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1 INTRODUCT10N

•

1.1 Participants

Dalskov, J.
Dickey-Collas M.
Eltink, A.
Gröhsler, T.
Hammer,C.
Kirkegaard. E. (part time)
Lassen, H.
Modin, J.
Molloy, J.
Mosegaard, H.
Munk, P.
Nash, R.
Nichols, J.
Patterson, K.
Pastoors, M.
Simmonds, J.
Skagen, D.
Stevenson, D.
Toresen, R. (Chairman)
Torstcnsen. E.
Verin, Y.

1.2 Terms of Reference

Denmark
United Kingdom
Netherlands
Germany
Germany
Denmark
Denmark
Sweden
Ireland
Denmark
Denmark
United Kingdom
United Kingdom
United Kingdom
Nctherlands
United Kingdom
Norway
USA
Norway
Norway
France

The Working Group met at leES Headquartcrs from 10-19 March 1997 with the following terms of reference
(C.Res.1996/2: 14:6):

a) assess the status of and provide catch options (fleet where possible) for 1997 and 1998 for the North Sea
autumn-spawning herring stock in Division IIIa, Sub-area IV, and Division VIId (separately, if possible, for
Divisions IVc and VIId), and for 1998 for the herring stocks in Division VIa and Sub-area VII, and the stock
of spring-spawning herring in Division IIIa 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 ofrebuilding the stock to the MBAL level by spawning time in 1998;

b) 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, of: F=O; 0.1; 0.2; 0.3 while the levels of exploitation by fleet Aare:
F=0.2 and 0.3;

c) assess the status of and provide catch options for 1997 for the sprat stocks in Sub-area IV and Divisions IIIa
and VIId,e;

d) provide the data required to carry out multispecies assessments (quarterly catches and mean weights at age in
the catch and stock for 1996 by statistical rectangle of the North Sea for herring and sprat);

e) propose adefinition of safe biological limits using target reference points based, where appropriate, on
biomass, fishing mortality, maturity, growth, age structure, exploitation pattern, geographie distribution and
other relevant parameters; based on the above parameters, propose limit reference points to be avoided with a
high probability;

f) prepare medium-term forecasts of yield and SSB, taking into account uneertainties in data and assessments
and assuming a stock-recruitment relationship, to indicate the probability of attaining target reference points
and avoiding limit reference points;
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g) provide information on quantities of discards by gear type and area for the stocks of fish and fisheries
considered by this group [OSPAR 1997/5.3) and report to WGECO.

1.3 Request from EU and Norway

The Working Group received arequest from the Chairman of ACFM to prepare information to respond to the
following request from the European Commission and Norway:

ICES is requested to:

a) evaluate and advise on a fleet definition of the vessels catching herring in the North Sea (current fleets A and
B) and Division IIIa (eurrent fleets C-E) based on existing fisheries while regarding their fishing pattern,
inc1uding the following fleets defined as:

North Sea

.-

'",

Fleet A:
Fleet B:

Division IIIa

Fleet C:
Fleet D:
Fleet E:

directed herring fisheries with purse seiners and trawlers using 32 mm
all other vessels using mesh size 16 mm or less when trawling and where herring is
taken as by-catch

direeted herring fisheries with purse seiners and trawlers using 32 mm
vessels fishing for sprat with 16 mm trawls or purse seine
all other vessels using mesh size 16 mm or less when trawling and where herring is
taken as by-catch

•
and if possible and required rebuild the data base corresponding to the new fleet definition retrospectively for
the latest five years.

b) based on any new information about the abundance of herring and in the light of the possibly revised data
base recalculate the predietions of cateh by fleets A-E for 1997 and assoeiated biomass.

c) calculate equilibrium spawning stock biomass and equilibrium yield for a full range of fishing mortality rates
using a precautionary exploitation pattern. These equilibrium calculations should be based on a stoehastic
stock-recruitment relationship using the longest possible data set. In addition to showing the expected
equilibrium values, these plots should show the 5, 10, 20, 30, 50, 80 and 90 percentiles for the distribution of
SSB and yield. Tbe calculation should inc1ude uncertainty in the estimates of as many parameters as possible.

d) do similar calculations for a range of exploitation patterns which consider relative changes in the magnitude
of fishing by fleets B-E compared with fleet A. The range of exploitation by fleets B-E should be 0.75, 0.67,
0.5 and 0.25 relative to that for fleet A.

e) advise on appropriate reference points for fishing mortality and spawning stock biomass. In addition to
nominal absolute values biomass referenee points mayaiso be based on a reference year in order to
demonstrate problems of changes in seale.

f) advise on appropriate management regimes (Le. "harvest control laws") inc1uding referenee points at which
immediate remedial aetion should be taken and appropriate time scale for actions, which might be used in
future management of the stock and which takes into aceount sustainable exploitation rates and appropriate
biomass thresholds.

g) evaluate the statistieal reliability of the sampling data on which the operation of the current by-catch quotas
depend.

h) estimate the ratio of admixture of North Sea herring and SW Baltic-Division IIIa spring spawning herring in
Division lIla and appropriate fishing mortality rates for the SW Baltic-Division lila spring spawning herring,
to ensure that TACs for this fishery are set at a level that takes due account of the separate components in this
fishery.
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1.4 Report of the planning group for Herring Sun'c~'s in the North Sca

•

The Planning Group' for Herring Surveys met in Lysekil in May 1996 and again in Aberdeen 24-28 February
1997, the first meeting was reported at the ICES Annual Science Conference, the results of the second meeting
were presented in the Herring Assessment Working Group. Tbe meeting was held to:

a) Coordinate the timing and area allocation of and methodologies for acoustic and larvae surveys for herring in
the North Sea Divisions VIa and lIla and the Western Baltic.

b) Combine the survey data to provide estimates of abundance for the populations within the area.
c) Evaluate the usefulness of the herring acoustic time series with respect to North Sea Assessment.
d) Discuss the outcome of studies of the consequences of reduced effort and area coverage for the herring larvae

surveys.
e) Define the future data processing needs for combining future proposed acoustic and larvae surveys data from

different countries and where this should be carried out over the next few years.
f) Develop a proposal for a survey plan for acoustic and larval surveys which will provide data required for

future North Sea Assessments.

RC"'icw of the Sun'ey Time Scries

Four studies were presented: A review of the amplitude distributions from the Acoustic Surveys in the Orkney
Shetland area from 1988 to 1996. A review of the spatial distribution of abundance for the full sequence of the
Acoustic surveys from 1984 to 1996. The data from all surveys has been entered as numbers and biomass at age
and maturity by ICES statistical rectangle and is available as aseries of Excel spreadsheets. A review of thc
acoustic survcy time series age dis-aggregated index with reference to the IBTS age dis-aggregated index. A
missing catch stock model was presented to examine the implications of missing catch on the assessment.

ConcIusions from the studics

Tbc review of amplitude distributions from Orkney Shetland area.

1. Tbe ratio of the number of zero and minimum class values changed through the period of study, the number
of zero values increased.

2. Tbe skew factor for the distribution increased during the period of the study.
3. Tbc number of zero rectangles was greater after 1990.

Items 1 and 3 are incompatible with an increase in abundance due to changes in data treatment or due to changes
in the mean as an estimator of the stock abundance value. However, there is a possibility that item 2 may be
caused by underestimation of the largest schools in the carly years duc to saturation of the highest signals in the
electronics, this could explain a change in survey cfficicncy betwccn 1990 and 1991.

Tbe distribution of abundance from the Acoustic sune~'s

Tbe distribution maps show important changcs in distribution both across the North Sca and East and West of
Shctland. The maps show that the survcy in 1988 has substantial high values on the Northern boundary and this
may have resulted in a low cstimate in this ycar due to a lack of coverage. Tbe distribution shows some year to
year variation in the abundance in the area west of Orkney and Shetland and North of the Minch. There is
uncertainty as to the correct allocation of these fish to the North Sea or west of Scotland stocks.

Comparison between Acoustic Suney and IßTS time series

Tbe ratio of the Acoustic Index with thc IBTS from 1987 to 1994 shows considerable fluctuation with a low
point in 1988, resulting in a factor of 1.7 or 1.2 between observations at the ends ofthis period, dependent 011 thc
method used to combine the year classes. The differences over the full available time series from 1984 to 1994
indicates a factor between 1.4 to 0.7 from the mid 1980s to the early 1990s. Tbc study also present estimates of
precision for the estimates of year-class strength, these are not of high quality but they do suggest that there is
considerable overlap in the series and the acoustic series providcs a more precise estimate of year-class strength
at 2 to 4 ring.
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Missing Catch Model

A population model similar in structure to the Working Group's assessment model but excluding catch
information was used to investigate whether the perceptions of an increasing catchability in the acoustic survey
biomass estimate are dependent on using reported catches in a VPA-type model structure. Some estimates of the
variability in different data series were calculated. Overall the model suggests that the most reliable source of
information are the acoustic survey estimates of age-structure and the IBTS spawning biomass estimates. These
inferences are of course predicated on the assumptions detailed in Patterson (1996) and rely on ignoring process
errors (e.g. changes in selection pattern, changes in natural mortality, etc.).

Use of lIerring Acoustic Sune,Ys in Asscssmcnt

There remained a number of unanswered questions:

Why is the age structure from the acoustic survey the most precise age index while the abundance index is the
most divergent, when the abundance estimates are used to derive the age structure for a stock with spatially
variable age structure?

Why does the IBTS abundance index perform best, during aperiod with changing adult age structure, while it is
dominated by a single year class because it is derived from a survey with a fishing gear with a steep age selection
function?

Why does the acoustic abundance index which shows the least year to year fluctuation give a stock trajectory that
is different from other indices?

Conclusions from thc studies

The problem of divergent indices is still present when the effect of the magnitude of unreported catch, with a
linear increasing fishing mortality, is included in the analysis.

In the missing catch model the acoustic survey and the IBTS survey indices may be more self consistent than all
the indices combined. It mayaiso be preferable to use the full acoustic time series (84-97), as this reduces the
slope of any long term trend between the surveys.

There was a general increase in the frequency of zero values ( 2.5NM sampie values) in the acoustic survey of the
Orkney Shetland area during the period 1987 to 1995. This would indicate a tendency to underestimate the
population. The increase in skew in the amplitude distributions during this period could be caused by signal
saturation for large schools, and thus could explain underestimation during this pcriod.

There is a need to investigate the importance in the survey time series of abundance changes to the west of
Orkney and Shetland and North of the Minch. If these are important the age and length structure of herring
should be investigated and this should be used to advise on the split between North Sea and West Coast herring

An examination of the depth distribution of herring over the survey periocl should be carriecl out. These should be
investigatecl in the light of depth dependant information on herring target strength information to estimate
possible abundance changes over the survey period.

The use of Generalised Additive Models (GAM's) on age dis-aggregated spatial distributions of herring from
Acoustic and IBTS surveys should be examined to see if these can be hclpful.

Inferences drawn from the age structure and abundance indices may differ. This requires care when the indices
are used in the assessment.

Perceptions of series divcrgence are depcndant on the years, age ranges, and ycar dass weighting given to
different year c1asses.

There is a need to carry out studies of the implications of saturation in the electronics on surveys prior to 1991.

•
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•

There is a need to increase confidence in the compatibility of multiple surveys used in the North Sea, Western
Baltic and VIa. For this purpose it is proposed to include intercalibration during the survey, to exchange data on
length and age distributions from hauls carried out during one year (1995) and to hold a workshop to study the
interpretation stage of acoustic survey echo sounder output allocation to herring, this should be held in 1998.

The report provided aseries of recommendations to address these issues, these are presented together as
recommendations for the present Working Group.

Review of Larvae Surnys

The substantial decline in ship time and sampling effort allocated to the Herring Larvae Surveys in recent years,
required a study of the effects on the estimates of larvae abundance and production derived from these surveys. A
first step of this analysis was presented, considering a reduction in the number of sub-areas to be sampled and the
required frequency of intermediate complete surveys. From the presentation and discussion of this study and
comparison with results from a multiplicative model for the abundance index MLAI, the following main
conclusions were drawn:

There is no long term stability in the relative importance of the different spawning areas and therefore the
assumptions required for the multiplicative model used to overcome the problem of missing values in the data
sets are not valid when based on extended time periods. The inclusion of interaction terms between survey areas
may alleviate this problem.

For the calculation of abundance indices it would be prudent to concentrate effort on a few target areas rather
than attempting to cover all spawning areas of the North Sea as has been done in the past. The precision of stock
size estimates is not reduccd when based on combincd sampling results from Orkney/Shctland and Buchan or
southern North Sea as compared to including all three areas or a compIete coverage.

Complete coveragc would nevertheless be required though less frequently, to observe long term trends in the
relative importance of the different spawning areas and in the zJk values. From the multiplicative model there is
evidence for temporal periodicity in the residuals of the larval abundance values of the order of approximately 6
8 years. In order to study this periodicity, complete coverage would be required every three years.

The residuals in the multiplicative model for the abundance index (MLAI) indicate that the results from different
time periods within areas show differenees similar to those between areas. It is thus not to be expected that a
reduetion in the survey frequency can be aehieved without loss in precision of stock size estimates based on the
MLAI. For LPE one coverage may be sufficient, as has previously been suggested by the Herring Larval Survey
Working Group (ICES 19901H:32). This has to be reviewed, however, in the light of an additional reduction in
the areas covered.

The recommendations for the larvae surveys are colleeted in the recommendations from the present Working
Group.

1.5 Assessment methods

Assessment methods available to the Working Group were as described in ICES (Anon: 1996/ASSESS:1O
[Herring Assessment Working Group report] ), where reasons for the choice of method are also documented. A
detailed documentation of the separable model implementation used previously (lCA version 1.2) is given in
Patterson and Melvin (1996). However, a new model implementation (lCA version 1.3) was provided to the
Working Group for testing purposes (Patterson, WD 1997a) Although the model is unchanged from the previous
version, the programme implementation has been improved. The prineipal changes to the programme have been:

1. An inerease in the year and age range so that the full range of available data can be used in a consistent way.
2. Improvement in the presentation, detail and layout of the output tables.
3. Provision of a number of intermediate files for interfacing to existing Working Group software (e.g.

TRENPLOT, WGFRANS, ete.).
4. Optional inclusion of a second seleetion pattern over a specified time period in the analysis.

After some minor revisions found to be necessary in the course of the meeting, the Working Group decided to
use the new implementation for its assessments.
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1.6 Recommendations

..

The following recommendations are numbered by the chapter number of origin. Recommendations that require to
be specifically taken forward to the administrative sessions of the ICES Annual Science Conference are in
BOLD.

A considerable number of stock assessments have difficulties due to sampling deficiencies in biologieal variables
in the catch. These are due to two separate problems;

• sampies that are taken are insufficient to describe the parameters required,
• there is a shortage of data specifically from catches that are landed in countries different from the origin of

the vessel

Recommendations conceming this matter are combined into a single recommendation G.1.

The simulations presented in sections 2.9, 2.11 and 2.15 use in total four different stock-recruitment models.
These models serve different purposes, Le. equilibrium and medium term projections. Even though the models
are derived on much the same basis there are some differences in the time series of data included in fitting the
parameters and also in the structure of the models (the level of autoregressivity in the model).

The data series of stock and SSB available should be the longest possible. There are problems with the data •
representing the start ofthe available data set (1947 - 1960) and these problems should be resolved ami an agreed
data series constructed. A study group is proposed under recommendation G2.

1.1 due to inconclusive findings in an examination of the herring survey time series that further studies be
carried out on:

a) the separation ofWest coast and North Sea herring stocks within the acoustic survey time series,
b) depth related distribution of herring and its impact on the stock estimation,
c) the use of GAMs on acoustic and IBTS surveys,d) an examination of pre 1991 surveys for possible

under estimation due to signal saturation in the electronies,

1.2 the acoustic surveys should be continued with each participant covering the same general areas to maintain
consistency and a number of steps be taken to improve quality assessment in the acoustic surveys; the
surveys should include inter-ship calibration, a study of between participant variability of trawl
performance, a workshop be held in Bergen in January 1998 at the next planning group meeting to study
variability in echogram scrutinising procedures between participants,

1.3 for the larvae surveys:

a) yearly surveys should focus on the southem North Sea as weil as on the Orkney/Shetland and/or Buchan
area, more detailed analyses of the historieal data base is required to elucidate, which of the two northem
areas should receive a higher priority,

b) efforts should be made to organise complete coverage every three years, out of phase with the Mackercl
Egg Survey, starting in 1999,

c) the effect of survey timing on larvae abundance indices and production estimates should be examined in
more detail from the historieal data base, to confirm or disprove the indications so far available,

d) reliability and changes of the :zJk values should be studied as the LPE is especially sensitive to this
parameter, a standard procedure to estimate :zJk should be defined and the existing data series revised
accordingly,
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1.4 thc herring survcy planning group should meet in Bergen, Norway from 19 to 23 January 1998 under thc

chairmanship of John Simmonds (UK) to:

a) coordinatc thc timing and area allocation of and methodologies for acoustic and larvac surveys for
herring in thc North Sea Divisions Via and IIIa and thc Wcstern Baltic with particular referencc to thc
1999 Larvae Survey,

b) combinc thc survey data to provide estimates of abundance for the populations within the area,
c) hold a workshop on acoustic echogram scrutiny,
d) assess the results of studies on: the separation of Western and North Sea herring stocks within thc

acoustic survey time series, thc examination of pre 1991 surveys for possible under estimation due to
signal saturation in the electronics, the inter-ship calibrations, study of variability of trawl performance
between participants,

e) from the results of the above studies report on the applicability of a further study of the herring survey
time series,

2.1 the I-ringer indices ofthe IßTS survey be split in two components: I-ringers from the "Downs" component
(length below 13cm) and I-ringers from the central and northern North Sea (length above 13cm) and this
information be made available to the next ACFM meeting in May 1997,

3.1 in order to make fruitful contributions towards a full analytical assessment of spring spawners in the
Division IIIa and Sub-divisions 22 and 24, the lIerring Assessment \Vorking Group recommends that a
Study Group should set up to meet in Lysekil January 12th to 16th, 1998 (Chairman Jorgen Dalskov,
Denmark) with the following terms of reference:

a. to formulate a migration model of the Ualtic spring spawning herring that is consistent with
present knowledge and which can be used on a routine basis for assessment purposes. The model
should be Iinked to the results of an evaluation of the methodology on separation of stocks.

b. to compare the methodologies for stock discrimination by nrtebrae counts or otolith analyses and
start to update the historical split between spring and autumn spawning components in Dh'ision lIla.

c. to re\'iew and update catch at age and mean weight at age data for all fishing fleets that catch
herring in Division lila and Sub-dh'isions 22 and 24. The task should incIude the possibility of a
re\'ised sampling regime of the afTected fleets.

d. to review and test the consistency among existing results from research surveys and to adapt
future sampling to the requirements for nlidating the migration model.

4.1 for the Celtic Sea and DivisionVIIj: acoustic surveys should be continued for these areas and that sufficient
resources be provided to ensure that the surveys are carried out with adequate biological and technical
expertise,

6.1 for Division VIa (S) and DivisionVIIb acoustic surveys should be continued for these areas and that
sufficient resources be provided to ensure that the surveys are carried out with adequate biological and
technical expertise,

7.1 for Herring in VIIa (N):

a) the present level of effort on acoustic and larval surveys for tuning indices should be maintained,
b) further targeted studies on the duration of thc spawning season and the size of the SSB at spawning time

should be carried out,
c) because of the migratory behaviour of herring in VIIa (N) the timing and size of population movement

by both mature andjuvenile herring between VIIa(N) and adjacent areas should be determined,

8.1 to improve the quality of the sprat assessment extra research is required, the acoustic surveys detect sprat
and should be examined for the possibility of estimating sprat abundance, if feasible, the survey data should
bc reanalysed to' obtain these estimates for as many years as possiblc.
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G.I to obtain good biological data on herring and sprat there is a general need to improve the biological sampling
intensity in all fisheries in which they are caught,

where there are mixed fisheries nations should provide information on the level of sampling to detennine
speeies eomposition in all fisheries in \"hieh herring and sprat are eaught,were vesse1s are landing into foreign
ports flag countries should make arrangements to ensure adequate biological sampling is undertaken.

G.2 astud)" group on stock recruit relationships for autumn spawning North Sea herring be held in May
1998 at a location and with achairman to be arranged to:-

• Establish the data series of recruitments and SSß for as long aperiod as possible;
• Inyestigate the performance of different stock-recruitment models;
• Propose standard models to be used for different purposes.

2 NORTH SEA HERRING

2.1 The Fishery

2.1.1 ACFM adYice and management applicable to 1996 and 1997

At the ACFM meeting in 1995 it was stated that the stock was eonsidered to be outside safe biologicallirnits. SSB
had dec1ined sinee 1989 and the most reeent assessment indieated that it had fallen below 800,000 t - the level whieh
is considered to be the minimum biologically acceptable level (MBAL) for this stock.

The forccast for 1996 for North Sea autumn spawners taken in the North Sea and in Division IIIa ~sing the same
fishing mortality in 1996 as in 1994 gave a total catch of 572,000 t, of which 494,000 t should be taken in the North
Sea and 78,000 t in Division IIIa.

ACFM reeommended a signifieant reduetion in exploitation in order to rebuild SSB and suggested that F in 1996 be
redueed by at least 50% of the levels observed in 1994.

The TACs initially adopted by the management bodies for 1996 were: Divisions IVa,b: 263,000 t; Divisions IVc and
VIId: 50,000 t.

Following the meeting of the HAWG in April 1996, ACFM reconsidered their advice for 1996 in the light of the
new assessment. That assessment gave a more pessimistic view of the state of the stock than previously. This was
based on the new information available from the 1995 fishery and surveys and was supported by data from the IBTS
in 1996. As a result ACFM decided to modify their advice for 1996, and recommended that rapid action should be
taken to rebuild the spa\\ning stock and to reduce fishing mortality.

Speeifically ACFM recommended :

For 1996 the total catch of North Sea autumn spawning herring should not be allowed to exceed 298,000 t and that
catehes by all fleets exploiting this stock should be counted against this figure. This recommendation corresponded
to a 50% reduction in the fishing mortality for fleet A, to a TAC of 156,000 t of which no more than 25,000 t should
be taken in Divisions IVe and VIId. They also recommended a 50% reduction in the fishing mortality on herring in
the other four fleets.

For 1997 ACFM recommended that the fishing mortalities in all fleets should be reduced by 75% relative to the
1995 level, corresponding to an F2-6 of 0.2. They further recommended that if the catch in 1996 was not reduced in
aeeordance with the above advice then no fishing on North Sea herring should take plaee in 1997.

In the southem North Sea and castern English Channcl, ACFM advised that fishing mortality should bc reduccd to
the lowest possible level and that no directed fishing for herring should be allowed in Divisions IVc and VIId in
1996 and 1997. The larval surveys in 1995/96 indicated a sharp dec1ine in the SSB ofthis component ofthe North
Sea stock. The downward trend in this component was more pronounced than the trend for the rest ofthe NOrth Sea.

0-

•
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The reasons for the rapid action taken by ACFM in 1996 were the indications that the SSB had already fallen to
500,000 t in 1995 and that the short term forccast indicated that even a complete cessation of fishing in 1997 would
not return the SSB to above MBAL (800,000 t) in that year. Of particular concern were the similarities to the
situation in the 1960's and early 1970's which led up to the stock collapse in the second half of the 1970's. There
had been a high catch of juveniles in recent years (80% of the catch in numbers) and ACFM reitcrated their advice
that a reduction in the level of this catch would speed up the recovery of the stock. .

In June 1996 the EUlNorway agrccd to follow the May 1996 advice ofthe ACFM with the exccption ofthe advice
for Divisions IVcNIId. In addition a special maximum by-catch ceiling of 44,000 tonnes was applied to fleet B. If
this by-catch was excecded then the small meshcd fishery in the North Sea would be c1osed.

The final TAC's adopted by the managcment bodies for 1997 wcre Divisions IVa,b: 134,000 t; Divisions IVc, VIId:
25,000 1.

2.1.2 Catchcs in 1996

Totallandings in 1996 are given in Table 2.1.1 for the total 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 catch in 1996 of 263,400 t is the lowest since 1981 (174,880 t) and less than half the catch in 1995
(534,280 t). The reduction in catch was duc to the 50% reduction in the TAC with a large decrease in landings by
Denmark and Norway. Strict enforcement measures by Denmark to control the by-catch of herring in the small
meshed fisheries contributed to a reduced impact on 0- ringers and 1- ringers.

In each of the last six years, TACs have been exceeded by a significant amount. This excess of the catches over the
TACs for Sub-area IV and Division VIId, for the years 1991 to 1996, is shov-n in the text table below. It should be
notcd 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 meshed fishery. It should be noted that the Working Group landings also incIude
estimates of misreporting.

Ycar
TAC ('ooot)
Oflicial Landings ('000 t)
Working Group Landings ('000 t)
Excess of landin S over TAC ('000 t)

1991 1992 1993 1994! 1995 1996

Misreporting of landings became an increasing problem in 1996. As in 1995 there were again strong indications that
some landings taken in Division IVa were reported as having been taken in Division VIa North. In 1996 there was
also evidence that some catches taken in IVcNIId were rcported from Divisions VIa North. There was reliable
evidence to suggest that there was also misrcporting of North Sea landings against the Atlanto-Scandian TAC in
Division IIa. For some countries misreportcd catchcs are included in their reported landings As a result a total of
62,700 t of landings from Divisions VIa North and from IIa, have been transferred back to the North Sea in 1996.
These were the only misreported landings transferred. Discards and slipping also occurred in the North Sea duc to
market conditions and duc to high-grading. Estimates of discarding were only provided by The Netherlands in 1996.
An EU funded project to estimate discards in all Danish fisheries began in 1995 and will continue for three years. In
order to collect further data on discarding in the future, the EU have funded a joint project between Norway and
Scotland to place observers on board purse seiners, fishing for herring and mackerel in the North Sea. The project
begins on 1 June 1997 and will continue fortwo years.

In Divisions IVc and VIId, the estimated landings of 49,000 t are the lowest since 1988 but were almost double the
revised TAC of 25,000 1. They incIude 15,000 t misreported into Division VlaN and 8,800 t misreported into
Division IVb. It should be noted that only 10,000 t were landed from this area before the revised TAC came into
effect in the middle of 1996 and therefore does not explain the excess ofthe landings over the TAC.
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2.2 ßiological Composition of thc Catch

."

2.2.1 Revision ofthe catch in number data from 1984-1995

Herring catches reported in Division VIa between 4W and 5W from 1984-1995 were assumed to be misreported
catches and were assumed to have been taken in Division IVa. In 1995 these misreported catches were removed
from area VIa North for assessment purposes at last years Working Group meeting, but were not yet included in
the assessment of the North Sea herring (ICES 1996/Assess:1O). These 1995 misreported catches are Iisted in
ICES (1996/Assess:1O Table 5.1.1). Therefore, at this Working Group meeting arevision has been made to the
catch in numbers at age for the period 1984-1995 by raising the catch in number data for this time period
according to the increase of the catch on the North Sea herring. The mean weights at age in the catch have not
been changed.

2.2.2 Catch in numbers and mean weight at agc

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 numbers caught by age group for each division on a quarterly and
annual basis for 1996. North Sea catches in numbers at age over the years 1970-1996 are given in Table 2.2.2.

The catches in numbers of Division IIIa-Western Baltic spring spa....ners caught in the North Sea in 1987-1996 and
transferred to the Division IIIa-Western Baltic stock are presented in Table 2.2.3. The numbers of all year classes
were low compared with the numbers in previous years. This was because thc total catch off thc Norwegian coast, in
thc area wherc spring spa....ners are normally taken, was very low in 1996 (5,200 t) compared v.ith 1995 (27,000 t)

Thc estimated numbers of North Sea autumn spawners caught in Division IIIa in 1987-1996 and transferred to the
North Sea assessment are given in Table 2.2.4.

Table 2.2.5 summarises the total catch in numbers at age of North Sea autumn spa....ners used in the assessment.

The total number of herring taken in the North Sea in 1996 (4 billion) is less than half the number taken in 1995.
The catch of O-ringers has been reduced considerably from 6.3 billion in 1995 to 1.8 billion in 1996. The catches of
I-ringers increased from 0.48 billion in 1995 to 0.74 billion in 1996 (see Table 2.2.2).

The percentage age composition of North Sea herring, as 2-ringers, 3-ringers and older, in the catch in 1996 is
presented for each Division in Table 2.2.6. In 1995 the 2-ringers were dominant in the catches in Divisions IVa and
IVb (ICES 1996/Assess:1O). In 1996 the same year class (3-ringers) was still dominant in thc catches in Division
IVa (Table 2.2.6). In the Southern North Sea, in 1996, 2-ringers were dominant in the landings. l

The SOP by age and division for each quarter is given in Table 2.2.7.

Catches of juvenile North Sea autumn spawners were also taken in Division IIIa. (Table 2.2.8). The catch of 0
ringers (0.63 billion) in 1996 showed a largc reduction from the 1995 catch (1.7 billion). The catch of I-ringers
(0.87 billion) was lower than in the previous year (1.1 billion) This represents a change in the exploitation pattern on
0- and I-ringers. This has been generated by the enforcement of severe management measures to reduce the catch of
juvenile herring and a 25% reduction in the TAC. The O-ringers recruit to the fishery later in the year by which time
the restrictions on the fishery are beginning to come into effect. The result is that the restrictions affected the F on 0
and 1- ringer groups differently.

Table 2.2.8 gives the age compositions separately for the catch in the directed herring fishery (fleet A), the small
meshed fishery in the North Sea (fleet B), the directed herring fishery in Division IIIa (fleet C), the mixed clupeoid
fishery in Division IIIa (fleet D) and the smaIl meshed fisheries in Division IIIa (fleet E). It should be noted that, as
in previous years, fleet B refers only to Denmark because it was not possible to split the small meshed catches from
Norway. Norwegian small meshed catches are included in the fleet A catches.

This Working Group have made some changes to the description of the fleets C, D, and E in 1996. These changes
and the rationale behind them are fuIly explained in section 2.15.
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2.2.3 Quality of catch and biological data

Their is a large discrepancy between official and actual catches but the full extent of this is unkno....n. In 1996 more
reliable information was obtained on misreporting from most countries fishing for herring in the North Sea. As a
consequence estimated landings totalling 62,700 t were transferred from other areas into the North Sea and were
used in the assessment. Estimates of discards were only provided by The Netherlands but discards are kno....n to
occur in the fisheries of most countries and they could represent a significant amount which is not included in the
assessment. There is still a need to improve the quality of the landings data particularly in the North Sea in relation to
discards. The efforts to quantify the extent of area misreporting, which were greatly improved in 1996, must be
continucd in 1997. Management mcasures to prevent area misreporting should be rigorously enforced.

Strict enforcement of new management measures in Division lIla and improved sampling resulted in a marked
improvement in the quality of the catch data from that area (see Section 2.15). However, there is still much
uncertainty regarding the split of the North Sea autumn spa....ners and Baltic spring spa....ners from the total catch in
that area.

Sampling of commerciallandings for age, length and weight showed no improvement over recent years. It was low
in some fisheries and in others no sampIes were taken in some quarters (Table 2.2.9). Gnce again this introduces
uncertainties in the biological composition of the catches which in turn adversely affects the quality of the
assessment.

Tbc \Vorking Group thereforc continues to strongly recommend that adequatc sampling of hernng be
carned out in all fisheries in thc North Sea in which hernng are caught.

2.2.4 Treatment oe spring spawning herring in thc North Sea

Norwegian spring spawners are taken close to the Norwegian coast under aseparate TAC. These catches were
very small in 1996 and 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 Tables
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 lIla spring spawners are taken in the deeper parts of the castern North Sea during
the summer feeding migration. These catches are included in Table 2.1.1. and listcd as lIla type. Table 2.2.3
details the catch in number at age of Division lIla/Western Baltic spring spawners which are transferred from the
North Sea assessment to the assessment of Division lIla/Western Baltic in 1996. The methods of separating these
fish are described in detail in former reports from this Working Group (ICES 1990/ Assess: 14).

•
Briefly the method assurnes that for autumn spa\'.TIers, the mean vertebral count is 56.5 and for spring spawners
55.80. The fractions of spring spawners (fsp) are estimated from the formula (56.50-'1)/0.7, where v is the mean
vertebral count of the (mixed) sampIe. 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 only one sampIe, which was taken in
May, was available for the second quarter (Figure 2.2.1), and six sampIes taken in July ami August were used for
the third quarter (Figure 2.2.2).

The resulting proportions of spring spawners and the quarterly catches of these in the transfer area in 1995 are as
folIows:

Quarter 2 - ring 3· ring 4 + ring No of rectangles Total catch in the
Catch of Spring
Spawners in the

(%) (%) (%) sampled transfer area (t)
North Sea (0

Q.2 0 50 0 I 2176 240
Q.3 0 38 33 5 3092 615

The quarterly age distributions in Sub-division IVa East (Table 2.7.1) were applied to the catches in the whole
area. The numbers of spring spawners by age were obtained by applying the estimated proportion by age.
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2.3 Recruitment

wO

2.3.1 The IßTS index of I-ringer recruitment

Thc I-ringer index is based on thc IBTS, Ist quarter (GaV daytimc catches in February 1996), using data for thc
entirc survcy area. Weighting procedures used in thc calculation of thc combined index arc described in thc
Working Group report of 1995 (ICES 1995/ Assess: 13).

The I-ringer index for thc period 1979-1997 (year dasses 1977-1995) is given in Tablc 2.3.1 and thc trend is
illustrated in Figure 2.3.1. This year's indcx valuc of the year dass 1995 is onc of thc highest on record, and
represents a marked increasc from the last year's recruitment. In Figurc 2.3.2 thc distribution of I-ringers during
thc survey is illustrated, the abundancc has increased throughout most of thc area compared to 1996,
outstandingly high catches werc found in thc southwestcrn area ami in thc I1Ia.

2.3.2 Thc MIK index of recruitment

Thc O-ringer index is based on night timc catches during thc IBTS in February using a finc-meshed ring-net
(MIK). Index values are calculated as described in lCES (1996/ Assess:IO). This year's index, based on 1997
sampling of the 1996 year dass is calculated to 148.1. The density estimates within areas and thc time series of
estimates is given in Tablc 2.3.2. In Figure 2.3.1 the series is illustrated for year classes 1977 to 1996.

Thc spatial distribution of O-ringers is shown for thc year classes 1994 to 1996 in Figurc 2.3.3. As last year, high
concentrations of O-ringers were observed in thc central-west region, bilt in the present year additional
concentrations of O-ringers were found in the south-central regions.

2.3.3 Relationship between thc l\IIK Owringer and thc IßTS I-ringer indices

The relationship between the two indices is illustrated in Figurc 2.3.4. and described by the inserted linear
regression. Last year's O-ringer index of the year class correlate poorly to this year's I-ringer index of the samc
year class. In order to evaluate the historie record of O-ringer predictions of I-ringer indices, thc deviation from
thc linear relationship is analysed. The deviation is illustrated by the logarithm to observedlpredicted I-ringer
values in Figure 2.3.5. A poor relationship between the two indices has historically been observed in a few eases
when year classes was relatively small; the prcsent discrepaney is thc first casc when indices are in thc higher
range. A number of factors might bc responsible, additional information about the year class will be needed in
order to evaluate their influence.

2.3.4 Recruitment prediction

As described in last years report (lCES 1996/ Assess: 10) the prediction of recruitment is now based on the
outcome of thc lCA assessment.

Thc predictions of recruitment (in billions) of O-ringers by the present years aSSessments are 50.5, 68.6 and 60.0 •
far the year dasses 1994 to 1996 respectively. For I-ringers the estimates are 10.1, 13.6 and 22.1 for year classes
1993 to 1995 respectively.

2.3.5 Trends in recruitment

Thc long term trend in recruitment of I-ringers to thc stock ofNorth Sea autumn spawners is illustrated in Figurc
2.3.6. Abundance estimates of year classes 1958-1995 is based on the present 1997 lCA assessment. Tbc figure
illustrates the decline through the sixties and the seventies, followed by thc increasc in thc early eighties. From
year class 1985 a new decline has been observed, while the last five year classes indicate a stabilised or
increasing recruitment level.

2.4 . Acoustic Surveys

The ICES Coordinated surveys wcre carricd out during late June and July covcring most of the continental shelf
north of 54°N in thc North Sea and North of52°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 thc Norwegian and the Swedish coasts, and to the west by the
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Shelf edge at about 300m depth. The surveys are reported individually, and a combined report has been prepared
from the data from all seven surveys and presented at the meeting (Simmonds ct al, WDI997).

Seven Aeoustic Surveys

Ichristina S 113 -31 July lNorth of 56° 30'N west of 3°W
..............................................................................e .

