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Executive Summary

The ICES herring assessment working group (HAWG) met for 10 days in March 2007 to
assess the state of 7 herring stocks and 3 sprat stocks. New data were only available for 6
herring stocks and 2 sprat stocks. HAWG carried out a benchmark assessment on Celtic Sea
herring. The following issues were explored:

e  catch data through catch curves

e  simpler models using CSA

e  standard catch at age assessment models (ICA and XSA)
. time inconsistencies, outliers and time trends in indices.

e  retrospective performance of the different models.

e  Recruitment and productivity changes

The exploration showed that there is uncertainty in SSB, F and recruitment for last 3 years in
Celtic Sea herring. However information from the catch shows an increasing trend in the
mortality of the fish and a contraction in age structure of the stock. Exploration with simpler
models showed a decline in biomass over the whole last 10 years. A Bayesian analysis
suggests that the selection of the fishery has changed over the last 10 years, and supported the
perception that the current status of SSB is uncertain, but probably at a low level. Analysis of
recruitment patterns suggested that no major regime shift has taken place in Celtic Sea herring
productivity in the last 40 years.

The recent trends in North Sea autumn spawning herring show that after a peak in spawning
biomass (SSB) of 1.8 million tonnes in 2004, the SSB in 2006 was 1.2 million tonnes. The
current fishing mortality (F,¢) is 0.35 and is well above the target F prescribed by the
management agreement. It is likely that the stock will decline further in the next few years to
close to By, by 2009. The decline in SSB is due to serial poor recruitment since 2001 and a
failure to fish adult herring at target F (0.25, as described in the management agreement) in the
last few years. The estimate for the most recent recruiting year class is the lowest since 1979
and the low recruitment is caused during the larvae phase of North Sea herring.

All herring stocks assessed by the working group appear to have average or below average
recruitment in the last few years. The fishing mortality on herring in I1la is now considered
too high, especially in light of MSY targets. This is also the case for herring for the west of
Scotland (VIaN). There is no sign of stock recovery in VIaS herring. Conflicts in the data,
made it impossible to assess Irish Sea herring, although data exploration suggest that the age
profile of the stock has contracted and the SSB is stable at a low level. It is likely that the
abundance of North Sea sprat is now less than in the last two previous years.

HAWG answered one special request from the EU on the findings of the WESTHER project,
particularly with reference to the proposed management plan for herring to the west of
Scotland (VIaN). See section 1.3 for the full answer.

HAWG also commented on the quality and availability of data, the problems with estimating
the amounts of discarded fish, the use of the new data system INTERCATCH, the relevance of
ecosystem changes to the stocks considered by the group and recent meetings and reports of
relevance to HAWG. An analysis of the surplus and net production of 5 herring stocks also
found that fisheries-independent shifts in productivity had occurred since the 1960s in North
Sea, west of Scotland and Irish Sea herring.

HAWG was concerned about the apparent increase in misreporting of catches in recent years
and the growing relaxation of regulations designed to restrict the ability to misreport or catch
herring as bycatch.
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1 Introduction
1.1 Participants
Steven Beggs UK/Northern Ireland
Hans Bogaards The Netherlands
Massimiliano Cardinale Sweden
Maurice Clarke Ireland
Mikael van Deurs Denmark
Mark Dickey-Collas (Chair) The Netherlands
Afra Egan Ireland
Tomas Grohsler Germany
Joachim Groger Germany
Emma Hatfield UK/Scotland
Henrik Mosegaard Denmark
Peter Munk Denmark
Mark Payne Denmark
Beatriz Roel UK/England & Wales
Marine Pomarede UK
Norbert Rohlf Germany
John Simmonds UK/Scotland
Jorn Schmidt Germany
Dankert Skagen Norway
Else Torstensen Norway
Christopher Zimmermann Germany
Yves Verin France
Contact details for each participant are given in Annex 1.
1.2  Terms of Reference

2006/2/ACFM04

The Herring Assessment Working Group for the Area South of 62°N (HAWG) (Chair: Mark
Dickey-Collas, The Netherlands) will meet in Copenhagen, Denmark from 13 — 22 March

2007 to:

a) assess the status of and provide management options (by fleet where possible) for 2008 for:

* the North Sea autumn-spawning herring stock in Division IIla, Subarea IV, and
Division VIId (separately, if possible, for Divisions IVc and VIId). Forecasts should be
provided by fleet if possible and taking into account the management plan agreed

between the EU and Norway;

*  the herring stocks in Division VIa and Sub-area VII;

» the stock of spring-spawning herring in Division IIla and Subdivisions 22-24 (Western
Baltic); Management options for Division IIla shall be given by fleets taking into
account that North Sea herring and Western Baltic herring are taken together in this

Division;

b) assess the status of the sprat stocks in Subarea IV and Divisions IIla and VIId,e;

¢) consider implications of SGRECVAP for the assessment and outlook of North Sea herring

stock, as well as for PA reference points;

d) for the stocks mentioned in a) and b) perform the tasks described in C.Res.

2006/2/ACFMOL1.

HAWG will report by 2 April to the attention of ACFM.
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Working Group’s response to ad hoc requests

1.3.1 Request by European Commission (22/02/2007 D02012) on WESTHER
and management of VlaN herring.

ICES received one special request from the European Commission to be considered by
HAWG 2007.

Background

The WESTHER project proposed, tested and reported on one null hypothesis, and three
alternative hypotheses, on the structure of herring populations to the west of the British Isles.
Their report presents detailed reasoning and conclusions for each hypothesis. To provide the
background required for our response, we present here the hypotheses and the WESTHER
conclusions. For those who are interested in the supporting arguments we would refer you to
the WESTHER report.

The Null hypothesis is that there is only one herring population to the west of the British
Isles, with no detectable differences between any of the geographically and temporally
separated spawning components. Examination of the null hypothesis involved the
consideration of three alternative hypotheses relating to the spawning components, juveniles
and feeding aggregations and lead to the following conclusions:

Alternative hypothesis 1: the different spawning aggregations sampled are discrete at
spawning time and are, therefore, separate components.

WESTHER found that classification success of spawners was generally high suggesting that
there is strong evidence to reject the null hypothesis and accept alternative hypothesis 1
because the different spawning aggregations sampled are discrete at spawning time.

Alternative hypothesis 2: there is clear distinction of juveniles sampled on different nursery
grounds.

WESTHER found that parasites and otolith microchemistry act as tags for the juvenile stages
of herring. There was a clear distinction between many of the different juvenile samples.
There was also strong evidence that juveniles from separate spawning areas mix in some of
the nursery areas sampled. WESTHER could distinguish the origin of juveniles even in
mixtures, and thus accepted the alternative hypothesis 2.

Alternative hypothesis 3: fish from each spawning aggregation remain discrete on their
feeding grounds.

WESTHER rejected alternative hypothesis 3 because there was evidence of mixing of adults
from separate spawning components, especially in VIa North. The evidence also suggested
that the Celtic Sea and VIIj adults do not mix as much as the more northerly herring. The
science, therefore, suggests links between the areas, with fish spawning in different areas
mixing, to varying extents, on feeding grounds. However, it was difficult to assess the level of
mixing of non-spawning adults.
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The HAWG supports these results and conclusions.

WESTHER briefly examined some of the assessment and management issues that derive from
these results and presented the following conclusions:

113

1.

Assess the herring to the west of the British Isles as two stocks - Malin Shelf
(including the current ICES stocks Vla North, VIaS and VIIb, ¢, Clyde and Irish Sea
(VIlaN)) and Celtic Sea (the current Celtic Sea and VIIj stock). In the area studied in
WESTHER we can hypothesise that there are two stocks within which data can be
pooled for assessment. However, the boundary at the northern edge is unclear and
there is no evidence presented in the report which separates autumn spawners in the
north of Scotland west of 4°W from autumn spawning fish east of 4°W (the North Sea
stock).

Survey effort should be increased or diverted to a combined survey on non-spawner
distributions mixing on the Malin Shelf.

The current monitoring of the spawning components should be maintained, but not to
the detriment of a wider scale Malin Shelf survey. Spawning ground surveys might
provide data on the dynamics of individual stock components, which are thought to
be useful for the development of a fleet-based advice

However,

4,

Management plans should be fleet/area based, aiming at preventing the local
depletion of any population unit in the area, and should make adaptive changes if
current fishing practices change, specifically the introduction of a new 1% or 2™
quarter fishery in the southern part of Vla North and/or northern part of VlaS and
Vlib,c.

Management plans should recognise the importance of the populations in the north
of area Vla as a potential source of herring to spawning grounds to the south.

Management plans should recognise that there are potentially two separate stocks on
the west coast of the British Isles, these constitute a population in the Celtic Sea and
VIlj and a metapopulation centred on area Vla.”

HAWG recognizes the need to provide sound management advice for these areas, and in
particular the importance of ensuring as far as possible that there is no depletion of local
components. However, HAWG noted that WESTHER was not funded to evaluate the extent
of mixing in the fisheries or to evaluate alternate management strategies for the area. Currently
it is unclear what management regime would provide the most cost effective method for
successful management and what data would be needed to support this management.

HAWG considers that it is necessary to move towards an integrated management plan for this
area through a series of iterations involving the following steps :-

Examination of alternative management strategies based on their ability to deliver
protection to local populations and provide cost effective information applicable
for management of the two stock units of herring to the west of the British Isles.

Replacement of existing or development of new cost effective assessment and
data collection schemes which will be required to support this management.

Movement to coordinated management for the region.

In this context HAWG proposes a study group with ToR given below.
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Response to Commission

HAWG was requested to “examine the WESTHER report and its recommendations to provide
information on necessary changes to ICES long-term management advice concerning the
herring stock to the West of Scotland (herring in Via(N))”.

HAWG response: ICES considers that in the absence of any evaluated and coordinated
management strategy for the herring to the west of the British Isles, the current separation of
management units (VIa(N), VIa(S), Irish Sea and Celtic Sea) affords the best possible
protection for local spawning stocks. However it does not afford protection to the fish of one
stock distributed in another management area at feeding time.

Provided both the spawning fisheries (VIa(S), Irish Sea and Celtic Sea) and the fishery in the
mixing area (predominantly VIa(N)) are maintained at an F that would be sustainable for each
component, this should afford protection for these units, in the short term. ICES considers that
further work is required on examining the issues surrounding surveys, assessment and
management of each of the current three management units to the north of the area. This can
be initiated, partly through a new study group or study contract. It will be a number of years
before ICES can provide a fully operational integrated strategy for these units. In this context
ICES recommends that the previously endorsed plans for VIa(N) should be continued, until or
unless some alternative strategy is found to be more useful.

TOR for study group: SGHERWAY
1) Consider the results of WESTHER in relation to VIaN, VIaS and VIIaN stocks.
2) Comprehensively evaluate the utility of a synoptic acoustic survey in the summer

for the Hebrides, Malin and Irish shelves, in conjunction with PGHERS surveys
of VIaN and the North Sea.

3) Investigate a alternative assessment methods of the three stocks that take into
account WESTHER findings.Investigate their utility for advisory purposes.

4) Evaluate, through simulation alternative management strategies for the
metapopulation of VIaN, VIaS and VIIaN.

5) Comment on what means is best to maintain each spawning component in a
healthy state, whilst managing the fish of that component when they are in a
neighbouring area.

Reviews of groups or work important for the WG

HAWG was briefed throughout the meeting about other groups and projects that were of
relevance to their work. Some of these briefings and/or groups are described below.

1.4.1 The Annual Meeting of Assessment Working Group Chairs [AMAWGC]

The working group was addressed by the chair of ACFM (Martin Pastoors). Both he and Mark
Dickey-Collas informed the group about the AMAWGC meeting in 2007. They described the
construction of a roadmap for the working group for the next 3 years. The HAWG road map
can be summarised as:

e  2007- Benchmark assessment Celtic Sea herring, evaluation of Irish management
agreements

e  2008- Benchmark assessment of herring in Illa (western Baltic spring spawning
herring), comprehensive descriptions of the fleets

e  2009- Benchmark North Sea sprat

The new developments in mixed fisheries, INTERCATCH, the proposed new ICES advisory
structure, evaluation of management strategies and ecosystem descriptions were also discussed
at AMAWGC, and were taken into account when the HAWG 2007 report was put together.
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1.4.2 The Planning Group for Herring Surveys [PGHERS]

The Planning Group for Herring Surveys [PGHERS] (Chair: Norbert Rohlf, Germany) met
at the Danish Institute for Fisheries Research, Charlottenlund, Denmark, from 22-26 January
2007 to:

a. combine the 2006 survey data to provide indices of abundance for the population within
the area, by means of the FishFrameAcoustics database;

b. coordinate the timing, area and effort allocation and methodologies for acoustic and larvae
surveys for herring and sprat in the North Sea, around Ireland, Division VIa and Illa and
the Western Baltic in 2007;

c. intensively test the in-year developments of the FishFrame Acoustics database, specifically
verify the ability of the new system to calculate global survey estimates from raw acoustic
and trawl data using 2005 and — if possible — 2006 survey data;

d. further harmonise the maturity readings of North Sea and Western Baltic herring
conducted by different labs, specifically the definition of mature and immature fish;

e. report on the possible bias introduced by a change in gear in the Dutch herring larvae
survey.

Review of larvae surveys in 2006/2007: In total seven units and time periods out of ten were
covered in the North Sea. The herring larvae sampling period was finished just prior to the
PGHERS meeting, thus sample examination and larvae measurements have not yet been
completed. The information necessary for the larvae abundance index calculation will be
ready for and presented at the Herring Assessment Working Group (HAWG) meeting in
March 2007.

Coordination of larvae surveys for 2007/2008: In the 2007/2008 period, the Netherlands and
Germany will undertake seven larvae surveys in the North Sea. Outside the larval sampling
programme some additional stations shall be sampled in the area of the Doggerbank to test
anecdotal information of a recolonisation of the area and to obtain information about ongoing
spawning activity. The Baltic Sea Fisheries Institute will continue with the larvae survey in the
Greifswalder Bodden area in 2007, but the survey design will be altered and the N30 time
series has to be recalculated to be assessable for the next benchmark assessment of the WBSS.

North Sea acoustic surveys in 2006: Six acoustic surveys were carried out during late June
and July 2006 covering the North Sea and west of Scotland. The total combined estimate of
North Sea spawning stock biomass (SSB) is 2.1 million t. This estimate is comparable to the
1.9 million t SSB in 2005 and the 2004 estimate of 2.6 million t. The stock is dominated by
the 2000 year class. Growth of the 2000 year class seems still to be slower than average,
individuals of this year class having almost the same size and weights than the one year
younger fish of the 2001 year class. The West of Scotland estimate of SSB is 472,000 tonnes
(190,000 in 2005). This is a substantial increase compared to last years estimate, and the SSB
has more than doubled. The SSB is in the same order of magnitude that it had during the last
ten years. The surveys are reported individually in Annex 2A-2F.

Western Baltic acoustic surveys in 2006: A joint German-Danish acoustic survey was
carried out with RV “Solea” from 05 to 24 October in the Western Baltic. The estimate of
Western Baltic spring spawning herring is 214,000 t (compared to 198,000 in 2005). The sprat
year class 2006 was overall exceptional strong. In the Kattegat and the northern part of
Subdivision 22 anchovy was observed in larger quantities. A full survey report is given in
Annex 3.

Manuals for acoustic and herring larvae surveys: Several updates and improvements of the
manual for herring acoustic surveys in ICES Divisions 11, IV, and VIA have been suggested.
The bibliography has been updated accordingly and the list of gears used by the different
nations has been updated. The suggested changes are both very relevant and highly needed.
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However, the suggested text will need some reviewing which will be done by correspondence
in cooperation between Germany, Denmark and Scotland. The revised text will be sent to all
members of PGHERS before the next meeting by the Chairman. No modifications were made
in the manual for the International Herring Larvae Surveys south of 62° north.

Status and future of the FishFrame database: All countries have uploaded survey data from
2006 for herring and sprat. The stage 3 dataset for 2003, 2004 and 2005 is completed as well.
Testing of the data browser, reports, upload, data checking and interpolation for both in stage
1 and 3 was done during the meeting. Two bugs were found, corrected and testing was redone.
FishFrame performed satisfactory and was therefore used to combine the national data into the
integrated survey result. FishFrame will be used again for the 2007 survey period.

Sprat: Sprat data were available from RV Walther Herwig Ill, RV Tridens and RV Dana. The
total sprat biomass was estimated as 452,000 t in the North Sea (down from 563,000 t in
2005). The biomass is dominated by mature sprat (98 %). The total sprat in the Kattegat was
estimated as 33,600 t, including 63 % immature sprat (down from 59,800 t in 2005). There is
no clear indication that the southern distribution has been reached. However, the highest
concentration of sprat was observed off the coast of Scarborough, on the east coast of
England.

Coordination of acoustic surveys in 2007: Six acoustic surveys will be carried out in the
North Sea and west of Scotland in 2007 between 21 June and 25 July. Participants are referred
to Figure 4.3.1.1 for indications of survey boundaries. “Tridens” and “Walther Herwig” will
cover the area between 52° and 57° together with interlaced transects. A survey of the western
Baltic and southern part of Kattegat will be carried out by a German research vessel in
October.

Investigation of bias introduced by change in gear in the larvae surveys: In 2004, the
Netherlands changed from a Gulf III plankton torpedo to a Gulf VII. However, nothing was
known about differences in catchability between these two devices. To investigate the possible
bias introduced by the change of gear, real-time fishing comparison trials were conducted in
2006, deploying both samplers in a single frame. Volume filtered by the Gulf VII was found
to be significantly higher than in the Gulf III, but catchability was less. However, due to
technical problems, no accurate calibration of flow meters could be performed and therefore
numbers of larvae caught can not be converted by the volume filtered. During the 2007
mackerel and horse mackerel egg survey, ichthyoplankton hauls with both samplers are
planned to compare the catchability of mackerel eggs.

Recent studies on herring fat content and the accuracy of maturity staging: Deborah
Davidson from the Aberdeen University gave a presentation of her ongoing PhD study dealing
with modern methods of measurements on herring fat content. Data obtained from the 2006
herring acoustic surveys indicate that, as herring length and weight increases, so too does fat
content. When comparing fat and weight, fish of a heavier weight did not tend to have very
low fat contents. A FATMAP (a visual representation of spatial variation in fat content of
North Sea herring) was constructed for the immature herring in the Scotia, Solea and Tridens
data. Initial analysis showed that there was a strong linear relationship between length and fat
content of immature fish. Plotting the raw fat data showed a clear southeast to northwest trend
in fat content.

In a second talk Lindsay McPherson from Aberdeen University presented her findings
concerning the accuracy of macroscopic staging of North Sea herring. As the macroscopic
maturity scale is based on a histological scale, histology is the most accurate means of
assessing maturity stage in fish. New, unambiguous histology keys were formed in order to
calculate the accuracy of macroscopic staging. Macroscopic staging on FRV Scotia in 2006
was 78.6 % accurate for females and 83 % accurate for males. Much of the error in female
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staging was due to maturing repeat spawners (stage 3) being assessed as recovering (stage 8).
While marked inaccuracies were found they are unlikely to impact upon the SSB as the
number of fish assessed as immature (1-2) or mature (stages 3-8) were correct.

Recommendations.

PGHERS recommended HAWG to comment what proportion of the total survey effort should
be directed to the different survey indices (adult herring / sprat / young herring). HAWG
stated that it does no recommend any changes in survey effort.

HAWG does not recommend PGHERS to calculate the proportion of skipped spawners (see
below).

HAWG recommends PGHERS considering a change in the name for the herring acoustic
surveys. Not only herring, but all pelagic fish, especially clupeids like herring, sprat,
anchovies and sardines, are monitored in the surveys. The latter ones become more and more
abundant in the North Sea. This should be reflected in the labelling of the surveys.

HAWG response to PGHERS request on Skipped spawners.

A relatively high percentage of herring in the maturity stage 8 (Recovering) was seen in the
biological samples from North Sea in the 2006 summer acoustic survey (ICES 2007/LRC:01).
PGHERS raised the issue of “Skipped spawners” in the North Sea autumn spawners and has
requested HAWG on their needs for data on the proportion of skipped spawners in an
assessment context: “HAWG should comment on their needs to calculate a proportion of
skipped spawners (Stage 8) for the assessment”.

Skipped spawning is considered an important phenomenon in herring (Norwegian Spring
spanners) and cod (http://www.ices.dk/iceswork/asc/2004/Theme%20Session.pdf) affecting
particularly second time spawners. However, it is unclear how to properly classify skipped
spawners. Knowledge of effective fecundity and its annual variations are of great importance
in understanding the reproductive potential in a stock. In the assessment of North Sea autumn
spawners maturity information (immature and mature) is used in the estimation of the
Spawning Stock Biomass.

Differentiating between recruit and repeat spawners is often very difficult in macroscopic
determination of the gonads, which is the method currently in use for the North Sea autumn
Spawners. In the Norwegian spring spawning herring, there are indication that the spawners
are recovering for about three months before they are back in the maturation cycle. It is thus a
question if the high proportion of skipped spawners in June-July is related to autumn spawners
spawned the previous year. There is little information on mixture of autumn and spring
spawners in the different areas of the North Sea.

To include the “skipped spawners” in the current assessment context seems premature at
present as available knowledge will most probably not improve the variability in the estimates
of SSB. However, the WG recommends that the phenomenon be further studied to improve
the methods for maturity determination and the understanding of the relation between
recruitment and spawning biomass.

1.4.3 Study Group on Recruitment Variability in North Sea Planktivorous Fish
[SGRECVAP].

SGRECVAP is due to meet in May 2007 in Plymouth, UK. It will consider the possible causes
of the poor herring recruitment in the North Sea, in light of its previous report from 2006,
which was discussed in last year’s herring working group report. The findings of SGRECVAP
have impacted on the choice of recruitment scenarios used for North Sea herring short and
medium term projections. As SGRECVAP is yet to meet, HAWG cannot fulfil TOR c.
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1.4.4 Workshop on Testing the Entrainment Hypothesis [WKTEST]

This workshop will take place in June 2007 in Nantes, France. It will document diagnostic
case studies of pelagic fish for the evidence of the entrainment hypothesis and look for
understanding of the mechanisms by which life cycles patterns are maintained or changed. It
is hoped to used the finding to improve understanding for spatial fisheries management and
recovery plans.

1.4.5 WESTHER [EU project]

WESTHER: A multidisciplinary approach to the identification of herring (Clupea harengus
L.) stock components west of the British Isles using biological tags and genetic markers.
Q5RS-2002-01056 (2003-2006).

WESTHER’s overall goal was to describe the population structure of herring stocks
distributed from the south-west of Ireland and the Celtic Sea to the northwest of Scotland. To
achieve its goal WESTHER had four research objectives: (i) estimation of genetic and
phenotypic differentiation between spawning aggregations; (ii) determination of stock origins
and life history of juveniles; (iii) determination of composition of feeding aggregations and
(iv) improved guidelines for the conservation and management of biodiversity and stock
preservation. The Project started officially on January 1 , 2003 and was extended, in 2005, by
six months to finish at the end of June 2006.

A meeting took place in April 2006, of the participants from the different fishery institutes
within the project consortium, to discuss the outcomes of each method and their comparisons
and to produce a report to fulfil Objective 4: improved guidelines for the conservation and
management of biodiversity and stock preservation. At this meeting, four hypotheses were
tested and used to inform the deliberations. The null hypothesis was that there is only one
herring population to the west of the British Isles, with no detectable differences between any
of the geographically and temporally separated spawning components. The following three
alternative hypotheses were then tested and discussed. Alternative hypothesis 1: the different
spawning aggregations sampled are discrete at spawning time and are, therefore, separate
components. Alternative hypothesis 2: there is clear distinction of juveniles sampled on
different nursery grounds. Alternative hypothesis 3: fish from each spawning aggregation
remain discrete on their feeding grounds. This report was presented to HAWG in 2007 with
the recommendations arising from the project’s synthesis. The recommendations of
WESTHER are given in section 1.3 of this report.

1.4.6 The Study Group on Management Strategies [SGMAS]

The Study Group on Management Strategies (SGMAS) met for the third time in January 2007.
In previous meetings guidelines have been provided for evaluation of management plans. At
this meeting, some plans at various stages of development were revisited, to learn from
experience. Furthermore, indicator based management in data poor situations was considered.
Finally, the process of developing management strategies, and the role of ICES in such
processes was discussed.

The only example stock covered by the HAWG was the Celtic Sea herring. The HCR was a
target yield with penalty when SSB<Btrig, but yield allowed to increase when SSB>Btrig,
both subject to an annual +-15% TAC change limit. The experience from that development
was that it was not successful. Reasons for that include poor communication between science
and stakeholders, problems with the recruitment model (reduced recruitment at the adopted
Bpa), and the lack of reliable assessments. Due to the uncertainty in the assessment the
approach of using it in the proposed type of HCR will give very conservative yields as the
trigger point needs to be well above the point of recruitment impairment.
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On indicator based management, the SGMAS considered this to be a promising approach, in
particular in data poor situations, but also pointed out that the understanding of the properties
and performance of such regimes so far is limited.

The SGMAS emphasized the need for communication and mutual understanding between all
interesting parties in the development of management strategies, not the least in the early
phase of development. In this phase, the role of science should be to outline opportunities and
limitations rather than coming up with specific detailed designs of harvest rules. Later, when
evaluating proposed plans, the importance of identifying ambiguities was highlighted, with the
recommendation to ask rather than assume.

Several study and working groups have matters relating to the SGMAS work on their agenda.
At some stage, there is a need to merge the insight into a unified process for developing and
evaluation of management strategies, but so far it is considered more rational to handle
different specialized aspects separately. It is clear that the process will have to continue, but at
present has not been decided how it will be organized in the future.

1.4.7 Workshop on the Integration of Environmental information into fisheries
management Strategies WKEFA

Workshop on the Integration of Environmental information into fisheries management
Strategies and advice will meet at ICES Copenhagen 1822 June 2007.

The objective is to identify methodology to operationalize the use of environmental
information for the improvement of fisheries management advice. The main thrust of the
approach is to take case studies which have consequences for medium term and short term
influence in management.

The approach to the workshop has been selected to be compatible with the current annual
advice, and the use of management plans as detailed in the report of SGMASI1. The aspects of
management advice are considered primarily under single species short term catch options,
which follow from medium term management plans based on harvest rates and biomass
objectives. Some consideration should also be given to long term implications. This implies
evaluation of strategies using criteria of yield, year on year change in yield and the level of
risk to the stock under situations of linear or nonlinear environmental change that can
influence both the productivity of the stock and the quality of the assessment. For each case
study the objective is to identify important life history aspects that change due to environment,
including the following

e  Recruitment
e  Natural mortality
e  Growth, Maturation fecundity, including year and cohort effects

e  Distribution (habitat and availability)

While it is intended that the main thrust of the meeting will be through the selected case
studies, the organisers would welcome detailed proposals for additional case studies, these
should be proposed to the organisers as an extended abstract indicating the application of
management to be considered and the extent of the effects. The abstract should be submitted
no later than 18 May 2007, however, individuals are encouraged to contact the organisers with
their intentions as soon as possible,

For each case study the authors need to comment on knowledge and importance, of each of the
identified environmental aspects and show how this should influence management and advice.

1 http://www.ices.dk/iceswork/wgdetailacfm.asp?wg=SGMAS
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The Workshop will consider the influence of single or multiple factors on the management of
single stocks, where the effects on management are demonstrated, as well as more complex
interactions. Authors should select and prioritise the topic areas based on potential influence
and available knowledge and should evaluate the impact of change / variability considering;

e Different conditions that influence medium term plans and changes to risk /
precautionary limits

e  Implications for short term advice and catch options.

e  The potential changes in the long term advice and how this might we included in
management plans.

e  Possibility of extreme events on provision of short term advice.

Where the issues are medium or long term authors should illustrate how this will feed through
to both management plans and short-term catch options. Consideration should be given both to
management options robust to change as well as reactive management options based on
estimation and adaptation.

Specifically the workshop will use the case studies to provide a basis for a synthesis of the
needs and roles for management and will provide a report indicating how management advice
should be considered, along the lines of environmental influence on:

Short term forecasts
Medium Term management plans
Long term prognosis

The workshop will result in a synthesis report and potentially a paper or collection of papers in
a leading journal.

Participants should provide a detailed abstract by 18 May and bring a completed working
paper and presentation to the workshop.

NS herring has been selected as a case study we hope to address the

- the influence of spawning stock biomass on recruitment at different environmental
conditions and how to determine the contribution?

- the definition of Blim, how to determine it and adjust to different regimes?

- inclusion of recruitment indicators in short-term predictions

- Interannual variability in predation mortality may modify recruiting year classes.

- Appropriate use of year effect and cohort effect growth and maturation

- Inclusion of environmental variables in SRR or adjusting SRR and reference points
to productivity regimes,

- Detection and advice during transition phases

1.4.8 Workshop on Limit and Target Reference Points [WKREF]

Workshop on Limit and Target Reference Points [WKREF] 29 January to 2 February 2007 in
Gdynia, Poland. The TORs were: 1) to review and update the biological basis of limit
reference points for fish stocks in the ICES area, taking into account the possible effects of
species interactions and regime shifts; 2) to review the scientific and management literature on
the implementation of maximum sustainable yield reference points in line with the
Johannesburg agreement 2002; and 3) to comment on potential target references points for fish
stocks in the ICES area as suggested by SGMAS, taking into account the possible effects of
species interactions and regime shifts and the framework on the evaluation of management
strategies.
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WGREF explored limit reference points for North Sea autumn spawning (NSAS) herring.

In exercises using the segmented regression method (hockey stick) with Norwegian spring
spawning herring this approach was found to be quite sensitive to both low S and R values as
well as to recruitment values beyond the break point. Due to these theoretical deficiencies
alternative methods were explored for NSAS herring.

A simple probabilistic approach to setting By;,, with the objective to be much less sensitive to
recruitment at high biomass than the prevailing SR-methods was presented to the workshop.
The method was scrutinised and further developed at the WKREF as a generic approach to
stocks that typically have data on low recruitment at low spawning stock size.

The approach focused on low — stock low recruitment where the concept is that below some
level of SSB there is an increased probability of a below average recruitment. Py ; is defined
as the probability of recruitment Ry (for a number of years y in an ascending sequence of By)
falling below some level Ry, when spawning biomass B, for these years is below some level
Bi.

PLRi:[Zy: {Ry<Rbar A By<Bi}]/ [Zy: {By<Bi}]~

This function is expected to be high at low biomass and be asymptotic to the probability of the
level of Ry,, for the population. The biomass point By, at which Py g; reaches the asymptote is
the point where the probability of low recruitment increases.

WKREF considered the probabilistic approach to the entire time series of NSAS herring SRR
from 1947 -2005. The breakpoint was evaluated in relation to the probability (Prg;) of being
below the 50% percentile of recruitment (Ry,). The breakpoint in logistic version was set at
10% above the estimated asymptotic value. The two model versions gave similar break points
(Boreak) Of 0.89x10° t and 0.84x10"° t for the linear and the logistic versions respectively.
Model fit to data was slightly higher for the linear version than for the logistic version R* =
0.982 and R? = 0.975 respectively. Residual scatter was approximately normally distributed
however some autocorrelation was indicated.

WKREF scrutinised the approach theoretically and concluded that the probability aspect of the
method has interesting possibilities because it can specify the probability of obtaining low
recruitment. However, the method appears to have some theoretical weaknesses because it
does not allow a strict definition of a breakpoint because of the inherent curvature of the
probabilistic approach. Further the curvature of probability for low recruitment is dependent
on variation in SSR. The method needs further exploration on different types of SRR
relationships before it can be applied in an advisory context.

WKREF concluded that there is no basis for changing By, based on current analysis.
SGRECVAP results could be basis for revisiting reference point. The distance between a
management reference point (trigger or By,) and By, defines a risk and should be evaluated in
the context of harvest control rules in consultation with stakeholders and managers.

In general WKREF concluded:

that moving to a target F based management would probably remove the importance of By, in
a management context.

WKREF has identified three approaches that could be followed in developing long term
targets:

1. EC (Bjim not required; Fo -Fpx from yield per recruit analysis as a proxy for Fpy) .

2. ICES (Byiy required, HCR risk analysis: probability of SSB falling below By;;)
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3. Process/sustainability (NSRAC) (risk analysis also considering socio-economic
implications)

For a discussion on advantages and drawbacks of each approach see the WKREF report (ICES
CM 2007/ACFM:05).

As indicated above, the question on the role of regime shifts in determining limit reference
points was not resolved by WKREF. One approach could be to define different SRR curves
for different environmental regimes and to evaluate the breakpoints in these two curves. In
general, WKREF recommended looking for biomass limits that would be applicable in both
environmental regimes. The distance between B, and By, could take into account the
uncertainty due to different regimes.

As HAWG followed this workshop, no extra work was carried out on TOR ¢ other than
develop ideas for WKEFA and SGRECVAP.

1.4.9 Linking Herring 2008 [ICES/GLOBEC sponsored symposium]

The ICES/Globec sponsored symposium “Herring: Linking biology, ecology and status of
populations in the context of changing environments”, with the shortened title “Linking
Herring” is planned to take place 26-29" August 2008 in Galway, Ireland. The conveners are
Maurice Clarke, Mark Dickey-Collas and Aril Slotte. A science organising committee has
been set up with Maurice Clarke, Mark Dickey-Collas, Aril Slotte, Emma Hatfield, Doug Hay,
Richard Nash, Deirdre Brophy, @yvind Fiksen as members. The symposium web site is
www.linkingherring.com.

The proceedings will be published in the ICES Journal of Marine Science. Niels Daan will act
as guest editor on the symposium proceedings.
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an international ices-globec symposium
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The Theme Sessions will include:

i) Herring in the middle- the trophic and ecological interactions and impacts of
herring

ii) Managing Change- management and exploitation of herring in a dynamic
environment, within the context of long term change

iii) Variable Production- particularly the role of reproduction, recruitment and life
history strategies.

iv) Population Integrity- the integrity of stocks and the drivers of migration

v) Counting herring- qualitative and quantitative estimation of herring and its
application.


http://www.linkingherring.com/
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1.4.10 Improved advice for the mixed herring stocks in the Skagerrak and
Kattegat [EU project IAMHERSKA]

An ecosystem approach to fisheries management should consider conservation of stock and
stock sub-component diversity. Spatial variation in composition of stocks or stock sub-
components in areas together with asynchronous population dynamics may lead to over-
fishing of individual stocks or stock sub-components.

A descriptive analysis of the Danish fleet dynamics during the last decade, in terms of the
distribution of herring catches in Division Illa and Subdivision IVaE, together with an
investigation of fleet/metier specific exploitation of the individual stocks in Division IIla and
Subdivision IVaE was performed in the IMHERSKA EU project (Clausen et al., 2006).

Fisheries identified in Ulrich and Andersen (2004) using multivariate analysis of landings
profile (target species) and trips descriptors (mesh size, season, and area) were in the
IMHERSKA projects modified, to get as much consistency with the previous HAWG work.
This resulted in six herring targeting metiers.

The spatial and temporal distribution of the two main stocks (NSAS and WBSS respectively)
and the individual life stages (juvenile versus mature) in the Subdivisions IVaE, Division Illa
and Subdivisions 22-24 appear to be following certain patterns in terms of seasonality, which
in turn allow spatially and seasonally explicit predictions of the life stage- and stock-
composition in catches. By using the above fleets/metiers and looking at the stock
composition in their catches within different areas and seasons, stock selective metiers were
identified (a stock selective metier was defined as: a metier with 80% or more of its landings
constituting the same stock).

The ultimate last step of the IMHERSKA project was to bring this data and knowledge
together in a metier based projection model, with the potential to predict stock specific Fs
depending on how the total catch is distributed between metiers. This projection model is still
under development.

1.4.11 Study Group on Risk Assessment and Management Advice [SGRAMA]

Whilst the concept of risk is not unfamiliar within ICES and whilst “risk” is commonly
understood as the probability of some negative event or harm, most approaches to risk
assessment, however, describe risk as consisting of two major components — a probability
term and a term that addresses the magnitude of consequence. The need to clarify definitions
and terminology as well as to setup a consistent risk assessment and management framework
seems obvious. This was the initial intention of ICES to create a new study group in 2006 to
deal with this complex topic. Consequently, a new ICES Study Group on Risk Assessment
and Management Advice (SGRAMA) met the first time in Copenhagen 18-21 April 2006.

The SGRAMA was created as a first step “in establishing guidelines for production of risk
assessments and inclusion of considerations of risk management in the advice. Risk
assessment and risk management is considered by ICES as an important field in several
branches of science. The SGRAMA aims at drawing on the experience from other branches of
science, and to include that experience in the development of risk assessment and risk
management in fisheries science.” Furthermore, the work of the SGRAMA is considered
essential by ICES as “such evaluations are necessary to fulfill the requirements stipulated in
the MoUs between ICES and Commissions®“. Such information is seen to help managers to
manage risk in fisheries. As in particular the management component of SGRAMA (the other
component is the assessment one) is closely related to the fields of SGMAS, risk management
should be considered a part of all management strategies. The assessment part of the
SGRAMA should relate to all working groups that are linked to specific stock assessments.
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The SGRAMA began its work in 2006 by reviewing different approaches to risk assessment.
This limited review discovered a multitude of different use of terminology and definitions.
Also because of this, the SGRAMA recommended that the use of the term “risk” should be
handled more carefully: “Risk should mean something more than only the probability of some
(potentially) harmful event” and “that at least the definition used and the context need to be
specified”. To tackle this problem, the attempt of SGRAMA was

e to focus on differences in structural approaches and

e to start developing an ICES risk assessment framework
e Dby setting up definitions

e by concentrating on the clarification of terminology and

e by identifying relevant and important components for it.
This effort is in close compliance with the ICES terms of references a) and b) that are

1. to review and report on available methodologies for risk assessment and frameworks
for risk management within and outside the fisheries sector;

2. on the basis of the review, start development of a framework and operational
guidelines, for risk assessment and advice which includes considerations on risk
management. Risk assessments should inter alia relate to conservation limits and
targets for exploitation of fish stocks taking into consideration the ecosystem effects
of fisheries and environmental variability and management considerations should
relate both to the production of such assessments and institutional aspects of risk
management decisions and implementation. The framework should link to the
framework for management strategies developed by SGMAS with the scope of
ultimately being integrated with these;

The SGRAMA met the second time in Cape Town, South Africa, 5-9 February 2007. This
time the aim of the SGRAMA was to consider specific case studies of risk assessment coming
from other parts of the world to learn from these. The specific focus this time was on
qualitative approaches in risk assessment why the popular “Australian Approach” (Fletcher
2005) was reviewed and discussed. Apart from this, several other working documents were
presented, mainly dealing with South African and Namibian experiences in qualitative risk
assessment. The only European contribution was a presentation of a quantitative approach
regarding risk assessment of North Sea Herring (“Risk assessment of North Sea Herring for
stock rebuilding purposes using an optimization algorithm”, Groger 2007). As this approach is
closely related to issues of the HAWG it can be considered a first attempt to introduce an
integrative approach of risk assessment and an optimization procedure into North Sea herring
stock assessments.

1.4.12 Workshop on recruitment process of Baltic Sea herring stocks [WKHRPB]

The Workshop on Recruitment Processes of Baltic Sea herring stocks [WKHRPB] was held in
Hamburg from 27 February to 2 March 2007 to: conduct a review on recruitment processes of
the different Baltic Sea herring stocks; evaluation of the effect of the abiotic and biotic
environment of herring recruitment; construction of environmentally-sensitive stock-
recruitment relationships; Outline of a scientific project addressing Baltic Sea herring
recruitment. The first two tasks were fully addressed while the third was outlined as the
possible main TOR in a next year Workshop. Preliminary results of the analysis are presented
in section 1.8.
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Commercial catch data collation, sampling, and terminology

1.5.1 Commercial catch and sampling: data collation and handling

Input spreadsheet and initial data processing

Since 1999 (catch data 1998), the working group members have used a spreadsheet to provide
all necessary landing and sampling data. The current version used for reporting the 2006 catch
data was v1.6.4. All but two nations provided commercial catch data on these spreadsheets,
which were then further processed with the SALLOC-application (Patterson et al., 1997). This
program gives the needed standard outputs on sampling status and biological parameters. It
also clearly documents any decisions made by the species co-ordinators for filling in missing
data and raising the catch information of one nation/quarter/area with information from
another data set. This allows recalculation of data in the future, or storage and analyses in
other tools like InterCatch (see section 1.5.5), choosing the same (subjective) decisions
currently made by the WG. Ideally, all data for the various areas should be provided on the
standard spreadsheet and processed similarly, resulting in a single output file for all stocks
covered by this working group. Two nations failed to deliver their data on time. One of them
failed also by the time of the meeting, and still required additional corrections during the
meeting, which was rejected.

More information on data handling transparency, data archiving and the current methods for
compiling fisheries assessment data are given in the stock annex 2. To facilitate a long-term
data storage, the group stores all relevant catch and sampling data in a separate “archive”
folder on the ICES network, which is updated annually. This collection is supposed to be kept
confidential as it will contain data on misreporting and unallocated catches, and will be
available for WG members on request. Table 1.5.1 gives an overview of data available at
present, and the source of the data. Members are encouraged to use the latest-version input
spreadsheets if the re-entering of catch data is required. Figure 1.5.1 shows the separation of
areas applied to data in the archive.

1.5.2 Sampling

Quality of sampling for the whole area.

The level of catch sampling by area in given in the table below for all herring stocks covered
by HAWG. The table indicates that the sampling level (in terms of fraction of catch sampled
and number of age readings per 1000 t catch) is very different for the various areas. Further
details of the sampling quality can be found by stock in the respective sections (Sec. 2.2.4 for
North Sea herring, 3.2.6 for Western Baltic Spring Spawners, 4.2.3 for Celtic Sea and VIIj
herring, 5.2. for VIa(N) herring, 6.2.2 for VIa(S) and VIIb,c herring, 7.2.2 for Irish Sea
herring).

OFFICIAL SAMPLED AGED AGE READINGS
Area catch (t) catch (t) readings per 1000 t
IVa(E) Summe 102628 89299 2784 27
IVa(W) Summe 243561 203447 15564 64
IVb Summe 92996 59479 4305 46
IVc Summe 6755 2245 89 13
VIId Summe 44423 35195 839 19
VIIa(N) 4402 4230 1235 281
VIa(N) 27346 22135 1590 58
Ia 53172 50125 12318 232
VIIj 6887 6887 6501 944

VlaS, VIIb,c 14840 14840 957 64
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The EU sampling regime.

HAWG has recommended for years that sampling of commercial catches should be improved
for most of the stocks. The EU directive for the collection of fisheries data was implemented
in 2002 for all EU member states (Commission Regulation 1639/2001). The provisions in the
“data directive” define specific sampling levels. As most of the nations participating in the
fisheries on herring assessed here have to obey this data directive, the definitions applicable
for herring and the area covered by HAWG are given below:

AREA SAMPLING LEVEL PER 1000 t CATCH
Baltic area (Illa (S) and IIIb-c) 1 sample of which 100 fish measured and 50 aged
Skagerrak (IIIa (N)) 1 sample 100 fish measured 100 aged
North Sea (IV and VIId): 1 sample 50 fish measured 25 aged
NE Atlantic and Western Channel ICES sub- 1 sample 50 fish measured 25 aged
areas 11, V, VI, VII (excluding d) VIII, IX, X,

XII, XIV

There are some exemptions to the above mentioned sampling rules if e.g. landings of a
specific EU member states are less than 5 % of the total EU-quota for that particular species.

The process of setting up bilateral agreements for sampling landings into foreign ports has
started 2005. However, there is scope for improvement, and more of these agreements have to
be negotiated, especially between EU and non-EU countries, to reach a sufficient sampling
coverage of these landings.

