17072 0.4181
34 3.7108 0.4238
35 21279  0.3671
36 1.7372 0.3028
37 1.3429  0.3517
38 1.5869  0.3745
39 2,042 0.3996
40 2.5824  0.4391
4 2.8828 0.4861
42 3.0387 0.4682
43 31763 0.4444
44  -3.3484 0.4247
45 -3.562  0.4068
468  -4.2259 0.401
47 -3.9486  0.4025
48 40111 0.4603
Selectivities at age
age 1 2
o 0,0678 1.0398
1 046068 0.3648
2 0.5361 0.1733
3 0.9261 0.2074
4 1.1297 0.2447
5 1.208 0.5851
6 1.3 03671
7 11297 0.2447
Log catch residuals
1984
1 2 1
o] 0.3262 -0,1443 -0.3714
1 -02011 -0.1418 0.816
2 0.2901 0.2809 0.0638
3 0096 -0.0899 -0.2904
4 -0.1561 -0.1879 -0.3089
5 -0.3448 00776 -0.1835
[} 0.0706 -0.1798 0.041
7 -0.1834 0.1828 -0.2199
Log RV residuals
1984 1985 1986
1 1 1
0 -04326 -0.7887 0.078
1 -04184 0.1156 0.1698
2 02175  0.2788 0.0558
3 0.0501 03229  0.2799
4 0.1427 03148  0.2192
S5 0.1785  0.2227 0.3482
6 0.4341 0.3203  0.5353

RMS for catch data = 0.3889

RMS for effort data =
RMS for RV data

0.3996
0.1594

IFAIL on exit from EO4YCF = 0

Coefficient of determination = 0.9398
Adj. Coeff, of determination = 0.9168

Year/Season Effect

Selectivity at age

E

a

RV Catchability, Age

"

"

"
"
"
N
"

. Population
.

=z =z 5 = =z z = = = =z =z

"

"