~~.~~ ..!.~?.:.~~..!.~~t ~~~~..~E.~!:.:.~~~ ..~E.~:~ .
??..~~~ ..l~~.!.~.~:..~ ~.~.!.~~~ r.~~~.~.~.~!::~.~.~.~~ ..~.~.~ .
~.~~?~.~~~~.: .i~.~..!.~.~~..~.~..:.~~.? p.~:.~~~ ..~..~~.~.~.~~: ..~.~:.~~.~~.~.~ ..~.:.~.~~ .
Scotia l13 -30 July lNorth of 58° 30' between 4°W and 2°E
.................nn nn·· ·i· ·..·..··..·..·..····..··· ; .

:.~.i.~.:.~.~ t.:.!.~.~:..~ ~?.!.~~.~ !~.~~.~~.~E.~?:~ ..~.:~~..~.~.::~ .
W Herwig j23 June - 16 July jSouth of 57°N east of2°E

The stock estimates have been calculated by age and maturity stage for 30'N-S by 10E-W statistical rectangles
for the ICES areas IlIa IVa, IVb VIa north, VIa south, and VIlb separately. Where the survey areas for
individual vessels overlap the estimates by age and maturity stage have been calculated by survey effort (Iength
of cruise track) weighted means. The data from areas IlIa, IVa and IVb have been split between North Sea and
Baltic stocks by vertebral 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.

Figure 2.4.1 shows survey areas for each vessel. The results for the seven surveys have been combined.
Procedures and TS values are the same as for the 1994 surveys (Simmonds et al. 1995). Stock estimates for
autumn spawning herring by number and biomass are shown in Tables 2.4.1 and 2.4.2 respectively, for areas VIa
north, IVa south, VIlb, IVa, IVb, and IlIa separately. The mean weights at age are shown in Table 2.4.3. Figure
2.4.2 shows the distribution of numbers of all autumn spa\\ning I ring and older herring for all areas surveyed.
Figure 2.4.3 shows the distribution split by age of I ring, 2 ring and 3 ring and older herring. Figures 2.4.4
shows the density distribution of spawning stock biomass of autumn spawning herring as a contour plot.

The numbers of North Sea autumn spawning herring estimated from the acoustic survery 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 c1asses from
the time series.

Evidence of Ichthyophonlls infection is now at unmeasurably low levels, only 2 of over 4,000 fish sampled for
otoliths and Ichthyophonlls showed macroscopic evidence of the infection. This compares with 0.2%, 0.8%,
3.6% and 5% in the previous 4 years 1995 to 1992 respectively.

• 2.5 Larvae Surveys

The preliminary report of the International Herring Larvae Surveys of the North Sea and Adjacent Waters for
1996/97 (Patterson et al. WD.1996) was presented. The report gives maps of the distribution of herring larvae
by 1I9th ICES rectangles for all the areas and periods surveyed in the 1996/97 season. Effort on the larvae
surveys in recent years has been reduced to approximately one quarter of the input in the 1980's and now only
Germany and The Netherlands take part. Sampling effort showed some improvement in 1996/97 compared with
1995/96 with vessel days increasing from 26 to 37 and the number of sampIes taken from 419 to 469. In spite of
this improvement, spatial and temporal coverage is still relatively poor.

In 1996 there was a single coverage only in the period 15 - 30 September in Orkney I Shetland, the Northern
North Sea and in the Central North Sea. Coverage in the Buchan area in the period 16 - 30 September was
adequate. There was no sampling in the survey area to the west of Orkney / Shetland and in the central North Sea
the spatial coverage was also poor. An index was not calculated for either of those areas because of the poor
coverage. The best coverage was achieved in the Southern Bight and Eastern Channel where the three sampling
periods from mid-December 1996 to the end of January 1997 were weIl sampled.
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The overall sampling levels were again too low to permit either the Larval Abundance Index (LAI) or the Larval
Production Estimate (LPE) to be calculated. The individual sampling period, indices from the 1996/97 surveys,
calculated as a sum ofthe numbers ofherring larvae <lOmm per m2 «17mm. Southern North Sea), are shown in
Table 2.5.1. This table also shows the historie data series back to 1972 in the time periods required for
calculating the larvae indices, c1early indicating the deterioration in the time series of data over the past five
years.

The abundance of small larvae in the Southern North Sea was very low suggesting that there was very little
spawning in that area in 1996/97. In the Eastern English Channel the larvae abundance shows a marked increase
over the previous years very low value. This is referred to in more detail in section 2.8.3 which deals specifically
with the management of the Downs stock component.

Although sampling has been extremely poor and the surveys are not expected to return robust estimates of stock
size, the multiplicative model used for the 1995/96 surveys (Patterson and Beveridge 1996) has again been fitted
in order to estimate historical trends in larval abundance. The model assurnes that the abundance of the size
categories of larvae, as analysed for the other two indices, is proportional to stock size in each of the sampling
units. The model output was used as a new index in the assessment in 1996 and has been used again in the 1997
assessment.

The model used in the assessment in 1996 and 1997 was fitted to the abundance of newly hatched larvae of
<lOmm «16mm in IVcNIId) as used for' the calculation of the Larval Abundance Index (LAI). The Larval
Production Estimate (LPE) allows the inclusion of all sizes of larvae with an explicit adjustment for gro\\th and
mortality. A simple abundance index, based on all sizes of larvae without a growthlmortality function included,
was calculated in order to test whether such a simple calculation would yield a less variable index than the one
based on newly hatched larvae. A multiplicative model was fitted to this index of all sizes of larvae and the
results tested as a tuning index in an assessment run. The MLAI based on this revised data set was not used in
the final assessment.

·. .

The Scottish August Groundish surveys were brielly described in (lCES CM 1996/Assess:13 [Herring
Assessment Working Group report 1996]). Although they were not included in the assessment of the stock, the
data' set has been cxtendcd to include the August 1995 survey. The historical time series of catch rates of herring
(2 rings and older) from this su;rvey are given in Table 2.6.1. '

The Working Group again expressed regret at the loss of the LPE as a tuning index. It has proved to be a robust
index of SSB for many years until survey effort was substantially reduced in 1992. At arecent meeting of the
herring survey planning group in Aberdeen, consideration was given to the possibility of increasing the effort on
the larvae surveys on a trienniaI. basis. This would provide a picture of larval distribution and abundance, a
validation of the assumptions behind the MLAI and permit a full index of larvae production to be calculated once
every three years. Although no commitments could be made general interest was expressed in the idea, both at
the planning group and at this Working Group The possibilities of committing research vessel time to this
proposed programme will be explored by Working Group members before the Annual Science Conference in
1997. The possibility ofEU funding for the programme will also be investigated. As a result it is hoped that the
first of the triennial series of larvae surveys can be planned for 1999 at the next meeting of the herring survey
planning group in 1998.

2.6 August Scottish Groundfish Surveys •
2.7 Mean weights-at-age and maturity-at-age

2.7.1 l\lean weights at age

The mean weights at age of fish in the catches in 1996 (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 1987 to 1996.

For Division IVa the mean weight of a1I ages in the catch are in the upper 25% of the range. For Divisions IVb, IVc
and VIId the mean weight at all ages are dose to the 10 year mean. For the whole area the mean weight at age in the
catch is very dose the 10 year mean.
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Table 2.7.3 presents the mean weights at age in the catch during the 3rd quarter in Divisions IVa and IVb for 1987 to
1996. 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 are shov-n in the same table. (From Table
2.4.3 for the 1996 values). The mean weights at age are dose to the high values observed in 1994.

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:l0). 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.

The mean weight in the catches of 1 ring herring in the first and second quarter in 1996 is very low. This result from
catches in the Danish small mesh fishery which had an estimated catch of 4,105 tones and 1,153 tonnes in quarters 1
ami 2 respectively. In the first quarter 9 sampIes were taken, 433 fish measured and aged. The mean length of 1 ring
herring was 10cm. There are no indications to suggest errors in this data. No sampIes were taken in quarter 2 and duc
to the lower catch in quarter 2 the estimates of catch in number and mean weights were derived from the age and
mean weight data from quarter 1.

2.7.2 Maturity Ogive

The percentage of North Sea autumn spawning herring (at age) that spawned in 1996 was estimated from the
acoustic survey. This was determined from sampIes 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:IO). The maturity in 1996 was within the normal
range of values (over the last 9 years). The proportion of herring found to be mature were slightly lower than
average fOT 2 ring and a slightly higher than average for 3 ring. The percentages are given in the table below.

Year \Age (W ring)

1988

2

65.6

3

87.7

>3

100

•

...............................u + f f n ..

....~?~.? l..?~.:? ...L?.~:.?. L.~.~?. .

....~??? ..l..?.:.:~ ..l.??:.? L.~.~.?. .
1991 ! 63.8 !98.0 j 100

.nn···..·..···· ····· ·· ·t·· · ····t··..· ···..t ·..·······..···

....~.??.: l..~.~:.~ L..~.?? L.~.~.?. .

....~??.~ L~?:.~.~ L~:.:? L.~.~?. .

....~.?.?.~ ..l..?.:.:~ .L~.~.:~ L.~.~.? .
1995 j 72.6 !95.4 ! 100

...............................................................+ + ,

1996 I 60.5 I 97.5 I 100

(* The 2 ring value in 1993 has been checked and corrected in this table and matches the correct value that has
been used in the assessment for the last 2 years).

2.8 Stock Assessment

2.8.1 Data Exploration and Preliminary Modelling

Assessment of the stock was done by fitting an integrated catch-at-age model inc1uding a separable constraint
over a five years period (Deriso er. al 1985; Gudmundsson, 1986). Further details are in section 1.5.

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 survcy index (Section 2.4), the IBTS survey information (Section 1.4),
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including the first quarter index traditionally used by the Working Group. The short time series of the 2nd, 3rd
and 4th quarter IßTS indices have not been tcsted this year since they were not used in last years assessment on
account of high variance. In addition, larvae survey information including the multiplicative larvae abundance
index (MLAI) was available, and a time series of Scottish groundfish surveys (Section 2.6). The Working Group
attempted to evaluate the consistency of these different sources of information.

The present ICA version allows a longer year-range to be calculated so that there was no longer a need to use a
conventional VPA model to calculate the earlier years in the analysis as was done in last year's assessment. The
full year range of 1960 to 1996 has been chosen far the assessment thereby 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 fishing mortalities at reference age (4) (the fishing mortalities +1- the standard error) for each
model fit are plotted in Figure 2.8.1 to show the fishing mortalities indicated by the different survey indices undcr
different assumptions about the relationship that they bear to stock abundance. All the models include a fit to the
catch at age matrix.

Data Exploration by Abundance index

In the assessments made before 1995 of this stock the traditional LPE index was used from 1983 - 1992.
However, information from larvae surveys carried out from 1993 onwards was not used in the 1995 assessment
(lCES 1995lAssess: 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 has been replaced in 1996 by the multiplicative
larvae abundance index (MLAI), which covers the time period 1973 - 1996 and therefore uses also the
information on larvae abundance during the period 1993 - 1996 (see Section 2.5). In last years assessment the
starting year ofthe MLAI index was 1976. However, in this years assessment this is changed to 1977, since all
indices of 1973-1976 were regarded to be inapropriate. This measure of stock size is more robust to the decline
in larvae survey coverage than the traditional indices. Patterson er al. (1997 WD) presented a working document
on the calculation of the MLAI. Three different sizes of larvae could be included in the calculation: smaller than
10 mm, between 10 and 15 mm, and smaller than 15 mm. In the working document it is argued that the inclusion
of larger larvae reduces the mean squared residuals for the multiplicative model fits and that therefore these
larger larvae might be preferable to the smaller larvae index. Three MLAI indices were tested using the year
range of 1977 to 1996 and all assuming apower relationship of index value to stock abundance as in last year's
assessment (Fits 9,10 and 11 in Figure 2.8.1). The MLAI index for larvae smaller than 10 millimeter gave the
lowest estimation of fishing mortality (between 0.24 and 0.38) and the index for larvae between 10 and 15
millimeter the highest estimation (between 0.36 and 0.65). The strategy for herring larvae surveys are currently
under review (sec section 1.3). In that perspective the same larvae abundance index has been used as in last
year's assessment, Le. an index for larvae smaller than 10 mm (an MLAl<15 in stead of MLAl<1O in the run
with the indices far the final assessment indicates a SSB of 475,000 t compared to the 539,000 t in the final
assessment). Figure 2.8.2 shows the spawing stock biomass as indicated by the MLAl< 10 indices which provide
information on the adult biomass.

The series of acoustic survey indices have been used for the period 1989 to 1996. The reasons for using thi!;
restricted period have been discussed ICES (l995IAssess:13 and 1996/Assess:lO) and are further discussed in
Section 2.4.

The acoustic survey time-series have been tested in three separate runs:
1. age 1-9+, years 1984-1996
2. age 2-9+, years 1984-1996
3. age 2-9+, years 1989-1996 (as in last year's assessment)

The performances of the acoustic indices are sho\vn in Figure 2.8.1 (fits 1, 2 and 3). Inclusion of the I-ringer
group in the index did not have a substantial influence on the average fishing mortality as might be expected
since the acoustic survey is primarily aimed at estimating the adult stock. The inclusion of the earlier years
(1984-1996) in the index resulted in a lower estimate of F compared to the shorter time-series (1989-1996). The
reasons for excluding the earlier years was addressed in leES (l996/Assess:1O). Figure 2.8.2 shows the spawing
stock biomass as indicated by the acoustic indices which provide information on the adult biomass.

·.

•
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Thc IßTS survey indices for the 2- to 5+-ringers indicatc thc highest F compared to thc other indices (Figurc
2.8.1, fit 4), leading to an estimatc of fishing mortality between 0.6 and 0.9. As in earlier years the age
disaggregated IBTS survey indices were split in two sets: thc IBTS I-ringer indices and the IBTS indices for 2
to 5+-ringers. Thc I-ringer index is used principally to predict recruitment and the 2-5 ringer index has been used
as an index of adult stock size, and this structurc has been maintained for thc present assessment. Thc IBTS
survcy (ages 2-5+) has performed consistently as an estimator of herring spawning stock sizc in previous
assessments, and no strong trends werc noticeable in thc residuals. Figurc 2.8.2 shows thc spawning stock
biomass as indicated by thc IBTS 2-5+ indices which providc information on thc adult biomass.

Thc two recruitment indices (IßTS age 1 and l\IIK) havc also been tested in separate fits in order to evaluatc
their fits to thc population models (Figurc 2.8.1, Fits 5 and 8). Both appeared to fit weil to thc historic
recruitment information, but are apparently poor predictors of adult stock sizc and fishing mortality. Thcy were
both used as recruitment indices in thc final assessment.

Thc Scottish groundfish surny (SGFS) has also been tested in a separate model fit (Figure 2.8.1, Fit 6). It was
found to havc strong ycar-effects in thc residuals. Catch rates in 1984 appeared to bc outlying values and thc fit
was repcated excluding these observations (Figurc 2.8.1, Fit 7). This made littlc change to the estimatc of fishing
mortality. Additional pertinent considerations arc that thc Scottish Groundfish survey only covers apart of thc
North Sea herring summer distribution, and docs so with a fishing gear that is very inefficient at catching herring.
Catch rates in thc survcy werc exceptionally low. For thc reasons given abovc this tuning serics was excluded
from thc final assessment.

Range of SSB and F in 1996

Thc IBTS 2-5+ and thc IBTS-l providc thc most extreme SSB's and F's of all indices used in thc final
assessment (Figure 2.8.3). These indicatc roughly in what range thc SSB and F might bc in 1996 taking into
account all uncertainties concerning thc assessment. This indicates that thc SSB in 1996 must bc regarded to bc
still below MBAL.

Indices chosen for the assessment

Thc indices chosen for thc assessmcnt arc: acoustic survey 1989-1996 (2-9+), IBTS 1983-1997 (2-5+), IBTS
1979-1997 (I), MIK 1977-1997 (0), MLAk10 (biomass index). These correspond in Figurc 2.8.1 to fits: 3,4,5,
8 and 9.

Catch-at-age matrix

At thc working group it was concluded that thc catch at age matrix that was used in previous asscssmcnts necdcd
revision sincc thc catches that had been misreported in Division Via werc taken out of thc Via assessment but
had not been added to thc North Sea assessment (see section 2.2.1). In thc current assessment this correction has
been implemented going back to 1984. Thc differcnces betwccn thc new catch at age matrix and the old one are
explored in section 2.8.2. Thc time series 1947-1959 of the catch at age numbers has not been used in the
assessment, becausc of very largc differencc in thc SOP (=som of products). The SOP's arc shown in thc text
tablc below:

Year SOP

1947 180
1948 167
1949 175
1950 155
1951 152

Year SOP Year SOP Year SOP

1952 139 1957 116 1962 117
1953 127 1958 117 1963 86
1954 130 1959 143 1964 106
1955 106 1960 118 1965 114
1956 127 1961 113 1966 107

2.8.2 Stock Assessment

Thc Working Group used the same stock asscssmcnt model as in ICES (1996/Asscss:l0) with the following
minor modifications:

1. ICA version 1.3 was used instead of the version 1.2 of last year
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2. The assumption of separability was extended to a five year period, covering 1992 to 1996 rather than a four
year range (1992 to 1995) used previously. Recent catch data appear to conform weil to the assumption of
separability except for the 0- and I-ringers. Changes in the management regime introduced in July 1996 make
the separability assumption invalid for these year classes. This is further discussed below and in section 2.2.2.

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.

Details on input parameters for the final ICA are presented in Tables 2.8.1 and 2.8.2.

Defining the following variables:

.-

a,y
C
C'
SSB
SSB'
IBTSA
IBTSY
MLAI
ACOUST
NIBTSA

a,y

QV

QI

QL

QA

QM

K
f.....y
ASSR

A,B

age and year subscripts
Catch in number at age and year
Catch in number at age and year predicted by the structural model
Spawning stock biomass
Spawning stock biomass in the structural model (estimated)
IBTS survey estimates of abundance at age 2-5+
IBTS survey estimates of abundage at age 1
Multiplicative larval abundance index for larvae smaller than 10 mm
Acoustic survey estimates of abundance at age

Population abundance at the time ofthe IBTSA survey at age a and in year y. Similar notations are

used for the other age index surveys.
Coefficient of proportionality ('catchability') for larvae survey estimates of spawning stock
biomass
Coefficient of proportionality ('catchability') for IBTS 2-5+-ringer survey estimates of stock
abundance
Coefficient of proportionality ('catchability') for IBTS I-ringer survey estimates of stock
abundance
Coefficient of proportionality ('catchability') for acoustic 2-9+-ringer survey estimates of stock
abundance
Coefficient of proportionality ('catchability') for MIK O-ringer survey estimates of stock
abundance
Power coefficient for the MLAI estimate of stock abundance
Weighting factor for the catch at age a in year y: Ao.l996=0.0l and 1..1,1996=0.01
Weighting factor for the stock recruitment relation (= 0.1)
Parameters ofthe Beverton-Holt stock recruit relationship

•

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

"C'a=8.y=1996 'l (I (e ) I ( ))2
LJa=O.y=1992 /I, a.y n a.y - n Ca•y +

L;::~~;~(ln(Q~SSB: )-ln(MLAIY)l+

"C'a=5+.y=1997 (I (QI N 1BTSA ) I (IBT.'S' " ))2
LJa=2.y=1983 n a' a.y - n rla.y +

L::~:~~~ (ln(QL. N~~rSY) -In( IBTSY1.Y) l +

"C'a=9+.y=1996 (I (Q'" NACOUST) I (ACOUST ))2
LJa=2.y=1989 n rla • a,y - n a.y +

"C'a=O,y=1997 (I (QM M1K) I ( ))2
LJa=O.y=lm n . No,y - n MIKy +

'1 "C'y=1996 (I (N )-1 ( A.SSBy J)2
/I,SSR LJy=l960 n O.y+l n

B+SSBy

•
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The stock numbers at agc at thc time ofthc IBTSA survey are derived from:

N IBTSA =N [-(-F,Su}PfiBTSA-Mu.,PMJBTSAl
a.)' a.)'·e

where PFIBTSA is thc proportion of F before the IBTSA survey and PMJBTSA is thc proportion of thc natural
mortality before the IBTSA survey. Similar cstimates are given for thc other age-structured indices.

Errors both in thc acoustic survey and thc age-disaggregated IBTS (2-5+) index werc assumed to be correlated by
age for each survey.

The standard assessment presented in earlier years includes the assumption of the exploitation pattern being
constant between recent years, Le. the separability assumption.

Thc regulations affected thc various components of thc fishery differently. Thc TACs for fleets A was rcduces to
50% and C by 25% and a by-catch ceiling of 44,000 t for herring was introduccd for thc small meshed fisherics
in thc North Sea (fleet B). For Division IlIa (Fleets D and E) such ceilings have been introduced for 1997. As a
result thc separability assumption is likely to be violated.

Thc actual by-catch ceiling in thc North Sea was 44,000 tonnes while the corresponding catch was 38,000 tonnes.
Evcn so the structure of thc Danish small mesh fishcry (fleet B) was drastically affected. The by-catch regulation
particularly affected thc sprat fishery which usually takes most of thc O-\\T herring. The period 1 July - 15 August
was closed for this fishery and control of by-catch limitations werc intensified. About 40 boats lost their licences
for one month for trespassing these limits. Becausc of low abundancc of sprat in thc third and fourth quarters the
effort in this component of the fleet B was substantially reduced compared to previous years.

Thc MIK index obtained at thc IBTS (February) in 1996 suggest that the O-\\T herring year class in the autumn
1996 should bc of average strength. Prediction based on an unchanged fishing mortality (average 1992-1995)
would suggest that thc catch of O-\\T in thc autumn 1996 would bc around 8,000 million fish whilc thc catch
recorded for 1996 was only 2,400 million fish indicating a substantial reduction in thc exploitation on O-\\T
herring.

Becausc of thc reduced fishing mortality the survival of O-\\T herring was higher than in previous years.
Reduction of fish mortality to 0 for O-ringers must lead to 1.4 times the average measured as 1-\\T. This is the
maximum gain in stock abundance estimated for O-\\T as a result of the drastic regulations introduced in July
1996. However, the IBTS (February 1997) 1-\\T index is substantially higher about twicc thc average year class
measured as 1-\\T and at the same level as in 1988.

In order to resolve these problems of the possible violation of the separability and conflicting trends between the
MIK(96) and IBTS(February 97) 1-\\T indices, the Working Group decided to base its assessment on an ICA run
where the catches af O-\\T and 1-\\T for 1996 were not included in thc fit af fishing mortalities and stock sizes.
This was technically done by introducing a law weight (0.01) for these two catch data items in the sum of squares
for thc In(catch) residuals. The results of the final run are given in Tablc 2.8.3. The fishing mortalities presented
for O-\\T and 1-\\T for 1996 are based on the separable exploitation pattern and these values are thereforc not
valid cstimates for 1996. Therefore fishing mortalitics for O-\\T and 1-\\T were recalculated by solving the
Baranov equation with the 1997 stock estimate and catches for 1996. Also st~ck numbers at 1 January 1996 were
calculatcd in this way:

Age (wr)
o
1
2
3
4
5
6
7
8
9

F-at-age for 1996 (Total population)
0.062
0.194
0.309
0.350
0.372
0.356
0.353
0.348
0.372
0.372

Stock (mii!. ind.) 1. January 1997
63,563
14,194
4,300
1,430

920
460
120
60
30
60
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These estimates were used for the projections presented in section 2.10 and 2.11.

Compared to an ICA run inc1uding the full separability model also für O-\\T and 1-\\T the stock mimbers for 1996
of O-\\T was unchanged while the I-\\T increased by about 20 %. The spawning stock biomss was reduced by 6%.
The fishing mortality was in this trial run almost three times higher für O-\\T but only about 75 % of the F foi: 1
wr. All runs indicate a substantial reduction between 1995 and 1996 in the fishing mortality for all ages.

The ICA output is presented in Table 2.8.3 and Figures 2.8.4 - 2.8.12. The spawning stock at spawning time
1996 remained at the same level as estimated since 1994.

The effect by different options on the asscssment for 1996 is presented in the table below:

·-

Rccruimcnt
(billions 0

wr)

SSß
('000 t) F (O-wr) F (l-wr) F (2-6 wr)

Final Assessment with downweighting \
of 0+ I \\T catches in separable VPA. 1 !::

F(O-\\T) and F( 1-\\T) 1996 calculated 1 68.6 539 0.06 0.19 0.35
from ßaranov equation betwcen! i

..~.~.~~.~~~ ..~!!.~ ..~.~~E.~..t;.~!}.~~~.t;.~ ) ; ; ~ ; .
Final Assessment with downweighting i i i i i
of 0+1 \\T catches in separable VPA. ~ 68.6 ~ 539 ~ 0.13 !, 0.15 ~ 0.35 •
F(O-wr) and F(I-wr) 1996 from! l 1 1 ! -

..~~p.~!.~p.!.t;..y..r.~ L L. L. L L .
No downweighting 0+1 \\T catches in i ~ ! i !

..~~p.~~.~!.l?..y.r.~ ~ ??::?. L :?§.? ! Q:.!.! J g:}.~ J g:.~~ ..
Excluding misreportings 1984-1996 i i i i i
No downweighting 0+1 \\T catches in i i i i !
separable VPA. F(O-\\T) and F(I-wr) ~ 66.2 1 535 1 0.06 ! 0.21 i 0.30
1996 from ßaranov equation betwcen 1 1 1 i i
catches and stock estimates 1 1 i 1 1

To show the extreme diffences in Fand SSß as indicated by the ICA runs with the separate indices.

Long-term trends in yield, fishing mortality, spawning stock biomass and recruitment are given in Figure 2.8.13.
The information for the pedod 1947 to 1959 has been excluded on account of very large SOP discrepancies
which have been detected in the ICES database for these years.

The quality of the assessment is further discussed in section 2.8.14.

2.8.3 Stock in Division IVc and VIId

The difference in age structurc between the catches in Division IVc, VIId and in the rest of the North Sea c1early
indicates that thc development of the southern North SealChannel population ("Downs herring") is different from
that in thc rest of the North Sea.

The herring larvae surveys in the southern North Sea ami eastern Channel indicated last year that the spawning
stock biomass in 1995 has decreased to a level as low as in 1980 when the herring fishery was c10sed (lCES,
1996/Assess: 10). In May 1996 ACFM recommended that: "the fishing mortality on this stock componcnt
should be rcduccd to the lowcst possible lenl and that no dircctcd fishing ror herring should be allowed in
Dh'ision IVc and VIId in 1996 and 1997". In the middle of 1996 the TAC for human consumption herring was
revised in the currcnt ycar to half the agreed TAC and the same TAC was set for 1997 (to avoid a complete
c10sure of the herring fishery in 1997). However, the advice that no directed fishing for herring should be allowed
in Division IVc ami VIId in 1996 and 1997 was not followed by EU regulations both in 1996 and 1997.

Figure 2.8.14 shows the age composition of the herring in Divisions IVc and VIId in the Dutch catches from
December 1980-1996. Figurc 2.8.15 shows information on thc larvac abundancc over thc samc period and in
addition the changes in the mcan agc in thc Dutch herring catchcs in December. In genereal it appears that the
spawning stock biomass dccrcases whcn in the preceding year agc 4 has bcen more abundant than age 3

•
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(comparc larvac abundancc in Figurc 2.8.15 with thc agc composition in Figurc 2.8.14). In these cascs a weak
recruitment at agc 3 appears to bc recruitcd to thc "Downs" spawning stock. Ycar classcs 1990 and 1991 appcar
to havc been wcak and seem to havc contributcd to thc fast declinc in spawning stock biomass. Ycar classcs 1992
and 1993 appear to havc been at least average and probably explain thc incrcasc in spawning stock in 1996.

Thc mean agc in thc catch seems to bc related to thc herring larvac abundancc and thereforc also to thc spawning
stock biomass (Figurc 2.8.15). Sincc 1991 thc spawning stock biomass and thc mcan agc havc decreased
considerably, but not yet to thc low mean agc of 3.2 in 1980.

For thc management advicc of "Downs" herring it is important to know what year class strength will recruit to the
adult spawning component. Thc IßTS survey supplies recruitment indices of I-ringers (2 year olds), but these
indices are for thc whole North Sea herring population. Part of these 2-year olds will recruit to thc "Downs"
herring. Length distributions of the I-ringers of the IßTS survey show \'ery often abimodal distribution. The fish
of thc smallest distribution arc "Down" herring recruits (born later), whilc fish of thc largcst distribution arc
recruits from thc central and northern North Sea (born earlier). On average thc minimum between thc two modes
in thc length distribution occurs at 13 cm. Thc index of thc strength of the "Downs" I-ringers possibly predicts
what the strength is of thc recruiting year dass to thc spawning stock. Thc \Yorking Group recommends timt
thc I-ringer indices of thc IßTS suney be split in two components: I-ringers from the "Downs"
eomponent (Iength below 13em) and I-ringers from thc eentral and northern North Sea (Iength abo\'c
13cm) and this information be madc availablc to the next ACFl\1 meeting in May 1997.

ACFM catches havc overshoot thc agreed TAC's considerably since 1988 (see Figure 2.8.16). Considerable
catches taken in Divisions IVc and VIId were misreported to other Divisions. The high catches together with the
weaker year classcs 1990 and 1991 havc contributed to a fast decline in spawning stock biomass over the period
1991-1995. This southern component of thc North Sea herring does not seem to bc able to sustain thc recent high
catch level.

2.9 Target and limit referencc points

Appropriate Reference Points

Target referencc points are interpreted as signposts that can bc aimed at in order to reach management objectives,
and limit referencc points as values of F or SSB that should bc avoided (United Nations 1995). It is recognized
that limit referencc points may bc of variable nature, ranging from representing immediate danger, to limitations
on thc freedom to choosc targets within thc framcwork of thc precautionary approach.

In thc present case, certain of thc traditional referencc points are considered unhelpful. The Fmed referencc point
(F=0.60) and the associated Fhigh (0.85) and How (0.32) reference values are markers of the historie
exploitation of the stock and are not considered a useful guideline to planning future exploitation. Reference
points based on yield-per-recruit considerations (FO.l =0.13 and Fmax =0.33) are also not considered to be useful
referenccs for a stock in which thc dependeney ofrecruitment on adult stock size can bc quantified eomparativcly
weIl.

Thc long-standing Minimum ßiologicaIly-Acceptable Level of spawning stock biomass has been rcvicwed by the
Working Group recently (leES 1996/Assess:1O) and found to be appropriate as a level below which lowered
recruitmcntment is cxpected to occur.

Howcver, this MBAL figurc is model-specifie. To avoid potential problems, the Working Group suggests that
this figurc be redefined in relation to somc historie time period, e.g. thc mean level of the SSB in the years 1985 
1987. Currently this amuonts to 809000 t which can bc rounded for conveniencc to the 800000 t. Redefining the
MBAL in this way is likely to avoid possible future discrepancies between stock assessments (which are prone to
changing assumptions and structures) and the long-term reference points (which should be independent of such
structures).

Application of the MBAL concept, which is weIl-founded in this case, means that the SSB should at all times bc
above this 800000 t. Thc Working Group's interpretation ofthis is that a target fishing level could be chosen if it
has a low risk that the stock will fall below MBAL in thc long term. Defining a low risk as a5% probability, this
implies that the lower 5 % fractile of the ssn distribution should be 800,000 t or above for the chosen fishing
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mortality rate. Therefore, any target fishing mortality respecting this MBAL limit would have as an upper limit
the restriction imposed by the lower 5% fractile of the SSB distribution.

A further restriction on the range of appropriate target fishing mortalities can be inferred from the precautionary
approach, whieh implies ihat FMSY is a limit for the fishing mortality.

I

"
A modelling investigati6n

In the present case, appropriate fishing mortalities for juvenile and for adult fish (for a given risk of stock size
falling below MBAL) are obviously interdependent. However, the form of this interdependence in a stochastic
process is not obvious and has been studied in some detail.

A stochastic model was developed to evaluate the probability (risk) of SSB < 800 000 t at equilibrium and the
MSY (Skagen, Working Document 1997a). The model inc1udes the recruitment, weights at age and maturity
ogive as stochastic variables. Equilibrium is taken as the state where the distributions of SSB amI of recruitment
are stationary, i.e. do not change over time. A stochastic stock recruitment function represents a transform of the
SSB-distribution to recruitments, and the SSB is a weighted sum of the recent recruitments. The program
genereates a distribution of recruitments from a distribution of SSB's and a new distribution of SSB's from the
distribution of recruitments until the distributions do not change any more.

The recruitment function was the Beverton - Holt function where the stochastic term e is normally distributed log
residuals, i.e. •

R =a*S/(b+S)*exp(e)

The parameters a and b were estimated by nonlinear minimisation of the variance of the residual term c, with the
constraints that e should be uncorrelated to the spawning stock biomass in the historieal data, and that the
modelied R's corresponding to historieal data should be unbiased. These parameters are therefore different from
those used in simulations with ICAPROJ elsewhere. Stochastic weights at age and maturity ogive were taken
from the last 10 years of input data, by drawing a year randomly each time such a value is needed, and using the
data from that year. The separable fishing pattern from the 1996 assessment was used (ICES I 996/Assess: 10),
but fishing mortalities for ages 0-1 and for ages 2+ were scaled separately, and referenced by the average F0-1

(Fjuv) and F2.6 (Fad) respectively. Again, there is a discrepancy to the ICAPROJ runs, since these reference the
fisheries mortalities for fleets B-E by F at age 1.

Figures 2.9.1 a and b show how the probability of SSB < 800 000 tonnes depends on Fad for various levels of Fjuv,
and viee versa. Figure 2.9.1 c shows the 5% probability isoline in the Fjuv-Fad plane. This isoline is quite straight,
and is c10se to a diagonal in the plane. It should be noted that the curves, once a low risk is reached, rise quite
rapidly. It should also be borne in mind that position of the 5% isoline is very sensitive to both model
assumptions and to whieh data are treated as stochastic and how this is done. For comparison, two combinations
representing deterministic Fcrash are given in the text table below: •

--!:luy---.!:ad._
0.0 1.0
0.5 0.7

Figure 2.9.2 shows the median catch of adults as function of Fad, for various levels of Fjuv. These curves are
almost congruent and quite flat-topped, with a maximum at Fad =0.20. This is somewhat lower than the often
proposed target F of 0.3, and also than the present deterministic FMSY whieh is approximatly 0.25, and reflects
that the net effect of the stochastic terms are in the direction of lowering the potential catch at higher F's.

As an alternative approach, the ICAPROJ was run based on the ICA-assessment on the same data (as reported in
ICES I996/Assess: 10), for 100 years forwards, taking the last 10 years as rcpresenting the equilibrium state. The
same fishing pattern as above was used, but with the same F-multiplier for all ages. A selection of percentiles for
a range of F-multipliers, expressed as F2.6, for the SSB and for the various fleets, assuming that their relative
partial fishing mortalities are the same, are shown in Figure 2.15.1. The results are quite elose to those obtained
by the other method, although the 5% risk isoline for the SSß is at slightly lower F-Ievels. It also shows that the
risk of bringing the SSB below 800 000 tonnes is above 90% at fishing mortalities above 0.6.

·0

•
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The simulations suggest that an F of 0.20 for adults should be regarded as an upper limit for the admissible target
reference F's for adult herring. Due to the uncertainty of the exact position of the risk isoline, the F on juveniles
should not exceed 0.3, unless the adult F is considerably below 0.2. Given the sensitivity of this line both to
assumptions about uncertainties in the input data and the problems with estimating the fishing mortality with high
precision from year to year, it would be advisable to stay weil away from this line.

The choice of target F's within this region is a matter of how priority is given to fishery for juveniles at the
expense of fishery for adults, as illustrated in Figure 2.9.2.

2.10 Short term projection by area and fleet

Fleet Definitions

The fleet definitions were changed compared to the assessment presented in CM (I996/Assess:lO) as discussed
in section 2.15 ad 1.3 a). The database was modified although the full rebuilding was not possible. For details,
see section 2.15 ad 1.3 a).

The new definitions are:

NorthSea

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

Division lIla

Fleet C: Directed herring fisheries with purse seiners 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

The starting point for the projection is the stock of North Sea autumn-spawners in the North Sea and Division IIIa
combined at I January 1997. The ICA estimate of all age groups from 0 - 9+ is used (Table 2.8.3). O-ringers at 1
January 1998 are set at 44,000 million.

The input data used for the short term prcdictions are given in table 2.10.1-3. In summary:

Catches by Fleet: 1996-data from Input Files Table 2.2.8.

Stock numbers:
For 1996 the total stock number was taken from ICA (Population Abundance year 1996).
For 1997 the total stock number was taken from ICA (Population abundance year 1997).
For the 1998 O-ringer the stock number was set to 44,000 million which is the arithmetic average for 1959-1995
rounded to bill ions.