HAWG reviewed the quality of the overall sampling of herring and sprat for the whole area.
There is concern that the present sampling regime may lead to a deterioration of sampling
quality, because it does not ensure an appropriate sampling of different metiers (each
combination of fleet/nation/area and quarter). Given the diversity of the fleets harvesting most
stocks assessed by HAWG, an appropriate spread of sampling effort over the different metiers
is more important to the quality of catch at age data than a sufficient overall sampling level.
The EU data directive appears to not assure this. The WG therefore recommends that all
metiers with substantial catch should be sampled (including by-catches in the industrial
fisheries), that catches landed abroad should be sampled, and information on these samples
should be made available to the national laboratories.

1.5.3 Precision of catch sampling programmes

Port sampling programs aim to provide estimates of the biological composition of the landed
catch. Typical characteristics that are collected are length, weight, sex, maturity and age. Of
prime interest for stock assessment model input is the catch composition with regard to age.
Because age reading is a labour intensive and thus costly method, various sampling schemes
have been adopted to make optimal use of age data. Two examples are length-representative
sub-sampling and length-stratified sub-sampling. Both methods rely on random selection of
individual fish for length determination, but select a non-random subset for age reading. In the
length-representative sub-sampling scheme, care is taken to ensure that the randomness at the
level of the larger subset carries over to the smaller subset while reducing the probability of
introducing bias. The length-stratified sub-sampling scheme makes use of an age-length key,
preferably constructed from an independent subset, in order to translate the estimated length
distribution into an age distribution. Both of these methods are used within HAWG. Estimates
of numbers-at-age in the total landed catch are obtained via multiplication with a raising
factor, which can be loosely defined as the inverse of the biomass fraction sampled.

In subsequent paragraphs, several aspects of precision are considered. First, the Swedish port
sampling program is described with respect to the variability regarding weights at age. Next,
the Dutch port sampling program is described with respect to the precision of numbers-at-age
estimates. The Dutch program makes use of a length-representative sub-sampling scheme and
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its precision was estimated via an analytical approximation. Finally, precision estimates of the
Irish port sampling program are presented. The Irish sampling scheme makes use of age-
length keys and estimates were obtained through a bootstrapping procedure.

Analysis of weight-at-age of Swedish herring 111a

Sweden has analysed precision levels of calculated CANUM and WECA for several stocks.
The results from the analyses are used to establish the sampling plan for 2007.

Here we show the results of the analysis of weight at age (WECA) of Swedish herring Illa
sample in 2006. The replicate in our analysis was the sample vessel (50 random individuals).
We estimated CV is plotted against the number of fish per age class (Figure 1). Age classes 1
— 4 are included in the graph, which constitute usually more than 90 % of the population in
number of individuals. The result shows that CV decrease with increasing number of fish
sampled down to a CV of 18- 20 %. To further decrease the CV, a sampling size much larger
than 500 individuals per age class and quarter should be collected. This would increase the
sampling costs dramatically (about 4-fold). Moreover, without a test that is based on such
large sample size per age class, it is impossible to predict the number of individuals needed to
reach the established CV (established in DCR). For example, based on the relationship in
Figure 1, we predicted that with 2006 sample size (around 650 individuals in total per SD and
Quarter, more than 150 in the age classes 1 — 4) we should have reached a CV under 12.5%.
However, the observed CV was again around 18-20%. From these results, it was concluded
that:

e  Any sampling design that is aimed to reach the established CV should be based
on experiments with very large and very small sample size to estimate the
relationship between N and CV. This would be a very costly procedure but it
would elucidate the sample size needed to reach established CV.

e  The pattern observed here is likely to be related to the fact that there is an
“inbuilt” CV (as it should be expected) in the WECA (as well as in CANUM) and
much larger sample size would be necessary to reach the CV aimed by the DCR
(i.e. 12.5% or lower).

It also worth to stress that WECA generates lower CVs than CV calculated for the number at
age in catch (CANUM). This would imply that sample size would be even larger for CANUM
if established CV should be reached. Thus, in the light of those results, we decided to keep the
sampling at planned levels.

The Swedish sampling plan for herring in Illa are to sample 650 per SD and quarter resulting
in about 150 individuals in the age classes 1-4 and a CV around 20% (see Figure 1.5.3.1).
About 50 individuals are sampled randomly from unsorted catches and a total of 10-12 boats
are sampled in each quarter and area (Kattegat and Skagerrak), resulting in totally 1300
individuals per quarter in area Illa.

Precision of numbers-at-age in the Dutch port sampling program

In the Netherlands, the herring catch is landed in frozen packages of approximately 21-23 kg,
consisting of non-sorted fish. According to the Dutch port sampling program, a number of
packages of a landing are randomly selected for biological determination. Per package, the
number of fish is counted and all are measured for length. A subset of 25 individuals,
representative of the length distribution of the package concerned, is selected for assessment
of weight, sex, maturity and age. As a result of this length-representative sampling, the 25
individuals are as random a representation of the landing as the selected package is with
regard to the length distribution. A schematic outline of the procedure is presented in Figure
1.53.2.

Observed numbers are raised to a total per month per area, taking into account the differences
in biomass fraction sampled as well as possible spatiotemporal differences in population
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composition. Afterwards, the numbers-at-age are summed over areas and over months to
arrive at estimates on a quarterly or yearly basis. Alternatively, observed numbers could be
raised to quarterly or yearly estimates directly by ignoring spatiotemporal differences on the
finer scale. Whether this would result in more precise estimates depends on the data. For the
purpose of precision calculations, we have only considered raising procedures on a quarterly
basis.

Precision calculations were based on the following basic formula:

1 N,=> nFP,

Here, N , denotes the total number of fish per age a, n s denotes the total number of fish
sampled within a stratum s, F ¢ is a stratum-specific raising factor and P ,5 denotes the stratum-
specific age probability distribution. Because F s is equal to the aggregate landing weight per
stratum W ¢ divided by the product of n and the average fish weight per stratum w, the above
formula can be rewritten as

Ws Pa,s

2] N, =D, ”

This equation illustrates that uncertainty in the total numbers-at-age is governed by
uncertainty in the aggregate landing weight and inaccuracy in the estimation of the average
fish weight per sampled landing and the sample-specific probability that fish are of a
particular age. As the uncertainty in the aggregate landing weight is not due to the sampling
program, it will not be considered here.

An exact expression for propagation of estimation errors in W ¢ and P 55 can be obtained if the
two stochastic variables can be considered independent. As we did not want to assume
independence a priori, a linear approximation was applied to equation [2] by which
covariance between W s and P 5 can be taken into account. Estimates of covariance were
obtained from variation on the sample level.

Figures 1.5.3.3, 1.5.3.4 and 1.5.3.5 illustrate the method pertaining to raising procedures on a
quarterly basis for the years 2004, 2005 and 2006, respectively. Some general characteristics
on input data are provided in Table 1.5.3.1. From the figures, it is immediately apparent that
standard errors are related to point estimates. However, the relation is not strictly proportional
as the relative error is not constant over the age range considered. Relative errors are generally
the lowest for numbers-at-age in the third quarter. A striking cohort effect is apparent, in that
the lowest relative error is associated with the strong 2000 year-class. Over the age range 2-6
wr, the relative error is generally below 20%. Exceptions are only apparent in the first and
final quarter of the year.

Precision of numbers-at-age in the Irish port sampling program

Irish samples are collected from commercial landings. Length frequency and age data is
collected by ICES division by quarter. The length frequency data is added together for each
division and quarter and raised to the landings for that area and quarter. The sample weight is
divided into the catch weight to get the raising factor. The sum of the length frequencies per
quarter is multiplied by the raising factor. An age length key is applied to this data and catch
numbers at age calculated.

The precision estimates were worked up using a bootstrap technique. Bootstrapping involves
the re-sampling and processing of the source data (measured and aged samples) many times in
order to build up a series of results. Precision can then be calculated from the variance
observed in the results. For measured data, a sample consisted of a length-frequency
distribution. For aged data, a sample consisted of an age and length measurement of a single
specimen.



20 ICES HAWG Report 2007

The bootstrap re-sampled with substitution from the collection of measured samples and built
up a composite length frequency distribution. For example, if there were five measured
samples the algorithm would make five draws from the list with each sample having a 20%
probability of being drawn each time. Re-sampling with substitution from the aged samples in
a similar fashion gave an age-length key. Combined with the landings for the stock per quarter
the numbers-at-age were derived. After 1000 repetitions, the precision of the numbers-at-age
estimate was calculated from the spread of values at each realization. Specifically, the
standard deviation of realized estimates was divided by the mean estimate to obtain a relative
measure of estimation error.

The results of the method as applied to 2006 data are shown in Table 1.5.3.2 for CS herring
and in Table 1.5.3.3 for NW herring. The relative error is below 20% over the age range 2-6
wr, irrespective of stock. In the third and the fourth quarter, estimates of 1 wr on CS herring
were also remarkably precise. At older ages, estimates of NW herring were more precise than
estimates of CS herring which is likely due to the higher catch of older fish derived from the
NW stock.

1.5.4 Terminology

The WG noted that the use of “age”, “winter rings” and “rings” still causes confusion outside
the group (and sometimes even among WG members). The WG tries to avoid this by
consequently using “rings” or “ringers” instead of “age” throughout the report. It should be
observed that, for autumn spawning stocks, there is a difference of one year between “age”
and “rings”. Further elaboration on the rationale behind this can be found in the stock annex 3.

1.5.5 Intercatch

"InterCatch is a web-based system for handling fish stock assessment data. National fish stock
catches are imported to InterCatch. Stock coordinators then allocate sampled catches to
unsampled catches, aggregate to stock level and download the output. The InterCatch stock
output can then be used as input for the assessment models." Stock coordinators used
InterCatch for the first time at the 2007 Herring Assessment Working Group.

Comparisons between InterCatch and other legacy (previously used) systems were carried out
and the maximum discrepancies between the systems are presented in the text table below.

HAWG is the first working group to use this system and some problems were encountered.
Ease of use was dependent on the size of the stock and number of allocations required.
Allocations can be tedious if dealing with large stocks such as North Sea herring.

The stock coordinators in general found that InterCatch provide a helpful tool at that it has the
potential to reduce errors and reduce the work load of the stock coordinators. However several
issues should be addressed.

List of suggestions for improvement of InterCatch, some of which are crucial and should be
taken very serious:

1) Currently InterCatch does not allow the same full catch information as the Salloc
output to be derived. For many stocks in HAWG there is often an issue of
misreporting and unallocated catch. Salloc output lists official, working group
and unallocated catches separately and, for full transparency, we need InterCatch
to do the same.

2) The exchange formats used by pelagic working groups currently contain length
frequency per quarter, and catch information by statistical rectangle. InterCatch
does not include this information. It is recognised by HAWG stock coordinators
that this information is not a requirement for assessment input, however, it is very
useful in enabling the right allocation decisions to be made and for the
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development of length based or spatial models. This information would be a
valuable addition to the InterCatch system. It also is a quality control
mechanism.

3) When uploading and allocating large amounts of information a cross checking
procedure would be crucial. A suggestion would be a print version of a list
containing all combinations of quarter, area, fleet and country uploaded together
with the corresponding CATON. It would then be an easy task for the person
responsible for uploading national data into InterCatch to cross-check that all data
have been uploaded. Also a cross check list of the allocations made inside
InterCatch would be convenient.

4) As it is now InterCatch will not catch the two following types of error: 1)
Mismatch between age and CANUM and WECA in the InterCatch input file (e.g.
if the data during the copying and pasting from one sheet to another is pasted into
a wrong age group simply by mistake). 2) Problems concerning allocation of
catches given by rectangle to the wrong areas.

5) InterCatch has a security service that prevents data with certain errors to be
uploaded and provide easy comprehensible suggestions to where the error is to be
found. However, this security system needs further improvement since several
type errors in the input files were not discovered by the security system allowing
the data to be uploaded but afterwards disappearing. These errors could
alternatively be avoided if the check list print version suggested above was
available.

6) Sprat is caught in vast abundances with numbers often in billions. It is likely this
caused the problems encountered during the attempt to upload North Sea sprat
data, and this should therefore be investigated.

7) Intercatch should be set up to generate some of the standard table (or at least the
formatted input for the table) used in the report, otherwise data would in many
cases still need to be handled in the ways the respective stock coordinators
traditionally have been handling and processing the data.

8) As long as the split is not incorporated into InterCatch the stock coordinator of
herring in IITa and SD 22-24 will have to work both with the data in InterCatch
and in the traditional way.

9) There is currently a lack of authority of stock coordinators to ensure reported data
is uploaded to intercatch in the correct format. A formal agreement is needed for
institute directors to consent that their staff will do this work.

Maximum discrepancies between InterCatch and other systems:

HER-3A22 HER - 47 D3 HER - IRLS HER - IRLW HER - NIRS HER - VIAN
Caton 0.01% 0.06% 0.02% 0.01% 0.00% 0.00%
Canum 0.01% 5.00% 0.01% -0.01% 0.08% 2.17%
Weca -7.43% 3.30% -0.08% 0.13% -0.02% -0.35%

Methods Used

1.6.1 ICA

“Integrated Catch-at-age Analysis” (ICA: Patterson, 1998; Needle, 2000) combines a
statistical separable model of fishing mortality for recent years with a conventional VPA for
the more distant past. Population estimates are tuned by CPUE indices from commercial
fisheries or research-vessel surveys, which may be age-structured or not as required. This
model appears to behave well on the stocks considered by this WG.

The program ICAVIEW4 produces standard plots for the ICA output. However, ICAVIEW
does not work on most computers, probably caused by the incompatibility of the program with
windows XP and was not used this year. As a result, the standard ICA plots were not
presented for all stocks.
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1.6.2 CSA

“Catch Survey Analysis” (CSA: Mesnil, 2004) is an assessment method that aims to estimate
absolute stock abundance, given a time series of catches and of relative abundance indices,
typically from research surveys. It does this by filtering measurement error in the latter
through a simple two-stage population dynamics model known in the literature as the Collie-
Sissenwine (1983) model. The underlying aim is to reduce the dependence on age-structured
data inherent in most VPA-type assessment methods. CSA can be used with only 2 life-history
stages (recruits and adults, for example), although simplifying assumptions have to be made.
CSA has been used for the exploratory analysis of Celtic Sea herring and North Sea sprat.

1.6.3 FLXSA and FLICA [recent developments of XSA and ICA in R]

The FLR (Fisheries Library in R) system (www.flr-project.org) is an attempt to implement a
framework for modeling integral fisheries systems including population dynamics, fleet
behaviour, stock assessment and management objectives. The stock assessment tools in FLR
can also be used on their own in the WG context. The combination of the statistical and
graphical tools in R with the stock assessment aids the exploration of input data and results.
Currently, an effort is being made to incorporate stock assessment models that are used in
some of the ICES working groups. Methods for reading in VPA suite files, for investigating
the effect of different model input parameters on the stock estimates, and modeling different
aspects of uncertainty are also being developed. Currently the assessment methods “Extended
Survivors Analysis” (XSA: Darby & Flatman, 1994; Shepherd, 1999) and ICA have been
incorporated in a package as FLXSA and FLICA, but the development of other stock
assessment methods like ADAPT and SURBA is on-going.

During this year’s assessment, the FLICA package was adjusted to provide raw parameter
estimates together with the variance-covariance matrix as standard output from ICA. With this
information, the standard diagnostics of ICA were replaced with diagnostics generated within
FLR. The WG decided to show results of catchability models and regression residuals as they
are actually fitted. Thus, observed indices are treated as dependent variables and VPA
estimates of SSB or numbers at age are considered predictor variables. This enhances the
visual judgment of the quality of model fit, even though the nature of the data would suggest a
reversal of predictor and dependent variables. It may be sensible to take this into account in
the way the catchability models are fitted, but this would require changes in the ICA code
itself. In addition, two plots were added to the diagnostic output: a Q-Q plot to show the
distribution of the log residuals as compared to a normal distribution; and an autocorrelogram
to show the autocorrelation function of the log- residuals. These two plots are shown because
the catchability models fitted assume a normal distribution of the log residuals and no
autocorrelation therein.

In this working group, FLR has been used for exploratory analyses of North Sea herring
(FLICA for deterministic and retrospective analyses), herring in Illa, Celtic Sea (exploratory
analysis) and Via South.

1.6.4 SURBA

“Survey Based Assessment” (SURBA: Beare, 2005; Needle, 2003, 2004) is based on a simple
survey-based separable model of mortality. At the moment SURBA is not yet available in
FLR, but development towards this is ongoing. While SURBA was used in the past in this
WG it was not implemented this year.
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1.6.5 MFSP, MSYPR and MFDP

Short-term predictions for the North Sea used MFSP / MSYPR that was developed three years
ago in the HAWG (Skagen; WD to HAWG 2003). Other short-term predictions were carried
out using the MFDP v.1a software.

1.6.6 STPR used for medium term projections NS herring

Medium term projections were performed with the STPR3 software, supplemented with a
version (S3S) made to ease screening over ranges of model parameter choices. The software
documentation is available from ICES or as a report (Skagen, 2003). The simulation
framework covers alternative scenarios for future recruitment, weight and maturity at age,
assessment error, discarding and other unaccounted mortality. The harvest rules can be
examined with respect to error in future assessments by assuming that the stock numbers at
age, and hence the SSB on which managers make their decisions, deviates from the real state
of the stock. STPR3 does this by a simple stochastic multiplier on the stock numbers as seen
by decision makers. Likewise, discrepancy between the decided TAC and the catch actually
taken is simulated by a common implementation multiplier. This may account for bias due to
misreporting etc. Uncertainty due to measurement (i.e. sampling of the catch derivation of
CPUE) estimation within the assessment process, model mis-specification and implementation
error were not explicitly modelled but assigned a combined assessment error. However,
varying feedback between the assessment process and the management decision making
process was not included. Feedback can cause bias in the assessment to affect the management
and thus the stock which in turn affects bias in the assessment.

The simple approach in STPR allows for some evaluation of the robustness of a harvest rule to
such errors, but does not pretend to foresee how these errors will appear in the future.
However, to be feasible, one would assume that the harvest rule still should lead to a
precautionary management if these errors have an order of magnitude that has been
experienced in the past. It may be noted that previous implementation error that has not been
accounted for, although it will have influenced the perception of the stock in the past. Hence,
implementation error should only cover cases where it may be different from what it was in
the past or already documented and explicitly included in past data.

1.6.7 Management simulations

In order to evaluate the impact of alternative scenarios of stock and recruitment for the North
Sea herring stock population dynamics, an evaluation platform has been implemented,
including four model components. In order to develop the platform, an age-structured
population dynamics model has been developed (McAllister, Pikitch et al. 1994; Punt, Smith
et al. 2002). The model allows a realistic representation of the population dynamics taking into
account potential bias in observations through the observation error model (including all
surveys available). The model also allows to evaluate the state of the stock using ICA as the
assessment method and to utilise the actual management procedure to provide management
advice using the harvest control rules model. The simulation-testing framework has been
developed and implemented under FLR using several packages such as FLICA, already used
last year by the WG. This platform was not used to evaluate the existing HCR yet, but the
approach is being developed in the EU project FISBOAT
(http://www.ifremer.fr/drvecohal/fisboat). During this year’s meeting, substantial input was
provided to the developer by HAWG.

1.6.8 Bayesian Statistical Catch-at-age

An exploratory analysis of the Celtic Sea herring data was performed by means of a statistical
catch-at-age model. The model uses Bayesian estimation and was implemented in WINBUGS
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(Spiegelhalter 2003). The statistical catch-at-age model was used for the period where survey
data is available (1995 to 2006). The early part of the series is derived from a VPA with
starting numbers from 1997. The fishery was fitted with a logistic selection function that can
change from year to year. The example shown to the WG allowed only a slow change in
selection.

The model exploration was considered preliminary, there was no evaluation of the influence
of priors, though they were thought to be uninformative, and only a limited range of flexible
selections were tested.

Discarding and unaccounted mortality by Pelagic fishing Vessels

In many fisheries, fish, invertebrates and other animals are caught as by-catch and returned to
the sea, a practice known as discarding. Most animals do not survive this procedure. Reasons
for discarding are various and usually have economic drivers :

e  Fish smaller than the minimum landing size

Quota for this specific species has already been taken

Fish of undesired quality (high-grading) or low market value

e  By-caught species of no commercial value.

Theoretically, the use of modern fish finding technology used to find schools of fish should
result in low by-catch. However, if species mixing occurs in pelagic schools (most notable of
herring and mackerel), non-target species might be discarded. Releasing unwanted catch from
the net (slipping) or pumping unsorted catch overboard also results in discarding.

In the area considered by HAWG, only 3 nations reported discards from their fleets in 2006.
From those, only two incorporated discards in the assessment data.. The discard figures were
raised to national landings (based on the spatial and temporal distribution of the fleet), and
used in the assessment of North Sea autumn spawning herring (UK/Scotland and Germany,
see Section 2.3) and VIaN (UK/Scotland, see Section 5.1.3). For the Netherlands, the
estimates of discards of approximately 4 thousands tonnes per year were not sampled at a high
enough resolution to allocate the catch in individual stocks.

All other nations did not report notable amounts of discards of herring in the pelagic fisheries,
either because they did not occur, catches were not sampled for discards or there were
difficulties with raising procedures (ICES, 2007/ACFM:06). No discard estimates for the total
international catch were calculated, on a basis that some of coverage is still not high enough.

Very few estimates of discarding of pelagic species from pelagic and demersal fisheries have
been published. Discard percentages of pelagic species from demersal fisheries were estimated
between 3% to 7% (Borges et al., 2005) of the total catch in weight, while from pelagic
fisheries were estimated between 4% to 11% (Pierce et al., 2002; Hofstede and Dickey-Collas,
2006). Even less information exists on the discarding of non-commercial fish.

For the Dutch pelagic freezer-trawler fleet, a first ever estimation of discarding was carried out
based on observers on-board vessels (Borges et al, working document). A total of 27 trips and
904 hauls were sampled between 2002 and 2005, covering the North Sea and western waters
of the British Isles. This study intended to investigate suitable methods for estimating
discarded fish by the Dutch pelagic freezer-trawler fleet. This fleet is viewed as fairly typical
of similar vessels that operate under German, UK and French flags, which are mostly Dutch
owned. Different methods to estimate the total discards were compared and raising
observations by trip or by landing did not affect greatly the annual estimates of total
discarding, except for 2003.
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The results show that for this fleet which has high volumes of catches of a few species (mainly
herring, mackerel, horse mackerel and blue whiting), approximately 10% of the total catch
discarded is discarded, showing that it is a selective fishery for its targeted species. However
the majority of discards are from not targeted. The percentage of catch discarded per species
shows mackerel highly discarded (35% of the total catch) and this can be caused by either
quota limitation or landings misreporting. For the horse mackerel and the herring, discards are
respectively 7% and 5% of the total catch. Estimate discards par year for herring of
approximately 5 500 tonnes (Figure 1.7.1) are low when compared to total landings of the
Dutch pelagic freezer-trawler fleet (Figure 1.7.2). These estimates include slippages.

The inclusion of discarded catch is considered to reduce bias of the assessment and thus give
more realistic values of fishing mortality and biomass. However, they might also increase the
noise in the assessment because the sampling level for discards is usually lower than that for
landings. This low sampling rate is caused by the large number of different metiers in the
pelagic fishery and the difficulty of predicting behaviour of the fisheries (in terms of target
species and spatial and temporal distribution). Raising discard estimates to the national
landings might result in a higher bias than an area based estimate of discards from the total
international fleet, if sampling is insufficient. HAWG therefore recommends that the
development of methods for estimating discards be based on a fleet based method, rather than
on a national basis. Table 1.7.1. and 1.7.2 show the number of samples done in 2006 for the
pelagic fleets by country.

Ecosystem considerations, sprat and herring- response to WGRED,
SGRECVAP and SGRESP.

HAWG acknowledges the significance of the variability in the ecosystem as an important
driver of the herring and sprat stock dynamic. This must be considered when giving advice.
Despite the increasing pressure on working groups to consider their allocated stocks within the
context of the ecosystem, the potential added value of having targeted ecosystem groups (such
as NORSEPP, WGRED and REGSNS) is still minimal due to the lack of an interaction
between these groups and the assessment groups. The provision of the data by the ecosystem
groups and the summaries they provide are still largely unsuitable for consideration and
adoption by assessment working groups. This is partly due to their acting in isolation.
Although assessment working groups are generally populated by scientists with a “stock
assessment” slant, HAWG has a history of using and investigating environmental drivers and
changes in productivity, and such work has fed into and been used by groups such as
SGPRISM, SGRESP, SPACC and other GLOBEC groups. Summaries of physical and
environmental times series that reflect the dynamics of the NE Atlantic and environs of the
North Sea are required by HAWG. These summaries must be cumulative and not “stand
alone” quarterly reports, and they should document variability and fluctuations of inflow,
transport, primary and secondary production, water column stability, turbulence, salinity and
temperature.

Examples of the use and interest of HAWG in the dynamics of the ecosystem and its impact of
the fish stocks include:

e the use of shifts in recruitment productivity in North Sea herring in short and
medium term projections

e the accounting for productivity changes in the development of management
scenarios for west of Scotland herring

e the analysis of surplus and net productivity in herring stocks in relation to fishing
mortality

e Dby incorporating, whenever possible, empirically derived annually variable
weights and maturity ogives in stock assessments
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e by accounting for cohort specific dramatic changes in weight and maturity in
short term projections

e  investigations of the dynamics of the timing of spawning and the temporal origin
of fish in both the catch and surveys

e the investigations of the between year larval mortality in North Sea herring
e investigations of fecundity in herring
e the search for more robust indices of recruitment in all stocks

e initiating work on the interactions of multispecies catches of the fleets that target
small pelagics

HAWG welcomes that North Sea herring will be a case study in the work shop on Workshop
on the Integration of Environmental Information into Fisheries Management Strategies and
Advice (WKEFA).

1.8.1 North Sea

Salinity and temperature are known to have a large impact shaping the ecosystem structure in
the North Sea and generally their variability reflects the influence of the North Atlantic
Oscillation (NAO) on the movement of Atlantic water into the North Sea. The long-term
temperature and salinity anomalies in the Atlantic waters flowing into the North Sea with the
Faroe Isle current provide a broadly similar cyclical behaviour up to the late 1990s (ICES
2006/LRC:03). However, in more recent years the two signals appear to diverge, with
relatively high temperatures persisting during years showing a marked decline in salinity
(Hughes and Lavin 2005).

In 2005, SST (Sea Surface Temperature) was close to the long term mean for the first eight
months of the year, but showed strong positive anomalies in September to December (source
http://www.bsh.de/en/index.jsp). The last quarter of 2006 was characterised by much warmer
condition (1-3 C° in the eastern part and about 1 C° in northern part of the North Sea) when
compared to the average of the last 50 years (NORSEPP 2006).

A series of studies on the plankton ecosystem at the herring spawning grounds in the North
Sea have shown a strong linkage between frontal hydrography and the prey availability,
growth and drift of herring larvae which hatch in these areas (e.g. Richardson and Heath 1986,
Kierboe et al 1988) and other studies propose a strong connection between frontal
hydrography and herring recruitment (Iles and Sinclair 1982, Sinclair 1988). Preliminary
explorations of the hydrographic variability at the spawning grounds during the period 1975-
2005 indicate that two periods of poor herring recruitment (1987-90 and 2001-05) coincide
with periods of anomalous low water density in nearshore areas. This observed decline in
water density is connected to both salinity and temperature fluctuations, and has most likely
changed the performance of nearshore fronts. Hence, the preliminary comparisons indicate
that the herring recruitment could be affected by oceanographic fluctuations, leading to
changes in frontal hydrography at the herring spawning areas, and further investigations of
this relationship are recommended.

In concomitance with an increased SST and decreased salinity, the plankton community in the
North Sea has shifted to a dominance of more “southerly” species, as shown by CPR data
(Reid et al., 2003) after the decline in the abundance of the copepod Calanus finmarchicus.
Both Calanus species and juvenile sand eels are common prey of herring and recent evidence
from the Baltic has shown that herring positively select Pseudocalanus and Temora and select
less Acartia (Casini et al., 2004). Acartia is associated with summer blooms and warmer
temperatures as shown by Gowen et al. (1998). These trends in zooplankton species
abundance and species compositions appear to be continuing and those might have causal
effect with herring growth and migration patterns (ICES 2006/ACE:03). The CPR data also
show a reduction in euphausid availability. Although no changes have been recorded in the
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total zooplankton biomass and in total copepod abundance (e.g. northern North Sea; SAHFOS
2004, Heath 2005), the overall picture is one of a changing zooplankton community structure.

The production of herring has increased (ICES 2005/ACFM:18) since the collapse caused by
overfishing in the 1970s (for methods details see Dutil and Brander, 2003). Surplus
production has been of the order of 700 k tonnes for the last 25 years and the recent positive
net production has lead to an increase in available herring biomass in the system. Also, the
biomass of sprat is considered high and fairly stable compared to the last decade (ICES
2005/ACFM:18) (see also section 1.8.3).

In terms of the impact of a high biomass of herring and sprat on the North Sea ecosystem,
some studies are ongoing, but more resources are required to obtain new estimates of stomach
contents, prey selectivity, stomach evacuation rates and behavioural interactions by herring
and sprat. With low sandeel and Calanus abundances, the herring may well be having a
stronger impact on the ecosystem than in the previous last 2 decades. However, a high
biomass of herring may also provide an alternative prey source to piscivores such as horse
mackerel and Minke whales (Olsen and Holst, 2001) reducing the pressure on sandeel. Also,
the impact of herring as predator of fish eggs varies with the prey spectra faced by the species
(Segers et al., 2006). These last sentences are very speculative and if the quantitative trophic-
complexities of the system are to be considered as a priority by ICES, more resources need to
be spent on understanding the trophic interactions in the North Sea and developing spatial and
temporal trophic dynamics models of the system.

Recent investigations of the decline in larval herring at age (empirical data from the ICES
coordinated larval herring surveys, Dickey-Collas in prep.), which used a temperature
dependent growth model to estimate larval age, suggest that the daily mortality rate of herring
in the North Sea has recently increased to the highest in the time series (ICES 2006/LRC:03).
There was evidence that high mortality of herring larvae can co-occur with high larval
production (CM 2006/LRC:03). There was a strong negative trend in the residuals from stock-
recruits relationship in the latest decade suggesting that the poor recruitment is not just related
to high spawning stock biomass level (ICES 2006/LRC:03) but likely caused by an high
mortality of herring larvae. The mechanisms for this were most likely poor larval feeding,
predation, poor hatching condition and probably a combination of those with possible links to
variable hydrographic conditions.

SGRECVAP (ICES 2006/LRC:03), using dynamic factor analysis, highlighted a positive
correlation between the time series of SST and herring recruitment anomalies in the North
Sea. In addition, a recent analysis (see Cardinale and Hjelm, 2006 for details on methods used)
on the effect of spawning stock biomass (SSB) and sea surface temperature (SST) on clupeid
recruitment in the North East Atlantic showed significantly more stocks with an SSB effect on
recruitment compared to an SST effect on recruitment (Cardinale et al., 2006), although there
was not significant difference on the strength of the SSB compared to the SST effect.
Variability of recruitment anomalies of clupeid stocks (using all stocks assessed by ICES in
the North East Atlantic) was positively strongly correlated with anomalies of SST in the area.
A strong positive relationship was found between the first principal component, which
explained around 29% of the recruitment anomalies variation, and average temperature
deviations in the area. A similar relationship was found also with NAO, but its strength was
lower than for SST. Interestingly, 70s and 80s are clearly separated from 90s and onwards,
plausibly mimicking the different climate regimes (i.e cold against warm period) (Cardinale et
al., 2006). This again highlights the link of temperature to recruitment strength of clupeids in
the area but it does not provide any clear underlying mechanisms.

Recent analysis of the occurrence of sardine and anchovy as recorded in IBTS survey has
increased rapidly in the last 10-15 years in the North Sea (Figure 1.8.1.1). Those are species
adapted to warmer oceanic conditions and we could speculate that their increase is linked with
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warming of the North Sea. However, this investigation is preliminary and a spatial analysis of
the occurrence of those species in the North Sea would add insight on the observed
phenomenon.

The Kattegat and the Skagerrak is also considered an important area for herring by HAWG, it
supports both local spawning populations and is the major nursery ground for North Sea
herring. The impact of the higher saline inflows through this area into the Baltic Sea in recent
years on the resident herring populations is at present unknown. Studies presented to HAWG
in 2005 about the HERGEN (Bekkevold et al., 2005) project suggest that salinity may play a
role in the genetic integrity of local spawning components. A preliminary analysis made at the
WKHRPB (ICES 2007) was unable to find any climate signal on the recruitment of Western
Baltic herring although the time series is rather short. For all other pelagic fish stocks in the
Baltic area, a positive effect of a warm regime was evident although spawning stock biomass
seems to play a more critical role for regulating recruitment in most of the stocks with the
exception for stocks distributed in the gulfs (i.e. Gulf of Riga herring and Bothnian Bay
herring) (ICES 2007).

In the neighbouring Baltic Sea, the interactions between herring and sprat have been shown to
be very dynamic (Mollmann and Koster, 2002). A close association in food items predated
upon by those species has been recently shown, together with a clear density-dependent (i.e.
food limited) growth for both herring and sprat (Casini et al., 2006). Clupeid condition co-
varied with the changes in the weight of zooplankton in the stomachs, which further suggest
food competition being the main mechanism behind the changes in clupeid condition in the
Baltic Sea during the last two decades. This is the first evidence of food resource mediated
density-dependent fish growth in a large marine ecosystem (Casini et al., 2006). The
individual fish from the strong 2000 year class of herring in the North Sea have been smaller
in size and are less mature at age. This suggests that either slower-growing fish have survived
in that year class or that the ecosystem has failed to provide enough food to allow the full
potential growth for that cohort i.e. that food has been limiting for that cohort. This cohort
grew well up to 1 winter ring of age. However, the less abundant 2001-2004 year classes show
again average growth, tending to corroborate food limitation as the likely explaining factor for
growth rates variability also in the North Sea herring (ICES 2006/LRC:03). With the decline
in sandeel and other planktivorous fish, HAWG would support further studies into the feeding
interaction and spatial and temporal associations of herring, sprat, anchovy and pilchard
(sardine), especially in the light of the increase of the abundance of the latter southern species
in the area during the latest decade (ICES 2006/ACE:03).

Most herring fisheries deploy gear that is deployed clear of the seabed. The impact of gravel
extraction on the conservation and productivity of herring is still unclear, and there are
virtually no studies to provide evidence at present (ICES 2005/ACFM:18). The limited
evidence available at present records no incidences of cetacean mortality due to pelagic
trawling (0 catches observed out of 218 pelagic hauls by commercial trawlers from 1999-
2004). There are also very few other by-catches of fish, beyond the targeted fisheries of
herring, mackerel, horse mackerel and blue whiting.

No specific environmental signals were identified specifically by WGRED (CM
2006/LRC:03) to be considered in assessment or management of herring and sprat in this area
in 2006.

A possible link between ecosystem changes and the dynamic of North Sea herring might be
the yearly variation of age specific natural mortality. HAWG (2007) has evaluated the effect
of variable M (derived from MSVPA) on the historical dynamic of North Sea herring.
Estimates of SSB made using variable M were similar to those using fixed M (used in the
current assessment). However, and as expected, the use of variable M affected the perception
of recruitment and F of the juveniles (age 0-1). Recruitment was smaller except for 1990 to
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1995 year classes, while F (0-1) was slightly larger than with fixed M. The use of variable M
also changed the relationship between stock and recruitment, making it more similar to a
Beverton and Holt curve than previously believed. However, the largest changes appear for
the segmented regression where the SSB Break point is largely reduced using fixed M,
although the use of the segmented regression for estimating Blim has been recently questioned
(WKREF 2007). (Figure 1.8.1.2).

1.8.2 Celtic Seas

The western herring stocks assessed by HAWG are found in the Celtic Seas (Celtic Sea, Irish
Sea, Malin/Hebridean Shelf). There is less information on the hydrographic variability and
ecosystem dynamics in the Celtic Seas. WGRED appeared to concentrate on the Celtic Sea.

Celtic Sea

In the Celtic Sea, in terms of hydrographic variability, the Irish Shelf Front, that occurs to the
south and west of Ireland (at about 11°W) around the 150m isobath, and exists year-round, is
an important feature for the structure of the marine ecosystem in the area. The turbulence
caused by the front may bring nutrients from deeper water to the surface where it promotes the
growth of phytoplankton, especially diatoms in spring, but also dinoflagellates where there is
increased stratification. These may in-turn be fed on by swarms of zooplankton and associated
with these, aggregations of fish, like herring and sprat (Reid et al. 2003).

The WGRED report (ICES 2006/ACE:03) suggests that are indications of steady warming in
the area over recent years. Similar trends appear for salinity (ICES 2006/ACE:03).
Considering that Celtic Sea herring is the second most southerly population of herring
exploited in Europe, and this is an area of warming sea surface water, sea warming could
affect the recruitment of this pelagic species.

Variation of zooplankton abundance and species composition might affect feeding conditions
and mortality of juveniles and adults of both herring and sprat. Zooplankton monitoring data
are available from one station in waters about 50 m deep in the English Channel. These data
exhibited a decreasing trend from 1988 to 1995 but a recovery thereafter. This recovery was
mainly due to two autumn developing small species of copepod, Euterpina sp. and Oncaea sp.
In 1999 there was a decline in the zooplankton population, with the top ten species all below
their typical average values (apart from Temora and Corycaeus, which exhibited very little
variation) (ICES 2006/ACE:03). In 2000, 2001 and 2002 zooplankton population abundance
experienced a recovery reaching values comparable to those after 1995 (reported in ICES
Zooplankton Monitoring Status Summary 2001/2002). Data for 2004, 2005 and 2006 were not
yet available.

WGRED considered that in the Celtic Sea a key pelagic species here is herring as well as
sardine, in the southern area, and sprat, in the Celtic Sea proper. The area also accommodates
considerable stocks of argentines (two species) and large numbers of small mesopelagic
myctophids along the shelf break (ICES 2006/ACE:03).

Southward et al (1988) demonstrated that the abundance of herring Clupea harengus and
pilchard Sardina pilchardus occurring off the south-west of England closely corresponded
with fluctuations in water temperature. Sardine was generally more abundant and extended
further to the east when climate was warmer whilst herring were generally more abundant in
cooler times. This pattern has apparently been occurring for at least 400 years, and major
changes were noted in the late 1960s as waters cooled and spawning of sardine was inhibited.
In recent years herring populations have declined throughout the Celtic Seas ecoregion but are
unclear whether sardine have increased in abundance.
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Despite recent evidence from WESTHER and HERGEN that there is little genetic
differentiation between herring stocks, their phenotypic characteristics and population
dynamics are different. The Celtic Sea shows a very different pattern compared to both the
west of Scotland and the Irish Sea stock (ICES 2006/ACE:03) (see section 1.8.3).

No obvious environmental signals were identified by WGRED that should be considered in
assessment or management of herring and sprat in those areas. However, the major trends in
the ecosystem noted above (i.e. the steady warming of the area and the reduction of copepod
abundance) could play a major role to shape the dynamic of herring and sprat stocks in the
near future (ICES 2006/ACE:03).

1.8.3 Investigating Productivity

The North Sea herring is a long and well documented species in terms of its exploitation and
related collapses and recoveries (Cushing and Bridger 1966, Burd 1985, Nichols 2001,
Simmonds 2005). The main impact on its productivity was generally expected to be fishing,
although the environment may have a major impact as well. Each habitat or ecosystem is
assumed to have a carrying capacity which varies in time (Jennings et al. 2003). To account
for the influence of the ecosystem on the productivity of five different herring stocks (Tab.
1.8.3.1) two different methods were applied (Nash and Dickey-Collas 2005).

First the recruit per spawner ratio was calculated. High ratios were assumed to represent a
high production and low ratios a low production. These calculations formed the basis for the
detection of periods of high and low production of the stock.

The next step was to calculate the net and surplus production of the whole stock, including the
recruits and the growth of all non-recruits, the natural and the fishing mortality. To subtract
the influence of the spawning stock biomass a hockey stick and a Ricker stock recruitment
relationship were fitted to the data to obtain the residuals of the recruits of a given year. The
residuals were used to remove the year effect from the estimation of the stock size and to gain
the net production and the surplus production respectively without the effect of the SSB on the
number of recruits. The parameters used to fit the data from the different stocks are given in
Table 1.8.3.2.

The data used in this analysis was derived from the assessment outputs from the HAWG in
2006 (Table 1.8.3.1). All stocks the HAWG dealt with are used, except the Western Baltic
spring spawning herring (Illa herring). The time series of the Illa herring was assumed to be
too short to meet the requirements of the analysis used.

Calculation of the surplus production
Ps=Br+Bg-M

where Br is the biomass of the recruits, Bg the gain of biomass due to growth of all fish
excluding the recruits and M the natural mortality. The net production equals the surplus
production minus the fishing mortality (F).

The impact of a varying F was tested using the North Sea herring time series as an example
with both stock recruitment relationships adapted to the dataset.

All stocks showed highly variable production over time (Figures 1.8.3.1 and 1.8.3.2) that can
be seen both in the recruit per spawner as well as in the net and surplus production estimates
derived from the calculations that take the year effect into account. Except the Celtic Sea
herring, all stocks showed markedly changes in the average productivity between different
periods. However, these periods are not synchronized between the stocks. In the North Sea the
productivity increased markedly after the collapse in the late 70’s, supporting the recovery of
the stock. In the middle of the 80’s the productivity fell to the level before the collapse. In the
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last three years the productivity fell again (Figure 1.8.3.1). It is assumed, that without
decreasing the fishing impact on this stock a collapse will happen again. If the recovery will
be again supported by a high production due to good environmental conditions is doubtful.

The North Sea stock was also chosen to show the influence of different F on the outcome of
the two fitted stock recruitment relationships. The overall trend is a decrease both in net and in
surplus production with increasing F. Nevertheless the general pattern is still conserved.
Therefore, for all other stocks only the figures derived with an F of 0.25 are chosen.

The Irish Sea herring stock showed a marked decline in productivity during the late 70’s and
remained at a low level since then. This feature is represented in the recruit per spawner ratio
as well as in the net and surplus production (Figure 1.8.3.2a). The Celtic Sea herring stock had
a low productivity throughout the whole time series. However, the net and surplus production
is very noisy displaying neither clear trend nor a general low productivity (Figure 1.8.3.2b).
The VIa(N) herring stock showed a variable recruit to stock ratio without marked periods.
However, the net and surplus production seemed to present a period of high productivity in
average from the 60’s to the 90’s and a lower average in the recent decade (Figure 1.8.3.2¢).
The VIa(S) herring stock time series is shorter than the others. Therefore, general trends were
not apparent. Nevertheless a high production in the 70’s and 80’s was followed by a sharp
decline and a slow increase in the 90°s (Figure 1.8.3.2d).

Pelagic Regional Advisory Council [Pelagic RAC]

Members of HAWG have attended meetings of the pelagic RAC since its inauguration in 2005
and throughout 2006 and into 2007. HAWG considers the views of the Pelagic RAC as
important, and welcomes the formation of the forum to give stakeholders a role in the advisory
process. HAWG notes that the Pelagic RAC also has special members from outside the EU,
notably from Norway.

Most relevant documents from the Pelagic RAC to ICES and the European Commission about
herring assessment and management were available to HAWG through the meeting.

Stock overview

Analytical assessment could be carried out for three of these eleven stocks. Results of the
assessments are presented in the subsequent sections of the report and are summarized below
and in Figures 1.10.1 - 1.10.3.

