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1 INTRODUCTION

1.1 Participants

Basson, M. United Kingdom
Dalskov, J. Denmark
Dickey-Collas M. United Kingdom
Froysa K.G. Norway
Grohsler, T. Germany
Modin, J. Sweden

Molloy, J. Ireland
Mosegaard, H. Denmark

Munk, P. Denmark

Nash, R. United Kingdom
Patterson, K. United Kingdom
Pastoors, M. Netherlands
Rohlf, N. Germany
Simmonds, J. (Chairman) United Kingdom
Skagen, D. Norway

Sparre, P.J. Denmark
Toresen, R. Norway
Torstensen. E. Norway

Vérin, Y. France
Welleman, H. Netherlands
Zimmerman, C. Germany

1.2 Terms of Reference

The Working Group met at ICES Headquarters from 9-18 March 1998 with the following terms of reference
(C.Res.1997/2:11:5):

a)

b)

)

d)

e)

assess the status of and provide catch options (by fleet where possible) for 1999 for the North Sea
autumn-spawning herring stock in Division Illa, Sub-area IV, and Division VIId (separately, if possible,
for Divisions IVc and VIId), and for 1999 for the herring stocks in Division VIa and Sub-area VII, and
the stock of spring-spawning herring in Division llla and Sub-divisions 22-24 (Western Baltic); in the
case of North Sea autumn-spawning herring the forecasts should be provided by fleet for a range of
fishing mortalities that have a high probability of rebuilding the stock to the MBAL level by spawning
time in 1999;

for North Sea autumn-spawning herring provide medium-term forecasts of catch by fleet, and
development of SSB, based on stochastic recruitment around a conventional stock-recruitment relationship
for the stock; at levels of exploitation by fleets B, C, D and E of: F=0, 0.1, 0.2 and 0.3, while the levels
of exploitation by fleet A are: F=0.2 and 0.3;

assess the status of and provide catch options for 1998 for the sprat stocks in Sub-area IV and Divisions
IIla and VIild,e;

provide the data required to carry out multispecies assessments (quarterly catches and mean weights at
age in the catch and stock for 1997 by statistical rectangle of the North Sea for herring and sprat) and
review the time series of quarterly catch and weights at age for North Sea herring used by the MAWG in
Doc. ICES C.M.1997/Assess: 16, suggesting and documenting any necessary revisions to those series; in
addition, suggest and document a time series of quarterly catch and weight at age for sprat in the North
Sea from 1972-1997 for use by the MAWG and by the WGECO;

consider the reference points proposed by the SGPAFM, adopting those reference points or presenting
alternatives with reasons for the alternative selection;
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f) consider the harvest control rules proposed by the SGPAFM, taking into account uncertainties in the data,
in the assessments and in the biological processes, and assuming a stock-recruitment relationship, to
estimate the probability of avoiding limit reference points;

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

1.3 Changes in fishery regulations from 1996 to 1997

Over the years many different rules and regulations have been used when managing the herring and sprat fishery. Some
of these regulations can have substantial impact on total catches and catches in numbers at age and their relative
proportions.

Therefore, it is very important to be aware of this, when comparisons are made e.g., on catch data from one year with
catch data from another year. This information can also have an impact on the assessment methodology, short term
prediction and exploitation pattern.

1.3.1  Herring fishery
Denmark

In the North Sea a herring by-catch ceiling in the small meshed fishery was set at 24,000 t. In Division IIla a by-catch
ceiling for the mixed-clupeoid fishery at 10,000 t and 20,000 t in other small meshed fishery. The EU countries divided
all these by-catch ceilings.

The sprat fishery from the 1 July to 15 August was closed to reduce by-catches of herring 0-ringers. A part of the
Danish by-catch quota was earmarked to secure the continuation of the sprat fishery in the 4th quarter and the Norway
pout fishery in the second half of 1997. The fishery in Skagerrak and Kattegat was managed similarly as the fishery in
the North Sea.

Scotland

Among other regulations, changes in licence system were introduced. Fishermen had to elect, at any one time, to fish
for herring either in the North Sea or in the West Coast (VIa North). If electing to fish for North Sea herring vessels
were not permitted to fish off the West Coast while holding permission for fishing for North Sea herring. This
regulation system was introduced to improve accurate reporting of catches in the North sea and in VIa North.

1.3.2  Sprat fishery

Denmark

The Sprat fishery in the North Sea was closed from 1 July to 15 August to reduce by-catches of 0-ringers of herring.
1.4 Report of the planning group for herring Surveys in the North Sea

The Planning Group for Herring Surveys met in Bergen, Norway from 12-14 January 1998, to:

a) co-ordinate the timing, area allocation and methodologies for acoustic and larval surveys for herring in the North
Sea, Division Vla and ll1a and the Western Baltic;
b) combine the survey data to provide estimates of abundance for the population within the area;

¢) hold a Workshop on acoustic echogram examination procedures;
d) assess the results of studies on the separation of west coast and North Sea herring stocks within the acoustic survey

time series; the examination of the pre—1991 surveys for possible under-estimation due to signal saturation in the

electronics; the inter ship-calibration and the study of variability of traw] performance between participants;
e) review the results of the above studies and then report on the applicability of further study on the herring survey

time series.
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Separation of North Sea and VIa North Herring

Since 1995 the abundance of herring in the area 30nm either side of 4°W has increased considerably. The location of
this line used to separate the stock has become increasingly critical.

A study on separation of west coast and North Sea herring stocks in the Orkney-Shetland and West of Scotland surveys
from 1993 to 1997 inclusive, was presented. The preliminary results suggest that there is considerable mixing to the
North of Scotland and that the group of hauls may be rather mdependent of either the West Coast or the North Sea.
However further work is required.

Further details are given in Section 1.7,
Inter-Calibration of Echo-Sounders

In order to minimise the effect of spatial and temporal variability of herring abundance, three inter-ship calibrations
were performed. The inter-ship calibration required some extra time for cruising, which inevitably reduced the
coverage of the sampling area to some extent and it was important to plan this efficiently. It was decided that pairwise
inter-calibrations would be more efficient than trying to organise all vessels to be together at the same time, and it was
judged to be acceptable to carry out up to two inter-calibrations per vessel.

The results of the inter-calibration are given in summary in the following text table:

Vessels Ratio cv Intercept Approx. Limits .
G.0O. Sars | Walther Herwig 0.76 0.04 -13.4 50

Dana | Walther Herwig 0.88 0.12 0.6 1200

G.O. Sars ] Scotia 0.98 0.04 0.8 1360

Conclusions from the intercalibrations

In all cases the differences between the slope from the regression and the slope estimated with zero intercept were
negligibly different. In two cases they were effectively identical. G.O. Sars and Scotia were found to have the same
performance. The ratio from the calibration from Dana and Walther Herwig Il was not significantly different from
unity but did indicate slightly lower sensitivity for Walther Herwig I1I. The calibration between G.O. Sars and Walther
Herwig Il gave a ratio factor of 0.76. However, the accuracy of this factor and how it should be applied is currently
uncertain. During this inter-calibration the weather was poor and there was some evidence of loss of signal from
Walther Herwig, not seen on G.0O. Sars which has a keel system for the transducer. The weather was the worst
encountered during the whole survey, thus the effect was at its greatest. These data requires further investigation to
establish if the apparent reduction from Walther Herwig Il is weather dependant.

It was recommended that as many opportunities as possible for inter-ship calibration should be utilised during the 1998
surveys.

Trawl Variability in the 1995 Herring Acoustic Survey

A study to examine the spatial variability in length and age and assess to what extent the observed variability may be
affected by obtaining trawl samples from different vessels, was presented. Length and age distributions from trawl
hauls carried out during the 1995 co-ordinated herring acoustic survey were taken from Denmark, Norway, the
Netherlands, Germany, Scotland (North Sea and west Atlantic) and the Republic of Ireland.

Conclusions from the study:

There is a trend in mean lengths of herring: small fish occur in the south east of the North Sea and larger fish occur
towards the north west of the North Sea towards the Orkney and Shetland Isles. Trawls close together have more

similar length distributions than those further away. Inter- and intra-ship comparison showed no difference in the
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variability. Thus, any spatial variability in length is likely to be due to natural variability at a location rather than any
variability derived from the sampling technique.

The greatest differences in variability occur in areas where length changes occur across short distances such as the
region between the German and Dutch surveys and that between Danish and Norwegian surveys. These regions should
be trawled more extensively if large numbers of fish are observed during the survey so that the mean length can be
determined with greater precision. '

Age proportions have a structured spatial distribution only for the youngest ages (linear variograms). Older ages are
distributed almost randomly; distribution by length is evidently the determining factor.

Examination of Pre—~1991 Surveys for Signal Saturation in the Electronics

This work has been postponed due to lack of resources. The data will be examined during 1998 and 1999 for
preparation for the acoustic survey database being developed under EU project HERSUR and study will be carried out
during this period.

Workshop on scrutinising of echograms

The visual scrutiny of echograms and the allocation of the echointegral values to particular species, is a vital step in the
analysis of an acoustic survey. As this process is essentially subjective, a workshop was carried out to examine the
consistency of echogram scrutinisation. Echograms, each of one days duration, were provided from the five different
surveys, Scotia, Tridens, G.O. Sars and Walther Herwig in the North Sea, and Christina S in ICES area VIa(N). These
were supported with trawl data. Six scrutiny groups were set up, representing the originators of the data. Each group
was then required to scrutinise all five surveys to a common format.

In general there was remarkable agreement between the analyses by the different teams. Three of the surveys had CV
values for one day’s data of 10 % or less. In one survey the bulk of the biomass was concentrated in dense schools
which were believed by the originators to contain about 10 % herring. One team, unfamiliar with this area, chose to
assign these as 100 % herring, resulting in a high CV for that survey. This specifically highlights the need for
developments in species classification and identification methodology.

Review of Larvae Surveys

The substantial decline in ship time and sampling effort allocated to the herring larvae surveys in recent years, required
a study on the effects on the estimates of larvae abundance (LAI) and production (LPE) derived from these surveys. A
first step of the analysis discussed at last years meeting considered the effect of a reduction in the number of sub-areas
to be sampled and the required frequency of intermediate complete surveys. The main result was that it would be
prudent to concentrate effort on a few target areas rather than attempting to cover all spawning areas of the North Sea,
but that a complete coverage would nevertheless be required, to observe long term trends in the relative importance of
different spawning areas and in values of mortality rates (z/k).

For the further analysis the effect of survey timing on larvae abundance indices and production estimates should be
examined in more detail from the historical database. This should try to confirm or disprove the indications so far
available.

Reliability and changes of the z/k values should be studied as the LPE is especially sensitive to this parameter. A
standard procedure to estimate z/k should be defined and the existing data series revised accordingly.

An intermediate status report of the requested analysis was presented during the present meeting, concentrating on the
LPE index. From the discussion the following conclusions were drawn:

The z/k values include some substantial degree of random variation; in addition some area specific trends are indicated,

the time scales of which are, however, difficult to identify within the given variability, the restricted extent of the time
series and the data gaps included.
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The regressions of LPE on SSB so far obtained for complete coverage as compared to different subsets of sampling
units, defined by time and area, do not indicate a reduction in the precision of stock size estimates, when the index is
generally based on a sampling scheme of the kind presently achicved. The analysis is, however, yct incomplete and
results could have been largely effected by methodical problems. This is related to the exclusion of too many sampling
units by too narrow criteria leading to insufficiently complete sampling within these units.

The analysis should be completed, including a comparison of the performance of LPE, LAI and MLAI (multiplicative
larvae abundance index) under restricted sampling effort conditions. For the time being, the MLAI should be used for
assessment purpose.

Recommendations of the Planning Group is presented in Section 1.8.
1.5 Assessment Methods

Assessment methods available to the Working Group were as described in ICES (Anon. 1996/Assess:10), where reasons
for the choice of method are also documented. A new implementation of the assessment and projection software was
provided (ICA version 1.4) in which the following developments had been included:

e Facility to calculate Bayes posterior distributions (with uniform priors) for both assessment and projections;
e Facility to estimate assessment uncertainty by Monte-Carlo sampling from the estimated variance-covariance matrix;
¢ Increased year- and age- range capability;

Implementation for Windows-95.

These developments are documented in Patterson (WD 1998).
Methodological developments special to individual stocks are described in the relevant sections.
1.6 Precautionary reference points and harvest control laws

The Working Group attempted to define reference points according to the guidelines given by the recent meeting in the
Study Group on the Precautionary Approach to Fisheries Management (SGPAFM). The final report from that meeting is
still not available, and the reference points suggested here are based on an interpretation of preliminary information from
the Study Group.

According to these guidelines, the primary goal should be to establish precautionary values Fpa (precautionary fishing
mortality) and Bpa (precautionary level of SSB) for F and SSB respectively. Limit points are not required in their own
right, but may be used as a guideline to establish Fpa and Bpa.

Fpa is to be defined according to the interpretation that exceeding Fpa would be regarded as non-precautionary
management. Two lines of argument may be put forward in this respect. One is that fishing at an exploitation rate
cxceeding that where a further increase cannot be expected to give any substantial rise in the long term yield, would not
be precautionary, because it only implies a greater risk without any gain in the yield. The other is that the exploitation
may be precautionary as long as it is sustainable. This may be when there is an equilibrium between SSB and
recruitment which is stable, at Ieast in the sense that both SSB and recruitment vary around stable values, and there is a
low risk of bringing the stock outside what is considered as safe biological limits. This equilibrium may not necessarily
be optimal in terms of long term yield.