Fishing Mortalities: Fishing mortalities of 0- and I-ringers by fleet are calculated from catch and stock numbers
in 1996. For 2-8+ -ringers the data are taken from Table 2.8.3 for 1996.

Mean Weights at Age in the Stock: the average of the last 2 years is given in Table 2.8.3 (Weights at age in the
stock), 1996 values.

Maturity at Age: Unchanged, from ICES (1996/Assess:IO), Table 2.8.3.

Mean Weights in the Catch by Fleet: A mean ofthe last two years was taken, i.e. 1995 and 1996, Table 2.10.3.

Natural Mortality: Unchanged, from CM (l996/Assess:IO), Table 2.8.3.

Proportion ofM and F before spawning: Unchanged, from CM (I 996/Assess: 10), Table 2.8.3.
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To get a projeetion as realistic as possible, the ealculations were earried out by fleet and area. The proportion of 0
and I-ringers that oeeur in Division lIla is likely to vary between )'ears depending on the size of the year dass: The
proeedure for splitting and the results are shov-n beIow.

The split faetor used for the short term predietions distinguishes the proportions of autumn spawners being
eaught in the North Sea and the lIla area. It does not separate between the lIla autumn and spring spawners.

For the 1996 split (Table 2.10.1-3) the IßTS I-ringer split fnetor from 1997 was used for the O-ringer in the
previous year with updated reetangle area weights, sinee it is assumed that the distribution of 0- and I-ringer
between the North Sea and lIla is equaI. Based on this the lIla proportion was 0.3. For the I-ringer in 1996 the
IßTS distribution of the same year was used and was 0.45 for IIIa. .

For the 1997 split the proportion of I-ringer was 0.3, as stated above. The O-ringer proportion was determined
by the linear l\lIK regression (proportion of I-ringer in IIIa = 0.0019 * MIK (O-ringer) + 0.0644, R=0.6237),
where MIK refers to1997 (year dass 1996) yielding a proportion of 0.35 for an MIK index of 148.1, (see Table
2.10.5).

For the 1998 split the I-ringer were estimated by the regression line from the MIK value for 1997 (y.c. 1996).
For the O-ringer an average MIK index over 1981-1996 y.e. (136.3) was used in order to deriving the proportion
of I-ringer in 1999 (0.32), and the same split was used for the O-ringer in 1998.

Assessment O.ringer distribution I-ringer distribution
"ear
1996 The split-factor of O-ringers in the The split-faetor of I-ringers in 1996 is

assessment-year 1996 is equal to the equal to the split-factor of the IßTS 1-
split-faetor of IßTS-l ringers in 1997. ringers in 1996.

1997 The split-faetor of O-ringers in 1997 is The split-faetor of I-ringers in 1997 is
(assessment equal to the regressed l-rin~r\ equal to the split-faetor of the IßTS 1-
year) distribution of 1998 which is obtained \ri!1gers in 1997.

by regressing the MIK value for 1997
(yeardass 1996) to the IßTS split-
faetor in 1998. ~,

1998 The split-factor of O-ringers in 1998.is The split-factor of I-ringers in 1998 is
estimated by taking the average MIK, obtained from the regression line using the
index for the year dass 1981-1996 'MIK value for 1997 (year dass ~996).

and using the regression.

"'

• The spht-faetor of I-fingers In 1999 IS I

. I estimated by taking the average MIK index I

: for the year dass 1981-1996 and using the :
I regression. The split-faetor for 1999 is only I