North Sea autumn spawning herring is the largest stock assessed by this WG. It has
experienced very low spawning stock biomass levels in the late 1970s when the fishery was
closed for a number of years. This stock began to recover until the mid-1990s, when it
appeared to decrease again rapidly. A management scheme was adopted to halt this decline.
Following a period of good recruitment co-occurring with the new management measures,
SSB and the proportion of older fish in the stock increased. This gave the opportunity to
increase TACs and catch. The recent trends in SSB show that after a peak of 1.8 million
tonnes in 2004, the SSB in 2006 was 1.2 million tonnes. The current fishing mortality (F) is
0.35 and is well above the target F prescribed the management agreement. It is likely that the
stock will decline further close to By, by 2008. The decline in SSB is due to serial poor
recruitment since 2001 and a failure to fish at target F for the adults in the last few years. The
estimate for the most recent recruiting year class is the lowest since 1979 and the low
recruitment is caused during the larvae phase of the North Sea herring.

Western Baltic Spring Spawners (WBSS) is the only spring spawning stock assessed within
this WG. It is distributed in the eastern part of the North Sea, the Skagerrak, the Kattegat and
the Sub-Divisions 22, 23 and 24. Within the northern area, the stock mixes with North Sea
autumn spawners. An analytical assessment demonstrates that SSB has been slightly
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increasing or stable over a number of years. When compared to possible MSY target fishing
mortalities, it is likely that the current fishing mortality is too high. There is an indication of a
declining recruitment in recent years in the WBSS herring stock.

Celtic Sea herring: The herring fisheries to the south of Ireland in the Celtic Sea and in
Division VIIj have been considered to exploit the same stock. For the purpose of stock
assessment and management, these areas have been combined since 1982. The fishery in the
eastern part of the Celtic Sea was closed in the early eighties due to poor recruitment. In 2007,
HAWG carried out a benchmark assessment on the Celtic Sea herring. The exploration
showed that there is uncertainty in SSB, F and recruitment for last 3 years. However,
information from the catch shows an increasing trend in the mortality of the fish and a
contraction in age structure of the stock. Exploration with simpler models showed a decline in
biomass over the whole last 10 years. A Bayesian analysis suggests that the selection of the
fishery has changed over the last 10 years, and supported the perception that the current status
of SSB is uncertain, but probably at a low level. Analysis of recruitment patterns suggested
that no major regime shift has taken place in Celtic Sea herring productivity in the last 40
years.

West of Scotland herring was recently regarded as lightly exploited, but in 2006, the stock
was more heavily exploited than it has been since 1999. Earlier data indicate the possibility of
larger stock in the 1960s when the productivity of the stock was different from now. The stock
experienced a heavy fishery in the mid-70s following closure of the North Sea fishery. The
fishery was closed before the stock collapsed. It was opened again along with the North Sea.
In the mid 1990s there was substantial area misreporting of catch into this area and sampling
of catch deteriorated. Area misreporting was reduced to a very low level and information on
catch has improved, but in 2004 and 2005 misreporting increased again. In 2006, however,
there was no misreporting from IVa into VIa (N). In 2006 the dominant year classes were
1999 and 2000. It appears that the 2001 year class is not strong as was originally supposed, but
relatively weak. Recruitment seems to be low since 2001, but the level of recruitment at 1wr
in 2006 and 2007 is uncertain.

Herring in Vla south and VIIbc are considered to consist of a mixture of autumn- and
winter/spring-spawning fish. The winter/spring-spawning component is distributed in the
northern part of the area. The main decline in the overall stock since 1998 appears to have
taken place on the autumn-spawning component, and this is particularly evident on the
traditional spawning grounds in VIIb. The current levels of SSB and F are not precisely
known, as there is no tuned assessment available for this stock. There are no sign of stock
recovery in VIaS herring.

Irish Sea autumn spawning herring as comprises of two spawning groups (Manx and
Mourne). This stock complex experienced a very low biomass level in the late 1970s with an
increase in the mid-1980s after the introduction of quotas. The stock then declined from the
late 1980s to its present level. During this time period the contribution of the Mourne
spawning component has declined. In the past decade there have been problems in assessing
the stock. It seems likely that the stock has been relatively stable for the last 10 years, and that
the fishing mortality does not appear to be increasing above the recent average. The catches
have been low in recent years and the fishing activity has not varied considerably. There is
evidence of a contraction in the age structure of this stock. Recruitment is approximately
average for the period since the 1980s.

North Sea Sprat is the only sprat stock on which an assessment is carried out within this WG.
Sprat in the North Sea is a short-lived species. The recruits account for a large proportion of
the stock, and the fishery in a given year is very dependent on that year’s incoming year class.
The size of the stock has been variable with a large biomass in the early 90’s followed by a
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sharp decline. It is likely that the abundance of North Sea sprat is now less than in the last two
previous years.

Structure of the report

The report below, further details in each chapter the available information on the catch,
fisheries and biology of the stocks and then the stock assessments, the projections, the quality
of the assessments and management considerations for each stock. This information and
analysis are given in chapters for each of the seven major stocks considered by HAWG.
Despite this structure, it is important to realise that there are many links between the stocks
and/or areas (e.g. North Sea and herring caught in IIla, VIaN herring and the North Sea, Celtic
Sea and Irish Sea herring). Due to time constraints, not all the stock annexes were updated.

HAWG has adopted the ICES recommended procedure of benchmark and update assessments.
In 2006 HAWG carried out one benchmark assessment: Celtic Sea herring. North Sea
herring, VIaN herring, western Baltic spring spawning herring and North Sea sprat were all
update assessments in 2007. VIaS and Irish Sea herring were all exploratory assessments. No
exploration of IIla herring was carried out in 2007. Two stocks, with very poor data (no catch
at age sampling) and no current ongoing research are described in chapter 10. These are
Clyde herring and sprat in the English Channel.

Recommendations

Please see Annex 2.
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Table 1.5.1: Available disaggregated data for the HAWG per March 2007. X: Multiple
spreadsheets (usually .xIs); W: WG-data national input spreadsheets (xIs); D: Disfad inputs and

Alloc-outputs (ascii/txt)

Stock Catchyear Format Ci
X W D
Baltic Sea: llla and SD 22-24
her_3a22 1991-2000 X raw data, provided by Jargen Dalskov, Mar. 2001, splitting revised
1998 X provided by Jargen Dalskov, Mar. 2001, splitting revised
1999 X provided by Jargen Dalskov, Mar. 2001, splitting revised, catch data revised
2000 X provided by Jargen Dalskov, Mar. 2001
2001 X provided by Jgrgen Dalskov, Mar. 2002
2002 X provided by Jargen Dalskov, Mar. 2003
2003 X provided by Jargen Dalskov, Mar. 2004
2004 X provided by Lotte Worsge Clausen, Mar. 2005
2005 X provided by Lotte Worsge Clausen, Mar. 2006
2006 X provided by Mikael van Deurs, Mar. 2007
Celtic Sea and VIIj
her_irls 1999 X provided by Ciaran Kelly, Mar. 2000
2000 X provided by Ciaran Kelly, Mar. 2001
2001 D provided by Ciaran Kelly, Mar. 2002
2002 D provided by Ciaran Kelly, Mar. 2003
2003 D provided by Maurice Clarke, Mar. 2004
2004 D provided by Maurice Clarke, Mar. 2005
2005 D provided by Maurice Clarke, Mar. 2006
2006 D _provided by Maurice Clarke, Mar. 2007
Clyde
her_clyd 1999 X provided by Mark Dickey-Collas, Mar. 2000
2000-2003 included in ViaN
Irish Sea
her_nirs 1988-2003 X updated by SG HICS, March 2004
1998 X provided by Mark Dickey-Collas, Mar. 2000
1999 X provided by Mark Dickey-Collas, Mar. 2000
2000 X W provided by Mark Dickey-Collas, Mar. 2001
2001 X provided by Mark Dickey-Collas, Mar. 2002
2002 X provided by Richard Nash, Mar. 2003
2003 X provided by Richard Nash, Mar. 2004
2004 X provided by Beatriz Roel, Mar. 2005
2005 X provided by Steven Beggs, Mar. 2005
2006 X provided by Steven Beggs, Mar. 2006
North Sea
her_47d3, her_nsea 1991 X provided by Yves Verin, Feb. 2001
1992 X provided by Yves Verin, Feb. 2001
1993 X provided by Yves Verin, Feb. 2001
1994 X provided by Yves Verin, Feb. 2001
1995 X W D provided by Yves Verin, Feb. 2001, updated by SG Rednose, Oct 2003
1996 (X) W D provided by Yves Verin, Feb. 2001, updated by SG Rednose, Oct 2003
1997 (X) W D provided by Yves Verin, Feb. 2001, updated by SG Rednose, Oct 2003
1998 (X) W D provided by Yves Verin, Mar. 2000, updated by SG Rednose, Oct 2003
1999 W D provided by Christopher Zimmermann, Mar. 2000, updated by SG Rednose, Oct 2003
2000 W D provided by Christopher Zimmermann, Mar. 2001, updated by SG Rednose, Oct 2003
2001 W D provided by Christopher Zimmermann, Mar. 2002
2002 W D provided by Christopher Zimmermann, Mar. 2003
2003 W D provided by Christopher Zimmermann, Mar. 2004
2004 W D provided by Christopher Zimmermann, Mar. 2005
2005 W D provided by Christopher Zimmermann, Mar. 2006
2006 W__D_provided by Norbert Rohlf, Mar. 2007
West of Scotland (VIa(N))
her_vian 1957-1972  x provided by John Simmonds, Mar. 2004
1997 provided by Ken Patterson, Mar. 2002
1998 X provided by Ken Patterson, Mar. 2002
1999 W D provided by Paul Fernandes, Mar. 2000, W included in North Sea
2000 W D provided by Emma Hatfield, Mar. 2001, W included in North Sea
2001 W D provided by Emma Hatfield, Mar. 2002, W included in North Sea
2002 W D provided by Emma Hatfield, Mar. 2003, W included in North Sea
2003 W D provided by Emma Hatfield, Mar. 2004, W included in North Sea
2004 W D provided by John Simmonds, Mar. 2005, W included in North Sea
2005 W D provided by Emma Hatfield, Mar. 2006, W included in North Sea
2006 W_ D _provided by Emma Hatfield, Mar. 2007, W included in North Sea
West of Ireland
her_irlw 1999 X (W) provided by Ciaran Kelly, Mar. 2000
2000 X (W) provided by Ciaran Kelly, Mar. 2001
2001 D provided by Ciaran Kelly, Mar. 2002
2002 D provided by Ciaran Kelly, Mar. 2003
2003 D provided by Maurice Clarke, Mar. 2004
2004 D provided by Maurice Clarke, Mar. 2005
2005 D provided by Afra Egan, Mar. 2006
2006 D _provided by Afra Egan, Mar. 2007
Sprat in llla
spr_kask 1999 X (W) provided by Else Torstensen, Mar. 2000
2000 X (W) provided by Else Torstensen, Mar. 2001
2001 X (W) provided by Lotte Askgaard Worsge, Mar. 2002
2002 X (W) provided by Lotte Worsge Clausen, Mar. 2003
2003 X (W) provided by Lotte Worsge Clausen, Mar. 2004
2004 X (W) provided by Lotte Worsge Clausen, Mar. 2005
2005 X (W) provided by Lotte Worsge Clausen, Mar. 2006
2006 X (W) provided by Mikael van Deurs, Mar. 2007
Sprat in the North Sea
spr_nsea 1999 X (W) provided by Else Torstensen, Mar. 2000
2000 X (W) provided by Else Torstensen, Mar. 2001
2001 X (W) provided by Lotte Askgaard Worsge, Mar. 2002
2002 X (W) provided by Lotte Worsge Clausen, Mar. 2003
2003 X (W) provided by Lotte Worsge Clausen, Mar. 2004
2004 X (W) provided by Lotte Worsge Clausen, Mar. 2005
2005 X (W) provided by Lotte Worsge Clausen, Mar. 2006
2006 X_(W) provided by Mikael van Deurs, Mar. 2007
Spratin Vild & e
spr_ech 1999 X (W) provided by Else Torstensen, Mar. 2000
2000 X (W) provided by Else Torstensen, Mar. 2001
2001 X (W) provided by Lotte Askgaard Worsge, Mar. 2002
2002 X (W) provided by Lotte Worsge Clausen, Mar. 2003
2003 X (W) provided by Lotte Worsge Clausen, Mar. 2004
2004 X (W) provided by Lotte Worsge Clausen, Mar. 2005
2005 X (W) provided by Lotte Worsge Clausen, Mar. 2006
2006 X _(W) provided by Mikael van Deurs, Mar. 2007
National Data
Germany: Western Baltic ~ 1991-2000 X provided by Tomas Grohsler, Mar. 2001 (with sampling)
Germany: North Sea 1995-1998 w provided by Christopher Zimmermann, Mar 2001 (without sampling)
Norway: Sprat 1995-1998 w provided by Else Torstensen, Mar 2001 (without sampling)
Sweden 1990-2000 w provided by Johan Modin, Mar 2001 (without sampling)
UK/England & Wales 1985-2000 X database output provided by Marinelle Basson, Mar. 2001 (without sampling)
UK/Scotland 1990-1998 w provided by Sandy Robb/Emma Hatfield, Mar. 2002
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Table 1.7.1: Sampling of the pelagic fleet by country, quarter and area for the North Sea (area V)
and area VIId. No. trip = number of trips. Total hauls = total number of hauls sampled. Herring
hauls = total number of hauls sampled with herring catches (landings and/or discards) on a
discard observer trip.

2006 COUNTRY QUARTER AREA NO. TRIPS ~ TOTAL HAULS ~ HERRING HAULS
Scotland 1 IVa 6 19 6
Scotland 2 IVa 3 4 4
Netherlands 3 Iva,IVb 38
Netherlands 3 IVa 54
Scotland 3 IVa 11 26 26
Scotland 4 IVb 13 39 3
Netherlands 4 Vild - 33

this table is based on the information available at the HAWG. It should not be regarded as a complete list of all
biological samples taken in the pelagic fleet. The samples taken by The Netherlands are obtained from 11 trips.

Table 1.7.2 Sampling of the pelagic fleet by country, quarter and area for the remaining areas
covered by the national sampling programmes within HAWG. No. trip = number of trips. Total
hauls = total number of hauls sampled. Herring hauls = total number of hauls sampled with
herring catches (landings and/or discards) on a discard observer trip.

2006 COUNTRY QUARTER AREA NO. TRIPS  TOTAL HAULS  HERRING HAULS
Scotland 1 Via 7 19 2
Scotland 3 Via 3 8 8
Germany 1 ViaN 1 1 1
Netherlands 1 VIlj, Vllc 28
Netherlands 1 VIIj, Vlic,Vilb 32
Netherlands 1 Vllb, Vlih, 33

Vilj, Villa
Netherlands 2 Via 35
Netherlands 2 Villa 6
Netherlands 2 Vla, IVa,Vb1 53
Netherlands 3 Iva, Via, VIib,Vlle,VIlj 39
Netherlands 4 VIld, Vlle, Vilh 40

* this table is based on the information available at the HAWG. It should not be regarded as a complete list of
all biological samples taken in the pelagic fleet. The samples taken by The Netherlands are obtained from 11
trips.
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Table 1.5.3.1: General sampling characteristics of the Dutch port sampling program over the years
2004, 2005 and 2006, all quarters and divisions combined.

2004 2005 2006
Number of samples 163 136 136
Number of fish aged 4050 3400 3400
Median age (IQR) 5(4-6) 565-7 4(4-6)
Average weight (SD) 187 (77) 213 (79) 190 (64)
(grams)
Landing weight 159 038 152 488 110 404
(tonnes)

Table 1.5.3.2: Results of the bootstrap algorithm to estimate precision in numbers-at-age as
applied to CS herring landings in Ireland in 2006.

CS Herring 2006 Q1 (analysis id 36)

arne mean num min num max num cv num
1 F099566 2633281 15020064 2735
2z 14430365 1276827 18117289 .16
3 1431651 1122161 1657861 6.22
4 8929221 7082874 10602603 f.14
5 3426586 2117355 4527563 105
G 1161752 5659975 1602919 14.71
i 186414 66192 308662 20.33
CS Herring 2006 Q3 (analysis id 52)
age mean num min num max num cv hum
1 253766 120043 356106 14.42
2 9713009 5162143 12682446 11.38
3 4640709 3513891 5192945 5.35
4 1646663 1372748 1926113 5.32
5 3570583 2672145 4460396 7.56
6 1433178 9392638 2352245 13.92
i 582711 294003 1481647 31.54
i 105343 22056 411620 60.45
9 43957 7993 157754 55.55
11 9238 1651 33908 52.81

CS Herring 2006 O4 (analysis id 32)

age mean num min num max num  Cv¥ num
0 13361 7113 52135 51.74
1 829905 633386 1038518 .05
2 11601521 9088740 13499252 6.05
3 3004161 2500185 3341010 4,39
1 655337 410789 1005532 14.85
] 1548625 1037762 2230587 12.75
b 614223 319570 1062886 20.45
7 196611 87246 376347 2553
8 27034 14942 52978 24.76
9 8099 572 25594 57.95
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Table 1.5.3.3: Results of the bootstrap algorithm to estimate precision in numbers-at-age as
applied to NW herring landings in Ireland in 2006.

NW Herring 2006 Q1 (analysis id 50)

age mean num min num max num  Cv¥ num
2 905576 478885 1458279 17 8
3 20332250 12820605 29427317 10.66
1 19160703 18134865 20227194 1.68
5 14591315 13041387 16136608 2.92
b 639604 3 4186431 7979064 7.61
7 1718249 fI8715 2380277 12.36
8 597265 179377 958553 17.75
9 190492 50673 363675 22.28
10 79568 16130 203110 3r.A

NW Herring 2006 Q4 (analysis id 49)

afe mean num min num max hum v num
1 599724 144769 1366649 32.06
2 21329275 13423887 30397002 13.61
3 17330775 13608268 19742328 4.29
1 10556765 8390400 12088730 5.66
5 7639251 5581843 10284265 10.34
b 2293685 1337493 3631527 16.07
7 668239 357452 1156314 18.77
8 175821 63514 3905741 292
9 37275 6336 95029 37.45

Table 1.8.3.1 : Time series used in the analysis.

Stock Length of the time series Age of recruits Source

North Sea 1947-2005 1 ICES 2006
Irish Sa 1962-2005 1 ICES 2006
Celtic Sea 1959-2005 1 ICES 2006
VIa(N) 1959-2005 1 ICES 2006
VIa(S) 1971-2004 1 ICES 2006

Table 1.8.3.2: Parameters for the hockey stick and the Ricker stock recruitment relationship used
in the analysis.

Hockey stick Ricker
Stock a B o B
North Sea 49.10506 0.879536 63.43208 0.49090
Irish Sa 34.28372 0.005509 15.81970 18.46749
Celtic Sea 7.36974 0.058526 10.25259 8.26308
VIa(N) 4.84980 0.622325 5.53721 0.49954

VIa(S) 6.22671 0.119607 9.33552 4.46681
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Fig 1.5.3.1. Observed CV of weight-at-age in relation to the number of fish sampled per age class
as derived from the Swedish port sampling program in 2006.
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Fig 1.5.3.2. Schematic outline of the Dutch port sampling scheme for commercial herring landings.
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Figure 1.5.3.3. Estimates of numbers-at-age together with their (relative) standard error as derived

from the Dutch port sampling program in 2004.
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Figure 1.5.3.4. Estimates of numbers-at-age together with their (relative) standard error as derived
from the Dutch port sampling program in 2005.
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Figure 1.8.1.2. North Sea herring stock to recruit relationship (with Ricker curve) for the time
series 1960-2006 from the standard assessment using a annual fixed M that varies by age and an
annually varying M from the ICES multispecies working group.
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Figure 1.8.3.1: The net and surplus production of the original data output of ICA final run 2006
and the hockey stick and the Ricker stock recruitment relationship adjusted to calculate the
residuals of the recruits of each year used as a weighing factor for the calculation of the net and
surplus production assuming different F; The recruit per spawner ratio is shown for comparison.
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Figure 1.8.3.2: Recruit per spawner from the original ICA output 2006 and the hockey stick and
the Ricker stock recruitment relationship adjusted to calculate the residuals of the recruits of each
year used as a weighing factor for the calculation of the net and surplus production assuming a F
of 0.25 for the Irish Sea, the Celtic Sea, the Vla(N) and the Vla(S) herring stock.
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Figure 1.10.1 WG estimates of catch (yield) of the stocks presented in HAWG 2007.
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Figure 1.10.2: Spawning stock biomass estimates of the 3 stocks for which assessments were
presented in HAWG 2007. The By, level (if defined) is indicated in the graphs.
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Figure 1.10.3 Estimates of mean F of the 3 stocks for which analytical assessments were presented
in HAWG 2007. The Fp, level (if defined) is indicated in the graphs.
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North Sea Herring

2.1

The Fishery

2.1.1 ACFM advice and management applicable to 2006 and 2007

According to the management scheme agreed between the EU and Norway, adopted in
December 1997 and last amended in November 2004, efforts should be made to maintain the
SSB of North Sea Autumn Spawning herring above 800 000 tonnes. An SSB reference point
of 1.3 million has been set (=B,,) above which the TACs will be based on an F= 0.25 for adult
herring and F= 0.12 for juveniles. If the SSB falls below 1.3 million tonnes, the fishing
mortality will have to be linearly reduced. A TAC deviation of more than 15% between two
subsequent years should be avoided, however, the TAC might be reduced by more than 15% if
the parties consider this appropriate.

Since 2002, the SSB is considered to have been above By. From then on, ACFM gave
fleetwise catch option tables for fishing mortalities within the constraints of the EU-Norway
management scheme. The advice for a sub-TAC on catches in IVc and VIId for 2004 was that
it should not increase faster than the TAC for the North Sea as a whole. ACFM thought that a
share of 11% on the total North Sea TAC (average share 1989-2002) would be an appropriate
guide to distributing the harvesting of Downs herring.

It was expected at that time that fishing at the recommended level would lead to a further
increase in the SSB in the short term, mainly due to large recruiting year classes entering the
fishery. ACFM considered in 2006 that there were four recruiting year classes (2002, 2003,
2004 and 2005) that were all well below average. Last year ACFM offers options of 15 % to
25 % varying TACs to managers, taking into account an increased risk that the stock may fall
below the 1.3 mill. tonnes in the medium-term if the rule of 15 % constraint on TAC variation
is applied.

The final TAC adopted by the management bodies for 2006 was 454 800 t for Area IV and
Division VIId, whereof not more than 50 000 t should be caught in Divisions 1\VVc and VIId.
For 2007, the TAC was reduced by 25 % to 341 100 t (37 517 t in Divisions IVc and VIId).

Catches of herring in the Thames estuary are not included in the TAC. The by-catch ceiling set
for fleet B in the North Sea was 42 500 t for 2006 and was decreased by 25% to 31 900 t for
2007. As North Sea autumn spawners are also caught in Division Illa, regulations for the
fleets operating in this area have to be taken into account for the management of the WBSS
stock (see Section 3). For a definition of the different fleets harvesting North Sea herring see
the stock annex and Section 2.7.2.

Following the apparent recovery of the autumn spawning North Sea herring, some regulatory
measures were amended in 2004: The total Norwegian quota and half of the EU quota for
Division Illa could be taken in the North Sea. A licence scheme introduced in 1997 by
UK/Scotland to reduce misreporting between the North Sea and VIaN was relaxed. The
minimal amount of target species in the EU industrial fisheries in Illa has been reduced to 50
% (for sprat, blue whiting and Norway pout). Since 2005, for Division Illa, Norway could
only take half of its quota in the North Sea, and there is no flexibility for EU vessels. These
amendments were kept for 2006. For 2007, Norway could take 40 % of the Illa quota in the
North Sea.
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2.1.2 Catches in 2006

Total landings and estimated catches are given in the Table 2.1.1 for the North Sea and for
each Division in Tables 2.1.2 to 2.1.5. Total working group catches per statistical rectangle
and quarter are shown in Figures 2.1.1 a - d, the total for the year in Figure 2.1.1e. Each nation
provided most of their catch data (either official landings or working group catch) by
statistical rectangle.

The catch figures in Tables 2.1.1 - 2.1.5 are mostly provided by WG members and may or
may not reflect national catch statistics. These figures can therefore not be used for legal
purposes. For corrections applied to and inconsistencies in previous year’s data see Section
2.2.3. Denmark and Norway provided information on by-catches of herring in the industrial
fishery. These are taken in the small-meshed fishery (B-fleet) under an EU quota by Denmark
and are included in the A-fleet figures for Norway. Catch estimates of herring taken as by-
catch by other small-mesh fisheries in the North Sea may be an underestimate. The total catch
in 2006 as used by the Working Group amounted to 510 600 t.

Total herring catches (including industrial catches as well) by area are stable in the most
recent year in Division IVa (East) (+ 3 %) and IVb (almost no change). Catches decreased in
IVa (West) by 31 % (after an increase of 40 % in 2005) and by 24 % in the southern North Sea
(Division IVc and VIId).

Landings of herring taken as by-catch in the Danish small-meshed fishery in the North Sea
have decreased by 45 % to 11 900 t as compared to last year (Table 2.1.6). These industrial
herring catches were much lower than the by-catch ceiling set by the EU (42 500 t). In 20086,
the Danish sprat fishery was carried out throughout the year with by-catches of herring of
about 7 % (8 983 t; by-catch 2005: 9%). In the Norwegian industrial fishery, herring by-catch
is almost the same in 2006 (961 t), compared to 998 t last year. The relative small proportion
of herring by-catch could be influenced by the closure of the Norway pout fishery. The
quarterly distribution of herring by-catches in the Norwegian industrial fishery and its relative
share on the total industrial landings are given in the text table below. These figures are
counted against the human consumption quota.

QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4 ToTAL
49t 314t 27t 571t 961t
26 % 0.7 % 0.1% 29% 0.8 %

There is not much information on misreporting of landings taken in the North Sea but reported
from other areas available. Misreporting within the North Sea accounts to 18 800 t.

Based on WG estimates of total catch, TACs for the human consumption fishery in Subarea
IV and Division VIId have been greatly exceeded for several years. This appears to have
continued in 2006, but on a somewhat lower level. Catches in the human consumption fishery
have reduced to 498 000 t (decreased by 19 %) in 2006, so the excess over the TAC for the
human consumption fishery amounted to 43 000 t (9 %) in the most recent year.

The total catch in the North Sea was 510 600 t, the TAC was set to 497 300 t (HC and
industrial fishery). The over catch of total TAC in 2006 amounted to 13 300 t (< 3%). While
the TAC in southern North Sea and the Eastern Channel was met well in 2004 and 2005, there
is an over catch in 2006 of 6 600 t in this area (13 %). So misreporting is likely to be spread
equally between the areas in the North Sea.

The total North Sea TAC excess for the years 1995 to 2006 is shown in the table below
(adapted from Table 2.1.6). Since the introduction of yearly by-catch ceilings in 1996, these
ceilings have never been exceeded.
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YEAR 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
TAC HC (‘000 t) 156 159 254 265 265 265 265 400 460 535 455
“Official” landings HC (‘000 t)* 170 162 253 275 267 275 282 414 484 547 478
Working Group catch HC (“000 t) 196 226 324 318 328 303 331 438 537 617 498
Excess of landings over TAC HC (000 t) 40 67 70 53 63 38 66 38 77 83 43
By-catch ceiling (000 t) 3 44 24 22 30 36 36 36 52 38 50 42
Reported by-catches (‘000 t)* 38 13 14 15 18 20 22 12 14 22 12
Working Group catch North Sea (‘000 t) 233 238 338 333 346 323 353 450 550 639 511

2.2

HC = human consumption fishery

1" Official” landings might be provided by WG members; they do not in all cases correspond to official catches
and cannot be used for management purposes. Norwegian by-catches included in this figure.

Zfigure altered in 2000 on the basis of a re-evaluation of misreported catches from Vla North.
% by-catch ceiling for EU industrial fleets only, Norwegian by-catches included in the HC figure.
* provided by Denmark only.

Biological composition of the catch

Biological information (numbers, weight, catch (SOP) at age and relative age composition) on
the catch as obtained by sampling of commercial catches is given in Tables 2.2.1 to 2.2.5.
Data are given for the whole year and by quarter. Except in cases where the necessary data are
missing, data are displayed separately by area for herring caught in the North Sea, Western
Baltic spring spawners (only in IVaE), and the total NSAS stock, including catches in
Division Illa.

Biological information on the NSAS caught in Division Illa was obtained using splitting
procedures described in Sec. 3.2 and in the stock annex 2. Note that splitting was only applied
to the working group catch, following the correction of area misreporting.

The Tables are laid out as follows:

Table 2.2.6: Total catches of NSAS (SOP figures), mean weights and numbers-at-age by
fleet

Table 2.2.7: Data on catch numbers-at-age and SOP catches for the period 1991-2006
(herring caught in the North Sea)

Table 2.2.8: WBSS taken in the North Sea (see below)
Table 2.2.9: NSAS caught in Division Illa
Table 2.2.10: Total numbers of NSAS

Table 2.2.11: Mean weights-at-age, separately for the different Divisions where NSAS are
caught, for the period 1996 — 2006.

Note that SOP catch estimates may deviate in some instances slightly from the working group
catch used for the assessment.

2.2.1 Catch in numbers-at-age

The total number of herring taken in the North Sea and the total number of NSAS have
decreased by 30 % (to 3.7 billion fish) and by 25 % (to 3.8 billion fish), respectively, as
compared to last year. 0- and 1-ringers contributed 25 % of the total catch in numbers of
NSAS in 2006 (Table 2.2.7). 0- and 1-ringer catch has decreased by 10 % and almost 80 %,
respectively, as compared to 2005. Figure 2.2.1. shows the relative proportions of the total
catch numbers for different periods. The catches contain more than 50 % of the age group 4+
winter ringers. This is consistent in all area in the North Sea. Catches are still dominated by
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the 2000 year class, but the catches also show larger quantities of O ringers. In area 1\VVc and
VIld, 0 and 1-winter ringers accumulate only to less than 10 % in the catch.

The following table summarises the total catch in tonnes of North Sea autumn spawners. To
arrive at the total catch of NSAS, splitting of the catch into NSAS and Western Baltic Spring
Spawners has to be done in Divisions Illa and IVaE. WBSS from the North Sea are then
subtracted and NSAS from Illa added to the total NSAS catch figure. The final total catch
used for the assessment of NSAS in 2006 was 515 000 tonnes:

AREA ALLOCATED UNALLOCATED DisCARDS ToTAL
1Va West 243 559 10981 1492 256 032
1Va East 102 628 - 102 628
1Vb 92 996 2 364 95 360
1Ve/VIld 51178 5419 - 56 597
Total catch in the North Sea 510 617
Autumn Spawners caught in Division Illa (SOP) 15015
Baltic Spring Spawners caught in the North Sea (SOP) -10 953
Other Spring Spawners -65
Total Catch NSAS used for the assessment 514 614

“Other spring spawners” are 65 t of Blackwater herring caught under a separate quota and
included in the catch figure for England & Wales. This year no spring spawners were reported
from the commercial catch taken in other areas of the Western North Sea (see Sect. 2.2.
below).

2.2.2 Spring-spawning herring in the North Sea

Norwegian Spring-spawners and local fjord-type spring spawning herring are taken in
Division IVa (East) close to the Norwegian coast under a separate TAC. These catches are not
included in the Norwegian North Sea catch figures given in Tables 2.1.1 to 2.1.6, but are listed
separately in the respective catch tables. The amount of these catches varied significantly
between less than 626 t in 2005 and 55 000 t in 1997. Coastal Spring Spawners in the southern
North Sea (e.g. Thames estuary) are caught in small quantities (usually less than 100 t)
regulated by a local TAC. The Netherlands reported increasing catches of spring spawners in
the Western Part of the North Sea in some years, which were included in the national catch
figures and subtracted from the total catch used for the assessment of NSAS, but in the last
three years no spring spawners were reported from routine sampling of commercial catch
taken in the west.

Western Baltic and local Division Illa Spring-spawners (WBSS) are taken in the eastern North
Sea during the summer feeding migration (see stock annex 2 and section 3.2.2). These catches
are included in Table 2.1.1 and listed as Illa type. Table 2.2.8 specifies the estimated catch
numbers of WBSS caught in the North Sea, which are transferred from the North Sea
assessment to the assessment of Division Illa/Western Baltic in 1991-2006.

The method of separating these fish, using vertebral counts as described in former reports of
this Working Group (ICES 1991/ACFM:15), is given in detail in Section 3.2.2.1 and in stock
annex 2. The source for the splitting were samples taken from Danish and Norwegian catches,
obtained in all quarters. The mean vertebral counts for herring 2-ringers, 3-ringers, and 4+-
ringers caught in the 2" and 3™ quarter in the transfer area are given in Figure 2.2.2. Details
for the splitting procedure are given in section 3.2.2.1 The resulting proportion of spring
spawners and the quarterly catches of these in the transfer area in 2006 were as follows:
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QUARTER 1- 2- 3- 4+- CATCH IN THE CATCH OF WBSS IN THE
RINGERS RINGERS RINGERS RINGERS TRANSFER AREA (t) NORTH SEA (t)
(%) (%) (%) (%)
Q1 50 % 23% 25% 2% 4951 249
Q2 28 % 36 % 53 % 57 % 13 055 7214
Q3 14 % 3% 74 % 62 % 3687 2203
Q4 3% 74 % 62 % 26 % 4 857 1288
total 26 551 10 953

The quarterly age distribution and mean weight-at-age in sub-division 1Va East was applied to
the catches of the first, second, third, and fourth quarter in the transfer area. The numbers of
spring spawners by age were obtained by applying the estimated proportion by age.

2.2.3 Data revisions

The result of the splitting procedure in 2006 for the transfer area is also known to contain a
small bug in terms of tonnage. This was estimate to be below 0.5 %, therefore the table was
not updated after this failure was recognized. This will be done in next years assessment.

There were two revisions to the historic catch data time series carried out this year. An
incorrect allocation of fish to the plus group in the Dutch catches in 2004 and 2005 affected
the age distribution in both years. In 2006, new sources of information on catch misreporting
from the UK became available. This information was associated with a stricter enforcement
regime that may be responsible for the lack of area misreporting between area IV and VIa(N)
in 2006 (see also section 5.1.3). In light of this new information on misreporting a
readjustment of catch figures was necessary from 2001 to 2004. The resulting changes to the
catch in numbers, catch in tonnes and the mean weights at age in the catch are documented in
Table 2.2.13.

2.2.4 Quality of catch and biological data, discards

As in previous years, some nations provided information on misreported and unallocated
catches of herring in the North Sea and adjacent areas. Catches made in Division 1VVa were
mainly misreported to Division Vla, Illa and lla, but misreporting also occurred from llla to
IVa, within Area IV, and from Division VIId to IVb. The Working Group catch, which
includes estimates of discards and misreported or unallocated catches (see Section 1.5), was
estimated to exceed the official catch by 3 %. It is likely that this figure is an underestimate as
it only includes information from a fraction of the fleets fishing herring in the North Sea, as an
analysis conducted in 2002 indicated (ICES 2002/ACFM:12). This corroborates suggestions
of the Study Group for Herring Assessment Procedures (ICES 2001/ACFM:22), that a
important uncertainty of the total catch figure exists since the re-opening of the fishery in
1980.

Information on discards is rare in 2006. The final figure for discards as used in the assessment
was 1 492 t, based on the raised discards for one fleets. As discards are likely to occur in all
nation’s fisheries, this figure is certainly an underestimate. Discard data has not been
consistently available for the whole time series and was only included in the assessment when
reported. Estimates of discards in the Dutch fleet are in the order of 5 000 t per year, but
cannot be split between area IV and VIaN. These are not included in the assessment.

The European Union implemented a new sampling regime in 2002, obliging member states to
meet specified overall sampling levels. However, the sampling of commercial landings in
2006 for herring length and weight measured has decreased by 25 % when compared to 2005,
while the number of age readings has increased by 50 % (Table 2.2.12). Only 79 % of the total
catch was sampled in 2006 (2005: 95 %). It should be observed that “sampled catch” in Table
2.2.12 refers to the proportion of the reported catch to which sampling was applied. This



2.3

54 ICES HAWG Report 2007

figure is limited to 100 % but might in fact exceed the official landings due to sampling of
discards, unallocated and misreported catches.

However, more important than a sufficient overall sampling level is an appropriate spread of
sampling effort over the different metiers (each combination of fleet/nation/area and quarter).
Of 107 different reported metiers, only 39 were sampled in 2006. Some of them, however,
yielded very little catch. The recommended sampling level of more than 1 sample per 1 000 t
catch has been met only for 19 metiers (2005:14). For age readings (recommended level >25
fish aged per 1 000 t catch) this is also worse: only 21 metiers appear to be sampled
sufficiently (2005: 17). The catch of France, UK/England and Wales, Sweden, UK/Northern
Ireland, the Faroe Islands and Belgium from the North Sea has not been sampled. Information
on catches landed abroad was again not available or could not be used. While it is known that
by-catches of herring in other than the directed human consumption fisheries occur, most
countries have not implemented a sampling scheme for monitoring these fisheries.

The WG recommends that all metiers with substantial catch should be sampled (including by-
catches in the industrial fisheries), and that catches landed abroad should be sampled and
information on these samples should be made available to the national laboratories (see
Section 1.5).

Fishery Independent Information

2.3.1 Acoustic Surveys in VIa(N) and the North Sea in July 2006

Five surveys were carried out in the North Sea during late June and July 2006 covering most
of the continental shelf north of 51°30°N in the North Sea and 56°N to the west of Scotland to
a northern limit of 62°N. The eastern edge of the survey area is bounded by the Norwegian,
Danish, Swedish, German and Dutch coasts. The western edge is bounded by the UK coast
and by the shelf edge at approximately 200 m depth. The individual surveys and the survey
methods are given in the report of the Planning Group for Herring surveys (ICES
2007/LRC:04). The vessels, areas and dates of cruises are given in Table 2.3.1.1 and in Figure
2.3.1.1.

The data has been combined to provide an overall estimate of numbers-at-age, maturity ogive
and mean weights-at-age are calculated as weighted means of individual survey estimates by
ICES statistical rectangle. The weighting applied is proportional to the survey track for each
vessel that has been covered in each statistical rectangle.

Combined Acoustic Survey Results for the North Sea:

The estimate for North Sea autumn spawning herring is shown in Table 2.3.1.2. The estimates
of SSB are reasonably consistent with previous years, at 2.1 million tonnes and 11,830 million
herring (Table 2.3.1.2). The survey again shows two well-above average year classes of
herring (1998 and 2000), followed by smaller year classes.

The abundance of the 2004 year class which is seen in this survey for the first time is similar
in magnitude to the 2001-2003 year classes. Growth of the 2000 year class seems still to be
slower than average; individuals of this year class have almost the same mean length and
weight as those one year younger (2001 year class).

The spatial distribution of the abundance (numbers and biomass) of autumn spawning herring
are shown in Figure 2.3.1.2. The distribution of numbers by age is shown in Figure 2.3.1.3 for
1ring, 2 ring and 3+ ring autumn spawning herring. The survey provides estimates of maturity
and weight at age: the mean weight at age for 1 and 2 ring herring along with the proportion
mature for 2 and 3 ring herring are shown in Figure 2.3.1.4. The spatial distribution of mature
and immature autumn spawning herring is shown in Figures 2.3.1.5 & 2.3.1.6 respectively.
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The acoustic survey estimates for 2005 have been revised following checks in PGHERS
(ICES 2007). The new values are given in Table 2.3.1.3, and the changes expressed as a
percentage in Table 2.3.1.4. Changes to estimated SSB are about +3% in total.

The time series of abundance for North Sea autumn spawners, including changes to the 2005
estimate, are given in Table 2.3.1.5.

Reference

ICES 2007 Report of the planning group for herring surveys, ICES CM2007/LRC:04.

2.3.2 Larvae surveys

In 2006/07 the Netherlands and Germany carried out larvae surveys and managed to cover
seven out of ten areas described in the protocol. The survey effort was comparable to previous
years. The areas and time periods (including numbers of samples, vessel-days in sampling and
area coverage) are given in Table 2.3.2.1 and Table 2.3.2.2. The spatial extent of the surveys is
shown in Figures 2.3.2.1 — 2.3.2.7. The historical background of the larvae surveys and the
methods used for abundance calculation are described in the handbook for quality control
(Appendix 2). A more detailed description is available in the manual for the international
herring larvae surveys in the North Sea (ICES CM 2005/LRC: 04).

In 2006 the Orkney/Shetland area was covered in both periods. In the first period a high
number of larvae were observed west and northeast of the Orkney Islands (Figure 2.3.2.1).
This is the first time that this period has been surveyed in the last 11 years. The total
abundance therefore is not really comparable to previous years. Apart from 1989, the current
estimate was similar to those in the late 1980’s, when this period was last fully surveyed. In
the second period the distribution was comparable to the years before with aggregations in the
North and East of the Orkney Islands and South off the Scottish coast (Figure 2.3.2.2).
Although the overall abundance showed large fluctuations during the last decades, the 2006
value followed the declining trend of the last two years and represented the lowest value since
1996 (Table 2.3.2.3).

In the Buchan area (Figure 2.3.2.3) the larvae were concentrated at only two stations resulting
in a low abundance estimate at 20% of the previous year value (Table 2.3.2.3).

The abundance in the Central North Sea decreased to 50% of the previous year estimate
(Figure 2.3.2.4, Table 2.3.2.3).

Abundance estimates from the three surveys in the Southern North Sea resulted in a high
index value, and in contrast to the downward trend in the previous year showed an increasing
trend again (Tab. 2.3.2.3). The peak of the spawning activity appeared to shift towards the end
of December, although the value was mainly driven through one station. Larvae were almost
exclusively found in subdivision VIId (Figures 2.3.2.5-7).

The trends in the four survey areas are very different (Figure. 2.3.2.8) with an increase in the
South and decline in the Central North Sea.

The model for the Multiplicative Larval Abundance Index (MLAI) was fitted to abundances of
larvae less than 10 mm in length (11 mm for SNS). The analysis of variance and the parameter
estimates are given in Table 2.3.2.4. The updated MLAI time-series is shown in Table 2.3.2.5.
The estimated trend in spawning stock biomass from this model fit is plotted in Figure 2.3.2.9
along with the SSB values obtained from the ICA runs of the Herring Assessment Working
Group.
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Both the LAI per unit as well as the MLAI from the larvae surveys in period 2005/2006
indicate that the SSB has decreased considerably when compared to last years WG estimate
(Table 2.3.2.5).

2.3.3 International Bottom Trawl Survey (IBTS)

The International Bottom Trawl Survey (IBTS) started out as a young herring fish survey in
1966 with the objective of obtaining annual recruitment indices (abundance of 1-ringers in 1%
quarter) for the combined North Sea herring stock. It has been carried out every year since,
and presently the survey provides recruitment indices not only for herring, but for roundfish
species as well. Examinations of the catch of adult herring during the 1% quarter IBTS have
shown that this catch also indicates abundances of 2-5+ herring. During night-time on the
IBTS 1% quarter, additional sampling of herring larvae (0-ringers) is carried out by small, fine-
meshed nets. From 1977 to 1991 the gear was a small mid-water trawl (IKMT), but due to
poor catchability of this gear, the standard gear was changed to a 2 metre ring net (MIK), used
since the 1991 sampling. The total abundance of herring larvae in the survey area is used as an
estimate of 0-ringer abundance of the stock. Hence, a series of herring abundance indices (0-
5+ ringers) are available from the IBTS programme.