Some of the herring stocks that are handled by this Working Group have been through a collapse. The experience from
these may indicate that herring stocks can be more vulnerable than e.g., many demersal stocks. One cause for this is that,
as for most schooling species, the association between effort and exploitation rate is not very tight. This implies that a
stock decline may be compensated by an increased fishing mortality, which may be difficult to detect because it is not
clearly associated with increased effort. Lacking this kind of indicator, the management of these stocks is strongly
dependent on the ability of the assessment to detect changes in the stock abundance and in the mortality at an early
stage. Since, for most of the stocks, survey data are sparse, or noisy and conflicting, assessments have to rely on strong
assumptions of stable selection, which make them less suited to identify rapid changes at an early stage. A further

complication is that migration routes and dominating spawning components tend to vary over time, making both stock
identity and the representativeness of surveys and catch statistics uncertain.
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For such reasons, using the risk for depletion of the stock as a guideline for setting precautionary reference points needs
to include a consideration of how efficiently the assessment will be able to recognise a decline in the stock abundance.
This is conceptually different from the variance of the parameter estimates, which is commonly presented as the
assessment variance. This is because this concept also includes the uncertainty in the data (e.g., in the representativeness
of surveys) and the poor ability of most models to cope with rapid changes in fishing pattern. The exploratory studies for
the North Sea herring both with models fitted to separate indices, by simulating noisy data and by exploring various
model formulations, as described in Section 2.16, illustrates some of this uncertainty. The exploratory study of the
relation between terminal F and recent recruitment for the herring in Division VIa South (Figures 6.5.2-4) can serve as
an illustration of the problem of carly recognition of a change in the fishery.

There are no well established methods for estimating these kinds of uncertainly routinely. Taking these uncertainties
fully into account would probably have led to more restrictive reference points than those presented here.

The background material for establishing reference points has been the yield per recruit and biomass per recruit
functions, and stock recruitment functions. For the stock-recruitment relations, the Beverton-Holt function was applied
since there were no clear indications in the data that the recruitment would decline at large SSB.

For some of the stocks, it was decided not to attempt to define reference points, as explained below.
North Sea herring

For this stock, an agreement was reached in 1997 for the management, based on scientific advise on precautionary
management (Patterson et al, WD. 1997, Anon. WD. 1997). This is a regime where quotas are to be set yearly according
to a fishing mortality of 0.25 for adults (2-ringers and older) and 0.12 for 0-1 ringers. A trigger level was agreed at 1.3
million t, at which special measures should be negotiated.

The adult F=0.25 is an obvious candidate for Fpa. It is slightly above FO.1 (=0.21) and below FMSY (approximately
0.3, but poorly defined), and the risk of declining to the trigger level of 1.3 million t because of natural variations in
recruitment, growth and maturity in a long term equilibrium was estimated to be less than 1 %. The levels of F0.1 and
FMSY (the F-level giving the maximum sustainable yicld) are not very sensitive to the level of juvenile F, compared to
the risk that SSB will fall below limit points. It may be argued that a higher F-level might also be considered as
precautionary according to the present guidelines. The HAWG in 1997 calculated a relationship between juvenile and
adult F which would imply a 5 % risk of bringing the stock below the MBAL level of 800 000 t. This relationship was a
nearly straight line, where the sum of the two F-levels was 0.55. Taking into account that a S-percentile is more
uncertain that an cstimate of a mean, it was recognised that the sum of these levels should be well below that value,
perhaps in the order of 0.4. With the presently agreed exploitation level on juveniles, the Fpa should therefore not be
much above 0.25. The Fcrash (the fishing mortality where the equilibrium point between SSB per recruit and
recruitment as function of the SSB reaches the origin) was estimated by Patterson et al. (1997) to be 0.98 - 1.56,
depending on the exploitation pattern, and is not considered useful as a guideline for defining reference points.

The MBAL of 800 000 t SSB has been maintained for a long time, and has effectively served as a level signalling
danger of stock collapse. This is suggested as a Blim. The trigger level of 1.3 million t is a candidate for Bpa. The
probability of reaching this level if Fpa is adhered to is small. A rule recommended by the SGPAFM is to take Bpa =
Blim*exp(1.6456), where © is the assumed standard deviation of the assessment SSB. A Bpa of 1.3 million t would
ensue with a o of 0.3, which may be a realistic value for the uncertainty in the assessment. A value of 1.3 million t is

therefore suggested as Bpa. For comparison, the BMSY was estimated at 2.02 - 2.26 depending on the fishing pattern
(Patterson et al, WD. 1997).

The reference points in relation to the historical values for SSB, recruitment and fishing mortality are illustrated in
Figures 1.6.1-3
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Division VIa South Herring

The recruitment for this stock does not show any clear dependence on the SSB, and therc are no marked periodic
variations. Apart from the outstanding 1985 year class, the recruitment has been quite stable. Following the guidelines
by the SGPAFM, an Flim is suggested at Floss (F giving an equilibrium SSB at the lowest observed SSB when average
recruitment is assumed), using the lowest SSB in the series except for the two most recent ones, which still are uncertain,
and a geometric mean recruitment of 716.5 million. This Floss is 0.33. Assuming a c.v. of the assessment of 0.3 leads to
an Fpa of 0.20. Bpa is suggested by applying the same rule on Bloss (lowest observed SSB), which gives Bpa=130 000
t.

It is worth noticing, that Floss, which is used as Flim here, is below the F0.1 of 0.37 (computed including the ages 1-8),
and that the yearly F-values have been above the suggested Fpa in most of the time series. This may, however, have been
possible for a period without severe depletion of the stock thanks to the outstanding 1985 year class. One should not rely
on a similar year class appearing, but take it into consideration when it does.

The reference points in relation to the historical values for SSB, recruitment and fishing mortality are illustrated in
Figures 1.6.4 - 1.6.6.

Celtic Sea and Division VIIj Herring

This stock had a collapse in the 1970’s, when a series of low recruitment’s were followed by a rapidly declining SSB.
Before that, the stock was relatively stable with SSB’s around 100 000 t and fishing mortalities largely between 0.2 and
0.45. Based on the experience for that period, an F-value at or below 0.4 has been recommended. This is close to FO.1
computed without including the plus group.

By inspection, the time series of recruitments appears to have quite strong periodic trends, one with period at
approximately 16 years and one at 4-5 years. By modelling the slow trend by a cosine function and the rapid trend as an
autoregressive function, the residuals are virtually uncorrelated to the SSB. This was done on a spreadsheet, where first
a cosine function was fitted to log ratio of the recruitments and their gcometric mean, with amplitude, phase and
frequency as parameters The period of this was 16 ycars. Then, four coefficients in an autoregressive model for the
residuals ry: :

r, = Za;*r,,; were estimated. Both estimations were done using the *Solver’ in the Excel spreadshect. There is a close
association between the autoregressive coefficients and the power spectrum of a time series, and the power spectrum
in this case indicated a period of 4.5 years for this process. The trend emerging from this model is shown together
with the historical series of stock-recruit pairs in Figure 1.6.8.

It is not clear to which extent these trends can be explained as resulting from physical or biological effects, or they are
just coincidental. If they are real, this both has implications for predictions, and for the definition of reference points. In
any case, the management of this stock should take into account that the recruitment may fail in periods, without any
clear relation to the SSB, and that different reference points will apply to such periods. In the periods of low
recruitments, the equilibrium SSB will be as low as 40-50,000 t. A fishing mortality of 0.13 corresponds to the lowest
observed SSB of 26,000 t and a recruitment at the average over the five lowest observed values, from which the stock
started to recover with the 1979 year class. Any Blim should not be lower than that. Assuming an assessment standard
coefficient of variation of approximately 0.3, Bpa would become 40,000 t according to the SGPAFM rule, which in
practise would imply a recommendation to close the fishery in periods with low recruitment over several years. This is
also the equilibrium SSB at F=0.4 with geometric mean recruitment of 4,000 millions.

Thus, if a new period of low recruitment ensues, the fishing mortality should be reduced irrespective of SSB, to a level
not higher than 0.13. However, in periods with good recruitment, it may be suggested a Bpa of 40 000 t and an Fpa of
0.4.

Some reference points in relation to the historical values for SSB, recruitment and fishing mortality are illustrated in
Figures 1.6.7, 1.6.9 and 1.6.10. )

It should be noticed that these reference points require that the stock and recruitment can be monitored very precisely.
Given the problematic assessment for this stock, a more cautious exploitation would be relevant.

Herring in Division IIla and Sub-divisions 22 - 24
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For this stock, a tentative assessment has been done for the first time. Due to the uncertainty of the separation of the
stocks in this arca, the assessment is still very uncertain, and for the time being, the Working Group did not find it
appropriate to attempt to define reference points at this stage. Moreover, the yield and biomass per recruit are strongly
influenced by the choice of natural mortalities, for which there is little evidence. Quite different values are used for this
stock compared to other stocks.

Herring in Division VIa North

The assessment is at present very uncertain. In particular, since it is unclear how representative the catches from this
stock are, any reference points relating to the biomass should not be defined on this basis. In addition, the fishing pattern
is uncertain, and may have changed markedly during the last year. This also makes the calculation of F-related reference
points and yield and biomass per recruit uncertain. Therefore, the Working Group decided not to attempt to define
reference points until these problems are solved. If a precautionary level of fishing mortality is needed for this stock, the
Working Group would suggest to use the value of 0.25, as for the North Sea herring.

Herring in the Irish Sea

The assessments done in the last few years have been based on conflicting and uncertain data, and have varied
substantially. The Working Group considered these assessments to be inappropriate background for the establishment of
reference points.

1.7 The divide between IVa and IVaN

The 4°W line of latitude has been used to separate two distinct stocks of herring, for exploitation and management
purposes, North Sea (IV) to the cast and West of Scotland (VIaN) to the west. The exact location of this separating line
has become increasingly critical. Figure 1.7.1 shows the acoustic survey index of the spawning stock biomass of autumn
spawning herring for the ICES divisions and threc 30nm wide strips near the 4° W line. Figure 1.7.1 illustrates the
problem clearly, there has been a substantial increase in abundance in the region between 3°W and 4°W and a sharp
decline in the biomass in VIaN, although the latter area was surveyed 1 month earlier in 1997 and may be in error. The
importance of the correct allocation of this biomass to cither IVa or VIaN is clear from Figure 1.7.1. Data on the
characteristics of fish from the fishery this area is unreliable and the catch samples cannot be guaranteed to have valid
locations. Two surveys, the Acoustic survey and the young fish (IBTS) surveys provide information from known
locations. The Acoustic survey is directed at the adult stock, ages 2-9+ while the IBTS catches predominantly young
fish, mostly 1 and 2 ring and rarely any over 5 years old. Thus the acoustic survey provides the best data on the spatial
distribution of the adult stock. A study of the herring trawl data which had been collected during the acoustic surveys in
June and July 1993 — 97 has been carried out to investigate the likely split in population between West of Scotland and
North Sea (Simmonds WD1998a). Descriptions of the surveys and the data can be found in Simmonds et al. (1994-
1998). The aim of the analysis was to establish a discriminant function that would separate North Sea and West of
Scotland herring and then to use this to establish the best location for the dividing line.

1.7.1  Data used in the study

A total of 192 trawls with a catch of more than 50 herring were carried out using the same fishing gear in the Orkney
Shetland area and West of Scotland surveys from 1993 to 1997 inclusive. These hauls were all sampled in a consistent
manner providing an independent estimate of biological parameters in each haul including parameters on age proportion,
length distribution, length at age, and proportion mature at age. Eighteen of the trawl hauls are from the area 30nm either
side of the 4°W line, between 3°W to 5°W. Sampling from the West of Scotland was not available from earlier years.
This gives three groups of hauls:

West of Scotland, West of 5°W, 77 hauls
North Sea East of 3°E 97 hauls
Unknown 3°E to 5°W 18 hauls

Initially a total of 82 biological parameter values were selected for the analysis but these were reduced to two parameter
groups:-

1) Age proportion: Al Al A, Ag Arsy Aes Ay, Ay g & year .
Where A, is the proportion of herring age 3 and below in the catch. It is known from the assessments that the North
Sea herring is a heavily exploited stock and the West of Scotland is lightly exploited, the stock age structure might be
expected to be different due to different recruitment and exploitation. Cumulative age was selected in preference to age
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proportion because the error distribution of cumulative age is more raussian than for age proportion. However, the
implications are thought to be insignificant as one is the linear combination of the other.

2) Growth parameters: L,, L, Ly, Ls, Lg, L7, Lg, Loy, o, L, 033, and year

Where L is mean length at age and o is the coefficient in an exponential growth curve fitted to the mean length at age.
The data indicated that the growth rate of North Sea herring might be faster than that of the West of Scotland herring.

Although the data was examined using growth and age scparately and combined the final conclusions were based on
growth and length combined.

Two classification methods were used; Discriminant Analysis and Artificial Neural Networks. The two known groups of

haul data were used to develop the discriminant functions and the hauls from the unknown group were then classified to
determine to which group each haul most probably belonged.