: used to estimate the split-faetor for 0- :
~~~~~~~2~ l

Comments on earlier short·term projections by area and fleet

A working document was presented (Basson, WD.1997) eomparing two short term projeetion methods for the
North Sea herring eatehes by fleet. The methods eompared were the one in current use, whieh ineorporates a
'migration factor' between the North Sea and Division IIIa, and a simpler version based on partial fleet-specific
fishing mortalities.

The 'migration faetor' is based on a linear regression of the MIK index of lagged reeruitment on proportions of
1- ringers in Division IIIa. The validity of this regression was questioned sinee the y-variate is a proportion and
therefore the variance is unlikely to he constant. Furthermore it has the potential to go ahove one at high MIK
indices and to also to go helow zero.

..

•

•
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Two alternative forms of the regression were explored, a linear model with binomial eITors and one with a
gamma eITor distribution. The binomial model has the advantage of being confined to the proportion range 0 to 1
but in fact performs no better than the linear model producing a strong trend in the residuals. The general linear
model with Gamma eITor distribution stabilises the variance and gives a much better fit to the data. The working
document concluded that if the method to split the predictions between the fleets using amigration factor is used
then the general linear model with Gamma eITor distribution should be selected rather than the standard
regression. However the standard regression would perform adequately over the middle of the range of MIK net
indices.

A simpler method using the partial F's by fleet was compared with the standard method. Four versions of the
simpler method were explored all using the same basic inputs as the standard method but each with a different
method of calculating the partial fleet F's. The first from the catches of the previous year, the second and third
using partial Fs from the previous two years and previous three years respectively. These three methods' all used
weight at age in the catch whilst the fourth version used weight at age from the previous two years and partial Fs
from the previous year. Comparisons were made using aseries of statistical tests to determine their performance
as predictors of fleet catches. The tests applied were the relative sums of squares; percentage bias in the
predicted versus the observed catch; the average relative percentage bias and the average absolute difference.

The simpler model using the partial Fs from the previous years catches and weight at age in catch performed as
weil as or better than any of the other versions of this model.

The comparisons between the migration model and the simpler model showed that the simpler model predicted
catches by fleet at least as weil as the migration factor model and in some cases it performed better. The results
were strongly influenced by the high catch predicted by the migration model for 1993, which caused the model to
perform badly compared with the simpler version. Even with the 1993 data removed the simpler model
performed as weil as the migration factor model.

The Working Group was grateful for the contribution by Basson which stimulated much discussion and focused
attention on the problem. In particular the Iisting of inconsistencies in the input data highlighted potential
problems with the CUITent spreadsheet system causing the Working Group to consider these carefully for the 1997
prediction, Iisting the factors and reasons for their choice.

For the 1997 prediction it was decided not to make any changes to the prediction model or MIK index regression
which it uses. It was accepted that whilst the regression with Gamma eITor distribution was superior in the lang
term, for 1997 it would make little difference because the MIK index is in the middle of its CUITent range.

The Working Group received a further Working Document on this topic (O'Brien and Darby) but there was not
sufficient time to consider it appropriately. This document will be reviewed before the next Working Group
meeting.

The Working Group encourages further work to investigate the problems of the fleet prediction method and
propose alternative solutions before their 1998 meeting.

Prediction for 1997 and management option table for 1998

Predictions for 1997 based on status quo (1996) fishing mortalities give catches which are significantly above the set
TACs. It is however expected that misreportings from the North Sea for Reet A will continue at the CUITent or even
higher level. Therefore, a projection based on fishing mortalities constrained by the TACs are not considered to
reflect the total removals from the stock and would overestimate the SSB in autumn 1997. The management option
table assuming that the 1997 fishery continues at the 1996 level is given in Table 2.10.4.

The assessments were updated to include misreportings, hence the projections for 1998 account for total removal
from the stock. Therefore applying these estimates as TAC to achieve a given level of fishing mortality implies that
misreporting will be zero. The Working Group has accountcd for an estimated rnisreporting of around 35,000 t in
recent years, increasing to 63,000 t in 1996, although additional rnisreporting is likely to take place. Use of the catch
projection figures provided here for management purposes, should take this into account.

Thc prcdictcd SSB for autumn 1997 is 688,000 t rcprcscnting an increasc oycr the autumn 1996 cstimate of539,000
t (Table 2.8.3). This is a result of the reduction in fishing mortality achieved between 1995 and 1996. The estimate

E:\ACR>NIAWG97\REP-97.DOC 25



of autumn 1996 SSB is higher in this assessment compared to that presented in 1996 assessment of 496,000 t (CM
1996/ Assess: 10). This is due to the inclusion of the misreporting in this new assessment. However, the target SSB
should be significuntly above the MBAL of 800,000 t, (see 2.12) and thereforc restrictive management will be
required also for 1998 and in the near future.

Thc Status qua (1996) assumption for 1997

While the TAC for fleet A may not reflect the removals made by this fleet, the other fleet TACs could constrain the
fisheries. The projection for fleet E for 1997 suggests that the by-catch ceiling under status quo fishing will not be
restrictive. A more realistic option may be to assume that TACs or by-catch ceiling for fleets B ami D will be
restrictive but not a TAC to fleets A and a ceiling for E. Fleet C catches have a dominant contribution of Baltic
spring spawning herring and it is therefore difficult to assess if the TAC (including both autumn and spring spa\\ning
herring) for this fleet will be restrictive. For the purpose of the short term predictions presented below fleet C is
assumed not to be restricted by the TAC. The text table below presents for 1997 the projected yield by fleet aJld the
SSB for auturnn 1997.

This scenario is continued into 1998 where it is assumed that the F= 0.2 regime is implemented and misreporting has
come to a halt and is presented to show the effect for the short term prediction in 1998 of the status qua assumption
for 1997 made for calculation ofTable 2.10.3.

Projected yield and SSB (autumn 1998) based on a F = 0.2 regime for 1998, see section 2.15 ad 1.3 b) for dctails .

1998 ('000 tonnes) Flect A Fleet B Fleet C Fleet D Flect E SSB(auturnn)

...§.!.~!.~~.q!!~.ß2?.~>"f.!~~.i.!!g.~~.~!~.!!~.~ L....}~.~.: .L ~2 L. t? L.. ? l... ~ L. ~.Q~.!.. .
Unrcstricted Fleet A,. C ~nd E restricted i 221 i 29 ! 33 i 7 ! 6 ! 1055
fleets B und D as explamed m text ; ; ; ; ; '. :

2.11 Medium-term projections

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

- Fleets B,C, and D (and also assumed for fleet 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

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:1O). It is summarised here again for
convenience. The vector of parameters X (comprising the fishing mortality at reference age, the selections at age,
the fittcd 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 Montc-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 with an assumption of first-order
autocorrelated errors was assumed, as rccommended by ICES (1995/Asscss:13). A non-parametric bootstrap
method was used to generate recruitments in the pseudo-data sets used for the projections. An updated version of
the 'ICPRor software (named ICP3) was used which is compatible with the new 'ICAv!.3' asscssment software,
but implements thc same method..

..
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• 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 arithmetie mean from ages
2 to 6 w.r.). The fleets B (industrial by-catch in the North Sea), C, (lIla human consumption), D(lIIa mixed
c1upeoid) and E (lIla industrial) were supposed to be of primary importance for the juvenile autumn-spawning
herring. Forecasts based on fishing mortality on age 1w.r. by these fleets at levels of F=O, 0.1, 0.2 or 0.3 were
calculated.

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

• The maturity ogive as measured in 1996 has been assumed to hold for the years 1997 and thereafter.
- The natural mortality that was used for the assessment has been assumed to hold for the years 1997 and

thereafter.
- The proportions of Fand M before spawning in the projections were as used in the assessment.
- The weight at age in the stock for foreeasting purposes was taken as the mean value from 1995 and 1996.
- The weights at age in the catches by fleet were also taken as the mean values from 1995 and 1996
- The projections start from the populations on 1 January 1997 calculated in the assessment procedure. The

exploitation in 1997 was assumed to be as for 1996. Therefore, the two sets of projections (see next paragraph)
assurne different F-at-age vectors for 1997. Therefore, the starting population on 1 January 1998 differs with
respeci to age-groups l-w.r. and 2-w.r. The optional F-regimes all begin in 1998.

Two choices of selection pattern were made for forecasting purposes and all options (except for Fjuv =0, for
obvious reasons) were calculated with either selection pattern. In the first series of forecasts, the selection pattern
used was that estimated in the separable model fit, ie a pattern fitted over the period 1992 to 1996 with catch
residuals for 1996 for age-groups O-w.r. and 1w.r. downweighted. Ir however new management arrangements
imposed in 1996 to reduce the mortality of juvenile fish continue to be imposed in the future, that pattern could
be unrepresentative of future developments. In order to make forecasts consistent with such an assumption, a
second series of forecasts was made with an adjustment to the selection pattern made in order to reflect the
sclection for juveniles in the fishery observed in 1996. This was done by replacing the separable fishing mortality
estimates for ages°and 1 with Baranov catch equation estimates consequent upon the fitted cohort abundance on
1 January 1997 and the reported catches at age ofO and 1 ring fish in 1996. Making this adjustment changes the
selection at age °from 0.3600 to 0.1660 and at age 1 from 0.3994 to 0.5216.

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-multiplier of 0.921 for fleet A), and the fishing
mortality at age 1 has been set to 0.2 by setting an F-multiplier for fleets B-E of 1.347.

The stock-recruit relationship used is shown in Figure 2.11.1. In trials, it was found that the fitted parameters
were quite strongly dependent on the year-range chosen for the analysis, duc in part to an outlier in 1959 (low
recruitment at high stock size). The matter could not be resolved in the time available, but it was a matter of
significant concern to the working group. A need was identified to re-validate the entire historie time series of

• catch-at-age data and the use of maturity ogives before the question could be resolved appropriately.

The medium-term projection scenarios modelied are summarised in Figure 2.11.2 and also given in detail in
Figures 2.11.3-2.11.1°using the separable (1991-1996) sclection pattern, and in Figures 2.11.11-2.11.16 using
the selection pattern adjusted for altered exploitation of°and I-ringers observed in 1996. Note that these figures
are drawn with automatie scaling, and that the y-axes are different among different sets of projections.

2.12 l\lanagcmcnt Considcrations

The 1996 assessment shows the stock to be in a serious state and weil below the firmly established MBAL of
800,000 t. The 1996 SSB is estimated at 539,000 t and the 1997 SSB is predicted to be 688,00 1. There is strong
evidence that this is a reasonable MBAL for this stock (lCES 1996/Assess:IO). It is therefore of paramount
importanee that the SSB is brought back above this level quickly. With recruitment (I-ringers) in 1997 above the
average ofrecent years and the MIK (O-ringers) surveys in 1997 suggesting an average recruitment, the spawning
stock biomass could become above the MBAL in 1998, if the ACFM strategy is followed, with a spawning stock
biomass above around 1 million tonnes.
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Thc Working Group considers that thc management mcasurcs for these fisheries for North Sea autumn spawners
should aim at a spawning stock hiomass in following years weil abovc the MBAL level and the fishing
mortalities choosen should be guided by the precautionary approach as is outlined in Section 2.9. Section 2.15
provides further information on target and limit referencc points.

The by-catch of herring in the small mesh fisheries decreased in 1996 compared with the level of 1995. The
Working Group considered that this decrease was related to thc management measures to regulate the industrial
fisheries. The Working Group continues to be concerned about the impact that the industrial fisheries, taking
juvenile herring, have on herring recruitment and SSß. It is also worth noting that the total catch of North Sca
autumn spawners, takcn in all areas in 1996, still compriscs more than 75% immature fish (in numbers), whieh is
still high and similar to the 80% in 1995, dcspitc the change in mangcment mcasurcs. .

Thc Working Group continucs to bc awarc of largc scalc misreporting of catches in several parts of thc North Sca
into adjacent arcas (see Seetions 2.1.2 and 2.2.1). Misreported eatehes from 1984-1996 from Division IVa to
VlaN at thc 4°/5° boundary was included in the eatch in numbers used for the assessment by the Working Group.
This allowed thosc catches to bc moved into thc North Sea assessment for thc first time, with somc conlidence.
However, it is expected that even more misreporting takes place of whieh the Working Group is not aware.

The larvae surveys suggest that spawning stock biomass has declined in 1995 to thc lowest level sincc 1980, but
increased in 1996 to about an average level. Thc situation in the southern North Sea and eastern English ChanneI
area appears to bc less serious than last year, becausc of recent relatively good rccruitment. Thc spawning stock
biomass is separately managed in this component of thc North Sca stock. •

2.13 Requests from the multispecies Working Group

Thc Multispccies Assessment Working Group requestcd data on quaterly eatches and mean weights at age in the
eatch and stocks for 1996, by statistieal rectangle of thc North sea for herring. ßut these data, at this level of
detail arc not available, and they are provided in thc same form as previous years.

2.13.1 Quarterly data base (numbers and mean weights at age)

Quarterly catch-at-agc data, together with quarterly weights at agc in thc catch and in thc stock at spawning time
for North Sea herring far 1996 are provided in Tablc 2.13.1.

Wcight-at-age data for thc stock at spawning time arc best provided by sampIes taken during thc July acoustic
survcys whieh cover Divisions IVa and IVb, and these arc shown in thc bottom linc ofTablc 2.13J. '

..

A comparable breakdown of catches of spring spawners taken in the North Sea and transferred to Division IIIa is
shown in Tablc 2.2.3.

2.13.2 GeographicaI distribution of the catches in the North Sea in 1996

Data on thc geographical distribution of catches in the North Sea (sub-areas IV and Division VIId) in 1996 werc
availablc from Denmark, thc Netherlands, Norway, Sweden, thc U.K. (Scotland and England), Germany and
Francc. Thc data represents thc total eatch (both juveniles and adults), but misreporting (from VIa) are not
includc. Figures 2.13.1 - 2.13.12 show the eatch by ICES rectangles for each month.

2.14 Quality of the Asscssment

Thc assessments carried out from 1990 onwards show a systematic overestimate of thc spawning stock biomass.
At the assessment Working Group meetings in 1991-1997 the spawning stock biomass has considerably been
reduced by each following assessment until 1996 (Figurc 2.14.1). The Working Group tried to explore what
might have eaused this downward re-evaluation of spawning stock biomass over such a long time period.

The trends in biomass from three different surveys that inc1ude biomass information on the adult part of the stock
were examined over the period 1984 - 1996/1997 (Figure 2.14.2). The adult biomass from the aeoustie survey,
thc I\1LAI index from thc herring larval survcys and thc adult hiomass from thc I st quarter IßTS survey wcrc
compared to thc biomass estimate from this years assessment. To make these indices comparablc they werc
normalised to lover the period 1984-1996. Thc information from thc eatch in number data (see biomuss from

•
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this years assessment) does not agree with the survey indices on adult biomass. Up to 1988 the catch in number
data indicated a higher biomass than the survey indices, while after 1990 this changed and the opposite was
observed. This might have caused this trend in SSIl overestimation during the years 1991-1996. Another factor,
whieh might have affected the estimation of SSIl, are the missing catches. These missing catches also could
include loss of fish by the Ichthophonus disease. Patterson (1997b WD amI 1996) used a population model
similar to the Working Group's assessment model but excluding catch information to investigate what change in
perception in stock size, fishing mortality and landings occurs when the assumption that catches are estimated
without bias is relaxed to the assumption that catches are unknown. Figure 2.14.3 shows that especially the SSIl
is underestimated when the missing catches are high (1987-1991). The successive downward re-evaluation ofthe
spawning stock biomass during the period 1991-1995 might have been caused by these missing catches.

The effect of uncertainty in the stock assessment model parameters on the present perception of stock size duc to
stochastic noise (ie excluding possible model mis-specification) was considered by a simple procedure.
Conventional separable VPAs were initiated with fishing mortalities of F +se and F -se (where Fand se are the
estimated reference fishing mortality in 1996 and the corresponding estimate of the standard error of this
parameter). Spawning biomass trends so estimated are plotted together with the Working Group's final
assessment model estimates of SSIl (Figure 2.14.4). This shows that the model fit appears to give reasonably
precise estimates of stock size, and the biomass corresponding to the lower standard error of estimated fishing
mortality is weil below the MIlAL. Such considerations obviously exclude parameter correlations, but may
provide an indication that the perception that current stock size is less than I\mAL is fairly robust to noise in the
data.

• The assessment procedure used prior to 1995 included shrinkage to mean biomass. In aperiod of decreasing
biomass this would plausibly lead to overestimation in stock size in addition to the matters considered above.

Furthermore the uncertainty on the unallocatedlmisreported catches also influences the assessment.

2.15 Request from the European Commission and joint request from the European Commision and
Norway

These requests are Iisted in Section 1.3. The !ctters below refer to that list.

ad 1.3 a)-b) Fleet Structure for short term forecasts

ad 1.3 a)

•
The Herring Working Group recognises that the fleet definitions are made for management purposes. The stock
assessment is based on estimates of total removals from the stock combined with aseries of stock indicators
obtained from research vessel surveys. The stock estimates therefore only depend on the fleet definitions in as
much as the catch and effort statisties and the biologieal sampling use these "fleet" for stratification in the
sampling schemes.

The fleet definitions presented above differs from those previously used when presenting catch-at-age data. These
definitions differed between countries. The Norwegian definition was based on which quota the herring catch was
counted against. The Danish and Swedish definition were based on whether the fish were landed for reduction or
for direct human consumption purposes. There was also a difference in the definition of fleets C and E between
Denmark and Sweden. Fleet E (Denmark) was the fisheries for Norway pout and sandeel plus in some years,
sprat. Fleet C (Denmark) was the directed herring fishery. For Sweden fleet C was the proportion of the catches
from the directed herring fishery that went for human consumption while another proportion was recorded under
fleet E since that proportion was used for reduction purposes. Therefore application of the above fleet definition
requires rebuilding of the catch-at-age by fleet database.

The herring fisheries in the North Sea and in Division lIla may be grouped into:

• Directed herring fisheries (Fleets A and C).
• Fisheries where herring is taken as by-catch (Fleets ll, D and E).

The first group of fisheries include both trawlers and purse seiners. Most of the trawlers use 32 mm but there is
little difference in the size compositions with mesh size. Likewise the trawlers catch composition differs little
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from that of the purse seiners as the trawlers and the purse seiners exploit the same fishing grounds and land
herring for the same market. Of course all these vessels aim to obtain a quality and a size composition giving the
highest price. The landings from vessels participating in this fishery may be sorted and some proportion sold for
direct human consumption while the remainder of the landings are used for reduction. In other cases the entire
landing goes for either human consumption or reduction. The earlier definition that includes the usage made of
the herring is not adequate for fleet definitions. A definition based on the use of 32 mm or not is not relevant
either since similar catch compositions can be obtained both with 32 mm and smaller meshes. The key factor is
whether the fishery is directed for herring or not. This is determined by season and fishing grounds.

The second group includes the industrial fisheries for sprat, Norway pout and sandeel. These fisheries are
conducted with 16 mm or less. Herring appears as by-catch in various proportions in these fisheries. However the
Norwegian industrial fisheries have previously been grouped with fleet A. This was a consequence of the
Norwegian point of view that all herring landings should be counted against a quota.

The fleet D (mixed clupeoids) is defined because of the specific regulation far this "fleet". The vessels fishing
under this set of regulations only do so for some period of the year and the same vessels will in other seasons be
part of fleet C or E or be fishing in the Ballic Sea. Sweden conducts under this regulation a small (about 5,000
tonnes annually) fairly clean sprat fishery. Herring is only a minor by-catch in these catches.

The gillnet fishery for herring in Division lIla [lroduces catches with very different size compositions from those
of the trawlers and the purse seiners. Hawever this fishery is small and is ignared far the present analysis.

The redefinition fallowing the EC proposal would make it easier to relate the various herring quotas and by-catch
ceilings to the landings.

The EC definition of the fleets is therefore proposed to be changed ta:

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 lIla

Fleet C: Directed herring fisheries with purse seincrs and trawlers
Fleet D: Vessels fishing under the mixed clupeoid (sprat) quata
Fleet E: All other vessels participating in fisheries where herring is taken as by-catch

These definitions have been used in the auempt to rebuild the database reported below.

The industrial species referred to below are blue whiting, Norway paut, sandeel and sprat.
The changes in the database required to follow the above fleet definitions are then:

• Norwegian fisheries for industrial species for should refer to fleet B.
•. Swedish fisheries in Division lIla for herring should all refer to fleet C.
• UK (Scotland) fish~ries for industrial species should refer to fleet B
• Danish (Faroe Islands) fisheries for industrial species should refer to fleet B.

Because ofthe shart notice given to the Working Group on the additional requests it has not been possible to deal
with all aspects of rebuilding the database. It was only possible partly to rebuild the database for 1996. No
auempt to rebuild the database far 1995 and earlier years was made.

The Norwegian catches of herring in 1996 in her fishery for blue whiting, Norway pout and sandeeIs amounted ta
630 tonnes and thase in her sprat fishery to 778 tonnes. However in the shart time available it was nat possible to
recalculate the age compositions of these specific components. Therefore the age compositions presented far
1996 in Table 2.2.8 include these catches under fleet A. There is data available for 1994 and 1995 that allaw
rebuilding this part of the database.

.-
•

•

•
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Swedish data were available which allowed the Group to rebuild the data base and the age compositions for
1996 presented in Table 2.2.8 include these Swedish catches under fleet C instead of as under fleet E as in
previous years. There are data available for 1995 that allow a rebuilding for this year. No data exist for earlier
years. Whether it may be possible to rebuild the database based on Danish data for these earlier years can only be
answered after analysis which due to time constraints was not possible at this meeting.

Concerning the UK (Scotland) and Denmark (Faroe Islands) catches there were no biological data available and
their catches are included under fleet A. Apparently there is no biological data available for 1996 and earlier
years which pertain to these catches. However it may be reasonable to apply Danish sampIes from Esbjerg to
these minor catches.

In conclusion:

• The rebuilding of the database was only attempted for 1996 and this rebuilding was not complete
• There are data available for the most recent years which will allow a complete. rcbuilding of the data base.

Nationallaboratories however need some time to extract and analyse these data.
• It is unlikely that a reliable rebuilt database based on the new fleet definition will be possible for years prior

to 1994, and most Iikely data for that year will be unsatisfactory for rebuilding the database.

Rebuilding of the database is most likely best dealt with at an ad-hoc meeting between EC and Norway with
participation from national statistical offices and from the research laboratories. Definition and reliability of
sampling schemes for species compositions for the industrialfisheries were previously dealt with in this manner.

ad 1.3 b) Recalculation of cateh predictions for 1997 and associated biomass

1997 =0.25 * F(l995)19961995

The target for 1997 set by ACFM in May 1996 was that the fishing mortality in 1997 of all fleets be reduced
from the 1995 level by 75 % corresponding to an FZ-6 of 0.2. Based on the assessment presented in Table 2.8.3
the fishing mortalities by age were:-----------------------

F l-wr
F2·6wr

0.3482
0.8158

0.204
0.3482

0.0871
0.204

The projection presented below applies a reduction factor of 0.204/0.3482 = 0.586 to fleet A and a reduction
factor of 0.0871/0.204 =0.427 to fleets B, C, D and E to the exploitation pattern amI level for 1996. The stock
sizes and other stock descriptors are as described in Section 2.10.

I Fleet A I Fleet B I Fleet C I Fleet D I Fleet E I Total Catch I 55ß (Autumn 1997)

758

•
ACFM May 1996 Table 2 l 159 24 11 3 21 218 700
Op,tion C j j ~ i i ~ i

.......uu• .e.nn .

Revised Prediction bascd l i l l i i i
on assessment presented ! 162 ! 25.6 l 11 ! 5.7 j 4.6 ! 209 !
in section 2.8 i i i i i i i

ad L3 c) Calculation of equilibrium spawning biomass and equilibrium yield

A calculation of equilibrium spawning biomass and equilibrium yield was made under the assumption that gro\\th
and mortality are stock-independent and can be representcd by a long-term mean, and by recent Working Group
assumptions respectively. An assumption of long-term stochasticity in recruitment is also made.

The calculating method used was to calculate 100-year age-structured stock projections under constant-F
regimes, with starting values and parameter estimates taken from CM (l995/Assess:IO). The projections were run
for 100 years forwards, taking the last 10 years as representing the equilibrium state. Choice of input parameter
and treatment of uncertainty are summarised below:

Natural Mortality: Working Group assumptions used, no uncertainty modelied.

Exploitation pattern: As calculation of equilibrium SSB and yield as function of the level of fishing mortality
elearly requires the specification of an exploitation pattern, and in the absence of a working definition of a
precautionary exploitation pattern, the Group has used the average pattern 1991-1995 exploitation pattern by
fleet (ICES 1996/Assess:IO). This differs from the 1996 pattern. No uncertainty modelied.
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Fishing l\1ortality: Treated as a control variable and therefore no uncertainty mode11ed. Fishing mortality by
fleet was modelIed as the product of a fleet-specifie F-multiplier and a fleet-specifie exploitation pattern. In the
simulations, the same F-multiplier was used for fleets B-E

Wcights at agc in catchcs: Mean values 1991-1996 by fleet used. No uncertainty mode11ed.

Wcights at age in the stock: Mean values 1991-1996 used. Uncertainty based on historie variability (as log
transformed normal variatc).

l\laturity Ogive : Mean values 1976-1995 used. Uncertainty modelIed based on historie variability (As aresine
transformed normal variate).

Rccruitmcnt: ABeverton - Holt stock recruitment relation extended with a l-year lag autoeorrelation was used.
The parameters were estimated based on the estimates of SSB's and the strength of O-ringers for the years 1958
1996. This relation is fairly similar to the one used for equilibrium studies (Section 2.9) and for simulation of
management regimes below. The stochastie model was bootstrapping (resampling with replaeement) of the log
residuals in the above mentioned fit.

For the purposes of equilibrium ealculations, it is appropriate to take population parameter values over as long
time span as possible. Choices made over year ranges are therefore different to those made for medium term
projection purposes (Section 2.11)

ad 1.3 d)

The calculation was made for a range of fishing mortalities (F-Multipliers refereneed to the F in 1995 as
estimated by ICES 1996 CMIAssess: 10) as below:

Fleet A: (referenced to Mean F at ages 2-6 =0.8010) : range 0.1 to 0.8.

Fleets B-E (referenced to F at age 1 =0.3756): either: scaled as above, or scaled =0.75, 0.67, 0.5 or 0.25
relative to the fleet A F-multiplier.

Appropriate percentiles of the distributions of the estimated equilibrium stock size, the eatch by a11 fleets, and the
eatch by fleet so obtained are given in Figures 2.15.1-2.15.10. This information is provided in response to terms
(e) and (d) ofthe request by EU and Norway.

ad 1.3.c) Rcfcrcncc Points for Fishing l\1ortality and Stock ßiomass

The answer to this request is covered by the considerations in Section 2.9

as 1.3 O. Harnst controllaws

Achieving the objective of keeping the risk of SSB<800 000 tonnes below 5%, depends on the management
regime (the harvest control law applied). The simulations presented in Section 2.9 are based on the particular
regime o.f a fixed target fishing mortality being applied every year to the stock.

Some consequences of one possible alternative dass of harvest scenarios has been considered here using a
management simulation approach. A harvest control law has been modelIed in which management actions are
taken in response to the current perception of stock size from an assessment procedure.

Representing the current pereeption of stock size as SSB, and two reference levels of stock size used for
management purposes as Limit I and Limit 2 (e.g. MBAL), corresponding management actions may be taken,
e.g.

Assessment - SSB estimate Level Fishing mortality used for setting TAC

....~!~~.~.~.~ ..~.~.~ [}~.!g.~ .L~.~~!.~~~..~.y..p.:.~~.'!:~~.!~~~E>.:.~.P.P. ~E.~.!~~.~~ .
Limit I (MBAL) < SSB < Limit 2 i Medium 1 Limited by some factor, e.g. 0.5, of precautionary

i i limits
···S·SB..<·L·i;;:;it··i..(·~1"iiAi~)· ···..············· r"L;;;··· ·rO·;~d·;..~~·~iTby·~~·;i~h·-;;ii·~~·;ii·~~·(F;Ö~·Ö5)···· · · _..

•

•
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The introduction of such a safety zone, betweeen limit I and limit 2, should not lead to higher target F's than
specified by the precautionary calculation presented under ad 1.3 c) and in section 2.9, and the limit of this zone
should not be taken as a target.

The range of safety zone should be set to absorb the variability in the development in the stock, but also the
uncertainty in the yearly assessments. These uncertainties include mis- and non-reporting of catches.
Uncontrolled fisheries, e.g. in international waters, will add to the uncertainty of the predicted effects of a set
TAC.

Some characteristics of the performance of such a control regime has been investigated by simulation. In these
trials, recruitment was modelied using the Beverton - Holt parameters as described in Section 2.9. A four- term
autoregressive model was applied. Other input data were according to this years assessment. In order to illustrate
the performance of such a three level system, simulations were compared to a system where the TAC was set to a
fixed target independent of the assessed state of stock.

The lower limit (limit I) has in all simulations been set to MBAL 800,000 tonnes. The effect of the upper limit
(limit 2) was investigated for three levels (l mill tons, 1.2 mill tons and 1.5 mill tons) these simulations are made
under the assumption that the assessment is perfectly precise and that the catches actually taken are exactly those
decided by the management rule.

A target fishing mortality was calculated as that value which gives a 5 % risk of the SSB falling below MBAL at
least once in ten years. This value was calculated for each of the four simulated scenarios.

The decision rule used was

Level Estimated SSB Decision

.......} L§.§.~ ~.~~.y.~..E~.!~..~ .L..r~.~~.~~.~.~.~.!~~~.U:~ _ .

.........~ L.~!.~.!!.~?~.~.~.?.:.~.~!E.!.~ ..! .L!~.~~.~~.~.~.~.9.:?...~L~~g.~~..!:~ _ .
1 i SSB below Limit 1 i TACs set at 0 but assuming a residual fishing mortality of F =0.05 for all

! ! fisheries

The comparisons were done on three parameters

• The probability that the SSB would drop below limit 1 (MBAL) at least once in the coming ten years (1998-
2007).

• Probability of being in each of the levels in the lO'th year.
• The total cumulated yield over this ten year.
• The lower 10 % percentile and the upper 90 % percentile of the total cumulated yield for these 10 years.
• The year-to-year variation, expressed as the range of the catches in the last five years 2003-2007 divided by

the average catch for these years.

The results are shown in the text table below. It may be noted that the exact probability of SSB<Limit 1 is quite
sensitive to small changes in the fishing mortality level. Therefore, the scenarios in the table can be considered
comparable with respect to risk level.

Fishing Probability Cumulated Year-to-year
mortality catch varia·tion

abole (1000
Limit 2 tonnes)

SSß<MBA Level I - 2 - 3 10% 50% 90%
L at least in year 10 FleetsB-E Fleets B-E FleetB-E

once in 10 FleetA FleetA FlcetA
years
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These results show that by setting a level 2, a higher fishing mortality can beapplied in thc upper level, at
comparable levels of risk of SSB<Limit I. In practise, however, if Limit 2 is relatively high, the stock will most
likely be in Level 2, where the fishing mortality is comparable to that in the Fixed F regime, the medium term
catch will be approximately the same, and the year-to-year variations much larger. With a lower Limit 2, the
fishing mortality cannot be increased much, and again, the year-to-year variation increased considerably.

Perceptions of risk (in terms of P(SSB<MBAL» obtained above are predicated on the assumption that the
population dynamics model is appropriate for the stock and that unbiased estimates of stock size are returned by
the survey and assessment procedure. Ir a systematic bias in stock size estimation occurs, as is thought to have
happened from 1991 to 1994, then perceptions of risk are significantly altercd. Effects of assessment
overestimation have been investigated briefly by simulating a positive bias in the annual SSB estimation with a
stochastic distribution of N(20%,s.d. 10%). For the fixed F scenario the risk changes from 5% to 40% and for thc
other simulations the change is from 5% to a range from 64% to 88% depending on the modelled scenario. The
fixed-F strategy is therefore much more robust to assessment errors.

ad 1.3 g) Thc statistical rcliability of thc sampling data on which thc operation of thc current by-catch
quotas depend .