RV catchabilities

logQ

-3.3484

-3.562
-4,2259
-3,9486
-4,0111
-4,0111
-4.0111

1985

-0.4968
-0.3254
02
0.2761
0.0128
0.0094
0.4734
0.4202

0.1345
-0.2744
0.1001
-0.2217
-0.3079
0.0918
0.1871
0.2578

1988

0.2096
-0.7743
-0,2932

0.0353

0.1931

0.2059

0.334

1984
1984
1885
1985
1286
1086
1987
1087
1988
1088
1289
1980

DO ANAEPRVWLONN~-—~0O0

g8
W w

1993
1993
1993
1083
1993
1993
1984
1885
1988
1887
1088
1989
1990
1891

pUN=O

1986

-0.2981
0.0666
0.0634
0.2778
0.3609

-0.3913
0.5757

-0.8169

1289

0.8116
0.2202
-0.0668
-0.3548
0.1893
0.1971
-0.0369

Season

NRONNRNNORONRNNNONRNNORNRNNN AN AN SN =SR2 NN =N =R R = — =

year
1984
1985
1986
1987
1988
1989
1980
1891
1992
1993

0.129
1.1429
-0.2192
-0.5963
-0.2587
-0.152
-0.1459
-0.2282

1980

0.2429
0.325
0.4852
0.3519
-0,1452
0.0952
0.0464

Age

NNNNNNNNNNOOHEQN O

Year/season effects

1
0.6238
0.2677

0.597
0.1671
0.2709
0.2159
0.2394

[}

0

[}

1087

0.5067
0.0116
0,063
0.0361
0.1235
0.1917
0.1686
-0.5804

1991

-0.3158
0.1508
-0.4192
0.2414
0.2041
-0.8768
-0.7567

2
0.4728
0.5564

0.224
0.1698
0.0401

[=Rol=Neoiol

1
0.3393
-0.1914
-0.1383
0.2455
-0.1048
-0.2866
0.1947
0.1547

1992

0.095
0.3047
-0.2694
-1.1089
-0.2878
-0.3787
-1.1292

1988

2
1.2388
0.3685
-0.6318
-0.5764
-0.0601
0.2681
-1.137
03817

1993

-0.095
0.0111
0.1822

-0.3818
-0.1691
-0.0888

Year/season effect residuals

1
0.4719
0.4507
-0.2304

0,2348
-0.1432
-0,0905
-0.6932

[}

(o}

[}

1
-0.257
-1.8307
-0.4955
0.595
1.0213
0.6061
0.1681
-0.1241

2
0.2913
-0.4509
-0.1852
-0.3897
0.7448

]
© ooocoo

coo0oo0coOo0oO0OO0ON

-0.3063
0.3697
02776
0.3111

-0.0748
0.5176

-0.6047

-0.1375

OOOOOOOON§



Table 8.4.7

Sandeel at Shetland
Fitted Populations from SSV

1984 1985 1986 1987
1 2 1 2 1 2 1 2
0 0 23369 0 17542 0 16600 0 1288
1 13945 3849 6423 2089 4419 1235 5909 2013
2 3361 1612 2652 1540 1396 679 932 571
3 1235 464 1216 636 1145 442 635 307
4 367 122 345 171 464 158 345 192
5 120 38 89 43 122 40 123 67
6 28 8 24 11 25 8 29 15
7 25 8 11 6 11 4 9 5
sSB 35484 30456 24847 15808
1988 1989 1990 1991
1 2 1 2 1 2 1 2
] 0 1422 0 3740 0 1577 0 54000
1 485 157 613 204 1680 554 709 261
2 1549 898 127 76 167 99 453 304
3 454 237 730 401 62 33 81 54
4 243 120 192 101 328 168 27 18
5 150 73 97 50 83 42 137 92
6 50 24 58 29 41 20 34 23
7 16 8 25 13 35 18 31 21
SsB 18160 11859 7612 6514
1992 1993 1994
1 2 1 2 1
0 0 4691 0 18079 )
1 24264 8926 2108 775 8123
2 213 143 7308 4899 635
3 249 167 117 79 4011
4 44 30 137 92 65
5 15 10 24 16 75
6 75 51 8 6 13
7 36 24 61 41 5
SsB 5921 43810 39930

Table 8.4.8

Sandeel at Shetland
Total FIshing Mortality from SSV

1984 1985 1986 1987
1 2 1 2 1 2 1 2
0 0.042 0.492 0.018 0.579 0.041 0.233 0.011 0.177
1 0.287 0.172 0.123 0.203 0.275 0.082 0.077 0.062
2 0.334 0.082 0.144 0.096 0.32 0.039 0.09 0.029
3 0.578 0.098 0.248 0.115 0.553 0.046 0.155 0.035
4 0.705 0.116 0.302 0.136 0.674 0.055 0.189 0.042
5 0.754 0.277 0.323 0.326 0.721 0.131 0.202 0.099
6 0.811 0.174 0.348 0.204 0.776 0.082 0.217 0.062
7 0.705 0.116 0.302 0.136 0.674 0.055 0.189 0.042
Mean F(1-3) 0.517 0.31 0.438 0.149
1988 1989 1990 1991
1 2 1 2 1 2 1 2
0 0.018 0.042 0.015 0 0.016 0 0 0
1 0.125 0.015 0.099 0 0.11 0 0 0
2 0.145 0.007 0.116 0 0.128 0 0 0
3 0.251 0.008 0.2 0 0.222 0 0 1]
4 0.306 0.01 0.244 0 0.27 0 0 o]
5 0.327 0.023 0.261 0 0.289 0 0 0
6 0.352 0.015 0.281 0 0.311 0 0 0
7 0.306 0.01 0.244 0 0.27 ] 0 0
Mean F(1-3) 0.184 0.138 0.153 0
1992 1993
1 2 1 2
0 0 0 0 0
1 0 0 0 0
2 0 o] o] 0
3 0 0 0 0
4 0 0 0 o]
5 0 0 0 1]
6 0 0 0 0
7 0 0 0 0
Mean F(1-3) 0 0



Table 9.1

Sandeel, Division Via
Landings in tonnes, 1980-1992, as officially reported to ICES.

Country 1980 1981 1982 1983 1984 1985 1986 1987 1988

1989

1990

1991

1992

UK (Scotland) 211 5972 10873 13051 14166 18586 24469 14479 24465

18785

16515

8532

4909

Table 9.2  Fishing effort (days absent) by month and year in the Division VIa SANDEEL fishery,
1981-1992, UK (Scotland).

Month 1981 1982 1983 1984 1985 1986 1987 1988 1989! 1990' 1991 1992!
Jan - - - - - - - - - - - -
Feb - - - - - - - - - - - -
Mar - - - - - - - - - - - -
Apr 4 54 21 11 7 7 3 26 13 - - -
May 4 121 112 119 131 104 22 87 50 29 5 -
Jun - 168 112 128 124 117 79 139 99 138 54 24
Total 8 343 245 258 262 228 104 252 162 167 59 24
Jul 90 118 126 125 101 126 93 108 110 75 31 32
Aug 132 89 76 63 76 94 67 59 22 5 18 13
Sep 70 34 - - 28 67 26 28 3 - - -
Oct 3 4 - - 8 15 - 8 - - - -
Nov - - - - - - - - - - - -
Dec - - - - - - - - - - - -
Total 295 245 202 188 213 302 186 203 135 80 49 45
,’;;‘;‘l‘al 303 588 447 446 475 530 290 455 297 247 108 69

'Vessels landing in Scotland only.
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Table 9.3  Standardized effort (days absent) by half
year in the Division VIa sandeel fishery
(1982-1992). UK (Scotland) data.