1.7.2  Results

Discriminant analysis

The results are reported in the following text table and a frequency plot of discriminant score is shown separately for
each category in Figure 1.7.2.

Combined age and growth

West Coast 77 72 (93.5 %) 5 (65%)
North Sea 97 4 41%) 93 (959 %)
Unknown 18 3 (167 %) 15 (833 %)

Percent of "grouped" cases correctly classified: 94.83 %.

The accuracy of these scores are dependent on the validity of the assumptions of discriminant analysis, that the data is
multivariate normal. This is not the case for this data and therefore the success rates may not be valid.

Artificial Neural Networks

The output of an ANN is a recognition score (similar in concept to the discriminant score above) but scaled from 0
(West Coast) to 1 (North Sea). The discrimination using artificial neural networks is shown in Figure 1.7.3

The clear separation of North Sea and West of Scotland herring using the neural network (Figure 1.7.3) is impressive
but the suitability of the network for assigning unknown hauls is less certain. To estimate the reliability of the network,
10 % of the known hauls were removed from the training sets and the networks retrained again completely. The missing
10 % of the hauls were then examined for correct allocation. The results were:-

Age Structure Data 85 % correct
Growth Data 90 % correct
Age and Growth Combined 95 % correct

These values are similar to the success rates for the discriminant analysis, however, they are independent of
assumptions.

Location of North Sea - West of Scotland Separation

The spatial distribution of the both discriminant scores and the artificial neural network factor can be mapped by
gridding and placing a contour at the crossover level (Figures 1.7.4 and 1.7.5).

The results from the classification data sets show that it is possible to discriminate between herring found in the North
Sea and herring found to the West of Scotland based on herring growth and age structure data with about 95 % accuracy

either by Artificial Neural Network or by Discriminant analysis. Growth parameters appear to be more successful at
separating the stocks than age structure, though a combination of both gives the best results.

The best separation between these groups of herring in July lies follows a line from 3° 30'W 58° 30°N at the Scottish
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coast, to about 4°W by 59°N and extends to the shelf edge at 5°W by 60°N. The patch of ‘West Coast herring’ south of
Foula, seen in the discriminant analysis is in a low density area with mostly young fish, and discrimination in this area
may be poor. The small patch of North Sea herring scen near Cape Wrath is caused by similar factors. Neither patch is
seen with the neural network. Although separation appears to be better suited to a NW - SE line from 59°N 3° 30'W, the
north west of Orkney, the major components of abundance of adult autumn spawning herring (Figure 1.7.1) lie on the
correct side of the current line. If management of these stocks remains separate it may be worth considering a different
separating line. These results provide some basis for the long running discussions on the separation of these stocks,
which is reported earlier (Anon. 1979).

1.8 Recommendations

The Planning Group for Herring Surveys should meet in Hirtshals, Denmark from 2-4 February 1999 under the
chairmanship of K.-J. Steehr, Denmark and E. Torstensen, Norway to:

a) coordinate the timing, area allocation and methodologies for acoustic and larval surveys for herring in the North Sea,
Division VIa and Illa and the Western Baltic;

b) combine the survey data to provide estimates of abundance for the population within the area;

c) review the existing manual of the North Sea acoustic survey (ICES C.M. 1994/H:3), taking into consideration recent
developments in methodology and the results of the scrutiny workshop;

d) to complete the analysis of the historical database on the effect of the reduced sampling effort, in order to provide an
improved basis for a final decision on the index and the target sampling units to be used;

¢) provide a revised MLAI with explanation of any differences presented in Patterson ct al. (1997);

f) look into the methodological problem related to estimation of larval indices when very high numbers are caught in
single hauls.

The Planning Group recommends that:

¢ development of species recognition methods should be a priority.

o the echogram scrutiny workshop be repeated on a regular basis. To this end a further workshop should be held in
2000.

For larvae surveys:

Yearly surveys should continue for the present time to focus on Southern North Sea as well as on the Orkney/Shetland
and/or Buchan area. Complete coverage should take place every three years beginning in the year 2000. This will
require participation by Germany, Netherlands and Norway. If possible other countries should be involved.

Acoustic surveys:

The Working Group recommends that acoustic surveys continue in the North Sea and Illa, should be resumed on the
stocks in the Celtic Sea and in Divisions VIaS and V1Ib as a matter of urgency and that sufficient resources should be
made available in order that the surveys can be maintained. That the survey in VIaN should be scheduled at a time that
best covers the stock and joins with the surveys in the North Sea.

Data examination:

The Working Group recommends that further examination should be carried out on the biological data on the stocks in
Divs. VIaS and Vb in order to study possible changes in growth rate and in the age compositions of the different
spawning components.
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Catch Sampling:

In order provide an insight into adequate levels of sampling for herring and sprat stocks in the North Sea and adjacent
waters, the Herring Assessment Working Group recommends that a Study Group should be set up to meet in IJmuiden
on a date to be decided (Chairman: M. A. Pastoors Netherlands) with the following terms of reference:

a) to assess the current methods and levels of sampling of commercial catches for herring/pelagic stocks in the North
Sea and adjacent waters;

b) to evaluate the spatial and temporal variability in the available sampling data;

c¢) to advice on adequate methods and levels of sampling commercial catches for herring / pelagic stocks in the North
Sea and adjacent waters;

d) Consider the use of survey data to fill in missing age structures in the catch.

This study group should invite participation from members of other pelagic Working Groups to investigate sampling
levels for other pelagic species.

The Herring Assessment Working Group has noticed that the historic data series on catch-in-numbers and weight-at-age
for herring and sprat cannot be reproduced due to a lack of adequate storage of the data. The Working Group has also
noticed that several different methods are used to combine national catch statistics into area based catch data. The
Working Group recommends that:

a) agencric database system should be set up that complies with the following requirements:

=  multi-annual storage

= flexible import/export routines (cut and paste in windows)

=  system independent software

= possibility to gencrate 'local’ data-files that can be integrated by the stock-coordinator
= possibility to combine data-files by area, sex, gear and stock

= possibility to deal with misreporting and discards

= possibility to take account of split-factors for mixed stocks

= the level at which data should be aggregated in the data base

= the location and maintenance of the database.

b) a Study Group should be set up to meet in IJmuiden on a date to be decided (Chairman: H. Welleman
Netherlands) to specify the database structure and the software lay-out.

In order to increase the possibilitics and speed up the process of a full analytical assessment of the Western Baltic
Spring Spawning Herring in Division 1lla and Sub-division 22-24, the Herring Assessment Working Group recommends
that a Study Group should set up to meet at Charlottenlund Castle, Copenhagen, 11-15 January, 1999 (Chairman Tomas
Grohsler, Germany) with the following terms of reference to:

a) review and update catch at age and mean weight at age data including information on proportions of North Sea
autumn spawners and Western Baltic spring spawners for the period 1990 —1997 and for all fishing fleets that catch
herring in Division Illa and Sub-division 22-24;

b) review and update data including information on proportions of North Sea autumn spawners and Western Baltic
spring spawners from acoustic surveys and bottom trawl surveys carried out in the eastern part of the North Sea,
Division Illa and in Sub-divisions 22-24 in the period 1990 - 1997;

c¢) further improve a migration model of Western Baltic spring spawning herring which can be used for the
understanding for the results of an analytical assessment;

d) develop and co-ordinate a international survey to be carried out by Denmark, Germany and Sweden which should
cover the whole areca where Western Baltic spring spawning herring is distributed.

The Working Group considered the research required improving the quality of the sprat assessment and recommends the
following to be addressed before the next meeting of the Working Group: Data from the IBTS-surveys should be revised
for length distributions and their uscfulness in length based analyses shall be examined.

!

The Working Groups recommends that a sub-group should work by correspondence to re-evaluate the stock of herring
in VIa(N) as soon as the results of the July 1997 acoustic survey are available. Results should be communicated in a

Working Document to ACFM by November 1998.
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1.9 Request from the Multispecies Assessment Working group

The Multispecies Assessment Working Group (MAWG) requests data on quarterly catches and mean weights at age in
the catch of North Sea herring and sprat for 1997 and a review of the timeseries of herring used by the MAWG in ICES
(1997/Assess: 16. The herring assessment working group (HAWG) produced the data for 1997 in the same detail as in
the past.

The review of the timeseries led to a correction of some inconsistencies between the dataset used by the MAWG and the
HAWG. The herring catches in numbers over the period 1984-1995 were revised in 1997. Misreported catches in
Division VIa between 4W and SW were assumed to have been taken in Division IVa. The mean weights at age in the
catch have not been changed.

For sprat the MAWG requests data on quarterly catches and mean weights at age for the North Sea over the period
1992-1997.

1.9.1 Quarterly database (numbers and mean weights at age)
1.9.1.1 Herring data

Quarterly catch-at-age data, together with weights at age in the catch and in the stock at spawning time for North Sea
herring for 1997 are provided in Table 1.9.1.

Quarterly catch-at-age data for herring (winter ringers) in the North Sea for 1974-1996 are provided in Table 1.9.2.
This timeseries has been updated from 1984 onwards for misreported catches in Division VIa between 4W and 5W,
listed in ICES (1996/Assess:10, Table 5.1.1). The catch numbers are raised according to the increase of the catch
weight. The mean weights at age in the catch have not been changed (1997/Assess:8).

Mean weight-as-age data for the herring stock at spawning time are best provided by samples taken during the July
acoustic surveys in which cover Divisions IVa and IVb, and these are shown in the bottom line of Table 1.9.1. for 1997.

1.9.1.2 Sprat data

Estimated quarterly catch-at-age data, for North Sea sprat over 1992—-1997 are provided in Table 1.9.3, based on
landing statistics by area, quarter and country not including sprat from the Norwegians fjords (1997/Assess:8, Table
8.1.3 and 1994/Assess: 13, Table 8.2.1). Uncertainties in the reliability and/or absence of quarterly aged samples have
prevented the Industrial Fisheries Working Group and later the HAWG, from running a VPA since 1984 (see Sections
8.2.1 and 8.2.3). Mean weight at age for sprat over 1992 —1997 are given in Table 8.2.2.

1.9.2  Geographical distribution of the herring catches in the North Sea in 1997

Data on the geographical distribution of catches in the North Sea (Sub-areas IV and Division VIId) in 1997 were
available from Denmark, the Netherlands, Norway, Sweden, the U.K. (Scotland and England), Germany and France.
The data represents the total catch (both juveniles and adults), but misreporting (from VIa) was not included. Figures
1.9.1 - 1.9.12 show the catch by ICES rectangles for each month.
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Table 1.9.1 Herring North sea, 1997
Numbers (millions) and weights (g) at age (winter ring) per year class of herring
caught in each quarter. Spring spawners transferred to Division Illa are included.
Autumn spawners caught in Division IIIa are not included.

Age (ring) ] 1 2 3 4 5 6 7 8 9+ Total
Year class 1996 1995 1994 1993 1992 1991 1990 1989 1988 1987 Numbers SOP (' 000)
Quarter
1 Nb 11.5 26.1 554 516 11.1 34 12 26 0.1 163.0
W 30.8 65.3 117.1 152.6 173.2 173.1 192.3 196.2 161.7 19.7
i Nb 61.2 1417 743 353 95 40 3.0 05 06 330.1
W 22.6 119.4 145.6 184.0 205.6 221.3 207.3 241.9 245.1 39.3
11 Nb 2039 258 933 738 1026 539 92 36 16 179 575.6
W 12.0 39.1 133.5 183.7 223.3 248.4 266.3 277.5 279.7 308.7 72.1
v Nb 159.6 76.9 210.8 222.1 583 145 65 3.1 45 03 756.5
W 18.0 51.0 109.3 142.8 175.8 207.8 212.6 205.5 217.4 155.0 77.8
Total Nb 363.5 175.3 4719 425.6 247.7 889 23.1 109 92 89 1825.2
W 146 38.0 114.7 147.0 191.8 227.9 229.8 228.2 223.7 297.2 209.0f

The stocks weight shown below are derived from acoustic survey samples taken in July from
Division IVa,b and used in SSVPA.