2.3.3.1 Indices of 2-5+ ringer herring abundances

Fishing gear and survey practices were standardised from 1983, and the series of 2-5+ ringer
abundance estimates from 1983 onwards has shown the most consistent results in assessments
of these age groups. This series is subsequently used in North Sea herring assessment. Note
that the abundances in Division Illa are not included in these 2-5+ ringer indices. The IBTS
time series of indices has been revised and Table 2.3.3.1 shows the new time-series of
abundance estimates of 2-5+ ringers from the 1% quarter IBTS for the period 1983-2007, while
Table 2.3.3.2 contains area-disaggregated information on the IBTS indices for year 2007. This
years indices are outstandingly low; the WG investigated this, but did not find any other
reason than low abundances in the survey.

2.3.3.2 Index of 1-ringer recruitment

The 1-ringer index of recruitment is based on trawl catches in the entire survey area. The time
series of indices has been revised and a new series are available for year classes 1977 to 2005
(Table 2.3.3.3). This year’s estimate of the 2005 year class strength (1336) indicates a low
recruitment, however higher than the preceding three year classes

Figure 2.3.3.1 illustrates the spatial distribution of 1-ringers as estimated by the trawling in
February 2005, 2006 and 2007. In 2007 the main concentrations of 1-ringers were found in the
areas of Great Fisher Bank, northern Dogger Bank, and in coastal areas of Kattegat. The
concentrations in the North Sea are more offshore than observed the preceding years. The
mean length of 1-ringer herring in the areas of peak abundance is in the order of 15 cm (Figure
2.3.3.2).

The Downs herring hatch later than the autumn spawned herring and generally appears as a
smaller sized group during the 1% quarter IBTS. A recruitment index of smaller sized 1-ringers
is calculated based on abundance estimates of herring <13 cm (see discussion of procedures in
earlier reports (ICES CM 2000/ ACFM:12, and ICES CM 2001/ ACFM:12).

Table 2.3.3.3 includes abundance estimates of 1-ringer herring smaller than 13 cm, based on a
standard retrieval of the IBTS database, i.e. the standard index is in this case calculated for
herring <13 cm only. Indices for these small 1-ringers are given either for the total area or the
area excluding division Illa, and their relative proportions are also shown. In the time-series,
the proportion of 1-ringers smaller than 13 cm (of total catches) is in the order of 20%, and the
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contribution from division Illa to the overall abundance of <13 cm herring varies markedly
during the period. (Table 2.3.3.3)

About 23% of this year’s group of 1-ringers is smaller than 13 cm. These are almost
exclusively found in the North Sea area (Table 2.3.3.3)

2.3.3.3 The MIK index of O-ringer recruitment

This year’s 0-ringer index is based on 636 depth-integrated hauls with a 2 metre ring-net (the
MIK). Index values are calculated as described in the WG report of 1996 (ICES
1996/ACFM:10). The series of estimates is shown in Table 2.3.3.4, the new index value of 0-
ringer abundance of the 2006 year class is estimated at 37.2.

The index is the lowest since the estimate of the 1989 year class strength, and it continues a
now 5 year long series of low recruitment estimates (the average for these 5 years is about
50% of the all-year average). The O-ringers were predominantly distributed in two
concentrations, one off the Scottish coast (in the central-western area) and one in the Southern
Bight. Compared to the preceding year classes, which are also shown in Figure 2.3.3.3, the
distribution of O-ringers from this year class is very restricted, without significant
concentrations along the English coast. The long term trend in the distributional patterns of 0-
ringers is illustrated by the changes in absolute and relative abundance of O-ringers in the
western part of the North Sea (Figure 2.3.3.4). In the Figure 2.3.3.4 the relative abundance is
given as the number of O-ringers in the area west of 2°E relative to the total number of O-
ringers in the given year class. Since the year class 1982, when the relative abundance was
25%, a general increase in abundance has been seen for the western part. In the last decade,
the majority of O-ringers has been distributed in this area, and the calculated relative
abundance of 86% for the present year class is in accordance with the long term trend.

Mean weights-at-age and maturity-at-age

2.4.1 Mean weights-at-age

Table 2.4.1.1 shows the historic mean weights-at-age (wr) in the North Sea stock during the
3rd quarter in Divisions IV and Illa for the period 1996 to 2006. These values were obtained
from the acoustic survey. The data for 2006 are taken from Table 2.3.1.2. In this quarter most
fish are approaching their peak weights just prior to spawning. The spatial distribution of
mean weight for 1 and 2-ringers is given in Figure 2.3.1.2. This spatial variability of mean
weight is considerable but is not unusual. For comparison with the acoustic survey estimates,
the mean weights-in-the-catch from the last ten years are also shown in Table 2.4.1.1 (from
Section 2.2.1 for the 2006 values). For 4-ringers and older the mean weights for 2006 in the
catch and acoustic survey are close to the long-term lows. For 5-ring herring, the acoustic
survey shows mean weights that are the lowest for the last 10 years and are similar to one year
younger herring, supporting the view that the exceptional 2000 year class is growing slowly.
This year class, possibly the largest in recent years and the first large one competing with an
already large herring stock biomass, has grown more slowly than earlier year classes.

2.4.2 Maturity ogive

The percentages of North Sea autumn-spawning herring (at age) that spawned in 2006 were
estimated from the July acoustic survey (Table 2.4.2.2). The values were determined from
samples of herring from the research vessel catches examined for maturity stage, and raised by
the local abundance. All herring at maturity stage between 3 and 6 inclusive (using an 8-stage
scale) in June or July were assumed to spawn in the autumn. The method and justification for
the use of values derived from a single year’s data was described fully in ICES
(1996/ACFM:10). The values for 2- & 3-ringers are taken from the acoustic survey results
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which are presented in Table 2.3.1.2. For 2 and 3 ringers the proportion mature at 66% and
88% respectively is low for these age groups but not exceptional. The 2000 year class, which
matured even more slowly, is now fully mature.

Recruitment

Information on the development in North Sea herring recruitment is available from the two
IBTS indices, the 1-ringer and the O-ringer index. Further, the ICA assessment provides
estimates of the recruitment of herring in which information from the catch and from all
fishery independent indices is incorporated.

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

The 0-ringer MIK index predicts the year class strength one year before the information is
available from the IBTS 1-ringer estimates. The relationship between year class estimates
from the two indices is illustrated in Figure 2.5.1 and described by the fitted linear regression.
Last years prediction of the 2005 year class was confirmed by this year’s IBTS 1-ringer index
of the year class (black square in the figure). The good correlation between the indices is also
evident when comparing the respective trends in indices during the period (Figure 2.5.2).

2.5.2 Trends in recruitment from the assessment

Recruitment is estimated in the ICA-assessment, and in Figure 2.5.3 the trends in 1-ringer
recruitment based on 2007 assessment is illustrated. The recruitment declined during the
sixties and the seventies, followed by a marked increase in the early eighties. After the strong
1985 year class recruitment declined again until the strong year classes 1998-2001. However,
the 1-ringer recruitments of the recent 2002-2005 year classes are low, and the MIK index of
0-ringer recruitment for the present year indicates a very small 2006 year class. The present
ICA estimates of 1-ringer recruitment are 6.0 and 9.6 no10° for year classes 2004 and 2005
respectively, while the estimates for 0-ringers are 17.5, 27.8 and 11.9 no 10° for year classes
2004, 2005 and 2006 respectively.

Assessment of North Sea herring

2.6.1 Data exploration and preliminary results

A benchmark assessment for North Sea herring was carried out in 2006. North Sea herring is
on the AFCM observation list, but was also classed as an update assessment in 2007 by
ACFM. With this in mind limited exploration was carried out into the fit of the assessment.
The full choice of assessment model, catch and survey weightings and the length of separable
period were not explored in detail in 2007.

2.6.1.1 Revision of historic data
Since last year’s WG, a number of sources of data have been revised

1) The ICES IBTS database for the full time series (section 2.3.3??)
2) The acoustic survey data for 2005 (Section 2.3.1)

3) The catch age structure from The Netherlands in 2004 and 2005, catch in tonnes
from UK in 2001-2004.

The 2006 assessment was rerun with the same settings with original and revised historic data.
The differences were all less than 2%, except for F in 2001-2004, which increased by an
average of 5% and SSB in the terminal year (2005), which was reduced by 3.5%.
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2.6.1.2 Selection of indices and weighting in the assessment of North Sea herring

The usual assessment tool for the assessment of North Sea herring is ICA. The settings were
the same as last year. Acoustic, Bottom trawl (IBTS), MIK and Larvae (MLAI) surveys are
available for the assessment of North Sea autumn spawning herring. The surveys and the years
for which they are available are given in Table 2.6.1.

The WG in 2003 made an extensive review covering both inverse variance and structural
errors, and it considered that the inverse variance weighting method provided the better
method. In 2006 the WG updated the variance weights and showed that the revised weights
produced only a small change in the results. Following this examination it was decided that
the weighting of surveys and catch is fixed between benchmark assessments as the sensitivity
of the assessment to yearly revision of weights is small and the work required to do the
analysis extensive. The weights express the WG view that the young herring are best
estimated with MIK and IBTS surveys, the older herring are best evaluated through the
acoustic survey and the SSB should be estimated through the MLAI.

The influence of individual surveys in terminal F and SSB is shown in Figure 2.6.1 where the
results of assessments based on catch data combined with each series one at a time are shown
along with variance co-variance estimates of uncertainty in the terminal values. This shows
that the MLAI alone would give a high value of SSB and low value of F, the other indices lie
more within the cloud of points. Previous examination of the results of assessments using
combinations of indices (ICES 2006) has shown that the best retrospective patterns are
obtained when all the indices are used in the assessment.

2.6.1.3  Period of separable constraint

Changes in the regulations in 1996 have affected the various components of the fishery
differently. During the period following these changes, meetings of this WG split the
separable period into two different periods: 1992-1996 and 1997 onwards. In the WG 2001 it
was considered that the number of years after the change in selection was long enough to use
only a single separable period of four years. During 2002-2004 a separable period of five
years was used. A retrospective study in 2002 found that year on year adaptation of the
separable period did not improve the performance of the assessment model and that a fixed
selection period gave more stable assessments, even with changing management. This year the
WG noted that there was a small rise in selection at ages 5-7wr. Therefore the WG
investigated the effect of increasing selection at ages 8 and 9+ to maintain a flat selection at
old ages. No important differences in the model fit or outputs were detected. The estimation of
F at reference age (4wr) was not significantly different and differences in estimates mean F,.¢
and SSB in 2006 were found to be negligible. So the 5 year separable period with F at age 8
and 9+ set equal to the reference age was maintained in the current assessment.

2.6.1.4 Model fit and residuals

The influence of the catch and the surveys was explored on the estimation of reference F and
the model fit. ICA was run using all catch and survey data with the same procedure as last
year. The patterns in catch residuals (Figure 2.6.2) are different to the assessments in 2006.
The revision of data appears to have reduced the magnitude of the residuals overall by about
25% and particularly in the terminal year. There is no evidence of cohort effects across the full
selection pattern but some residuals on cohorts are in a similar direction in adjacent years.
Overall the catch residuals are small.

To explore the contribution of the catch and the survey data to the specific deviations in the
data expressed in the residuals as large values, each data series was examined for large
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residuals in the recent past. The individual data values were then removed and the influence of
these points on the assessment evaluated. The following points were considered:

i) Acoustic survey estimates of age 1wr in 2005 and 2006,
ii) IBTS estimates of 2wr in 2006 and 2007,

iii) MIK estimate of Owr in 2004

iv) MLAI estimates of SSB in 2003 and 2004.

Table 2.6.2 shows the influence of these points on the main management parameters mean F
ages 2-6, SSB, TSB and recruitment. The age based surveys influence F, SSB and TSB by less
than 3%, the SSB index has a maximum influence of 6% on the same parameters. These
changes are negligible both in the context of precision of the assessment and the management
agreement. Changes to recruitment are similarly insignificant with the exception of the
estimate of the 2004 year class. As this year class has only been included in catch figures at
ages 0 and 1wr, and these are down-weighted in the assessment, the surveys dominate the
estimation of this parameter. There is considerable and unusually large conflict between IBTS
and Acoustic survey estimates of the value of this parameter, with the MIK estimate lying
between the others. The source data from both time series were examined independently of the
assessment: the Acoustic survey gives a high estimate and has a higher than usual CV; in
contrast the IBTS index gives a low value with much higher mortality age 1 to 2wr than seen
in any other pair of years. Thus both series appear potentially to have greater errors than
would occur on average, so there is no obvious preference for one series over the other. The
final estimate is somewhat in balance, the estimate being potentially pulled +19% by one
survey and -33% by the other (Table 2.6.2). As it is impossible to assign preference, not
further action is justified.

In previous assessments it has been noted that in recent years the MLAI has positive residuals,
and the Acoustic survey has a block of negative residuals at older ages (Figure 2.6.2). The
current assessment shows that this pattern has been maintained in history but the agreement in
the terminal year appears to be better than that seen last year (Figure 2.6.2). In particular the
2006 residual in the MLALI is small. In the2006 benchmark assessment it was concluded that
one of the reasons for the relatively stable assessment was the balance of three major sources
of information, with each potentially delivering short periods with bias but in combination
providing a balance of errors.

2.6.1.5 Analytical retrospective

Figure 2.6.3 shows retrospective estimates of mean F, SSB and recruitment, by removing one
year of data at a time. The F shows considerable consistency over the last 6 years, with
underestimation during the period immediately following the management changes of 1996-7.
SSB is more variable in the last 6 years showing upward and downward revision. The SSB has
the same period of bias following the 1996-7 management changes as F.  This retrospective
analysis, which shows improvements over the analytical retrospective presented in 2006
(ICES 2006). This improvement suggests that the revision of catch data back to 2001 may
have improved the data series. Through the use of FLR the retrospective analysis has been
further extended this year to evaluate the retrospective influence of individual indices of SSB
or surveys that include adults. These are used one at a time along with the catch data and MIK
recruit index. This gives three retrospective analyses using MLAI, Acoustic and IBTS surveys
as the main tuning fleets (Figures 2.6.4, 2.6.5 and 2.6.6 respectively). In all cases these show
poorer retrospective patterns than the combined data set (Figure 2.6.3).
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2.6.1.6 Conclusions of exploration of the assessment.

In 2006 the formulation of the assessment was supported by an extensive benchmark and it
was judged a credible tool for management advice. The patterns in the residuals seen in
previous years is still present though is less in catch and the terminal year of this assessment
compared with the terminal year last year. This indicates that catch and survey indices show
different signals, and this is confirmed when indices are fitted individually to the assessment
(Figure 2.6.1). However, the overall balance of index information appears useful and the
retrospective analysis suggests that currently the assessment using the full data set performs
the best.

2.6.2 Final Assessment for NS herring

The final assessment of North Sea herring was carried out by fitting the integrated catch-at-
age model (ICA) with a separable constraint over a five-year period, tuned with the Acoustic
survey (1989-2006), MLAI SSB index (1973-2006), IBTS (1984-2007) and the MIK survey
(1992-2007) time series. The model settings are shown in Table 2.6.3, the ICA output is
presented in Table 2.6.4, the stock summary in Table 2.6.5 and Figure 2.6.7 and model fit and
parameter estimates in Table 2.6.8 and Figures 2.6.5 - 2.6.12.24

The spawning stock at spawning time in 2006 is estimated at approximately 1.2 million
tonnes, declining from 1.6 million tonnes in 2005. The abundance of Owr fish in 2006 (2005
year class) remains low for the fifth consecutive year and is currently estimated as the lowest
since 1979. The strong 1998 and 2000 year classes are still evident in the population, with the
2000 year class at 5wr in 2006 and the 1998 year class at 7wr both being the highest in the
time series since 1986/7. Mean fishing mortality on 2-6wr herring in 2006 is estimated at
around 0.35, which is above the management agreement F of 0.25, while mean F on 0-1wr
herring is 0.08, below the agreed Fy; of 0.12. The value of mean F 2-6wr for 2005 in the
current assessment is 0.37, which is slightly higher than the value of mean F 2-6wr from last
year’s assessment, which was 0.35. The SSB in 2005 has also been revised downwards by 6%
from 1.7 to 1.6 million tonnes. The 2006 recruitment (0 group in 2007) is estimated at 12,000
million, which is 28% of geometric mean of recruitment since 1981.

Short term projection by fleets.

2.7.1 Method

The procedure and program used (MFSP Skagen; WD to HAWG 2003) was the same as has
been used since 2003. For the North Sea herring, managers have agreed to constrain the total
outtake at levels of fishing mortalities for ages 0-1 and 2-6, and need options to show the
trade-off between fleets within those limits. The MFSP program was developed to cover these
needs.

2.7.2 Input data

Fleet Definitions

The current fleet definitions are:
North Sea

Fleet A: Directed herring fisheries with purse seiners and trawlers. By-catches in
industrial fisheries by Norway are included.

Fleet B: Herring taken as by-catch under EU regulations.
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Division Illa
Fleet C: Directed herring fisheries with purse seiners and trawlers
Fleet D: By-catches of herring caught in the small-mesh fisheries
The fleet definitions are the same as last year.
Input Data for Short Term Projections

All the input data for the short term projections are shown in Table 2.7.1, which is the input
file for the predictions.

Stock Numbers: For the start of 2007 the stock numbers at age were taken from ICA (ica.n —
file)

Recruitment: For 2008 and 2009, the recruitment was set to 22963 million which is the
geometric mean of the recruitments of the year classes 2001-2006, as estimated in this years
assessment. This is less than half the mean recruitment used prior to 2006. The low
recruitment was assumed because all the year classes from 2001 onwards have been poor.
Analysis of the time series of SSB and recruitment data by the SGRECVAP (ICES CM
2006/LRC:03) clearly indicates a shift in the recruitment success in 2001. The underlying
cause for the change in 2001 is not clear, but there is no evidence to justify an assumption of
long term average recruitment from 2008 onwards. Consequently, the advice is adopted to the
current recruitment regime.

Fishing Mortalities: Selection by fleet at age was calculated by splitting the total fishing
mortality in 2006 at each age proportional to the catches by fleets at that age (Table 2.2.6).
These fishing mortalities were used for all years in the prediction.

Mean weights in the catch by fleet: The mean weights by fleet for the years 2004 — 2006,
excluding the 2000 year class, were used for all year. For the 2000 year class, the weights at
age in the catches by the A-fleet have so far been in the order of 10% below the average of the
adjacent year classes, and the difference appears to be increasing. Assuming that the 2000 year
class will continue to have reduced weights at age, the weights at age for this year class were
reduced in the prediction years. This was done by fitting a second order polynomial to the
weights at age observed so far and extrapolating this function to the prediction years. The
resulting weights for the 2000 year class in 2007 and 2008 are about 12% lower than the
corresponding weights at age used for other year classes. For the fleets B, C and D, no
adjustments were made. The lower weight at age of the 2000 year class has not been apparent
in the catches of these fleets. For the C and D fleets, the reason may be that the samples for
weight at age are likely to contain both autumn spawners and spring spawners. For the B-fleet,
this year class is hardly represented in the catches any more.

Mean Weights at age in the stock: The smoothed weights at age in the stock for 2006 were
used. However, the weights at age for the 2000 year class were reduced by 12%, which is the
same reduction as for weights in the catch.

Maturity at age: The average maturity at age for 2004 to 2006, calculated without the 2000
year class, was used (Table 2.6.2.2). The 2000 year class is now fully mature.

Natural Mortality: Unchanged from last year, equal to those assumed in the assessment.

Proportion of M and F before spawning: Unchanged from last year at 0.67.
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2.7.3 Prediction for 2006 and management option tables for 2007

2.7.3.1 Assumptions for 2007

After the TACs were increased in 2003, the TAC for the A-fleet has been over-fished by 9 —
16 percent, while the other fleets caught less than half their TAC or by-catch ceiling. Catches
in 2007 may be predicted with some confidence. The retrospective error has been low in
recent years. It therefore seems most reasonable to use assumed catches to account for the
removal in 2007.

In previous years it has been assumed that the TAC for the A-fleet would be overshot as
before. The overshoot has gone down in the most recent years (17% in 2004, 15% in 2005,
10% in 2006). Therefore, it is assumed that the TAC of 341 000 tonnes for 2007 for the A-
fleet will be overshoot by 10%, which is the overshoot in 2006.

The utilisation of the by-catch quota by the B-fleet has fluctuated between 23% and 44% since
2003, and was 28% in 2006. For the prediction, it is assumed that 33% of the bycatch-quota
will be taken, which is the average percentage since 2003. For the C and D fleet, it was
assumed that their catch of North Sea autumn spawning herring would be the same as in 2006.
The fishing mortalities resulting from these assumed catches were close to the fishing
mortalities by fleet for 2006. Thus the difference between a catch constraint and F status quo
constraint for 2007 therefore is small.

2.7.3.2 Management Option Tables for 2008

The EU-Norway agreement on management of North Sea herring was updated in 2004. The
revised rule specifies fishing mortalities for juveniles (F (.1) and for adults (F ,¢) not to be
exceeded, at 0.12 and 0.25 respectively, for the situation where the SSB is above 1.3 million
tonnes. In addition, it now has a rule specifying reduced fishing mortalities when the SSB is
below 1.3 million tonnes. Moreover, the current agreement has a constraint on year-to-year
change of 15% in TAC, but allows for a stronger reduction in TAC if necessary.

The rule for reducing F at SSB<1300 thousand tonnes derives the F from the SSB as
F2.6 = 0.25-(0.15*(1300-SSB)/500)
Fo.1 = 0.12-(0.08*(1300-SSB)/500)

The interpretation by HAWG is that the SSB referred to should be the SSB in the prediction
year, i.e. the Fs for 2008 should reflect its consequence for SSB in 2008.

Because of the recent poor recruitment, the management rule above leads to a strong reduction
in quotas. The management agreement has a 15% limit on the change in TAC from one year to
the next, and a clause to abandon this limit if needed. Short term predictions are presented for
both alternatives.

With four fleets there are innumerable combinations of fleet-wise fishing mortalities and
catches that satisfy the agreed rules.

Since the North Sea autumn spawning (NSAS) stock was rebuilt, the advice has been that the
primary limiting factor for the fishery in Illa should be the concern for the Western Baltic
spring spawning (WBSS) stock. Due to the low recruitment og NSAS in particular, but also of
WBSS, more restrictive quotas for the Illa may be necessary. Using that as a guideline,
options for catches by the fleets C and D were derived from two options for the outtake of
WBSS:
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1) Assuming a total WBSS catch of 76.3 thousand tonnes, representing a 15% reduction
in TAC, gives NSAS catches for the C and D fleets of 14.4 and 7.6 thousand tonnes
respectively

2) Assuming a total WBSS catch of 40.2 thousand tonnes, corresponding to a
fishing mortality for WBSS at Fy; = 0.22, gives NSAS catches for the C and D
fleets of 6.9 and 3.7 thousand tonnes respectively.

For 2007, Norway is allowed to transfer 40% of its quota in Illa to IV. To show the effect on
the stock of this transfer, which amounts to 3820 tonnes in 2007, an example was made where
this catch was added to the A-fleet for 2007. The expected fraction of this catch that would be
NSAS (720 tonnes) was subtracted from the C-fleet for 2007.

The following options for 2008 are tabulated:

1) Following the harvest rule without constraints on the year-to-year change in catch,
assuming catches by the C and D fleets corresponding to a 15% reduction in TAC for
WBSS.

2) Following the harvest rule without constraints on the year-to-year change in catch,
assuming catches by the C and D fleets corresponding to Fo; for WBSS

3) As1, butwith a catch by the A-fleet of 289 800 tonnes, which is 85% of the TAC for
2007.

4) As 2, but with a catch by the A-fleet of 289 800 tonnes, which is 85% of the TAC for
2007.

5) As1, but with a transfer of 3820 tonnes of catch from the C-fleet to the A-fleet.
6) No fishing

All predictions are for North Sea autumn spawning herring only.

The results are presented in Table 2.7.2.

2.7.4 Comments on the short-term projections

The outlook for this stock is poorer than in previous years, due to the recent reduction in the
recruitment. This has been taken into account in the current prediction, both through the stock
numbers at the start of 2007 as derived from the assessment, and by assuming a recruitment in
line with what has been experienced the last 5 years.

As a result, even without fishing, the SSB will be well below 1.3 million tonnes in 2008. The
present agreement includes a rule to reduce the fishing mortality below 0.25 if the SSB is
below 1.3 million tonnes, but with the option to limit the reduction in TAC t015%. In the
present situation, applying the 15% rule will lead to an F, well above the agreed 0.25.
Moreover, medium term predictions indicate a substantial risk to By, if the catches are
reduced this slowly.

The effect of the assumed reduction in catches in Illa is small in the short term, but will be
more important in the medium term as the fishery in Illa mostly exploits juveniles. Likewise,
it is assumed that fishing mortality for the B-fleet follows the management rule, implying a
continued low exploitation of juveniles in the North Sea,

The predictions presented here account for the slow growth of the large 2000 year class. There
are no indications of reduced growth of the subsequent year classes.

The estimated impact of the juvenile fishery depends on the assumed value for natural
mortality. It has not been investigated to what extent changes in natural mortality would affect
the current advise, or if indeed such changes are taking place. However, some of the important
predator stocks are currently in a poor condition.
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Medium term predictions and HCR simulations

Medium term predictions have been made repeatedly for many years for this stock, to first
develop and later evaluate the current management agreement. In all these simulations, a
recruitment in line with what has been experienced in the 40 years in the past was assumed.
This assumption may now be questioned, given the poor recruitment for 6 consecutive years.
Such a prolonged sequence of poor recruitments is unusual for this stock, and would appear as
very unlikely in the previous simulations. SGRECVAP has considered variability in the
timeseries of recruitment and concluded that at least from a statistical point of view the current
situation is different from the past. Although the cause of this poor recruitment is unclear and
it is uncertain whether it will continue, management may have to adapt to a lower productivity
of the North Sea herring stock.

To inform management under these circumstances medium term predictions assuming low
recruitment in the future were presented in last years report. These studies are further extended
here. This is done to give some guidance to management adaptation to a reduced productivity

The software used was STPR3, the same as used at the evaluation of HCRs for North Sea
herring in June 2004. This is a program for performing 10 years stochastic simulations of the
stock and fishery, applying some HCRs. A description can be found i.a. the SGMAS report
(ICES CM 2005 /ACFM:09) and a manual in an EU Norway report on medium term
management measures (EU 2004).

2.8.1 Input data

The program was run with 2 fleets, Fleet 1 corresponds to the A-fleet and Fleet 2 corresponds
to fleets B, C and D combined.

Stock numbers in the initial year 2007 and their variances-covariances were taken from the
current ICA output (ica.n and ica.vc). The stock-recruitment function was the same as used in
previous simulations (‘Ockhams razor’), but with a reduced recruitment. It assumed
recruitment of 22963 millions independent of SSB at SSB larger than 800 thousand tonnes,
and a linear reduction of the recruitment at lower SSB. The recruitment was drawn from a log-
normal distribution with ¢ = 0.35. These values are the mean and standard deviation (on a log
scale) in the recent 6 years recruitment data series.

For weights and maturities historical data were used, by drawing years randomly and using
data from that year.

Fleetwise selection at age were equal to those used in the short term prediction (Table 2.7.1)
For the intermediate year, catches by fleets were assumed as in the short term prediction.

Assessment was assumed to deviate from the true values by a random multiplier with mean
1.1 and CV = 0.1. For implementation error, a CV of 0.1 was assumed throughout.

To show the sensitivity to some of these assumptions, one run (run 4) was made with a CV on
recruitment of 0.58 (as in the full historic series), and one (run 5) with a breakpoint in the
stock-recruitment function at 500. Also, the risk to Blim in the last year (2017) for a range of
levels of implementation error is shown, all assuming a CV on that error of 0.1.

2.8.2 Simulation options.

— Run 1 Standard HCR: The first set of simulations applied the basic harvest rule
agreed by Norway and EU from 2004:

At SSB > 1.3 million tonnes: F0-1 = 0.12 and F2-6 = 0.25

At SSB < 1.3 million tonnes and SSB > 800 000 tonnes:
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FO0-1=0.12 — (0.08*(1300 000 — SSB)/500 000)
F2-6 = 0.25 - (0.15*(1300 000 — SSB)/500 000) 800 000 tonnes:
For SSB < 800 000 tonnes: FO-1 = 0.04 and F2-6 = 0.10

The agreement does not state the year which the SSB refers to. The SSB considered
by STPR3 is the SSB in the quota year.

— Run 2 -15% rule: The second set applied the rule to not change the TAC by more
than 15% per year. The other parameters were as in the first set.

— Run 3 - Applying fishing mortalities FO-1 = 0.12 and F2-6 = 0.25: The other
parameters were as in run 1, i.e. the rule constraining catch variation was not applied.

— Run4-asrun 2 (i.e. with the 15% rule), but with a larger CV = 0.58 on recruitment

— Run5-asrun 2 (i.e. with the 15% rule), but with a lower breakpoint (= 500 000
tonnes) in the stock-recruit relation.

2.8.3 Results

The main results for each run are shown in Figures 2.8.1-5. The risk associated with
implementation error is shown in Figure 2.8.6

Run 1 shows that with the harvest rule implemented with no error, the risk to Blim is small.
The SSB settles slightly above 1 million tonnes, and the catches in the order of 2-3 hundred
thousand tonnes. With the 15% rule (Run 2), there is a considerable risk to Blim around 2010,
with a fair chance of recovery once the fishing mortality has come down towards 0.2.
Compared to Run 1, the catches will be higher in the first years, but lower thereafter. With the
Fs of 0.12 and 0.25, the risk to Blim is substantial and stable. The assumptions about
recruitment variation and breakpoint in the stock-recruit function do not appear to have a
major impact on the results.

As shown in Figure 2.8.6, the current management rule is not robust to implementation error
in terms of overfishing of the quotas beyond the level that is estimated at present. Hence,
either the enforcement has to be stronger than in the past, or an even more conservative
harvest rule has to be applied in order to safeguard against depleting the stock.

The present simulations have been done with weights and maturities representing the whole
historic time series. The weights in recent years have tended to be lower that previously,
which may explain why the predictions for 2007 give a somewhat larger biomass than the
short term prediction. There is, however, no firm basis for assuming lower growth in the
future.

Precautionary and Limit Reference Points

In 2003, SGPRP (ICES 2003 ACFM:04) suggested to reduce By, from the current 800 000
tonnes to about 560 000 tonnes, based on the results of the segmented regression analysis of
the stock and recruitment data. Fitting a segmented regression stock-recruit function with non-
linear minimisation of the SSQ of log residuals suggests a break point at 537 000 tonnes.

In 2007 WKREF explored limit reference points for NSAS herring among a number of other
stocks. WKREF concluded that there is no basis for changing By, based on this analysis.
SGRECVAP results could be basis for revisiting reference points. The distance between a
management reference point (trigger or B,) and Byin defines a risk and should be evaluated in
the context of harvest control rules in consultation with stakeholders and managers.

HAWG decided not to propose any revision of the By, reference points at present for the
following reasons:
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- WKREF questioned the validity of the current calculation procedure for the segmented
regression.

- Currently there is indications that the stock dynamics are changing

- The role of regime shifts in determining limit reference points should be integrated in the
process

- HAWG would prefer to consider all reference points together, rather than revising just
Biim:

Most importantly, a downward revision of reference points now would not be helpful in
precautionary management of the stock. When properly applied the harvest control rule in
place for this stock has worked well in the recent past, and apart from By, the current
reference points are derived from this HCR. The target F in the HCR was adopted by ACFM
as Fpa, While the trigger point at which F should be reduced below the target is adopted as By,.

Quality of the Assessment

2.10.1 Precision of historic timeseries

A bootstrap variance covariance evaluation of the precision of the assessment carried out
using ICA is shown in Figure 2.10.1. The historic uncertainty supports the view that the stock
has declined in recent years, and that recruitment is lower than since the late 1970s.

2.10.2 Comparison with earlier assessments

The 2007 assessment is in good agreement with last years assessment and the intermediate
year in the short term projection, see table below.

ASSESSMENT YEAR SSB IN 2005 F2-6 IN 2005 SSB IN 2006 F IN 2006
2007 159 Mt 0.37 Assessed 1.21 Mt Assessed 0.35
2006 169 Mt 0.35 Projected 1.33 Mt Projected 0.35

There has been a downward revision of SSB by about 6% of which about half is due to
revision of catch (Section 2.1 and 2.6) but F is estimated to be very similar.

Cohort retrospectives are shown in Figure 2.10.2. The earliest cohorts shown have some
revision over the early years. Latterly the cohort retrospective evaluations suggest the WG is
providing a fairly consistent evaluation of most year classes. The exceptions are 2001 and
2004 year classes. In particular the dominant 2000 year class has been estimated consistently
since it was first seen in 2001.

The both assessment and projections currently appear to be a good basis for management
advice.

Herring in Division IVc and Vild (Downs Herring).

Over many years the working group has attempted to assess the contribution of winter
spawning Downs herring to the overall population of North Sea herring. Since 1985, there is a
separate TAC for herring in Divisions 1Vc and VIId as part of the total North Sea TAC.

Historically, the TAC for herring in 1\VVc and VIId has been set as a proportion of the total
North Sea TAC and this has varied between 6 and 16% since 1986. The proportion has been
relatively high in recent years, particularly since 2002. However, ACFM in 2005 expressed a
range of concerns regarding Downs herring and recommended that the proportion used to
determine the TAC should be set to the long term average of the proportions used since 1986
(11%). In accordance with ICES advice the sub-TAC was reduced from 74 000 tonnes in 2005
to 50 023 tonnes in 2006 (a reduction of 33% compared with 2005). For 2007, the same
proportion (11%) was kept and the TAC was set at 37 517 tonnes. (Figure 2.11.1).
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ACFM has in the past expressed concern that there is a persistent tendency to overfish the
Downs TAC. However, this tendency has been markedly reduced in recent years (Figure
2.11.2), possibly because the TACs have been much higher. Landings in 2006 amounted to 56
597 tonnes, slightly higher than the TAC.

A further concern is that recent high catch levels in IVVc and VIId have been driven largely by
the strong 2000 year class. This year class accounted for 67% and 51% of the catch in
numbers in 2004 and 2005 respectively but has reduced to 37 % in 2006. As has been noted
previously these fish are smaller and less mature than the average for a given age therefore, if
the fishery preferentially takes lighter fish the resulting F is comparatively higher.

Historically, the Downs herring has been considered highly sensitive to overexploitation
(Burd, 1985; Cushing 1968; 1992). It is less fecund and expresses different growth dynamics
and recruitment patterns to the more northern spawning components. Furthermore, the
directed fishery in Q4 and Q1 targets aggregations of spawning herring. Preliminary studies
undertaken by this WG in 2006 (ICES CM 2006) based on population profiles suggested that
total mortality (Z) was significantly higher for the 1998 and 1999 year classes of Downs
herring compared to other classes caught in the Northern part.

Downs herring is also taken in other herring fisheries in the North Sea. Downs herring mixes
with other components of North Sea herring in the summer whilst feeding, but it has not been
possible to quantify the Downs component in the catch. There is also a summer industrial
fishery in the eastern North Sea exploiting Downs and North Sea autumn spawning herring
juveniles. Tagging experiments in the Eastern North sea (Aasen et al, 1962) estimated that
around 15% of those catches comprised Downs recruits. Otolith microstructure studies of
catches from the northern North Sea suggested that the proportion of Downs herring may vary
considerably from year to year (26 to 60 %) and may also vary between fleets (Dickey-Collas
et al., 2005).

The proportion of the autumn and winter spawning components in recruiting year classes of
North Sea herring has been traditionally monitored through the abundance of different sized
fish in the IBTS. The 1-ring fish from Downs spawning sites (winter) are thought to be smaller
than those from the more northern, autumn spawning sites (<13 cm and >13 cm respectively).
Both the total abundance and the proportion of Downs herring have, on average, been
comparatively higher since the early 1990s, although there is considerable variation between
year classes (Figure 2.11.3, Table 2.3.3.3). These data suggest that around 35% of the strong
2000 year class came from Downs production and that approximately 70% of the 2002 year
class originated from Downs production. The percentage contribution of the 2005 year class is
about the same as the long-term average = 23% and appears to be stronger than the 2004 year
class (Fig. 2.11.3).

2006 year class — The recruitment for the 2006 year class (Figure 2.11.4, MIK index) appears
lower than the 2005 year class. With the extension of the IBTS area in the Eastern English
Channel, the number of MIK samples, distributed in 4 statistical rectangles, increased during
the last survey and therefore, results are considered more reliable.

Last year the EC set a proportion of TAC for herring in 1\VVc and VIId in accordance with the
ICES advice. The TAC is specific to the conservation of the spawning aggregation of Downs
herring. In the absence of other information there are uncertainties in the recruitment to the
component in the next few years and HAWG recommends that the 1\VVc-VIld TAC should be
maintained in 2008 at 11% of the total North Sea TAC (as recommended by ACFM). This
recommendation should be seen as an interim measure prior to the development of a more
robust harvest control rule for setting the TAC of Downs herring, supported by increased
research effort into the dynamics of this component in fisheries in the central and northern
North Sea. Any new approach should provide an appropriate balance of F across stock
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components and be similarly conservative until the uncertainty in the Downs contribution to
the catch in all fisheries in the North Sea is reduced.

Extension of the IBTS area and acoustic survey in the Eastern Channel.

Winter spawning Downs herring stock is exploited off the eastern English Channel by
different fleets, mainly at the end of the year. The rest of the year, this stock component is
mixed with the overall population of North Sea herring in the feeding grounds. According to
French fishermen this pattern seems to have changed as large herring shoals have been
observed in the English Channel, mainly along French coasts, until April.

In March 2006, after the IBTS survey, the French RV “Thalassa” recorded acoustics data that
confirmed the fishermen's observations. Shoals of significant size were observed in coastal
waters in the ICES rectangle 30F1. Some trawl hauls were made and the catches consisted of
herring with mean length of 25 cm.

During the last IBTS WG in March 2006, the extension of the IBTS 1% quarter survey area in
the Eastern English Channel was considered: additional GOV hauls carried out in this area
would provide more information on Downs herring and its distribution at this period of the
year. The IBTS WG agreed that RV “Thalassa” could take some additional trawl hauls when it
started its IBTS cruise at the end of January on its way through the English Channel before
going to the North sea. The HAWG supported the idea and the extension of the IBTS area was
implemented at the 1st quarter IBTS 2007.

During 4 days, (30 January — 2 February 2007) the RV "Thalassa" covered the Eastern part of
the English Channel. 8 GOV hauls and 20 MIK stations were made in each ICES rectangle
according to the IBTS protocol. In addition, acoustic data were recorded during day and night
and 5 pelagic hauls made when fish marks were detected. Because of the vessel traffic in this
area, the lack of time to do a full coverage and the impossibility to cross sandbanks, only two
acoustic transects were done along the English and the French coasts and a third one in the
middle of the English Channel (Figure 2.11.5).

The most important marks were recorded along French coasts and the catch composition of
pelagics hauls consisted of mixed herring, sardine and other pelagic species in the south of the
area and mainly herring in the northern part. For herring; the catch composition consisted of
26 cm mean length fish belonging to age-groups 3 — 6. (Figure 2.11.6).

According to fishermen's observations, very large and continuous shoals of herring were
found at the same time as this survey in a local area, concentrated along sandbanks and
observed again when IBTS was finishing at the end of February. Mean density could be
estimated of between 500 and 1 500 tonnes per nautical mile square but it could not be raised
to the whole area due to the spatial heterogeneity and the sampling protocol used.

As it was the first year that the survey was carried out in this area at this time of the year, it
must be considered preliminary. Further, the survey design needs to be improved and pelagic
samples need to be increased. Though a reliable biomass estimation on herring during its
migration through the English Channel is likely to be difficult, the survey could certainly give
more information on herring shoals observed, their evolution and the possible change in
behaviour in relation to herring spawning area.
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In the 2006 HAWG report, some rules to set the percentage southern North Sea TAC
allocation were proposed but no simulation testing of those was performed. The following
pieces of information are required to develop the analysis further:

e  catch at age by area,

e microincrement analysis of otoliths (to determine spawning type), expanded to
other fleets in the North Sea, high resolution MIK coverage in Southern North
Sea and the Channel area

. extension of IBTS in the Eastern Channel.

Hence, HAWG continues to recommend that existing surveys of herring in the southern North
Sea and English Channel be maintained and that the microincrement analysis of otoliths
currently undertaken are continued and expanded to other fleets in the North Sea. Further,
extensive simulation testing of alternative HCRs needs to take place.

Management Considerations

Based on the most recent estimates of SSB and fishing mortality, the North Sea autumn
spawning herring stock is considered to be at 1.2 million t in 2006 and is expected to decrease
to 0.97 million tonnes in 2007. F in 2006 was 0.35 and expected to be similar at F=0.33 in
2007. Following currently estimated low recruitment, SSB is expected to remain at about this
level of biomass for a while, declining further or rising slowly depending on the level of F.

SSB peaked after the rise from the low stock size in the mid-1990s, in response to reduced
catches, strong recruitment and management measures that reduced exploitation both on
juveniles and adults. However, in the last 5 years the recruitment has been at 40% average,
and the stock is declining. Landings of adult herring in recent years have consistently
exceeded the agreed TAC, mainly due to unallocated catches and catches misreported out of
the North Sea (see section 2.1). The fishing mortality has increased, mainly due to the
management rule that limits reduction to 15% per year, and at 0.35 is nhow above what was
intended in the management agreement, and what was considered sustainable. If F is
maintained at this level SSB will decline slowly over the next few years and may reach Blim
in 2009 or 2010.

The stock is managed according to the EU-Norway Management agreement which was
updated on 26 November 2004, the relevant parts of the text are included here for reference:

1. Every effort shall be made to maintain a level of Spawning Stock Biomass
(SSB) greater than the 800,000 tonnes (Blim).

2. Where the SSB is estimated to be above 1.3 million tonnes the Parties agree to
set quotas for the directed fishery and for by-catches in other fisheries ,
reflecting a fishing mortality rate of no more than 0.25 for 2 ringers and older
and no more than 0.12 for 0-1 ringers.

3. Where the SSB is estimated to be below 1.3 million tonnes but above 800,000
tonnes, the Parties agree to set quotas for the direct fishery and for by-catches
in other fisheries, reflecting a fishing mortality rate equal to:

0.25 - (0.15*(1,300,000-SSB)/500,000) for 2 ringers and older, and
0.12 — (0.08*(1,300,000-SSB)/500,000) for 0-1 ringers.

4. Where the SSB is estimated to be below 800,000 tonnes the Parties agree to
set quotas for the directed fishery and for by-catches in other fisheries,
reflecting a fishing mortality rate of less than 0.1 for 2 ringers and older and
less than 0.04 for O-1ringers.

5. Where the rules in paragraphs 2 and 3 would lead to a TAC which deviates by
more than 15% from the TAC of the preceding year the Parties shall fix a
TAC that is no more than 15% greater or 15% less than the TAC of the
preceding year.
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6. Not withstanding paragraph 5 the Parties may, where considered
appropriate, reduce the TAC by more than 15% compared to theTAC of the
preceding year.

7. By-catches of herring may only be landed in ports where adequate sampling
schemes to effectively monitor the landings have been set up. All catches
landed shall be deducted from the respective quotas set, and the fisheries
shall be stopped immediately in the event that the quotas are exhausted

8. The allocation of TAC for the directed fishery for herring shall be 29% to
Norway and 71% to the Community. The by-catch quota for herring shall be
allocated to the Community

9. A review of this arrangement shall take place no later than 31 December
2007 .

10. This arrangement enters in to force on 1 January 2005.

ACFM examined the performance of this revised harvest control rule in 2005, and considered
“the agreement in terms of target F to be consistent with the Precautionary Approach.
However, ACFM also considered that the strict application of the TAC change limit of 15%
(rule number 5) is not consistent with the Precautionary Approach in a situation like the
present when five consecutive weak year classes have recruited to the population. The harvest
control rule is in accordance with the precautionary approach if paragraph 6 is consistently
invoked sufficiently early to prevent or minimise the risk of SSB falling below By, even in the
case of several consecutive weak year classes. Assuming that paragraph 6 would be invoked
when TAC constraints would lead to SSB falling below B, it is considered that the revised
HCR is in accordance with the Precautionary Approach.”