Year I I Total
1982 379 271 650
1983 315 244 559
1984 323 241 564
1985 355 285 640
1986 337 389 726
1987 154 245 399
1988 420 329 749
1989 282 257 539
1990 300 141 441
1991! 99 51 150
19922 24 45 69

!Adjusted for extra distance to processing plant.
*Raw figures, not standardized.

Table 9.4

Sandeel, Division Vla
Numbers caught (millions), by month, 1992. UK Scotland data.

Age Apr May Jun Jul Aug Sep Oct Total
0 - - 122 509 68 - - 699
1 - - 226 156 21 - - 403
2 - - 29 23 3 - - 85
3 - - 8 19 3 - - 30
4 - - 5 9 1 - - 15
5 - - 1 4 1 - - 6
6 - - 4 7 1 - - 12
7+ - - 1 2 + - - 3

Table 9.5

Sandeel, Division Vla
Catch at age (millions), 1983 - 1992.

1983 1984 1985 1986 1987

1 2 1 2 1 2 1 2 1 2

0 391 2253 186 1751 &3 3207 368 2702 105 595
1 5621 106 863 98 139 13 859 996 521 €76
2 136 29 226 67 437 163 140 68 97 232
3 86 21 138 115 181 117 171 219 17 37
4 111 18 e7 38 139 73 58 103 45 31
5 29 3 28 26 55 28 38 40 23 20
6 12 3 8 8 27 12 9 12 4 7
7 2 1 1 3 7 1 6 6 1 4
1988 1989 1890 1991 1992

1 2 1 2 1 2 1 2 1 2

0 795 173 185 284 21 588 673 94 122 578
1 187 72 211 21 602 158 423 62 226 177
2 1216 548 136 64 229 6 158 €6 29 26
3 235 131 569 294 122 11 10 39 8 22
4 41 28 135 76 324 52 15 23 5 10
5 52 45 228 23 75 19 27 37 1 5
6 21 24 19 12 18 1 10 12 4 7
7 3 8 6 8 2 1 1 0 1 3



Table 9.6

Sandeel, Division Vla
Mean weight at age (g) in catch, 1981-1992.

Age 1 2
0 1.35 1.6
1 4.34 5.86
2 8 9.15
3 11.38 12.92
4 13.84 15.43
5 16.8 17.51
6 17.75 19.56
7+ 22.27 21.93
Table 9.7

Sandeel, Division Vla
Natural Mortality and proportion mature at age

Age Natural Mortality Proportion Mature
1 2
0 0 0.8 0
1 1 0.2 0
2 0.4 0.2 1
3 0.4 0.2 1
4 0.4 0.2 1
5 0.4 0.2 1
6 0.4 0.2 1
7+ 0.4 0.2 1



Table 9.8

Sandeel in Division Vla.
Diagnostics from Semi-Annual Separable VPA

welght for effort data = 1.0000 RMS for catch data = 0.4482
RMS for effort data= 0.2782
Initia) sum of squares = 477.3743