Age (w. ring) 1 2 3 4 5 6 7 8 9+
Year class 1995 1994 1993 1992 1991 1990 1989 1988 1987
Stocks weights 4 119 166 227 236 239 246 269 329
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Table 1.9.2 Revised quarterly catch numbers of age ('1000) of herring in the North Sea (IV and Viid)

qage group herring

year q 0 1 2 3 4 5 6 7 8 9
1974 1 0 279500 144900 29100 17400 5500 4500 Q00 400 100
2 0 23600 74900 50200 14300 6800 1500 1300 100 0
3 605500 249900 434000 223700 80500 40300 15800 2500 1400 800
4 390600 293200 118700 59000 13900 3600 500 400 0 100
1975 1 0 1614200 130800 19200 7500 7900 2700 1800 600 600
2 0 174400 136300 77300 43600 22100 3800 2800 1500 400
3 188100 350500 114000 108900 74200 22600 7500 4000 1300 400
4 75700 321400 160600 54300 15200 4600 2200 500 100 1
1976 1 0 15000 166100 21000 8800 3300 100 100 100 0
2 0 22000 189900 14800 9500 6500 1100 1000 300 100
3 183700 26100 298700 31500 28000 20500 2600 3200 600 300
4 54500 62600 246800 50100 5800 4200 2300 100 100 1
1977 1 0 62300 18100 177300 Q400 5000 2700 1500 400 0
2 4100 46000 18300 5400 600 1700 1200 0 300 0
3 134900 17200 2000 1000 200 200 100 0 0 0
4 117800 18900 6200 2700 600 200 0 0 0 1
1978 1 0 72700 300 400 400 0 0 200 200 0
2 2100 54100 1400 600 1300 0 100 0 0 ¢]
3 68300 20500 300 700 700 100 0 0 0 0
4 59700 21400 2900 3900 2600 200 100 0 0 1
1979 1 0 94600 0 300 400 200 0 0 0 0
2 0 13900 4500 300 900 600 100 0 0 0
3 139000 39600 4700 300 2100 300 100 100 0 0
4 403000 11200 24900 9100 6700 1000 0 700 600 100
1980 1 0 64100 5400 14100 3900 3700 100 0 0 0]
2 0 7700 700 2300 1900 800 100 100 0 0]
3 458800 62600 900 2400 1300 0 0] 600 0 0
4 332900 26800 101000 73000 25000 17200 2000 700 400 100
1981 1 0 59200 12800 900 300 200 700 0 0 0
2 5400 54800 2800 200 0 0 1100 0 0 0
3 7451100 250400 19700 8700 2500 2100 1400 800 900 0
4 432200 82500 228800 47000 36600 26300 19400 18200 4500 1100
1982 1 0] 59300 86800 100500 10100 5500 2200 2000 1800 500
2 0 8300 3700 3500 800 300 0 0 0 0
3 8248800 318100 41800 5300 2500 500 300 0 0 0
4 1307900 454700 136100 120800 20300 8100 4300 5800 1800 600
1983 1 0 50200 78700 22000 17600 2800 1200 400 200 o
2 0 58300 83500 31000 13800 5500 7400 5700 4100 3500
3 9012800 775400 100400 40600 16300 6300 7800 4000 4100 6900
4 1017100 262800 282200 122800 57500 11600 6400 2700 3000 1700
1984 1 0 119163 140104 86635 36036 14882 3827 2232 2339 2445
2 0 80257 335379 136171 69521 30189 4784 8717 850 3721
3 1982190 165298 296154 127773 61229 17540 9248 12756 5847 8079
4 345169 231736 265858 97584 37949 19985 5209 2020 2232 4677
1985 1 0 896768 84018 242776 94306 356201 9078 7060 4539 3530
2 123456 27031 204146 367240 117606 39437 15835 4438 3833 6253
3 1157396 563014 469313 372485 97131 33688 10591 5749 3429 4640
4 23198 147259 476171 201019 59811 16743 8372 2925 1513 1614
1986 1 0 257185 262668 274204 165482 47878 27359 7452 7452 10413
2 163542 99636 343214 100044 78504 27257 6942 4594 1429 1531
3 540751 705212 313915 235819 114541 33280 15925 3165 1633 1021
4 14190 738083 259605 234288 109334 22153 12046 5513 3267 1940
1987 1 0 1734977 418056 223918 166212 80994 16384 4740 2370 2061
2 0 223300 247103 101088 91298 48844 16693 5255 2370 1649
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1988

1989

1990

1991

1992

1993

1994

1995

1996

3
4
1
2
3
4
1
2
3
a4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

469991
1382253
0]

0
993011
322525
0

0
1660989
349882
0

0
642345
251266
0

0
1185858
471848
0
205587
6858845
8485907
0

0
5935769
1373932
0

97420
3238054
622314
0

V]
6370747
1281064
0

0
583544
1318562

310476
1360922
154649
185172
1304344
360170
48837
25498
1666026
212623
312068
107057
726693
400288
25474
20213
652144
414141
12914
111126
411175
134871
836002
220491
67529
220281
103914
60262
241686
73783
56247
111646
132089
211745
554627
156346
2542
68216

424940
977490
224852
237061
741706
785455
240383
114228
308961
290249

92930
110197
148394
269056
114583
228022
265661
193709
293488
177051
147785
382326
209288
127939
202274
256611
153103
482626
554067
292152

85482
246595
539267
600492

64191
130394
160901
226045

179402
203721
267584
126161
312351
499568
272256
192163
623435
434705
120348

84244
275440
318765

94203

95659
184559
201092

71549

87692
138412
131122

80302

99880
133279
312414

45462
123824
200482
153316
157405

99358
348178
309832
147978
132619
176472
178802

113453
125303
144475
60028
96656
104795
153710
136951
253441
307316
144522
94290
382393
267487
118534
90980
205043
156173
64884
69987
111438
102065
43554
72764
114747
89411
57174
80360
1777
168435
28706
35273
105184
90037
40570
23939
83363
60272

79448
47195
113952
34593
61046
55059
37733
23442
84206
79168
74406
42907
157918
118150
100858
83286
200572
128828
72070
63532
143515
86547
28373
49521
82396
66064
9689
26937
53022
31941
14088
22456
38769
50632
14194
5614
26270
17054

24628
20197
51889
16279
40697
22383
19329
16759
52230
44828
9837
11093
41128
21767
31505
33169
77047
67793
64155
48324
166219
96336
18217
45962
109094
61038
10008
15864
39500
36306
3284
6250
30613
18643
6991
2648
7097
4873

10098
4534
17296
5087
11192
5087
11310
7506
26321
20049
7849
7953
26791
14337
9774
3847
156285
11437
14685
23017
62072
50928
20835
36434
87526
49836
12563
11925
34070
21933
2542
5614
20126
14936
2013
424
6144
3178

2061
1443
5087
2035
7122
1017
2189
1748
11207
6272
429
3453
16535
5546
3931
4991
10502
6551
5103
6457
19059
8644
9423
11726
36644
32037
9689
9476
38755
16077
2754
6038
27435
18113
847

3072
4449

3607
1030
3561
916
2544
1526
1953
617
3393
2879
314
1256
9732
942
1040
3327
6447
2287
1666
1875
12914
7811
419
5758
27012
9946
7027
2129
25979
12563
24469
3707
30083
14618
530
2119
12711
4131
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Table 1.9.3 North Sea Sprat. Catch in numbers (millions) taken by quarter in 1992, 1993 (Denmark, Norway and UK-England),1994,1995
{Denmark and Norway) and 1996 (Denmark, Norway and UK-England).

year Quarter Age
0 1 2 3 4 5+
1992 1 1255 37752  58.29 2.16
2 23935  37.12 12.42 1.61
3 957 5969.46 1179.8 262.08 29.44 5.06
4 226 147627 26203 10.06  1.2601 1.54
1993 1 70471 27692 568.49  24.81
2
3 19.97 17.29 2.32 017
4 294.64 426805 6€39.86 47.15 0.47
1994 1 507.76 2138.16  591.11 40.81
2 2983.78 15
3 2454141 272.95
4 88891 461631 1313.81 149.03 3.2 538
1995 1 578 2949.08 977.65 53.24
2 2147 553  169.58
3 51323 11686.31 771848 253.69 3.22
4 453476 3305.14 3773
1996 1 524.74 461539 2621.86 316.42 11.26
2 1.93  241.49 32.67 15.51 0.26
3 400.52 100.72 22.94 033
4 1190.68 1069.01  339.55 5.55
1997 1
2
3 1991.88
4 13147 3786.88 1047.1 128.38 1.99
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Figure 1.6.1.
Historic stock recruit pairs, replacement lines
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Figure 1.6.2
Historic SSB and fishing mortality, with reference points
indicated.
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Figure 1.6.3.
Equilibrium yield and biomass per recruit.
assuming 1997 fishing pattern.
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Figure 1.7.1. Acoustic survey index of biomass of autumn spawning herring in ICES Divisions Illa,
IVa and VIa and close to the boundary between IVa and VIa. Cumulative graph
showing relative contributions of each region to the abundance of mature autumn
spawning herring.
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Figure 1.7.2 Frequency distribution of discriminant scores for age and growth data
combined a) unknown 3°W-5°W, b) North Sea east of 3°W and ¢) West
of Scotland west of 5°W
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Figure 1.7.3 Frequency distributions ot Artificial Neural Network recognition scores
for age and growth data combined a) unknown 3°W-5°W, b) North Sea
east of 3°W and ¢) West of Scotland west of 5°W
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‘ Figure 1.7.4 Map of location of the divide between North Sea and West of Scotland showing
the dividing line based on the discriminant analysis using the discriminant
scores from all the trawl hauls 1993-1997. Haul locations are shown as crosses.
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Figure 1.7.5 Map of the location of the divide between North Sea and West of Scotland

showing the dividing line based on the Artificial Neural Network Factor and the
split between North Sea and West of Scotland herring.
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Figure 1.9.1 : Herring North Sea catches (in tonnes) - January 1997
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Figure 1.9.2 : Herring North Sea catches (in tonnes) - February 1997
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Figure 1.9.3 : Herring North Sea catches (in tonnes) - March 1997
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Figure 1.9.4 : Herring North Sea catches (in tonnes) - April 1997

o:\acfm\wgreps\hawg\reports\1998\sect- 1\F-93-4.xls

25



61
80
N
== Total catch E
8402 20
relws]va[ve e o [en |
13 a0k
Figure 1.9.5 : Herring North Sea catches (in tonnes) - May 1997
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Figure 1.9.6 : Herring North Sea catches (in tonnes) - June 1997
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Figure 1.9.7 : Herring North Sea catches (in tonnes) - July 1997
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Figure 1.9.8 : Herring North Sea catches (in tonnes) - August 1997
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Figure 1.9.10 : Herring North Sea catches (in tonnes) - October 1997
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Figure 1.9.11 : Herring North Sea catches (in tonnes) - November 1997
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Figure 1.9.12 : Herring North Sea catches (in tonnes) - December 1997
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2 NORTH SEA HERRING
2.1 The Fishery
2.1.1 ACFM advice and management applicable to 1997 and 1998

At the meeting in 1996, ACFM decided to modify the advice for 1996 because of a more pessimistic view of the state of
the stock than previously, given by the HAWG assessment in April 1996. Therefore ACFM recommended that rapid
action should be taken immediately to rebuilt the spawning stock and to reduce the fishing mortality.

For 1996, the recommendations corresponded to a 50 % reduction of the agreed TAC for fleet A (human consumption
fleet), to a new TAC of 156,000 t of which no more than 25,000 t should be taken in Divisions IVc and VIId. It was also
recommended that there should be a reduction in the fishing mortality on herring in the other fleets.

This same strategy was recommended for 1997 and consisted of adopting an F;.¢ of 0.2 and a reduction of 75 % of the
fishing mortality on the juveniles compared to the 1995 level. A TAC for fleet A of 159,000 t, including that for
Divisions IVc and VIId, which was restricted to 25,000 t, and a by-catch ceiling for fleet B (small mesh fleet for
reduction purposes) of 24,000 tonnes.

For 1998, ACFM specified that the management strategy adopted for 1997 should be continued to rebuild the spawning
stock biomass which was still at a low level. ACFM noted that there was a high probability of rebuilding the stock to
above 800,000 t in 1998 if fishing mortality on all groups including juveniles was kept low.

In the Southern North seca and Eastern Channel (Divisions IVc and VIId), ACFM recommended that the fishing effort
should be reduced in this area as recommended for the total North Sea. ACFM noted, however, that the TAC for this
stock component have been exceeded by a significant amount in all years and this can only result in a disproportionate
increase in a fishing pressure.

In December 1997, the EU and Norway agreed the following arrangements for North Sea Herring management:

o cffort will be made to maintain an MBAL (Minimum Biologically Acceptable Level) of 800,000 tonnes,
e a medium term management strategy has been implemented under which TACs will based on an F = 0.25 for adult
herring, and an F = 0.12 for juveniles;

e areference point of 1.3 million tonnes SSB below which a stock recovery plan will be agreed and implemented, was
fixed.

The final TAC’s adopted by the management bodies for 1998 were 229,000 t for Divisions IVa,b and 25,000 t for
Divisions IVc,VIId. And the by catch ceiling for fleet B was 22,000 t.

2.1.2 Catches in 1997

Total landings are given in the Table 2.1.1 for the North sea and for each Division in Tables 2.1.2 to 2.1.5. Unallocated
landings in these tables include the misreported landings.

The total North Sea catch in 1997 of 209,045 t is lower than the catch in 1996 (264,868) which was also the lowest
catch since 1981 (174,880 t). Strict enforcement measures by Denmark to control the by-catch of herring in the small
mesh fisheries contributed to a reduced impact on O-ringers and 1-ringers. By-catches in the small mesh fishery in the
North Sea in 1997 are at a historic low level. The small mesh fishing fleet had a very good sandeel season in 1997 with
good prices on the world marked prices. This good season together with closures in the Danish sprat fishery in July and
August and a significant change in fishing pattern have caused that the by-catch of herring only amounts to 12,000 t.

It should be noted that an official catch from Russia of 1,619 t was taken in the Division IVa. It is assumed that this
catch was caught in the Division IVa West during the third quarter. .