Ee has held several expert meetings where the term of reference has been to evaluate the monitoring schemes in
EU countries and Norway. The first meeting was held in 1993 in Bergen, Norway, the second and third one in
BruxeIles, Belgium.

At the Herring Assessment Working Group meeting 1997, a Working Document (Dalskov, 1997) was presented.
This WD deals with the Danish monitoring scheme and presents estimates of uncertainties in the estimations of
catch by species.

Danish Regulation and management scheme in 1996

By-catches of herring in the small meshed fishery.

Denmark after July 1996 has used a sampling scheme of its small mesh fisheries for continuous monitoring of the
species composition for management purposes. This scheme was implemented in 1991 but beforc July 1996 was
only used for scientifie purposes. The management actions taken based on the monitoring scheme is to close
fisheries in areas or in periods in order to maintain by-eatches of herring within permitted levels.

The Danish plan for management of landings with herring by-catches implemented from the. 2. half of 1996
included upgrading of the Danish monitoring scheme on species composition, a Iicence scheme, effort limitations
and tightened contro!. Fishing vessels shall communicate entry into and exit from fishing areas as weIl as transit
through an area closed for small mcshed fishery. Vessels holding a special fishing permit for small meshed
fishery shall be wiIIing to receive observers on board. .

The Danish sampling scheme operates in all Danish ports where landings from the small meshed fishery can take
place.

The number of sampies from the small meshed fishery was increased from a level around 900 to approximately
1300 between 1995 and 1996. This extra sampling effort was used in the period from 1 August to mid December,
the period where, historically, by-catches of herring often occur.

The key to a reliable statistical sampling program is random sampling. Therefore a computer based random
number generator was introduced to select vcssels for sampling of their landings. The selection of vessels for
sampling is made by the central authorities. In order to facilitate this selection process the vessels shall announce
landings 6 hours before entry to port. Finally, in order to improve the effectiveness of available personnel and
control resources, small meshed landings werc forbidden on weekends and limited to certain hours ofthe day.

The sampling level goal was I samplc per 1,000 tons landed. Thc sampling is not proportional to thc landing size
as this would overrepresent large vessels. Thercforc the program gives landings by small vcssels ahighcr weight.
In addition, sampIes for scientific purposes were collected.

The desired sampling level for 1996 was more than reached. In 1996 1 samplc per 630 tons landed was taken.

.-
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Tbe total number of sampies taken in landings from the North Sea, Skagerrak and Kattegat in the years 1991 to
1996 are given in the Text Table below.

I 1991 I 1992 I 1993 I 1994 I 1995 I 1996

...~p.~~.~~~.~.~.~p.!?~.~!.~!?~ L ~~~.J J.!.!.Q.?..I...~.!.?. J.§.~.? ..I...?.~..L L!.!?.Q7. .
Scientific I 307 I 422 I467 I364 I360 I268

........nnnnnu.U ····of· ·.·· + ·I· • ••••••+ 1 ..

·.!~!·~!··~~~~·~·~··~!...~~·~.P.)·~~·······················t ~.'J.~.Lt··········J·!~}}····I··}·!·?§·§···········t···!·!?:·~J············I·..!!·?~·L········f···!·!~.?:? .
Landings ('000 tonnes) ~ 1.207 ~ 1,376 ~ 1.973 ~ 1.225 1 1.345 1 1.004

Uncertainty of catches and age-distribution in the small meshed fishery

The most important species caught in the small meshed fishery in the North Sea are sandeei. Norway pout and
sprat with by-catches of herring. haddock and whiting. The estimation of the catch in weight and number
together with uncertainty in the estimations of the catches of all these species is discussed by Lewy (1995. 1996)
b'ased on data from 1993. Tbe main results are:

The coefficient of variation for catch weight per species in the small meshed fisheries in the North Sea in 1993.
in percent.

Sandcel Norway pout Herring Sprat Whiting Haddock

l.l 2.8 6.5 4.6 10.2 15.6

The 95 percent confidence interval for the total catch in thousand tonnes for cach species in the small meshcd
fisheries in the North Sea were correspondingly estimated as

Sandeel Norway pout Herring Sprat Whiting Haddock

472 - 492 92 - 102 88 - 114 139 - 167 14 - 22 4.9 - 15.6

Tbc relative uncertainty of the estimated catch weight is minor for sandeel and Norway pout. moderate for
herring and sprat and larger for haddock and whiting.

Norwegian monitoring scheme for small meshed landings

Norwegian fisheries for Norway pout. sandeei, blue whiting. sprat and horse mackerel are sampled according to a
revised sampling program which was started in autumn 1996.

Sampies of the landings are taken following the guidelines shown below

Fishery

Norwaypout
Sandeel
Blue whiting
Sprat
Horse mackerel

Sampies for species
distributions

20 % of landings
10 % of landings .
10 % of landings
33 % of landings
20 % of landings

Sampies for length
measurements

10 % of landings
10 % of landings
10 % of landings
33 % of landings
5 % of landings

Tbe number of sampies taken from the Norwegian small meshed fishery has increased over the years. In 1994,
191 sampies, in 1995.350 sampies and in 1996.578 sampies were taken.

On top ofthis sampling the purse seine fishery for sprat was sampled. In 1996.25 sampies were taken.
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There was no information available on the scheme for selection of which landing to be sampled.

Swedish monitoring scheme for small meshed landings

In 1996 a monitoring scheme started in Sweden. In Sweden there is only one fish meal and oil factory,
Engholmen. At this factory al1 landings since April 1st 1996 have been sampled. In the beginning of 1997
Denmark and Sweden agreed that the Danish Fishery control wiII sampie landings by Swedish vessels in Danish
port.

At Engholmen three sampies are taken from each landing and for Swedish landings in Denmark the Danish
selection scheme will apply.

Scottish monitoring scheme for small meshed landings

No information on the Scottish monitoring scheme for smal1 meshed landings were available for the Working
Group.

ad 1.3 h) Ratio of Admixture ofNorth Sea herring and SW Baltic-Illa spring spawning herring in Division
lIla

This problem is currently under investigation by an EC project (study project 1996/073) which started Ist March
1997 and is expected to report by early 2000. The summary presented below is therefore very preliminary. The
rate of admixture is discussed in more details in Section 3.2.3-6.

Data are mainly available from RN cruises. However the analysis on the vertebrae counts presented in Figure
3.2.5 indicates that RN data underestimate the admixture of North Sea herring in the catches.

The methods for identifying spring spawning herring in the catches has been improved recently, (Mosegaard and
Popp Madsen 1996). Data for 1996 were obtained by this new method, data for earlier years were obtained by
older methods. The new method is considered superior to older methods and therefore these older data are
discarded for the time being until their validity are further investigated by the EC projecL

The salient points of the analysis presented in Sections 3.2.3-6 are:

I. Based on RN data it appears that:

• Thc 0 wr herring in Division IIIa are dominated by autumn spawners.

• Thc 2 V.T herring in Division IIIa are dominated by spring spawners in thc 2nd half of thc year.

• The 3+ wr herring in Division IIIa are all spring spawners.

The threc above points are in ageement with the assumption made for the short term prediction for the North
Sea autumn spawning heming.

• The admixture for 1+wr differ between Skagerrak and Kattegat.

2. There is no analytical assessment for the SW Baltic Division IIIa hcrring complex available and It IS
therefore not possible to construct a model which annaully predicts the contribution of spring spawning
herring to the catches in Division IIIa based on projected recruitments.

Because of the lack of an analytical assessment of the spring spawners the best advice possible at present would
be to use an overall admixture rate based on RN data for 1996. Based on data presented in the text table in
Section 3.2.3 this admixtures in weight by fleet are given below:

.-

Fleet C
Admixture of spring spawning herring % wt 74.6

Fleet D
9.5

Fleet E
29.0
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ad 1.3. h) Appropriate fishing mortality rates for the SW Baltic-IIla spring spawning herring

In the absence of an analytical assessment, this question cannot be addressed at present.

Annex to 2.15 Description ofmanagement simulation program

In order to explore a three-Ievel regime, a medium term simulation program was developed, (Skagen, Working
Document 1997b). It takes into account several sources of uncertainty of the developement of the stock, and in
addition allows for exploring the effects of bias in the assessments and in discrepancies between quotas and
actual catches.

This program is essentially a routine for Monte-Carlo simulation of medium term predictions over 10 years.
Connected to this is adecision model, by whieh adeeision on quotas is taken every year aecording to a
predelined rule, based on the projected SSB (with optional bias) in the year when the quotas apply.

In the present version, the predietions start with random initial stock numbers, drawn assuming a multiple
lognormal distribution with means and variances - covariances taken from the ICA assessment. Recruitments are
drawn assuming a Beverton - Holt function with normally distributed log residuals. The log residuals may
optionally be modelied as an autoregressive process driven by a normally distributed noise term. Stochastic
weights in the stock and in the catches, as weIl as maturities at ages were obtained by using the input data for the
assessment for the last 10 years, by drawing, each time such a number is needed, a random year and using the
data from that year.

The model assurnes that decisions are taken each year about catch quotas according to predelined rules. The rules
include 3 levels of SSB as described above. Separate rules apply to lishery far 0 - 1 ringers (juveniles), and for
older fish (adults). For each level and each lishery, an F-value and a maximum catch is specilied. The F-values .
represent F0- 1 and FZ-6 respectively, under a given selection pattern. In addition to a combined regime, a lixed F
regime can be simulated by setting the maximum catch extremely high, and a fixed catch regime can be
simulated by setting the F-value extremely high.

There is an option to multiply the true SSB in the stock with a random factor - normally distributed with specilied
mean and SD, whieh is to simulate the effect of uncertainty in the assessment. The decision of which level to
apply is taken based on the predicted SSB in the year where the decision applies, as this SSB is assumed by the
decision maker. The F-values to be applied are translated into quotas using the stock numbers according to the
assumed population. A multiplier can also be applied to the catches, so that the actual catch influencing the stock
can differ from the quota decided by the manager. The catches as they really are, are transferred back to true
fishing mortalities whieh are used to model the further development of the true stock.

FinaIly, there is an option to use the 30 percentile of the recruitment distribution at the assumed SSB instead of
the actually drawn recruitment to set the quota for lisheries that include 0- ringers, as the recruitment williargely
be unknown at the time the decision is taken. This option is not used in the present simulations.
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Table2.1.1 North Sea HERRlNG (Sub-area IV and Division VIId). Catch in tonnes by country, 1983-1994. These .-
figures do not in all cases correspond to the official statistics and cannot be used for management purposes.

Country 1985 1986 1987 1988 1989 1990
Belgium 3,482 414 39 4 434 180
Denmark 129,305 121,631 138,596 263,006 210,3152 159,2802

Faroe Islands 623 2,228 810 1,916 633
France 14,400 9,729 7,266 8,384 29,085 23,480
Germany, Fed.Rep. 8,930 3,934 5,552 13,824 38,707 43,191
Netherlands 79,335 85,998 91,478 82,267 84,178 69,828
Norway4 159,947 223,058 241,765 222,719 221,891 2 157,8502

Sweden 2,442 1,872 1,725 1,819 4,774 3,754
UK (England) 5,564 1,404 873 8,097 7,980 8,333
UK (Scotland) 55,795 77,459 76,413 64,108 68,106 56,812
UK (N.Ireland)
Unallocated landings 74,220 21,089 58,972 33,411 26,7492 21,081
Totallandings 533,420 547,211 624,907 698,449 694,1352 544,422

DiscardsJ 4,000 8,660

Total catch 533,420 547,211 624,907 698,449 698,135 553,082
Estimates of the parts of the catches which have been allocated to spring spa\'ming stocks
IIIa type 6,958 17,386 19,654 23,306 19,869 8,357
Coastal type 520 905 490 250 2,283 1,136

Country 1991 1992 1993 1994 1995 1996\
Belgium 163 242 56 144 12
Denmark 194,3582 193,9682 164,817 121,559 153,361 67,496
Faroe Islands 334
France 24,625 16,587 12,627 27,941 29,504 12,500
Germany 41,791 42,665 41,669 38,394 43,798 14,215
Netherlands 75,135 75,683 79,190 76,1~5 78,491 35,276
Norway4 124,9912 116,863 122,815 125,522 131,026 43,739
Sweden 5,866 4,939 5,782 5,425 5,017 3,090
UK (England) 11,548 11,314 19,853 14,216 14,676 6,881
UK (Scotland) 57,572 56,171 55,531 49,919 44,802 17,473
UK (N.Ireland) 92
Unallocated landings 24,435 25,867 18,410 5,749 33,594 62,729
Totallandings 560,910 544,299 520,550 465,024 534,281 263,399

DiscardsJ 4,617 4,950 3,470 2,510 1,469
Total catch 565,527 549,249 524,020 467,534 534,281 264,868
Estimates of the parts of the catches which have been allocated to spring spawning stocks
IIIatype 7,894 7,854 8,928 13,228 10,315 855
Coastal type 2525 2025 201 5 2155 2035 1685

. \Preliminary.
2Working Group estimates.
JAny discards prior to 1989 were included in unallocated landings.
4Catches ofNorwegian spring spawners removed (taken under aseparate TAC).
5Landings from the Thames estuary area.
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". Table 2.1.2 HERRING, catch in tonnes in Division IVa West. These figures do not in all cases
correspond to the official statistics and cannot be used for management purposes.

•
Country 1987 1988 1989 1990 1991
Denmark 50,184 25,268 29,298 9,037 5,980
Faroe Islands 102 810 1,916 633 334
France 285 266 -1 2,581 3,393
Germany, Fed.Rep. 3,250 9,308 26,528 20,422 20,608
Netherlands 44,358 32,639 24,600 29,729 29,563
Norway 55,311 30,657 41,768 24,239 37,674
Sweden 768 1,197 742 1,130
UK (N.Ireland) 92
UK (England) 4,820 4,820 5,104 3,337 4,873
UK (Scotland) 66,774 48,791 58,455 46,431 42,745
Unallocated landings 16,092 3,173 4,621 5,492
Total Landings 221,032 153,751 191,584 141,030 151,884

Discards2 900 750 883
Total catch 237,124 153,751 192,484 141,780 152,767

Country 1992 1993 1994 1995 19963

Denmark 10,751 10,604 20,017 17,748 3,237
Faroe Islands
France 4,7144 3,362 11,658 10,427 3,177
Germany 21,836 17,3424 18,364 17,095 2,167
Netherlands 29,845 28,616 16,944 24,696 2,978
Norway 39,244 33,442 56,422 56,124 22,187
Sweden 985 1,372 2,159 1,007 2,398
UK (N.Ireland)
UK (England) 4,916 4,742 3,862 3,091 2,391
UK (Scotland) 39,269 36,6284 44,687 40,159 12,762
Unallocated landings 4,855 -8,2715 2,944 26,018 48,213
Total Landings 156,415 127,837 177,327 196,365 99,510

Discards2 850 825 550 356
Total catch 157,265 128,662 177,877 196,365 99,866

lIncluded in Division IVb.
2Any discards prior to 1989 were included in unallocated.
3Preliminary.
4Including IVa East.
5Negative unallocated catches due to misreporting from other areas.
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Table 2.1.3 HERRING, catch in tonnes in Division IVa East. These figures do not in all cases correspond to the .-
official statistics and cannot be used for management purposes.

Country 1985 1986 1987 1988 1989 1990
Denmark 4,540 7,101 47,183 44,269 44,364
Faroe Islands 2,126
France 159 45 892
Netherlands 200
Norwayl 109,975 118,408 145,843 153,496 168,365 121,405
Sweden 957 622 612 2,482
UK (Scotland)
Germany, Fed.Rep. 5,604
Unallocated landings
Totallandings 109,975 122,348 156,186 201,546 213,246 174,747

Discards2

Total catch 109,975 122,948 156,186 201,546 213,246 174,747

Country 1991 19923 1993 1994 19953 1996
Denmark 48,875 53,692 43,224 43,787 45,257 19,166
Faroe Islands
France _4 4 14 +
Netherlands

18,25~-Norwayl 77,465 61,379 56,215 40,658 62,224
Sweden 114 508 711 1,010 2,081 693
UK (Scotland) 173 196 _4

Germany _4 _4 _4

Unallocated landings
Total landings 126,627 115,775 100,154 85,469 109,562 38,115

Discards2

Total catch 126,627 115,775 100,154 85,469 109,562 38,115

ICatches of Norwegian spring spawners herring removed (taken under aseparate TAC).
2Any discards prior to 1989 would have been included in unallocated.
3Preliminary.
4Included in IVa West.
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Table 2.1.4 HERRING, catch in tonnes in Division IVb. These figures do not in a11 cases correspond
to the official statistics and cannot be used for management purposes.

•
Country 1987 1988 1989 1990 1991
Denmark 81,280 190,555 136,239 105,614 138,555
Belgium 3
France 387 617 14,4155 10,289 4,120
Faroe Islands
Germany, Fed.Rep. 2,302 4,516 11,880 17,165 20,479
Netherlands4 31,371 37,192 47,388 28,402 26,266
Norway 40,111 38,566 11,758 12,207 9,852
Sweden 3,420 1,276, 4,622
UK (England) 329 2,011 957 3,200 2,715
UK (Scotland) 9,639 15,317 9,651 10,381 14,587
Una110cated landings 20,829 1,969 -23,9477 -15,6167 3,180
Totallandings 186,248 290,743 211,711 172,914 224,376

Discards4 1,900 2,560 1,072
Total catch 186,248 290,743 213,611 175,474 225,448

Country 1992 1993 1994 1995 19966

Denmark 125,229 109,994 55,060 87,917 43,749
Belgium 13
France 2,313 2,086 5,492 7,639 2,373
Faroe Islands
Germany 20,005 23,628 14,796 21,707 11,052
Netherlands4 26,987 31,370 39,052 30,065 18,474
Norway 16,240 33,158 28,442 12,678 3,296
Sweden 3,446 3,699 2,256 1,929
UK (England) 3,026 3,804 7,337 9,688 2,757
UK (Scotland) 16,707 18,904 5,101 4,654 4,449
Unallocated landings -13,6377 -16,4157 -26,9887 10,8317 -8,8267

Totallandings 200,329 210,228 130,548 165,355 77,324

Discards4 1,900 245 460- 592
Total catch 202,229 210,473 131,008 165,455 77,916

IIncludes catches misreported from Division IVc.
2Includes Division IVa catches.
3Included in Division IVa.
4Any discards prior to 1989 were included in unallocated.
5Includes catch in Division IVa.
6Preliminary.
7Negative unallocated catches due to misreporting from other areas.
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Table 2.1.5 HERRING, catch in tonnes in Divisions IVc and VIId. These figures do not in all cases
correspond to the official statistics and cannot be used for management purposes. •

Country 1987 1988 1989 1990 1991
Belgium 39 4 434 180 163
Denmark 31 509 265 948
France 6,435 7,456 14,670 9,718 17,112
Germany, Fed.Rep. 299 704
Netherlands 15,749 12,236 12,240 11,697 19,306
Norway
UK (England) 544 1,266 1,919 1,796 3,960
UK (Scotland) 67
Unallocated landings 22,051 31,442 47,523 32,076 15,763
Total landings 44,849 52,404 77,594 55,732 58,023
Discards1 1,200 5,350 2,662
Total catch 44,849 52,404 78,794 61,082 60,685
Coastal spring spawners
included above 250 250 2,283 1,136 252

Country 1992 1993 1994 1995 19962

Belgium 229 56 144 12
Denmark 4,296 995 2,695 2,441 1,344
France 9,560 7,171 10,777 11,433 6,950
Germany 824 649 4,964 4,996 997
Netherlands 18,851 19,204 20,159 23,730 13,824
Norway
UK (England) 3,372 11,307 3,016 1,896 1,733
UK (Scotland) 131 262
Unallocated landings 34,649 43,096 29,792 18,397 23,934
Totallandings 71,781 82,478 71,678 62,905 49,044
Discards1 2,200 2,400 2,400 521
Total catch 73,981 84,878 74,078 62,905 49,565
Coastal spring spawners
included above 202 201 215 203 168

IAny discards prior to 1989 would have been included in unallocated.
2Preliminary.
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Table 2.2.1 North Sea Herring, Millions caught by age group (winter ring), year class, division and quarter,

Catches in : 1996

0 1 2 3 4 5 6 7 B 9+ 0+1

Division Quorter 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 Totol rino

1 O,() \,9 5,3 15,0 3.0 0.6 0.1 0.1 0.1 0.1 26.1 \,9

11 0.0 0.0 77.4 106.8 18.6 3.9 1.6 0.1 0,0 1.5 210.0 0.0

(West of 2E) 111 0.0 0.0 117.9 107.7 52.7 15.2 5.0 3.1 1.9 6.9 310.5 0.0

IV 12.6 00 15.5 16.6 5.9 \,1 0.4 0.3 0.3 0.5 53.2 126

Total 12.6 2.0 216.1 246.1 80.1 20.9 7.1 3.6 2.;j 9.0 599.8 146

I 0.0 0.2 15.3 807 19.3 4.6 0.4 0.9 0.4 04 122.4 0.2

11 0.0 0.2 15.8 3.9 0.9 0.1 0.0 0.0 0.0 0.2 21.1 0.2

([ost of 2E) 111 0.0 0.0 50 6.0 5.0 2.5 0.6 0.4 O,L1 1.0 20.9 0.0

IV 0.0 0.0 29.6 39.9 14.0 3.5 0.9 1.2 2.0 1.3 92.3 0.0

Totol 0.0 0.4 65.6 1:\0.5 39.2 10.7 1.9 2.5 2.9 30 256.7 0.4

I 0.0 432.7 29.9 2.7 0.4 0.0 0.0 0.0 0.0 0.0 1;65.7 432.7

11 0.0 147.4 29.7 12.8 2.5 1.0 0.7 02 0.0 0.2 194.5 147.4

,Vb 111 5-"0.9 2.3 28.3 48.4 19.4 6.3 0.4 2.2 05 4.0 662.7 5S32

IV 1231.7 64.3 17.7 31.6 12.0 2.8 0.5 1.4 1.8 1.9 1365.6 1296.0

Total 1782.0 646.7 105.6 95.6 34.2 10.0 1.6 3.8 2.2 6.1 20885 24293

I 0.0 88.8 10.0 41.3 15.7 8.1 6.1 0.9 0.3 0.0 171.2 88.8

11 0.0 0.0 0.3 1.6 0.6 03 0.2 0.0 0.0 0.0 3.1 0.0

iVc +Vlld 111 00 0.0 0.7 45 1.7 0.9 0.7 0.1 0.0 0.0 8.6 0.0
IV 0.6 0.0 150.6 80.8 25,0 8.7 2.9 0.1 0.2 0.2 269.1 06

0.0

Totol 0,6 888 161.6 128.2 43.0 18.0 9.9 1.2 0.5 02 452.0 89.•1

I 0.0 523.6 60.6 139.7 38.3 13.4 6.6 \,9 0.8 05 785.4 523.6

Totol 11 0.0 147.6 123.1 125.2 22.6 5.3 2.5 0.4 0.0 2.0 428.8 147.6

North 111 550.9 2.4 151.9 166.6 73.7 24.8 6.7 5.8 2.9 12.0 1002.8 553.3

Sea IV 1244.8 64.4 213.4 1688 56.9 16.1 4.6 3.0 4.2 3.9 1780.1 \309.2

Total 1795.7 737.9 549.0 600.4 196.6 E.9.7 20.5 11.1 7.9 18.,3 3997.1 25,3-3.7
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Toble 2.2.2 Numbers (millions) of herring caught per age group (winter rings) in the North Sea .1970-1996.

Year Winter ring
0 1 2 3 4 5 6 7 8 9+ Total

1970 898.1 1196.2 2002.8 883.6 125.2 50.3 61.0 7.9 12.0 12.2 5249.3
1971 684.0 4378.5 1146.8 662.5 208.3 26.9 30.5 26.8 12.4 7176.7
1972 750.4 3340.6 1440.5 343.8 130.6 32.9 5.0 0.2 1.1 0.4 6045.5
1973 289.4 2368.0 1344.2 659.2 150.2 59.3 30.6 3.7 1.4 0.6 4906.6
1974 996.1 846.1 772.6 362.0 126.0 56.1 22.3 5.0 2.0 1.1 3189.3
1975 263.8 2460.5 541.7 259.6 140.5 57.2 16.1 9.1 3.4 1.4 3753.3
1976 238.2 126.6 901.5 117.3 52.0 34.5 6.1 4.4 1.0 0.4 1482.0
1977 256.8 144.3 44.7 186.4 10.8 7.0 4.1 1.5 0.7 + 656.3
1978 130.0 168.6 4.9 5.7 5.0 0.3 0.2 0.2 0.2 0.3 315.4
1979 542.0 159.2 34.1 10.0 10.1 2.1 0.2 0.8 0.6 0.1 759.2
1980 791.7 161.2 108.1 91.8 32.1 21.8 2.3 1.4 0.4 0.2 1211.0
1981 7888.7 447.0 264.3 56.9 39.5 28.5 22.7 18.7 5.5 1.1 8772.9
1982 9556.7 840.4 268.4 230.1 33.7 14.4 6.8 7.8 3.6 1.1 10963.0
1983 10029.9 1146.6 544.8 216.4 105.1 26.2 22.8 12.8 11.4 12.2 12128.2
1984 2189.4 561.1 986.5 417.1 189.9 77.8 21.7 24.2 10.6 17.8 4496.1
1985 1292.9 1620.2 1223.2 1187.6 367.6 124.1 43.5 20.0 13.2 15.9 5908.2
1986 704.0 1763.2 1155.1 827.1 458.3 127.7 61.1 20.2 13.4 14.6 5144.7
1987 1797.5 3522.4 2005.4 687.2 481.1 248.9 75.7 23.9 7.9 8.1 8858.1
1988 1292.9 1970.8 1955.5 1185.1 398.1 260.6 128.6 37.9 15.1 8.4 7253.0
1989 1955.8 1899.5 927.7 1383.6 828.1 218.3 129.4 63.3 20.7 8.7 7435.1
1990 853.9 1477.4 592.8 763.3 849.1 375.9 80.1 54.4 28.4 11.8 5087.1
1991 1594.2 1244.4 771.2 553.1 548.5 493.5 201.4 38.8 25.0 12.6 5482.7
1992 7598.2 643.4 960.9 411.8 334.6 341.5 360.1 144.7 37.7 23.2 10856.1
1993 6981.7 1283.9 760.4 597.7 306.7 216.2 223.7 185.9 85.8 .41.2 10683.2
1994 3717.3 450.5 1391.9 491.3 345.4 114.2 95.5 75.7 69.5 44.8 6796.1
1995 6279.8 483.1 1389.7 863.7 244.6 118.8 55.5 40.8 51.3 68.7 9595.7
1996 1795.7 737.9 549.0 600.4 196.6 59.7 20.5 11.1 7.9 18.3 3997.1

Table 2.2.3 Catches(numbers in millions) of lila spring spawners taken in the North Sea, and transfered
to assessement of lila spring spawning stock. (1987-1996)

Year Winter ring
0 1 2 3 4 5 6 7 8 9+ Total

1987 35.5 35.0 25.0 8.9 2.8 0.7 0.1 0.1 108.1
1988 44.6 108.9 19.5 8.2 2.2 0.4 183.8
1989 27.3 52.7 38.3 11.6 8.7 3.8 1.7 0.2 144.3
1990 12.4 14.7 21.8 3.6 3.0 2.1 0.7 0.4 58.7
1991 6.7 15.1 18.0 9.1 3.1 0.8 0.3 53.0
1992 0.3 9.9 11.1 8.4 8.6 2.5 0.7 0.6 42.1
1993 4.2 10.8 12.3 8.4 5.9 4.7 1.7 1.0 49.0
1994 8.8 28.2 16.3 11.0 8.6 3.4 3.2 0.7 80.2
1995 22.4 11.0 14.9 4.0 2.9 1.9 0.5 0.2 57.8
1996 0.0 2.8 0.8 0.4 0.1 0.1 0.1 0.2 4.4
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Catches(numbers in millions) of North Sea autumn spawners taken in lila, and transfered
fN

Table 2.2.4
to assessement 0 orth Sea autumn spawners.

Yoor Winter ring
0 1 2 3 4 5 6 7 8 9+ Total

1987 6238.0 3153.0 117.0 9508.0
1998 1830.0 5792.0 292.0 7914.0
1989 1028.2 1170.5 654.8 2853.5
1990 397.9 1424.3 283.7 2105.9
1991 712.3 822.7 330.2 1865.2
1992 2407.5 1587.1 283.8 26.8 26.6 16.0 12.3 5.5 1.0 4366.6
1993 2910.7 2403.8 377.5 5691.9
1994 542.2 1239.7 305.2 2087.1
1995 1722.84 1069.58 126.37 2918.8
1996 632.07 869.53 159.35 31.52 1692.47

Table 2.2.5 Estimated total catch (numbers in millions) per age of North Sea autumn spawning stock used for
assessment

•
Year Winter ring

0 1 2 3 4 5 6 7 8 9+ Total
1987 8256.7 6859.1 2144.3 670.1 468.7 246.6 74.9 23.8 8.0 8.2 18760.4
1988 3208.8 7976.4 2263.5 1105.8 389.0 259.3 129.9 38.5 15.5 8.6 15395.3
1989 3066.1 3154.5 1598.0 1367.5 811.5 212.4 124.0 61.1 19.5 8.7 10423.3
1990 1286.3 2981.6 887.9 769.2 850.1 382.5 79.2 53.7 28.5 11.7 7330.7
1991 2370.0 2124.0 1124.9 552.8 545.1 497.7 203.9 39.0 25.4 12.9 7495.7
1992 10281.1 2291.9 1278.6 440.5 359.7 358.7 373.8 151.7 39.0 23.2 15598.2
1993 10164.7 3789.2 1164.8 603.1 302.5 213.5 223.8 186.2 86.4 41.3 16775.5
1994 4376.7 1736.7 1734.8 475.8 338.2 106.0 89.3 74.3 68.1 45.3 9045.2
1995 8517.7 1652.6 1589.8 907.6 244.5 122.2 56.0 41.4 54.1 72.9 13258.7
1996 2427.8 1607.5 708.3 629.1 195.8 59.3 20.4 11.0 7.9 18.1 5685.2
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Table 2.2.7 Catches (SOP, tons) of North Sea Herring. by quarter end division.
Catches in: 1996

0 1 2 3 4 5 6 7 8 9+ SOP
Quarter Division 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986 Toto!

IVaW 0 60 636 1940 434 101 13 21 12 12 3229
IVa E 0 3 1475 9678 2679 666 85 143 90 90 111910
IVb 0 2596 2065 334 55 0 0 0 0 0 5050

Vlid/IVc 0 533 711 4049 1897 1100 1002 180 46 0 9516

Totol 0 3192 4887 16001 5065 1867 1099 344 147 102 32705

IVaW 0 0 9885 17706 3633 784 353 27 6 412 32806
IVa E 0 15 1808 578 149 11 0 3 2 41 2608
IVb 0 926 2785 1723 423 182 141 46 0 45 6271

Vlid/lVc 0 0 21 160 75 43 40 7 2 0 348

Total 0 941 14500 20167 4280 1020 534 83 10 498 42034

IVaW 0 4 16243 19974 11935 3516 1295 876 520 2154 56517• 111 IVa E 0 0 795 120:~ 1120 582 152 115 121 312 4399
IVb 10522 175 3943 9181 4220 1534 121 636 145 1073 31556

Vlid/IVc 0 0 59 440 206 119 109 20 5 0 957

Total 10522 179 21040 30803 17481 5751 1678 1646 791 3539 93430

IVaW 145 1 2182 3086 1296 244 79 70 92 126 7321
IV IVa E 0 0 4489 6944 2630 827 177 277 481 333 16157

IVb 18598 2938 2435 5810 2600 671 123 340 460 495 34469
Vlid/IVc 9 1 18236 13263 4448 1952 643 33 41 41 38668

Total 18752 2940 27343 29103 10975 3693 1022 720 1074 995 96616
Total
N.Sea 1996 29274 7252 67770 96075 37800 12331 4333 2792 2022 5134 264784
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labte 2.2.8 Total catch in the North Sea and Div. lila

North Sea Autumn Spawners

1996

Catch in numbers (millions) and mean wei~ht (~) at a~e bV fleet.
Fleet A Fleet B Fleet C Fleet D Fleet E TOTAL

Total Mean Mean Mean Mean Mean Mean
Winter rinQs Numbers Weiqht Numbers Weight Numbers Weiqht Numbers Weiqht Numbers Weiqht Numbers Weiqht

0 1.795.71 16.3 9.12 17.4 537.77 11.0 85.18 10.1 2,427.78 14.9
1 5.89 84.6 732.01 9.4 181.56 48.1 363.72 14.7 324.25 17.3 1,607.43 16.8
2 523.60 126.3 25.40 54.5 143.86 75.7 3.96 41.1 11.53 50.5 708.35 111.8
3 596.07 160.3 4.33 122.4 26.94 131.0 2.59 55.8 1.98 73.6 631.92 158.1
4 195.27 192.4 1.33 137.5 196.60 192.0
5 59.21 207.5 0.49 140.6 59.70 207.0
6 20.23 211.9 0.27 140.7 20.50 211.0
7 11.01 252.1 0.09 235.7 11.10 252.0
8+ 26.00 273.2 0.20 249.5 26.20 273.0

TOTAL 1.437.28 2,559.83 361.49 908.04 422.94 5,689.57
Land. (SOP)(t) 226,194 38.426 23.320 11.575 7,194 306.709
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Table 2.2.9 Sampling of commerciallandings in 1996 : number of sampies, number of fish
measured and aged by quarter. (Divisions IV and IVlld)

Country Quarter Landings Number Number 01 lish
in' 000 tons of sampies Measured Aqed

Denmark I 21.3 16 934 931
11 1.8 4 77 77

111 10.9 7 32 27
IV 33.5 13 516 516

Total 67.5 40 1.559 1,551
France 1 1.2 - - -

11 2.2 - - -
111 3.5 - - -
IV 5.6 - - -

Total 12.5 - - -
Germany I 0.3 - - -

11 0.2 - - -
111 4.6 . - -
IV 9.1 . - -

Total 14.2 - - -
Norway I 1.5 33 1,651 400

11 24.0 121 5,019 1,158
111 7.0 44 1,673 ·924
IV 11.3 31 1,021 276

Total 43.8 229 9,364 2,758
Sweden 1 0.0 - - -

11 1.2 - . -
111 1.5 - - -
IV 0.3 - - -

Total 3.0 - - -
The Netherlands I 7.8 10 1,258 250

11 1.5 1 118 25
111 21.4 8 897 200
IV 30.6 12 1,303 300

Total 61.3 31 3,576 775
U.K. (England) I 0.1 - - -

11 1.4 - - -
111 4.3 - - -
IV 1.0 - - -

Total 6.8 - - -
U.K. (Scotland) 1 0.2

11 5.6 18 4,520 1,008
111 38.4 43 7,583 3,683
IV 4.0 61 12,103 4,691

Total 48.2

All Countries I 32.4 59 3,843 1,581
11 37.9 144 9,734 2,268
111 91.6 102 10.185 4,834
IV 95.4 117 14.943 5,783

Total 257.3 422 38,705 14,466
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Table 2.3.1 IBTS I-ringer indices (Ist quarter)

Year dass Year of I-ringer
sampling index

1977 1979 172
1978 1980 312
1979 1981 431
1980 1982 772
1981 1983 1260
1982 1984 1443
1983 1985 2083
1984 1986 2542
1985 1987 3684
1986 1988 4530
1987 1989 2313
1988 1990 1016
1989 1991 1159
1990 1992 1162
1991 1993 2943 •1992 1994 1667
1993 1995 1188
1994 1996 1729
1995 1997 4192

Table 2.3.2 Density and abundance estimates of O-ringers caught in February during the IBTS. Values given for year
classes by areas are density estimates in numbers per square metre. Total abundance is found by multiplying
density by area and summing up.

Area North North Central Central South South Division South O-ringers
west east west east west east lIla Bight abundance

Area m2 x 10'1 83 34 86 102 37 93 31 31 no. inlO~

Year dass

1976 0.054 0.014 0.122 0.005 0.008 0.002 0.002 0.016 17.1
1977 0.024 0.024 0.050 0.015 0.056 0.013 0.006 0.034 13.1
1978 0.176 0.031 0.061 0.020 0.010 0.005 0.074 0.000 52.1 •1979 0.061 0.195 0.262 0.408 0.226 0.143 0.099 0.053 101.1
1980 0.052 0.001 0.145 0.115 0.089 0.339 0.248 0.187 76.7
1981 0.197 0.000 0.289 0.199 0.215 0.645 0.109 0.036 133.9
1982 0.025 0.011 0.068 0.248 0.290 0.309 0.470 0.140 91.8
1983 0.019 0.007 0.114 0.268 0.271 0.473 0.339 0.377 115.0
1984 0.083 0.019 0.303 0.259 0.996 0.718 0.277 0.298 181.3
1985 0.116 0.057 0.421 0.344 0.464 0.777 0.085 0.084 177.4
1986 0.317 0.029 0.730 0.557 0.830 0.933 0.048 0.244 270.9
1987 0.078 0.031 0.417 0.314 0.159 0.618 0.483 0.495 168.9
1988 0.036 0.020 0.095 0.096 0.151 0.411 0.181 0.016 71.4
1989 0.083 0.030 0.040 0.094 0.013 0.035 0.041 0.000 25.9
1990 0.075 0.053 0.202 0.158 0.121 0.198 0.086 0.196 69.9
1991 0.255 0.390 0.431 0.539 0.500 0.369 0.298 0.395 200.7
1992 0.168 0.039 0.672 0.444 0.734 0.268 0.345 0.285 190.1
1993 0.358 0.212 0.260 0.187 0.120 0.119 0.223 0.028 101.7
1994 0.148 0.024 0.417 0.381 0.332 0.148 0.252 0.169 126.9
1995 0.260 0.086 0.699 0.092 0.266 0.018 0.001 0.020 106.2
1996 0.003 0.004 0.935 0.135 0.436 0.379 0.039 0.032 148.1
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Table 2.4.1 Numbers (millions) of Autumn Spawning Herring (combined survey 1996)

I IIIa I IVa I IVb ITotal NS IMat NS

? ..l. ~?.~.:~?.L. ?..:~~L.~.?.?..~.:~.?L ~~?~.:.~.~L. ?:??..~
1 ~ 1391.70\ 578.60! 4219.12\ 6189.42~ 0.00%
..........nnn i nnn.. : .:. ~ .:. ..

2i ! 177.271 607.08! 1012.93! !
2~···········..l·····i·77·:27t"·22'1;·:ö6r····364·:04r···4550:65t······60·:5·1%
........................~ + ~ .
3i ! 5.11! 29.92! 34.821 1
3~··..·..······T·······29·:25r245;·:35r···;7·1·:67r···2S;·;-:"i';r····97·:53%

~::::::::::::::::::l::::::::~:~:~~~t::::~:?:~:~:~~~L::::::~:?:;~?t::::::~:?~j:~~~I::::~:??:·:??~
5 1 7.58! 284.74! 18.621 31O.93! 100.00%
.........................~ .; ~ ~ .

~ i... ~..:~?L. ~~.:~~l... ?:~L ?~.:.?~L ..~.??:?.?..~
7 I 0.951 79.071 2.811 82.83! 100.00%
8·····......··..···l··········0·:"i'or···"i'3;·:49r....··..··Ü:;9r·······13·2·:ssr"i'OO·:ÖÖ%
9~········ ..··..·T..········O·:ÖSr..·203·:3·1r·········2·:65r······206·:04r"i'ÖO·:ÖÖ%
.......................t t + ~n•••••••••n.n•••••••••+ u ••••••••••••••••

!.~ ..i..:.~.?~:.??L..~.~.~~.:~~L??.~.~.:~~L.~..~.~.~.?:~~L .
Mature ! 230.491 6474.801 720.12! 7425.42!

Total 12407.041 7690.691 8688.36118786.091
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Table 2.4.2 Biomass (thousands of tonnes) of Autumn Spawning Herring (combined
survey 1996)

I lila I IVa I IVb ITotal NS I Mat NS

o . 2.00j O.OOi 7.21 j 9.211 0.00%

~:::::::::::::::::::I::::::::~~;~~[:::::::~:~:;:?!.[:::::~:?~:.:~:~I:::::::::~!.~;:~:~[::::::::~:~??~
~L .L ~.~:.~~l !.~:.?~l... !..~:.~.!..L L .
~.~ .L ~.~:.~~l ~~~:.~~l... ~.?:.~.~L ~.~~:.~.~L .!..?.:!~~:.~
3i j 0.48i 4.39i 4.26j ~

~:~::::::::::::::::t::::::::::::~;!.~r:::::::~??;!.~L:::::::~:~~:~:~r::::::::::~:~~~:~~L:::::~~:;~~~~~
~ ..l. ~.:.~.~L ~~~:.!.!.L. ~:.!..~L ~.!.~:.!..~L ..~.??:~?~~
~ .L ~:.~.?L. .!~:.~.~l... ~:.!..~.L ~.~.:.~.~l... ..~.??:~?~
~ L ~:.~~l... ~~:.~.~l... ?:.~.~L ~.~:.~.~L...~.??:~?~
!. L ?:.~?l ~~:.~.~l... ?:.~.~L ~.~:.~.~L...~.??:~~~
~ .L ~:.?~L. ~~:.?.~L. ?:.?~.L ~~:.~.~L. ..~.??:?~~~
~.~ .L ~:.?~l... ~~:.~.~l... ?:.~.~L ~?:.?~L. ..~.??:??.~
~·~·~·············l·········~~:·~·~!····· ~?~:.~.:.! ~.~.~:.!..~J ~.~.~:.~.~! .
Mature 1 19.021 1332.03~ 94.841 1445.881

Total I 103.381 1438.401 353.561 1895.341

Table 2.4.3 Mean Weights (g) oe Autumn Spawning Herring (combined survey 1996)

I lila I IVa I IVb I Total NS

? ; ?:~~L ~:.~.?.L ~:.~.!.L ~.:!~
~ ..\. ~~:.~?! ~~:.~~L ~.~.:.~.~.L ~.~:.~.!.
~L L !.~:.?~L. ~..~.~:.~.~.L .!..~:.~.~.L .
~.~ .L !~:.?~i ~.~!.:.?~i ~.~.?:.!..!..i ~.~.!.:.~.?
~L I ?~:.~.~i ~.~~:!.~i ~.~~:.~.~.i .
~.~ I ?~:!.?i ~?~:.~?i ~.~.~:.~.?.L ~.?..~.:~.~
4 ~ 96.08~ 259.51! 169.121 252.72
.........................~ uu u ; ~ ••••• &O •••••••••••••••••~ ..

~ ..!. ~.?~:~~L ~!.?:.~.~l ~.?~:.?~.l ~.~.~:.?.~
6 j 111.401 305.461 207.771 299.21
7···················T······1·01·:S3r····3·1·3:92r······1·5·Ö·:2är·········;·Ö·5·:95
ä····················r····256:·1·0r····325:·1·2f""·····2·56·.·1·Ör·········32·4·:92

~:i.::::::::::::::::L::::~~~;:~:?[::::~~!.;:i?[:::::~~:~ :~:~:~r:::::::::~:~:~:~~:~
~.~.~ .L ~~:!.~i... ~!.:.~.~l... ~.~.:~.!..l.. ~.?.:~.~
Mature ~ 82.51 ~ 205.731 131.69~ 194.72

Total I 42.951 187.031 40.691 100.89

•
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Table 2.4.4 Estimates of North Sea autumn spawners (millions) at age from acoustic surveys, 1984-1996. For 1984-1986 the estimates are the sum of

those from the Division IVa summer survey, the Division IVb auturnn survey, and the Divisions IVc, VIId winter survey. The 1987 to 1995
estimates are from the summer survey in Divisions IVa,b, and lIla excluding estimates of Division lIIa/Baltic spring spawners.

Age (rings) Numbers (millions)

Year

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

1 551 726 1,639 13,736 6,431 6,333 6,249 3,182 6,351 10,399 3,646 4,202 6,189
2 3,194 2,789 3,206 4,303 4,202 3,726 2,971 2,834 4,179 3,710 3,280 3,799 4,550
3 1,005 1,433 1,637 955 1,732 3,751 3,530 1,501 1,633 1,855 957 2,056 2,823
4 394 323 833 657 528 1,612 3,370 2,102 1,397 909 429 656 1,087
5 158 113 135 368 349 488 1,349 1,984 1,510 795 363 272 310.9
6 44 41 36 77 174 281 395 748 1,311 788 321 175 98.75
7 52 17 24 38 43 120 211 262 474 546 238 135 82.83
8 39 23 6 11 23 44 134 112 155 178 220 110 133

9+ 41 19 8 20 14 22 43 56 163 116 132 84 206

Total 5,478 5,484 7,542 20,165 13,496 16,377 18,262 12,781 17,173 19,326 13,003 11,220 18,786
VI

Z(2+/3+) 1.01 0.11 0.56 0.37 0.73 0.55 0.45w 0.92 0.57 0.81 0.11 1.17
Smoothed 0.79 0.78 0.76 0.60 0.34 0.26 0.35 0.56 0.76 0.82 0.80 0.55

Z(2+/3+)
SSB('ooO t) 807 697 942 817 897 1,637 2,174 1,874 1,545 1,216 1,035 1,082 1,445

SSB defined as all fish >maturity stage 111.
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Table 2.5.1 Estimated abundanee ofherring larvae <10 mm long, by standard sampling area and standard time periods. The numbers
of larvae are expressed as mean number per m2 per ICES reetangle *109

Year

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Orknev and Shetland I Buehan Central North Sea Southern North SealEastern Channel

1-15 I 16-30 I 1-15 I 16-30 1-15 I 16-30 I 1-15 I 16-31 16-31 I 1-15 I 16-31
Sept. Sept. Sept. Sept. Sept. Sept Oet. Oet Dee. Jan. Jan.

Table 2.6.1 Abundanee of herring from August Seottish Groundfish Surveys. Reeorded eateh rates of herring per 10 hours' fishing.

Year Valid Hauls Age

2 3 4 5 6 7 8

1982 76 535 154 56 41 20 24 8

1983 78 1143 353 141 45 36 21 13

1984 82 399 75 28 8 2 3 3

1985 83 1798 645 161 130 II 9 7

1986 79 564 311 158 22 9 3

1987 73 917 261 149 105 19 6

1988 85 2033 1008 190 89 49 11

1989 86 1104 1233 458 79 66 38

1990 85 585 770 642 188 56 19 5

1991 90 1784 943 635 433 177 44 17

1992 87 541 246 128 117 136 21 6

1993 87 844 307 128 105 93 73 17

1994 87 2096 368 128 49 42 27 18

1995 87 1637 528 124 156 66 38 26

1996 85 1396 826 282 73 25 45 24
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Table 2.7.1 North sea Herring,
Mean weight (g) at age (w.r.) and year dass weighted by number caught

Catches in : 1996

Division Quarter
o
1995

1 234
1994 1993 1992 1991

567
1990 1989 1988

8 9+
1987 1986

•

1 0 32 120 130 146 155 200 175 210 210
IVa 11 0 0 128 166 195 198 224 239 244 269

(W of 2E) 111 0 87 138 185 226 231 257 285 271 312
IV 12 87 141 186 220 215 192 256 269 266

Total 12 33 134 174 216 222 245 278 269 302

I 0 14 96 120 139 144 197 167 210 210
IVa 11 0 78 115 147 161 146 0 167 210 204

(E of 2 E) 111 0 0 159 202 225 236 248 265 273 298
IV 0 0 152 174 188 234 205 239 243 250

Total 0 43 130 141 168 195 217 218 243 258

I 0 6 69 123 148 0 0 0 0 0
IVb 11 0 6 94 135 171 187 197 192 0 190