Final sum of squares = 40.6195 Coefficient of determination = 0.9149
Residual mean square = 0.3173 Adj. Coeff. of determination = 0.8817
Number of observations = 179 IFAIL on exit from EO4YCF = 0
Number of parameters = 51 IFAIL on exit from E04FDF = 5
No. parameter s.d. Season
1 01668 0.2874 Year/season Effect 1983 1
2 -0.8325 0.2063 1083 2
3 -0.0897 0.2844 1984 1
4 -0.1278 0.2882 1984 2
5 03214 02772 1985 1
6 -01993 0.2817 1985 2
7 0.0206 0.2713 1986 1
8 05311 0.2703 1986 2
9 -0.9813 0.2649 1987 1
10 -0.2147 0.2645 1987 2
11 0.0928 0.258 1988 1 Selectivities at age
12 01068  0.2577 1988 2
13 03348 0.2604 1989 1 age 1 2
14  -0.1245  0.2659 1989 2 0 00028 00218
15  0.0877 02819 1990 1 1 0.0362 0.0265
16 -1.3672  0.2906 1990 2 2 00882 0.0541
17  -1.2606 03022 1991 1 3 00804 01204
18 -1.2256 0.3088 1991 2 4 01299 0.1943
19 -2.8262 0.3202 1992 1 5 02151 0.2549
20 -1.9474 0.3183 1992 2 6 02267 0.2809
21 -58714 04769 Selectivity at age 0 1 7 01299 01943
22 -3.8271 0.4753 0 2
23 -3.319 0.33 1 1
24 -3.6306 0.3337 1 2 Year/season effects Year/season effect residuals
25 -2.4282 031 2 1
26 -2.9162 03174 2 2 year 1 2 1 2
27 -2.4038 02989 3 1 1983  1.1815 0.435 -0.1668  0.5771
28 -2.1168  0.3034 3 2 1984  0.9327 0.88 0.0947 -0.1398
29 -2.041 0.2929 4 1 1985 1379 08193 -0.2018  0.0883
30 -1.6384 03052 4 2 1986  1.0208 1.7008 0.0469 -0.3201%
31 -1.6366 0.2893 5 1 1987 03748  0.8068 0.2592 -0.0366
32 -1.3671 0.3045 5 2 1988 1.0073 1.1128 01949 -0.0665
33 -1.4842 0.309 3] 1 1989 1.3976 0.8829 -0.4454 -0.0829
34 -12346 03204 6 2 Age 1980 1.0916  0.2548 -0.1365 0.5634
35 13.0888 0.9558 Est. Population 1992 2 0 1991 02835 02936 01032 -0.5952
36 10.8834 0.5598 1992 2 1 1992 00592 0.1426 02517  0.0015
37 8.3468 04726 1992 2 2
38  7.6497 0.4242 1992 2 3
39 57086 0.3958 1992 2 4
40 5.0167 0.3814 1992 2 5
41 58357 0.3904 1992 2 6
42 4.4431 0.4247 1992 2 7
43  2.4165 0.436 1983 2 7
44 2.7682 0.306 1984 2 7
45 2.7321 0.283 1985 2 7
46  3.25891 0.2876 1986 2 7
47 3.0434 03202 1987 2 7
48  3.2611 0.319 1988 2 7
49 3389 0.3751 1989 2 7
50 34855 0.4419 1890 2 7
51 33732 0.4529 1991 2 7
Log catch residuals
1983 1984 1985 1986 1987
1 2 1 2 1 2 1 2 1 2
0 02615 08878 04216 08245 -1.0283 05362 -0.1902 -0.1923 05478 0.2838
1 -0.0555  0.4923 0598 -0.3682 -0.7761 -1.4755 0.0865 0876  0.0346 0.657
2 -0.6028 -02945 -0.0977 -04013 01081 05161 01084 -02472 -0529 04025
3 -0.0841 -0.4003 03423 03256 0.0144 02244 0.1985 00927 -02688 -0.1812
4 03494 -04516 03057 -0.1615 0.43 0374 -0.3586 -0.1747 03792 -0.7636
5 02168 -07338 -0.4361 -0.1101 0.1854 04183 -0.1136 -0.127  0.2528 -0.3846
6 02478 01142 00586 03989 0.1598 0199 -0.3003 -0.1242 -0.2246 -0.2271
7 -0.0844 02405 -0.8755 03229 0.6842 -0.6736 0329 -0.0613 -02005 0.4157
1988 1989 1990 1891 1992
1 2 1 2 1 2 1 2 1 2
0 1.0849 -0.4308 -0.3632 -0.6562 -1.3244 03192 03757 -1.3764 02064 -0.2064
1 -0.345 -0.1666 -0.3299 -1.0275 -0.2201 1.0341 07348 -02756 02545 0.2458
2 03647 04212 -03135 0268 0.5785 -0.763 0.3136 02143 01184 -0.0751
3 -0.0349 -0.505 0.1096 0.0386 05602 -03113 -0.5519 08173 -04969 -0.3401
4 -0.0436 -0.3652 -0.3226 -0.3635 02706 -0.1079 015  0.4861 06102 0.3392
5 -0.1625 0.0669 1.9568 05191 -0.1802 0.1784 -0.6168 -0.1388 -0.8144 0.0707
6 -0.0009 04515 -03074 00325 07142 -05034 -00883 0.1835 -02997 -0.5418
7 -04437 05869 -0.14156 06799 -1.0681 -0.3103 -0.2447 0 02663 04007

79



Table 9.9

Sandeel, Division Vla
Fitted Populations (millions)