In cach of the last six years, TACs have been exceeded by a significant amount. This excess of the catches over the
TAC:s for Sub-area IV and Division VIId, for the years 1992 to 1997 is shown in the text table below, where estimates
of misreporting are include in the Working Group Landings. It should be noted that the TAC applies only to the human
consumption fishery in Sub-area IV and Division VIId and not to the herring by-catch in the small mesh-fishery.
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Year . 1992 | 1993 1994 1995 1996 1997
TAC (000 t) ] 43 430 440 440 1810 1840
Official landings (‘000 t) 403 409 414 415 136 155
Working Group Landings (*000t) 544 521 465 534 263 209
Excess of landings over TAC (‘000 t) 114 91 25 94 82 25

including by-catch ceiling
@ Scottish landings from 4°W- 5° W no longer included in North Sea (see Table 5.1.1)

2.2 Biological Composition of the catch
2.2.1 Catch in numbers at age

Quarterly and annual catches in numbers and mean weights at age were compiled for each Division and for the total
North Sea. Table 2.2.1 provides a breakdown of the numbers caught by age group for each Division on a quarterly and
annual basis for 1997, North Sca catches in numbers at age over the year 1987—-1997 are given in Table 2.2.2.

The catches in numbers of Division I1la-Western Baltic spring spawners caught in the North Sea in 1987-1997 and
transferred to the Division IIla-Western Baltic stock are presented in Table 2.2.3. Except for the 2-ringers, the numbers
of all other year classes were as low as in 1996. This was because the total catch off the Norwegian coast, in the arca
where spring spawners are normally taken, was low.

The estimated numbers of North Sea autumn spawners caught in Division 1lla in 1987-1997 and transferred to the
North Sea assessment are given in Table 2.2.4.

Table 2.2.5 and Figure 2.2.1 summarises the total catch in numbers at age of North Sea autumn spawners used in the
asscssment.

The total number of herring taken in the North Sea in 1997 (less than 2 billion) is half the number taken in 1996 (4
billions), which was still lower than the number caught in previous years. The catch of O-ringers, 1-ringers and 2-ringers
has been reduced considerably and is the lowest since 1977. The catches of the 4-ringers and more has been increased
slightly (Table 2.2.2).

Table 2.2.6 summarises the total catch in tonnes of North Sea autumn spawners. After the splitting of the Illa Autumns
spawners and the North Sea spring spawners, the amount of the total catch used for the assessment was 247,909 tonnes.

The percentage age composition of North Sca herring, as 2-ringers, 3-ringers and older, in the catch in 1997 is presented
for each Division in Table 2.2.7. The percentage of 2-ringers and 3-ringers are almost the same, except in the Division
IVa West where the percentage of the 2-ringers is dominant.

The SOP by age and Division for cach quarter is given in Table 2.2.8.

Landings in numbers and mean weight by fleet required for short term prediction are shown in Table 2.2.9. The fleet
definition is described in section 3.1.2. Catches of herring around the border line 4°W between Sub-area IV and Sub-
division Vla North and possibilities of misreporting of catches from IV to Ila may influence the total catches of North
Sea herring. The Working Group therefore decided that total landings of fleet A may be under estimated by up to 50,000
t. This catch was used as input for an assessment for comparison purposcs (sce section 2.13). Catches of North Sea
herring with raised catches for fleet A is shown in Table 2.2.10 for comparison.

2.2.2 Quality of catch and biological data

There is a large discrepancy between official and actual catches but the full extend of this is unknown. As in 1996,
reliable information was obtained on misreporting from several countries fishing for herring in the North Seca. An

estimate totalling 32,622 t were transferred from other areas into the North Sea (mainly from Ila and VIa North) and
were used in the assessment. But, it should be noted that this unallocated landings is less than half the unallocated
landings estimated in 1996.
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Estimates of discards were only provided by The Netherlands, but discards are known to occur in the fisheries of most
countries and they could represent a significant amount which is not included in the assessment. But, it should be noted
that Norway, Denmark and Scotland have a project to measure discards in the North Sea. There is still a need to
improve the quality of the landings data in the North Sea, in relation to discards.

The Danish sampling scheme for the small mesh fishery worked satisfactorily in 1997. The sampling level was again in
1997 at a very high level, even highér than in 1996 and more than 1,500 landings were inspected. Denmark has collected
biological samples for age-length compositions in all quarters

As a general rule, sampling of commercial landings for age, length and weight is at the same level as last year (Table
2.2.11). It was low in some fisheries and in others no samples were taken in some quarter, especially in the second and
third quarter in the Southern North Sea (Divisions VIc and VIId). There is a nced to reconsider adequate levels of
market sampling for this fishery, and the Working Group recommends to sct up a study group to address this issue (see
Section 1.8).

223 Treatment of the spring spawners herring in the North Sea

Norwegian spring spawners are taken close to the Norwegian coast under a separate TAC. These catches are not
included in the catch tables. Coastal spring spawners in the southern North Sea (Thames Estuary) are caught in small
quantities regulated by a local TAC. These catches are given in Table 2.1.1 and 2.1.5. With the exception of 1990, these
catches are included in the assessment of the North Sea autumn spawners.

Western Baltic and Division Illa spring spawners are taken in the castern North Sea during the summer feeding
migration. These catches are included in Table 2.1.1 and listed as Illa type. Table 2.2.3 specifies the estimated catch
number at age of Division 1lIa/Western Baltic spring spawners which are transferred from the North Sea assessment to
the assessment of the Division IIa/Western Baltic in 1997.

The method of separating these fish, and described in former reports from this Working Group (ICES 1990/ Assess: 14),.
assumes that for autumn spawners, the mean vertebral count is 56.5 and for spring spawners 55.80. The fractions of
spring spawners (fsp) arc estimated from the formula (56.50-v)/0.7, where v is the mean vertebral count of the (mixed)
sample. The method is quite sensitive to within stock variation (e.g., between year classes) in mean vertebral counts. The
same method has been applied to separate the two components in the summer acoustic survey.

To calculate the proportion of spring spawners caught in the transfer area, six samples which have been taken in May
and two in June 1997 were used for the second quarter. For the third quarter, twelve samples taken in July were used
(Figure 2.2.2).

The resulting proportion of spring spawners and the quarterly catches of these in the transfer area in 1997 are as follows:

Quarter 2 -ring 3-ring 4 +ring No of rectangles Catch in the transfer | Catch of Spring Spawners in
(%) (%) (%) sampled area (t) the North Sea (1)

Q.2 9 20 38 7 4835 847

Q3 60 100 100 12 272 615

The quarterly age distribution in Sub-division IVa East were applied to the catches of the months of May, June and July,
in the whole area. The numbers of spring spawners by age were obtained by applying the estimated proportion by age.

23 Recruitment
2.3.1 The IBTS index of 1-ringer recruitment

The 1-ringer index of recruitment is based on the IBTS, 1* quarter (trawl catches at daytime February 1998). The index
is calculated for the entire survey area, weighting statistical rectangles as described in the Working Group report of 1995
(ICES 1995/ Assess:13).

The indices based on surveys from the period 1979 to 1998 (estimates of the strength of year classes 1977 to 1996) are
given in Table 2.3.1. and the temporal trend in indices is illustrated in Figure 2.3.1. This years estimate of the 1996 year
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class falls within the intermediate range of earlier estimates, but it represent a drastic decline from last years estimate of
the 1995 year class.

Figure 2.3.2 illustrates the spatial distribution of l-ringers as estimated by the trawling in February. In 1998 the 1-
ringers were predominantly distributed off the coast of Holland and in the German Bight. An outstandingly high estimate
of abundance within a statistical rectangle was made in the inner German Bight.

2.3.2 The MIK index of 0-ringer recruitment.

The O-ringer index is based on catches by a fine-meshed ring net (the MIK) at night time during the February survey of
the IBTS. Index values is calculated is described in the Working Group report of 1996 (ICES 1996/Assess:10). The
index estimate of the abundance of O-ringers in 1998, the 1997 year class, is estimated to 53.1 (Table 2.3.2).

This estimate represents a marked decline compared to the preceding years, and is among the lowest estimates in the
series of MIK indices. The spatial distribution of the O-ringers follows the trend of a westerly displacement of major
distributions observed during the last three years (Figure 2.3.3). However, this year the density in the westerly sections
has declined significantly leading to the marked decline in the index.

233 Relationship between the MIK O-ringer and the IBTS 1-ringer indices

The relationship between the two indices is illustrated in Figure 2.3.4. and described by the inserted linear regression.
As mentioned in last years Working Group report (ICES 1997/Assess:8) the IBTS estimate of the 1995 was much higher
than the MIK estimate of the same year class, showing an exceptionally disagreement between the two indices. This
year’s IBTS estimate of the 1996 year class, on the other hand, is very much in accordance with last years predictions by
the MIK index.

2.3.4 Trends in recruitment as estimated by the assessment

The long-term trend in recruitment of 1-ringers to the stock of North Sea autumn spawners is illustrated by Figure 2.3.5.
Recruitment estimates are based on the present 1998 ICA assessment. The Figure illustrates the decline during the
sixtics and the seventies, followed by the marked increase in the early eighties. From the high year class 1985 a new
decline was observed, while recruitment of 1-ringers during the last six years has fluctuated around a level, without
obvious trends of increase or decrease.

The last three ICA estimates of 1-ringer recruitment are 14.4, 21.0 and 15.3 billions for year classes 1994 to 1996
respectively, while the estimates for O-ringers are 59.4, 42.8 and 20.9 for year classes 1995 to 1997 respectively.

24 Acoustic Surveys

The ICES Co-ordinated surveys were carried out during late June and July covering most of the continental shelf north
of 54°N in the North Sea and North of 56°N to the west of Ireland and Scotland to a northern limit of 62°N. The eastern
edge of the survey area is bounded by the Norwegian and the Swedish coasts, and to the west by the Shelf edge at about
250m depth. The surveys are reported individually, and a combined report was prepared from the data from all six
surveys and presented at the meeting (Simmonds et al. WD1998b).

The Vessels, dates and areas covered by the coordinated Acoustic Surveys

Scotia 16 June - 3 July North of 56° 30'N west of 3°W

Dana 19 - 30 July North of 57° cast of 7°E

GO Sars 27 June - 18 July North of 57° 1°E t0 8°E

Scotia 8-28 July North of 58° 30" between 4°W and 2°E
[Tridens 23 June - 16 July South of 59°N west of 2°E

W Herwig 23 June - 16 July South of 57°N cast of 2°E

The stock estimates have been calculated by age and maturity stage for 30'N-S by 1°E-W statistical rectangles for the
ICES areas Illa IVa, IVb and VIa north, separately. Where the survey areas for individual vessels overlap the estimates
by age and maturity stage have been calculated by survey effort (length of cruise track) weighted means. The data from
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arcas Illa, IVa and IVb have been split between North Sea and Baltic stocks by vertcbral count, maturity stage and
otolith microstructure methods. The combined survey results provide spatial distributions of herring abundance by
number and biomass at age and maturity by stat. rectangle. Procedures and TS values are the same as for the 1994
surveys (Simmonds et al. 1995).

Figure 2.4.1 shows survey areas for each vessel. Stock estimates for autumn spawning herring by number and biomass
and the percentage maturc are shown in Tables 2.4.1 and 2.4.2 respectively, for areas VIaN, 1Va, IVb, and Illa
separately. The mean weights at age are shown in Table 2.4.3. Figure 2.4.2 shows the distribution of numbers and
biomass of mature autumn spawning herring for all areas surveyed. Figure 2.4.3 shows the distribution split by age of 1
ring, 2 ring and 3 ring and older herring. Figures 2.4.4 shows the density distribution of autumn spawning herring 1 ring
and older as a contour plot. Figure 2.4.5 shows the distribution of all spawning stock numbers of adult autumn spawning
herring.

The numbers of North Sea autumn spawning herring estimated from the acoustic survey are shown as a time series in
Table 2.4.4, the table also shows the estimated total mortality calculated from 2+ to 3+ age classes from the time series.

Evidence of Ichthyophonus infection is now at low levels, only 15 of over 4,000 fish sampled for ‘otoliths and
Ichthyophonus showed macroscopic evidence of the infection. This gives an infection rate of about 0.25 % This
compares with 0.05%, 0.2 %, 0.8 %, 3.6 % and 5 % in the previous 5 years 1996 to 1992 respectively. This level is a
small rise on the levels in 1996 and is more similar to the levels found in 1995, These survey results indicate the
possibility of a rise and although the levels are not a cause for concern the possible rise indicates there is still a need to
record the infection levels and monitoring of Ichthyophonus infection should continue on these surveys.

2.5 Larvae surveys

Internationally co-ordinated herring larvae surveys have been conducted in the North Sea and Adjacent Waters in 1997
but only The Netherlands and Germany participated. Five surveys were done in total. The data administration and
analysis were taken over and completed by Germany. Total amount of larvae for each length classes less than 10 mm,
from 10 to 15 mm and between 5 and 15 mm, respectively, was recalculated for each sub-unit since 1972. The results
for the length class less than 10 mm is given in Table 2.5.1.

In 1997 an extreme abundance was observed in for the Southern North Sea, period 16-31 December. This values
depended on a single haul with a catch of more than 33,000 larvae. A discussion takes place how to deal with such a
haul, which should be regarded as an outlier. In former years also some of these extraordinary hauls were reported and
not discarded from the calculation, but they had never reached such a high value as this one.