111 19 75 139 190 218 245 288 290 300 267
IV 15 46 137 184 217 242 272 245 262 262

Total 16 10 106 178 213 238 243 268 270 263

I 0 6 71 98 121 135 164 196 155 0
IVc 11 0 0 80 98 121 135 164 196 155 0
+ 111 0 0 80 98 121 135 164 196 155 0

Vlld IV 15 45 121 164 178 225 220 239 250 250

Total 15 6 118 140 154 178 181 201 186 250

IVa Total 12 35 133 162 200 213 239 253 254

I 0 6 81 121 140 145 197 167 210 210
IVa 11 0 6 118 161 191 195 215 205 235 250

+ 111 19 75 139 188 225 235 259 285 278 295
IVb IV 15 46 145 180 205 235 219 243 253 259

Total 16 10 126 165 203 219 240 258 259 281

I 0 6 80 114 132 139 166 181 189 210
Total 11 0 6 117 161 188 191 209 204 215 250
North 111 19 75 138 185 222 232 249 284 277 295
Sea IV 15 46 128 172 192 230 220 243 253 258

Total 16 10 123 160 192 207 211 252 255 281
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Table 2.7.2 Comperison betwocn mean woights (g) at aga in catch of North Sea Herring (adults) trom
eorlier yeors ond 1985-1994.

Aqc in winter rings
Division Yoor 2 3 4 5 6 7 8 9+

1987 118 157 186 214 237 260 278 304
IVa 1988 126 150 176 200 218 237 260 263

1989 129 157 175 210 233 246 268 256
1990 123 154 177 194 229 234 251 295
1991 146 164 181 198 214 231 263 275
1992 149 184 189 208 223 240 243 285
1993 133 156 193 210 234 249 268 319
1994 135 171 201 223 246 258 278 295
1995 142 172 208 220 260 253 284 290
1987 70 131 179 215 233 225 273 244

IVb 1988 98 136 175 195 208 244 228 205
1989 93 162 199 225 280 276 273 333
1990 102 145 194 219 250 272 259 277
1991 119 173 196 220 225 277 257 263
1992 81 179 198 213 232 255 272 313
1993 102 146 199 220 236 261 275 306
1994 122 150 177 205 237 251 255 245
1995 135 174 197 205 261 266 272 282
1986 122 158 184 210 223 245 253 263

IVO+IVb 1987 99 152 186 214 237 259 278 304
1988 112 147 176 199 217 238 257 263
1989 116 158 179 212 237 250 269 259
1990 113 152 181 198 232 238 252 290
1991 131 167 184 203 217 239 262 272
1992 100 183 191 209 224 243 250 290
1993 116 152 195 212 234 251 269 317
1994 131 164 192 218 245 258 277 292
1995 140 173 205 216 260 256 283 289
1986 108 139 164 185 208 174 202 232

IVc+Vlld 1987 105 128 148 164 198 211 197 234
1988 103 132 156 178 197 185 165
1989 110 127 151 182 198 201 198 179
1990 118 131 152 171 195 216 208 231
1991 123 165 184 200 212 196 237 161
1992 100 183 191 209 224 243 250 290
1993 113 139 152 174 182 191 211 216
1994 117 145 172 191 209 224 229 218
1995 114 130 161 177 203 208 184 241
1986 121 153 182 207 221 238 252 262
1987 99 149 180 211 234 258 278 295

Total 1988 111 145 174 197 216 237 253 263
North Seo 1989 115 153 173 208 231 247 265 259

1990 114 149 177 193 229 236 250 287
1991 130 166 184 203 217 235 259 271
1992 103 175 189 207 223 237 249 287
1993 115 145 189 204 228 244 256 310
1994 130 159 181 214 240 255 273 281
1995 136 167 196 200 247 249 278 287

•

•
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Table2.7.3 Herring mean weight at age in the third quarter in Divisions IVa and IVb.

Mean weigths (g) at age in the catch
AGE Third quarter (Divisions IVa and IVb) July Acoustic Survey
(w,r.) 1987 1988 1989 1990 1991 1992 1993 1994 1995 1991 1992 1993 1994 1995

1 54 58 42 58 73 51 53 55 52 65 78 69 60 58
2 134 124 126 128 164 127 145 131 151 158 142 115 138 132
3 182 179 179 180 189 200 161 164 190 198 209 147 209 180
4 219 207 207 208 210 215 179 192 221 224 219 202 220 200
5 248 244 244 228 229 235 199 218 231 236 243 225 251 195
6 265 274 274 256 246 252 221 245 277 260 255 277 289 228
7 286 288 288 267 276 276 239 258 276 275 272 286 315 257
8 310 296 296 272 296 286 240 277 316 298 312 305 323 302

9+ 342 350 350 295 293 330 283 292 316 317 311 340 346 324
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Table 2.8.1 INPUT parameters ot the tinallCA assessment ot North Sea herring

Referenee age al : 4
Referenee Ffor oges : 2 - 6

S10 be fixed on laslage: 1
time lag belween spawning and O-ringers : 1

Shrinkaae to final nonulations: No

Range Range
file name ofvears olooes

Cateh in numbers colon 1960 - 1996 0-9+
Cateh in tannes canum 1960 - 1996 -
Avg. weight in calch wece 1950 - 1996 0-9+
Avg. weight in stock west 1960 - 1996 0-9+
Natural mortolily natmor 1960·1996 0- 9+
Proportion mature 01 oge malprop 1960·1996 0-9+
Proportion Fbelare spawning fprop 1960·1996 0-9+
Proportion M belore sPOwnino morOr) 1960 - 1996 0-9+

Colcha-
Range Range bilily Model

DATASET olvears ofooes model weiohlino Weinhlina bv oae arouo
All groups and years equal wt?ig"t,ng

Years of seperable constraint: Catch in nlage 1992-1996 0-8 linear 1 except: year 1995, age 0 = 0.01

Biomass index 1 MLAI<10mm 1977-1996 - Power 1
and vear 1996, aqe 1 - 0.0.

Agedindex 1 Aeouslic survey 1989 - 1996 2·9+ Linear t All age groups have equal weighting 01 1

Aged index 2 IBTSY 1979 - 1997 1 Linear 1 All age groups have equal weigt1ting of 1
Agedindex 3 IBTSA 1983 - 1997 2 - 5+ Linear 1 All age groups have equal weighting of 1

Aaedindex 4 MIK 1977 - 1997 0 Linear 1 All aae aroups have equal weiahtinq ot 1

Stock recruitment model 1960 - 1996 - - 0.1 -

Q:\ACFM\HAWG\HEH..4703'.12-8-1.xl.

E:\acfm\hawg97\T-2-8-1.xls 58



group ? (Y/N)--> Y
group ? (Y/N)--> y
group ? (Y/N)--> n
group ? (Y/N)--> n

M·

Table 2.8.2 Input-screen to the final ICA assessment

Integrated Catch at Age Analysis
Version 1.3

SOAFD Marine Laboratory
Aberdeen
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/CANUM.I45
/users/fish/ifad/ifapwork/hawg/her_47d3/WECA.I45
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/WEST.I45
Stock weights in 1997 assumed = stock weights in 1996
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/NATMOR.I45
M in 1997 assumed = M in 1996
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/MATPROP.I45
Ogive in 1997 assumed = ogive in 1996
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/FPROP.I45
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/MPROP.I45
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/FLEET.I45
Reading /users/fish/ifad/ifapwork/hawg/her_47d3/SSB.I45
MLAI1: MLAI < 10 mm (Catch: Unknown) (Effort: Unknown)

No of years for separable constraint ? --> 5
Reference age for separable constraint? --> 4
Constant selection pattern model (Y/N) ? -->y

S to be fixed on last age ? --> 1
First age for calculation of reference F --> 2
Last age for calculation of reference F --> 6

Use default weighting (Y/N) ? --> n
Enter relative weights at age

Weight for age 0 --> 1
Weight for age 1 --> 1
Weight for age 2 --> 1
Weight for age 3 --> 1
Weight for age 4 --> 1
Weight for age 5 --> 1
Weight for age 6 --> 1
Weight for age 7 --> 1
Weight for age 8 --> 1
Weight for age 9 --> 1

Enter relative weights by year
Weight for year 1992 --> 1
Weight for year 1993 --> 1
Weight for year 1994 --> 1
Weight for year 1995 --> 1
Weight for year 1996 --> 1
Specify weights for year and age:

Enter year, age, new weight or -1,-1,-1 to finish
1996,0,0.01
1996,1,0.01
-1,-1,-1
Is the last age of AC089: acoustic data from 1989 a plus
Is the last age of IBTSA: international bottom tr a plus
Is the last age of IBTSY: international bottom tr a plus
Is the last age of MIK: MIK O-ringer index (Catch a plus

You must choose a catchability model for each index.

Models : A

L

P

Absolute: Index
Linear: Index
Power: Index =

Abundance + e
Q Abundance + e
Q . AbundanceAK + e
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where Q and K are parameters to be estimated, and
e is a lognormally-distributed error.

Model for INDEXl is to be {AlL!P} ?;:-> p
Model for AC089: acoustic data from 1989 is to be {A!L!P} ?--> 1
Model for IBTSA: international bottom tr is to be {A!L!P} ?--> 1
Model for IBTSY: international bottom tr is to be {A!L!P} ?--> 1
Model for MIK: MIK O-ringer index {Catch is to be {A!L!P} ?--> 1

Fit a stock-recruit relationship {Y!N} ? --> y

...

Enter the time
of fish aged 0
{Usually 1 for

lag in entire years between spawning
on 1 January --> 1

herring, 0 for ordinary fish}

and the stock size

Enter lowest feasible F --> 0.05
Enter highest feasible F --> 1

No of years for separable analysis 5
Age range in the analysis 0 9
Year range in the analysis 1960 1996
Nurnber of indices of SSB 1
Nurnber of age-structured indices 4
Stock-Recruit relationship to be fitted.
Parameters to estimate 44
Nurnber of observations 265

Conventional single selection vector model to be fitted.

Weighting options :

1 - Recalculate all survey weights iteratively.
2 - Enter survey weights by hand.

Enter your choice --> 2
Enter weight for INDEX1 --> 1
Enter weight for AC089: acoustic data from 1989 at age 2 --> 1
Enter weight for AC089: acoustic data from 1989 at age 3 --> 1
Enter weight for AC089: acoustic data from 1989 at age 4 --> 1
Enter weight for AC089: acoustic data from 1989 at age 5 --> 1
Enter weight for AC089: acoustic data from 1989 at age 6 --> 1
Enter weight for AC089: acoustic data from 1989 at age 7 --> 1
Enter weight for AC089: acoustic data from 1989 at age 8 --> 1
Enter weight for AC089: acoustic data from 1989 at age 9 --> 1
Enter weight for IBTSA: international bottom tr at age 2 --> 1
Enter weight for IBTSA: international bottom tr at age 3 --> 1
Enter weight for IBTSA: international bot tom tr at age 4 --> 1
Enter weight for IBTSA: international bot tom tr at age 5 --> 1
Enter weight for IBTSY: international bottom tr at age 1 --> 1
Enter weight for MIK: MIK O-ringer index {Catch at age 0 --> 1
Enter weight for stock-recruit model --> 0.1

You should enter estimates of the extent to which
errors in each age of the age structured indices
are correlated. These may range from zero
{independence} to 1 {correlated errors}
Enter value for aged index 1 --> 1
Enter value for aged index 2 --> 1
Enter value for aged index 3 --> 1
Enter value for aged index 4 --> 1
Do you want to shrink the final populations ? {Y!N} --> n
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Table 2.8.3 Output of ICA North Sea herring 1997 e e
STOCK SUMMARY (IFAP run code: I45)

Year Recruits Total Spawning Landings Yield/ Mean F SoP
Age 0 Biomass Biomass SSB Ages

thousands tonnes tonnes tonnes ratio 2- 6 (%)

1960 12118390 3900843 2021053 696200 .3445 .3186 118
1961 108915000 4475765 1766169 696700 .3945 .4105 113
1962 46289430 4492728 1204845 627800 .5211 .4953 117
1963 47657790 4719367 2273702 716000 .3149 .2193 86
1964 62794340 4869079 2099044 871200 .4150 .3373 106
1965 34900220 4402969 1506718 1168800 .7757 .6881 114
1966 27865830 3352640 1315568 895500 .6807 .6174 107
1967 40262930 2829973 935341 695500 .7436 .7952 117
1968 38701390 2526634 418583 717800 1.7148 1.3333 125
1969 21586570 1908053 426805 546700 1.2809 1.1034 96
1970 41089420 1923287 375794 563100 1. 4984 1.1002 96
1971 32335910 1851115 267167 520100 1. 9467 1.3800 107
1972 20869100 1551120 289159 497500 1.7205 .6905 91
1973 10166210 1158448 234593 484000 2.0631 1.1268 95

0'1 1974 21771390 915636 163332 275100 1. 6843 1.0449 96- 1975 2961160 686233 83963 312800 3.7254 1. 4360 93
1976 2805560 365983 81293 174800 2.1502 1.3490 95
1977 4411100 219380 52743 46000 .8721 .7159 119
1978 4690320 235503 71444 11000 .1540 .0469 121
1979 10658210 393265 114613 25100 .2190 .0598 100
1980 16831360 642995 139628 70764 .5068 .2682 109
1981 38037280 1174039 205423 174879 .8513 .3268 100
1982 65178560 1864678 289050 275079 .9517 .2549 97
1983 62265380 2511255 448039 387202 .8642 .3260 107
1984 53951980 2763217 729398 420759 .5769 .4303 105
1985 81494370 3330781 760997 613927 .8067 .6298 106
1986 97378800 3837509 775432 669540 .8634 .5543 115
1987 86191770 4220184 890695 792313 .8895 .5335 102
1988 42360080 3851683 1141341 887762 .7778 .5253 118
1989 39239040 3380250 1265076 787980 .6229 .5344 103
1990 34630310 3150212 1154078 645148 .5590 .4325 103
1991 35613370 2957685 949692 654147 .6888 .4894 101
1992 65698270 3012836 691979 716903 1.0360 .6324 98
1993 58976770 3045028 464538 671155 1. 4448 .7656 101
1994 35622900 2506444 547082 562619 1. 0284 .6760 103
1995 50491850 2113080 550544 640794 1.1639 .8158 102
1996 68579700 1816505 538841 306018 .5679 .3482 100
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Table 2.8.3 Output of ICA North Sea herring 1997
Catch in number (mi11ions)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
------+------------------------------------------------------------------------------------------------------------------------

0 I 195. 1269. 142. 443. 497. 157. 375. 645. 839. 112. 898. 684. 750. 289. 996.
1 I 2393. 336. 2147. 1262. 2972 . 3209. 1383. 1674. 2425. 2503. 1196. 4379. 3341. 2368. 846.
2 I 1142. 1889. 270. 2961. 1548. 2218. 2570. 1172. 1795. 1883. 2003. 1147. 1441. 1344. 773.
3 I 1967. 480. 797. 177. 2243. 1325. 741. 1365. 1494. 296. 884. 663. 344. 659. 362.
4 I 166. 1456. 335. 158. 148. 2039. 450. 372. 621. 133. 125. 208. 131. 150. 126.
5 I 168. 124. 1082. 81. 149. 145. 890. 298. 157. 19l. 50. 27. 33. 59. 56.
6 I 113. 158. 127. 230. 95. 152. 45. 393. 145. 50. 61. 31. 5. 31. 22.
7 I 126. 61. 145. 22. 256. 118. 65. 68. 163. 43. 8. 27. O. 4. 5.
8 I 129. 56. 86. 42. 26. 413. 96. 82. 14. 27. 12. O. 1. 1. 2.
9 I 142. 88. 87. 51. 58. 78. 236. 173. 92. 25. 12. 12. O. 1. 1.

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------------------------------------------------------------------------------
Age I 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
------+------------------------------------------------------------------------------------------------------------------------

0 I 264. 238. 257. 130. 542. 1263. 9520. 11957. 13297. 6845. 4294. 3765. 8257. 3209. 3066.
1 I 2461. 127. 144. 169. 159. 245. 872 . 1116. 2449. 1785. 3317. 4853. 6859. 7976. 3155.
2 I 542. 902. 45. 5. 34. 134. 284. 299. 574. 1125. 1352. 1280. 2144. 2264. 1598.
3 I 260. 117. 186. 6. 10. 92. 57. 230. 216. 433. 1206. 850. 670. 1106. 1368.

0'1 4 I 14l. 52. 11. 5. 10. 32. 40. 34. 105. 198. 376. 471. 469. 389. 812.IV
5 I 57. 35. 7. O. 2. 22. 29. 14. 26. 80. 127. 131. 247. 259. 212.
6 I 16. 6. 4. O. O. 2. 23. 7. 23. 22. 45. 63. 75. 130. 124.
7 I 9. 4. 2. O. 1. 1. 19. 8. 13. 25. 21. 21. 24. 39. 61.
8 I 3. l. 1. O. 1. O. 6. 4. 1l. 11. 13. 14. 8. 16. 20.
9 I l. O. O. O. O. O. 1. l. 12. 18. 16. 15. 8. 9. 9.

------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------------------------------
Age I 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------

0 I 1286. 2370. 10281. 10165. 4377 . 8518. 2428.
1 I 2982. 2124. 2292. 3789. 1737. 1653. 1608.
2 I 888. 1125. 1279. 1165. 1735. 1590. 708.
3 I 769. 553. 441. 603. 476. 908. 629.
4 I 850. 545. 360. 303. 338. 245. 196.
5 I 383. 498. 359. 214. 106. 122. 59.
6 I 79. 204. 374. 224. 89. 56. 20.
7 I 54. 39. 152. 186. 74. 41. 11.
8 I 29. 25. 39. 86. 68. 54. 8.
9 I 12. 13. 23. 41. 45. 73. 18.

------+--------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997

Predicted Catch in Number (mi11ionsl
------+----------------------------------------
Age I 1992 1993 1994 1995 1996
------+----------------------------------------

0 I 9147.0 9740.3 5266.3 8819.1 5494.7
1 I 1793.8 3429.0 2621. 5 1932.1 1199.4
2 I 1208.0 1428.7 1990.6 2020.3 607.9
3 I 544.0 668.1 559.4 1051.0 430.9
4 I 411.9 292.6 252.9 286.0 218.3
5 I 395.7 209.7 104.2 122.3 55.5
6 I 330.6 213.0 79.3 53.4 25.2
7 I 143.3 177.9 80.5 40.6 11. 0
8 I 38.7 82.4 72.1 44.0 9.0

------+----------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997
Weights at age in the catches (Kg)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

------+------------------------------------------------------------------------------------------------------------------------
0 I .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500
1 I .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000
2 I .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600 .12600
3 I .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600 .17600
4 I .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100 .21100
5 I .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300 .24300
6 I .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100 .25100
7 I .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26700
8 I .27100 .27100 .27100 .27100, .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100
9 I .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27100

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------------------------------------------------------------------------------
Age I 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

------+------------------------------------------------------------------------------------------------------------------------
0 I .01500 .01500 .01500 .01500 .01500 .01500 .00700 .01000 .01000 .01000 .00900 .00600 .01100 .01100 .01700
1 I .05000 .05000 .05000 .05000 .05000 .05000 .04900 .05900 .05900 .05900 .03600 .06700 .03500 .05500 .04300
2 I .12600 .12600 .12600 .12600 .12600 .12600 .11800 .11800 .11800 .11800 .12800 .12100 .09900 .11100 .11500

~ 3 I .17600 .17600 .17600 .17600 .17600 .17600 .14200 .14900 .14900 .14900 .16400 .15300 .15000 .14500 .15300
4 I .21100 .21100 .21100 .21100 .21100 .21100 .18900 .17900 .17900 .17900 .19400 .18200 .18000 .17400 .17300
5 I .24300 .24300 .24300 .24300 .24300 .24300 .21100 .21700 .21700 .21700 .21100 .20800 .21100 .19700 .20800
6 I .25100 .25100 .25100 .25100 .25100 .25100 .22200 .23800 .23800 .23800 .22000 .22100 .23400 .21600 .23100
7 I .26700 .26700 .26700 .26700 .26700 .26700 .26700 .26500 .26500 .26500 .25800 .23800 .25800 .23700 .24700
8 I .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27400 .27400 .27400 .27000 .25200 .27700 .25300 .26500
9 I .27100 .27100 .27100 .27100 .27100 .27100 .27100 .27500 .27500 .27500 .29200 .26200 .29900 .26300 .25900

------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------------------------------
Age I 1990 1991 1992 1993 1994 1995 1996

------+--------------------------------------------------------
0 I .01900 .01700 .01000 .01000 .00600 .00900 .01600
1 I .05500 .05800 .05300 .03300 .05600 .04800 .01000
2 I .11400 .13000 .10200 .11500 .13000 .13600 .12300
3 I .14900 .16600 .17500 .14500 .15900 .16700 .16000
4 I .17700 .18400 .18900 .18900 .18100 .19600 .19200
5 I .19300 .20300 .20700 .20400 .21400 .20000 .20700
6 I .22900 .21700 .22300 .22800 .24000 .24700 .21100
7 I .23600 .23500 .23700 .24400 .25500 .24900 .25200
8 I .25000 .25900 .24900 .25600 .27300 .27800 .25400
9 I .28700 .27100 .28700 .31000 .28100 .28700 .28100

------+--------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997
Weights at age in the stock (Kg)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

------+------------------------------------------------------------------------------------------------------------------------
0 I .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500
1 I .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000
2 I .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500
3 I .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700
4 I .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22300
5 I .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900
6 I .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600
7 I .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900 .29900
8 I .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600
9 I .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------------------------------------------------------------------------------
Age I 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

------+------------------------------------------------------------------------------------------------------------------------
0 I .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01500 .01300 .01000 .00700 .00600 .00800 .01200
1 I .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05000 .05400 .06400 .06400 .05700 .04800 .05300
2 I .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15500 .15000 .14700 .14000 .13400 .13200 .13600

0- 3 I .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18700 .18900 .19000 .18900 .17900 .17500 .17600
v.

4 I .22300 .22300 .22300 .22300 .22300 .22300 .22300 .22000 .21500 .21100.22300 .22300 .22500 .22500 .22400
5 I .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .23900 .24200 .24500 .24800 .24500 .24700 .24200
6 I .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27600 .27000 .27200 .26700 .27100 .27200 .27000
7 I .29900 .29900 .29900 .29900 '.29900 .29900 .29900 .29900 .29900 .29900 .29500 .29100 .28300 .28300 .28200
8 I .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .30600 .31000 .31700 .31900 .31200 .30800 .29700
9 I .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .31200 .33100 .34100 .33900 .33800 .33000

------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------------------------------
Age I 1990 1991 1992 1993 1994 1995 1996

------+--------------------------------------------------------
0 I .01500 .01400 .01200 .00900 .00800 .00600 .00300
1 I .06000 .06900 .07100 .07000 .06400 .05500 .05200
2 I .14800 .14800 .13800 .13200 .12800 .12900 .12500
3 I .18700 .19800 .18500 .18600 .17700 .19300 .18900
4 I .21400 .21700 .21500 .21300 .20700 .22300 .22600
5 I .24100 .23700 .23500 .23900 .22300 .23500 .22900
6 I .26700 .25700 .26400 .27400 .26500 .27200 .26400
7 I .28200 .27600 .27800 .29100 .28600 .29200 .28100
8 I .29700 .29600 .30500 .31300 .31000 .31700 .31300
9 I .33300 .31500 .32300 .33200 .33700 .33500 .33000

------+--------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997

Natural Mortality (per year)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

------+------------------------------------------------------------------------------------------------------------------------
0 I 1.0000 1. 0000 1. 0000 1.0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000
1 I 1. 0000 1.0000 1. 0000 1.0000 1.0000 1. 0000 1. 0000 1. 0000 1.0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1. 0000
2 I .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000
3 I .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000
4 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
5 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
6 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
7 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
8 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
9 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------------------------------------------------------------------------------
Age I 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

------+------------------------------------------------------------------------------------------------------------------------
0 I 1. 0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 1.0000 1. 0000 1. 0000
1 I 1.0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1.0000
2 I .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 .3000 '.3000 .3000 .3000 .3000 .3000

0\ 3 I .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .2000 .20000\

4 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
5 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
6 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
7 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
8 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000
9 I .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000 .1000

------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------------------------------
Age I 1990 1991 1992 1993 1994 1995 1996

------+--------------------------------------------------------
0 I 1.0000 1. 0000 1.0000 1.0000 1. 0000 1. 0000 1.0000
1 I 1. 0000 1. 0000 1.0000 1.0000 1.0000 1. 0000 1.0000
2 I .3000 .3000 .3000 .3000 .3000 .3000 .3000
3 I .2000 .2000 .2000 .2000 .2000 .2000 .2000
4 I .1000 .1000 .1000 .1000 .1000 .1000 .1000
5 I .1000 .1000 .1000 .1000 .1000 .1000 .1000
6 I .1000 .1000 .1000 .1000 .1000 .1000 .1000
7 I .1000 .1000 .1000 .1000 .1000 .1000 .1000
8 I .1000 .1000 .1000 .1000 .1000 .1000 .1000
9 I .1000 .1000 .1000 .1000 .1000 .1000 .1000

------+--------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997

INDICES OF SPAWNING BIOMASS

MLAI

------+------------------------------------------------------------------------------------------------------------------------
I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

------+------------------------------------------------------------------------------------------------------------------------
1 I 2.07 3.41 4.61 3.26 6.68 12.65 17.99 27.99 42.35 22.76 40.08 72.10 85.88 112.62 56.04

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

I 1992 1993 1994 1995 1996

------+----------------------------------------
1 I 11.73 25.08 15.74 25.87. 45.88

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

AGE - STRUCTURED INDICES

AC089: acoustic data from 1989 (Catch: N

------+----------------------------------------------------------------
0- Age I 1989 1990 1991 1992 1993 1994 1995 1996
00 ------+----------------------------------------------------------------

2 I 3726.0 2971.0 2834.0 4179.0 3710.0 3280.0 3799.0 4550.6
3 I 3751. 0 3530.0 1501.0 1633.0 1885.0 957.0 2056.0 2823.1
4 I 1612.0 3370.0 2102.0 1397.0 909.0 429.0 656.0 1087.3
5 I 488.0 1349.0 1984.0 1510.0 795.0 363.0 272.0 310.9
6 I 281. 0 395.0 748.0 1311.0 788.0 321.0 175.0 98.7
7 I 120.0 211. 0 262.0 474.0 546.0 328.0 135.0 82.8
8 I 44.0 134.0 112.0 155.0 178.0 220.0 110.0 132.9
9 I 22.0 43.0 56.0 163.0 116.0 132.0 84.0 206.0

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

IBTSA: international bottom trawl survey

------+------------------------------------------------------------------------------------------------------------------------
Age I 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

------+------------------------------------------------------------------------------------------------------------------------
2 I 109.0 161. 0 716.0 661. 0 838.0 4100.0 775.0 580.0 794.0 377 .0 762.0 1090.0 1285.0 195.0 391. 0
3 I 42.0 75.0 256.0 235.0 117.0 783.0 411.0 322.0 283.0 181. 0 236.0 199.0 152.0 46.0 85.0

4 I 14.0 32.0 26.0 57.0 56.0 55.0 86.0 271.0 250.0 63.0 45.0 64.0 46.0 14.0 26.0
5 I 34.0 7.0 36.0 17.0 44.0 26.0 10.0 70.0 170.0 102.0 64.0 40.0 9.0 9.0 18.0

------+------------------------------------------------------------------------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997 e
IBTSY: international bottom trawl survey

------+------------------------------------------------------------------------------------------------------------------------
Age I 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
------+------------------------------------------------------------------------------------------------------------------------

1 I 172.0 312.0 431.0 772.0 1260.0 1440.0 2080.0 2540.0 3680.0 4530.0 2310.0 1020.0 1160.0 1160.0 2940.0
------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------
Age I 1994 1995 1996 1997
------+--------------------------------

1 I 1667.0 1186.0 1729.0 4192.0
------+--------------------------------

MIK: MIK O-ringer index {Catch: Numberl

------+------------------------------------------------------------------------------------------------------------------------
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
------+------------------------------------------------------------------------------------------------------------------------

o I 17.10 13.10 52.10 101.10 76.70 133.90 91.80 115.00 181.30 177.40 270.90 168.90 71.40 25.90 69.90
------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------
Age I 1992 1993 1994 1995 1996 1997
------+------------------------------------------------

o I 200.70 190.10 101.70 127.00 106.50 148.10
------+------------------------------------------------
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Table 2.8.3 Output ofICA North Sea herring 1997
Fishing Mortality (per year)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
------+------------------------------------------------------------------------------------------------------------------------

0 I .0257 .0186 .0049 .0148 .0126 .0071 .0215 .0256 .0348 .0082 .0351 .0339 .0583 .0459 .0747
1 I .2546 .1290 .0896 .1240 .3084 .2461 .1852 .2980 .3002 .3291 .2680 .6018 .5776 .6735 .4484
2 I .4256 .6123 .2494 .2973 .3888 .7753 .5919 .4221 1.3263 .7841 .9727 .8822 .8113 1. 0196 1. 0271
3 I .3169 .3399 .6179 .2744 .4120 .7383 .7082 .8042 1. 8708 .9106 1.2658 1. 2141 .8006 1. 3297 .9666
4 I .3206 .3882 .3999 .2220 .3682 .7753 .5710 .9244 1. 0702 .8720 1.3223 1.2225 .7986 .9853 .9845
5 I .2436 .3741 .4929 .1404 .2990 .6537 .8314 .8253 1.2338 1.0506 .8705 1.0635 .5455 .9485 1.1771
6 I .2862 .3379 .7167 .1624 .2184 .4976 .3843 1. 0002 1.1656 1. 8998 1.0696 2.5174 .4965 1. 3511 1. 0694
7 I .5118 .2222 .5237 .2297 .2450 .4055 .3629 1. 4678 1. 5431 1.2658 4.0597 2.5254 .0879 .7440 .7324
8 I .4158 .3991 .4873 .2493 .4072 .6786 .5945 .9314 1.3677 1.1515 1. 5558 1. 6496 .7511 1.2173 1. 0729
9 I .4158 .3991 .4873 .2493 .4072 .6786 .5945 .9314 1.3677 1.1515 1.5558 1.6496 .7511 1.2173 1. 0729

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------------------------------------------------------------------------------
Age I 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
------+------------------------------------------------------------------------------------------------------------------------

0 I .1499 .1424 .0958 .0447 .0833 .1250 .4795 .3320 .3963 .2196 .0864 .0628 .1620 .1263 .1305
1 I .6847 .2351 .2866 .1960 .1632 .1126 .2833 .2234 .2493 .1988 .3845 .3176 .3752 .5910 .4321

-...l 2 I 1.2884 1. 3209 .2092 .0232 .0925 .3541 .3220 .2580 .2992 .3038 ,4056 .4576 .4060 .3643 .4055
0

3 I 1.4962 1. 3429 1.3405 .0391 .0636 .4066 .2655 .5033 .3202 .4142 .6692 .5194 .4975 .4056 .4191
4 I 1.3436 1.6917 .3693 .0942 .0858 .2817 .2906 .2357 .4296 .5137 .7302 .5719 .5772 .5741 .5584
5 I 1.8078 1. 4614 1.0844 .0139 .0469 .2388 .3828 .1462 .2592 .5953 .6462 .5373 .5916 .6486 .6307
6 I 1.2438 .9282 .5763 .0644 .0103 .0599 .3731 .1315 .3218 .3243 .6976 .6855 .5953 .6340 .6586
7 I 1. 9480 1.3662 .5397 .0431 .3470 .0837 .8019 .1888 .3451 .6075 .4980 .7360 .5327 .6200 .6166
8 I 1. 6403 1. 3234 .7258 .1118 .1578 .2605 .4744 .3047 .3905 .4902 .6907 .6487 .6213 .7046 .6552
9 I 1. 6403 1. 3234 .7258 .1118 .1578 .2605 .4744 .3047 .3905 .4902 .6907 .6487 .6213 .7046 .6552

------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------------------------------
Age I 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------

0 I .0603 .1102 .2433 .2945 .2600 .3138 .1340
1 I .4449 .3188 .2699 .3268 .2885 .3482 .1486
2 I .3717 .5619 .5618 .6801 .6006 .7248 .3094
3 I .3723 .4483 .6364 .7704 .6802 .8210 .3504
4 I .4741 .4664 .6758 .8181 .7224 .8718 .3721
5 I .4940 .4982 .6464 .7825 .6910 .8339 .3559
6 I .4505 .4723 .6415 .7767 .6858 .8277 .3533
7 I .5912 .3710 .6312 .7641 .6747 .8143 .3476
8 I .5792 .5474 .6758 .8181 .7224 .8718 .3721
9 I .5792 .5474 .6758 .8181 .7224 .8718 .3721

------+--------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997

Population Abundance (1 January) - billions
------+------------------------------------------------------------------------------------------------------------------------
Age I 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
------+------------------------------------------------------------------------------------------------------------------------

0 I 12.12 108.92 46.29 47.66 62.79 34.90 27.87 40.26 38.70 21. 59 41. 09 32.34 20.87 10.17 21. 77
1 I 16.50 4.35 39.33 16.95 17.27 22.81 12.75 10.03 14.44 13.75 7.88 14.59 11.50 7.24 3.57
2 I 3.77 4.70 1.40 13.23 5.51 4.67 6.56 3.90 2.74 3.93 3.64 2.22 2.94 2.37 1.36
3 I 7.95 1. 83 1. 89 .81 7.28 2.77 1.59 2.69 1. 89 .54 1.33 1. 02 .68 .97 .63
4 I .63 4.74 1. 06 .83 .50 3.95 1. 08 .64 .99 .24 .18 .31 .25 .25 .21
5 I .81 .42 2.91 .65 .60 .32 1. 64 .55 .23 .31 .09 .04 .08 .10 .08
6 I .48 .58 .26 1. 61 .51 .41 .15 .65 .22 .06 .10 .03 .01 .04 .04
7 I .33 .32 .37 .11 1.24 .37 .22 .09 .22 .06 .01 .03 .00 .01 .01
8 I .40 .18 .23 .20 .08 .88 .22 .14 .02 .04 .02 .00 .00 .00 .00
9 I .44 .28 .24 .24 .18 .17 .55 .30 .13 .04 .02 .02 .00 .00 .00

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------------------------------------------------------------------------------
Age I 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
------+------------------------------------------------------------------------------------------------------------------------

0 I 2.96 2.81 4.41 4.69 10.66 16.83 38.04 65.18 62.27 53.95 81.49 97.38 86.19 42.36 39.24
1 I 7.43 .94 .90 1.47 1.65 3.61 5.46 8.66 17.20 15.41 15.93 27.50 33.64 26.97 13.74
2 I .84 1.38 .27 .25 .45 .52 1.19 1.51 2.55 4.93 4.65 3.99 7.36 8.50 5.49

-J 3 I .36 .17 .27 .16 .18 .30 .27 .64 .87 1.40 2.70 2.30 1. 87 3.63 4.38-
4 I .20 .07 .04 .06 .13 .14 .16 .17 .32 .52 .76 1.13 1.12 .93 1. 98
5 I .07 .05 .01 .02 .05 .11 .09 .11 .12 .19 .28 .33 .58 .57 .47
6 I .02 .01 .01 .00 .02 .04 .08 .06 .09 .08 .09 .13 .17 .29 .27
7 I .01 .01 .00 .00 .00 .02 .04 .05 .05 .06 .05 .04 .06 .09 .14
8 I .00 .00 .00 .00 .00 .00 .02 .01 .04 .03 .03 .03 .02 .03 .04
9 I .00 .00 .00 .00 .00 .00 .00 .00 .04 .05 .03 .03 .02 .02 .02

------+------------------------------------------------------------------------------------------------------------------------
------+----------------------------------------------------------------
Age I 1990 1991 1992 1993 1994 1995 1996 1997
------+----------------------------------------------------------------

0 I 34.63 35.61 65.70 58.98 35.62 50.49 68.58 60.00
1 I 12.67 11. 99 11. 73 18.95 16.16 10.10 13.57 22.07
2 I 3.28 2.99 3.21 3.30 5.03 4.46 2.62 4.30
3 I 2.71 1. 68 1.26 1.36 1. 24 2.04 1. 60 1.43
4 I 2.36 1. 53 .88 .55 .51 .51 .74 .92
5 I 1. 03 1.33 .87 .40 .22 .23 .19 .46
6 I .23 .57 .73 .41 .17 .10 .09 .12
7 I .13 .13 .32 .35 .17 .08 .04 .06
8 I .07 .06 .08 .15 .15 .08 .03 .03
9 I .03 .03 .05 .08 .09 .13 .06 .06

------+----------------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997

Weighting factors for the catches in number

------+----------------------------------------
Age I 1992 1993 1994 1995 1996

------+----------------------------------------
0 I 1.0000 1.0000 1.0000 1.0000 .0100
1 I 1.0000 1.0000 1. 0000 1.0000 .0100
2 I 1.0000 1.0000 1.0000 1.0000 1.0000
3 I 1.0000 1.0000 1.0000 1.0000 1.0000
4 I 1.0000 1.0000 1.0000 1.0000 1. 0000
5 I 1.0000 1.0000 1.0000 1.0000 1.0000
6 I 1. 0000 1.0000 1.0000 1.0000 1. 0000
7 I 1.0000 1.0000 1.0000 1.0000 1. 0000
8 I 1.0000 1.0000 1.0000 1.0000 1.0000

------+----------------------------------------
Predicted SSB Index values

MLAI x 10 A -3

------+------------------------------------------------------------------------------------------------------------------------
I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

------+------------------------------------------------------------------------------------------------------------------------
1 I 1712. 2423. 4162. 5218. 8117. 12000. 19817. 34618. 36340. 37130. 43512. 57793. 65019. 58532. 46827.

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

I 1992 1993 1994 1995 1996

------+----------------------------------------
1 I 32593. 20655. 24907. 25088. 24478.

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

Predicted Age-Structured Index Va1ues

AC089: acoustic data from 1989 (Catch: NPredicted

------+----------------------------------------------------------------
Age I 1989 1990 1991 1992 1993 1994 1995 1996

------+----------------------------------------------------------------
2 I 5733.3 3487.4 2860.3 3072.2 2957.2 4713.5 3900.8 2887.2
3 I 5303.2 3372.9 1997.7 1356.3 1353.4 1297.9 1984.5 2011.7
4 I 2601.9 3237.8 2111. 9 1077.3 621.5 615.4 566.1 1069.5
5 I 694.1 1618.8 2087.4 1259.4 542.5 308.7 295.0 330.0
6 I 401.5 383.1 938.9 1100.9 576.8 245.7 134.8 156.7
7 I 223.4 205.4 242.9 510.9 516.0 267.3 109.8 73.0
8 I 72.4 120.7 114.2 139.0 240.5 241.1 119.8 60.8
9 I 30.7 47.2 55.2 79.3 114.6 144.1 188.6 115.9

------+----------------------------------------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997 e
IBTSA: international bottom trawl surveyPredicted

------+------------------------------------------------------------------------------------------------------------------------
Age I 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
------+------------------------------------------------------------------------------------------------------------------------

2 I 362.6 701.2 652.4 556.6 1033.6 1199.9 771.1 462.4 411. 2 441. 6 447.0 688.8 600.9 372 .8 611. 3
3 I 82.4 131. 6 245.5 212.9 174.0 342.0 411.1 256.3 156.8 115.3 121. 8 112.4 182.5 151. 5 135.1
4 I 19.1 30.9 44.2 67.3 66.5 55.4 118.3 142.0 92.3 51.5 31.5 30.0 29.4 44.9 56.3
5 I 12.1 14.6 17.3 20.2 30.3 35.2 33.5 53.3 76.7 72.7 48.6 28.0 21.1 15.2 26.5

------+------------------------------------------------------------------------------------------------------------------------
IBTSY: international bottom trawl surveyPredicted

------+------------------------------------------------------------------------------------------------------------------------
Age I 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
------+------------------------------------------------------------------------------------------------------------------------

1 I 183.8 404.4 599.6 957.7 1895.7 1709.0 1726.4 3004.3 3649.2 2847.1 1479.2 1362.3 1310.3 1289.7 2067.9
------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------
Age I 1994 1995 1996 1997
------+--------------------------------

1 11772.11099.71514.32462.2
------+--------------------------------

MIK: MIK O-ringer index (Catch: Number) Predicted

------+------------------------------------------------------------------------------------------------------------------------
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
------+------------------------------------------------------------------------------------------------------------------------

o I 10.94 11.71 26.48 41.60 89.93 156.96 148.74 131.76 202.37 242.53 212.02 104.67 96.90 86.28 88.17

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------
Age I 1992 1993 1994 1995 1996 1997
------+------------------------------------------------

o I 159.98 142.69 86.56 121.87 169.29 148.10
------+------------------------------------------------
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Table 2.8.3 Output ofICA North Sea herring 1997

Fitted Selection Pattern