1
0
19062
2899
1066
634
120
46

18

NO O WN-=O

SSB 47331

1

0
9827
10571
2976
372
335
110
41

N O~ WOWN= O

SSB 132077

Table 9.10

1983
2
69466
8207
19356
710
403
69

26

11

1988

29305
4244
7109
1897

239
196
63
26

Sandeel, Division Vla

Fishing Mortality

1

0 0.003
1 0.043
2 0.104
3 0.107
4 0.153
5 0.254
6 0.268
7 0.153
Mean F (1-3)
1
0 0.003
1 0.04
2 0.097
3 0.099
4 0.143
5 0.236
6 0.249
7 0.143
Mean F (1-3)

80

1983
2
0.009
0.012
0.024
0.0562
0.085
0.111
0.127
0.085

0.114

1988

0.024
0.029

0.06
0.134
0.216
0.284
0.324
0.2186

0.183

1
0
20726
3645
1400
499
274
46

24

57952

8615
1851
4958
1294
143
109
48

94545

0.003
0.034
0.082
0.084
0.121
0.201
0.211

0.121

0.004
0.051
0.123
0.126
0.182
0.301
0.317
0.182

1984
2
30404
9004
2487
953
328
166
27

16

1989

94985
3680
1213
3237

799
78
59
30

1984

0.019
0.023
0.048
0.106
0.171
0.224
0.2566
0.171

0.126

1989

0.019
0.023
0.048
0.108
0.172
0.225
0.257
0.172

0.159

1
0
8984
3952
1757
635
205
98
25

66139

1

0
28064
1615
856
2156
499
46

51

62836

0.004

0.05
0.122
0.125
0.179
0.297
0.313
0.179

0.003

0.04
0.096
0.099
0.142
0.235
0.247
0.142

1985
2
106400
3840
2593
1149
393
113

53

15

1990

96335
12122
1087
575
1386
292
27

33

1985

0.018
0.022
0.044
0.098
0.159
0.209
0.238
0.1589

0.154

1980

0.006
0.007
0.014
0.031

0.05
0.065
0.074

0.05

0.096

1
0
31481
1688
1837
771
249
68

40

51361

1
0
28855
5410
794
413
977
203
41

78962

0.003
0.037

0.09
0.092
0.133

0.22
0.231
0.133

0.001

0.01
0.025
0.026
0.037
0.06e1
0.064
0.037

1986
2
186808
13632
1143
1241
500
148

40

26

1891

2
397115
12833
3909
573
295
681
141

29

1986

0.037
0.045
0.092
0.205

0.33
0.433
0.495

0.33

0.187

1991

0.006
0.008
0.016
0.035
0.057
0.075
0.085
0.057

0.040

54220
5855
772
749
266
71

30

72389

1
0
118846
5722
2850
410
206
468
116

98235

0.001
0.014
0.033
0.034
0.049
0.081
0.085
0.049

0.002
0.005
0.005
0.008
0.013
0.013
0.008

1987

33206
24034
4197
553
529
182
48

21

1992

2
483497
53287
4217
2100
301
151
342

85

1987

0.018
0.021
0.044
0.097
0.157
0.206
0.235
0.157

0.081

1992

0.003
0.004
0.008
0.017
0.028
0.036
0.042
0.028

0.014
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Figure 2.2.1a Danish sandeel areas and assessment areas by the Working Group.
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Figure 2.2.1 b) Relative importance of fishing areas (Danish sandeel areas).
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Norway pout age 1. Log catch residuals from XSA and SSVPA.
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NPBIXSA.XLS Chart 7

Norway pout. Trends in SSB estimated by SXSA.
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Norway pout. Total biomass by 1. January estimated by SXSA
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Fishing mortality at age 1

NPBIXSA.XLS Chart 4

Norway pout. Fishing mortality at age 1 as estimated by SXSA,
SSVPA and VPA.
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Norway pout. Retrospective analysis of SXSA performance.

1200

1000

800

600

400

200

1982
1983 +

Figure 5.6.4

1984 L

1985 |
1986 -
1987 +
1988 —+

Year

1989 L

1990 -

1991 +

1992 L

—>—— SXSA 1993
— & SXSA 1992
—X— SXSA 1991
—X=—— SXSA 1990

——+—— SXSA 1989




€6

€3 EL ES €6 €7 E8 £9 FO F1 P2 F3 KL FS F6 M1 FB FY

a2 1 s |

BE ]