Plots of the MLAI index are presented to show inclusion and exclusion of the outlier (Figure 2.5.1). The corresponding
analyses of variance for each length with and without the outlier is given in Table 2.5.2. The Working Group agreed on
the climination of the whole survey (December 16-31) and the use of the MLAI index as a method for replacing the
value for the survey. The MLAI-values since 1973 obtained from the multiplicative model is given in Table 2.5.3.
Subsequent comparison of the series indicated differences of about a factor of 2 between the MLAI index values used in
the assessment in 1997 and the newly calculated index values for the years, 1989, and 1993-96. A comparison of Table
2.5.1 with the same data presented in Patterson et al. (1997) indicated that the most likely cause of the differences was
the inclusion of some partially covered areas in the new index which had previously been estimated fully by the MLAL
However, the reason needs to be further investigated. It proved impossible to complete the re-analyses of the MLAI
during the Working Group and the series reported in Patterson et al. (1997), from 1977- 1996 was used without the
addition of the new value from the 1997/8 surveys.

It is important that this index is made available to the Working Group. The differences between the MLAI previously
presented in Patterson et al. (1997) and the newly calculated version need to be resolved. In addition there is a need to
develop a formal methodology for dealing with any large values derived from single stations. The Planning Group for
Herring Surveys should address these issues before the Working Group in 1999.

2.6 International Bottom Trawl Survey (IBTS)

The International Bottom Trawl Survey (IBTS) started out as a young herring fish survey in 1966 with the objective of
obtaining annual recruitment indices for the combined North Sea herring stocks. It has been carried out every year since
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and it was realised that the survey could provide recruitment indices not only for herring, but for roundfish species as
well. Later, when catch data from the survey were examined it also turned out that the data from the first quarter also
gave an indication of the status of the adult herring. It is the time series from the first quarter and from 1983 on which
has shown the most consistent results and which has therefore been used in the assessments of the herring. Table 2.6.1
and Figure 2.6.1 shows the time series of the abundance at age obtained from the first quarter coverage of the IBTS.

2.7 Mean weights-at-age and maturity-at-age
2.7.1 Mean weights at age

The mean weights at age of fish in the catches in 1997 (weighted by the numbers caught) are presented by ICES division
and by quarter in Table 2.7.1. Table 2.7.2 shows a comparison of mean weights at age, 2-ringers and older over the years
1989 to 1997.

For Division IVa the mean weight of all but one age class in the catch are above the mean of the range. For Divisions Vb,
IVc and VIId the mean weight at all ages are scattered on either side of the 9 year mean. For the whole area the mean weight
at age in the catch is about 15g above the 10 year mean.

Table 2.7.3 presents the mean weights at age in the catch during the 3rd quarter in Divisions IVa and IVDb for 1987 to 1997.
In this quarter most fish are approaching their peak weights just prior to spawning. For comparison the mean weights in the
stock from the last six years of summer acoustic surveys arc shown in the same table. (From Table 2.4.3 for the 1997
values). The mean weights at age are lower than the long term mean by about 20g per fish.

The year effect in mean weight at age in the observed values in the population is considerable and the issue of the correct
values to be used in the assessment was addressed in detail in 1996 (ICES 1996/Assess:10). The cause of the year effect is
likely to be the result of variability in the estimates of abundance in different parts of the survey area. This is most likely due
to sampling variability in the acoustic survey, as the local abundance is required to weight the mean weights at age from
differing parts of the area. To reduce the impact of this sampling variability in the assessment a 3 year running mean was
chosen in 1996 and the same method has been used this year to smooth the year effect in mean weight at age.

2.7.2 Maturity Ogive

The percentage of North Sea autumn spawning herring (at age) that spawned in 1997 was estimated from the acoustic
survey. This was determined from samples of herring from the research vessel catches examined for maturity stage, and
raised by the local abundance. All herring at maturity stage between 3 and 6 inclusive in June or July were assumed to
spawn in the autumn. The method and justification for the use of values derived from a single years data was described fully
in ICES (1996/Assess:10). The maturity in 1997 was within the normal range of values (over the last 9 years). The
proportion of herring found to be mature were almost equal to the average for 2 ring and a slightly higher than average for 3
ring. The percentages are given in the table below.

Year \Age (W ring) 2 3 >3

1988 65.6 817 100
1989 78.7 93.9 100
1990 72.6 97.0 100
1991 63.8 98.0 100
1992 51.3 100 100
1993 47.1* 629 100
1994 72.1 85.8 100
1995 72.6 954 100
1996 60.5 97.5 100
1997 65.1 94.2 100
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2.8 Stock assessment
238.1 Data exploration and preliminary modelling

Assessment of the stock was carried out by fitting an integrated catch-at-age model including a separable constraint over
a six-year period (Patterson and Melvin 1996; Deriso et al. 1985; Gudmundsson, 1986). However, due to the changes in
the management regime for North' Sea herring in 1996, the hypothesis of constant selection was thought to be
inappropriate. Therefore the separable model was fitted using two separate selection periods: one from 1992 to 1995 and
the other from 1996 to 1997. Furthermore the selection on adults was forced to be equal over the two separable periods,
which effectively means that only for juveniles two selection periods were estimated.

The information available was the catches in number at age and year (Section 2.2), the MIK index of O-ringer abundance
(Section 2.3), the acoustic survey index (Section 2.4) and the IBTS survey index (Sections 2.3 and 2.6). In addition,
larvae survey information including the multiplicative larvae abundance index (MLAI) was available. Problems with the
calculation of this index have been outlined in Section 2.5. The Scottish groundfish survey has not been provided this
year. The Working Group attempted to evaluate the consistency of these different sources of information.

The year range of 1960 to 1997 has been chosen for the assessment thercby excluding the years 1947 to 1959 on
account of the large discrepancies in the sum of products in those earlier years.

In a number of exploratory analyses, the model was fitted to the catch at age matrix and to each survey index separately.
The maximum likelihood estimates of terminal fishing mortality at reference age 4 and the 95 % confidence intervals for
each model fit are plotted in Figure 2.8.1.

Data exploration by abundance index

In the assessments of this stock that were made before 1995 an LPE (larvae production estimates) index was used
from 1983 - 1992, However, information from the LPE carried out from 1993 onwards was not used in the 1995
assessment (ICES 1995/Assess: 13) as survey coverage had declined to such an extent that the LPE measure of
abundance could no longer be calculated. Consequently, the LPE index was replaced in 1996 by the multiplicative
larvae abundance index (MLAI), which covers the time period 1977 - 1996 and therefore uses also the information on
larvae abundance during the period 1993 - 1996. Duc to inconsistencies in the data-series the MLAI value for 1997
could not be calculated. It was therefore decided to apply the index series that was used in last years assessment (sce
Scction 2.5).

The MLAI index for larvac smaller than 10 mm was tested using the year range of 1977 to 1996 and assuming a power
relationship of index value to stock abundance as in last year’s assessment (Figure 2.8.1).

The series of acoustic survey indices have been used for the period 1989 to 1997. The reasons for using this restricted
period have been discussed earlier in ICES (1995/Assess:13 and 1996/Assess: 10). However, the extended survey period
(1984-1997) was tested in a separate model fit. Four test runs were performed with the acoustic survey time-scries:

1. age 2-9+, years 1984-1997

2. age 2-9+, years 1989-1997 (as in last year's assessment)
3. SSB, years 1984-1997

4. SSB, ycars 1989-1997

It was found that the estimated fishing mortalities in the final year for the age-structured index and the spawning stock
biomass behaved consistently. The age-structured index series from 1989 onwards was chosen because it offers more
information than the spawning stock biomass index and because it has been used in previous years.

The IBTS survey indices for the 2- to S+-ringers indicates the highest F compared to the other indices, leading to an
estimate of terminal fishing mortality between 0.5 and 0.7. As in carlier years the age disaggregated IBTS survey indices
were split in two sets: the IBTS I-ringer indices and the IBTS indices for 2-5+-ringers. By applying the IBTS 1-ringers
as a scparate index they get the same weight as the combined 2-5+ ringer index. The possibility of using the IBTS
survey as a single age-disaggregated index (1-5+) has been discussed but it was agreed that it was desirable to have
some further evaluation before this decision could be taken.
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The two recruitment indices (IBTS 1-wr and MIK 0-wr) have also been tested in separate model fits. Both appeared to
fit well to the historic recruitment information, but were poor predictors of adult stock size and fishing mortality. They
were both used as recruitment indices in the final assessment.

The spread of the terminal fishing mortalities in Figure 2.8.1 was comparable to the spread in last years assessment. It
was therefore decided to keep the same indices as in last years assessment:

» acoustic survey 1989~1997 (2-9+ wr)

= IBTS 1983-1998 (2-5+ wr)

= IBTS 1979-1998 (1-wr)

»  MIK 1977-1998 (0-wr)

= MLAI<10 1977-1996 (biomass index).

Catch-at-age matrix

At last years working group it was concluded that the catch at age matrix that was used in previous assessments needed
revision. Catches of North Sea herring that had been misreported to Division VIa North had been taken out of the Via
North assessment but had not been added to the North Sea assessment. New and corrected figures have been calculated
and the catch-in-tonnes and catch-in-numbers for the North Sea herring stock have been updated for the years 1984-
1997.

Year » Last years estimate of VIa |Current year estimate of Via
misreporting (tonnes) misreporting

1984 11270 19142
1985 4819 4672
1986 8987 10935
1987 18902 18647
1988 11839 11763
1989 19094 19013
1990 25185 25266
1991 18218 22079
1992 22697 22593
1993 24155 24397
1994 24619 30234
1995 33794 32146
1996 38254 38254
1997 5039

The contribution of the different age-groups in the catch-at-age matrix was analysed. Proportions at age are shown in
Figure 2.2.1 which indicates that changes in selection patterns are likely to have occurred in 1992 and 1996. The change
in selection pattern in 1996 can probably be attributed to the change in management in that year. This lends credit to the
decision to split up the selection into two year ranges: 1992-1995 and 1996-1997.

2.8.2 Stock assessment

The Working Group used the same stock assessment model as in ICES (1997/Assess:8) with the following
modifications:

1. ICA version 1.4 was used instead of the version 1.3 of last year
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2. The assumption of separability was extended to a six year period, covering 1992 to 1997. Recent catch data appear
to confirm to the assumption of separability except for the 0- and 1-ringers. Changes in the management regime
introduced in July 1996 make the separability assumption invalid for these age-groups. Therefore, the separability
for juveniles was split in two periods: 1992-1995 and 1996-1997. This is further discussed below.

The stock-recruitment model was weighted by 0.1 as in last year’s assessment in order to prevent bias in the assessment
due to this model component. In section 2.15 on quality of assessment the weighting of the stock-recruitment model is
further discussed.

Details on input parameters for the final ICA are presented in Tables 2.8.1 and 2.8.2. The ICA program operates by
minimising the following general objective function:

Yrcle-¢f +Xail-1f + X2, (r-AF

which is the sum of the squared differences for the catches (separable model), the indices (catchability model) and the
stock-recruitment model.

The final objective function chosen for the stock assessment model was:
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with the following variables:

ay age and year

C Catch at age

é Estimated catch at age in the separable model
1 Index variable (by age)

N Estimated population numbers

SéB Estimated spawning stock size

q Catchability
k power of catchability model
o, B parameters to the Beverton stock-recruit model
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Sia selection at age in the first selection period

Saa selection at age in the second selection period
AC Weighting for catches (by age and year)

Al Weighting for indices (by age)

Ar Weighting for recruitment model

Errors both in the acoustic survey and the age-disaggregated IBTS (2-5+) index were assumed to be correlated by age
for each survey. This has as a consequence that each survey will have a weight of 1 in the calculation of the total sum of
squares. Because the IBTS 1-ringer index is taken as a separate index, it will have a much higher weight than the
individual age-groups in the IBTS 2-5+ index. This is further discussed in the section on quality of the assessment (2.15)

The standard ICA model includes the assumption of the exploitation pattern being constant between recent years, i.c.,
the separability assumption. The regulations in 1996 affected the various components of the fishery differently. The
TAC:s for fleets A and C (the human consumption fleet in the North Sea and Division I1Ia) was reduced to 50 %. By-
catch ceilings for the other flects (B, D and E) were implemented corresponding to a reduction in fishing mortality of
75 % compared to 1995. These fleets exploit the juvenile herring as by-catch. As a result a single separability
assumption is likely to be violated in 1996. This has been addressed by calculating two selection patterns in which the
selection on the older ages was forced to be equal, while the selection on the juveniles was allowed to change abruptly
between 1995 en 1996. The selection on adults was forced to be equal by introducing a penalty function on the
difference between the selection patterns from ages 3 and higher. The penalty function was added to the objective
function (scec abovec). A special version of ICA was compiled to enable the addition of the penalty function to the
objective function. The new version is available on the IFAP system under the menu XXXX.