The situation now is unusual, and had not been anticipated, with all the five year classes from
2002 onwards being poor. The SGRECVAP, which was set up to have a closer look at the
recruitment failure in herring (as well as in Sandeel and Norway pout), concluded that the
reduced recruitment is caused by an increased mortality in the first winter. Analysis of the
time series of SSB and recruitment data clearly indicates a shift in the recruitment success in
2001. An analysis of stock production (Section 1.8) shows similar results. The underlying
cause for the change in 2001 is not clear, but there is no evidence to justify an assumption of
normal recruitment from 2008 onwards.

Given the current sustained low level of recruitment, considering the Byig in the management
plan as By, may be unrealistic and it is preferable to evaluate the precautionary nature of the
management plan as a whole rather than referring to a biomass reference point that may not be
achievable.

Following evaluation, the agreed plan is considered precautionary and the risk of SSB falling
below By, in the medium term is less than 5%, when:

e current low levels of recruitment continue,
e implementation is constrained to give less than 10% over exploitation,
e there are no year on year restrictions on change in TAC

The continuation of the 15% year on year restriction in change in TAC increases the risk of
SSB falling below By, to greater than 25% over the next 5 years. Alternatively an
implementation error of 30% will have a similar effect. Implementation error is currently
estimated at just under 10% for the human consumption fleet in 2006, though it has been
higher in the past.

The failure to comply with precautionary management rule in setting the TAC in 2007 has
given rise to a fishing mortality that is higher than was envisaged. This is a matter of concern
in a situation of extreme low recruitment. The consequences of the maintaining the present
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fishing mortality at around 0.35, has not been examined in detail, but it is clear that if it is not
reduced it will lead to a substantial reduction in SSB to a level below By;,, in the near future.

Consequently, the WG considers that the advice for 2008 should be adapted to the current
recruitment. by allowing necessary year on year change in TAC and complying with the F
reduction in the management plan and ensuring implementation of regulation is to better than
10%.

This stock complex also includes Downs herring (herring in Divisions IVVc and VIld), which
has shown independent trends in exploitation rate and recruitment, but cannot be assessed
separately. This year the Working Group concludes that the current state of the component is
unknown. The WG’s understanding of the component’s dynamics is unlikely to improve until
further examination of catch and the existing time series of surveys takes place. Both,
alternative assessment methods have to be explored, and a greater knowledge of the ecology
of Downs herring is needed. The Downs fishery is concentrated on the spawning aggregations
in a restricted area, which makes this stock component particularly vulnerable to excessive
fishing pressure. Catches of the Downs component are taken both in the southern area and in
the mixed fishery in the central and northern North Sea. The EU splits its share of the total
North Sea herring TAC (Subarea IV and Division VIId) into TACs for Divisions 1Va+IVb and
for Divisions IVc+VIld. ICES has proposed that a share of 11% on the total North Sea TAC
(average share 1989-2002) would be appropriate for distributing the harvesting among Downs
Herring and other stock components. While the WG acknowledges that the basis for this exact
11% figure is weak there are strong indications that the total mortality on the Downs
component, of which fishing is the major component, has recently been significantly higher
than for the rest of the NS components.

For the last few years since the North Sea autumn spawning (NSAS) stock was rebuilt, the
ICES advice has been that the primary limiting factor for the fishery in Illa should be the
concern for the Western Baltic spring spawning (WBSS) stock. With an expected decline of
the NS herring below 1.0 million t in 2007 primacy of consideration must be given to
protection of this stock. The provision of advice for the NS affects the C and D fleets
operating in Illa. Projections for the WBSS stock also indicate poor recruitment and an
expected decline in SSB with present F levels, and an incremental reduction of fishing
mortality towards F0.1 is therefore advisable for this stock. This issue is dealt with in detail in
the discussion of short term predictions in Section 2.7. and in Section 3.10. In should be noted
that in setting the catch of WBSS herring the corresponding catch of NSAS herring in the D
fleet puts specific restraints on the catches of the B-fleet, and some options may be rather
restrictive.

All of the relaxation of area and bycatch rules are now contributing to the increase in
exploitation and current over exploitation of North Sea herring. Removal of these derogations
and increased compliance would be beneficial, particularly in the current circumstance of a
declining North Sea population.
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Table 2.1.1: Herring caught in the North Sea (Sub-area IV and Division VI11d). Catch in tonnes by
country, 1997 — 2006. These figures do not in all cases correspond to the official statistics and
cannot be used for legal purposes.

Country 1997 ° 1998 ° 1999 ° 2000 ° 2001 °
Belgium 1 - 2 - -
Denmark 38324 58924 61268 64123 67096
Faroe Islands 1156 1246 1977 915 1082
France 14525 20784 26962 20952 24880 *
Germany, Fed.Rep 13380 22259 26764 26687 29779
Netherlands 35985 49933 54467 54341 51293
Norway * 41606 70981 74071 72072 75886
Poland -
Sweden 2253 3221 3241 3046 3695
USSR/Russia 1619 452 - - -
UK (England) 3470 7635 11434 11179 14582
UK (Scotland) 22582 31313 29911 30033 26719
UK (N.Ireland) - 1015 - 996 1018
Unallocated landings 63403 °2 70329 * 43327 2 61673 ©? 27362 2
Total landings 238304 338092 333424 346017 323392
Discards - - - - -
Total catch 238304 338092 333424 346017 323392
Estimates of the parts of the catches which have been allocated to spring spawning stocks
Illa type (WBSS) 979 7833 4732 6649 6449
Thames estuary ° 202 88 88 76 107
Others ** - - - 378 1097
Norw. Spring Spawners * 54728 29220 32106 25678 7108
Country 2002 2003 2004 2005 2006
Belgium 23 5 8 6 3
Denmark’ 70825 78606 99037 128380 102322
Faroe Islands 1413 627 402 738 1785
France 25422 31544 34521 38829 49475
Germany 27213 43953 41858 46555 40414
Netherlands 55257 81108 96162 81531 76315
Norway * 74974 112481 137638 156802 135361
Poland - - - 458 -
Sweden 3418 4781 5692 13464 10529
Russia - - - 99 -
UK (England) 13757 18639 20855 25311 22198
UK (Scotland) 30926 40292 45331 73227 48428
UK (N.Ireland) 944 2010 2656 2912 3531
Unallocated landings 31552 2 31875 *® 48898 57788 18764
Total landings 335724 445921 533058 626101 509125
Discards 17093 4125 17059 12824 1492
Total catch 352817 450046 550117 638925 510617

= Estimates of the parts of the catches which have been allocated to spring spawning stocks
Illa type (WBSS) 6652 2821 7079 7039 10954
Thames estuary ® 60 84 62 74 65
Others ** 0 308 0 0 0
Norw. Spring Spawners * 4069 979 452 417 626

* Catches of Norwegian spring spawners removed (taken under a separate TAC)

® Landings from the Thames estuary area are included in the North Sea catch figure for the UK (England)

" Including any by-catches in the industrial fishery

° Figures verified and altered if needed in 2003 by SG Rednose (ICES 2003/ACFM:10)

Y Figure altered in 2001

! Caught in the whole North Sea, partly included in the catch figure for The Netherlands

2 may include misreported catch from 1VaN and discards

¥ These catches (including some local fjord-type spring spawners) are taken by Norway under a separate quota
south of 62°N and are not included in the Norwegian North Sea catch figure for this area

¥ Figure altered in 2004
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Table 2.1.2: Herring caught in the North Sea. Catch in tonnes in Division 1VVa West. These figures
do not in all cases correspond to the official statistics and cannot be used for legal purposes.

Country 1997 11 1998 11 1999 11 2000 11 2001 11
Denmark 2657 4634 15359 25530 17770
Faroe Islands 1156 1246 1977 205 192
France 362 4758 6369 3210 8164
Germany 4576 7753 11206 5811 17753
Netherlands 6072 10917 21552 15117 17503 10
Norway 16869 27290 31395 33164 11653
Sweden 1617 315 859 1479 -
Poland 1418
Russia 1619 452 - - -
UK (England) 49 4306 7999 8859 12283
UK (Scotland) 17121 29462 28537 29055 25105
UK (N. Ireland) - 1015 - 996 1018
Unallocated landings 4066238 56058 s 25469 s 44334 8 24725 8
Misreporting from Vla North

Total Landings 92760 148206 150722 167760 137584
Discards

Total catch 92760 148206 150722 167760 137584
Country 2002 2003 2004 2005 2006
Denmark 7 26422 48358 48128 80990 60462
Faroe Islands - 95 - 580
France 10522 11237 10941 13474 18453
Germany 15189 25796 17559 22278 18605
Netherlands 18289 25045 43876 36619 39209
Norway 10836 34443 36119 66232 38363
Poland - - - 458 -
Sweden 2397 2647 2178 8261 4957
Russia - - - 99 -
UK (England) 10142 12030 13480 15523 12031
UK (Scotland) 30014 39970 43490 71941 47368
UK (N. Ireland) 944 2010 2656 2912 3531
Unallocated landings 14201 s 14115 8 28631 8 39324 8 10981 s
Misreporting from Vla North

Total Landings 138956 215746 247058 358111 253048
Discards 17093 4125 15794 10861 1492
Total catch 156049 219871 262852 368972 254540

* Including IVa East

® Negative unallocated catches due to misreporting from other areas

® Altered in 2000 on the basis of a Bayesian assessment on m isreporting into 1Va (North)
" Including any by-catches in the industrial fishery

8 May include misreported catch from VIaN and discards

° Figure altered in 2001

0 Including 1057 t of local spring spawners

" Figures verified and altered if needed in 2003 by SG Rednose (ICES 2003/ACFM:10)
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Table 2.1.3: Herring caught in the North Sea. Catch in tonnes in Division 1VVa East. These figures
do not in all cases correspond to the official statistics and cannot be used for legal purposes.

Country 1997 7 1998 7 1999 7 2000 7 2001 7
Denmark 5 22862 25750 18259 11300 18466
Faroe Islands - - - 710 890
France 3 - 115 - -
Germany - - - 29 -
Netherlands 756 301 - 38 -
Norway 2 20975 43646 39977 38655 56904
Sweden 422 1189 772 1177 517
Unallocated landings -756 4 -292 4 - 338 0
Total landings 44262 70594 59123 52247 76777
Discards - - - - -
Total catch 44262 70594 59123 52247 76777
NOTW. Spring Spawners € 54728 29220 32106 25678 7108
Country 2002 2003 2004 2005 2006
Denmark 5 17846 7401 16278 5761 8614
Faroe Islands 1365 359 - 738 975
France - - - -
Germany 81 54 888 34
Netherlands - - - -
Norway 2 63482 62306 100443 89925 90065
UK (Scotland) - - - - 83
Sweden 568 1529 1720 3510 2857
Unallocated landings 5961 11991 0 0 0
Total landings 89303 83640 119329 99934 102628
Discards - - - - -
Total catch 89303 83640 119329 99934 102628
Norw. 5pring Spawners 6 4069 979 452 417 626

2 Catches of Norwegian spring spawning herring removed (taken under a separate TAC)

% Included in 1Va West

* Negative unallocated catches due to misreporting into other areas

® Including any by-catches in the industrial fishery

® These catches (including some fjord-type spring spawners) are taken by Norway under a separate quota
south of 62°N and are not included in the Norwegian North Sea catch figure fir this area
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Table 2.1.4: Herring caught in the North Sea. Catch in tonnes in Division 1Vb. These figures do not
in all cases correspond to the official statistics and cannot be used for legal purposes.

Country 1997 6 1998 6 1999 6 2000 6 2001 &
Belgium - - 1 - -
Denmark 4 11558 26667 26211 26825 30277
Faroe Islands - - - - -
France 6069 8945 7634 10863 7796 14
Germany 7455 13590 13529 18818 8340
Netherlands 14976 27468 22343 26839 24160
Norway 3762 45 2699 253 7329
Sweden 214 1717 1610 390 1760
UK (England) 2033 1767 1641 669 814
UK (Scotland) 5461 1851 1374 978 1614
Unallocated landings -3744 s -12138 5 -3794 5 -9820 5 -22885 5
Total landings 47784 69912 73248 75815 59205
Discards 2

Total catch 47784 69912 73248 75815 59205 14
Country 2002 2003 2004 2005 2006
Belgium - - - - -
Denmark 4 26387 22574 33857 41423 32277
Faroe Islands 48 173 402 - 200
France 4214 7918 10592 10205 17385
Germany 7577 12116 13823 14381 14222
Netherlands 13154 19115 23649 10038 13363
Norway 656 15732 1076 645 6933
Sweden 453 605 1794 1694 2715
UK (England) 317 2632 2864 3869 4924
UK (Scotland) 289 322 1841 1286 977
Unallocated landings 4052 -2401 8300 10233 2364
Total landings 57147 78786 98198 93774 95360
Discards 2 1265 1963

Total catch 57147 78786 99463 95737 95360

2 Discards partly included in unallocated landings

® Negative unallocated catches due to misreporting from other areas

* Including any by-catches in the industrial fishery

® May include discards. Negative unallocated due to misreporting into other areas

® Figures verified and altered if needed in 2003 by SG Rednose (ICES 2003/ACFM:10)

¥ Figure altered in 2004
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Table 2.1.5: Herring caught in the North Sea. Catch in tonnes in Division 1Vc and VIId. These
figures do not in all cases correspond to the official statistics and cannot be used for legal purposes.

Country 1997 o 1998 o 1999 ¢ 2000 9 2001 o
Belgium 1 - 1 1 -
Denmark 1247 1873 1439 468 583
France 8091 7081 12844 6879 8750
Germany 1349 916 2029 2029 3686
Netherlands 14181 11247 10572 12348 9630
UK (England) 1388 1562 1794 1651 1485
UK (Scotland) - - - - -
Unallocated landings 27241 4 26701 4 21652 4 26822 4 25522 4
Total landings 53498 49380 50331 50198 49656
Discards 3

Total catch 53498 49380 50331 50198 49656
Coastal spring spawners 143 88 88 76 147 11
Included above 2

Country 2002 2003 2004 2005 2006
Belgium 23 5 8 6 3
Denmark 170 273 774 206 969
Faroe Islands - - - - 30
France 10686 12389 12988 15150 13637
Germany 4366 5987 9588 9896 7553
Netherlands 23814 36948 28637 34874 23743
UK (England) 3208 3977 4511 5919 5243
UK (Scotland) 623 - - - -
Unallocated landings 7338 8170 11967 8231 5419
Total landings 50318 67749 68473 74282 56597
Discards 3 - - - - -
Total catch 50318 67749 68473 74282 56597
Coastal spring spawners 60 84 62 74 65

included above 2

2 Landings from the Thames estuary area are included in the North Sea catch figure for UK (England)

® Discards partly included in unallocated landings

4 May include misreported catch and discards
° Figures verified and altered if needed in 2003 by SG Rednose (ICES 2003/ACFM:10)

Y Fijgure altered in 2002 (was 7851 t higher before)

" Thames/Blackwater herring landings: 107 t, others included in the catch figure for The Netherlands

¥ Figure altered in 2004
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Table 2.1.6 ("The Wonderful Table"): HERRING in Sub-area 1V, Division V1Id and Division Illa. Figures in thousand tonnes.

Year 1989 1990 1991 1992 1993 1994 199518 1996 18 1997 18 1998 18 1999 18 2000 18 2001 18 2002 2003 2004 2005 2006
Sub-Area IV and Division VIId: TAC (IV and VIId)
Recommended Divisions IVa, b 1 484 373, 332 363 6 352 290 7 296 7 3891 156 159 254 265 265 -2 -2 -2 -2 -2 -2
Recommended Divisions IVc, Vild 30 30 50-60 6 54 50 50 50 - 14 - 14 - 14 - 14 - 14 - 14 - 14 - 14 - 14 - 14 - 14
Expected catch of spring spawners 10 8
Agreed Divisions IVa,b 2 484 385 370 & 380 380 390 390 263;131 13 134 229 240 240 240 223 340.5 393.9 460.7 404.7
Agreed Div. I\Vc, VIid 30 30 50 6 50 50 50 50 50; 25 13 25 25 25 25 25 42.7 59.5 66.1 74.3 50.0
Bycatch ceiling in the small mesh fishery 24 22 30 36 36 36 52.0 38.0 50.0 42.5
CATCH (IV and VIId)
National landings Divisions IVa,b 3 639 499 495 481 463 421 465 183 149 245 261 261 272 261 3545 421.7 502.3 439.2
Unallocated landings Divisions 1Va,b -2 14 30 14 -1 6 -15 -5 36 44 22 35 2 24 23.7 36.9 49.6 13.3
Discard/slipping Divisions 1Va,b 4 3 4 2 3 1 1 - - - - - - - 17 4.1 17.1 12.8 1.5
Total catch Divisions IVa,b 5 638 516 527 498 463 428 450 178 185 289 283 296 273 303 382.3 481.6 564.6 454.0
National landings Divisions IVc, VIIid 3 30 24 42 37 Ra 42 45 24 26 23 29 23 24 43 59.5 56.5 66.1 51.2
Unallocated landings Divisions IVc,VIid 48 32 16 35 43 30 22 31 27 27 22 27 26 7 8.2 12.0 8.2 5.4
Discard/slipping Divisions IVc, VIId 4 1 5 3 2 2 2 - - - - - - - 0 - - - -
Total catch Divisions IVc, VIld 79 61 61 74 77 21 74 67 55 53 49 50 50 50 50 67.7 68.5 74.3 56.6
Total catch IV'and VITd as used by ACFM 5 717 578 588 572 540 21 498 516 233 238 338 333 346 323 353 4500 550.1 6389  510.6
CATCH BY FLEET/STOCK (1V and VIId) 10
North Sea autumn spawners directed fisheries (Fleet A) N.a. N.a. 446 441 438 447 439 195 225 316 313 322 296 323 434.9 529.5 610.0 487.1
North Sea autumn spawners industrial (Fleet B) N.a. N.a. 134 124 101 38 67 38 13 14 15 18 20 22 12.3 13.6 21.8 11.9
North Sea autumn spawners in 1V and VI1d total 696 569 580 564 539 485 506 233 237 330 329 339 317 346 447.2 543.0 631.9 499.0
Baltic-llla-type spring spawners in IV 20 8 8 8 9 13 10 1 1 8 5 7 6 7 2.8 7.1 7.0 11.0
Coastal-type spring spawners 2.3 11 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 1.2 0.1 0.1 0.1 0.1 0.1
Norw. Spring Spawners caught under a separate quota In IV.20  N.a. 4 5 5 9 6 10 30 55 29 32 26 7 4 1.0 05 0.4 0.6
Division I11a: TAC (I11a)
Predicted catch of autumn spawners 96 153 102 7 98 48 35 58 43 53 - 22 - 22 - 22 - 22 - 22 -22
Recommended spring spawners 84 67 91 90 93-113 -9 - 12 - 12 - 15 - 15 - 15 - 15 - 15 - 15 - 15 -2 -2 -2
Recommended mixed clupeoids 80 60 0 0 0 - - - - - - - - - - - - -
Agreed herring TAC 138 120 104.5 124 165 148 140 120 80 80 80 80 80 80 80.0 70.0 96.0 81.6
Agreed mixed clupeoid TAC 80 65 50 50 45 43 43 43
Bycatch ceiling in the small mesh fishery 20 17 19 21 21 21 21.0 21.0 24.2 20.5
CATCH (111a)
National landings 192 202 188 227 214 168 157 115 83 120 86 108 90 79 76.0 61.1 90.8 88.9
Catch as used by ACFM 162 195 191 227 214 168 140 105 74 108 79 99 82 73 68.1 52.7 69.6 51.2
CATCH BY FLEET/STOCK (l1la) 10
Autumn spawners human consumption (Fleet C) N.a. N.a. 26 47 44 42 38 24 21 59 28 17 36 34 17 24.1 13.4 22.9 11.6
Autumn spawners mixed clupeoid (Fleet D) 19 N.a. N.a. 13 23 25 12 6 9 4 6 817 13 12 9 8.4 10.8 9.0 3.4
Autumn spawners other industrial landings (Fleet E) N.a. N.a. 38 82 63 32 29 8 2
Autumn spawners in |1la total 91 77 8 77 152 132 86 73 43 27 61 34 17 49 46 26 32.5 24.2 31.9 15.0
Spring spawners human consumption (Fleet C) N.a. N.a. 68 53 68 59 44 58 43 40 40 17 45 33 38 31.6 16.8 325 30.2
Spring spawners mixed clupeoid (Fleet D) 19 N.a. N.a. 5 2 1 1 2 4 3 ] 317 5 3 9 4.0 11.2 5.1 5.9
Spring spawners other industrial landings (Fleet E) N.a. N.a. 40 20 12 24 21 2 1
Spring spawners in Illa total 71 118 113 75 81 84 67 64 47 43 43 17 50 36 47 35.6 28.0 37.6 36.1
North Sea autumn spawners Total as used by ACFM 787 646 657 716 671 571 579 275 264 392 363 388 363 372 479.7 567.2 663.8 514.6

1 Includes catches in directed fishery and catches of 1-ringers in small mesh fishery up to 1992. 2 IVa,b and EC zone of Ila. 3 Provided by Working Group members. 4 Incomplete, only some countries providing discard information. Discards might also be
included in un. s Includes spring spawners not included in assessment. 6 Revised during 1991. 7 Based on F=0.3 in directed fishery only; TAC advised for I\VVc, VIId subtracted. 8 Estimated. 9 130-180 for spring spawners in all areas. 10 Based on sum-of-
products (number x mean weight at age). 11 Status quo F catch for fleet A. 12 The catch should not exceed recent catch levels. 13 During the middle of 1996 revised to 50% of its original agreed TAC. 14 Included in IVa,b. 15 Managed in accordance with
autumn spawners. 17 Figure altered in 2001 and again in 2004. 18 Data for 1995-2001 were verified and amended where necessary by SG REDNOSE in 2003. 19 Fleet D and E are merged from 1999 onwards. 20 These catches (including local fjord-type
Spring Spawners) are taken by Norway under a separate quota south of 62°N and are not included in the Norwegian North Sea catch figure for this area. 21 figure altered in 2003 to account for earlier summarizing errors. 22 See catch option tables for
different fleets.Shaded cells for the catch by fleet in Division Illa indicate persisting inconsistencies which have to be resolved intersessionally.
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Table 2.2.1: North Sea autumn spawning herring (NSAS), and western Baltic spring spawners
(WBSS) caught in the North Sea in 2006. Catch in numbers (millions) at age (CANUM), by
quarter and division.

llla  IVa(E) IVa(E) IVa(E) IVa(W) Vb Ve Viid IVa & IVc & Total Herring
NSAS all WBBS NSAS IVb Viid NSAS caughtin the
WR only NSAS North Sea

Quarters: 1-4

0 35.1 0.0 0.0 0.0 51 837.2 0.3 0.9 8424 12 878.6 8435
1 150.1 0.4 0.1 0.3 41 378 213 8.6 42.1 29.9 222.1 72.1
2 502 46.7 35 432 1155 1048 141 733 2635 87.4 401.1 354.4
3 10.2 62.4 88 537 1277 604 4.1 545 2418 58.6 310.6 309.2
4 33 1267 140 1127 2262  86.7 1.8 344 4256 36.1 465.0 475.3
5 33 1950 224 1726 4869 1828 3.4 1494 8424 1528 998.5 1016.8
6 06 519 51 468 1500  38.8 0.4 16.4  235.6 16.9 253.1 256.7
7 04 636 53 583 1390 356 0.1 151 2329 15.2 248.5 251.9
8 0.2 19.7 21 176 304 9.5 0.1 5.5 57.5 55 63.2 65.0
9+ 00 129 1.0 119 205 5.8 0.1 5.5 38.2 5.6 43.8 44.3
Sur 2533 579.2 622 517.1 13055 13995 457  363.4 32221  409.1 3884.6 3689.3
Quarter: 1

0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.9 0.3 0.9 12 1.2
1 49.4 0.4 0.1 0.2 0.4 96 211 8.6 10.2 29.7 89.2 40.0
2 26.5 2.7 0.5 22 42 474 6.7 1.8 53.8 8.5 88.7 62.7
3 6.1 5.5 1.0 45 199 4.4 0.7 18.9 28.9 19.6 54.6 495
4 15 127 02 125 401 0.5 0.3 11.3 53.1 11.6 66.2 64.8
5 23 184 02 182 531 15 1.6 58.2 72.8 59.8 134.9 132.8
6 0.3 1.2 0.0 12 133 0.1 0.2 5.4 14.5 5.6 20.3 20.1
7 0.1 35 0.0 35 108 0.1 0.1 3.2 14.4 3.2 17.7 17.6
8 0.1 2.3 0.0 2.3 15 0.0 0.1 1.8 3.8 1.9 5.8 5.7
9+ 0.0 0.1 0.0 0.1 0.8 0.0 0.1 2.7 1.0 2.8 3.7 3.7
Sur  86.3  46.8 20 447 1441 63.8 30.8 1127 2526 1435 482.4 398.2
Quarter: 2

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 10.0 0.0 0.0 0.0 0.0 5.9 0.2 0.0 5.9 0.2 16.0 6.1
2 113 389 30 359 253 8.1 0.0 0.0 69.2 0.0 80.6 72.3
3 0.0 470 52 417 321 125 0.0 0.0 86.3 0.0 86.4 91.6
4 00 984 120 864 473 101 0.0 0.0 1439 0.0 143.9 155.8
5 00 1361 165 1196 1190 235 0.0 00 2620 0.0 262.1 278.6
6 00 245 30 215 218 3.4 0.0 0.0 46.7 0.0 46.7 49.7
7 00 193 23 169 223 43 0.0 0.0 435 0.0 435 45.8
8 00 103 1.3 9.1 5.9 2.3 0.0 0.0 17.3 0.0 17.3 18.6
9+ 0.0 3.0 0.4 2.6 4.4 0.7 0.0 0.0 7.8 0.0 7.8 8.1
Sur 214 3775 436 3338 2781 70.7 0.3 0.0 6827 0.3 704.4 726.7
Quarter: 3

0 27.0 0.0 0.0 0.0 51 6517 0.0 0.0 6568 0.0 683.7 656.8
1 40.8 0.0 0.0 0.0 19 173 0.0 0.0 19.2 0.0 60.0 19.2
2 10.2 4.9 0.1 49 720 283 0.0 00 1052 0.0 115.4 105.3
3 2.5 8.7 2.4 63 678 258 0.0 0.0 99.8 0.0 102.4 102.3
4 0.8 5.7 1.3 44 1116  63.0 0.0 0.0  179.0 0.0 179.9 180.4
5 03 193 45 148 2747 886 0.0 00 3781 0.0 3785 382.7
6 0.2 41 0.9 31 1040 203 0.0 00 1274 0.0 127.6 128.4
7 0.1 4.1 1.0 31 985 225 0.0 00 1241 0.0 124.2 125.1
8 0.0 2.5 0.6 19 200 3.4 0.0 0.0 25.3 0.0 25.4 25.9
9+ 0.0 0.5 0.1 04 148 5.0 0.0 0.0 20.2 0.0 20.2 20.3
Sur 820 498 109 389 7704 9259 0.0 0.1 17352 0.1 1817.4 1746.2
Quarter: 4

0 8.1 0.0 0.0 0.0 00 1853 0.3 0.0 1853 0.3 193.7 185.6
1 49.9 0.0 0.0 0.0 1.8 5.1 0.0 0.0 6.9 0.0 56.8 6.9
2 2.2 0.2 0.0 02 141 210 7.4 714 35.3 78.9 116.3 114.2
3 15 1.3 0.2 11 80 177 3.4 35.5 26.8 38.9 67.3 65.9
4 0.8 9.9 0.5 94 271 131 1.4 23.1 49.7 24.5 75.0 74.3
5 0.7 21.1 1.1 200 402 693 1.8 91.1  129.4 92.9 223.0 222.7
6 0.1 22.2 12 210 109 151 0.3 11.0 47.0 11.3 58.3 58.5
7 0.2 36.7 19 348 7.4 8.8 0.0 11.9 50.9 12.0 63.1 63.3
8 0.1 4.6 0.2 43 3.0 3.7 0.0 3.7 11.0 3.7 14.7 14.7
9 0.0 9.2 0.5 8.8 0.6 0.0 0.0 2.8 9.3 2.8 12.1 12.2

1129 339.1 14.6 250.6 551.6  265.2 880.3 818.3
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Table 2.2.2: North Sea autumn spawning herring (NSAS), and western Baltic spring spawners
(WBSS) caught in the North Sea in 2006. Mean weight-at-age (kg) in the catch (WECA), by
quarter and division.

Illla IVa(E) IVa(E) IVa(W) Vb Ve Vild IVa & Ve & Total Herring
NSAS all  WBSS IVb Viid NSAS caughtin the
WR all North Sea

Quarters: 1-4

0 0.014  0.000  0.000 0.010 0010 0016 0081 0010 - 0.010 0.010
1 0.054 0.025 0.11 0.103  0.020 0.027 0130 0.028  0.057 0.049 0.040
2 0.079 0125 0.108 0.145 0.097 0.090 0125 0123 0.119 0.117 0.122
3 0.117  0.149  0.152 0.156 0.141 0.130 0.124 0150 0.125 0.144 0.145
4 0.140 0.164 0171 0.180 0172 0151 0153 0174 0.153 0.172 0.172
5 0.186 0.175 0.178 0.193 0183 0150 0.152 0.187  0.152 0.181 0.181
6 0191 0214  0.191 0.230 0202 0195 0177 0222 0178 0.220 0.220
7 0.216  0.224  0.189 0251 0220 0170 0205 0.239  0.205 0.237 0.237
8 0.207 0229 0.214 0.247 0232 0195 0209 0.238  0.209 0.235 0.235
9+ 0.000 0.254  0.201 0286 0239 0216 0220 0.269 0.219 0.262 0.262
Quarter: 1

0 0.000 0.020  0.020 0.020 0.020 0081 0081 - - 0.067 0.067
1 0.020  0.024 0.024 0.024  0.024 0027 0130 0024 0.057 0.033 0.048
2 0.070  0.107  0.107 0.097 0.070 0.048 0.117 0.074 0.062 0.072 0.072
3 0107 0127 0127 0.126  0.07 0.095 0.092 0.123  0.092 0.110 0.111
4 0129  0.140  0.140 0.133 0141 0109 0109 0134 0.109 0.130 0.130
5 0.187 0151  0.151 0.147 0145 0124 0124 0148 0.124 0.138 0.137
6 0.195 0.193  0.193 0.165 0171 0153 0.153 0167 0.153 0.163 0.163
7 0220 0164 0.164 0.172 0177 0.166 0166 0.170  0.166 0.169 0.169
8 0.209 0.189  0.189 0.186 0192 0194 0194 0188 0.194 0.190 0.190
9+ 0.000 0.235 0.235 0219 0213 0216 0216 0221 - 0.217 0.217
Quarter: 2

0 0.000  0.000  0.000 0.000 0.000 008l 0081 - - 0.081 0.081
1 0.045  0.000  0.000 0.000 0.031 0029 0130 0031 0.030 0.040 0.031
2 0.075 0126 0.126 0.134 0100 0057 0.117 0126  0.057 0.119 0.126
3 0103 0141 0141 0.147 0122 0113 0.092 0140 0.112 0.140 0.140
4 0.135 0.160  0.160 0.181 0.144 0124 0109 0165 0.121 0.166 0.165
5 0.144 0168  0.168 0.190 0152 0133 0124 0176 0.131 0.177 0.176
6 0.000 0191  0.91 0211 0178 0157 0.153 0199 0.156 0.199 0.199
7 0.000 0.206  0.206 0.241 0188 0161 0166 0222 0.162 0.223 0.222
8 0171 0218 0.218 0.224 0199 0178 0194 0218 0.182 0.218 0.218
9+ 0.000 0235 0.235 0.255 0213 0216 0216 0244 - 0.244 0.244
Quarter: 3

0 0.013  0.000  0.000 0.010 0.010 0000 0.000 0010 - 0.010 0.010
1 0078 0111 0111 0.100 0.016 0.000 0.000  0.024 #DIV/O! 0.061 0.024
2 0.103  0.149  0.149 0.152 0.118 0.000 0.125 0.143 0.125 0.139 0.143
3 0129 0174 0174 0.169 0150 0.000 0.142 0.164  0.142 0.163 0.164
4 0.146 0191  0.191 0201 0177 0000 0170 0192 0.170 0.192 0.192
5 0.163 0193 0.193 0.205 0.205 0.000 0.167 0.205 0.167 0.205 0.205
6 0.175 0.259  0.259 0.246 0222 0.000 0.188 0242 0.188 0.242 0.242
7 0.188  0.246  0.246 0.263 0236 0.000 0214 0257 0.214 0.257 0.257
8 0.204 0.244  0.244 0.262 0255 0.000 0219 0259 0.219 0.260 0.259
9+ 0.000 0.310 0.310 0.299 0.243 0000 0224 0285 0.224 0.285 0.285
Quarter: 4

0 0.018 0.000  0.000 0.000 0.010 0010 0000 0010 - 0.010 0.010
1 0.069 0141 0.141 0.122  0.017 0015 0.000 0.045 0.015 0.066 0.045
2 0.098  0.165  0.165 0.141 0130 0129 0125 0135 0.125 0.128 0.128
3 0139 0182 0.182 0.154 0149 0137 0142 0152 0.141 0.145 0.146
4 0.155  0.203  0.203 0.166 0.172 0.160 0175 0175 0.174 0.174 0.174
5 0192 0210 0.210 0.183 0.165 0175 0.169 0.178  0.169 0.174 0.174
6 0213 0236  0.236 0.200 0181 0217 0189 0210 0.190 0.205 0.206
7 0.232 0237 0237 0.227 0197 0214 0216 0229 0.216 0.226 0.226
8 0207 0252  0.252 0.220 0232 0219 0217 0237 0217 0.231 0.232
9+ 0.000 0.256  0.256 0.298 0.000 0224 0223 0258 0.223 0.250 0.250
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Table 2.2.3: North Sea autumn spawning herring (NSAS), and western Baltic spring spawners
(WBSS) caught in the North Sea in 2006. Mean length-at-age (cm) in the catch, by quarter and
division.

Ma IVa(E) IVa(E) IVa(W) Vb Ve Vild Va & Ve &
NSAS all WBSS IVb Viid
WR all

Quarters: 1-4

0 n.d. n.d. 0.0 -

1 n.d. n.d. 0.0 0.0
2 n.d. n.d. 0.0 0.0
3 n.d. n.d. 0.0 0.0
4 n.d. n.d. 0.0 0.0
5 n.d. n.d. 0.0 0.0
6 n.d. n.d. 0.0 0.0
7 n.d. n.d. 0.0 0.0
8 n.d. n.d. 0.0 0.0
9+ n.d. n.d. 0.0 0.0
Quarter: 1

0 n.d. n.d. 5 =

1 n.d. n.d. 0.0 0.0
2 n.d. n.d. 0.0 0.0
3 n.d. n.d. 0.0 0.0
4 n.d. n.d. 0.0 0.0
5 n.d. n.d. 0.0 0.0
6 n.d. n.d. 0.0 0.0
7 n.d. n.d. 0.0 0.0
8 n.d. n.d. 0.0 0.0
9+ n.d. n.d. 0.0 =
Quarter: 2

0 n.d. n.d. - -

1 n.d. n.d. 0.0 0.0
2 n.d. n.d. 0.0 0.0
3 n.d. n.d. 0.0 0.0
4 n.d. n.d. 0.0 0.0
5 n.d. n.d. 0.0 0.0
6 n.d. n.d. 0.0 0.0
7 n.d. n.d. 0.0 0.0
8 n.d. n.d. 0.0 0.0
9+ n.d. n.d. 0.0 -
Quarter: 3

0 n.d. n.d. 0.0 =

1 n.d. n.d. 0.0 #DIV/O!
2 n.d. n.d. 0.0 0.0
3 n.d. n.d. 0.0 0.0
4 n.d. n.d. 0.0 0.0
5 n.d. n.d. 0.0 0.0
6 n.d. n.d. 0.0 0.0
7 n.d. n.d. 0.0 0.0
8 n.d. n.d. 0.0 0.0
9+ n.d. n.d. 0.0 0.0
Quarter: 4

0 n.d. n.d. 0.0 =

1 n.d. n.d. 0.0 0.0
2 n.d. n.d. 0.0 0.0
3 n.d. n.d. 0.0 0.0
4 n.d. n.d. 0.0 0.0
5 n.d. n.d. 0.0 0.0
6 n.d. n.d. 0.0 0.0
7 n.d. n.d. 0.0 0.0
8 n.d. n.d. 0.0 0.0
9+ n.d. n.d. 0.0 0.0
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Table 2.2.4: North Sea autumn spawning herring (NSAS), and western Baltic spring spawners
(WBSS) caught in the North Sea in 2006. Catches (tonnes) at-age (SOP figures), by quarter and
division.

Illla IVa(E) IVa(E) IVa(E) IVa(Ww) Vb Ve Vild IVa& IVc& Total Herring
NSAS all WBSS NSAS Vb Vild NSAS caught in the
WR only NSAS North Sea

Quarters: 1-4

0 0.5 0.0 0.0 0.0 0.1 8.4 0.0 0.1 8.4 0.1 9.0 85
1 8.1 0.0 0.0 0.0 0.4 0.8 0.6 11 1.2 1.7 10.9 2.9
2 4.0 5.8 0.4 54 167 102 13 91 324 104 46.7 43.2
3 1.2 9.3 13 80 19.9 8.5 0.5 6.8 363 7.3 44.8 45.0
4 05 208 24 184 408 149 0.3 53 741 55 80.1 82.1
5 06 342 40 302 941 334 05 226 157.7 232 181.4 184.8
6 01 111 1.0 101 345 7.8 0.1 29 525 3.0 55.6 56.5
7 01 143 1.0 133 3438 7.8 0.0 31 559 3.1 59.1 60.0
8 0.0 45 0.4 4.1 7.5 2.2 0.0 1.1 138 1.2 14.9 15.4
9+ 0.0 3.3 0.2 3.1 5.9 1.4 0.0 1.2 103 1.2 11.6 11.7
Sum 150 1032 107 925 2546 954 33 534 4426 56.7 514.3 510.0
Quarter: 1

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.1
1 1.0 0.0 0.0 0.0 0.0 0.2 0.6 1.1 0.2 1.7 2.9 1.9
2 1.9 0.3 0.0 0.2 0.4 3.3 0.3 0.2 4.0 0.5 6.3 45
3 0.7 0.7 0.1 0.6 2.5 0.5 0.1 17 3.6 1.8 6.0 5.5
4 0.2 1.8 0.0 17 5.3 0.1 0.0 1.2 7.1 1.3 8.6 8.4
5 0.4 2.8 0.0 2.8 7.8 0.2 0.2 72 108 7.4 18.6 18.2
6 0.1 0.2 0.0 0.2 2.2 0.0 0.0 0.8 2.4 0.9 3.3 3.3
7 0.0 0.6 0.0 0.6 1.9 0.0 0.0 0.5 2.4 0.5 3.0 3.0
8 0.0 0.4 0.0 0.4 0.3 0.0 0.0 0.3 0.7 0.4 1.1 1.1
9+ 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.6 0.2 0.6 0.8 0.8
Sum 4.2 6.8 0.2 6.6 205 4.4 13 139 315 151 50.8 46.8
Quarter: 2

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.4 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.2 0.0 0.6 0.2
2 0.9 4.9 0.4 45 3.4 0.8 0.0 0.0 8.7 0.0 9.6 9.1
3 0.0 6.6 0.7 5.9 47 15 0.0 00 121 0.0 12.1 12.8
4 00 157 1.9 138 8.6 15 0.0 00 238 0.0 23.8 25.7
5 00 229 28 201 226 3.6 0.0 00 462 0.0 46.2 49.0
6 0.0 4.7 0.6 4.1 4.6 0.6 0.0 0.0 9.3 0.0 9.3 9.9
7 0.0 4.0 0.5 35 5.4 0.8 0.0 0.0 9.7 0.0 9.7 10.2
8 0.0 2.2 0.3 2.0 1.3 0.5 0.0 0.0 3.8 0.0 3.8 4.0
o+ 0.0 0.7 0.1 0.6 1.1 0.2 0.0 0.0 1.9 0.0 1.9 2.0
Sum 13 618 72 545 516 9.5 0.0 00 1157 0.0 117.1 123.0
Quarter: 3

0 0.4 0.0 0.0 0.0 0.1 6.5 0.0 0.0 6.6 0.0 6.9 6.6
1 3.2 0.0 0.0 0.0 0.2 0.3 0.0 0.0 0.5 0.0 3.6 0.5
2 1.0 0.7 0.0 07 110 3.3 0.0 00 150 0.0 16.1 15.0
3 0.3 15 0.4 11 114 3.9 0.0 00 164 0.0 16.7 16.8
4 0.1 1.1 0.3 08 224 111 0.0 00 344 0.0 345 34.7
5 0.1 3.7 0.9 29 564 182 0.0 00 77.4 0.0 775 78.3
6 0.0 11 0.2 0.8 256 45 0.0 0.0 309 0.0 30.9 31.1
7 0.0 1.0 0.2 0.8 259 5.3 0.0 00 320 0.0 32.0 32.2
8 0.0 0.6 0.1 0.5 5.2 0.9 0.0 0.0 6.6 0.0 6.6 6.7
9+ 0.0 0.1 0.0 0.1 4.4 1.2 0.0 0.0 5.7 0.0 5.7 5.8
Sum 5.2 9.9 2.2 77 1625 552 0.0 0.0 2254 0.0 230.6 227.7
Quarter: 4

0 0.1 0.0 0.0 0.0 0.0 1.9 0.0 0.0 1.9 0.0 2.0 1.9
1 3.4 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.3 0.0 3.8 0.3
2 0.2 0.0 0.0 0.0 2.0 2.7 1.0 8.9 48 9.9 14.8 14.6
3 0.2 0.2 0.0 0.2 1.2 2.6 0.5 5.0 4.1 55 9.8 9.6
4 0.1 2.0 0.1 1.9 45 2.3 0.2 4.0 8.7 43 13.1 13.0
5 0.1 4.4 0.2 4.2 7.4 114 03 154 230 157 38.8 38.9
6 0.0 5.2 0.3 4.9 2.2 2.7 0.1 21 9.9 21 12.0 12.3
7 0.0 8.7 0.5 8.3 1.7 1.7 0.0 26 117 2.6 14.3 14.7
8 0.0 1.2 0.1 1.1 0.6 0.9 0.0 0.8 2.6 0.8 3.4 35
9+ 0.0 2.4 0.1 2.2 0.2 0.0 0.0 0.6 2.4 0.6 3.0 3.2
Sum 44 242 13 229 199 26.3 20 395 691 415 115.0 111.9
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Table 2.2.5: North Sea autumn spawning herring (NSAS), and western Baltic spring spawners
(WBSS) caught in the North Sea in 2006. Percentage age composition (based on numbers, 3+
group summarised), by quarter and division.