2N
T\Q&.kg-j// 580

+ |25 16
AERERES 1
+ + 3|+ 1 M

53 19 + .
% 758

2 + 1 [ 19 3 + RS

1 |24 117 6 |2 |2 3

3

S‘*\ LR ! V2 )
1 -]
N 3 mm%

> A" o A~

~NJ \ -
ﬂ;J \E/ -52°

A /wv\ -

%MJT SAN DEEL CATCH — TomueES x/o"_
/L _1992, 1 auarter dsg°

f/‘ DeNmacic + NorwAY i

PR -

1 1 i 1 ] 1 | 1 | lo éa°

0 A L 6° A 0

E3 EL E5 E6 E7 EB EY FO F1 F2 F3 FL F5 FG F7 F8 FS
. DE;*‘ T T T
7 %ﬁ‘ ]
L 11 y |
| + |20 Y .
%} N 160
?"p i
4.
sl * 1 (;{
Cr
%t I
7‘(5 / + 10 [{,1\2&“‘“’}/ 580
f 3|5 [3%] 6
s s | [3]2]1]s ashsainus|z )
. Sla] Jelolz] [T si]m
; srwiss| 1 [ %] s [ # [43[eosfren]es g, 7 .
, N9 [ |1 {24 (37 [2efor] 3] 35 orr 4
o \ 1 3 |19 [ms]ioy | syolros ]33 [on [3e | ) y
[
A E\PA/? 5\ 46 1967| 88 {115 18 | - |12 (63 +,a£ 3
AR Nsasleoreslis 21 s [ic | % Lo
_K F ~=a\16 |28 (60| 8 | 2 | 4 7952’;&;}(“"\
Q> > G l1e |2 L*D" — iy e
I 4 §
-~ J / 157"
iy;“cj/ “ﬂ; ‘
. / i
/J \df%’mv/q—_\r SaMDEEL CATCH— TONNESX 1O~ B
i i A 1992 2™ aunrker Jege
\ 5 K‘ DENMARK + MTRWAY _
?1 1 ! 1 [ . ! ! L J 1 ! 1—JL83
6° K r 0 r v 6° f° i’

Figare 8.1.1 Sandeel, North Sea. Denish and Norwegian landings (hundred t) by rectangle and quarter, 1992.

axit'd.



V6

E3\ EL E5 BB E7 €8 E9 FO F1 F2 F3 FL F5 F6 F7 F8 F9 e E7 E8 EY FO F1 F2 F3 FL F5 F§ F7 F8 FS

Dz:aﬁ . T T

51 w | 51

N e : ;?wd“ﬁ‘ |
R

. E3 EL f5
82 -

{

y
afle v 7 20 4
L9 ;{?’ 2 4 Y L9 :\%} B
i 60° f

S

4 >
R . a Qﬁ?

T
4
T

: ]
el f
n d
2|2 / O
\%‘ ,J 550 ”//
21|~ |16 |30 th—_,u /_,_/
b + 3 50 lf,O + -
6|2 <38 |7 |u RO - . |- i
213 (265 (9 |1y 1" . % ;]
M|+ |12]% qz9ﬂ§ *qg
& "
L (31103 - [3 13 el l a2
Solao 15| 1|1 slsz | .| N T
—5—=2 5l
= 1 |3F (21 |1 - 1_;-_'4
“f- lo" AN

/

30 e mnad g =
. GZ./ J)’*\ﬁ ¢ Sanpeer caTed - Tonnes < 0™ 30 / ST ) ¢ SANDEEL CATTH - Tonmesx io®
2 4 )\ 1992 , 3“‘ W:‘-u‘ _ 56“ 29 (,_‘7" s 7\ 1992 ) Q‘t a',qm\r(:cr‘
! / DEMMACK + MoRuwAy B 28 b~y K_‘ DeNmARI + NORWAY
27 \ — 1= B
i 27 Y
26 /-(‘—-"-‘\‘\N\S | 26 /«‘—"_‘\ —
25 . L Lot r— — L 1 1 P éﬁa 25 ‘?1 TR ! ! L 1 I ) ] | | 1 | |
° ¢ 2 0 2 ¢ . S O T

[=})



F 4 80 o

60 -

0-50 GRT

%60-
40

20 A
4 5I-100 GRT

% 20 A :
j 101-150 GRT
0 -4 e | -
%20 ‘ )
i 151-200 GRT
0..

€20 o

201-250 GRT

J
%20 =
) 251-300 GRT
R R |
]
%20 1 ‘ >300 G RY
o = ==k : _

Figure 8.1.2 Sandeel, North Sea 1992. East-west distribution of fishing grounds by vessel size shown as
percentages of yearly catch taken in the columns of ICES statistical rectangles (See Figure 8.1.1).
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12



F{1-2)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Southern sandeel stock

Effort

Figure 8.3.1 Sardeel in southemn pert of the North Sea. Fy_, plotted against fishing
effort thousard days) by half year.

97



Recruitment

Year class

Spawning Stock

\
S

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1904

60000

Trends in Recruitment and Spawning stock.