The ICA output is presented in Table 2.8.3 and Figures 2.8.3 - 2.8.11. Long-term trends in yield, fishing mortality,
spawning stock biomass and recruitment are given in Figure 2.8.3. The spawning stock at spawning time 1997 shows an
increase and is currently estimated to be around 750,000 tonnes which is around 200,000 tonnes higher than in 1996.
The fitted selection pattern in the final two years shows a reduced sclection on juveniles compared to the earlier
selection pattern (1992-1995). Mean fishing mortality over the ages 2-6 has gone down to around 0.25 in 1997. Fishing
mortality on 1-ringers has gone down from around 0.33 in 1995 to 0.07 in 1997.

The diagnostics of the model fit show relatively high residuals in the 1996 juvenile catches which indicates that the
fitted selection pattern did not conform to the catch data on juveniles. However, the overall level of residuals was
thought to be acceptable.

The sensitivity of the assessment was explored using a covariance matrix method where 1000 random draws were taken
from the parameter-distributions of the ICA model. Using these random parameter vectors, the historical assessment
uncertainty was calculated and plotted in Figure 2.8.12. It can be scen that the estimates of fishing mortality, spawning
stock biomass and recruitment have become less uncertain in recent years, when compared to the beginning of the
1990s. Several further tests were performed on the sensitivity of the assessment. They will be discussed in Section 2.15
on quality of the assessment.

29 Herring in Division IVc and VIId

The difference in age structure between the catches in Division IVe, VIId and in the rest of the North Sea clearly
indicates that the development of the southern North Sea/Channel population (“Downs herring”) is different from that in
the rest of the North Sea.

The evaluation of this stock component has been based on the herring larvae surveys in the area. The time series of the
herring larvae surveys in the southern North Sea and eastern Channel indicates low values in 1995 and that the spawning
stock biomass in this year might have been on a very low level and comparable to that in 1980 when the herring fishery
was closed (ICES, 1996/Assess:10). In May 1997 ACFM recommended that: “the effort should be reduced in this
area as recommended for the total North Sea”. In the middle of 1996 the TAC for human consumption herring was

revised in the current year to half the agreed TAC and the same TAC was set for 1997 (to avoid a complete closure of
the herring fishery in 1997). However, the advice that no directed fishing for herring should be allowed in Division IVc

and VIId in 1996 and 1997 was not followed by EU regulations neither in 1996 nor in 1997.
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Figure 2.9.1 shows the age composition of the herring in Divisions IVc and VIId in the Dutch catches from December
1980~-1997. Figure 2.9.2 shows information on the larvae abundance over the same period and in addition the changes
in the mean age in the Dutch herring catches in December. In genereal it appears that the spawning stock biomass
decreases when in the preceding year age 4 has been more abundant than age 3 (compare larvae abundance in Figure
2.9.2 with the age composition in Figure 2.9.1). In these cases a weak recruitment at age 3 appears to be recruited to the
“Downs” spawning stock. Year classes 1990 and 1991 appear to have been weak and seem to have contributed to the
fast decline in spawning stock biomass. Year classes 1992 and 1993 appear to have been at least average and probably
explain the increase in spawning stock in 1996. Although the larvae abundance in 1997 is uncertain due to
inconsistencies in the time series, the observed values in 1997 indicate an increase in spawning stock biomass in this
area even if the very large value from December 1997 is disregarded.

The mean age in the catch seems to be related to the herring larvae abundance and therefore also to the spawning stock
biomass (Figure 2.9.2). Since 1991 the spawning stock biomass and the mean age have decreased considerably, but not
yet to the low mean age of 3.2 in 1980. The mean age in the Dutch catches is somewhat higher in 1997 than in 1996.

For the management advice of “Downs™ herring it is important to know what year class strength will recruit to the adult
spawning component. The IBTS survey supplies recruitment indices of 1-ringers (2 year olds), but these indices are for
the whole North Sea herring population. Part of these 2-year olds will recruit to the “Downs” herring. Length
distributions of the l-ringers of the IBTS survey show very often a bimodal distribution. The fish of the smallest
distribution are “Down” herring recruits (born later), while fish of the largest distribution are recruits from the central
and northern North Sea (born earlier). On average the minimum between the two modes in the length distribution occurs
at 13 cm. The index of the strength of the “Downs” 1-ringers possibly predicts what the strength is of the recruiting year
class to the spawning stock. Last year, the Working Group recommended that the 1-ringer indices of the IBTS survey be
split in two components: I-ringers from the “Downs” component (length below 13 cm) and 1-ringers from the central
and northern North Sea (Iength above 13 cm) and this information be made available to the next ACFM meeting in May
1997. However, it was difficult to implement this new procedure as it would need quite a bit of programming and
testing. The Working Group therefore recommends this problem to be a matter which could be taken up by the
Study Group on the Evaluation of the Quarterly IBTS Surveys in 13—-18 August 1998.

ACFM catches have overshoot the agreed TAC’s considerably since 1988 (see Figure 2.9.3). Considerable catches taken
in Divisions IVc and VIId were misreported to other Divisions. The high catches together with the weaker year classes
1990 and 1991 have contributed to a fast decline in spawning stock biomass over the period 1991-1995. However, the
latest larvae abundance estimates and the mean age at age in the catches indicates that the stock is in a better condition
than recently thought.

2.10 Short term projection by area and fleet (Final)

Fleet Definitions

The flcet definitions were as defined last year (see CM 1997/Assess: 16, section 2.10), see section 3.2:
North Sea

Fleet A: Directed herring fisheries with purse seiners and trawlers
Fleet B: All other vessels where herring is taken as by-catch

Division Illa

Fleet C: Directed herring fisheries with purse sciners and trawlers

Fleet D: Vessels fishing under the mixed clupeoid (sprat) quota

Fleet E: All other vessels participating in fisheries where herring is taken as by-catch
Input Data for Short Term Projections

All the input data for the short term projections are summarised in Table 2.10.1.

The starting point for the projection is the stock of North Sea autumn-spawners in the North Sea and Division Illa
combined at 1 January 1998. The ICA estimates of all age groups from 0-9+ are used (Table 2.8.3).
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\
Catches by fleet: 1997 data from input files Table 2.2.9.

Stock Numbers:

For 1997 the total stock number was taken from ICA (Population Abundance year 1997).
For 1998 the total stock number was taken from ICA (Population Abundance year 1998).

For 1999 O-ringer the stock number was set to 44 000 million (the historic, arithmetic mean) which is the same value
that has been used the past four years. This Figure is likely to be revised following the meeting of the North Sea Herring
Stock-Recruitment study group meeting.

Fishing Mortalities: fishing mortalities for all age classes are taken from Table 2.8.3 for 1997. No adjustments to
estimates for the youngest age classes were required, because there was no down-weighting of the young age classes in
this year’s assessment.

Mean Weights at age in the stock: the averages of the last 2 years’ mean weights (1996 and 1997) were used (Table
2.8.3)

Maturity at age: The average maturity at age for 1996 and 1997 was used (Table 2.7.2)

Mean weights in the catch by fleet: A mean of the last two years was taken i.e., 1996 and 1997, (Table 2.2.9)
Natural Mortality: Unchanged from ICES (1997/Assess:16) Table 2.8.3.

Proportion of M and F before spawning: Unchanged from ICES (1997/Assess:16) Table 2.8.3.

Split factors

To get a projection as realistic as possible, the calculations were carried out by fleet and area. The proportion of 0- and
1-ringers that occur in Division IIla is likely to vary between years depending on the size of the year class. The
procedure for splitting and the results are shown below.,

The split factor used for the short term predictions distinguishes the proportions of North Sea autumn spawners being
caught in the North Sea and Division 1IIa. Some of the split factors are directly estimated from surveys, other values are
estimated from a general linear model (GLM) which relates the proportion of 1-ringers in Division Illa to the MIK index
of O-ringers. This is discussed in detail below.

It is generally assumed that the split-factor that applies to a year class as O-ringers, also applies to that same year class as
l-ringers. The assumption is that the spatial distribution occurs as O-ringers. l-ringers remain in the area where they
ended up as O-ringers, and only migrate back to the North sea from Division Illa as 2-ringers. This assumption and the
origin of the split-factors used in the short-term predictions are illustrated in the text table below.
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Year

O-ringer distribution

1-ringer distribution

1997 (last yrin ICA)

This split-factor (O-ringers in 1997) is
equal to the split-factor of IBTS 1-
ringers in 1998 B

\\

This split-factor (1-ringers in 1997) is
obtained from the proportions
estimated for the 1-ringers in the
IBTS in 1997

1998 (Assessment year)

This split-factor is equal to *he
regressed 1-ringer distribution of
1999, i.e., obtained from the \lll\\\
value for 1998 (yr class 1997) and the
GLM

This split-factor is obtained from the
proportions estimated for the 1-
ringers in the IBTS in 1998

1999

This split-factor is cquu‘ tothatof 1-
ringers in 2000, i.c., estim.ted by
taking the average MIK index for the
year classes 1981-1997 and usmb the

This split-factor is obtained from the
MIK value for 1998 (yr class 1997),
and a general linear model (GLM) to
predict the split.

GLM to predict the Spllt

y This split-factor (1-ringers in 2000) is
) estimated by taking the average MIK
! index for the year classes 1981-1997
S, 1 and the GLM to predict the split-

N ! factor.

Summary of Proportions North Sea autumn spawners in the North Sea used in projections:

O-ringers 1-ringers
1997 0.8400 0.7000
1998 0.7966 0.8400
1999 0.7202 0.7966

The value of 0.7 (1-ringers in 1997) is the 1997 IBTS 1-ringer split-factor. The value of 0.84 (1-ringers in 1998 and 0-
ringers in 1997) is the IBTS 1-ringer split factor for 1998. The proportion in Division Illa was estimated at 0.16 (hence
an estimated proportion of 0.84 in the North Sea.)

The value of 0.7966 (1-ringers in 1999 and O-ringers in 1998) was determined by a general linear model between the
MIK index and the IBTS 1-ringer proportion in Division Illa (see comments below). The MIK index of O-ringers in
1998 is 53.1 which predicts a proportion of 0.2034 in Division 1Ila (1-0.2034=0.7966 in the North Sea).

The value of 0.7202 (O-ringers in 1999 and 1-ringers in 2000) was estimated from the general linear model and an
average MIK index over 1981-1997 (131.4), which gives an estimated proportion of 0.2798 in Division Illa.

Comments on the General Linear Model

The standard linear regression between the MIK index of O-ringers and the proportion North Sea autumn spawners in
Division IIla as estimated from the IBTS 1-ringer index, has been criticised in the past (O'Brien and Darby 1997, and
Basson 1997, Working Documents to HAWG). The basic assumptions of the regression (normally distributed errors,
constant variance) are violated. The two Working Documents presented at last year’s meeting (Referenced above)
showed results from fitting general linear models which have more acceptable diagnostics than the standard regression.
For the range of MIK-observations, the different models lead to reasonably similar estimates of the proportion in
Division IIla. All these models are, however, likely to break down when used with an MIK index that lies outside the
range of observed values. Problems are likely to be particularly acute if the index is very high or very low.

Table 2.10.2 shows the observed values and the two models: one with Gamma errors and an inverse link function, and

one with Gamma crrors and an identity link. The details of these models are discussed in more detail in O’Brien and
Darby (1997, Working Document to HAWG) and Basson (1997, and 1998 Working Documents to HAWG). The two
models were re-fitted with the new data-point for the 1996 year class. No extensive re-evaluation of the models was

attempted. The analysis was done in Splus, and summary results are given in Table 2.10.3 for completeness.
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Comments on the short-term projections

Two tools for short term prediction were made for this meeting. One was a revised spreadsheet made with a new lay-out,
to make data entry and the use simpler. It does the same computations as the one used in previous years, except for a few
minor errors in the previous one, which were corrected. The other was a more extensive compiled piece of software,
written specifically for doing North Sea herring predictions, allowing for future extensions to include uncertainty
estimates. Both picces of software were used, and results compared, to minimise errors in inputs.

The process as it was done this year, is in two steps. The first is to compute local partial fishing mortalities for each
fleet, corresponding to the stock in the area where the fleet operates. This is done using stock numbers and fleetwise
catches in a reference year, which would be the last assessment year. The next step is to project the stock forwards,
starting with the stock numbers at the start of the first prediction year from the assessments, and applying the local
fishing mortalities, cach raised by an F-factor. Catches by fleet, the ensuing overall fishing mortality, and the SSB are
computed and presented.

The area-specific stock numbers and fishing mortalities apply only to 0- and 1- ringers. Older fish are treated as one
uniform stock, because North Sea autumn spawners have been assumed to leave Division Illa as 2- ringers.

The computation of local partial fishing mortalities in the reference year is done as follows:

The initial stock number at age NO(a) is divided between the areas according to the assumed split factors.
s Stock numbers N1(a) at the end of the year are computed in each arca j using Pope’s approximation:
N1j(a) = NOj(a)*exp(-M(a)) - Cj(a)*exp(-M(a)/2) where Cj(a) is the total catch at age in the area.
e Total local mortality Zj(a) is computed as log(NOj(a)/N1j(a)) and the total fishing mortality as Fj(a) = Zj(a)-M(a)
e Fleetwise partial F’s are obtained by dividing the total area F proportional to the catches
For ages 2 and older, the total F according to the input is divided betwcen the fleets proportional to the catches.