------+------------------------------------------------------------------------------------------------------------------------
Age I 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
------+------------------------------------------------------------------------------------------------------------------------

0 I .0801 .0479 .0121 .0666 .0342 .0092 .0376 .0277 .0325 .0094 .0265 .0278 .0730 .0466 .0758
1 I .7941 .3324 .2241 .5586 .8377 .3174 .3244 .3223 .2805 .3774 .2027 .4923 .7232 .6836 .4555
2 I 1.3274 1. 5773 .6237 1.3392 1.0559 1.0000 1.0367 .4567 1. 2393 .8992 .7356 .7216 1. 0159 1. 0348 1. 0432
3 I .9884 .8757 1.5452 1.2358 1.1189 .9522 1.2404 .8700 1. 7480 1.0443 .9573 .9931 1. 0025 1.3495 .9817
4 I 1.0000 1.0000 1. 0000 1.0000 1. 0000 1.0000 1. 0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1. 0000
5 I .7597 .9637 1.2327 .6322 .8120 .8431 1.4561 .8927 1.1529 1. 2048 .6584 .8699 .6831 .9627 1.1956
6 I .8927 .8705 1.7923 .7315 .5931 .6418 .6730 1. 0820 1.0891 2.1787 .8089 2.0592 .6217 1.3713 1. 0862
7 I 1.5963 .5725 1.3097 1. 0344 .6654 .5230 .6355 1. 5879 1. 4419 1. 4516 3.0703 2.0657 .1100 .7551 .7439
8 I 1.2968 1. 0281 1.2187 1.1229 1.1059 .8752 1.0411 1. 0076 1.2779 1.3206 1.1766 1. 3493 .9406 1. 2355 1. 0897
9 I 1.2968 1. 0281 1.2187 1.1229 1.1059 .8752 1.0411 1. 0076 1.2779 1.3206 1.1766 1. 3493 .9406 1.2355 1. 0897

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------------------------------------------------------------------------------
Age I 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
------+------------------------------------------------------------------------------------------------------------------------

0 I .1116 .0842 .2595 .4744 .9708 .4436 1.6497 1. 4084 .9224 .4275 .1183 .1098 .2807 .2199 .2336
1 I .5096 .1390 .7759 2.0819 1. 9030 .3997 .9747 .9477 .5802 .3870 .5265 .5553 .6501 1.0295 .7738
2 I .9589 .7808 .5664 .2463 1.0780 1.2568 1.1078 1.0944 .6966 .5915 '.5555 .8000 .7034 .6345 .7261
3 I 1.1135 .7938 3.6296 .4153 .7411 1. 4433 .9134 2.1352 .7453 .8063 .9164 .9081 .8619 .7065 .7504

-...I 4 I 1.0000 1. 0000 1.0000 1.0000 1. 0000 1. 0000 1.0000 1.0000 1.0000 1. 0000 1.0000 1. 0000 1.0000 1.0000 1.0000~

5 I 1.3455 .8639 2.9361 .1471 .5472 .8475 1.3171 .6204 .6034 1.1588 .8849 .9394 1.0250 1.1298 1.1294
6 I .9257 .5487 1.5605 .6834 .1204 .2127 1. 2838 .5579 .7491 .6313 .9552 1.1986 1.0314 1.1044 1.1794
7 I 1.4498 .8076 1. 4613 .4580 4.0448 .2970 2.7589 .8008 .8034 1.1826 .6820 1.2869 .9230 1.0799 1.1042
8 I 1.2208 .7823 1.9652 1.1876 1.8396 .9247 1.6322 1.2929 .9089 .9542 .9458 1.1342 1. 0765 1.2274 1.1733
9 I 1.2208 .7823 1.9652 1.1876 1.8396 .9247 1. 6322 1.2929 .9089 .9542 .9458 1.1342 1.0765 1.2274 1.1733

------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------------------------------
Age I 1990 1991 1992 1993 1994 1995 1996
------+--------------------------------------------------------

0 I .1271 .2362 .3600 .3600 .3600 .3600 .3600
1 I .9385 .6835 .3994 .3994 .3994 .3994 .3994
2 I .7840 1. 2048 .8314 .8314 .8314 .8314 .8314
3 I .7854 .9613 .9417 .9417 .9417 .9417 .9417
4 I 1. 0000 1. 0000 1. 0000 1.0000 1.0000 1. 0000 1.0000
5 I 1. 0419 1. 0682 .9565 .9565 .9565 .9565 .9565
6 I .9503 1. 0125 .9493 .9493 .9493 .9493 .9493
7 I 1.2470 .7953 .9340 .9340 .9340 .9340 .9340
8 I 1.2217 1.1737 1. 0000 1.0000 1.0000 1.0000 1.0000
9 I 1.2217 1.1737 1.0000 1.0000 1.0000 1. 0000 1.0000

------+--------------------------------------------------------
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Table 2.8.3 Output ofICA North Sea herring 1997

No of years for separable analysis 5
Age range in the analysis 0 9
Year range in the analysis 1960 1996
Number of indices of SSB 1
Number of age-structured indices 4
Stock-Recruit relationship to be fitted.
Parameters to estimate 44
Number of observations 265

Conventional single selection vector model to be fitted.

PARAMETER ESTlMATES

3 Parm 3 3 Maximum 3 3 Mean of 3
3 No. 3 3 Likelih.3 CV 3 Lower 3 Upper 3 -s.e. +s.e. 3 Param.

3 Estimate3 (%) 3 95% CL 3 95% CL 3 3 distrib. 3

Separable Model: Reference F by year
1 1992 .6758 13 .5230 .8732 .5930 .7702 .6816

-J
V\ 2 1993 .8181 12 .6396 1. 0465 .7215 .9276 .8246

3 1994 .7224 13 .5576 .9359 .6330 .8244 .7287
4 1995 .8718 14 .6589 1.1537 .7557 1. 0058 .8808
5 1996 .3721 18 .2569 .5391 .3080 .4496 .3788

Separable Model: Selection (S) by age
6 0 .3600 17 .2560 .5061 .3025 .4283 .3654
7 1 .3994 17 .2844 .5610 .3359 .4750 .4055
8 2 .8314 15 .6143 1.1250 .7125 .9701 .8413
9 3 .9417 15 .6920 1. 2814 .8047 1.1019 .9534

4 1. 0000 Fixed : Reference age
10 5 .9565 15 .7102 1. 2882 .8217 1.1134 .9676
11 6 .9493 14 .7175 1.2561 .8229 1.0951 .9591
12 7 .9340 14 .7084 1.2315 .8112 1. 0755 .9434

8 1. 0000 Fixed : last true age
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Table 2.8.3 Output of ICA North Sea herring 1997
Separable Model: Populations in year 1996

13 0 68579704 19 46401679 101357879
14 1 13571556 17 9643749 19099121
15 2 2624013 14 1984206 3470126
16 3 1598853 14 1214912 2104129
17 4 736007 14 551176 982818
18 5 194051 16 139889 269184
19 6 88669 18 61738 127350
20 7 39133 20 26341 58137
21 8 30481 22 19681 47206

56186685
11400494

2275296
1389824

635045
164210

73715
31977
24384

83706234
16156066

3026176
1839321

853019
229315
106657

47891
38102

69955563
13779332

2650827
1614624

744061
196775

90195
39939
31249

Separable Model: Populations at age 8
22 1992 82310 27 47599 142335 62244 108846 85587
23 1993 153995 21 100428 236132 123819 191525 157701
24 1994 146501 20 98980 216837 119938 178947 149462
25 1995 78989 19 54254 115002 65213 95676 80454

Recruitment in Year 1997
26 1996 59995807 28 34076994 105628357 44955658 80067717 62547052

SSB Index catchabilities
MLAI
27 1 Q 3.141 14 2.551 4.435 2.921 3.874 3.398
28 1 K .6736E-05 14 .1244E-04 .2162E-04 .1424E-04 .1888E-04 .1760E-04 •

Age-structured index catchabi1ities
AC089: acoustic data from 1989 (Catch: N

Linear model fitted. Slopes at age:
29 2 Q 1. 538 28 1.171 3.571 1. 538 2.717 2.129
30 3 Q 1. 703 28 1. 296 3.957 1. 703 3.011 2.358
31 4 Q 1. 884 28 1.432 4.386 1. 884 3.335 2.611
32 5 Q 2.185 28 1. 660 5.105 2.185 3.877 3.033
33 6 Q 2.268 28 1.720 5.324 2.268 4.037 3.154
34 7 Q 2.387 29 1. 804 5.668 2.387 4.282 3.337
35 8 Q 2.587 29 1. 940 6.284 2.587 4.713 3.652
36 9 Q 2.462 29 1. 861 5.834 2.462 4.410 3.438

Table 2.8.3 Output of ICA North Sea herring 1997

IBTSA: international bot tom trawl survey

Linear model fitted. Slopes at age:
37 2 Q .. 1533E-03 14 .1330E-03 .2375E-03 .1533E-03 .2060E-03 .1797E-03
38 3 Q .1015E-03 14 .8802E-04 .1574E-03 .1015E-03 .1365E-03 .1190E-03
39 4 Q .6473E-04 14 .5612E-04 .1005E-03 .6473E-04 .8714E-04 .7594E-04
40 5 Q .3889E-04 14 .3370E-04 .6052E-04 .3889E-04 .5243E-04 .4566E-04

IBTSY: international bottom trawl survey

Linear model fitted. Slopes at age:
41 1 Q .1288E-03 6 .1207E-03 .1575E-03 .1288E-03 .1476E-03 .1382E-03

MIK: MIK O-ringer index (Catch: Nurnber)

Linear model fitted. Slopes at age:
42 0 Q .2844E-05 6 .2672E-05 .3448E-05 .2844E-05 .3240E-05 .3042E-05

Parameters of the B.H. stock-recruit relationship
43 1 a .8434E+08 42 .5601E+08 .2980E+09 .8434E+08 .1979E+09 .1415E+09
44 1 b .6893E+06 70 .3492E+06 .5608E+07 .6893E+06 .2841E+07 .1798E+07
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Table 2.8.3 Output of ICA North Sea herring 1997

RESIDUALS ABOUT THE MODEL FIT

Separable Model Residuals

------+----------------------------------------
Age I 1992 1993 , 1994 1995 1996
------+----------------------------------------

0 I .1169 .0426 -.1850 -.0348 -.8168
1 I .. 2451 .0999 -.4117 -.1563 .2928
2 I .0568 -.2042 -.1375 -.2396 .1529
3 I -.2110 -.1024 -.1619 -.1467 .3785
4 I -.1355 .0333 .2908 -.1567 -.1088
5 I -.0982 .0181 .0170 -.0007 .0668
6 I .1228 .0493 .1193 .0481 -.2108
7 I .0573 .0458 -.0800 .0198 .0031
8 I .0079 .0470 -.0577 .2055 -.1350

------+----------------------------------------
Units

SPAWNING BIOMASS INDEX RESIDUALS

MLAI

------+------------------------------------------------------------------------------------------------------------------------
I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

------+------------------------------------------------------------------------------------------------------------------------
1 I .190 .342 .102 -.470 -.195 .053 -.097 -.213 .153 -.489 -.082 .221 .278 .654 .180

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

I 1992 1993 1994 1995 1996
------+----------------------------------------

1 I -1.022 .194 -.459 .031 .628
------+----------------------------------------

Units
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Tabte 2.8.3 Output of ICA North Sea herring 1997
AGE - STRUCTURED INDEX RESIDUALS

AC089: acoustic data from 1989 (Catch: N

------+----------------------------------------------------------------
Age I 1989 1990 1991 1992 1993 1994 1995 1996
------+----------------------------------------------------------------

2 I -.4310 -.1602 -.0093 .3077 .2268 -.3626 -.0264 .4550
3 I -.3463 .0455 -.2859 .1856 .3313 -.3047 .0354 .3389
4 I -.4787 .0400 -.0047 .2599 .3802 -.3608 .1474 .0166
5 I -.3522 -.1823 -.0508 .1815 .3822 .1620 -.0812 -.0596
6 I -.3568 .0307 -.2273 .1747 .3119 .2674 .2613 -.4623
7 I -.6217 .0270 .0757 -.0750 .0565 .2048 .2065 .1257
8 I -.4983 .1043 - .0196 .1090 -.3008 -.0917 -.0850 .7814
9 I -.3347 -.0923 .0145 .7205 .0118 -.0875 -.8087 .5756

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

IBTSA: international bottom trawl survey

------+------------------------------------------------------------------------------------------------------------------------
Age I 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

....:I ------+------------------------------------------------------------------------------------------------------------------------
00 2 I -1.202 -1.471 .093 .172 -.210 1.229 .005 .227 .658 -.158 .533 .459 .760 -.648 -.447

3 I -.674 -.562 .042 .099 -.397 .828 .000 .228 .591 .451 .661 .571 -.183 -1.192 -.464
4 I -.310 .035 -.531 -.166 -.172 -.008 -.319 .646 .996 .202 .355 .758 .448 -1.166 -.772
5 I 1.033 -.735 .731 -.173 .373 - .304 -1.208 .273 .796 .339 .276 .357 -.852 -.523 -.385

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

IBTSY: international bottom trawl survey

------+------------------------------------------------------------------------------------------------------------------------
Age I 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

------+------------------------------------------------------------------------------------------------------------------------
1 I -.0663 -.2593 -.3301 -.2155 -.4085 -.1712 .1863 -.1679 .0084 .4644 .4457 -.2894 -.1218 -.1060 .3519

------+------------------------------------------------------------------------------------------------------------------------
------+--------------------------------
Age I 1994 1995 1996 1997

------+--------------------------------
1 I -.0611 .0756 .1326 .5321

------+--------------------------------
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Table 2.8.3 Output of ICA North Sea herring 1997

MIK: MIK O-ringer index (Catch: Number)

------+------------------------------------------------------------------------------------------------------------------------
Age I 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

------+------------------------------------------------------------------------------------------------------------------------
o I .447 .112 .677 .888 -.159 -.159 -.483 -.136 -.110 -.313 .245 .479 -.305 -1.203 -.232

------+------------------------------------------------------------------------------------------------------------------------
------+------------------------------------------------
Age I 1992 1993 1994 1995 1996 1997

------+------------------------------------------------
o I .227 .287 .161 .041 -.463 .000

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

PARAMETERS OF THE DISTRIBUTION OF 1n CATCHES AT AGE

Separable model fitted from
Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Degrees of freedom

1992 to 1996
.0512

-.5527
.4153
.0778
.0000

20

PARAMETERS OF THE DISTRIBUTION OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR

Power catchability relationship assumed.
Last age is a p1us-group.

INDEX1

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Significance in fit
Number of observations
Degrees of freedom
Weight in the analysis

.1680
-1.2082

.4758
1.0955

.0000
20
18

1. 0000
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Table 2.8.3 Output of ICA North Sea herring 1997

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

DISTRIBUTION STATISTICS FOR AC089: acoustic data from 1989 (Catch: N

Linear catchabi1ity relationship assumed.

Age 2 3 4 5 6 7 8 9
Variance .0124 .0099 .0106 .0067 .0118 .0090 .0176 .0292
Skewness test stat. .0176 -.0892 -.5757 .2191 -.5059 -2.0255 1.0877 -.0047
Kurtosis test stat. -.7150 -.8964 -.4876 - .4311 -.8370 1.0756 .3635 -.3123
Partial chi-square .0057 .0048 .0053 .0035 .0066 .0051 .0110 .0176
Significance in fit .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
Number of data 8 8 8 8 8 8 8 8
Degrees of freedom 7 7 7 7 7 7 7 7
Weight in analysis .1250 .1250 .1250 .1250 .1250 .1250 .1250 .1250

DISTRIBUTION STATISTICS FOR IBTSA: international bot tom trawl survey
00
o

Linear catchability relationship assumed.

Age
Variance
Skewness test stat.
Kurtosis test stat.
Partial chi-square
Significance in fit
Number of data
Degrees of freedom
Weight in analysis

2
.1322

-.7452
-.2250

.2891

.0000
15
14

.2500

3
.0832

-.6023
-.5549

.2331

.0000
15
14

.2500

4
.0865

-.2452
-.4268

.3065

.0000
15
14

.2500

5
.1078

-.3446
-.7647

.4855

.0000
15
14

.2500
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Table 2.8.3 Output of ICA North Sea herring 1997

DISTRIBUTION STATISTICS FOR IBTSY: international bottom trawl survey

Linear catchability relationship assumed.

Age
Variance
Skewness test stat.
Kurtosis test stat.
Partial chi-square
Significance in fit
Number of data
Degrees of freedom
Weight in analysis

1
.0802
.9970

-.7367
.1958
.0000

19
18

1. 0000

DISTRIBUTION STATISTICS FOR MIK: MIK O-ringer index (Catch: Numberl

Linear catchability relationship assumed.

Age 0
Variance .2066
Skewness test stat. -.7890
Kurtosis test stat. .8285
Partial chi-square 1. 0135• Significance in fit .0000
Number of data 21
Degrees of freedom 20
Weight in analysis 1. 0000

ANALYSIS OF VARIANCE TABLE
--------------------------

Unweighted Statistics

SSQ Data Params d. f.

Variance
Total for Model 52.9174 265 44 221 .2394

Catches at Age 1. 7703 45 25 20 .0885
SSB Indices

INDEX1 3.0246 20 2 18 .1680
Aged Indices

AC089 : acoustic data from 1989 (Catch: 6.0084 64 8 56 .1073

IBTSA: international bottom trawl surve 22.9461 60 4 56 .4098

• IBTSY: international bot tom trawl surve 1. 4444 19 1 18 .0802

MIK: MIK O-ringer index (Catch: Numberl 4.1313 21 1 20 .2066

SRR Model 13.5922 36 2 34 .3998

Weighted Statistics

SSQ Data Params d.f.
Variance

Total for Model 24.7455 265 44 221 .1120
Catches at Age 1. 0249 45 25 20 .0512

SSB Indices
INDEX1 3.0246 20 2 18 .1680

Aged Indices
AC089: acoustic data from 1989 (Catch: .0939 64 8 56 .0017

IBTSA: international bot tom trawl surve 1. 4341 60 4 56 .0256

IBTSY: international bottom trawl surve 1.4444 19 1 18 .0802

MIK: MIK O-ringer index (Catch: Numberl 4.1313 21 1 20 .2066

SRR Model 13.5922 36 2 34 .3998

81



Table 2.10.1 Computation of reference Fs for catch prediction of North Sea Herring

CALCULAllON OFREFRENCE "AREA-FISHING-MORTALITlES" REF.-F
Revised bv P. Sparre 15. Mav 1995

North Seo Catches Div.lll 0 Catches Total Total
Age Fleet A Fleet B Total N.S. FleetC Fleet D Fleet E Total 1110 Stock Cotch

0 0.00 1795.71 1795.71 9.12 537.77 85.18 632.07 2427.78

1 5.89 732.01 737.90 181.56 363.72 324.25 869.53 1607.43

2 523.60 25.40 549.00 143.86 3.96 11.53 159.35 708.35 708.35

3 596.07 4.33 600.40 26.94 2.59 1.98 31.52 631.92

4 195.27 1.33 196.60 196,60

5 59.21 0.49 59.70 59.70

6 20.23 0.27 20,50 20.50
7 11.01 0.09 11.10 11.10

8 26.00 0.20 26.20 26,20

9 0.00 0.00

•0) N(1 Dec)- (N(1 Jonrexp( M/2) Crexp( M/2)

Catches by Fleet (B-E) tram Table 2.2.8.
Data on Input File

- - - -
1996
Total 1995-Split factars Stock N 1. Jon Stock N 31. Dec. 0 F b) F b)

Aae M exP(-M/2) StockN N.S. 1110 N.S. 1110 N,S. 1110 N.S. 1110
0 1.00 0.6065 63563.4 0.70 0.3D 44494.4 19069.0 15279.4 6631.7 0.0689 0.0562

1 1.00 0.6065 14194.0 0.55 0.45 7806.7 6387.3 2424.4 1822.4 0.1694 0.2542

2 0.3D 0.8607 2620.0 1.00 1.00 2620.0 2620.0

3 0.2 I 0.9048 1600.0 1.00 1.00 1600.0 1600.0 F =In(N(I.Jon)/N(31.Dec))-M
Data tram ICA run Table 2.8.3 (Population abundonce. 1996)

Split tactors based see description 'Split Factars'

•
ted on oll 5 fleets

2

fable 2.10.1. Computation ot reterence Fs tor catch prediction ot North Sec herring

F referrina to North Seo Cotches F referrina to 1110 Cotches
Age Fleet A Fleet B Total N.S. Fleet C Fleet D Fleet E Total 1110

0 0.000 0.069 0.069 0.001 0.048 0.008 0.056

1 0.001 0.168 0.169 0.053 0.106 0.095 0.254

2 0229 0,011 0.309 0.063 0.002 0.005

3 0.348 0.003 0.350 Age group 2 is the total F (tram ICA) distribu
4 0.370 0.003 0.372
5 0.353 0.003 0.356
6 0.349 0.005 0.353 These ore the Fs tram ICA. including oge gr
7 0.345 0.003 0.348
8 0,369 0.003 0.372 Data from ICA 2,8.3
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Table 2.10.2
Calculations

Revlsed by P. Sparre 15. May 1995 SHEET 1
Revised by P. Sparre and H. Sparholt 30.10.95 and further by H. Sparholt 31.10.95.

Input data revised by:

NORTH SEA HERRING SHORT TERM PREDICTION PROGRAM, WG 1997

NORTH SEA HERRING STOCK SIZE 1. JANUARY 1997
STOCK MEAN WEIGHT AT MATURITY NATURAL

NUMBER AGE IN THE STOCK OGIVE MORTALITY

AGE SPAW. ,. JAN. M M/2 exp(-M/2)

0 60000 3 3 0.00 1.00 0.50 0.6065

1 22070 52 52 0.00 1.00 0.50 0.6065

2 4300 125 125 0.61 0.30 0.15 0.8607

3 1430 189 189 0.98 0.20 0.10 0.9048

4 920 226 226 1.00 0.10 0.05 0.9512

5 460 229 229 1.00 0.10 0.05 0.9512
6 120 264 264 1.00 0.10 0.05 0.9512

7 60 281 281 1.00 0.10 0.05 0.9512

8 30 313 313 1.00 0.10 0.05 0.9512

9+ 60 330 330 1.00 0.10 0.05 0.9512

TOTAL 89450.0 0.9512

•

Fleet Description

A: IVHC North Sea directed herring tisheries

B: IVIND North Sea

C: lIIaHC 1110 directed herring tisheries

D: lIIaMC 1110 "Mixed Clupeid"

E: lIIaiND. 1110 herring by catches

F: FI.22+24 Western Saltic Combined fisheries

INPUT DATA (indieated with Bold Italie)
Comments in /talic

1~~199""7---'

Table

The prediction is based on the tollowing assumptions:
Age group 0 : Some migrate to 1110, depending on year class
Age group 7 : Some migrate to 1110, depending on year class

Age group 2: All fish in /Ilamigrates back to the North Sea
during the year

Age groups >3: Only in North Sea

Age group 0 Migration takes place 7January
Age group 7 (distribution trom MIK)
Age group 2: (distribution trom IBTS)

(Total "area-mixing" assumed)
Age gr 3+: (No area-mixing assumed, only in North Sea)

I . 1997

•
Data tram ICA Table 2.8.2 (stock abundance, welghts at age In stock, prop.ftsh spawn.)
For natural mortality as in previous year Mean weight at age in stock tram 2 year mean

Table 2
NORTH SEA HERRING. MEAN WEIGHT AT AGE IN THE CATCH BY FLEET 1996

IVHC IVIND lila HC lila MC lila IND. FI. 22+24
AGE A B C D E F

0 30.70 12.30 18.12 13.09 10.37 0
1 81.85 21.35 48.65 15.53 23.17 0
2 132.20 63.45 69.70 37.61 46.28 0
3 163.66 130.90 130.97 55.80 73.60 0
4 194.29 149.75 0 0 0 0
5 206.41 159.05 0 0 0 0
6 234.61 182.00 0 0 0 0
7 255.60 215.00 0 0 0 0
8 272.26 237.35 0 0 0 0
9+ 272.26 237.35 0 0 0 0

Data tram Table 'Total catch In autumn spawners North Sea and lIJa'~ mean over two last years
Table 2.10.2

Table 3
FISHING MORTALITY BY FLEET RELATIVE TO AREA *)
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Calculations

*) These are "area-mortahtles", NOT tradltltlonal fishing mortahtles computed In sheet 2

,* ....".,

IVHC lVIND, . .. 1110 HC ·····1 11I0 MC I 11I0 IND. '. FI. 22+24
AGE A ", . B •• " .. C .. , , D. .,. ' E '" F.

0 0.0000 0.0689 0.0008 0.0478 0.0076 0
1 0.0014 0.1681 0.0531 0.1063 0.0948 0
2 0.2287 0.0111 0.0628 0.0017 0.0050 0
3 0.3479 0.0025 0 0 0 0
4 0.3696 0.0025 0 0 0 0
5 0.3530 0.0029 0 0 0 0
6 0.3486 0.0047 0 0 0 0
7 0.3448 0.0028 0 0 0 0
8 0.3693 0.0028 0 0 0 0
9 0.3693 , ·0.0028 0 0 , 0 .. 0. . . .. ..

Table 2.8.xx.C EXCEL 5 ';work book" for short term prediction of North Sea Herring

SHEET 2.(NSHER94)
1997 I 1·1997·1

Tabte 4 1997
NORTH SEA HERRING STOCK SIZE 1. JANUARY

TOTAL STOCK NUMBERS
NUMBER BYAREA

tram table 1 (Split tactor) * (Total Numb( 1996'solltfattors.'.;. ".
a b c I d e I f.

AGE Total IV 0) 11I0 b) IV 0) 11I0 b)

0 60000.0 39252.6 20747.4 _0,:6.5 . I .Q~-t5.-.
1 22070.0 15449.0 6621.0 0.70' . 0.30.
2 4300.0 4300.0 4300.0 1 1
3 1430.0 1430.0 0.0 1 0
4 920.0 920.0 0.0 1 0
5 460.0 460.0 0.0 1 0
6 120.0 120.0 0.0 1 0
7 60.0 60.0 0.0 1 0
8 30.0 30.0 0.0 1 0
9+ 60.0 60.0 0.0 1 0

TOTAL 89450.0 62081.6 31668.4

•

1997 NORTH SEA HERRING. F-FACTORS ",

IVHC I IVINO 11I0 HC I 11I0 MC I 11I0 INO. I FI. 22+24
I TOTAL A I B C I 0 I E I . F

F-Factor I 1 1 1 1 1 1 0
l<Total Factor)*(F-Facto 1 1 1 1 1 .., 0

Tabte 5 1997

•
Z=Flolat + M. whefe

Table 6 1997
Flolal = FleelO) *FaclofO)+..+Fleel(n)*Fac;lof(n)

TOTAL FISHING MORTAlITY BV flEET RElATIVE TO AREA ..

Total North Sea F .. Total lila F
AGE FtN.S.l Z(N.S.) Fellla) Zellla) .'..'

0 0.0689 1.0689 0.0562 1.0562
1 0.1694 1.1694 0.2542 1.2542 . ,,' .
2 0.3094 0.6790 0.0696 0.6790 ..
3 0.3504 0.5504 0.0000 0.0000 .
4 0.3721 0.4721 0.0000 0.0000
5 0.3559 0.4559 0.0000 0.0000
6 0.3533 0.4533 0.0000 0.0000
7 0.3476 0.4476 0.0000 0.0000
8 0.3721 0.4721 0.0000 0.0000



Calculations

I,· 9" 1_·~_0;,,;,;.3_72;;;.;1_.__. ..;;,,;,0.4..;,;,,7.;;;.21~~I··· 0.0000, 0.0000··

o19971i ble 7.... a .w, , ..... , '.',' , '", " .. , " ..' .. '"'''''H '".''' ,"., ",..., .••"

··1997 ",. "
~ ,.......... SEA ............ AT A~E BV FlEET .' '" ~ '. T' .•~.. , .• " -', ,_ ,~.,<

' .. N(North Sea) * F(fleet) * (l-exp(-Z))/Z(North Se - N(lIIa) * F(fleet) * (l-exp(-Z(llIa)))/Z(llIa) ,-
.,.• Q,. ... ' b "'" ",e "I d ,,, e,···· I,·· f .. ·,1··., a ", ,.... h ,.,,'
AGE TOTAL e) ,A B. . C·,. .. ,,· " D, '" E ' F "0.'"

0 2380.3 0.0 1660.3 10.4 612.6 97.0
, 1 . 2502.1 12.3 . 1530.7 ,0,<.·200.2'00 401.1 . , ,357.6 ' ....
'. 2 . .. 965.7 713.9 34.6 ! ••."" 196.1 '.. 5.4 ..•. 15.7 ~.~ .., ,.'~ ;"' .. -",'

3 385.3 382.6 2.8
4 272.9 271.0 1.8
5 131.5 130.4 1.1
6 34.1 33.6 0.4
7 16.8 16.7 0.1
8 8.9 8.8 0.1

.· ... 9+ ' .....,... , 17.8 " .., 17.7 . 0.1 '" .. ." .. .,. ....... "" . ,"" .. "

TOTAL .. '" 6715.4 . 1587.0 . 3232.2 ' 406.8 "" 1019.1 470.4 '." .. "'. '

Table 2.8.xx.D EXCEL 5 "work book" for short term predlction of North Sea Herring

SHEET 3
1997Table 8 .' ' . "., .. ....., ... ••'0"

NORTH SEA HERRING. FISHING MORTALITY BV FLEET (TOTAL) *) ." " 1997·· '.""',> .,."

IVHC I lVIND, lila HC ,I lila MC I lila IND. ·,FI.22+24

a b c I d e I f I g , .... h ' .
AGE TOTAla) Ab) B C .' D ,., E " 0" F "

0 0.068 0.000 0.047 0.000 0.017 0.003 0.000
1 ' ' 0.207 0.001 . 0.127 0.017,· 0.033 , .. 0.030 ,.. 0.000

2 . ,,0.302 0.224 0.011 .0.061 0.002 .,0.005 . ",0.000
3 0.354 0.351 0.003
4 0.374 0.371 0.003
5 0.357 0.354 0.003
6 0.355 0.350 0.005
7 0.349 0.346 0.003
8 0.374 0.371 0.003

. 9+ ., 0.374 0.371 0.003 , .. ,., , ., I " ",' ", '" ..

AVG2-6 0.348 0.330 0.005 0.061 '. 0.002 .. , 0.005 .'- ...." 0.000
• a) = In(N(o)/{N(o)*exp(-M/2)-C} *exp(-M/2) - M b) = F(total) * C(f1eet)/C(total)

1997Table 9 , "0 "n" .'.'

1997 NORTH SEA HERRING. VIElD AT AGE BY FLEET .. , ... ' "'" " ..
C * W (body weight) "'" " '. C~ W (body weiQht) ,.., ,. ..,.,. "."k' ... ,

a b e .. I d, e I .,. f I g N h
AGE TOTALe) Aa) . Ba) ' . Cb).,. D c) , ..... , Ec) . F c). '.'

0 29638.3 0.0 20422.0 188.4 8021.8 1006.1
,1 .". 57946.6 '" 1008.2 . 32681.3 ' 9741.3 6228.3-, 8287.6 ""-" '~~'-

.•. 2 .....
" 111167.0 ·.. 94368.8.· 2197.2 13670.5 . ,202.9 ." 727.7 , "" ..

3 62975.2 62611.4 363.8
4 52932.8 52656.3 276.4
5 27087.3 26915.6 171.6
6 7974.0 7892.2 81.7
7 4291.9 4262.6 29.3
8 2420.2 2404.0 16.1
9+ 4840.4 4808.1 . ". 32.2 ". ". ,,- ,. T , ,,-,.' .. - .,- '

TOTAL. .,. 361273.6 ...···256927.3 ..' 56271.7 .', 23600.1 ·,14453.0 10021.4 ",",' "
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Caleulotions

•

•

0.000

0) =N*w(l.jan)

b) = N*Maturity*exp(-Z*.67)
e) = N*w(spaw.time)*Maturity*exp(-Z*.67)

1997

1997

SUMMARY RESULTS FOR YEAR

Table 10

Tl bIll'0 e· " ",," ., "," ",' , ...... ' ",'. ';o'~ "'li;.. , .. ,

" " " IVHC IVINO 1110 HC 1110 MC lIIaiNO. FI.22+24
TOTAL A B C 0 E F

CATCH 6715.4 1587.0 3232.2 406.8 1019.1 470.4 0.0
YIELD 361273.6 256927.3 56271.7 23600.1 14453.0 10021.4 ., 0.0
SSB '", , 687792.9 AVG F2-6 0.348

"

,0, .. ', ' " " < " ",

NORTH SEA HERRING STOCK SIZE ond SSB ' ,

TOTAL STOCK BIOMASS
NUMBER .,0) b) ." '. 1997 "',

trom table 1 1st Jan. , Spaw.time Spaw.time
,',' AGE Total ' Biomass " 55 numbers SSB c)

0 60000.0 180000.0 0.0 0
1 " 22070.0 1147640.0 0.0 ,'" 0

2 4300.0 537500.0 "', . 1752.0 218994

3 1430.0 270270.0 967.1 182790
4 920.0 207920.0 669.8 151379
5 460.0 105340.0 338.6 77538
6 120.0 31680.0 88.5 23360
7 60.0 16860.0 44.4 12480
8 30.0 9390.0 21.8 6837

,,' 9+ 60.0 .' 19800.0 .' 43.7 ' 14416

TOTAL . 89450.0 2526400.0 3925.9 687793

lable 2.8.xx.E Excri 5 "work book" for short term predietion of North Sec Herring (Shee. NSHER94)

d) tor age group 0 basE
d) tor age group 1 based on MIK 1995 y.c.:
tor age group 2: both spUt tactor =1.0

c) tor age group 0 based on ave. MIK: •
c) tor age group 1based on MIK 1995 y..;.:
tor age group 2: both split factor = 1.0

0) =N(a+l. y+l) =
(N(a.y)*exp(-M/2) - C(a.y))*exp(-M/2)

tor ages 1-9. N(o) Is input

~ ......

,.

SHEET 4 .
1--1998, ~I ,,·1998 ~

1998Tobte 1 .<", ..

NORTH SEA HERRING STOCK SIZE 1. JANUARY "
TOTAL STOCK NUMBERS

NUMBER BYAREA
trom table 1 (Split tactor)· (Total Numb( 1997söIiHacfors,,: .

AGE Total 0) IV 0) 1110 b) IVe) 1110 d)

0 \".44000.0 29775.4 14224.6 . 0.68 0.32
1 20629.0 ' 13495.7 7133.3 '0.65 0.35
2 6601.5 6601.5 6601.5 1 1
3 2354.3 2354.3 0.0 1 0
4 822.1 822.1 0.0 1 0
5 572.9 572.9 0.0 1 0"
6 291.2 291.2 0.0 1 0
7 76.2 76.2 0.0 1 0
8 38.3 38.3 0.0 1 0
9+ ," 56.0 56.0 0.0 1 ' '," 0

TOTAL 75441.5 54083.6 27959.5

1998Table 2 "
. ., , '0 ,~-, ',' .

0.35441 , .. NORlH SEA HERRING. F-FAClORS '" .- ., ~

, , ' ... , IVHC, I IVINO 1110 HC I ,1110 Me I 1110 INO. I .. ,FI. 22+24
I TOTAL A I ' B C .. I . 0 I '.. " E I ' .e F ..

F-Factor I ". 7 ,' .. ' 0 0 0 0 0 0
l(Total Factor)*(F-Facto 0 0 0 0 0 ... ,.. 0 .
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Calculations

AGE
o
1
2
3
4
5
6
7
8
9

Flofai = FleefÖrFacfor(ij+..+Fleef(nj*FacfO,(n)
0,000

1998Table 4 . '.' ..

1998 . NORTH SEA HERRING. CATCH AT AGE BY FLEET number
N(North Sea) * F(fleet) * (l-exp(-Z))/Z(North Se< N(lIla) * F(fleet) * (l-exp(-Z(llIa ))/Z(llIa) ... at end of

AGE TOTAL , A ,..... B "'. .. , C " ··.·D ' '" E" '.' F".. ··,.Yeöl'
0 0,0 0.0 0,0 0.0 0.0 0.0 novalue
1 " ' ..·..",0,0 ". , .' 0.0·.,,· . 0,0 .,,0.0 ,. 0,0 ..' 0,0 .".,. ".""', • 16186,7
2, .'.' ,0.0 ."", 0,0 0,0 ,,·,·0.0, ',.. ' .,.,··0,0 ,0,0 .. ...' .0.· 7589,0
3 0,0 0.0 0,0 4890.5
4 0,0 0,0 0,0 1927.5
5 0,0 0,0 0.0 743.9
6 0,0 0,0 0.0 518.4
7 0,0 0,0 0.0 263.5
8 0.0 0,0 0.0 68.9
9+ ,," " 0,0 0,0 ." 0.0 ,," ."., ... "-" .. ' , 34.7

TOTAL ...... " ~, 0,0 " . " 0,0 0.0 ." ,,-' 0,0·· 0.0 0,0 , . , . ' .... 50.7

•

lable 2.8.xX.F EXCEL 5 "work book" for shoft term prediction of North Sea Herring
SHEET 3

1998Table 5 . '" ,', . , , "'" (.. -.- .-

NORTH SEA HERRING. FISHING MORTALITY BY FLEET (TOTAL) *) ..... ..'. . 1998 ' . '" "

, ' '" ;. ',,'- .. ~..- :~-- ...... , ... " IVHC,·. lVIND, . 11I0 Hc·1 .", 11I0 MC I lIIaiND. .FI. 22+24··
.·AGE ' ,TOTAL 0) ,Ab) .• ,., B ".' ···.··.C "''''.. , ,D,,· '.'. E . F

0 0.000 0.000 0,000 0,000 0.000 0,000 0.000
1 ..... '......' ·,.0.000 .... 0.000 ., ,·0,000 0,000·.·,··,·.. 0.000 '." 0,000 ,·0.000
2. .,,, , . 0,000 " 0,000 . 0,000 ,,' 0,000 .... ·,···0,000 0,000 , ,,0.000

3 0.000 0,000 0,000
4 0,000 0,000 0.000
5 0,000 0.000 0,000
6 0,000 0.000 0.000
7 0,000 0,000 0.000
8 0.000 0,000 0.000

·,9+ 0,000 0,000 0,000 '.'0' "'",~" ,\-.-> ,-., ."

AVG 2-6 '0' 0,000 " .0,000. , "".0.000 ~ .~". 0,000" , " 0,000,., 0,000 ... , 0,000

J. "•

a) =In(N(o)/{N(o)*exp(-M/2)-C} *exp(-M/2) - M b) =F(total) * C(fleet)/C(total)

Yleld 1997

000019987i 61 6a e .. "
,. ". "" 0',,',- ...... .. , """0"'" " , "",. "., ..

0.354412·, NORTH SEA HERRING. VIHO AT AGE BV FLEET "

C * W (body welQht) ", ,'"",' ,. . '. .. . , C * W (body weiQht) " .'" "", ,~ ..... ~'"' 'e"' "" ......,_'l

a b ' " "." c' I d
"

, e, .1·, t I .g,., ' . h. .,.

AGE TOTALe) " ... A B C ..,,, " D ' .. , E " F
0 0.0 0.0 0,0 0.0 0,0 0,0
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Calculations

1 0.0 0.0 0.0 0.0 0.0 0.0

2 0.0 0.0 0.0 ; 0.0 0.0 0.0 ;; ..
3 0.0 0.0 0.0
4 0.0 0.0 0.0
5 0.0 0.0 0.0
6 0.0 0.0 0.0
7 0.0 0.0 0.0
8 0.0 0.0 0.0

9+ 0.0 0.0 0.0
TOTAL 0.0 0.0 0.0 0.0 0.0 0.0

•

Table 7 1998
NORTH SEA HERRING STOCK SIZE end SSB

TOTAL STOCK BIOMASS
NUMBER 0) b) 0

tram table 1 1st Jan. Spaw.time Spaw.time

a b c d e
AGE Totel Biomess SS numbers SSB cl

0 44000.0 132000.0 0.0 0
1 20629.0 1072708.6 0.0 0
2 6601.5 825190.6 3293.7 411710

J 2354.3 444963.8 2017.9 381378
4 822.1 185796.8 768.8 173756
5 572.9 131191.2 535.8 122689
6 291.2 76866.9 272.3 71886
7 76.2 21399.5 71.2 20013
8 38.3 11986.9 35.8 11210
9+ 56.0 18494.3 52.4 17296

TOTAL 75441.5 2920598.6 7047.9 1209937

0) =N*w(l.jan)

b) = N*Maturity*exp(-Z*.67) .

c) =N*w(spaw.time)*Maturity*exp(-Z*.67)

•
Table 8 SUMMARY RESULTS FOR YEAR 1998

IVHC I IVIND lIIe HC I lIIe MC I lIIe IND. I FI.22+24
TOTAL A B C D E ;; F

CATCH 0 0.0 0.0 0.0 0.0 0.0 0.0
YIELD 0 0.0 0.0 0.0 0.0 0.0 . 0.0
5SB 1209937 AVG F2-6 0.000

NORTH SEA HERRING STOCK SIZE 1. JANUARY end SSB . I
NUMBER

tram table4

a b totel

AGE Totela) biomass
1 16186.7 841708

2 7589.0 948624
J 4890.5 924310
4 1927.5 435625
5 743.9 170348
6 518.4 136850
7 263.5 74031

B 68.9 21568
9+ 34.7 11435

TOTAL 32223.0 3564498

Table 1
1999 I

1999
1999

•

lable 2.8.xx.G EXCEL 5 "work book" for short term prediction of North Sea Herring
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..
21/03/97 11:56 Input Files

.. Table 2.10.3 Input dma Iv, the Shcrt Term Prediction. Ncrth Sea end lila total catch mean we;ghl at age in the calch by f10et using Ihe new fleet definitions for 1!

recalculaled with new fleets for 1995, and the mean over the last 2 years for projections.

1995 Fleet A Fleet B Fleet C Fleet 0 Fleet E TOJAL

1.63(;> 49 9 i
1.619 OS 41.1
1.:)4426 128.9

863.•1', 160,<;
2.14.63 196.:'
115.90 ~.3

[,3.30 257.3
39.30 2b9.tJ

11';; 50 27\.3
12.2359t31

16.9~t4

946.45iO.6
20'/.17 29. I

20.10 42.1

1/6.34 Ib.2
25423 16.:1

:U6 3·1.2

6.920
43322 I

46.8B:'.

iU 235.UO 188
672.53 492
147.W 63.7

/25.2

33.3
72,4

139,4
'162.0
177.5
223.3
19.1.3

3D8
0.25
O.OS
0.Q3
0.02
0,05

6.613 H:ij

6.2W.I:l
327.(,'9
1~t62

4l'L.ü/t

o 11.5/ 30.1
1 1~"'>.03 79.1
2 1359./.0 135.1
3 85991 167.1
4 244.43 1962
5 115.85 2053
6 5-1.27 257.3
7 3".~8 259.1
8+ 1"'.4:'0 21l.3

JOlAI :I.'NJ.191

Fleet B Fleet C Fleet D Fleet E TOTAL

\JumbnrS I'NE';Qht NlJrntlorlwe,qht NlIrnbtJW');(1!1t NUml)o'/WO;Qht Nurnbers IWeiQht
4031.n J~.3U 1:t:l.06 105.12 3tll.lJ6 13.09 515.31 10.31 5.031.9l 12.:'
529.55 21.35 427.05 48.65 303.98 15.53 Z66.71 23.17 1.613.24 30e

:iDOl 63A5 145.68 69.70 330 37.61 15.82 46.28 1.126,31 12J.4
3.-:)6 130.90 26.94 130.')7 2.59 5580 1.98 73.W 763 46 161.7
0.79 149.75 22064 194.1
0.27 1:.9.05 8l.3D 206.3
0.15 182.00 36.90 234.'~

OL"6 21500 25.20 255.b
013 737.:35 7285 272.';

4..'>.% 831 lLl 73 I MI931 N9.811 ll'<I84.:I~·1

U.<;I(· 3ö.6/0 9./4') 12ADL 461.\148

Fleet C

Nurnbors IWeil1t1!
2.42/.!iJ 14.'/
l.WI.43 168

708.35 111.8
631.92 lS8.1
196.60 192.[1
59.70 207.(1
20.50 211.('
11.10 252.0
26.20 273U

5.68';).57

rOTI\L

1.194

Fleet E

11.5/0

b:\l.ll II.U 85.18 10.1
363.72 14.7 324.25 17.3

396 41.1 11.53 50 I:,

n·9 5-5.8 1.98 73.t.

Fleet 0

'X18.04 I
:13.320

0$61.4') I

9.12 17 ..1
181.56 4il.l
143.86 7').7
26.94 131.0

Itd
9,.1

54.5
122.4
137.5
1406
1,10.7
23",.7
240.5

Fleet 8

25.40
~1.33

1.33
0.4',
0.27
0.09
020

I.Nb.!1
732.01

1996 Fleet A

Total
N"mbo's IWf,jr'''t'N!ntt;,)fr!n05

0
1 5.119 8·1.6
2 523.60 126.::
:3 596.07 16:.'].3

• 4 195.27 192/
5 1:,9.21 20!. i:,

6 20.23 211.9
7 11.ü1 252.1
8+ 26.00 ')712

lorAl IAJ/."IJI
Land. (SOPl(i) 2~~o.I(}4

Mean over Fleet A

1995/1996
Total

Numbcrs INol()t1t\/l/lntf'( nn1.15
0 ll.tll 30.10
1 80.96 81.85
2 9.11.:A) 132.20
3 721.W 16:\.66
4 219.85 194.29
5 87.53 206·11
6 36.75 234.61
7 25.15 2o~.60

8+ 7/.7:1 ?7/.')(,

1011'\1. 2.;!().lml
Lnn(j. tSCJPxn 346.21'>

•

e: \acfrn \hawg97\T-2-1 Q-3.xls
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Fleet Description ' .'. , ."

A: IV HC North Sea. direeted herring fisheries
"
B:. IV IND North Sea

C: lila HC /110

D: 1110 MC /110 "Mixed Clupeid"

E:,· ,. 1110 /110 herring by eatehes

F: I. 22+2~ Western Baftie Combined fisheries

SHEET 1
l. •• _';I

NORTH SEA HERRING SHORT TERM PREDICTION PROGRAM 1997
, "

SUMMARY OF CALCULATIONS Revised by P. Sparre 15. Mav 1995,.
This version 30.10.1995

Further revised by
H. Sparholt 31.10. 1995
Input data revised by K.Patterson.
E.Kirkegaord end H.Sporholt

9.11.1995 ." "I

•
Table 1 1997 ','" '-·'."\H', ,:.:>' .re .~,'.,

1997 . NORTH SEA HERRING. F-FACTORS .. , ,.
"

, ". IVHC IVIND lila HC lila MC lila IND. 1.22+2 A+B f:+D+E+F
,.TOTALa .A ' B 'c '. D E "" F IV .' lila .'.

F-Faetcj 1 "~ ".,>: "",.,.1 J.•",.,. ".,:•• t"",,, 1••• ,,~ .• l,,"'h" 0 "
,. 1.

(fatal Fm , 1 1 1 1 1 1 .,. ° " M ~

Input to sheet 3 "
SUMMARY RESULTS FOR YEAR 1997Table2 , '" ." ,.,' ,,,' .. "

",", ". .. IVHC IVIND lila HC lila MC lila IND. I. 22+2 . A+B C+D+E+F

,TOTAL A B C D E F IV lila
CATCH ,,6715 ,1587 3232 407 1019 470 0 4819 .. 1896
YIELD k36121.~ ",256927 .56272 :23600 .14453 :.10021 ° 313199 . 48074

SSB*.oo ",;",688 AVGF. ,0.348 "

•

Copled tram sheet 3
Table3 1998'" , " . ".

1998 ,'. NORTH SEA HERRING. F-FACTORS
,,, ," ·'.h .. IVHC IVIND lila HC lila MC lila IND. 1.22+2 A+B f:+D+E+F

. TOTAL I·,..··A B ,e D E F IV
"

, lila

F-Factr .;' .J ,. 1 1 1 1 1 1 1 ,", 1",
(Total Factor)"(F-F< 1 1 1 1 1 1 " .

IIV HC IIV IND Ilila HClllla MClllla IND.~I. 22+2~ A+B J:+D+E+F

, TOTAL' AB' C, D E F' IV • lila
CATCH 6797 2277 2659 524 860 476 ° 4936 1860
YIELD 465629:362ÖÜO::48760::"ji612'L:j252f::."I.1bjjg 0410760 54869
SSB*.oo iI,~~9P\4l. AVG F ~j~:O,8481

IBIOMASS AT 1st JANU. 1999 I 2831 1
Copied tram sheet: 3

Table 2.10.4
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•
Option Tables for 1998'
Basis: F(97)=F(96), no mlsreportlng Included here

Option lables

tf·

Option,

A
B
C
D
E
F
G
H
I
J
K
L
M
N
o
P
Q
R

Option

A
B
C
D
E
F
G
E

"'Regulation by Effort '000 t

Fleet A FleetB FleetC FleetD Fleet E oV.F(2-6) Fleet A Fleet B FleetC Fleet D Fleet E Total Catch SSB

0 0 0 0 0 0.00 0 0 0 0 0 0 121C
0.1 0.1 0.1 0.1 0.1' .- 0.03 42 5 4 1 1 54 1183
0.2 0.2 0.2 0.2 0.2 0.07 83 10 7 3 2 105 1156
0.3 0.3 0.3 0.3 0.3 0.1C 122 15 11 4 3 155 113C I

'

0.4 0.4 0.4 04 0.4 'c 0.14 ' 160 20 14 5 5 204 1104
0.5 0.5 0.5 0.5 0" . 0.17 197 25 17 6 6 251 1079.~

0.6 0.6 06 0.6 0.6 0.21 232 30 20 8 7 297 1055
0.7 0.7 0.7 0.7 0.7 0.24 266 35 23 9 8 341 1032
0.8 0.8 0.8 0.8 0.8 0.28 299 40 26 10 9 384 1008
0.9 0.9 0.9 0.9 0.9 . 0.31 331 44 29 11 10 425 9861"

1 1 1 1 1 0.35 362 49 32 13 11 466 964 1,
1.1 1.1 1.1 1.1 1.1 0.38 392 53 34 14 12 505 942

1

"

1.2 1.2 1.2 1.2 1.2 0.42 420 58 37 15 13 542 921
1.3 1.3 1.3 1.3 1.3 0.45 448 62 39 16 14 579 901
1.4 1.4 1.4 1.4 1.4 0.49 475 67 42 17 14 615 88C .
1.5 1.5 1.5 1.5 U 0.52 501 71 44 18 15 649· 861
1.8 1.8 1.8 1.8 1.8 0.63 573 83 51 21 18 746 805

2 2 2 2 2 O.7C 617 92 55 23 19 807 769
'.

Regulation by Fishing Mortality I;
F(98) multiplier rel to F(96) by fleet av.F(98) cotch (98) by fleet ('000 t) total ('000 f)
FleetA FleetB FleetC FleetD Fleet E (2-6) FleetA Fleet B FleetC FleetD Fleet E catch SSB (98)

0 0 0 0 C 0.00 0 0 0 0 0 0 1210 1

0.286 0.286 0.286 0.286 0.286 0.10 117 15 10 '4 3 149 1133
! 0.575 0.575 0.575 0.575 . 0.5751; 0.20f I; . 223', 29;- 19; . 7 6;. 11: 286i 1ß 106H' 1

0.86 0.86 0.86 0.86 0.86 . 0.30 319 42 28 11 9 409 995
1.148 1.148 1.148 1.148 1.148 0.40 406 55 36 14 12 523 932 1

1.435 1.435 1.435 1.435 1.435' 0.50 484, 68 43 17 15 627 874·
1.724 1.724 1.724 1.724 1.724 'i, 0.60' 555 80 49 21 17 723 I· 819

.. 2.008 2.008 2.008 2.008 2.008 0.70 619: 92 55 24 19 809 768

Seite 1
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Table 2.10.5 Calculation of basis for split factors

Yearclass Proportion of 1-ringers MIK-index O-ringers Number of 1-ringers in Number of 1-ringers in
in lila North Sea and lila IV (weighted calch per lila (weighted calch per

hau!) haul)
1981 0.254 133.9 909.7 345.9
1982 0.276 91.8 1029.8 410.2
1983 0.255 115 1513.1 554.2
1984 0.439 181.3 1364.4 1166.7
1985 0.267 177.4 2570.6 1142.2
1986 0.636 270.9 1616.6 2927.7
1987 0.3 168.9 1633.5 673.6
1988 0.177 71.4 833.6 190.8
1989 0.134 25.9 996.5 157.5
1990 0.199 69.9 929.5 223.7
1991 0.611 200.7 881.3 1969.3
1992 0.25 190.1 1246.6 404.3
1993 0.23 101.7 873.0 275.7
1994 0.45 126.9 926.4 768.9
1995 0.3 106.2 2881.1 1246.4
1996 0.35 148.1

•
avg(81-95} 1'- ---"-0'-.3,;;;;.,21 .;..;;13,-6.;..-.3\avg(81-96}

Regression of IBTS-proportion of 1-ringers on MIK O-ringers

0.7 ...------------------------------,

06

ls
1::
o
0.

j.4
'"Gi
.~.3

~2
0.1

y = 0.0019x + 0.0644
RZ = 06237

•

•• •

• •

•
30025020010050

O'------'----------------------------J
o
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Table 2.11.1. Example of a projection input file, for options F(adult) = 0.3 and F(juv)=0.2.
Note that negative exploitation constraints are F-multipliers relative to 1996. In this case the
management procedure simulation option was not used.
Projection input file for ICP3
Nurnber of fleets Nurnber of Years

5 7
Catch Ratio for each fleet at age in 1997 Including discarded fish
Age Fleet A Fleet B Fleet D Fleet E Fleet F
o 0.000 0.740 0.004 0.222 0.035
1 0.004 0.455 0.113 0.226 0.202
2 0.739 0.036 0.203 0.006 0.016
3 0.943 0.007 0.043 0.004 0.003
4 0.993 0.007 0.000 0.000 0.000
5 0.992 0.008 0.000 0.000 0.000
6 0.987 0.013 0.000 0.000 0.000
7 0.992 0.008 0.000 0.000 0.000
8 0.992 0.008 0.000 0.000 0.000