Sandeels at Shetland

Figure 8.4.1

50000
40000 4 - - - - c oo oo

[ //M 4
“ B
t } t } + } + 4 t } 1t
m (o] m o o
m (aV] m (a0} [aV]
(suonwy) Ainp | ‘spnioal "oN (ssuuol) gss

Year

98



66

Figure 9.1 Sandeel in Division VIa.
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Figuare 10.1b Relative aoundance of sardeel, expressed as the percentage of aod starach aomtents

by weight. 1981 by quarter
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APPENDIX 1

A seasonal extended survivors analysis (SXSA) with optional estimation
of unknown catches at age.

Dankert W. Skagen
Institute of Marine Research
P.O.Box 1870

N-5024 Bergen - Nordnes
Norway

Theory

The ‘extended survivors analysis (XSA) as developed by Shepherd (ref) on the basis of previous work by
Doubleday (ref), is one of several methods for calibrating av VPA with additional measures of relative stock
abundance. Given the natural mortalities (m) at age and the catches (C) at age in a year class cohort, the catch
equations

N‘-Afoo-i ) ﬁ:Nl%:N';%em'r,f; f: ﬁ/;?

where f is the fishing mortality, z the total mortality and NO, N1, and N are the numbers at age in the cohort
in the beginning,and the end of the season, and the mean number in the season, respectively, define the stock
abundance at age and the fishing mortalities at age as one-parameter families of unique trajectories. Thus, the
stock numbers at age and fishing mortalities at age are defined by specifying either one f or one N at age. In
XSA, the strategy is to estimate the N at the end of the last year and season (the survivor pumber S).

The additional information (tuning indices =u) can in principle be any measure related to the stock abundance
at age and time by some defined model. In practice, it is usually regarded as proportional to N, where the
proportionality factor r (=1/q, i.e. the inverse catchability) can be estimated.

The S’es and r’s are estimated by minimizing the weighted sum of squares

5ty Loy (o))" v

taken over all possible entries.

As shown by Shepherd, given N(S), the estimator for log(r) for a given age and fleet is the mean of all
individual estimates log (ﬁ = log(N) - log(u).

The estimator for log S is the mean of all entries for the cohort of
A 3
&= (loy (W)= Z) w/e
where the capital letters denote cumulated mortalities from the actual age to the age at survivors stage.

As weighting factor, some measure of the precision of the estimate of r is relevant. Here we use the inverse
empirical variance of the log(r\).

If there are several fleets, each fleet will be given a set of r's and accompanying weighting factors. The data
for each season from a given fleet are treated as separate fleets, i.e. catchabilities are defined by season.
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Thus, given the S’es, the r’s and the weighting factors can be estimated, and given the r’s and the previous N's,
the S’es can be estimated. This leads to an iterative procedure, which is repeated until convergence,

When the tuning data are the CPUE in the commercial fishery, the r's at age and season will be inversely
proportional to the F at age for the same season, i.e. 1/r can be used as the selection pattern, the effort being
the year factor. This is utilized in estimating unknown catches, by applying these f's to the estimated stock
numbers.

Implementation

The program is written in FORTRAN. It was originally implemented on a UNIX workstation. With a
sufficiently small number of years, ages and fleets, it can be compiled and run on a PC with some minor
modifications. Two versions are available at present, one for half-yearly and one for quarterly assessments, the
main difference being the lay-out of the printout tables. The program used Popes approximation;

Ny, = Nog ™= Ceo “/2

instead of the catch equations for the VPA.

The communication with the program is through a list file, where options and file names are specified. An
example is included at the end of the paper.

In the present version, the stock number related to each tuning index is the mean N for the age, season and year
in question. Biomasses are computed for the start of the season specified as the spawning season.

At present, missing catches all have to be from the same year, but may be from different seasons.

Input files

General.

All input files must be space separated, pure ASCII files. Concealed tabs and other codes sometimes included
by text editors will often lead to problems. In files where data are given by age, all ages from the younges age
to the plus age must be included in every record. This includes dummy numbers for the younges age prior to
the recruiting season.

Standard input data;

~catch in numbers at age

-weight at age in the catch

-weight at age in the stock

-natural mortality

-maturity ogive

-effort and corresponding catch at age (tuning file)

The common format for these files is records with:
year season values-at-age
The format of the tuning file is:

year season fleetnumber effort catch-at-age
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In addition, this program needs some special files:
Survivor file:

Lists proposed numbers for the survivors, one cohort per line, which are used to start the iterative process.
These values are not critical, but they should be of a reasonable order of magnitude.
The format is:

Dummy-identification (numeric) Survivor-number update-code

The update code should normally be 1. If it is set to 0, the survivor number for this cohort will remain as
proposed, and data from this cohort will not be included in any estimation procedures. This may sometimes be
useful for the oldest cohorts, or for cohorts which are poorly covered with tuning data.