In the prediction itsclf, the local partial F’s are manipulated by F-factors, which apply to all ages, i.e., the fishing pattern
is kept. The process is as follows:

e The initial stock number at age NO(a) is divided between the areas according to the assumed split factors.
o The local (area j) partial F’s, as adjusted by the f-factors are used to compute the catches at age by fleet using
Cj(a) = NOj(a)*(1-exp(-Z(j(a)))/Zj(a)
e Stock numbers N1(a) at the end of the year for the whole stock are computed in cach area j using Pope’s
approximation:
N1(a) = NO(a)*exp(-M(a)) - C(a)*exp(-M(a)/2) where C(a) is the total catch at age by all fleets.
¢ Total mortality Z (a) for the whole stock is computed as log(NO (a)/N1(a)) and the total fishing mortality as
F(a) = Z(a)-M(a)
e Yicld is obtained by multiplying catches at age with flect-specific weights at age

SSB is obtained by first computing the stock numbers at spawning time as Nsp(a) = exp(-Z(a)*prop), where prop is the
proportion of the mortality before spawning. These stock numbers are multiplied with weight at age in the stock, and
summed over all ages.

In the spreadsheet used previously, catches that would have been taken by the fleets C, D and E at age 3 and older, were
ignored. Such catches would be predicted if there were catches at those ages in the input data for the reference year. In
the present version of the programmes, these catches are included, but they can be removed if necessary.

Prediction for 1998 and management option tables for 1999

Four management prediction tables are presented here. The first reason for this is that there arc now indications of
catches of North Sea autumn spawners of age 3 and above being taken in Division I1la. The assumption previously used
in projections, was that all North Sea autumn spawners migrate back to the North Sea at age 2. The second reason is that
although status quo fishing mortality has been assumed for the first prediction year (1998 in this case) in past Working
Group Reports, there is now reason to believe that misreporting may be less of a problem, and a TAC constraint for
1998 may therefore be realistic.
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Assumptions and Predictions for 1998

The first two management prediction tables are essentially done on the same basis as in previous years, and catches of 3-
ringers and older in Division Illa are set to zero i.e., ignored. The first table assumes status quo (1997) fishing
mortalities (Table 2.10.4), and the second table assumes a TAC constraint in 1998 (Table 2.10.5). Predictions for 1998
based on status quo (1997) fishing mortalities give catches which are below the set TACs for some fleets, and above the
TAC:s for others. It is, however, expected that misreportings from the North Sea for Fleet A will be less serious than it
has been in the past. Therefore, both options are provided.

It is worth noticing that the human consumption fishery in Division HIa (the C-fleet) largely exploits Baltic spring
spawning herring. The TAC for this fleet in 1998 is 80 000 tonnes out of which 24 400 tonnes are assumed to be North
Sea autumn spawners. Thus, the predicted catches for the C-fleets by some of the options would imply TAC’s well over

* 500 000 tonnes for that fleet. The reason for this is two-fold. First, since the fishing mortality for this fleet is referred to

by the F on juveniles, and the juvenile F was very low in the reference year, most options would imply a large increase
in the F for the fleets B-E. Secondly, a much larger part of the catches by the C-fleet appears to be autumn-spawners
than previously assumed. It is not clear whether this is due to changes in mcthods for identifying autumn-spawners,
appearance of Baltic autumn spawners or both.

The predicted SSB for 1998 is 1.1 million tonnes representing an increase compared to the estimated SSB in 1997 of
745 thousand tonnes (Table 2.8.3). This is a result of the reduction in fishing mortality achieved between 1996 and
1997, as well as the expected levels of fishing in 1998.

On the basis of status quo fishing mortality (Table 2.10.4), the projection for fleet A suggests that the TAC for this flect
may be restrictive, although the possible misreporting of catches between the North Sea and Sub area VI a North may
affect this. The projection for fleet B for 1998 suggests that, under status quo fishing, the by-catch ceiling (22 thousand
tonnes) may not be restrictive. The predicted status quo yield for fleet C is close to the set TAC (24.4 thousand tonnes).
The agreed TAC or by-catch ceiling for fleets D and E is unlikely to be restrictive when only viewed in terms of North
Seca autumn spawners. These fleets have a dominant contribution of Baltic spring spawning herring and it is therefore
difficult to assess if the TAC (including both autumn and spring spawning herring) for these fleets will be restrictive.

Management Option Tables for 1999

Table 2.10.4 gives management options for 1999 based on status quo fishing mortality in 1998. The first option is given
for the values of juvenile (0—1 ringers) and adult (2-6 ringers) fishing mortalities (for all fleets), in the EU-Norway
agreement. The other options are in terms of fishing mortalities for flcet A (2-6 ringers) and fleets B,C,D,E (0-1 ringers)
as requested by ACFM:

Fleets B,C,D and E: levels of fishing mortality of 0, 0.1, 0.2 and 0.3
Fleet A: levels of fishing mortality of 0.2 and 0.3.

When options are requested in terms of fishing mortalities, particularly for the group of fleets B,C,D and E, there are
many different combinations of F-multipliers for these four fleets that would give a particular fishing mortality. The
projections in Tables 2.10.4 and 2.10.5 were based on the assumption that the F-multipliers arc identical for fleets
B,C,D,E. The 1997 catch-by- fleet data (Table 2.10.1) show that a relatively large number of 2-year olds were taken by
fleets C and E in particular. This leads to high projected catches of 2-year olds, which implies a potentially large
difference between the average F for 2-6 ringers for fleet A only, and the average F for 2-6 ringers for all fleets
combined. This is shown in Table 2.10.4, for example, by comparing the columns named F-A and Fad.

All options predict an SSB in 1999 of above 1.1 million tonnes. Some of the options predict SSB-levels above the
suggested By, of 1.3 million tonnes.

Table 2.10.5 only differs from Table 2.10.4 in that a TAC constraint was used for 1998. Projections for 1999 are very

similar to those based on status quo fishing mortality in 1998.

Additional management option tables for 1999

Two additional management option tables are presented. The 1997 catch-by-fleet (Table 2.10.1) shows relatively large
numbers of 3-ringers and older taken by fleets fishing in Division 1Ila compared to historic data. Since 1996, a new
method (otolith microstructure analysis) for separating North Sca autumn spawners from Baltic spring spawners has
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been used on some samples from Division Illa. This may mean better discrimination between the two stocks. In the past,
the projections have ignored any catches of (North Sca autumn spawner) 3-ringers and older taken in Division Illa,
because it was assumed that all North Sea autumn spawners migrate out of Division IIla at age 2. The catches in 1997
suggest that this may no longer be a realistic option.

The assumptions used for Tables 2.10.4 and 2.10.5 could not be used directly with the inclusion of 3-ringers and older
in catches by fleets C,D and E, because this leads to unrealistically high catches of the older age classes when the F-
multipliers are based on fishing mortalities for juveniles. Recall that fishing mortality on juveniles is estimated at a low
level in 1997, so that very large F-multipliers are required for options where F for fleets B,C,D,E (0 and 1 ringers) are
0.2 and 0.3.

Table 2.10.6 assumes that the F-multipliers for fleets A and C are the same, and F-multipliers for fleets B,D and E are
the same. The only exception is in the option where fishing mortality for B,C,D,E is 0, when the F-multiplier for fleet C
is also set to 0. Status quo fishing mortality for 1998 was assumed. The main difference between this set of projections
and those presented in Tables 2.10.4 and 2.10.5 is that the projected catches for fleet C are lower. Predicted SSB values
are very similar.

Table 2.10.7 shows results for the assumption that the F-multiplicrs for fleets B,C,D and E in 1999 remain in the
proportions as the F-multipliers required to achieve the 1998 TACs. This assumption ensures that the projected catches
for fleet C are more similar to projections in Tables 2.10.4 and 2.10.5. Predicted SSB values are again very similar.,

Conclusions

The short term projections presented here do not reflect the uncertainty in the assessment, recruitment or any of the other
input parameters. Sections 2.8 and 2.15 show the extent of thc uncertainties in the assessment. The short term
projections for North Sea herring also includes predictions of ‘split-factors’ which describe the proportion of 0- and 1-
ringers in the North Sea and in Division Illa. A working paper presented at the meeting (Basson, 1998) explored ways
of incorporating uncertainty in the split-factors into the predictions. After discussion, the Working Group decided to
examine ways of merging the approaches for short and medium term projections to incorporate the different sources of
uncertainty into short term projections.

2.11 Medium-Term Projections

The Working Group considered point (2) in the terms of reference in which it is asked for medium-term forecasts of
catch by fleet, and the development of SSB on stochastic recruitment around a conventional stock-recruitment
relationship. In the terms of reference, the following levels of exploitation are specified:

e Fleets B,C, D and E: levels of fishing mortality of 0, 0.1, 0.2 and 0.3.
e Fleet A: levels of fishing mortality of 0.2 and 0.3

The method used for the calculation of stochastic medium-term projections was the same used in last years' assessment
and follows the procedure described in ICES (1996/Assess: 10). It is summarised here again for convenience. The vector
of parameters X (comprising the fishing mortality at reference age, the selections at age, the fitted populations in 1995
and the expected recruitment in 1996) is estimated by the assessment procedure on a logarithmic scale with variance-
covariance matrix C. The projection method is based on drawing Monte-Carlo pseudo-data sets to initiate the
projections with a mean X and multivariate normal errors C. Recruitment, however, is treated differently. A Beverton-
Holt stock-recruit relationship fitted but with no autocorrelation in the errors (Figure 2.11.1). A non-parametric
bootstrap method was used to generate recruitments in the pseudo-data sets used for the projections: Uncertainty in
future recruitments around the stock-recruitment relationship was modelled by randomly drawing values from the
historic time-series of log residuals. The 'ICP’ (Version 1.4w) programme was used to implement the method. No
explicit modelling of migrations nor of area-specific mortalities was included in the medium-term projections.

The following assumptions were made in the medium-term projections:

The Working Group has interpreted the request as to hold that the human consumption fleet in the North Sea

(Fleet A) should subject the stock to a fishing mortality of 0.2 or 0.3 (defined as an arithmetic mean from ages 2
to 6 w.r.). The fleets B (industrial by-catch in the North Sea), C, (IlIla human consumption), D(IIla mixed
clupeoid) and E (Illa industrial) were supposed to be of primary importance for the juvenile autumn-spawning
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herring. Forecasts based on fishing mortality on ages O-1w.r.(arithmetic mean) by these fleets at levels of F=0,
0.1, 0.2 or 0.3 were calculated.

Due to the revision of the estimates of the separation of herring caught in Division llla into fish of North Sea autumn-
spawning stock and fish of the 11la/Western Baltic stock, the assumption that fleets C-E do not catch adult fish no longer
agrees with the reported data. Higher estimates of partial mortality at older ages by these fleets from using the new
estimates, with the result that exploitation by fleets B-E contribute to mortality of adult fish.

The following options are as specified for the short-term options (see Section 2.10. and are described here again for
convenience:

¢ The mean maturity ogive as measured in 1996 —1997 has been assumed to hold for the years 1998 and thereafter.

The natural mortality that was used for the assessment has been assumed to hold for the years 1998 and thereafter.

The proportions of F and M before spawning in the projections were as used in the assessment.

The weight at age in the stock for forecasting purposes was taken as the mean value from 1996 and 1997.

The weights at age in the catches by fleet were also taken as the mean values from 1996 and 1997

The projections start from the populations on 1 January 1998 (ages 1-9+) and recruitment on 1 January 1999 (age 0)

calculated in the assessment procedure.

¢ The overall exploitation pattern as estimated for 1997 and 1998 was assumed to hold for 1999 and thereafter.

e The relative fishing mortality by fleet and at age as estimated for 1996 and 1997 (arithmetic mean) was assumed to
hold in future years.

A summary of input data (additional to that used in the assessment) is given in Table 2.11.1. In this example, fishing
mortality for fleet A has been set to 0.3 (by using an F-multiplicr of 1.16686 for fleet A), and the fishing mortality at
ages 0—1 has been sct to 0.2 by setting an F-multiplier for flects B-E of 4.0486.

The medium-term projection scenarios modelled are given in detail in Figures 2.11.2-2.11.9. Perceptions of future stock
development are similar to those previously estimated by the Working Group (ICES 1997/Assess:8).

2.12 Request by the Working Group on Ecosystem Effects of Fishing Activities

Catch and discard data for pelagic stocks are currently only available for one fleet (Table 2.12.1). Three other countries
discard programs recently started, so it is expected that more data will become available.

The available data consist of catches and discards by month, by species (herring, mackerel, horse mackerel, blue
whiting) and by statistical area or herring spawning arca. At the Working Group only preliminary data for 1997 was
available. The discard sampling program started around 1985 so that data is available for a number of years.

Discards are estimated on board by the crew themselves for a small number of fixed vessels in the fleet. Discards and
catches on the sampled vessels are raised to the total landings. Discards are not weighed on board, but rather estimated
as a volume. They are not estimated as a percent of the catch. The vessels that cooperate in the discard program take
around 20 % of the total landings of that fleet and are supposed to be representative for the fleet and its fishing
behaviour. Cooperation is, however, on a voluntary basis because confidential information is supplied.

Data could be made available by ICES rectangle if required and it can be either by trip or for the total fleet. It is
estimated that the preparation of the data in a suitable (to be defined) format will take a limited number of days work.

2.13 Quality of the assessment

The assessment