llla IVa(E) IVa(E) IVa(E) IVa(W) IVb Ve Viid IVa & IVc & Total Herring
NSAS all WBSS NSAS IVb viid NSAS caught in the
WR only NSAS North Sea
Quarters: 1-4
0 13.9% 0.0% 00% 0.0% 0.4% 59.8% 06% 02% 26.1% 0.3% 22.6% 22.9%
1 59.3%  0.1% 02%  01% 0.3% 27% 46.6%  24%  13%  7.3% 5.7% 2.0%
2 19.8%  81%  57%  84%  89%  7.5% 30.9% 20.2%  82% 21.4% 10.3% 9.6%
3 40% 10.8% 14.1% 10.4%  9.8%  4.3%  9.0% 150% = 7.5% 14.3% 8.0% 8.4%
4 1.3% 21.9% 225% 21.8% 17.3% 62%  3.8%  95% 13.2%  8.8% 12.0% 12.9%
5 1.3% 33.7% 36.0% 334% 37.3% 131%  7.5% 41.1% 26.1% 37.3% 25.7% 27.6%
6 02%  9.0% 82%  91% 11.5% 28%  10% 45% 7.3% 4.1% 6.5% 7.0%
7 01% 11.0%  85% 11.3% 10.6%  25% 02% 42% 72%  3.7% 6.4% 6.8%
8 01%  34% 34% 34% 23% 07% 01% 15% 18% 1.3% 1.6% 1.8%
9+ 00% 22% 15% 23% 16% 04% 02% 15% 12% 1.4% 1.1% 1.2%
Sum 3+ 71% 91.9% 941% 91.6% 90.4% 30.0% 218% 77.2% 64.4% 71.0% 61.3% 65.6%
Quarter: 1
0 0.0%  00% 00% 00% 00% 04% 01% 08% 0.1% 0.6% 0.3% 0.3%
1 57.2%  08%  6.3% 05%  03% 150% 68.6% 7.6%  4.0% 20.7% 18.5% 10.0%
2 30.7%  5.7% 22.1%  4.9%  2.9% 742% 21.7%  16% 213%  5.9% 18.4% 15.7%
3 71% 11.7% 48.9% 10.0% 13.8%  6.9%  21% 16.8% 11.4% 13.7% 11.3% 12.4%
4 1.8% 27.1%  75% 28.0% 27.8%  07%  1.0% 10.0% 21.0%  8.1% 13.7% 16.3%
5 2.7% 39.4% 11.0% 40.7% 36.9%  23%  53% 51.6% 28.8% 41.7% 28.0% 33.4%
6 03% 25% 07% 26% 92% 02% 05% 48% 57% 3.9% 4.2% 5.0%
7 01%  7.5% 21% 7.8% 75% 02% 03% 28% 57%  2.3% 3.7% 4.4%
8 01%  49%  1.4% 51% 11% 01% 02%  16%  15%  1.3% 1.2% 1.4%
9+ 00% 03% 01% 03% 06% 00% 02% 24% 04% 1.9% 0.8% 0.9%
Sum 3+ 12.0% 93.5% 716% 945% 96.8% 104%  9.7% 90.0% 74.6% 72.8% 62.9% 73.9%
Quarter: 2
0 0.0% 00% 00% 00% 00% 00% 01% 08% 00% 0.1% 0.0% 0.0%
1 46.7%  0.0%  0.0% 00% 0.0%  83% 582% 7.6%  09% 557% 2.3% 0.8%
2 53.0% 10.3%  6.8% 10.8%  9.1% 114% 14.7%  16% 10.1% 14.1% 11.4% 9.9%
3 0.2% 12.4% 12.0% 12.5% 11.5% 17.7% 11.0% 16.8% 12.6% 11.2% 12.3% 12.6%
4 0.1% 26.1% 27.4% 259% 17.0% 143%  28% 10.0% 21.1%  3.1% 20.4% 21.4%
5 0.0% 36.1% 37.9% 358% 42.8% 332% 11.3% 51.6% 38.4% 13.3% 37.2% 38.3%
6 0.0%  65% 6.8% 64% 7.9% 48% 09% 48% 68% 1.1% 6.6% 6.8%
7 0.0% 51% 54% 51% 80% 60% 06% 28% 64% 0.7% 6.2% 6.3%
8 0.0%  2.7%  2.9% 27% 21% 33% 02% 16% 25%  0.3% 2.5% 2.6%
9+ 00% 08% 08% 08% 16% 10% 03% 24% 11% 04% 1.1% 1.1%
Sum 3+ 03% 89.7% 93.2% 89.2% 90.9% 80.3% 27.0% 90.0% 89.0% 30.1% 86.3% 89.2%
Quarter: 3
0 329% 00% 00% 00% 07% 704%  0.0% 00% 37.8%  0.0% 37.6% 37.6%
1 498%  00% 00% 00% 02%  1.9% 0.0% 00% 11%  0.0% 3.3% 1.1%
2 12.4%  9.9%  05% 125%  94%  31%  0.0% 28.0%  6.1% 28.0% 6.4% 6.0%
3 31% 175% 221% 162%  88%  28%  0.0% 145%  58% 14.5% 5.6% 5.9%
4 1.0% 115% 12.3% 11.3% 145% 6.8% 00% 87% 103%  8.7% 9.9% 10.3%
5 0.4% 38.8% 41.4% 38.1% 357%  9.6%  0.0% 36.3% 21.8% 36.3% 20.8% 21.9%
6 0.2%  82%  87%  80% 135% 22%  00% 45% 7.3%  4.5% 7.0% 7.4%
7 01% 82% 87%  80% 12.8%  24%  00% 50% 7.2%  5.0% 6.8% 7.2%
8 0.0%  50% 53% 49% 26% 04% 00% 18% 15%  1.8% 1.4% 1.5%
9+ 00% 09% 1.0% 09% 19% 05% 00% 13% 12% 1.3% 1.1% 1.2%
Sum 3+ 5.0% 90.1% 99.5% 87.5% 89.7% 247% 0.0% 720% 55.0% 72.0% 52.7% 55.3%
Quarter: 4
0 12.8%  0.0%  00%  00%  00% 546%  1.8%  0.0% 33.6%  0.1% 22.0% 22.7%
1 785%  0.0%  00% 00% 16% 15%  0.0% 00% 13%  0.0% 6.5% 0.8%
2 34%  02%  0.7%  02% 124%  62% 50.7% 285%  6.4% 29.7% 13.2% 14.0%
3 24%  12%  29%  11%  7.0%  52% 23.4% 142%  4.9% 14.7% 7.6% 8.0%
4 13%  94%  92%  94% 240%  3.9%  98%  92%  9.0%  9.2% 8.5% 9.1%
5 11% 20.0% 19.7% 20.0% 35.6% 20.4% 12.1% 36.4% 235% 35.0% 25.3% 27.2%
6 0.1% 21.1% 20.6% 21.1%  9.6%  45%  2.0%  44%  85%  4.3% 6.6% 7.2%
7 0.3% 34.9% 341% 349% 65% 26% 01%  48%  92%  4.5% 7.2% 7.7%
8 0.1%  4.4%  43%  44% 26% 11% 00% 15% 2.0%  1.4% 1.7% 1.8%
9+ 00% 88% 86% 88% 05% 00% 00% 11% 17%  11% 1.4% 1.5%
Sum 3+ 5.4% 99.7% 99.3% 99.8% 859% 37./% 47.4% 715% 58.8% 70.2% 58.3% 62.5%
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Table 2.2.6: Total catch of herring caught in the North Sea and Div. Illa: North Sea autumn
spawners (NSAS). Catch in numbers (millions) at mean weight-at-age (kg) by fleet, and SOP

catches (‘000 t). SOP catch might deviate from reported catch as used for the assessment.

2003 Fleet A Fleet B Fleet C Fleet D TOTAL
Total Mean Mean Mean Mean Mean
Winter rings Numbers  Weight  Numbers  Weight Numbers  Weight  Numbers  Weight Numbers  Weight
0 1.7 0.038 345.8 0.013 1.9 0.013 19.7 0.021 369.1 0.014
1 59.2 0.078 112.8 0.030 167.5 0.054 2775 0.021 617.0 0.037
2 952.9 0.115 69.2 0.048 142.1 0.073 40.2 0.048 1,204.5 0.104
3 502.0 0.158 1.9 0.123 12.4 0.124 0.7 0.099 516.9 0.157
4 799.1 0.174 4.4 0.133 16.0 0.151 0.2 0.128 819.7 0.173
5 240.5 0.185 0.4 0.162 1.8 0.163 0.0 0.174 242.7 0.184
6 104.7 0.204 0.4 0.173 1.1 0.193 0.1 0.152 106.2 0.204
7 118.8 0.221 0.5 0.178 1.2 0.214 0.0 0.244 120.5 0.221
8 36.8 0.232 0.1 0.178 0.2 0.187 0.0 0.180 37.1 0.232
9+ 8.3 0.253 8.3 0.253
TOTAL 2,824.0 535.5 344.1 338.4 4,041.9
SOP catch 434.8 12.3 24.1 8.4 479.6
Figures for A fleet include 3809 t unsampled bycatch in the industrial fishery
2004 Fleet A Fleet B Fleet C Fleet D TOTAL
Total Mean Mean Mean Mean Mean
Winter rings Numbers Weight  Numbers Weight Numbers ~ Weight ~ Numbers ~ Weight Numbers  Weight
0 627.2 0.013 13.2 0.024 75.2 0.022 715.6 0.014
1 2.7 0.073 133.0 0.025 18.8 0.060 52.1 0.054 206.7 0.036
2 252.9 0.121 5.9 0.039 114.2 0.069 65.7 0.073 438.8 0.099
3 1298.6 0.138 6.8 0.096 12.0 0.120 8.7 0.121 1,326.1 0.137
4 510.6 0.183 2.9 0.137 4.4 0.138 1.6 0.147 519.5 0.182
5 714.6 0.206 1.9 0.175 8.7 0.149 1.0 0.171 726.2 0.205
6 168.6 0.221 0.8 0.168 1.6 0.169 0.2 0.185 171.1 0.220
7 99.1 0.229 0.2 0.217 1.9 0.187 0.1 0.183 101.2 0.228
8 69.7 0.241 0.5 0.232 0.8 0.178 0.0 0.213 71.1 0.241
9+ 22.0 0.265 22.0 0.265
TOTAL 3,139.0 779.1 175.7 204.7 4,298.4
SOP catch 532.8 13.6 13.4 10.8 570.6
Figures for A fleet include 4984 t unsampled bycatch in the industrial fishery
2005 Fleet A Fleet B Fleet C Fleet D TOTAL
Total Mean Mean Mean Mean Mean
Winter rings Numbers  Weight  Numbers  Weight Numbers  Weight  Numbers  Weight Numbers  Weight
0 0.4 0.119 918.7 0.011 11.3 0.027 85.1 0.015 1,015.6 0.011
1 42.3 0.088 365.8 0.033 174.6 0.065 132.9 0.032 715.5 0.044
2 196.3 0.122 0.0 0.000 115.9 0.072 43.3 0.068 355.4 0.099
3 469.5 0.155 0.0 0.000 12.4 0.106 3.7 0.105 485.7 0.153
4 1313.0 0.166 0.0 0.000 4.7 0.154 0.6 0.158 1,318.4 0.166
5 477.6 0.208 0.0 0.000 2.1 0.175 0.2 0.157 479.9 0.208
6 573.6 0.223 0.0 0.000 1.9 0.189 0.3 0.160 575.9 0.223
7 114.7 0.240 0.0 0.000 0.3 0.216 0.2 0.178 115.2 0.240
8 107.8 0.266 0.0 0.000 0.2 0.209 0.0 0.000 108.0 0.266
9+ 39.1 0.265 0.0 0.000 39.1 0.265
TOTAL 3,334.2 1,284.5 323.5 266.4 5,208.7
SOP catch 611.7 21.8 22.9 9.0 665.4
Figures for A fleet include 998 t unsampled bycatch in the industrial fishery
2006 Fleet A Fleet B Fleet C Fleet D TOTAL
Total Mean Mean Mean Mean Mean
Winter rings_Numbers  Weight  Numbers Weight Numbers  Weight  Numbers  Weight Numbers  Weight
0 7.6 0.065 835.9 0.010 6.0 0.020 29.1 0.013 878.6 0.010
1 14.3 0.111 57.8 0.023 93.3 0.068 56.8 0.030 222.2 0.049
2 334.1 0.127 20.3 0.044 42.1 0.081 8.1 0.069 404.5 0.117
3 308.2 0.145 1.0 0.119 7.3 0.119 2.9 0.113 319.4 0.144
4 471.8 0.172 3.8 0.153 24 0.141 0.8 0.137 478.8 0.172
5 1012.6 0.181 4.7 0.160 21 0.184 1.2 0.188 1,020.6 0.181
6 257.5 0.220 0.0 0.000 0.4 0.188 0.1 0.197 258.1 0.219
7 253.3 0.237 0.0 0.000 0.3 0.213 0.1 0.225 253.7 0.237
8 64.6 0.235 0.5 0.214 0.1 0.206 0.0 0.209 65.3 0.235
9+ 44.7 0.262 0.0 0.000 44.7 0.262
TOTAL 2,768.8 924.0 154.1 99.2 3,946.0
SOP catch 497.5 11.8 11.6 3.4 524.3

Figures for A fleet include 961t unsampled bycatch in the industrial fishery
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Table 2.2.7: Catch at age (numbers in millions) of herring caught in the North Sea, 1992-2006.
SG Rednose's revisions for 1995-2001 are included (see Sect. 2.2.3).
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Year/rings 0 1 2 3 4 5 6 7 8 9+ Total
1992 7874 705 995 424 344 351 370 149 39 24 11274
1993 7254 1385 792 614 315 222 230 191 88 42 11133
1994 3834 497 1438 504 355 117 98 78 71 46 7038
1995 6294 484 1319 818 244 122 57 43 69 29 9480
1996 1795 645 488 516 170 57 22 9 17 4 3723
1997 364 174 565 428 285 109 31 12 19 6 1993
1998 208 254 1084 525 267 179 89 14 17 4 2642
1999 968 73 487 1034 289 134 70 28 10 2 3096
2000 873 194 516 453 636 212 82 36 15 3 3019
2001 1025 58 678 473 279 319 92 39 18 2 2982
2002 319 490 513 913 294 136 164 47 34 7 2917
2003 347 172 1022 507 809 244 106 121 37 8 3375
2004 627 136 274 1333 517 721 170 100 70 22 3970
2005 919 408 203 487 1326 480 577 116 108 39 4664
2006 844 72 354 309 475 1017 257 252 65 44 3689

Table 2.2.8: Catch at age (numbers in millions) of Baltic Spring spawning Herring taken in the North Sea, and transfered

to the assessment of the spring spawning stock in I1la, 1992-2006.

Year/rings 0 1 2 3 4 5 6 7 8 9+ Total
1992 0.3 9.9 11.1 8.4 8.6 25 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 34 3.2 0.7 80.2
1995 224 11.0 14.9 4.0 2.9 1.9 0.7 0.0 57.8
1996 0.0 2.8 0.8 0.4 0.1 0.1 0.3 0.0 4.5
1997 2.2 1.3 15 0.4 0.2 0.1 0.2 0.0 5.9
1998 5.1 9.5 12.0 10.1 6.0 3.0 0.4 0.9 0.0 47.0
1999 3.3 14.3 5.6 3.6 1.4 0.6 0.4 0.0 29.3
2000 8.2 9.8 10.2 5.7 25 0.6 0.7 0.1 37.6
2001 11.3 10.2 6.1 7.2 2.7 1.6 0.4 0.0 39.9
2002 7.6 14.8 10.6 3.3 2.9 1.0 0.5 0.1 40.8
2003 0.0 3.1 6.0 35 1.2 1.3 0.5 0.1 15.7
2004 15.1 27.9 35 4.1 1.0 0.5 0.1 0.0 52.3
2005 6.6 17.4 12.7 2.6 3.8 1.1 0.4 0.3 44.8
2006 0.1 35 8.8 14.0 22.4 5.1 5.3 2.1 1.0 62.2

Table 2.2.9: Catch at age (numbers in millions) of North Sea Autumn Spawners taken in Illa, and transfered to the assess-
ment of NSAS, 1992 - 2006. Figures for 1991-1999 were altered in 2001 and 2002, but for 1991-1995 not used

n the assessment. SG Rednose's revisions and the revision of 2002 splitting are included (see Sect. 2.2.3).

Year/rings 0 1 2 3 4 5 6 7 8+ Total
1992 2298 1409 220 22 10 7 3 1 0 3971
1993 2795 2033 238 27 8 4 3 2 1 5109
1994 482 1087 201 27 6 3 2 0 0 1807
1995 1145 1181 147 10 3 1 1 0 0 2487
1996 516 961 154 13 3 1 1 0 0 1649
1997 68 305 125 20 1 1 0 0 0 521
1998 51 729 145 25 19 3 3 1 0 977
1999 598 231 133 39 10 5 1 1 0 1017
2000 232 978 115 20 21 7 3 1 0 1377
2001 808 557 140 15 1 0 0 0 0 1521
2002 411 345 48 5 1 0 0 0 0 811
2003 22 445 182 13 16 2 1 1 0 682
2004 88 71 180 21 6 10 2 2 1 380
2005 96 307 159 16 5 2 2 0 0 590
2006 35 150 50 10 3 3 1 0 0 253

Table 2.2.10: Catch at age (numbers in millions) of the total North Sea Autumn Spawning stock 1992 - 2006. Figures for

1991-1999 were altered in 2001 and 2002, but for 1991-1995 not used in the assessment.
SG Rednose's revisions and the revision of 2002 splitting are included (see Sect. 2.2.3).

Year/rings 0 1 2 3 4 5 6 7 8 9+ Total
1992 10390 2470 1342 445 376 368 383 156 40 23 15994
1993 10280 4160 1305 577 295 210 221 184 86 41 17358
1994 4437 1890 1839 449 332 103 88 74 68 45 9325
1995 7438 1665 1444 817 232 119 55 41 69 29 11909
1996 2311 1606 642 526 172 58 23 9 17 4 5368
1997 431 480 688 447 285 109 31 12 19 6 2507
1998 260 978 1220 538 276 176 89 15 17 4 3572
1999 1566 304 616 1059 294 136 69 28 10 2 4084
2000 1105 1172 623 463 647 213 82 36 15 2 4358
2001 1833 614 806 477 274 312 89 37 17 2 4463
2002 730 835 553 903 284 133 161 46 33 7 3687
2003 369 617 1204 517 820 243 106 120 37 8 4042
2004 716 207 439 1326 520 726 171 101 71 22 4298
2005 1016 716 355 486 1318 480 576 115 108 39 5209
2006 879 222 401 311 465 999 253 249 63 44 3885
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Table 2.2.11: Comparison of mean weights (kg) at age (rings) in the catch of adult herring in the
North Sea (by Div.) and North Sea autumn spawners caught in Div. Illa in 1996 — 2006. SG
Rednose’s revisions for 1995 — 2001 are included.

Age (Rings)
Div. Year 2 3 4 5 6 7 8 9+
llla 1996 0.078 0.110 0.160 0.182 0.215 0.215 0.244 -

1997 0.066 0.122 0.155 0.176 0.175 0.179 0.185-
1998 0.078 0.118 0.163 0.180 0.197 0.179 0.226 -
1999 0.084 0.113 0.141 0.161 0.181 0.206 0.199 -
2000 0.076 0.103 0.162 0.190 0.184 0.186 0.177 -
2001 0.073 0.105 0.128 0.133 0.224 0.170 0.192 -
2002 0.104 0.126 0.144 0.164 0.180 0.180 0.218 -
2003 0.067 0.123 0.150 0.163 0.191 0.214 0.187 -
2004 0.070 0.121 0.141 0.152 0.170 0.187 0.178 -
2005 0.071 0.106 0.155 0.173 0.185 0.200 0.209 -
2006 0.079 0.117 0.140 0.186 0.191 0.216 _ 0.207 -

IVa(E) 1996 0.131 0.141 0168 0.196 0.217 0.218 0.242 0.300
1997 0.122 0.149 0.174 0.204 0.228 0.229 0.221 0.313
1998 0.114 0.148 0.171 0199 0.219 0.237 0.269 0.233
1999 0.125 0.143 0.162 0.191 0.207 0.226 0.232 0.272
2000 0.130 0.154 0.172 0.195 0.202 0.218 0.261 0.256
2001 0.121 0.148 0.165 0.177 0.197 0220 0.262 0.238
2002 0.130 0.154 0.167 0.189 0.198 0.212 0.229 0.238
2003 0.122 0.154 0.162 0.177 0.189 0.203 0.213 0.218
2004 0.119 0.133 0.171 0.18 0.212 0.192 0.218 0.252
2005 0.117 0.146 0.153 0.202 0.209 0.233 0.262 0.265
2006 0.125 0.149 0.164 0.175 0.214 0.224 0.229  0.254

IVa(W) 1996 0.131 0.167 0.215 0.218 0.237 0.275 0301 0.278
1997 0.127 0.166 0.218 0.248 0.246 0.262 0.294 0.289
1998 0.130 0.170 0.205 0.244 0.263 0.270 0.308 0.314
1999 0.129 0.162 0.192 0.227 0.250 0.261 0.272  0.309
2000 0.127 0.159 0.187 0.214 0237 0.271 0.293 0.265
2001 0.138 0.168 0.193 0.222 0.235 0.266 0.285 0.296
2002 0.144 0.161 0.191 0.211 0230 0.242 0.261 0.263
2003 0.130 0.167 0.184 0.202 0.224 0.237 0.259 0.276
2004 0.131 0.155 0.193 0.220 0.242 0.251 0.246  0.299
2005 0.122 0.158 0.174 0.213 0.229 0.245 0275 0.267
2006 0.145 0.156  0.180 0.193 0.230  0.251  0.247 _ 0.286

Vb 1996 0.111 0.184 0.209 0.230 0.249 0.297 0.282 0.287
1997 0.124 0.170 0.210 0.230 0.259 0.263 0.286 0.286
1998 0.117 0.162 0.203 0.216 0.243 0.218 0.311 0.307
1999 0.118 0.148 0.154 0.207 0.226 0.209 0.287 0.345
2000 0.118 0.173 0.194 0.224 0229 0.251 0.240 0.268
2001 0.105 0.150 0.176 0.188 0.199 0.206 0.244 0.275
2002 0.086 0.149 0.161 0.206 0.214 0.189 0270 0.241
2003 0.098 0.161 0.178 0.195 0.214 0.214 0222 0.281
2004 0.118 0.143 0.186 0.214 0.234 0.239 0.297 0.308
2005 0.132 0.172 0.187 0.217 0220 0.245 0.253 0.252
2006 0.097 0.141 0.172 0.183 0.202 0.220  0.232 _ 0.239

IVa & IVb 1996 0.124 0.162 0.199 0.215 0.236 0.267 0.282 0.288
1997 0.125 0.161 0.202 0.233 0.245 0.254 0.264 0.291
1998 0.123 0.162 0.194 0.224 0.243 0.253 0.293 0.283
1999 0.124 0.155 0.179 0.213 0.236 0.250 0.264 0.301
2000 0.125 0.162 0.18 0.210 0.227 0.258 0.275 0.263
2001 0.129 0.156 0.180 0.202 0.217 0.242 0275 0.285
2002 0.119 0.157 0.177 0203 0.219 0.228 0.253 0.253
2003 0.113 0.163 0.178 0.190 0.210 0.225 0.239 0.255
2004 0.122 0.147 0.187 0.210 0.227 0.233 0.247 0.266
2005 0.121 0.157 0.172 0.212 0225 0.242 0.269 0.265
2006 0.123 0.150 0.174 0.187 0.222 0.239  0.238  0.269

Ve & Viid 1996 0.121 0.143 0.159 0.185 0.194 0.203 0.155
1997 0.101 0.133 0.156 0.168 0.166 0.190 0.163
1998 0.096 0.114 0.146 0.149 0.184 0.000 0.176
1999 0.116 0.139 0.159 0.189 0.198 0.217
2000 0.106 0.133 0.150 0.180 0.194 0.203
2001 0.113 0.138 0.171 0.167 0.171 0.168 0.180 -

2002 0.108 0.123 0.153 0.170 0.187 0.219 0.208 -

2003 0.103 0.127 0.144 0.168 0.176 0.188 0.200 0.227
2004 0.099 0.113 0.135 0.162 0.184 0.191 0.186 0.224
2005 0.122 0.132 0.139 0.170 0.207 0.228 0.237 0.245
2006 0.119 0.125 0.153 0.152 0.178 0.205 0.209 _ 0.219

Total 1996 0.123 0.157 0.189 0.205 0.212 0.262 0.280 0.288
North Sea 1997 0.118 0.149 0.195 0.227 0.227 0.235 0.245 0.291
Catch 1998 0.119 0.146 0.185 0.219 0.239 0.253 0.288 0.283

1999 0.123 0.152 0.172 0.208 0.233 0.246 0.264 0.301

2000 0.122 0.159 0.180 0.202 0.217 0.247 0.275 0.263

2001 0.118 0.149 0.177 0.198 0.213 0.238 0.267 0.288

2002 0.118 0.153 0.170 0.199 0.214 0.228 0.250 0.252

2003 0.104 0.158 0.174 0.184 0.205 0.222 0.232 0.256

2004 0.100 0.138 0.183 0.201 0.216 0.228 0.246 0.272

2005 0.099 0.153 0.166 0.208 0.223 0.240 0.257 0.278

2006 0.122 0.145 0.172 0.181 0.220 0.237 0.235 0.262
Figures for total NS catch updatad in 2006 for the years 2001-2005 due to an incorrect allocation of fish in the plus group
in the danish catches and new information of misreportings from the UK.
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Table 2.2.12: Sampling of commercial landings of herring in the North Sea (Div. IV and VIId) in
2006 by quarter. Sampled catch means the proportion of the reported catch to which sampling was
applied. It is limited by 100 % but might exceed the official landings due to sampling of discards,
unallocated and misreported catches. It is not possible to judge the quality of the sampling by this
figure alone. Note that only one nation sampled their by-catches in the industrial fishery
(Denmark, fleet B). Metiers are each reported combination of nation/fleet/area/quarter.

Country Quarter No of Metiers Sampled Official No. of No. fish No. fish  >1 sample
(fleet) metiers sampled Catch %  Catch samples aged measured per 1kt catch

Belgium 4 1 0 0% 3 0 0 0 n
total 1 0 0% 3 0 0 0 n
Denmark (A) 1 4 3 99% 25257 11 1661 1685 n
2 3 2 96% 6419 8 1099 1109 y
3 3 2 100% 40478 44 6195 6199 y
4 3 3 100% 18267 13 1833 1834 n
total 13 10 99% 90421 76 10788 10827 n
Denmark (B) 1 4 2 96% 1425 8 210 210 y
2 2 1 97% 282 4 9 11 y
3 2 1 99% 6550 9 515 559 y
4 3 2 100% 3644 8 24 29 y
total 11 6 99% 11901 29 758 809 y
England and W 1 3 0 0% 995 0 0 0 n
2 4 0 0% 3294 0 0 0 n
3 2 0 0% 10237 0 0 0 n
4 3 0 0% 7672 0 0 0 n
total 12 0 0% 22198 0 0 0 n
Faroe Isl 1 1 0 0% 140 0 0 0 n
3 1 0 0% 60 0 0 0 n
4 3 0 0% 1585 0 0 0 n
total 5 0 0% 1785 0 0 0 n
France 1 2 0 0% 4308 0 0 0 n
2 3 0 0% 4893 0 0 0 n
3 3 0 0% 30964 0 0 0 n
4 2 0 0% 9310 0 0 0 n
total 10 0 0% 49476 0 0 0 n
Germany 1 1 1 100% 401 9 487 1282 y
2 2 0 0% 4431 0 0 0 n
3 3 1 79% 12998 20 662 7049 y
4 3 2 83% 22584 26 580 9716 y
total 9 4 72% 40414 55 1729 18047 y
Netherlands 1 4 2 100% 4811 14 350 2542 y
2 4 2 100% 14250 37 925 5560 y
3 2 2 100% 34004 72 1800 7904 y
4 4 2 86% 23250 8 200 1310 n
total 14 8 100% 76315 131 3275 17316 y
Northern Irelar 1 1 0 0% 399 0 0 0 n
3 1 0 0% 3127 0 0 0 n
4 1 0 0% 5 0 0 0 n
total 3 0 0% 3531 0 0 0 n
Norway 1 3 1 91% 3213 1 50 80 n
2 3 3 100% 80865 28 1829 3215 n
3 3 1 61% 29563 3 150 295 n
4 2 1 95% 21720 4 150 212 n
total 11 6 90% 135361 36 2179 3802 n
Scotland 1 2 1 25% 614 1 50 211 y
2 4 3 100% 2794 17 932 4006 y
3 2 1 98% 44455 59 3870 10518 y
4 2 0 0% 566 0 0 0 n
total 10 5 99% 48429 77 4852 14735 y
Sweden 2 3 0 0% 3120 0 0 0 n
3 3 0 0% 5836 0 0 0 n
4 2 0 0% 1573 0 0 0 n
total 8 0 0% 10529 0 0 0 n
grand total 107 78 79% 490362 404 23581 65536 n
Period total 1 25 10 96% 41562 44 2808 6010 y
Period total 2 28 11 90% 120348 94 4794 13901 n
Period total 3 25 8 74% 218273 207 13192 32524 n
Period total 4 29 10 74% 110179 59 2787 13101 n
Total for stock 2006 107 39 79% 490362 404 23581 65536 n
Human Cons. only 96 33 79% 478461 375 22823 64727 n
Total for stock 2004 100 39 94% 484159 519 18643 93311 y
Total for stock 2005 102 39 95% 568312 438 15499 89011 n
Human Cons. only 2005 95 35 94% 546650 394 14888 87114 n
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Table 2.2.13: Revision of historic catch numbers and mean weights at age in the catch due to
incorrect allocation of fish to the plus group and new information on misreporting

AGE

0

1

2

2006 ASSESSMENT CATCH NUMBERS AT

806490
553042
1204451
438762
355438

842635
579592
1221992
447918
355453

0.117
0.116
0.104
0.099
0.099

0.118
0.118
0.104
0.100
0.099

4.48%
4.80%
1.46%
2.09%

AGE
2001 1832691 614321
2002 730279 835273
2003 369074 616986
2004 715597 206658
2005 1015554 715547
REVISED 2001-2004 DATA
2001 1832691 614469
2002 730279 837557
2003 369074 617021
2004 715597 206648
2005 1015554 715547
2006 ASSESSMENT MEAN WEIGHTS IN
CATCH
2001 0.012 0.048
2002 0.012 0.037
2003 0.014 0.037
2004 0.014 0.036
2005 0.011 0.044
REVISED MEAN WEIGHTS AT AGE IN
THE CATCH
2001 0.012 0.048
2002 0.012 0.037
2003 0.014 0.037
2004 0.014 0.036
2005 0.011 0.044
PERCENTAGE CHANGE IN CATCH AT
AGE
2001 0.00% 0.02%
2002 0.00% 0.27%
2003 0.00% 0.01%
2004 0.00% 0.00%
2005 0.00% 0.00%

0.00%

3

477456
903157
516945
1326124
485676

485628
970577
529386
1366155
485746

0.149
0.151
0.157
0.138
0.153

0.149
0.153
0.158
0.138
0.153

1.71%
7.46%
2.41%
3.02%
0.01%

PERCENTAGE CHANGE IN MEAN WEIGHTS AT AGE

2001
2002
2003
2004
2005

0.00%
0.00%
0.00%
0.00%
0.00%

0.01%
0.39%
0.02%
0.00%
0.00%

IN THE CATCH

0.96%
1.56%
0.43%
0.76%
0.00%

0.33%
1.27%
0.33%
0.57%
0.00%

4

274048
283997
819715
519503
1318373

278884
292205
835552
543376
1318647

0.177
0.169
0.173
0.182
0.166

0.177
0.170
0.174
0.183
0.166

1.76%
2.89%
1.93%
4.60%
0.02%

0.26%
0.47%
0.29%
0.49%
0.00%

5

311892
133206
242669
726235
479949

321743
140701
244780
753231
479961

0.197
0.198
0.184
0.200
0.208

0.198
0.199
0.184
0.201
0.208

3.16%
5.63%
0.87%
3.72%
0.00%

0.42%
0.31%
0.18%
0.37%
0.00%

6

89298

161196
106172
171149
575851

90918

174570
107751
169324
576154

0.212
0.214
0.204
0.216
0.222

0.213
0.214
0.205
0.216
0.223

1.81%
8.30%
1.49%
-1.07%
0.05%

0.25%
0.12%
0.32%
0.17%
0.45%

7

37485
46280
120497
101243
115164

38252
48908
123291
104945
115212

0.237
0.228
0.221
0.227
0.239

0.238
0.228
0.222
0.228
0.24

2.04%
5.68%
2.32%
3.66%
0.04%

0.30%
0.16%
0.31%
0.36%
0.42%

8

17218
33355
37075
71100
107986

17910
34620
37671
65341
88311

0.267
0.25

0.232
0.245
0.266

0.267
0.250
0.232
0.246
0.257

4.02%
3.79%
1.61%
-8.10%

18.22%

0.04%
-0.16%
0.20%
0.27%
-3.38%

9

2360
7186
8313
22045
39113

2692
8702
9044
31801
58497

0.286
0.253
0.253
0.272
0.265

0.288
0.252
0.256
0.272
0.278

14.07%
21.10%
8.79%

44.25%
49.56%

0.55%
-0.56%
1.17%
0.24%
4.91%

TOTAL
Tonnes

363343
370941
472587
567252
663813

374065
394709
482281
587698
663813

2.95%
6.41%
2.05%
3.60%
0.00%
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Table .2.3.1.1: Vessels, areas and cruise dates during the 2006 herring acoustic surveys.

VESSEL

PERIOD

AREA

RECTANGLES

FV Enterprise (SCO)

1 July — 21 July

56°- 60°30" N, 3° - 10°
w

41E0-E3, 42E0-E3, 43EO0-
E3, 44E0-E3, 45E0-E4,
46E2-E5, 47E2-E6, 48E3-
EG6, 49E5

Johan Hjort

19 June — 16 July

56°30" N - 62° N, 2°-

42F2-F5, 43F2-F5, 44F2-F5,

(NOR) 6°E 45F2-F5, 46F2- F4, 47F2-
F4, 48F2-F4, 49F2-F4,
50F2-F4, 51F2-F4, 52F2-F4,
plus overlap area A

Scotia 1 July - 21 July 57°-62° N, 2/4°W - 43E8-F1, 44E6-F1, 45F0-

(SCO) 2°E F1, 46E6-F1, 47E6-F1,
48E6-F1, 49E6-F1, 50E7-
F1, 51E8-F1, 52E9-F1

Tridens 26 June — 21 July 53°30” - 58°30" N, 38F2-F7, 40E8-F7, 41E7-

(NED) Eng/Sco to Den/Ger F7,42E7- F1, 45E6-E9

coasts

Solea 29 June — 18 July 52°-56°30" N, Eng to 33F1-F4, 34F2-F4, 35F2-F4,

(GER) Den/Ger coasts 36F0-F7, 37E9- F8, 38E9-
F1, 39E8-F7

Dana 25 June — 6 July Kattegat north of 56° + | 41G1-G2, 42F6-F7, 42G0-

(DEN) Skagerrak and North G3, 43F6-G2, 44F6-G1,

Sea north of 56°30° N,
east of 6° E

45F6, 45F8-G1, 46F9-GO

Table 2.3.1.2: Total numbers (millions of fish) and biomass (thousands of tonnes) of North Sea
autumn spawning herring in the area surveyed in the acoustic surveys July 2006, with mean
weights and mean lengths by age ring.

AGE (RING) NUMBERS BlOMASS MATURITY WEIGHT LENGTH
(MILLIONS) (‘000T) (G) (cm)

0 4621.8 421 0.00 9.1 10.65
1 6822.8 305.2 0.00 44.7 17.92
2 3772.3 477.8 0.66 126.7 24.22
3 1997.2 315.2 0.88 157.9 25.96
4 2097.5 394.3 0.98 188.0 27.19
5 4175.1 784.4 1.00 187.9 27.23
6 618.2 139.2 1.00 225.2 28.68
7 562.1 136.5 1.00 242.8 29.33
8 84.3 20.5 1.00 243.9 29.50
9+ 70.4 18.6 1.00 265.0 30.19
Immature 12994.4 503.9 38.8 15.92
Mature 11827.3 2129.9 180.1 26.83
Total 24821.7 2633.8 106.1 21.12




90 ICES XXXXX Report 2006

Table 2.3.1.3. Revised numbers (millions) and biomass (thousands of tonnes) breakdown by age
(winter rings) and maturity obtained for the 2005 International North Sea Herring Acoustic
Survey.

NORTH SEA NUMBERS BIOMASS MATURITY WEIGHT LENGTH
(MILLIONS) (000 T) (G) (cm)

0 5015.9 16.0 0.00 3.2 7.9

1 3114.1 134.8 0.01 43.3 175

2 2055.1 276.0 0.76 134.3 244

3 3648.5 617.8 0.96 169.3 26.1

4 5789.6 1040.2 0.96 179.7 26.5

5 1212.9 277.1 1.00 228.5 28.5

6 1174.9 290.7 1.00 247.5 29.2

7 139.9 35.3 1.00 252.6 29.5

8 126.5 34.7 1.00 274.4 30.2

o+ 106.7 315 1.00 295.1 30.7
Immature 8994.7 243.5
Mature 9890.7 1911.1
Total 22384.3 2754.2

1+ group 17368.4

Table 2.3.1.4. Difference in number at age between original and revised estimates for the 2005
International North Sea Herring Acoustic Survey.

AGE CHANGE IN
NUMBER

% CHANGE ~ (MILLIONS

0 0.00% 0.0

1 0.05% 1.6

2 8.73% 164.9

3 6.17% 212.1

4 3.21% 180.3

5 0.13% 1.6

6 0.23% 2.7

7 0.00% 0.0

8 0.00% 0.0

9+ 0.00% 0.0

Immature 0.83% 74.2

Mature 3.27% 312.9

Total 2.58% 563.2

1+ group 3.35% 563.2
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Table 2.3.1.5: Estimates of North Sea autumn spawners (millions) at age from acoustic surveys,
1984-2006. For 1984-1986 the estimates are the sum of those from the Division IVa summer
survey, the Division Vb autumn survey, and the Divisions 1Vc, VIId winter survey. The 1987 to
2006 estimates are from the summer survey in Divisions 1Va,b and Illa excluding estimates of
Division Illa/Baltic spring spawners. For 1999 and 2000 the Kattegat was excluded from the
results because it was not surveyed.

AGE 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
(RINGS)
1 551 726 | 1,639 | 13,736 6,431 6,333 6,249 3,182 6,351 | 10,399 3,646 4,202
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
3 1,005 | 1,433 | 1,637 955 1,732 3,751 3,530 1,501 1,633 1,855 957 2,056
4 394 323 833 657 528 1,612 3,370 2,102 1,397 909 429 656
5 158 113 135 368 349 488 1,349 1,984 1,510 795 363 272
6 44 41 36 77 174 281 395 748 1,311 788 321 175
7 52 17 24 38 43 120 211 262 474 546 238 135
8 39 23 6 11 23 44 134 112 155 178 220 110
9+ 41 19 8 20 14 22 43 56 163 116 132 84
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
SSB 807 697 942 817 897 1,637 2,174 1,874 1,545 1,216 1,035 1,082
(“000t)
AGE 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
(RINGS)
1 6,198 9,416 4,449 5,087 | 24,735 6,837 | 23,055 9,829 5,183 3,114 6,823
2 4,557 6,363 5,747 3,078 2,922 | 12,290 4,875 | 18,949 3,415 2,055 3,772
3 2,824 3,287 2,520 4,725 2,156 3,083 8,220 3,081 9,191 3,649 1,997
4 1,087 1,696 1,625 1,116 3,139 1,462 1,390 4,189 2,167 5,790 2,098
5 311 692 982 506 1,006 1,676 795 675 2,590 1,213 4,175
6 99 259 445 314 483 450 1,031 495 317 1,175 618
7 83 79 170 139 266 170 244 568 328 140 562
8 133 78 45 54 120 98 121 146 342 127 84
9+ 206 158 121 87 97 59 150 178 186 107 70
Total 18,786 | 22,028 | 16,104 | 15,107 | 34,928 | 26,124 | 39,881 | 38,110 | 23,722 | 16,805 | 20,199
SSB(“000t) 1,446 1,780 1,792 1,534 1,833 2,622 2,948 2,999 2,584 1,868 2,130
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Table 2.3.2.1: North Sea autumn spawners. Fortnightly time periods sampled and survey effort in

2006/2007.

NL - Netherlands, FRG — Federal Republic of Germany

Area Time period Samples available Vessel days Nation Coverage
Orkney/Shetland 01-15 Sep. 87 5 GER Total
16-30 Sep. 78 5 GER Total
Buchan 01-15 Sep. None
16-30 Sep. 78 5 NL Total
Central North 01-15 Sep. None
Sea 16-30 Sep. 62 4 NL Total
01-15 Oct. None
Southern North 16-31 Dec. 77 4 NL Total
Sea 01-15 Jan. 104 7 GER Total
16-31 Jan. 82 5 NL Total

Table 2.3.2.2: North Sea autumn spawners. Number of samples taken and sampling effort for the
herring larvae surveys in Orkney/Shetland, Buchan, Central North Sea and Southern North Sea

by year

Year Samples Vessel-days (sampling)
1988/89 1355 98
1989/90 1300 96
1990/91 634 49
1991/92 738 51
1992/93 498 31
1993/94 491 34
1994/95 450 33
1995/96 421 26
1996/97 469 32
1997/98 456 29
1998/99 531 37
1999/00 645 38
2000/01 696 53
2001/02 534 32
2002/03 533 35
2003/04 568 35
2004/05 483 33
2005/06 543 36
2006/07 568 35
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Table 2.3.2.3: North Sea autumn spawners. Estimated abundances of herring larvae <10 mm long
(<11 mm for the SNS), by standard sampling area and time periods. The number of larvae are
expressed as mean number per ICES rectangle * 10°

Orkney/Shetland | Buchan Central North Sea Southern North Sea

Period 1-15 | 16-30 | 1-15 | 16-30 | 1-15 | 16-30 | 1-15 | 16-31 | 1-15 | 16-31
Sep. Sep. Sep. Sep. Sep. Sep. Oct. Dec. Jan. Jan.