9 0.992 0.008 0.000 0.000 0.000
Retention Ogive for each fleet by Age in All years
o 1. 1. 1. 1. 1.
1 1. 1. 1. 1. 1.
2 1. 1. 1. 1. 1.
3 1. 1. 1. 1. 1.
4 1. 1. 1. 1. 1.
5 1. 1. 1. 1. 1.
6 1. 1. 1. 1. 1.
7 1. 1. 1. 1. 1.
8 1. 1. 1. 1. 1.
9 1. 1. 1. 1. 1.
Exploitation Constraint by Year; F(1997) = F(1996); then F adult 0.3, Fjuv= 0.2
1997 -1.0 -1.0 -1.0 -1.0 -1.0
1998 -0.921 -1.347 -1.347 -1.347 -1.347
1999 -0.921 -1.347 -1.347 -1.347 -1.347
2000 -0.921 -1.347 -1.347 -1.347 -1.347
2001 -0.921 -1.347 -1.347 -1.347 -1.347
2002 -0.921 -1.347 -1.347 -1.347 -1.347
2003 -0.921 -1.347 -1.347 -1.347 -1.347
Mean weight at age in the catches of each fleet

o 0.031 0.012 0.018 0.013 0.010
1 0.082 0.021 0.049 0.016 0.023
2 0.132 0.063 0.070 0.038 0.046
3 0.164 0.131 0.131 0.056 0.074
4 0.194 0.150 00.0 00.0 00.0
5 0.206 0.159 00.0 00.0 00.0
6 0.235 0.182 00.0 00.0 00.0
7 0.256 0.215 00.0 00.0 00.0
8 0.272 0.237 00.0 00.0 00.0
9 0.272 0.237 00.0 00.0 00.0

Mean weights at age in the discards by each fleet
o 0.031 0.012 0.018 0.013 0.010
1 0.082 0.021 0.049 0.016 0.023
2 0.132 0.063 0.070 0.038 0.046
3 0.164 0.131 0.131 0.056 0.074
4 0.194 0.150 00.0 00.0 00.0
5 0.206 0.159 00.0 00.0 00.0
6 0.235 0.182 00.0 00.0 00.0
7 0.256 0.215 00.0 00.0 00.0
8 0.272 0.237 00.0 00.0 00.0
9 0.272 0.237 00.0 00.0 00.0

First year for management simulations
2007
Target F-Multipiers by fleet and by year
2007 -1.0 -1.0 -1.0 -1.0 -1.0

E:\ACFM\HAWG97\T-2-11-I.DOC 15/04/97 93



Tab/e 2.13.1 Herring total North sea, 1996
Numbers (millions) and weights (g) at age (winter rings) per year das of herring
caught in each quarter. Spring spawners transferred to Division lila, and North Sea
autumn spawners caught in Division lila are not included.

Age (rings) 0 1 2 3 4 5 6 7 8 9
Year dass 1995 1994 1993 1992 1991 1990 1989 1988 1987 1986

Quarter Nb 0.0 523.6 60.6 139.7 38.3 13.4 6.6 1.9 0.8 0.5
I W 6.1 80.7 114.5 132.1 139.2 166.5 181.3 188.9 209.5

11 Nb 0.0 147.6 123.1 125.2 22.6 5.3 2.5 0.4 0.0 2.0
W 6.4 117.7 161.1 189.4 191.7 210.7 204.1 215.2 252.5

111 Nb 550.9 2.4 151.9 166.6 78.7 24.8 6.7 5.8 2.9 12.0 1002.8
W 19.1 75.5 138.5 184.9 222.0 231.7 249.1 283.9 274.6 295.7 93.4

IV NB 1244.8 64.4 213.4 168.8 56.9 16.1 4.6 3.0 4.2 3.9 1780.1
W 15.1 45.7 128.2 172.4 192.8 229.3 219.9 243.3 253.2 258.1 96.6

Total Nb 1795.7 737.9 549.0 600.4 196.6 59.7 20.5 11.1 7.9 18.3 3997.1
W 16.3 9.8 123.4 160.0 192.3 206.7 211.1 252.5 254.4 280.8 264.8

The stocks weights shown below are derived from acoustic survey sampIes taken in July from
Divisions IVa,b and used in SSVPA.

Age (w.ring)
Yearclass
Stocks weiqhts

e:\acfm\hawg97\T-2-13-1.xls

123456789
1994 1993 1992 1991 1990 1989 1988 1987 1986

44 118 196 253 262 299 305 324 335
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Sampie of May 1996
within the transfer area

48

49

47

46

45 ~/r ;
ff'

• 44 56,82
56,15
56,75

43

42

F2 F3 F4 F5 F6 F7

•
Winter rinl!: Mean Vs Percenta2e of sprin2 spawners

2 56.82 0
3 56.15 50

4+ 56.75 0

Figure 2.2.1 Mean vertebral counts of 2,3 and 4 ring herring. Quarter 2 - 1996.
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l\~~

49 l~~J
I:h'::

48
~. Sampies of July 1996

~
56,41

47 56,63 c
56,71

?46
56,23 56,47

/45 56,25 55,76
56,03 55,56 U_ -Y"""'

v

44 57,13 56,33
56,83 56,20
56,78 55,63

43 L/
42 flß~

F2 F3 F4 F5 F6 F7

[\~~~
~ '11>

49 ~~~~
~n~
~ Sampie of August 1996

48

~~47 c

""t~

?46

45 56,96 /
56,04

~JI56,89

44

43 IJ
42 Tlff~

F2 F3 F4 F5 F6 F7

Winter rin!! l\lean Vs Percental!e of snrinl! snawners
2 56.58 0
3 56.23 38

4+ 56.26 33

Figure 2.2.2 Mean vertebral counts of2,3 and 4 ring herring. Quarter 3 - 1996.
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Time series of recruitment indices

Figure 2.3.1 Trend in MlK O-ringer and IBTS I-ringer indices far the year classes 1977-1996.
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International Young Fish Survey 1997
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0- ringers year cla~s 1994 0-ringers year c/ass 1995 O-ringers year class 1996
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Figure 2.3.3 Distribution ofO-ringer herring, year c1asses 1993-1995. Abundance estimates of
O-ringers within each statistical rectangle based on MIK catches during IBTS in
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Trend in recruitment, year classes 1958-95
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Figure 2.3.6 Trend in recruitment of I-ringer North Sea herring for year cIasses 1958 to 1995.
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Figure 2.8.3 Minimum and maximum estimates of Fbar(2-6) and SSB based on the tuning indices
used in the assessment
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•
Figure 2.8.4 .Herring in Section IV. Results of baseline assessment. Upper panel: Sum of Squares

(SSQ) surfaces for the tuning indexes. INDEX I refers to the MLAI estimate of total
biomass, the age-indices I to 4 refer to the acoustic survey (1), the IBTS 2-5+ index (2),
the IBTS I-ringer index (3) and the MIK index (4). Lower panel: Summary of estimates
of landings, fishing mortality at age 4, recruitment at age 0, stock size on I January und
spawning stock size at spawning time.
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Figure 2.8.5 Herring in Seetion IV. Results of baseline assessment. Upper panel: Selection pattern
diagnostics. Top left, contour plot of selection pattern residuaIs. Top right, estimated
selection (relative to age 4) +/- standard deviation. Bottom, marginal totals of residuals by
year and age. Lower panel: Diagnostics of the fit of the Multiplicative larval abundance
index (MLAI) against the estimated spawning biomass. Top left, spawning biomass from
the fitted populations (line), and predictions of spawning biomass in each year made from
the index observations and the e timated catchability (triangles +/- standard deviation),
plotted by year. Top right, scatterplot and fitted relationship of spawning biomass from the
fitted populations and larval survey index observations. Bottom, residuals, as (In(observed
index) - In(expected index) plotted against expected values and against time.
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Figure 2.8.6 Herring in Section IV. Results of baseline assessment. Upper panel: Diagnostics of the fit
of the acoustic index at age 2 against the estimated populations at age 2. Top left. fitted
populations (line). and predictions of abundance in each year made from the acoustic
index observations and the estimated catchability (triangles +/- standard deviation). plotted
by year. Top right. scatterplot and fitted relationship of the fitted populations and acoustic
survey index observations. ßottom, residuals. as (ln(observed index) - ln(expected index)
plotted against expected values and against time. Lower panel: Diagnostics of the fit of
the acoustic index at age 3 against the estimated populations at age 3. Top left. fitted
populations (line), and predictions of abundance in each year made from the acoustic
index observations and the estimated catchability (triangles +/- standard deviation). plotled
by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic
survcy index observations. ßottom. residuals. as (ln(observed index) - ln(expectcd index)
plottcd against expectcd values and against time.
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..
Figure 2.8.7 Herring in Section IV. Results of baseline assessment.. Upper panel: Diagnostics of the

fit of the acoustic index at age 4 against the estimated populations at age 4. Top left, fitted
populations (line), and predictions of abundance in each year made from the acoustic
index observations and the estimated catchability (triangles +/- standard deviation), plottcd
by year. Top right, scatterplot and fitted reIationship of the fitted populations and acoustic
survey index observations. Bottom, residuals, as (In(observed index) - In(expected index)
plotted against expected values and against time. Lower panel: Diagnostics of the fit of
the acoustic index at age 5 against the estimated populations at age 5. Top Icft, fitted
populations (line), and prcdictions of abundunce in euch year made from the acoustic
index observations and the estimated catchability (triangles +/- standard deviation), plotted
by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic
survey index observations. Bottom, residuals, as (In(observed index) - In(expected index)
plotted against cxpccted values and against time.
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..
Figure 2.8.8 Herring in Section IV. Results ofbaseline assessment. Upper panel: Diagnostics ofthe fit

of the acoustic index at age 6 against the estimated populations at age 6. Top left, fitted
populations (line), and predictions of abundance in each year made from the acoustic
index observations and the estimated catchability (triangles +/- standard deviation), plotted
by year. Top right, scatterplot and fitted rclationship of the fitted populations and acoustic
survey index observations. Bottom, residuals, as (In(observed index) - In(expected index)
plotted against expected values and against time. Lower panel: Diagnostics of the fit of
the acoustic index at age 7 against the estimated populations at age 7. Top left, fitted
populations (line), and predictions of abundance in each year made from the acoustic
index observations and the estimated catchability (triangles +/- standard deviation), plotted
by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic
survey index observations. Bottom, residuals, as (In(observed index) - In(expected index)
plotted against expected values and against time.
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Figurc 2.8.9 Herring in Vla(N). Results ofthe baseline assessment. Upper panel: Diagnostics ofthe fit
of the acoustic index at age 8 against the estimated populations at age 8. Top left, fitted
populations (line), and predictions of abundance in each year made from the acoustic
index observations and the estimated catchability (triangles +/- standard deviation), plotted
by year. Top right, scatterplot and filted relationship of the fitted populations and acoustic
survey index observations. Bottom, residuals, as (In(observed index) - ln(expected index)
plotted against expected values and against time. Lower panel: Diagnostics of the fit of
the acoustic index at age 9+ against the estimated populations at age 9+. Top len, fitted
populations (line), and predictions of abundance in each year made from the acoustic
index observations and the estimated catchability (lriangles +/- standard deviation), plolted
by year. Top right, scatterplot and fitted relationship of the filted populations and acoustic
survey index observations. Bottom, residuals, as (ln(observed index) - ln(expected index}
plolted against expected values and against time.
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Figure 2.8.10 Herring in IV. Results of the baseline assessment. Upper panel: Diagnostics of the fit of
the IBTS index at age 2 against the estimated populations at age 2. Top len, fitted
populations (line), and predictions of abundance in each year made from the IBTS index
observations and the estimated catchability (triangles +/- standard deviation), plotted by
year. Top right, scatterplot and fitted reIationship of the fitted populations and IBTS
survey index observations. Bottom, residuals, as (In(observed index) - In(expected index)
plotted against expected values and against time. Lower panel: Diagnostics of the fit of
the IBTS index at age 3 against the estimated populations at age 3. Top len, fitted
populations (line), and predictions of abundance in each year made from the IBTS index
observations and the estimated catchability (triangles +/- standard deviation), plotted by
year. Top right, scatterplot and fitted reIationship of the fitted populations and IBTS
survey index observations. Bottom, residuals, as (In(observed index) - In(expected index)
plotted against expected values and against time.

• In erna lona Oft raw !iurvey

Stock
2.7007

1ft 1.8007..
t
i 0.9007

NUMbers

I
1980 2000

e 6006

Z
§ 4006
z:

~ 2006

Vear

t:. Index Predlctlon +/- sd -- UPA
Index Value

~ IndeM Observation __ Fitt@d Line

0.6

... -0.1 .8

~ t::.... -0.8

i t:.
-1.:1

6.:1 t:. 7.2
t:.

Expected Ualue

/\

1.3 D.

0.6 t:. t:.
~

t:.
-;; -O.J 60 1972 198<:' 1996
~ Ti ...e t:2 -0.8

'"11 t:.a:
-1.:1 /\

ß. Index Obs.rvat Ion 6. Inde>< Observat ion

• In erna 10na 0 OM raw surve~ 98

800400
O+-~-~~--.-~_-_..,

o

Catchability
4.2..6 t:.

20001980

6006

Vear
f:j" IndeM Predic::tlon +/- sd - UPA

tndeM Value
6. Index Obs@rvation - Fitted Line

0.9 t:.
!At::. t::.

0.2 t:,.
t::.

'ii .4 :l.0 A :l.8 8.2

~ ~P...{t"d Ualue'll -0.:1...
Ul
11a:

-1.2 /\

0.9 A

~~
0.2 t::.

- 1 60 1972 .1984 t196,
Ti.... 1P' t::.~

:2 -0.5
1ft
11a:

-1.2 I

6. Index Obs.rvat Ion l1 IndeM Obs_rvat ion

E:\ACH.NIAWG97\LEGENDS.DOC 114



Figure 2.8.11 Herring in IV. Results of the baseline assessment. Upper panel: Diagnostics of the fit of
the IBTS index at age 4 against the estimated populations at age 4. Top left, fitted
populations (line), and predictions of abundance in each year made from the IBTS index
observations and the estimated catchability (triangles +1- standard deviation), plotted by
year. Top right, scatterplot and fitted relationship of the fitted populations and IBTS
survey index observations. Bottom, residuals, as (In(observed index) - ln(expected index}
plotted against expected values and against time. Lower panel: Diagnostics of the fit of
the IBTS index at age 5+ against the estimated populations at age 5+. Top left, fitted
populations (line), and predictions of abundance in each year made from the IBTS index
observations and the estimated catchability (triangles +1- standard deviation), plotted by
year. Top right, scatterplot and fitted relationship of the fitted populations and IBTS
survey index observations. Bottom, residuals, as (In(observed index) - In(expected index}
plotted against expected values and against time.
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Figure 2.8.12 Herring in IV. Results of the baseline assessment. Upper panel: Diagnostics of lhe fit of
lhe IBTS index at age I against lhe estimated populations at age I. Top len, fiued
populations (line), and predictions of abundance in each year made from the IBTS index
observations and the estimated catchability (triangles +/- standard deviation), plotted by
year. Top right, scatterplot and fitted relationship of the fiued populations and IBTS
survey index observations. Bouom, residuals, as (In(observed index) - In(expected index)
ploued against expected values and against time. Lower panel: Diagnostics of the fit of
the MIK index at age 0 against the estimated populations at age O. Top len, fiued
populations (line), amI predictions of abundance in each year made from lhe MIK index
observations and lhe estimated catchability (triangles +/- standard deviation), ploued by
year. Top right, scauerplot and fiued rclationship of the fiued populations and MIK survey
index observations. Bouom, residuals, as (In(observed index) - ln(expected index) plotted
against expected values and against time.
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Figure 2.8.13 e Fish Stock Summ~
Herring in Sub-area ~ Divisions VIId & illa (autumn-spawners)
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Figure 2.8.14 The age composition of herring in Divisions IVc and vnD in the Dutch catches from December 1980
1996.
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Figure 2.8.15 Changes in the herring larval abundance compared to changes in the mean
age in the Dutch herring catches in December.
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Figure 2.9.2 Median catch as function of Fad, for levels of Fjuv as indicated, at long term equilibrium.
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Figure 2.11.' 2. North Sea Herring. Summary of medium-term projections, as median of projected SSBs for the various options modelIed.
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Figure 2.11.3a North Sea Herring.Medium-term projections assuming F
A
=0.2 and Ih-E =0.0.

SeparabIe (1992-1996) seIeetion pattern assumed. Dotted Iines indicate 5th and 95th percentiIes,
dashed Iines indicate 25th and 75th percentiIes, unbroken line indicates median. Upper panel:
Top Iefi, Ianding by aB fleets. Top right, fishing mortaIity (Mean from ages 2 to 6 by all fleets).
Bottom Ieft, recruitment at age O. Bottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory ofspawning stock size. Bottom, estimates ofrisk that the spawning
stock shouId fall beIow 800 0001.
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Figure 2.11.3b. North Sea Herring. Medium-term projections assuming FA=O.2 and FB.E=O.O.
Separable (1992-1996) selection pattern assumed. Projected landings by fleets A to E (labelIed
as fleets 1 to 5 respectively)
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Figure 2.11.4a North Sea Herring.Medium-term projections assuming FA=0.2 and FB_E =0.1.
Separable (1992-1996) selection pattern assumed. Dotted lines indicate 5th and 95th percentiles,
dashed lines indicate 25th and 75th percentiles, unbroken line indicates median. Upper panel:
Top left, landing by all fleets. Top right, fishing mortality (Mean from ages 2 to 6 by all fleets).
Bottom left, recruitment at age O. Bottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory ofspawning stock size. Bottorn, estimates ofrisk that the spawning
stock should fall below 800 0001.
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Figure 2.11.4b. North Sea Hernng. Medium-term projections assuming FA=O.2 and FB_E=O.l.
Separable (1991-1996) selection pattern assumed. Projected landings by fleets A to E (labelIed

as fleets 1 to 5 respectively)
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Figure 2.11.5a North Sea Herring.Medium-term projections assuming FA=0.2 and Fß -E =0.2.
Separable (1992-1996) selection pattern assumed. Dotted lines indicate 5th and 95th percentiles,
dashed lines indicate 25th and 75th percentiles, unbroken line indicates median. Upper panel:
Top left, landing by all fleets. Top right, fishing mortality (Mean from ages 2 to 6 by all fleets).
Bottom left, recruitment at age O. Bottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory ofspawning stock size. Bottom, estimates ofrisk that the spawning
stock should fall below 800 000t.
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Figure 2.11.5b. North Sea Herring. Medium-term projections assuming FA=O.2 and FB_E =O.2.
Separable (1992-1996) selection pattern assumed. Projected landings by fleets A to E (labelIed
as fleets 1 to 5 respectively)
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Figure 2.11.6a North Sea Herring.Medium-term projections assuming F
A
=0.2 and I13-E =0.3.

Separable (1992-1996) selection pattern assumed. Dotted Iines indicate 5th and 95th percentiles,
dashed Iines indicate 25th and 75th percentiles, unbroken line indicates median. Upper panel:
Top Jeft, Janding by all fleets. Top right, fishing mortaJity (Mean from ages 2 to 6 by all fleets).
BoUom Jeft, recruitment at age O. Bottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory ofspawning stock size. Bottonl, estimates ofrisk timt the spawning
stock should fall beJow 800 0001.
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..
Figure 2.11.6b. North Sea Herring.. Medium-term projections assuming FA=O.2 and Fn.E=O.3.
Separable (1992-1996) selection pattern assumed. Projected landings by tleets A to E (labeIIed
as fleets I to 5 respectively)
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Figure 2.11.7a North Sea Herring.Medium-term projections assuming F....=0.3 and Ib.E =0.0.
Separable (1992-1996) selection pattern assumed. Dotted lines indicate 5th and 95th percentiles,
dashed lines indicate 25th and 75th percentiles, unbroken line indicates median. Upper panel:
Top left, landing by all fleets. Top right, fishing mortality (Mean from ages 2 to 6 by all fleets).
ßottom len, recruitment at age O. ßottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory ofspawning stock size. Bottom., estimates ofrisk that the spawning
stock should fall below 800 0001.

Vear

j- .

~9:97 19
1
99 20

1
01 20

1
03

•

Z003

Z003

ZOO.1

ZOO.1

1999

.1999

...._ - .

'"

--

~

.... -.... -.. --- -- - -- _.- - - -- - ----- ---

................ _--- _._--_._-------------
1--.--..... _

O+--~-.._-~-.,._-~___,

1997

o -+--~-,_-~-,_-~-_.
1997

Fishing Mortality
0.63 ".

:> .le6
Stock Size

Vear

" 3.4e6

"""

U. 0.4Z

c:
tll
GI
I: O.Z.1

Cl

'"'" 1.7e6

_.- ..-.. '
....... .~ ...

.-JO----. .---J ----

RecruitMent
1.BeB.,

J
j

.'
~ 1 .ZeB -; ....... -

:J ~
~ J_--_-----------
~ 0.6eB':'--

.. _--- .... - .... - ---_.- .. -' ---- ----

Total Landings
J..6e6 ]

;::::1=.~;:~~~~
o j

.1997 .1999 ZOOl Z003

Vear Vear

•
.......................

... -... -

SizeStock
:> .le6 .,

I
.- .. -

2 3 .4e6 i . __ ---------------------

~ '.7••L:~~~~~j~;=~~~~·~~~~~~~~·~~~~.~~~·~~
o -+~----___r----.....----_"r_---___rl------r----...,
.1997 19~B .19~9 ZOOO ZOOl zdoz Zd03



Figure 2.11.7b. North Sea Herring. Medium-term projections assuming F
A
=O.3 and FB_E=O.O.

Separable (1992-1996) selection pattern assumed. Projected landings by fleets A to E (labelIed
as fleets 1 to 5 respectively)
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Figure 2.11.8a North Sea Herring.Medium-tenn projections assuming FA=0.3 and Ih-E =0.1.
Separable (1992-1996) seleetion pattern assumed. Dotted Iines indicate 5th and 95th percentiIes,
dashed Iines indicate 25th and 75th percentiIes, unbroken line indicates median. Upper panel:
Top Ieft, landing by all fleets. Top right, fishing mortality (Mean from ages 2 to 6 by all fleets).
Bottom Ieft. recruitment at age O. Bottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory ofspawning stock size. Bottom, estimates ofrisk that the spawning
stock should fall below 800 000t.
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...
·e Figure 2.11.8b. North Sea Herring. Medium-term projections assuming F ....=O.3 and FB.E=O.l.

Separable (1992-1996) selection pattern assumed. Projected landings by fleets A to E (labelIed
as fleets 1 to 5 respectively)
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Figure 2.11.9a North Sea Herring.Medium-tenn projections assuming FA=0.3 and Ih.E =0.2.
Separable (1992-1996) selection pattern assumed. Dotted lines indicate 5th and 95th percentiles,
dashed lines indicate 25th and 75th percentiles, unbroken line indicates median. Upper panel:
Top left, landing by a11 fleets. Top right, fishing mortality (Mean from ages 2 to 6 by a11 fleets).
Bottom left, recruitment at age O. Bottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory of spawning stock size. Bottom, estimates of risk that the spawning
stock should fall below 800 0001.
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Figure 2.11.9b. North Sea Herring. Medium-term projections assuming FA=O.3 and FB_E =O.2.
Separable (1992-1996) selection pattern assumed. Projected landings by fleets A to E (labelIed
as fleets 1 to 5 respectively)
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Figure 2.11.10a North Sea Herring.Medium-term projections assuming FA=O.3 and Fn_E =0.3.
Separable (1992-1996) selection pattern assumed. Dotted lines indicate 5th and 95th percentiIes,
dashed Iines indicate 25th and 75th percentiles, unbroken line indicates median. Uilper panel:
Top left, landing by a11 fleets. Top right, fishing mortality (Mean from ages 2 to 6 by all fleets).
Bottom Ieft, recruitment at age O. Bottom right: spawning stock biomass at spawning time.
Lower Panel: Top, trajectory ofspav,ning stock size. Bottom, estimates ofrisk that the spawning
stock should fall beiow 800 0001.
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Figure 2.11.10b. North Sea Herring. Medium-term projections assuming F
A
=O.3 and F

B
_
E
=O.3.

Separable (I 992-1996) selection pattern assumed. Projected landings by fleets A to E (IabeIIed
as fleets I to 5 respectively)
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Figure 2.11.11a North Sea Herring.Medium-term projections assuming FA=0.2 and Fn.E =O.I.
Selection pattern for juveniles calculated according to observed selection in 1996. Dotted lines
indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, unbroken li ne
indicates median. Cpper panel: Top lefi, landing by all fleets. Top right, fishing mortality (Mean
from ages 2 to 6 by all fleets). Bottom lefi, recruitment at age O. Bottom right: spawning stock
biomass at spawning time. Lower Panel: Top, trajectory of spav,:ning stock size. Bottom.
estimates of risk that the spawning stock should fall below 800 000t.
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Figure 2.11.11 b. North Sea Herring. Medium-term projections assuming F
A
=O.2 and FB_E=O. I.
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Figure 2.11.12a North Sea Herring.Medium-tenn projections assuming FA=O.2 and Fn.E =O.2.
Selection pattern for juveniles calculated according to observed selection in 1996. Dotted lines
indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, unbroken line
indicates median. Fpper panel: Top len, landing by all fleets. Top right, fishing mortality (Mean
from ages 2 to 6 by all fleets). Bottom left, recruitment at age O. Bottom right: spawning stock
biomass at spawning time. Lower Panel: Top, trajectory of spawning stock size. Bottom,
estimates of risk that the spawning stock should fall below 800 000t.

Total Landings
1.2e6

Fishing Mortality
0.63

" 0.9e6....., U. 0.42

C
III
Ilf

I: 0.21

, "" _ .

~._--_._--_._--_._--_._--

............' ... _---._--_._------ --. ----
........................_ .

200320011999
o -t--~-.---~--r-~-...,
1997200320011999

04--~--r--~-.--~---'
1997

Vear Vear

1.8e8
Recru i tMent

.. -. - ~..
Stock Size

5e6

,.'

.... _- .

.. ' ..~--

~1e6

4e6

".... 3e6

~ 2e6..,

.'

~-,.._--_____ __ oJ",---,-
,-"

l/I 1.2e8....•
:l
I.
U
~ 0.6e8 .--,-- --_ ....... _-_.-,-' .. _-_._---

200320011999
O-+--~--.--_----.-~----,

1997200320011999
04-----r--~-.--~~
1997

Vear Vear

stock Size
5e6

4e6

"... 3e6....
Cl.., 2e6..,

1e6

.........
----_... ---..... --.,,-..... ----".--

~
...~_._..._.~--~--~=====..... --,..... ---'"..... ---- _._----------- _.- ------------ ----- -- -------

.~~.-;~._.:.:~: -- ~..~:-:~~ _ _ _ _ ..

•
:"~ :-:.- -. :: .

142



Figure 2.11.12b. North Sea Herring. Medium-term projections assuming FA=O.2 and FB_E=O.2.
Selection pattern for juveniles calculated according to observed selection in 1996. Projected
landings by fleets A to E (labelIed as fleets 1 to 5 respectively)
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Figurc 2.11.13a North Sea Herring.Medium-term projections assuming FA=0.2 and Fn_E=0.3.
Selcction pattern for juveniles calculated according to observed selection in 1996. Dotted lines
indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, unbroken line
indicates median. Upper panel: Top len, landing by all fleets. Top right, fishing mortality (Mean
from agcs 2 to 6 by all fleets). Bottom len, recruitment at age O. Bottom right: spawning stock
biomass at spawning time. Lower Panel: Top, trajectory of spawning stock size. Bottom,
estimates of risk that the spawning stock should fall below 800 0001.
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Figure 2.11.13b. NOI1h Sea Herring. Medium-term projections assuming FA=O.2 and F
B

_
E
=O.3.

Selection pattern for juveniles calculated according to observed selection in 1996. Projected
landings by fleets A to E (labelIed as fleets 1 to 5 respectively)
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Figure 2.11.14a North Sea Herring.Medium-tenn projections assuming FA=0.3 and Fn_E=O.l.
Selection pattern for juveniles calculated according to observed selection in 1996. Dotted lines
indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, unbroken line
indicates median. Upper panel: Top len, landing by all fleets. Top right, fishing mortality (Mean
from ages 2 to 6 by all fleets). Bottom len, recruitment at age o. Bottam right: spawning stock
biomass at spawning time. Lower Panel: Top, trajectory of spawning stock size. Battam,
estimates of risk that the spawning stock should fall below 800 0001.
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Figure 2.11.14b. North Sea Herring. Medium-term projections assuming F A=O.3 and FBoE=O.l.

Selection pattern for juveniles calculated according to observed selection in 1996. Projected
landings by fleets A to E (labelIed as fleets 1 to 5 respectively)
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Figure 2.1l.15a North Sea Herring.Medium-term projections assuming FA=0.3 and F13•E =0.2.
Selection pattern for juveniles calculated according to observed selection in 1996. Dotted lines
indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, unbroken line
indicates median. Upper panel: Top lefi, landing by all fleets. Top right, fishing mortality (Mean
from ages 2 to 6 by all fleets). Bottom lefi, recruitment at age O. Bottom right: spawning stock
biomass at spawning time. Lower Panel: Top, trajectory of spawrung stock size. Bottom,
estimates of risk that the spawning stock should fall below 800 0001.
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Figure 2.11.15b. North Sea Herring. Medium-term projections assuming FA=O.3 and FB_E=O.2.
Selection pattern for juveniles calculated according to observed selection in 1996. Projected
landings by fleets A to E (labelIed as fleets 1 to 5 respectively)

Fleet 1 Landings
.1.2e6

Fleet 3 Landings
.1.0eS

0.ge6

"Cl..
GI 0.6e6->

0.3e6

0.8eS

:2 0.6eS
GI-> 0.4eS

0.2eS

......................................

- ---."._---
._--_.-""-

8·----·---- ---- ----.----
..................................... _.....

2003200.1.1999
o +--~--r--~--r--~-~
.19972003200.1.1999

O+--~--r--~--r--~---,
.1997

Year Vear

Fleet 2 Landings
.1.4eS

Fleet 4 Landings
44000

.. ~'.... ,...........
.....

33000

.1.1000
-_._-_ ..... _--- ---- ---- ----

-- --_ ..... _----'---'" -----_.......... -"Cl

GI 0.7eS

>

-- ---~..-----.,;._#>- .... -----_.--

..... _-_ .... _--- ---- ---- ---_.

"Cl..
GI 22000
>: t-------------

...... -- - - . . _- __ ._- .

2003200.1.1999
O+--~-__._-~-_r_-~-~
.19972003200.1.1999

O+--~-___.__-~-__._-~-_,

.1997

Vear Year

.. '

.... ---- ---- ---_._ ... --_.-,,-
:2 24000
GI-> .16000 !-__---------

32000

Fleet 5 Landings
40000

•
---_._--_._--------------_.

8000

2003200.1.1999
o 4--~-_._-~-_._-~-_,
.1997

Year

149



Figure 2.1 1.16a North Sea Herring. Medium-term projections assuming FA=0.3 and FB_E=03.
Selection pattern for juveniles calculated according to observed selection in 1996. Dotted lines
indicate 5th and 95th percentiles, dashed lines indicate 25th and 75th percentiles, unbroken line
indicates median. Upper panel: Top left, landing by all fleets. Top right, fishing mortality (~1ean

from ages 2 to 6 by all fleets). Bottom left, recruitment at age O. Bottom right: spawning stock
biomass at spawning time. Lower Panel: Top, trajectory of spawning stock size. Bottom,
estimates of risk that the spawning stock should fall below 800 000t.
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Figure 2.11.16b. North Sea Herring. Medium-term projections assuming FA=O.3 and FB_E=O.3.
Selection pattern for juveniles calculated according to observed selection in 1996. Projected
landings by fleets A to E (labelled as fleets 1 to 5 respective1y)
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Spawning stock biomass estimated at the Herring Assessment Working Group meetings
from 1991 - 1997. The assessments carried out at Working Group meetings in 1991-1995
show a systematic overestimate of the spawning stock biomass.
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under 800 OOOt, and of catch by all fleets for different levels of fishing mortality relative to
estimates of fishing mortality in 1995. F by fleets B-E scaled by 0.67 relative to fleet A

E:\acfm\hawg97\F-2155.xIs 164



....

,--_._-_........_.
,••••• '5
I
i- -10

1---20
I

i-30

07l_;;;~j0.60.50.40.3

Catch by Fleet 0

F-mulliplier relative 101995

0.20.1

30

~ 25

"c 20'"'""0 15.c
t:.
.c 10
"...
u 5

0
0

'-'-"P_"'--'
••••• -5 !
- -101
---201

I
-30!

1-501

l_~ J0.80.70.60.50.4

....._..-.._ _._--_._ __ - _._ .._._ _ _ _ _ - _ _--_ ,

ICatch by Fleet A

0.3

F-mulliplier relative 10 1995

02

;-;-..~;-;-;.~ ..~.~.~.~ ..

0.1

1400

~
1200

" 1000c.,
'" 800"0.c

600t:.
.c
" 400
8 200

0
0

L ._~

r---------·...·...-..----....-.....-.-..........--....-..-
I

Catch by Fleet B Catch by Fleet E

70

:;:- 60
'C 50c..
'" 40"0.c

30t:.
.c
B 20.,
u 10

0
0

r;:-:-~-:--;-51

i- - 10 1

1
_-20.
,-30 1
I f

:-501
I-sol

0.7 , I
L ~

0.60.50.40.3

F- muliplier relative 10 1995

0.20.1

160.r----------------------,
140

" 120

c ~ =::::::::III 100

H~ 2:::
20 ~.;-;-••-;-; ••••••••••~~

Fr-.... .. .... •~.::--;
Ol------_-_+-_.......__....... ..:...:,.,:........l

o

-0\
VI

Catch by Fleet C
70·

60
~

" 50c
'"'" 40"0.c
t:. :lO
.c
~ 20
0

10

0

0 0.1 0.2 0.3 0.4 0.5 0.6

r
::::-::Sl
- -101

i
---20:

1--301I ,,]-80'

0.7 --!!~.J

Figure 2.15.6. Estimates of equilbrium cateh by fleetlor different levels
01 lishing mortaiity relative to 1995 estimates 01 lishing mortality. F by
fleets B-E sealed by 0.67 relative to fleet A

F-mulliplier reallive 10 1995

E;\acfmlhawg97\F-2I S6.xls



·-_.__ -.__ _ _._--_ _-_._---_ _---- _ _-_...•......_ _ .•.•__ __ _------_..-'-'" _.....••...__..__.._-_.__ _ _.-.~

Spawning Stock Biomass

:Percentile [

0.3 , - - - .
I- --. -.5

0.2 10

---20

---30

0.7

0.1

0.4

0.5

o.a

0.6

o 50

1 ao
---90 ,

~_~~MBA~lJ

.I

.I

.I

.I

.I

.I

.I
',~

',--..:::.... ..--.::..... -;;-.:::-, "," ~---.. ~ ----- .............- . -

0.1 0.2 0.3 0.4' 0.5 0.6 0.7 0.8 0.9

F-Multiplier relative to 1995 tor fleet A

r---------------------:. 0.912000

~ 10000....
'0
c:
I\l
(J)

8000:::l
0
.c:
t:.
rD 6000fJ)
fJ)

E
::J
';: 4000g
'5
IJ
w 2000

0

0

Catch by all fleets

F-multiplier relative to 1995 tor tleet A

0.1 0.2 0.3 0.4 0.5 0.6 0.7 o.a 0.9

IPercentilel
l... __ _.1

[-----'5 I
10 :

---20:

---301
---50

---ao:
1_---.~.o..J •

Figure 2.15.7. Estimates of equilbrium stock sizo. probability that the stock size will fall
under 800 OOOl, and of catch by all fleets for different levels of fishing mortality relative to
estimates of fishing mortality in 1995. F by fleets B-E scaled by 0.5 relative to fleet A

rg:-\äCfm\t;a;g\OäTtä-rs(;\eq~i5ö~;js-_·_--;

L.._ _ _ ._ _......... . .1

E:\acfm\hawg97\F-2157.xls 166



.....

1-----·-·-··-··-...·-----------·----...·------ ..---..-----....--.---.....----.....-----

Catch by Fleet A Catch by Fleet 0

F-multiplier relative 10 1995

1400 ,.------------------.--,

c 1200

-g 1000
!!!l :~~. !:-;::="'~~1

1 "fi 400 1---201

I ~ ':, ,~..:~~..:.:.::.::. " i EI
I F-mulliplier relative 10 1995 l....__ ?o.. I
1 IL. .-J

30

c 25
."
c 20....
::J
0 15.c
t:.
.c 10
"..
I.>

0
0 0.1 0.2 0.3 004

I····~EI
:---801

0.5 I ,
!---9~.J

Catch by Fleet B Catch by Fleet E

70

1z:- 60

-g 50..
g 40 1••••• '5

E. 30 1- -loi I
-5 20 I 20'

~ 10 :==3011
I 0 i-sol
! 1-80

1
1

: 0 0.1 02 0_3 04 05 1---90 1 I
! F-mullipller relative 10 1995 ---...~

L..--.- ._

r:-::::-:51
1- -101
1---20 1
1--30 1

1-501
1

1

"_-80
0.5

L==-~
0.40.30.2

F- muliplier relative to 1995

0.1

160·...----------------------....,

140

"0 120
c
lJl 100
::J
o 80
E.
.c 60

"~ 40
20

Ol...---------;-----.----------I
o

Catch by Fleet C
70

60
c
"0 50c
'".. 40g
.c
t:. 30·
.c
" 20..
u

10

0
0 0.1 0.2 0.3 0.4

~::=-!~
1-30 1
I-50 i
-~Ol

0.5 l==~J

Figure 2.15.8. Estimates 01 equilbrium catch by fleet for different levels of
lishing mortality relative to 1995 estimates cl fishing mortality. F by fleets
ß-E scaled by 0.5 relative to fleet A

F-multiplier reallive to 1995

E:\admlhawg97\F-2158.xls



"

'p .,I ercentlle i
L__. . J

••••• -5

10

---20

---30

---50

---ao
1---90

- - P(S_~~~~AqJ

0.2

0.5

0.4

0.3

0.6

0.7

I

I

I

I

I

I

6000

, ''::'

2000 l--'-'----,·-.;--....:~::~~~~~~~~~;j
..... ;-;- .. "';- 0.1

....~ .-.-., ...--.-. -;o .• .~_ ~
o 0

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fishing Mortality (F 2-6)

4000

8000

12000 r----:-----------------., 0.8

... 10000
"0
t:
(ll
Ul
::l
o
.c:
t:..
[Q
f/)
f/)

E
.:
:e
':;
CT
W

i
I
I
I
I

I
i
I
I
I

I
i

I
!,
i
i
i
I

I
IL .

Catch by all fleets

F-multiplier relative to 1995 for fleet A

................. ........ 1-~-:-::-:-:5--1

. 10 I

---20 1

---30 1
---501
i 80 i
I 00 IL. ~:.J

0.90.80.6 0.70.50.40.3

--...

0.1 0.2

1400

1200

:;::- 1000
"0
t:
(ll
Ul 800::l
0
.c:
t:.. 600
.c:
0
-;;

4000

200

0
0

Figure 2.15.9. Estimates of equilbrium stock size. probability that the stock size will fall
under 800 OOOt, and of catch by all fleets for different levels of fishing mortality relative to
estimates of fishing mortality in 1995. F by fleets B-E scaled by 0.25 relative to fleet A

E:\acfm\hawg97\F-2159.xls 168



•

Catch by Fleet A Catch by Fleet 0

L ~ ~. _

r-..·..--·_-.··_··· "1

:······5 :
j- -10!
; I
1--201

:==~~I
:.'-80'1'0.3
L==_2.0..J

0.2

F-multiplier relative 10 1995

0.1

30

':::" 25
'C

" 20co

'""0 15.c
t:.
.c 100
;;;
0 5

0
0

r'::"::-;-:ii'
1- -10
1
:--20

;-30
,-50

;-80

:--90
0.80.70.6050.40.3

F-multiplier relative 10 1995

0.2

~ ~.~=z:j
...... ....-:-:-:-; ......

0.1

1400

~
1200

." 1000t:.,
'" 800"0.c

600t:.
.c
0 400;;;
0 200

0
0

Catch by Fleet B Catch by Fleet E

F· muliplier relative 101995 F-mulliplier relative 10 1995

:&f{;tf77 .
I~:~~!ill
1-30

1

i-50 !
0.3 i-SOl

L= ~~;
0.20.1

70

':::" 60
'C 50"co

I::::~~:I
..

40"0.r:.
30t:.

.r:.
1--20 : 0 20;;;
j-30 1

0 10
,-50:

01-80 !0.3
1==-....fI~J

00.20.1

160

140
~

." 120

"... 100- '"0'\ "0 80\0 .r:.
t:. 60.r:.
0

40;;;
0

20

0
0

Catch by Fleet C

~<CZtC77~~=#le .

70

60
:::-
." 50
"m 40"0
E. 30
.r:.
~ 20
0

10

0
0 0.1 0.2

••• ··'5

- -10
!
1---20
I

1-30
.-50

I-so
I

0.3 i.==.9..~

Figure 2.15.10. Estimates of equilbfium catch by fleet lor different levels
01 lishing mortality relative to 1995 estimates 01 lishing mortality. F by
Ileets B-E scaled by 0.25 relative to Ileet A

F-multiplier reallive 10 1995

e:\acfmlhawg'I7\F-2151O.xls