Manual weighting.

It is possible to give weighting factors manually, instead of using the inverse variances. A file specifying such
weights must be included, since it is read even if it is not used. The format is the same as for tuning data. If
this option is selected, it will apply to all fleets.

Missing catches.

If missing catches are to be estimated, the assumed catch in tonnes and proposed numbers caught have to be
given. The proposed numbers are only used to start the process.
The format of the file should be:

year season number-at-age (0..plusage)

If the number specified is -1, this catch will be regarded as known, and the number given in the ordinary catch
in numbers file will be used. .

Special features and options

Estimation of inverse catchabilities.

In the estimate for r, the contribution from each age and year is weighted according to the number of entries
for that cohort. This is done to reduce the influence of cohorts that are poorly characterized.

There is also an option for tapered weighting, where the r is determined for each year using a weighted mean
over the nearest year. If this option is used, it will apply to all fleets and seasons. This weighting is by a cosine
function. This option allows for slow trends in the catchabilities. It may be useful if such trends are suspected,
either to account for them or to verify this suspicion. Abrupt changes in catchability, e.g due to change of gear
in survey, will appear as a gradual change in the estimated catchability. Thus, this option is not well suited for
treating this kind of problems.

Cathability at age.

Shrinkage is not implemented in this model. However, there is an option for taking the catchability at the oldest
age as a weighted mean of the value for that age and the age before. Giving zero weight to the oldest implies
that the value for the second oldest will be used for both. The use of this option is very often necessary to
stabilize the iteration.
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Fitted vs. actual catches.

Fitted catches are the product of the effort and the stock number, divided by the inverse catchability, i.e. the
catches that one would expect if the fishing mortalities were separable, the catchability at age representing the
selection pattern and the effort the yearly fishing mortality level. There is an option where the catches used in
the subsequent VPA are weighted means of actual and fitted catches. This option should probably not be used
for routine assessment.

Options for estimating unknown catches.

As noted previously, the primary estimate of the unknown catches is the fitted catches described above. One
may use them as they are, or scale them so that the SOP (the sum of catch at age * weight at age) equals the
carch in tonnes given as input.

The estimated of the unknown catches are included in the estimates of catchabilities and survivor numbers, as
if they were known. The reason for this is that one would like to have catch estimates which, when entered as
known, would lead to the same overall assessment.

Treatment of the plus group.

In the present version, the plus group is treated dynamically over the years. For each season, the plus group
is reduced by the effect of the catches and the natural mortality, the rest is transferred to the next season. If the
season is the first in a year, the survivors from the oldest true age the previous year are added to the plus group
pool. The starting value is the N estimated from the catch in the first year and season, using the catchability
in the commercial fleet for the oldest true age.

A trend in the plus group numbers for which there is no evidence from other observations should be taken as
a signal that the assessment is unreliable.

Catches in the current year.

A potential use of the method is in the situation where survey information exists for the current year. Treatin
the catches this year as unknown, gives a prediction of the catches in the current year which takes the survey
information into account. An appropriate effort for the commercial fishery should be included in the tuning file,
and the unckown catches constrained by this effort.
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Example if command file for the SXSA

- e e D e T D T G G T T TR e W e e —— —— — e G D T D S D G e

!Youngest age

?Plus age

?No of seasons per year
fRecruiting season
?Spawning season

!First VPA year

1982

!Last VPA year

1989

!Number of fleets

4

!Fleet number for the commercial fishery
1

!Are missing catches to be estimated (y/n)

1**Only if missing catches are to be estimated

!Number of missing catches

115

!Number of seasons having missing catches

14

!Level of unknown catches determined by SOP=s or Effort=e
le

!*%*End if missing catches

!Choose 1l=computed weighting,2=fixed weighting of tuning data
2

!Max. value of weighting factor for a fleet (0: no limit)
0

!Relative weighting of oldest vs second oldest age r
0.0

!Relative weighting for real catches vs fitted catches
1.0

!Minimum value for survivors number

1.0

!Number of taper years (0O=no taper)

J.0

!Name of output file

pout895.fix

!Name of 12 input files

caton.qrt

canum93

weca.qrt

west.qrt

natmor.qrt

matprop.qrt

fprop.qrt

mprop.qrt

tun93.fix

tunweig.xsa

surviv.xsa

miss93.xsa
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