1972 1133 4583 30 165 88 134 2 46
1973 2029 822 3 4 492 830 1213 1
1974 758 421 101 284 81 1184 10
1975 371 50 312 90 77 1
1976 545 81 1 64 108
1977 1133 221 124 32 520 262 89 1
1978 3047 50 162 1406 81 269 33 3
1979 2882 2362 197 10 662 131 507 111 89
1980 3534 720 21 1 317 188 9 247 129 40
1981 3667 277 3 12 903 235 119 1456 70
1982 2353 1116 340 257 86 64 1077 710 275 54
1983 2579 812 3647 768 1459 281 63 71 243 58
1984 1795 1912 2327 1853 688 2404 824 523 185 39
1985 5632 3432 2521 1812 130 13039 1794 1851 407 38
1986 3529 1842 3278 341 1611 6112 188 780 123 18
1987 7409 1848 2551 670 799 4927 1992 934 297 146
1988 7538 8832 6812 5248 5533 3808 1960 1679 162 112
1989 11477 5725 5879 692 1442 5010 2364 1514 2120 512
1990 10144 4590 2045| 19955 1239 975 2552 1204
1991 1021 2397 2032 4823 2110 1249 4400 873
1992 189 4917 822 10 165 163 176 1616
1993 66 174 685 85 1358 1103
1994 26 1179 1464 44 537 595
1995 8688 43 74 230 164
1996 809 184 564 337 675 691
1997 3611 23 9374 918 355
1998 8528 1490 205 66 1522 953 170
1999 4064 185 134 181 804 1260 344
2000 3352 28 83 376 7346 338 106
2001 11918 164 1604 971 5531 909
2002 6669 1038 3291 2008 260 925
2003 3199 2263 12018 3277 12048 3109 1116
2004 7055 3884 5545 7055 2052 4175
2005 3380 1364 5614 498 3999 4822
2006 6311 2312 280 2259 10858 2700 2106
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Table 2.3.2.4: North Sea autumn spawners. Parameter estimates obtained on fitting the MLAI
model to the estimates of larval abundance by area and time-period. Model fitted to abundances of
larvae < 10 mm in length (11 mm for the southern North Sea).

a) Analysis of variance of the model fit
Sum Mean
DF of Squares Square F Value P
Model 44 169.97 3.863 8.37 <0.0001
Error 240 110.81 0.462
C Total 284 280.79
b) Estimates of parameters
Reference Mean
Estimate Standard Error
6.81331 0.5502 Reference: 1972, Orkney/Shetland 09/01 — 09/15
Year Effects
Year Estimate Standard Error Year Estimate Standard Error
1973 0.36421 0.68652 1990 2.93112 0.62998
1974 -0.13565 0.73565 1991 2.28800 0.68255
1975 -1.20382 0.74756 1992 1.52678 0.72159
1976 -1.30869 0.73370 1993 1.18798 0.69815
1977 -0.39908 0.70308 1994 0.81965 0.73606
1978 -0.21089 0.71378 1995 0.91582 0.72536
1979 0.46102 0.68699 1996 1.59260 0.76399
1980 0.08025 0.68409 1997 1.83934 0.71657
1981 0.46853 0.68072 1998 2.10117 0.67352
1982 0.83775 0.61811 1999 1.91752 0.67715
1983 1.08677 0.63376 2000 1.50754 0.69242
1984 1.67991 0.61516 2001 2.66180 0.70501
1985 2.10061 0.59342 2002 2.50106 0.68429
1986 1.44595 0.61315 2003 3.39638 0.69663
1987 2.01122 0.60506 2004 3.56639 0.73851
1988 2.69650 0.59323 2005 3.05304 0.68755
1989 2.67140 0.60716 2006 2.56592 0.70976
Sampling Unit Effects
Sampling Unit Estimate Standard Error
Or/Shet 16-30 Sep -0.76580 0.31575
Buchan 01-15 Sep -1.79146 0.41538
Buchan 16-30 Sep -2.53508 0.34628
CNS 01-15 Sep -1.62701 0.40196
CNS 16-30 Sep -1.44483 0.34858
CNS 01-15 Oct -2.05251 0.37851
CNS 16-31 Oct -4.13775 0.52425
SNS 12-31 Dec -1.79694 0.37487
SNS 01-15 Jan -2.46444 0.32487
SNS 16-31 Jan -3.43855 0.36116




ICES HAWG Report 2007

95

Table 2.3.2.5: North Sea autumn spawners. Time-series of the Multiplicative Larval Abundance
Index (MLAI). The original MLALI is given in the second column. MLAI, is the sum of the MLAI
and the value of the reference area (Orkney/Shetlands, 115" September 1972). This estimate is
then unlogged (eMLAI) and divided by 100 (MLAIlssess). The MLAI s describes the time-series

that is used in the assessment.

Reference Value: 6.81331 |

Year MLAI MLAIpius eMLAI MLA assess
1973 0.36421 7.1775 1309.66 13.097
1974 -0.13565 6.6777 794.46 7.945
1975 -1.20382 5.6095 273 2.73
1976 -1.30869 5.5046 245.82 2.458
1977 -0.39908 6.4142 610.47 6.105
1978 -0.21089 6.6024 736.88 7.369
1979 0.46102 7.2743 1442.78 14.428
1980 0.08025 6.8936 985.91 9.859
1981 0.46853 7.2818 1453.66 14,537
1982 0.83775 7.6511 2102.88 21.029
1983 1.08677 7.9001 2697.49 26.975
1984 1.67991 8.4932 4881.58 48.816
1985 2.10061 8.9139 7434.74 74.347
1986 1.44595 8.2593 3863.25 38.632
1987 2.01122 8.8245 6799.02 67.99
1988 2.6965 9.5098 13491.46 134.915
1989 2.6714 9.4847 13157.08 131571
1990 2.93112 9.7444 17058.94 170.589
1991 2.288 9.1013 8967.01 89.67
1992 1.52678 8.3401 4188.46 41.885
1993 1.18798 8.0013 2984.82 29.848
1994 0.81965 7.633 2065.17 20.652
1995 0.91582 7.7291 2273.63 22.736
1996 1.5926 8.4059 4473.42 44.734
1997 1.83934 8.6527 5725.33 57.253
1998 2.10117 8.9145 7438.89 74.389
1999 1.91752 8.7308 6190.9 61.909
2000 1.50754 8.3208 4108.65 41.087
2001 2.6618 9.4751 13031.31 130.313
2002 2.50106 9.3144 11096.36 110.964
2003 3.39638 10.2097 27165.27 271.653
2004 3.56639 10.3797 32199.47 321.995
2005 3.05304 9.8663 19270.81 192.708
2006 2.56592 9.3792 11839.94 118.399
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Table 2.3.3.1. North Sea herring. Indices of 2-5+ ringers from the 1° quarter IBTS

ICES XXXXX Report 2006

YEAR OF SAMPLING 2-RINGER 3-RINGER 4-RINGER 5+ RINGER

1983 139 45 14 24
1984 161 61 27 10
1985 722 282 42 28
1986 782 276 79 28
1987 918 116 59 49
1988 4163 792 58 25
1989 875 339 89 9
1990 462 280 269 71
1991 693 259 222 146
1992 437 193 55 92
1993 787 223 45 66
1994 1167 213 69 43
1995 1393 279 37 7
1996 198 33 10 8
1997 507 163 31 20
1998 792 96 21 18
1999 451 501 98 36
2000 199 155 59 9
2001 1129 317 94 68
2002 658 338 25 20
2003 1556 612 360 53
2004 451 777 112 171
2005 214 356 389 131
2006 1464 330 252 339
2007 41 18 8 41

Table 2.3.3.2. North Sea herring. Estimates of mean number per hour per statistical rectangle
from 1% quarter IBTS 2007. Means for age groups in “Roundfish areas” (*) and in all areas. In the
index 2-5+ for all areas, the findings in RF8 and RF9 are not included.

AREA ToTAL MEAN PER STATISTICAL RECTANGLE

AGE GROUP (WR)

1 2 4 5+
All areas 1336 41 18 8 41
RF1 294.9 0.0 334 64.0 28.2 169.3
RF2 158.8 1495 8.3 0.8 0.0 0.2
RF3 95.8 84.9 9.8 0.8 0.0 0.4
RF4 83.1 36.9 23.6 7.4 14.9 0.3
RF5 645.7 601.5 24.2 134 3.8 2.7
RF6 2957.9 29125 44.7 0.4 0.0 0.2
RF7 4755.0 4566.0 186.8 1.9 0.0 0.3
RFS8 1005.2 764.7 2135 10.6 6.9 9.5
RF9 13332.9 10385.5 2636.4 266.3 44.7 0.0

*) “Roundfish areas” are shown in the IBTS Manual (Add. ICES CM 2002/D:03)
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Table 2.3.3.3. North Sea herring. Indices of 1-ringers from the IBTS 1% Quarter. Estimation of the
small sized component (possibly Downs herring) in different areas. ” North Sea” = total area of
sampling minus Illa.

Year Year All Small<13cm | Proportion Small<13cm Proportion | Proportion
class of 1-ringers 1-ringers of small 1-ringers of small in | of small in
sampling | in total area | intotal area | intotalarea | in North Sea | North Sea | Illavs
(no/hour) (no/hour) vs. all sizes | (no/hour) ‘S’isz-ei” fg:;”alrr:aa
1977 1979 168 11 0.07 12 0.07 0
1978 1980 316 108 0.34 106 0.34 0.09
1979 1981 495 51 0.1 41 0.08 0.25
1980 1982 798 177 0.22 185 0.23 0.03
1981 1983 1270 192 0.15 185 0.15 0.10
1982 1984 1516 346 0.23 297 0.20 0.20
1983 1985 2097 315 0.15 298 0.14 0.12
1984 1986 2663 596 0.22 390 0.15 0.39
1985 1987 3693 628 0.17 529 0.14 0.22
1986 1988 4394 2371 0.54 720 0.16 0.72
1987 1989 2332 596 0.26 531 0.23 0.17
1988 1990 1062 70 0.07 62 0.06 0.18
1989 1991 1287 330 0.26 337 0.26 0.05
1990 1992 1268 125 0.1 130 0.10 0.03
1991 1993 2794 676 0.24 176 0.06 0.76
1992 1994 1752 283 0.16 240 0.14 0.21
1993 1995 1346 449 0.33 445 0.33 0.08
1994 1996 1891 604 0.32 467 0.25 0.28
1995 1997 4405 1356 0.31 1089 0.25 0.25
1996 1998 2276 1322 0.58 1399 0.61 0.02
1997 1999 753 152 0.2 149 0.20 0.09
1998 2000 3725 1117 0.3 991 0.27 0.18
1999 2001 2499 328 0.13 307 0.12 0.13
2000 2002 4065 1553 0.38 1471 0.36 0.12
2001 2003 2765 717 0.26 237 0.09 0.69
2002 2004 979 665 0.68 710 0.73 0.01
2003 2005 1002 340 0.34 356 0.36 0.03
2004 2006 922 122 0.13 128 0.14 0.02
2005 2007 1336 304 0.23 305 0.23 0.07
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Table 2.3.3.4 North Sea herring. 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 Div. lHIA SOUTH’ 0-RINGER
WEST EAST WEST EAST WEST EAST BIGHT ABUNDANCE
Aream’x | 83 34 86 102 37 93 31 31
10°
Year no. in 10°
class
1976 0.054 0.014 0.122 0.005 0.008 0.002 0.002 0.016 17.1
1977 0.024 0.024 0.05 0.015 0.056 0.013 0.006 0.034 13.1
1978 0.176 0.031 0.061 0.02 0.01 0.005 0.074 0 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 0.289 0.199 0.215 0.645 0.109 0.036 133.9
1982 0.025 0.011 0.068 0.248 0.29 0.309 0.47 0.14 91.8
1983 0.019 0.007 0.114 0.268 0.271 0.473 0.339 0.377 115
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 0.73 0.557 0.83 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 0.02 0.095 0.096 0.151 0.411 0.181 0.016 71.4
1989 0.083 0.03 0.04 0.094 0.013 0.035 0.041 0 25.9
1990 0.075 0.053 0.202 0.158 0.121 0.198 0.086 0.196 69.9
1991 0.255 0.39 0.431 0.539 05 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 0.26 0.187 0.12 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 0.26 0.086 0.699 0.092 0.266 0.018 0.001 0.02 106.2
1996 0.003 0.004 0.935 0.135 0.436 0.379 0.039 0.032 148.1
1997 0.042 0.021 0.338 0.064 0.178 0.035 0.023 0.083 53.1
1998 0.1 0.056 1.15 0.592 0.998 0.265 0.28 0.127 244.0
1999 0.045 0.011 0.799 0.2 0.514 0.22 0.107 0.026 1371
2000 0.284 0.011 1.052 0.197 1.156 0.376 0.063 0.006 214.8
2001 0.08 0.019 0.566 0.473 0.567 0.247 0.209 0.226 161.8
2002 0.141 0.04 0.287 0.028 0.121 0.045 0.003 0.157 54.4
2003 0.045 0.005 0.284 0.074 0.106 0.021 0.022 0.154 473
2004 0.017 0.010 0.189 0.089 0.268 0.187 0.027 0.198 61.3
2005 0.013 0.018 0.327 0.081 0.633 0.184 0.007 0.131 83.1
2006 0.004 0.001 0.240 0.025 0.098 0.018 0.040 0.228 37.2




ICES XXXXX Report 2006

Table 2.4.1.1: North Sea Herring: Mean weight-at-age (wr) in the third quarter, in Divisions IVa, IVb and Illa

RING THIRD QUARTER MEAN WTS IN CATCH (DIVISIONS IVA, IVB & I11A) JULY ACOUSTIC SURVEY
1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006

1 75 43 54 62 54 69 50 65 45 53 61 45 45 52 52 46 50 45 46 35 43 45
2 135.1 | 129 131 128 123 136 140 119 125 124 | 139 | 119 120 109 118 118 | 127 138 | 104 116 135 | 127
3 186.3 | 175 172 163 172 167 177 177 159 177 | 163 | 196 168 198 171 180 | 162 172 | 185 139 171 | 158
4 224.3 | 220 209 193 201 199 200 198 203 201 | 192 | 253 233 238 207 218 | 204 194 | 209 206 181 | 188
5 2293 | 247 237 228 228 218 224 210 234 234 | 205 | 262 256 275 236 232 | 228 224 | 214 231 229 | 188
6 252.6 | 255 263 252 241 237 244 236 250 249 | 242 | 299 245 307 267 261 | 237 247 | 243 253 248 | 225
7 2916 | 278 269 263 266 262 252 247 264 261 | 257 | 306 265 289 272 295 | 255 261 | 281 262 253 | 243
8 300.3 | 295 313 275 286 288 281 272 262 287 | 260 | 325 269 308 230 300 | 286 280 | 290 279 274 | 244
9+ 302.3 | 295 298 306 271 298 298 282 299 270 | 285 | 335 329 363 260 280 | 294 249 | 307 270 295 | 265

Weights-at-age in the catch for 1996 to 2001 were revised by SG Rednose for details of the revision see last years report (ICES ACFM).
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Table 2.4.2.1 North Sea herring. Percentage maturity at 2-, 3- and 4+ ring for Autumn Spawning
herring in the North Sea. The values are derived from the acoustic survey for 1988 to 2006.

Year\ Ring 2 3 >3

1988 65.6 87.7 100
1989 78.7 93.9 100
1990 72.6 97.0 100
1991 63.8 98.0 100
1992 51.3 100 100
1993 47.1 62.9 100
1994 72.1 85.8 100
1995 72.6 95.4 100
1996 60.5 97.5 100
1997 64.0 94.2 100
1998 64.0 89.0 100
1999 81.0 91.0 100
2000 66.0 96.0 100
2001 77.0 92.0 100
2002 86.0 97.0 100
2003 43.0 93.0 100
2004 69.8 64.9 100
2005 76.0 97.0 100

2006 66.0 88.0 100
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Table 2.6.1 North Sea herring. Years of duration of survey and years used in the
assessment.
YEARS SURVEY HAS YEARS USED IN
SURVEY AGE RANGE BEEN RUNNING ASSESSMENT
MLAI (Larvae survey) SSB 1972-2006 1973-2006
IBTS 1% Quarter (Trawl survey) 1-5wr 1971-2007 1984-2007
Acoustic (+trawl) lwr 1995-2006 1997-2006
2-9+wr 1984-2006 1989-2006
MIK net Owr 1977-2007 1992-2007
Table 2.6.2 North Sea herring. Percentage change in estimated mean F2-6, SSB, TSB and

Recruitment in years 2001 to 2006 produced by removing points values in the surveys that show
high residuals in the assessment.

YEAR ACOUST IC IBTS MIK EST MLAI
1WR IN 2WRIN OWRIN EST OF SSB
2005 AND 20066 2006 AND 2007 2004 2003 AND 2004
F 2-6
2001 0% 0% 0% 2%
2002 0% 0% 0% 3%
2003 0% 0% 0% 4%
2004 -1% 1% -1% 4%
2005 -1% 1% -1% 4%
2006 -3% 2% -3% 5%
SSB
2001 0% 0% 0% -3%
2002 0% 0% 0% -3%
2003 1% 0% 1% -4%
2004 1% -1% 1% -5%
2005 1% -1% 1% -5%
2006 3% -2% 3% -6%
TSB
2001 0% 0% 0% -2%
2002 1% -1% 1% -3%
2003 1% 0% 1% -3%
2004 1% -1% 1% -4%
2005 1% 0% 2% -4%
2006 0% 2% 2% -4%
Recruitment (yearclass)
2000 1% -1% 1% -3%
2001 1% -1% 1% -2%
2002 2% -1% 1% -2%
2003 8% -7% % -2%
2004 -19% 33% 0% -1%

2005 -1% 1% -1% -1%
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Table 2.6.3

Type * to change language
Enter the name of the index Ffile -->index.txt

canum. txt
weca.txt

Stock weights in 2007
west.txt

Natural mortality in 2007

natmor.txt
Maturity ogive in 2007

matprop.
Name of age-structured index file (Enter if none) :
Name of the SSB index file (Enter

t~xt

ICES XXXXX Report 2006

North Sea herring. Final assessment ICA log file . Note age=ringer.

Integrated Catch at Age Analysis

File not found: SSB

Name of the SSB index file (Enter

used for the year 2006

Version 1.4 w

K.R.Patterson

Fisheries Research Services

Marine Laboratory

Aberdeen

24 August 1999

used for the year 2006

used for the year 2006

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 ?-->
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
0.100000000000000

Weight
Weight
Weight
Weight
Weight
Weight
Weight
Weight
Weight
Weight

for
for
for
for
for
for
for
for
for
for

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

OOFRFPFPNNWO

Enter relative weights by

Weight
Weight
Weight
Weight
Weight

Enter new weights for specified years and ages if needed
Enter year, age, new weight or -1,-1,-1 to end.

for
for
for
for
for

year 2002-->
year 2003-->
year 2004-->
year 2005-->
year 2006-->

age

-100000000000000
-670000000000000
.870000000000000
-230000000000000
.740000000000000
.370000000000000
.040000000000000
-940000000000000
-910000000000000

year
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000
1.000000000000000

if none) -->SSB

if none) -->SSB.txt

1.000000000000000

-1 -1

-—>Fleet.txt

-1.000000000000000

Is the last age of Acoustic survey 1-9+ wr a plus-group (Y/N) ?-->y
Is the last age of IBTS1: 1-5+ wr a plus-group (Y/N) ?-->y
Is the last age of MIK O-wr a plus-group (Y/N) ?-->n
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Table 2.6.3(cont)  North Sea herring. Final assessment ICA log file . Note age=ringer.

You must choose a catchability model for each index.

Abundance . e
Q. Abundance . e
Q. Abundance™ K .e

Models: A Absolute: Index
L Linear: Index
P Power: Index

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

Model for MLAI is to be A/L/P ?-->p
Model for Acoustic survey 1-9+ wr is to be A/L/P ?-->L
Model for IBTS1: 1-5+ wr 1is to be A/L/P ?-->L
Model for MIK O-wr 1is to be A/L/P ?-->L
Fit a stock-recruit relationship (Y/N) ?-->y
Enter the time lag in years between spawning and the stock size
of fish aged 0 years on 1 January.
This will probably be 0 unless the stock is an autumn-spawning herring
in which case it will probably be 1 years.
Enter the lag in years (rounded up)--> 1
Enter lowest feasible F--> 2.0000000000000000E-02
Enter highest feasible F--> 0.500000000000000
Mapping the F-dimension of the SSQ surface

F SSQ
S T S P,

0.02 123.3974328218

0.05 81.0648173194

0.07 60.9889192791

0.10 48.6616599867

0.12 40.4041715837

0.15 34.6450957408

0.17 30.5385725459

0.20 27 .5729749766

0.22 25.4183334268

0.25 23.8529324093

0.27 22.7235141854

0.30 21.9217861351

0.32 21.3698238771

0.35 21.0106665969

0.37 20.8020895893

0.40 20.7123931302

0.42 20.7175014351

0.45 20.7989339979

0.47 20.9423659141

0.50 21.1365925135
Lowest SSQ is for F = 0.409
No of years for separable analysis : 5
Age range in the analysis : 0 . . . 9
Year range in the analysis : 1960 . . . 2006

Number of indices of SSB : 1

Number of age-structured indices : 3
Stock-recruit relationship to be fitted.
Parameters to estimate : 45

Number of observations : 415
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Table 2.6.3(cont)  North Sea herring. Final assessment ICA log file . Note age=ringer.

Conventional single selection vector model to be fitted.
Survey weighting to be Manual (recommended) or Iterative (M/I) ?-->m
Enter weight for MLATL--> 0.600000000000000
Enter weight for Acoustic survey 1-9+ wr at age 1--> 0.630000000000000
Enter weight for Acoustic survey 1-9+ wr at age 2--> 0.620000000000000
Enter weight for Acoustic survey 1-9+ wr at age 3--> 0.170000000000000
Enter weight for Acoustic survey 1-9+ wr at age 4--> 0.100000000000000
Enter weight for Acoustic survey 1-9+ wr at age 5--> 8.9999999999999997E-02
Enter weight for Acoustic survey 1-9+ wr at age 6--> 8.0000000000000002E-02
Enter weight for Acoustic survey 1-9+ wr at age 7--> 7 .0000000000000007E-02
Enter weight for Acoustic survey 1-9+ wr at age 8--> 7.0000000000000007E-02
Enter weight for Acoustic survey 1-9+ wr at age 9--> 5.0000000000000003E-02
Enter weight for IBTS1: 1-5+ wr at age 1--> 0.470000000000000
Enter weight for IBTS1: 1-5+ wr at age 2--> 0.280000000000000
Enter weight for IBTS1: 1-5+ wr at age 3--> 1.0000000000000000E-02
Enter weight for IBTS1: 1-5+ wr at age 4--> 1.0000000000000000E-02
Enter weight for IBTS1: 1-5+ wr at age 5--> 1.0000000000000000E-02
Enter weight for MIK O-wr at age 0--> 0.630000000000000
Enter weight for stock-recruit model--> 0.100000000000000
Enter estimates of the extent to which errors
in the age-structured indices are correlated
across ages. This can be in the range 0 (independence)
to 1 (correlated errors).
Enter value for Acoustic survey 1-9+ wr--> 0.0000000000000000E+000
Enter value for IBTS1: 1-5+ wr--> 0.0000000000000000E+000
Enter value for MIK O-wr--> 0.0000000000000000E+000
Do you want to shrink the final fishing mortality (Y/N) ?-->n
Seeking solution. Please wait.
SSB index weights
0.600
Aged index weights
Acoustic survey 1-9+ wr

Age : 1 2 3 4 5 6 7 8 9
Wts : 0.630 0.620 0.170 0.100 0.090 0.080 0.070 0.070 0.050
IBTS1: 1-5+ wr

Age : 1 2 3 4 5

Wts : 0.470 0.280 0.010 0.010 0.010

MIK O-wr

Age : 0

Wts : 0.630

Stock-recruit weight 0.100

F in 2006 at age 4 is 0.403166 in iteration 1
Detailed, Normal or Summary output (D/N/S)-->D

Output page width in characters (e.g. 80..132) ?--> 80
Estimate historical assessment uncertainty ?-->y
Sample from Covariances or Bayes MCMC (C/B) ?-->c

Use default percentiles (Y/N) ?-->n

Enter the number of percentiles required--> 5

Enter a percentile--> 5.000000000000000

Enter a percentile--> 25.000000000000000
Enter a percentile--> 50.000000000000000
Enter a percentile--> 75.000000000000000
Enter a percentile--> 95.000000000000000
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Table 2.6.4 North Sea herring. Final model fit ICA output. Note age=ringer

Catch in Number

______ e
AGE | 1960 1961 1962 1963 1964 1965 1966 1967
______ Sy S
0 | 195 1269 142. 443. 497 157 375 645
1 | 2393 336 2147 . 1262 2972 3209 1383 1674
2 | 1142 1889 270. 2961 1548 2218 2570 1172
3 | 1967 480 797. 177 2243 1325 741 1365
4 | 166 1456 335. 158 148 2039 450 372
5 | 168 124 1082. 81. 149 145 890 298
6 | 113 158 127. 230. 95 152 45 393
7 | 126 61 145. 22. 256 118 65 68
8 | 129 56 86. 42. 26 413 96 82
9 | 142 88 87. 51 58 78 236 173
______ A e e e e
x 10 ~ 6
Catch in Number
______ A e e
AGE | 1968 1969 1970 1971 1972 1973 1974 1975
______ A e e e e e
0 | 839 112 898 684 . 750 289 996 264
1 | 2425 2503 1196 4379. 3341 2368 846 2461
2 | 1795 1883 2003 1147. 1441 1344 773 542
3 | 1494 296 884 663. 344 659 362 260
4 | 621 133. 125 208. 131. 150 126 141
5 | 157 191. 50 27 33. 59 56. 57
6 | 145 50. 61 31 5. 31 22. 16
7 | 163 43. 8 27 0. 4 5. 9
8 | 14 27. 12 0 1. 1 2. 3
9 | 92 25. 12 12 0. 1 1. 1
______ S
x 10 ~ 6
Catch in Number
______ e
AGE | 1976 1977 1978 1979 1980 1981 1982 1983
______ A
0 | 238 257 130 542 1263 9520 11957 13297
1 | 127. 144 169. 159. 245 872. 1116 2449
2 | 902. 45 5. 34. 134 284 . 299 574
3 | 117. 186. 6. 10. 92 57 230. 216
4 | 52. 11. 5. 10. 32 40 34. 105
5 | 35. 7. 0. 2. 22 29. 14. 26.
6 | 6. 4. 0. 0. 2. 23. 7. 23.
7 | 4. 2. 0. 1. 1. 19. 8. 13.
8 | 1. 1. 0. 1. 0. 6. 4. 11.
9 | 0. 0. 0. 0. 0. 1. 1. 12.
______ S
X 10 ~ 6
Catch in Number
______ A e e e e e
AGE | 1984 1985 1986 1987 1988 1989 1990 1991
______ A e e
0 | 6973 4211 3725. 8229. 3165 3058 1303 2387
1 | 1818 3253 4801. 6836. 7867 3146 3020 2139
2 | 1146 1326 1267. 2137. 2233 1594 899 1133
3 | 441 1182 841. 668 1091 1364 779 557
4 | 202 369 466. 467 384 809 861 549
5 | 81 125 130. 246 256 212 388 501
6 | 23 44 62. 75 128 124 80 205
7 | 25 20 21. 24 38 61 54 39
8 | 11 13 14. 8. 15 20 29 26
9 | 19 16 15. 8. 9 9 12 13
______ e e e e e
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Catch in Number

+
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ Sy S
0 ] 10331. 10265. 4499. 7438. 2311. 431. 260. 1566.
1 | 2303. 3827. 1785. 1665. 1606. 480. 978. 304.
2 | 1285. 1176. 1783. 1444. 642. 688. 1220. 616.
3 | 443. 609. 489. 817. 526. 447 . 538. 1059.
4 | 362. 306. 348. 232. 172. 285. 276. 294 .
5 | 361. 216. 109. 119. 58. 109. 176. 136.
6 | 376. 226. 92. 55. 23. 31. 89. 69.
7 | 152 188 76 41. 9 12 15 28
8 | 39 87 70. 69. 17 19 17 10
9 | 23 42 47 . 29 4 6 4 2
______ A e e e e
x 10 ~ 6
Catch in Number
______ A e e
AGE | 2000 2001 2002 2003 2004 2005 2006
______ S
0 | 1105 1833 730 369 716 1016 879
1 | 1172 614 838 617 207 716 222
2 | 623 843 580 1222. 448 355 401
3 | 463 486 971 529 1366 486 311
4 | 647 279 292 836. 543 1319 465
5 | 213 322 141 245. 753 480 998
6 | 82 91 175 108. 169 576 252
7 | 36 38 49 123. 105 115 247
8 | 15 18 35 38. 65 88 63
9 | 2 3 9 9 32 58 4
______ e e
x 10 ~ 6
Predicted Catch in Number
______ B .,
AGE | 2002 2003 2004 2005 2006
______ A e e e e
0 | 844 .9 508.3 699.6 684.5 1034.3
1 ] 1310.1 453.0 302.6 459.9 335.5
2 | 535.3 1268.2 484 .4 352.6 398.9
3 | 906.2 524.4 1365.7 560.5 301.1
4 | 291.4 888.5 561.7 1545.3 464 .3
5 | 174.9 217.5 722.7 477.7 948.9
6 | 170.4 118.0 159.8 553.5 262.8
7 | 52.9 111.0 83.7 118.4 294.3
8 | 33.0 33.1 75.8 59.9 60.8
______ e
X 10 ~ 6
Weights at age in the catches (Kg)
______ A e e e e e
AGE | 1960 1961 1962 1963 1964 1965 1966 1967
______ A e e
0 ] 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500
1 ] 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000
2 ] 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600
3 ] 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600
4 ] 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100
5 ] 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300
6 ] 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100
7 ] 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700
8 ] 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100
9 ] 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Weights at age in the catches (Kg)

+

AGE | 1968 1969 1970 1971 1972 1973 1974 1975

______ Sy S

0 ] 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500

1 ] 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000

2 ] 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600 0.12600

3 ] 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600 0.17600

4 ] 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100 0.21100

5 ] 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300 0.24300

6 ] 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100 0.25100

7 ] 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700

8 ] 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100

9 ] 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100

______ A e e e e
Weights at age in the catches (Kg)

______ A e e

AGE | 1976 1977 1978 1979 1980 1981 1982 1983

______ A e e e e e

0 ] 0.01500 0.01500 0.01500 0.01500 0.01500 0.00700 0.01000 0.01000

1 ] 0.05000 0.05000 0.05000 0.05000 0.05000 0.04900 0.05900 0.05900

2 ] 0.12600 0.12600 0.12600 0.12600 0.12600 0.11800 0.11800 0.11800

3 ] 0.17600 0.17600 0.17600 0.17600 0.17600 0.14200 0.14900 0.14900

4 ] 0.21100 0.21100 0.21100 0.21100 0.21100 0.18900 0.17900 0.17900

5 ] 0.24300 0.24300 0.24300 0.24300 0.24300 0.21100 0.21700 0.21700

6 ] 0.25100 0.25100 0.25100 0.25100 0.25100 0.22200 0.23800 0.23800

7 ] 0.26700 0.26700 0.26700 0.26700 0.26700 0.26700 0.26500 0.26500

8 ] 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27400 0.27400

9 ] 0.27100 0.27100 0.27100 0.27100 0.27100 0.27100 0.27500 0.27500

______ S
Weights at age in the catches (Kg)

______ e

AGE | 1984 1985 1986 1987 1988 1989 1990 1991

______ A

0 ] 0.01000 0.00900 0.00600 0.01100 0.01100 0.01700 0.01900 0.01700

1 ] 0.05900 0.03600 0.06700 0.03500 0.05500 0.04300 0.05500 0.05800

2 ] 0.11800 0.12800 0.12100 0.09900 0.11100 0.11500 0.11400 0.13000

3 ] 0.14900 0.16400 0.15300 0.15000 0.14500 0.15300 0.14900 0.16600

4 ] 0.17900 0.19400 0.18200 0.18000 0.17400 0.17300 0.17700 0.18400

5 ] 0.21700 0.21100 0.20800 0.21100 0.19700 0.20800 0.19300 0.20300

6 ] 0.23800 0.22000 0.22100 0.23400 0.21600 0.23100 0.22900 0.21700

7 ] 0.26500 0.25800 0.23800 0.25800 0.23700 0.24700 0.23600 0.23500

8 ] 0.27400 0.27000 0.25200 0.27700 0.25300 0.26500 0.25000 0.25900

9 ] 0.27500 0.29200 0.26200 0.29900 0.26300 0.25900 0.28700 0.27100

______ S
Weights at age in the catches (Kg)

______ A e e e e e

AGE | 1992 1993 1994 1995 1996 1997 1998 1999

______ A e e

0 ] 0.01000 0.01000 0.00600 0.00900 0.01500 0.01500 0.02100 0.00900

1 ] 0.05300 0.03300 0.05600 0.04200 0.01800 0.04400 0.05100 0.04500

2 ] 0.10200 0.11500 0.13000 0.13000 0.11200 0.10800 0.11400 0.11500

3 ] 0.17500 0.14500 0.15900 0.16900 0.15600 0.14800 0.14500 0.15100

4 ] 0.18900 0.18900 0.18100 0.19800 0.18800 0.19500 0.18300 0.17100

5 ] 0.20700 0.20400 0.21400 0.20700 0.20400 0.22700 0.21900 0.20700

6 ] 0.22300 0.22800 0.24000 0.24300 0.21200 0.22600 0.23800 0.23300

7 ] 0.23700 0.24400 0.25500 0.24700 0.26100 0.23500 0.24700 0.24500

8 ] 0.24900 0.25600 0.27300 0.28300 0.28000 0.24400 0.28900 0.26100

9 ] 0.28700 0.31000 0.28100 0.27600 0.28800 0.29100 0.28300 0.30100

+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Weights at age in the catches (Kg)

+
AGE | 2000 2001 2002 2003 2004 2005 2006
______ gy S
0 ] 0.01500 0.01200 0.01200 0.01400 0.01400 0.01100 0.01000
1 ] 0.03300 0.04800 0.03700 0.03700 0.03600 0.04400 0.04900
2 ] 0.11300 0.11800 0.11800 0.10400 0.10000 0.09900 0.11700
3 ] 0.15700 0.14900 0.15300 0.15800 0.13800 0.15300 0.14400
4 ] 0.17900 0.17700 0.17000 0.17400 0.18300 0.16600 0.17200
5 ] 0.20100 0.19800 0.19900 0.18400 0.20100 0.20800 0.18100
6 ] 0.21600 0.21300 0.21400 0.20500 0.21600 0.22300 0.22000
7 ] 0.24600 0.23800 0.22800 0.22200 0.22800 0.24000 0.23700
8 ] 0.27500 0.26700 0.25000 0.23200 0.24600 0.25700 0.23500
9 ] 0.26200 0.28800 0.25200 0.25600 0.27200 0.27800 0.26200
______ S
Weights at age in the stock (Kg)
______ e
AGE | 1960 1961 1962 1963 1964 1965 1966 1967
______ e
0 ] 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500
1 ] 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000
2 ] 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500
3 ] 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700
4 ] 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300
5 ] 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900
6 ] 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600
7 ] 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900
8 ] 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600
9 ] 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200
______ A e e
Weights at age in the stock (Kg)
______ A
AGE | 1968 1969 1970 1971 1972 1973 1974 1975
______ e
0 ] 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500
1 ] 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000
2 ] 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500
3 ] 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700
4 ] 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300
5 ] 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900
6 ] 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600
7 ] 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900
8 ] 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600
9 ] 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200
______ Sy S
Weights at age in the stock (Kg)
______ A e e
AGE | 1976 1977 1978 1979 1980 1981 1982 1983
______ A e e e e e
0 ] 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01500 0.01700
1 ] 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05000 0.05700
2 ] 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15500 0.15000
3 ] 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.18700 0.19000
4 ] 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.22300 0.23000
5 ] 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900 0.23900 0.24300
6 ] 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.27600 0.28200
7 ] 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.29900 0.31100
8 ] 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.30600 0.33800
9 ] 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.31200 0.34700
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Weights at age in the stock (Kg)

+
AGE | 1984 1985 1986 1987 1988 1989 1990 1991
______ A e e e e e
0 ] 0.01600 0.01400 0.00900 0.00800 0.00800 0.01200 0.01100 0.01000
1 ] 0.05600 0.06100 0.05000 0.04800 0.04400 0.05200 0.05900 0.06400
2 ] 0.13800 0.13000 0.12200 0.12300 0.12200 0.12600 0.13900 0.13700
3 ] 0.18700 0.18300 0.17000 0.16600 0.16500 0.17400 0.18400 0.19400
4 ] 0.23200 0.23200 0.21200 0.20800 0.20500 0.21200 0.21200 0.21400
5 ] 0.24700 0.25200 0.23000 0.22900 0.22800 0.24400 0.23900 0.23400
6 ] 0.27500 0.27300 0.24200 0.24800 0.25200 0.27000 0.26500 0.25300
7 ] 0.32100 0.31500 0.27500 0.25900 0.26100 0.28400 0.28000 0.27100
8 ] 0.34100 0.33200 0.26800 0.26300 0.27700 0.29800 0.30000 0.29100
9 ] 0.36500 0.39200 0.34300 0.32500 0.31500 0.33100 0.32800 0.31200
______ A e e e e
Weights at age in the stock (Kg)
______ A e e e e e
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ A e e
0 ] 0.00600 0.00700 0.00600 0.00600 0.00500 0.00600 0.00600 0.00600
1 ] 0.06100 0.06000 0.05700 0.05400 0.04900 0.04700 0.05100 0.05100
2 ] 0.13400 0.12700 0.13000 0.13000 0.12300 0.11600 0.11600 0.11600
3 ] 0.18400 0.19200 0.18600 0.19900 0.18300 0.18700 0.17900 0.18400
4 ] 0.21300 0.21400 0.21100 0.22800 0.23000 0.24100 0.22600 0.22100
5 ] 0.23500 0.24000 0.22400 0.23400 0.23700 0.26400 0.25600 0.24800
6 ] 0.26200 0.27500 0.26800 0.27400 0.25700 0.28400 0.27300 0.27900
7 ] 0.27300 0.29100 0.29300 0.30100 0.28000 0.28700 0.27600 0.28600
8 ] 0.30200 0.30900 0.31800 0.32400 0.30300 0.30100 0.27000 0.28100
9 ] 0.32000 0.33800 0.34600 0.34400 0.33400 0.34200 0.31800 0.30300
______ e ————————————————————————————_—_——_——_——_———_—_—_———_—_—_————
Weights at age in the stock (Kg)
______ e —————————————_——————————
AGE | 2000 2001 2002 2003 2004 2005 2006
______ e
0 ] 0.00600 0.00600 0.00700 0.00700 0.00600 0.00700 0.00600
1 ] 0.05100 0.04700 0.04700 0.04200 0.04100 0.04100 0.04400
2 ] 0.12200 0.12800 0.12300 0.11900 0.11800 0.12600 0.13100
3 ] 0.17200 0.17200 0.17300 0.16500 0.16500 0.15500 0.16400
4 ] 0.21000 0.20500 0.20200 0.20300 0.19800 0.19100 0.18400
5 ] 0.23300 0.22800 0.22200 0.22300 0.22500 0.21600 0.20800
6 ] 0.25500 0.24800 0.24200 0.24800 0.24800 0.24200 0.23600
7 ] 0.27500 0.27000 0.26600 0.26800 0.26500 0.25200 0.24800
8 ] 0.27400 0.28900 0.28500 0.28300 0.28100 0.26600 0.25900
9 ] 0.28000 0.27500 0.28300 0.27500 0.29100 0.27700 0.28000
______ A e e
Natural Mortality (per year)
______ A e e
AGE | 1960 1961 1962 1963 1964 1965 1966 1967
______ e ————————————————————————————_—_——_——_——_———_—_—_———_—_—_————
0 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2 ] 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000
3 ] 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
4 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
5 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
6 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
7 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
8 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
9 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Natural Mortality (per year)

+

AGE | 1968 1969 1970 1971 1972 1973 1974 1975

______ Sy S

0 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

2 ] 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000

3 ] 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000

4 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

5 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

6 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

7 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

8 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

9 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

______ A e e e e
Natural Mortality (per year)

______ A e e

AGE | 1976 1977 1978 1979 1980 1981 1982 1983

______ A e e e e e

0 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

2 ] 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000

3 ] 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000

4 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

5 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

6 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

7 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

8 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

9 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

______ S
Natural Mortality (per year)

______ e

AGE | 1984 1985 1986 1987 1988 1989 1990 1991

______ A

0 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

2 ] 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000

3 ] 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000

4 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

5 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

6 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

7 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

8 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

9 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

______ S
Natural Mortality (per year)

______ A e e e e e

AGE | 1992 1993 1994 1995 1996 1997 1998 1999

______ A e e

0 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

1 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

2 ] 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000

3 ] 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000

4 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

5 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

6 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

7 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

8 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

9 ] 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

S —————— — — — — - — o —————— — — — — - — S —— ————— — — — - —

o —— ————— — — — - —

Natural Mortality (per year)

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
0.3000 0.3000 0.3000 0.3000 0.3000 0.3000 0.3000
0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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 1.0000 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 1.0000 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 1.0000 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 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 0.8200 0.8200 0.8200 0.8200
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 1.0000
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 1.0000 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 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200
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 1.0000
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 1.0000 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 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Proportion of fish spawning

+
AGE | 1984 1985 1986 1987 1988 1989 1990 1991
______ Sy S
0 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 ] 0.8200 0.7000 0.7500 0.8000 0.8500 0.8200 0.9100 0.8600
3 ] 1.0000 1.0000 1.0000 1.0000 0.9300 0.9400 0.9700 0.9900
4 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
7 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
8 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
9 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
______ A e e e e
Proportion of fish spawning
______ e
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ e
0 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 ] 0.5000 0.4700 0.7300 0.6700 0.6100 0.6400 0.6400 0.6900
3 ] 0.9900 0.6100 0.9300 0.9500 0.9800 0.9400 0.8900 0.9100
4 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
7 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
8 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
9 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
______ A e e
Proportion of fish spawning
______ e
AGE | 2000 2001 2002 2003 2004 2005 2006
______ gy gy g Uy Sy S
0 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 ] 0.6700 0.7700 0.8700 0.4300 0.7000 0.7600 0.6600
3 ] 0.9600 0.9200 0.9700 0.9300 0.6500 0.9600 0.8800
4 ] 1.0000 1.0000 1.0000 1.0000 1.0000 0.9600 0.9800
5 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
7 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
8 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
9 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
+

MLAI
______ e e
| 1973 1974 1975 1976 1977 1978 1979 1980
______ e
1 | 13.10 7.94 2.73 2.46 6.11 7.37 14.43 9.86
______ e
MLAI
______ A
| 1981 1982 1983 1984 1985 1986 1987 1988
______ e e
1 | 14.54 21.03 26.97 48.82 74.35 38.63 67.99 134.91
______ e
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

MLAI
______ e
| 1989 1990 1991 1992 1993 1994 1995 1996
______ U
1 ] 131.57 170.59 89.67 41.88 29.85 20.65 22.74 44.73
______ A
MLAI
______ A o
| 1997 1998 1999 2000 2001 2002 2003 2004
______ S
1 | 57.25 74.39 61.91 41.09 130.31 110.96 271.65 321.99
______ A o
MLAI
______ S
| 2005 2006
______ S
1 ] 192.71 118.40
______ S,

AGE-STRUCTURED INDICES

+
AGE | 1989 1990 1991 1992 1993 1994 1995 1996
______ Sy S
1 ] 999990. 999990. 999990. 999990. 999990. 999990. 999990. 999990.
2 | 4090. 3306. 2634. 3734. 2984. 3185. 3849. 4497 .
3 | 3903. 3521. 1700. 1378. 1637. 839. 2041. 2824.
4 | 1633. 3414. 1959. 1147. 902. 399. 672. 1087.
5 | 492. 1366. 1849. 1134. 741. 381. 299. 311.
6 | 283. 392. 644 . 1246. 777 . 321. 203. 99.
7 | 120. 210. 228. 395. 551. 326. 138. 83.
8 | 44 . 133. 94. 114. 180. 219. 119. 133.
9 | 22. 43. 51. 104. 116. 131. 93. 206.
______ e
x 10 ~ 3
Acoustic survey 1-9+ wr
______ e
AGE | 1997 1998 1999 2000 2001 2002 2003 2004
______ e
1 | 9361. 4449 . 5087. 24736. 6837. 23055. 9829. 5184.
2 | 5960. 5747. 3078. 2923. 12290. 4875. 18949. 3416.
3 | 2935. 2520. 4725. 2156. 3083. 8220. 3081. 9192.
4 | 1441. 1625. 1116. 3140. 1462. 1390. 4189. 2167.
5 | 601. 982. 506. 1007. 1676. 795. 675. 2591.
6 | 215. 445 . 314. 483. 450. 1031. 495. 317.
7 | 46. 170. 139. 266. 170. 244 . 568. 328.
8 | 78. 45. 54. 120. 98. 121. 146. 342.
9 | 159. 121. 87. 97. 59. 149. 178. 186.
______ A e e
X 10 ~ 3
Acoustic survey 1-9+ wr
______ e
AGE | 2005 2006
______ e
1 | 3114. 6823
2 | 2055. 3772
3 | 3649. 1997
4 | 5790 2097
5 | 1213. 4175
6 | 1175. 618
7 | 140. 562
8 | 126. 84
9 | 107. 70
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

IBTS1: 1-5+ wr

+
AGE | 1984 1985 1986 1987 1988 1989 1990 1991
______ Sy S
1 ] 1515.6 2097.3 2662.8 3693.0 4394.2 2331.6 1061.6 1286.7
2 | 161.5 721.6 782.1 917.5 4163.4 875.3 462.1 693.0
3 | 61.4 282.0 276.0 116.3 791.5 338.5 279.8 258.6
4 | 26.9 42.1 79.0 59.4 58.0 89.4 269.1 221.5
5 | 10.2 27.9 28.1 48.8 25.1 8.5 71.3 146.1
______ S
IBTS1: 1-5+ wr
______ A e e
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ A e e e e
1 ] 1268.1 2794.0 1752.1 1345.8 1890.9 4404.6 2275.8 752.9
2 | 436.6 787.4 1167.2 1392.9 197.5 506.5 791.6 450.6
3 | 193.1 222.6 213.1 278.5 32.9 162.7 95.7 501.3
4 | 54.8 45.0 69.0 36.7 10.2 30.5 20.8 98.2
5 | 92.3 65.5 42.5 6.6 8.1 19.9 17.8 35.6
______ A e e
IBTS1: 1-5+ wr
______ e e e e e
AGE | 2000 2001 2002 2003 2004 2005 2006 2007
______ e
1 | 3725.1 2499.4 4064.8 2765.1 979.0 1001.6 922.0 1336.3
2 | 199.4 1129.3 658.2 1556.1 451.0 214.2 1464.3 40.7
3 | 154.7 317.1 338.2 611.9 777.3 356.0 330.0 18.2
4 | 58.8 93.9 25.0 360.0 112.4 388.9 251.7 8.4
5 | 9.0 68.3 19.9 53.2 171.2 131.5 338.8 40.9
______ e e
MIK O-wr
______ e
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ A
0 ] 200.70 190.10 101.70 127.00 106.50 148.10 53.10 244.00
______ e
MIK O-wr
______ A e e e e e
AGE | 2000 2001 2002 2003 2004 2005 2006 2007
______ A e e
0 ] 137.10 214.80 161.80 54.40 47.30 61.30 83.10 37.20
______ A e e e e e
Fishing Mortality (per year)
______ Sy S
AGE | 1960 1961 1962 1963 1964 1965 1966 1967
______ A e e
0 ] 0.0257 0.0186 0.0049 0.0148 0.0126 0.0071 0.0215 0.0256
1 ] 0.2557 0.1294 0.0897 0.1241 0.3084 0.2461 0.1852 0.2980
2 ] 0.4364 0.6166 0.2502 0.2975 0.3889 0.7753 0.5921 0.4222
3 ] 0.3285 0.3527 0.6260 0.2755 0.4123 0.7387 0.7082 0.8046
4 ] 0.3375 0.4088 0.4220 0.2264 0.3702 0.7766 0.5716 0.9244
5 ] 0.2666 0.4025 0.5348 0.1507 0.3068 0.6598 0.8343 0.8271
6 ] 0.3130 0.3821 0.8179 0.1820 0.2379 0.5172 0.3903 1.0090
7 ] 0.6088 0.2498 0.6379 0.2850 0.2824 0.4569 0.3852 1.5312
8 ] 0.5634 0.5322 0.5790 0.3372 0.5568 0.8634 0.7312 1.0509
9 ] 0.5634 0.5322 0.5790 0.3372 0.5568 0.8634 0.7312 1.0509
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Fishing Mortality (per year)

+

AGE | 1968 1969 1970 1971 1972 1973 1974 1975

______ Sy S

0 ] 0.0348 0.0082 0.0351 0.0340 0.0583 0.0462 0.0749 0.1570

1 ] 0.3002 0.3291 0.2681 0.6021 0.5781 0.6739 0.4514 0.6880

2 ] 1.3272 0.7844 0.9728 0.8826 0.8121 1.0219 1.0287 1.3100

3 ] 1.8720 0.9124 1.2669 1.2147 0.8014 1.3335 0.9725 1.5045

4 ] 1.0715 0.8741 1.3303 1.2263 0.7996 0.9877 0.9932 1.3707

5 ] 1.2340 1.0541 0.8755 1.0843 0.5494 0.9514 1.1856 1.8787

6 ] 1.1729 1.9008 1.0800 2.6145 0.5173 1.3770 1.0784 1.2742

7 ] 1.5948 1.2928 4.1124 2.7132 0.0981 0.8048 0.7714 2.0312

8 ] 1.6467 1.3070 1.7058 1.9039 1.0387 1.5539 1.3299 2.0080

9 ] 1.6467 1.3070 1.7058 1.9039 1.0387 1.5539 1.3299 2.0080

______ A e e e e
Fishing Mortality (per year)

______ A e e

AGE | 1976 1977 1978 1979 1980 1981 1982 1983

______ A e e e e e

0 ] 0.1465 0.0975 0.0455 0.0837 0.1257 0.4818 0.3343 0.3996

1 ] 0.2486 0.2966 0.2000 0.1665 0.1132 0.2853 0.2250 0.2516

2 ] 1.3390 0.2245 0.0242 0.0947 0.3634 0.3241 0.2605 0.3020

3 | 1.4294 1.4112 0.0424 0.0663 0.4191 0.2751 0.5083 0.3243

4 ] 1.7396 0.4259 0.1041 0.0935 0.2965 0.3034 0.2468 0.4365

5 ] 1.5898 1.2081 0.0165 0.0523 0.2645 0.4114 0.1543 0.2751

6 ] 1.0714 0.7257 0.0777 0.0123 0.0672 0.4300 0.1444 0.3446

7 ] 1.4994 0.7402 0.0595 0.4405 0.1008 0.9674 0.2286 0.3895

8 ] 1.6429 0.9525 0.1771 0.2270 0.3653 0.6135 0.4286 0.5099

9 ] 1.6429 0.9525 0.1771 0.2270 0.3653 0.6135 0.4286 0.5099

______ S
Fishing Mortality (per year)

______ e

AGE | 1984 1985 1986 1987 1988 1989 1990 1991

______ A

0 ] 0.2263 0.0852 0.0619 0.1614 0.1247 0.1303 0.0589 0.1179

1 ] 0.2051 0.3827 0.3157 0.3723 0.5800 0.4308 0.4528 0.3082

2 ] 0.3144 0.4043 0.4592 0.4061 0.3556 0.3983 0.3769 0.5743

3 ] 0.4295 0.6708 0.5225 0.5053 0.4006 0.4100 0.3695 0.4546

4 ] 0.5368 0.7371 0.5814 0.5890 0.5814 0.5553 0.4674 0.4576

5 ] 0.6273 0.6630 0.5532 0.6156 0.6641 0.6555 0.4994 0.4833

6 ] 0.3590 0.7298 0.7302 0.6341 0.6728 0.7005 0.4911 0.4769

7 ] 0.6955 0.5551 0.8164 0.6088 0.6882 0.7031 0.6797 0.4210

8 ] 0.6080 0.8591 0.8008 0.7866 0.9017 0.8230 0.7593 0.7055

9 ] 0.6080 0.8591 0.8008 0.7866 0.9017 0.8230 0.7593 0.7055

______ S
Fishing Mortality (per year)

______ A e e e e e

AGE | 1992 1993 1994 1995 1996 1997 1998 1999

______ A e e

0 ] 0.2968 0.3762 0.2285 0.3231 0.0754 0.0248 0.0152 0.0364

1 ] 0.3873 0.4222 0.2462 0.2969 0.2551 0.0453 0.1663 0.0499

2 ] 0.5726 0.6688 0.6838 0.6004 0.3140 0.2888 0.2661 0.2595

3 ] 0.4983 0.6407 0.7167 0.8672 0.4909 0.4016 0.4111 0.4159

4 ] 0.5727 0.7334 0.9111 0.8682 0.4186 0.5129 0.4409 0.3923

5 ] 0.5463 0.7112 0.5574 0.8229 0.4794 0.4530 0.6099 0.3579

6 ] 0.7208 0.6991 0.6693 0.5397 0.3139 0.4629 0.7231 0.4565

7 ] 0.6940 0.8759 0.4760 0.6445 0.1431 0.2410 0.3797 0.4619

8 ] 0.8558 1.0015 0.8593 0.9310 0.5374 0.4211 0.5544 0.4168

9 ] 0.8558 1.0015 0.8593 0.9310 0.5374 0.4211 0.5544 0.4168

+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Fishing Mortality (per year)

+
AGE | 2000 2001 2002 2003 2004 2005 2006
______ gy S
0 ] 0.0446 0.0322 0.0434 0.0441 0.0501 0.0635 0.0604
1 ] 0.0781 0.0713 0.0655 0.0666 0.0756 0.0959 0.0912
2 ] 0.2336 0.1240 0.1374 0.1398 0.1587 0.2012 0.1914
3 ] 0.3378 0.3068 0.2017 0.2053 0.2330 0.2955 0.2810
4 ] 0.4583 0.3317 0.2894 0.2946 0.3343 0.4240 0.4032
5 ] 0.4863 0.3853 0.3184 0.3241 0.3678 0.4664 0.4436
6 ] 0.3414 0.3497 0.3219 0.3277 0.3719 0.4716 0.4485
7 ] 0.3998 0.2341 0.3139 0.3195 0.3626 0.4598 0.4373
8 ] 0.4140 0.3184 0.2894 0.2946 0.3343 0.4240 0.4032
9 ] 0.4140 0.3184 0.2894 0.2946 0.3343 0.4240 0.4032
______ S
Population Abundance (1 January)
______ e
AGE | 1960 1961 1962 1963 1964 1965 1966 1967
______ e
0 | 12.09 108.86 46.28 47.66 62.79 34.90 27.86 40.26
1 | 16.43 4.33 39.31 16.94 17.27 22.81 12.75 10.03
2 | 3.70 4.68 1.40 13.22 5.51 4.67 6.56 3.90
3 | 7.71 1.77 1.87 0.81 7.27 2.76 1.59 2.69
4 | 0.61 4.54 1.02 0.82 0.50 3.94 1.08 0.64
5 | 0.75 0.39 2.73 0.60 0.59 0.31 1.64 0.55
6 | 0.44 0.52 0.24 1.45 0.47 0.39 0.15 0.64
7 | 0.29 0.29 0.32 0.09 1.09 0.34 0.21 0.09
8 | 0.31 0.14 0.21 0.15 0.06 0.75 0.19 0.13
9 | 0.34 0.22 0.21 0.19 0.14 0.14 0.48 0.28
______ A e e
x 10 ~ 9
Population Abundance (1 January)
______ A e e e e
AGE | 1968 1969 1970 1971 1972 1973 1974 1975
______ A e e
0 | 38.70 21.58 41.08 32.31 20.86 10.11 21.70 2.84
1 | 14.43 13.75 7.87 14.59 11.49 7.24 3.55 7.41
2 | 2.74 3.93 3.64 2.22 2.94 2.37 1.36 0.83
3 | 1.89 0.54 1.33 1.02 0.68 0.97 0.63 0.36
4 | 0.98 0.24 0.18 0.31 0.25 0.25 0.21 0.20
5 | 0.23 0.31 0.09 0.04 0.08 0.10 0.08 0.07
6 | 0.22 0.06 0.10 0.03 0.01 0.04 0.04 0.02
7 | 0.21 0.06 0.01 0.03 0.00 0.01 0.01 0.01
8 | 0.02 0.04 0.02 0.00 0.00 0.00 0.00 0.00
9 | 0.12 0.04 0.02 0.02 0.00 0.00 0.00 0.00
______ Sy S
x 10 ~ 9
Population Abundance (1 January)
______ S
AGE | 1976 1977 1978 1979 1980 1981 1982 1983
______ e
0 | 2.73 4.34 4.61 10.61 16.74 37.88 64.78 61.83
1 | 0.89 0.87 1.45 1.62 3.59 5.43 8.61 17.06
2 | 1.37 0.26 0.24 0.44 0.50 1.18 1.50 2.53
3 | 0.17 0.27 0.15 0.17 0.29 0.26 0.63 0.86
4 | 0.07 0.03 0.05 0.12 0.13 0.16 0.16 0.31
5 | 0.04 0.01 0.02 0.04 0.10 0.09 0.11 0.11
6 | 0.01 0.01 0.00 0.02 0.04 0.07 0.05 0.08
7 | 0.01 0.00 0.00 0.00 0.02 0.03 0.04 0.04
8 | 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03
9 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Population Abundance (1 January)

+
AGE | 1984 1985 1986 1987 1988 1989 1990 1991
______ Sy S
0 | 53.48 80.96 97.63 86.22 42.29 39.17 35.87 33.63
1 | 15.25 15.69 27.35 33.76 26.99 13.73 12.65 12.44
2 | 4.88 4.57 3.94 7.34 8.56 5.56 3.28 2.96
3 | 1.39 2.64 2.26 1.84 3.62 4.44 2.77 1.67
4 | 0.51 0.74 1.11 1.10 0.91 1.99 2.41 1.56
5 | 0.18 0.27 0.32 0.56 0.55 0.46 1.03 1.37
6 | 0.08 0.09 0.13 0.17 0.27 0.26 0.22 0.57
7 | 0.05 0.05 0.04 0.05 0.08 0.13 0.12 0.12
8 | 0.03 0.02 0.03 0.02 0.03 0.04 0.06 0.05
9 | 0.04 0.03 0.03 0.02 0.01 0.02 0.02 0.03
______ A e e e e
x 10 ~ 9
Population Abundance (1 January)
______ A e e
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ A e e e e e
0 | 62.13 50.24 34.19 41.51 50.07 27.75 27.13 69.07
1 | 11.00 16.99 12.69 10.01 11.06 17.08 9.96 9.83
2 | 3.36 2.75 4.10 3.65 2.74 3.15 6.01 3.10
3 | 1.23 1.41 1.04 1.53 1.48 1.48 1.75 3.41
4 | 0.87 0.61 0.61 0.42 0.53 0.74 0.81 0.95
5 | 0.90 0.44 0.27 0.22 0.16 0.31 0.40 0.47
6 | 0.76 0.47 0.20 0.14 0.09 0.09 0.18 0.20
7 | 0.32 0.34 0.21 0.09 0.07 0.06 0.05 0.08
8 | 0.07 0.14 0.13 0.12 0.04 0.06 0.04 0.03
9 | 0.04 0.07 0.08 0.05 0.01 0.02 0.01 0.01
______ S
x 10 ~ 9
Population Abundance (1 January)
______ e
AGE | 2000 2001 2002 2003 2004 2005 2006 2007
______ A
0 | 39.91 91.32 31.39 18.56 22 .56 17.51 27.78 11.92
1 | 24 .50 14.04 32.53 11.06 6.53 7.89 6.04 9.62
2 | 3.44 8.34 4.81 11.21 3.81 2.23 2.64 2.03
3 | 1.77 2.02 5.45 3.11 7.22 2.41 1.35 1.61
4 | 1.84 1.04 1.22 3.65 2.07 4.68 1.47 0.83
5 | 0.58 1.05 0.67 0.82 2.46 1.34 2.77 0.89
6 | 0.30 0.32 0.65 0.44 0.54 1.54 0.76 1.61
7 | 0.11 0.19 0.21 0.43 0.29 0.34 0.87 0.44
8 | 0.05 0.07 0.14 0.14 0.28 0.18 0.19 0.51
9 | 0.01 0.01 0.04 0.04 0.12 0.18 0.01 0.12
______ S
x 10 ~ 9
Weighting factors for the catches in number
______ e
AGE | 2002 2003 2004 2005 2006
______ e
0 ] 0.1000 0.1000 0.1000 0.1000 0.1000
1 ] 0.1000 0.1000 0.1000 0.1000 0.1000
2 ] 3.6700 3.6700 3.6700 3.6700 3.6700
3 | 2.8700 2.8700 2.8700 2.8700 2.8700
4 ] 2.2300 2.2300 2.2300 2.2300 2.2300
5 ] 1.7400 1.7400 1.7400 1.7400 1.7400
6 ] 1.3700 1.3700 1.3700 1.3700 1.3700
7 ] 1.0400 1.0400 1.0400 1.0400 1.0400
8 ] 0.9400 0.9400 0.9400 0.9400 0.9400
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Predicted SSB Index Values

MLAI
______ S
| 1973 1974 1975 1976 1977 1978 1979 1980
______ e
1 | 16.75 11.02 5.04 4.78 2.73 3.89 6.90 8.69
______ A e e
MLAI
______ A
| 1981 1982 1983 1984 1985 1986 1987 1988
______ e
1 | 13.75 20.60 34.13 57.21 59.16 57.23 79.04 109.22
______ A
MLAI
______ A e e e e e
| 1989 1990 1991 1992 1993 1994 1995 1996
______ A e e
1 ] 115.03 108.25 87.05 59.58 37.84 41.26 36.68 36.44
______ Sy S
MLAI
______ e e
| 1997 1998 1999 2000 2001 2002 2003 2004
______ S
1 | 45.18 61.89 73.44 73.52 119.69 150.58 163.76 169.95
______ e
MLAI
______ R,
| 2005 2006
______ e
1 ] 151.64 110.38
______ R,
Predicted Age-Structured Index Values
Acoustic survey 1-9+ wr Predicted
______ e e
AGE | 1989 1990 1991 1992 1993 1994 1995 1996
______ S
1 ] 999990. 999990. 999990. 999990. 999990. 999990. 999990. 999990.
2 | 5892. 3521. 2847. 3239. 2508. 3712. 3460. 3038.
3 | 5749. 3659. 2107. 1521. 1602. 1139. 1542. 1835.
4 | 2549. 3250. 2118. 1102. 714. 640. 450. 729.
5 | 579. 1414. 1893. 1197. 540. 354. 253. 219.
6 | 310. 293. 773. 912. 567. 241. 182. 131.
7 | 141. 130. 156. 357. 342. 267. 105. 111.
8 | 42. 68. 66. 81. 152 145. 130. 59.
9 | 52. 77. 91. 132. 198 263. 151. 37.
______ e
x 10 ~ 3
Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output.

age=ringer

Note
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Acoustic survey 1-9+ wr Predicted
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6191. 6516. 15990.
6845. 3548. 3992.
2262. 4398. 2387.
1108. 1332. 2492.
519. 700. 801.
215. 273. 439.
67. 101. 150.
56. 46. 66.
34. 25. 30.

21380.
5885.
7915.
1805.
1018.

964.
285.
215.
155.

2153.2 3785.0 4638.9
649.9 556.0 1043.3
258.7 225.6 184.3

41.8 63.9 63.3
14.0 16.5 25.0

1873.3
791.2
449.9
115.2

27.4

2320.0 1770.9 1388.4
377.8 562.7 506.3
138.3 101.6 146.5

34.8 33.6 23.2
44.1 27.3 18.7

2445.1
454.6
150.1

43.3
16.9

3492.8
499.8
181.1
108.1

33.0

2003.6 4645.1 1578.6
1227.6 707.3 1647.6
207.0 566.9 322.7
61.7 72.9 218.6
52.5 54.5 59.7
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

MIK O-wr Predicted

______ e
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ Sy S
0O | 188.20 150.65 104.46 125.33 155.90 86.95 85.12 216.13
______ S
MIK O-wr Predicted
______ e e
AGE | 2000 2001 2002 2003 2004 2005 2006 2007
______ A
0O | 124.77 285.91 98.13 58.01 70.47 54.59 86.66 37.20
______ e
Fitted Selection Pattern
______ e
AGE | 1960 1961 1962 1963 1964 1965 1966 1967
______ e e e e e
0O | 0.0763 0.0455 0.0115 0.0653 0.0340 0.0092 0.0375 0.0277
1 | 0.7578 0.3165 0.2125 0.5479 0.8331 0.3169 0.3241 0.3224
2 | 1.2931 1.5084 0.5927 1.3138 1.0505 0.9984 1.0358 0.4567
3 | 0.9733 0.8628 1.4832 1.2165 1.1137 0.9513 1.2390 0.8703
4 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 | 0.7899 0.9848 1.2672 0.6655 0.8285 0.8497 1.4596 0.8947
6 | 0.9276 0.9347 1.9379 0.8039 0.6425 0.6660 0.6827 1.0915
7 | 1.8042 0.6111 1.5114 1.2587 0.7626 0.5884 0.6738 1.6563
8 | 1.6694 1.3019 1.3719 1.4890 1.5039 1.1118 1.2791 1.1368
9 ] 1.6694 1.3019 1.3719 1.4890 1.5039 1.1118 1.2791 1.1368
______ A e e e e e
Fitted Selection Pattern
______ A e e e e
AGE | 1968 1969 1970 1971 1972 1973 1974 1975
______ A e e
0O ] 0.0325 0.0094 0.0264 0.0277 0.0729 0.0467 0.0754 0.1145
1 | 0.2802 0.3765 0.2015 0.4910 0.7230 0.6823 0.4545 0.5019
2 | 1.2387 0.8973 0.7313 0.7197 1.0156 1.0347 1.0357 0.9557
3 | 1.7472 1.0438 0.9524 0.9906 1.0022 1.3501 0.9791 1.0976
4 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 | 1.1517 1.2059 0.6582 0.8842 0.6870 0.9633 1.1938 1.3706
6 | 1.0946 2.1745 0.8119 2.1321 0.6470 1.3942 1.0858 0.9296
7 | 1.4884 1.4790 3.0915 2.2126 0.1227 0.8149 0.7767 1.4819
8 | 1.5369 1.4952 1.2823 1.5527 1.2990 1.5733 1.3390 1.4650
9 | 1.5369 1.4952 1.2823 1.5527 1.2990 1.5733 1.3390 1.4650
______ Sy S
Fitted Selection Pattern
______ e e
AGE | 1976 1977 1978 1979 1980 1981 1982 1983
______ S
0O | 0.0842 0.2289 0.4368 0.8949 0.4240 1.5881 1.3544 0.9155
1 | 0.1429 0.6963 1.9209 1.7810 0.3818 0.9404 0.9114 0.5765
2 | 0.7697 0.5272 0.2320 1.0125 1.2258 1.0681 1.0552 0.6920
3 ] 0.8217 3.3132 0.4072 0.7095 1.4135 0.9067 2.0594 0.7431
4 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 | 0.9139 2.8363 0.1584 0.5594 0.8920 1.3558 0.6252 0.6302
6 | 0.6159 1.7037 0.7466 0.1319 0.2266 1.4173 0.5852 0.7896
7 ] 0.8619 1.7379 0.5717 4.7115 0.3400 3.1885 0.9263 0.8923
8 | 0.9445 2.2363 1.7010 2.4279 1.2323 2.0221 1.7364 1.1682
9 | 0.9445 2.2363 1.7010 2.4279 1.2323 2.0221 1.7364 1.1682
+
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Table 2.6.4 (Cont) North Sea herring. Final model fit ICA output. Note age=ringer

Fitted Selection Pattern

+

AGE | 1984 1985 1986 1987 1988 1989 1990 1991

______ Sy S
0 ] 0.4215 0.1156 0.1065 0.2739 0.2144 0.2347 0.1260 0.2576
1 ] 0.3822 0.5192 0.5429 0.6320 0.9975 0.7757 0.9687 0.6734
2 ] 0.5856 0.5485 0.7899 0.6894 0.6116 0.7172 0.8065 1.2549
3 ] 0.8000 0.9101 0.8986 0.8578 0.6889 0.7384 0.7906 0.9934
4 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 ] 1.1686 0.8994 0.9515 1.0450 1.1421 1.1803 1.0685 1.0561
6 ] 0.6688 0.9901 1.2559 1.0765 1.1572 1.2614 1.0508 1.0422
7 ] 1.2956 0.7531 1.4042 1.0336 1.1835 1.2662 1.4544 0.9200
8 ] 1.1327 1.1655 1.3774 1.3354 1.5509 1.4820 1.6246 1.5416
9 | 1.1327 1.1655 1.3774 1.3354 1.5509 1.4820 1.6246 1.5416

______ A e e e e

Fitted Selection Pattern

______ e

AGE | 1992 1993 1994 1995 1996 1997 1998 1999

______ e
0 ] 0.5182 0.5130 0.2508 0.3722 0.1800 0.0484 0.0345 0.0928
1 ] 0.6762 0.5757 0.2702 0.3419 0.6094 0.0883 0.3772 0.1271
2 ] 0.9999 0.9119 0.7505 0.6915 0.7502 0.5632 0.6034 0.6614
3 ] 0.8701 0.8736 0.7866 0.9989 1.1728 0.7831 0.9323 1.0601
4 ] 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
5 ] 0.9539 0.9698 0.6118 0.9478 1.1453 0.8834 1.3832 0.9123
6 ] 1.2586 0.9532 0.7346 0.6217 0.7500 0.9026 1.6398 1.1636
7 ] 1.2119 1.1943 0.5224 0.7424 0.3419 0.4698 0.8611 1.1774
8 | 1.4943 1.3656 0.9432 1.0723 1.2840 0.8211 1.2574 1.0624
9 ] 1.4943 1.3656 0.9432 1.0723 1.2840 0.8211 1.2574 1.0624

______ A e e

Fitted Selection Pattern
AGE 2000 2001 2002 2003 2004 2005 2006

o —— ————— — — — - —
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Table 2.6.5 North Sea herring. STOCK SUMMARY

YEAR RECRUITS (OWR) TSB SSB CATCH FO-1 F2-6 SoP
1960 12090220 3743522 1879239 696200 0.141 0.3364 84
1961 1.09E+08 4356924 1655567 696700 0.074 0.4325 88
1962 46278300 4396065 1113211 627800 0.047 0.5302 85
1963 47657620 4623030 2183501 716000 0.069 0.2264 116
1964 62786110 4792818 2027173 871200 0.161 0.3432 93
1965 34895440 4339962 1445192 1168800 0.127 0.6935 86
1966 27859030 3314572 1278762 895500 0.103 0.6193 93
1967 40256750 2818497 923840 695500 0.162 0.7975 85
1968 38698710 2521399 412930 717800 0.168 1.3355 79
1969 21582030 1905697 424474 546700 0.169 1.1052 103
1970 41075180 1922113 374852 563100 0.152 1.1051 103
1971 32311340 1849636 266176 520100 0.318 1.4045 93
1972 20859510 1549643 288383 497500 0.318 0.6959 108
1973 10112390 1156261 233508 484000 0.360 1.1343 104
1974 21698680 912292 162128 275100 0.263 1.0517 103
1975 2835830 680823 81909 312800 0.423 1.4676 107
1976 2732610 359236 78190 174800 0.198 1.4338 104
1977 4337830 211261 47975 46000 0.197 0.7991 83
1978 4607740 225916 65437 11000 0.123 0.053 82
1979 10609250 383198 107786 25100 0.125 0.0638 99
1980 16736300 631767 131785 70764 0.119 0.2821 91
1981 37884260 1160336 196565 174879 0.384 0.3488 99
1982 64783950 1845289 279550 275079 0.280 0.2629 102
1983 61827260 2721807 434228 387202 0.326 0.3365 92
1984 53479090 2867668 681091 428631 0.216 0.4534 94
1985 80961730 3465627 701319 613780 0.234 0.641 95
1986 97627750 3475769 681317 671488 0.189 0.5693 87
1987 86218110 3939365 902754 792058 0.267 0.55 98
1988 42285210 3581728 1196701 887686 0.352 0.5349 85
1989 39169970 3312556 1252065 787899 0.281 0.5439 96
1990 35874850 2978778 1187444 645229 0.256 0.4409 95
1991 33629990 2716467 982049 658008 0.213 0.4893 98
1992 62134930 2438669 705612 716799 0.342 0.5822 100
1993 50235090 2521794 475030 671397 0.399 0.6906 97
1994 34193690 2026535 512227 568234 0.237 0.7077 95
1995 41513440 1836470 462284 579371 0.310 0.7397 99
1996 50065160 1618035 459664 275098 0.165 0.4034 100
1997 27747320 1938631 554416 264313 0.035 0.4239 99
1998 27131890 2044034 729386 391628 0.091 0.4902 99
1999 69069740 2318481 846758 363163 0.043 0.3764 100
2000 39913570 2857544 847507 388157 0.061 0.3715 99
2001 91323060 3229189 1296170 374065 0.052 0.2995 100
2002 31388390 3940158 1583275 394709 0.054 0.2538 100
2003 18557070 3637878 1703432 482281 0.055 0.2583 98
2004 22560060 3329996 1759399 587698 0.063 0.2932 100
2005 17505090 2838951 1593039 663813 0.080 0.3717 99
2006 27777000 2295022 1207822 514597 0.076 0.3535 102
2007 11900000

No of years for separable analysis :

Year range in the analysis :
Number of indices of SSB :
Stock-recruit relationship to be fitted.
Parameters to estimate :

1960

Age range in the analysis :

. 2006
1 Number of age-structured indices :

45 Number of observations :

415

Conventional single selection vector model to be fitted.

3
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Table 2.6.6 North Sea herring. Model fit parameters, residuals and diagnostics.

PARAMETER ESTIMATES

3Parm.3 3 Maximum 3 3 3 3
3 No. 3 3 Likelh. 3 CV 3 Lower 3 Upper =3
3 3 3 Estimate3 (%)3 95% CL 3 95% CL 3
Separable model : F by year

1 2002 0.2894 9 0.2424 0.3455

2 2003 0.2946 8 0.2471 0.3513

3 2004 0.3343 9 0.2790 0.4006

4 2005 0.4239 9 0.3495 0.5143

5 2006 0.4032 11 0.3228 0.5036

Separable Model: Selection (S) by age

6 0 0.1498 29 0.0841 0.2668
7 1 0.2262 28 0.1289 0.3970
8 2 0.4747 8 0.3995 0.5640
9 3 0.6970 8 0.5882 0.8260

4 1.0000 Fixed : Reference Age
10 5 1.1002 9 0.9213 1.3137
11 6 1.1124 9 0.9179 1.3482
12 7 1.0846 11 0.8718 1.3493

8 1.0000 Fixed : Last true age

Separable model: Populations in year 2006

13 0 27777002 18 19358098 39857315
14 1 6043461 14 4588139 7960400
15 2 2638453 10 2156853 3227589
16 3 1349652 9 1122121 1623320
17 4 1465554 9 1227228 1750163
18 5 2773018 9 2303524 3338203
19 6 761340 10 617967 937977
20 7 870024 12 678696 1115289
21 8 192046 14 143216 257526
Separable model: Populations at age
22 2002 137602 21 90255 209787
23 2003 136109 16 97759 189503
24 2004 279640 14 209278 373660
25 2005 181649 13 138182 238789

Recruitment in year 2007
26 2006 11923986 26 7092988 20045354

SSB Index catchabilities
MLAIT
Power model fitted. Slopes (Q) and exponents (K)

27 1 Q 3.150 11 2.649 4.101 2.

-S.e.

.2644
.2693
-3048
.3842
-3599

[eNeoNoNoNe]

.1116
-1698
.4347
.6392

[eNeoNeoNe]

-0050
.0085
.9702

ORIk

23103288
5250979
2380630
1228323
1338681
2522614

684459
766483
165348

110963
114962
241200
157990

9147941

at age
949

3.

+s.e.

.3168
.3223
.3667
-4679
.4516

[eNeoNoNeoNe)

.2011
.3014
.5183
.7601

[eNeoNeoNe]

.2044
.2271
.2124

el

33396191
6955546
2924199
1482966
1604452
3048279

846857
987552
223056

170636
161145
324207
208850

15542453

685

28 1 K .1162E-04 11 .1693E-04 .2620E-04 .1884E-04 .2355E-04

Age-structured index catchabilities

Acoustic survey 1-9+ wr

Linear model fitted. Slopes at age :

29 1 Q 1.181 8 1.088 1.520 1
30 2 Q 1.556 6 1.465 1.873 1
31 3 Q 1.810 11 1.618 2.559 1
32 4 Q 1.840 15 1.590 2.886 1
33 5 Q 1.906 16 1.633 3.066 1
34 6 Q 1.875 17 1.591 3.107 1
35 7 Q 1.738 18 1.458 2.990 1
36 8 Q 1.937 18 1.623 3.338 1
37 9 Q 5.295 21 4.307 10.01 5

.181
.556
.810
-840
.906
.875
.738
.937
.295

ONNNNNNPREBRE

.401
.763
.287
.494
.628
.638
.508
.798
.144

3
3
3

3.

123

Mean of 3
Param. 3
Distrib.3

-2906
.2958
.3358
.4260
-4058

[eNeoNoNeoNe)

.1564
.2357
.4765
.6997

[eNeoNeoNa]

.1047
.1178
.0913

el

28252427
6103460
2652439
1355654
1471575
2785465

765666
877036
194210

140824
138063
282715
183426

12350180

317

.2227E-04

ONNNNNNPRPBEP

.291
.660
.048
.167
.267
.256
.123
-367
.721
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Table 2.6.6 (cont) North Sea herring. Model fit parameters, residuals and diagnostics.

IBTS1: 1-5+ wr

Linear model fitted. Slopes at age :

.1631E-03 6 .1537E-03 .1961E-03 .1631E-03 .1847E-03 .1739E-03
.1553E-03 7 .1439E-03 .1964E-03 .1553E-03 .1820E-03 .1687E-03
.1093E-03 41 .7339E-04 .3729E-03 .1093E-03 .2504E-03 .1803E-03
.6292E-04 41 _4226E-04 .2147E-03 .6292E-04 .1442E-03 .1038E-03
.3373E-04 41 _2265E-04 .1152E-03 .3373E-04 .7733E-04 .5566E-04

N

(@)
abhwN P
OO0

MIK O-wr

Linear model fitted. Slopes at age :
43 0 Q .3562E-05 6 .3333E-05 .4373E-05 .3562E-05 .4092E-05 .3827E-05

Parameters of the stock-recruit relationship
44 1 a .6034E+08 21 .4900E+08 .1147E+09 .6034E+08 .9312E+08 .7675E+08
45 1 b _4209E+06 44 _2736E+06 .1588E+07 _.4209E+06 .1032E+07 .7289E+06

RESIDUALS ABOUT THE MODEL FIT

+
Age | 2002 2003 2004 2005 2006
______ e ————————————————————
0 ] -0.1458 -0.3201 0.0227 0.3945 -0.1631
1 | -0.4474 0.3089 -0.3814 0.4421 -0.4124
2 | 0.0796 -0.0371 -0.0782 0.0080 0.0054
3 |] 0.0686 0.0095 0.0003 -0.1432 0.0311
4 | 0.0028 -0.0615 -0.0331 -0.1586 0.0007
5 | -0.2178 0.1181 0.0414 0.0047 0.0503
6 ] 0.0243 -0.0907 0.0581 0.0401 -0.0415
7 ] -0.0788 0.1050 0.2256 -0.0269 -0.1751
8 |] 0.0484 0.1284 -0.1489 0.3875 0.0354
+

SPAWNING BIOMASS INDEX RESIDUALS

MLAI
______ A o
| 1973 1974 1975 1976 1977 1978 1979 1980
______ A
1 ] -0.2462 -0.3275 -0.6124 -0.6641 0.8061 0.6382 0.7375 0.1261
______ U
MLAI
______ A
| 1981 1982 1983 1984 1985 1986 1987 1988
______ e e e
1 ] 0.0557 0.0209 -0.2354 -0.1586 0.2285 -0.3930 -0.1506 0.2113
______ A
MLAI
______ S
| 1989 1990 1991 1992 1993 1994 1995 1996
______ e
1 ] 0.1343 0.4548 0.0296 -0.3523 -0.2372 -0.6920 -0.4782 0.2051
______ A o
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Table 2.6.6 (cont) North Sea herring. Model fit parameters, residuals and diagnostics.

MLAI
______ A
| 1997 1998 1999 2000 2001 2002 2003 2004
______ A
1 ] 0.2369 0.1840 -0.1708 -0.5818 0.0850 -0.3053 0.5061 0.6391
______ A e
MLAI
______ P
| 2005 2006
______ S
1 ] 0.2397 0.0701
______ R

AGE-STRUCTURED INDEX RESIDUALS

______ e e e
Age | 1989 1990 1991 1992 1993 1994 1995 1996
______ e e
1]
2 ] -0.365 -0.063 -0.078 0.142 0.174 -0.153 0.107 0.392
3 ] -0.387 -0.038 -0.215 -0.099 0.022 -0.306 0.281 0.431
4 |] -0.445 0.049 -0.078 0.040 0.233 -0.472 0.401 0.400
5 |] -0.163 -0.035 -0.023 -0.054 0.317 0.073 0.167 0.349
6 |] -0.090 0.291 -0.183 0.312 0.315 0.285 0.107 -0.279
7 | -0.162 0.476 0.377 0.100 0.478 0.198 0.272 -0.290
8 | 0.039 0.667 0.358 0.336 0.169 0.414 -0.091 0.813
9 ] -0.853 -0.584 -0.582 -0.241 -0.537 -0.699 -0.486 1.716
______ gy Sy Sy S S
Acoustic survey 1-9+ wr
______ A e
Age | 1997 1998 1999 2000 2001 2002 2003 2004
______ e e e
1 ] -0.193 -0.330 -0.248 0.436 -0.297 0.075 0.303 0.194
2 | 0.519 -0.175 -0.142 -0.312 0.179 -0.188 0.325 -0.298
3 | 0.422 0.108 0.072 -0.102 0.109 0.038 -0.378 -0.114
4 | 0.390 0.383 -0.177 0.231 -0.027 -0.261 -0.255 -0.325
5 | 0.309 0.637 -0.324 0.229 0.086 -0.248 -0.610 -0.336
6 | 0.567 0.727 0.139 0.095 -0.049 0.067 -0.281 -0.899
7 |] -0.596 0.925 0.318 0.574 -0.492 -0.154 -0.033 -0.171
8 ] -0.064 -0.213 0.170 0.599 -0.078 -0.575 -0.377 -0.221
9 | 0.835 1.259 1.241 1.161 0.304 -0.037 0.115 -0.969
______ e e e
Acoustic survey 1-9+ wr
______ e
Age | 2005 2006
______ e
1 ] -0.494 0.555
2 |] -0.247 0.186
3 | 0.096 0.063
4 ] -0.109 0.026
5 |] -0.434 0.063
6 |] -0.585 -0.535
7 | -1.122 -0.694
8 ] -0.735 -1.208
9 | -1.886 0.247
+
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Table 2.6.6 (cont) North Sea herring. Model fit parameters, residuals and diagnostics.

IBTS1: 1-5+ wr

______ e e
Age | 1984 1985 1986 1987 1988 1989 1990 1991
______ gy S
1 ] -0.345 -0.026 -0.352 -0.228 0.195 0.219 -0.483 -0.292
2 ] -1.469 0.105 0.341 -0.128 1.224 0.101 -0.014 0.520
3 ] -0.823 0.086 0.202 -0.460 0.768 -0.284 -0.006 0.431
4 ] -0.092 0.006 0.213 -0.065 0.097 -0.254 0.643 0.881
5 ] -0.143 0.689 0.531 0.669 -0.144 -1.168 0.460 0.781
______ A e
IBTS1: 1-5+ wr
______ e
Age | 1992 1993 1994 1995 1996 1997 1998 1999
______ e e e e
1 ] -0.173 0.186 -0.011 -0.031 0.204 0.589 0.483 -0.625
2 ] -0.070 0.734 0.730 1.012 -0.689 0.108 -0.093 0.003
3 | 0.446 0.476 0.741 0.643 -1.509 0.080 -0.616 0.374
4 | 0.089 0.258 0.719 0.456 -1.115 -0.350 -0.830 0.559
5 | 0.362 0.396 0.444 -1.051 -0.380 0.166 -0.167 0.354
______ e e e
IBTS1: 1-5+ wr
______ A e
Age | 2000 2001 2002 2003 2004 2005 2006 2007
______ gy gy Sy USSR
1 | 0.064 0.221 -0.133 0.561 0.050 -0.114 0.069 -0.024
2 ] -0.919 -0.083 -0.072 -0.057 -0.213 -0.417 1.335 -1.986
3 ] -0.158 0.427 -0.517 0.640 0.039 0.365 0.866 -2.209
4 ] -0.608 0.419 -1.068 0.499 -0.094 0.343 1.067 -1.771
5 | -1.304 0.263 -1.005 -0.115 0.379 0.156 0.846 -1.013
______ e
MIK O-wr
______ A e
Age | 1992 1993 1994 1995 1996 1997 1998 1999
______ e e
0 ] 0.0643 0.2326 -0.0268 0.0133 -0.3811 0.5325 -0.4719 0.1213
______ A
MIK O-wr
______ gy
Age | 2000 2001 2002 2003 2004 2005 2006 2007
______ A
0 ] 0.0943 -0.2860 0.5000 -0.0643 -0.3987 0.1159 -0.0419 0.0000
______ A e e e
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Table 2.6.6 (cont) North Sea herring. Model fit parameters, residuals and diagnostics.

PARAMETERS OF THE DISTRIBUTION OF In(CATCHES AT AGE)

Separable model fitted from 2002 to 2006

Variance 0.0362
Skewness test stat. 0.2836
Kurtosis test statistic 0.8048
Partial chi-square 0.0592
Significance in fit 0.0000
Degrees of freedom 20

PARAMETERS OF DISTRIBUTIONS OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR MLAI

Power catchability relationship assumed
Last age is a plus-group

Variance 0.1012
Skewness test stat. 0.3945
Kurtosis test statistic -0.8273
Partial chi-square 1.4846
Significance in fit 0.0000
Number of observations 34
Degrees of freedom 32
Weight in the analysis 0.6000

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

DISTRIBUTION STATISTICS FOR Acoustic survey 1-9+ wr

Linear catchability relationship assumed

Age 1 2 3 4 5

6 7 8 9

variance 0.0821  0.0422  0.0095 0.0085  0.0090
0.0136  0.0186  0.0186  0.0449

Skewness test stat. 0.2725  0.6861  0.2131 -0.0030 -0.0678 -

0.6720 -0.6167 -0.9256 0.2326
Kurtosis test statisti -0.8796 -0.8160 -0.4212 -1.0087 -0.3933 -
0.2128 -0.3046 -0.0224 -0.5523

Partial chi-square 0.0471 0.0469 0.0110 0.0103 0.0112
0.0177 0.0258 0.0267 0.0671

Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

Number of observations 10 18 18 18 18
18 18 18 18

Degrees of freedom 9 17 17 17 17
17 17 17 17

Weight in the analysis 0.6300 0.6200 0.1700 0.1000 0.0900
0.0800 0.0700 0.0700 0.0500

DISTRIBUTION STATISTICS FOR IBTS1: 1-5+ wr

Linear catchability relationship assumed

Age 1 2 3 4 5
Variance 0.0446 0.1641 0.0055 0.0047 0.0044
Skewness test stat. 0.1515 -1.1821 -2.7863 -1.6362 -1.4818
Kurtosis test statisti -0.3327 0.7375 1.7334 0.2593 -0.7119
Partial chi-square 0.1364 0.6158 0.0246 0.0269 0.0283
Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000
Number of observations 24 24 24 24 24
Degrees of freedom 23 23 23 23 23

Weight in the analysis 0.4700 0.2800 0.0100 0.0100 0.0100
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Table 2.6.6 (cont) North Sea herring. Model fit parameters, residuals and diagnostics.

DISTRIBUTION STATISTICS FOR MIK O-wr

Linear catchability relationship assumed

Age

Variance

Skewness test stat.
Kurtosis test statisti
Partial chi-square
Significance in fit
Number of observations
Degrees of freedom
Weight in the analysis

ANALYSIS OF VARIANCE

Unweighted Statistics

Variance

Total for model
Catches at age

SSB Indices
MLAI

Aged Indices
Acoustic survey 1-9+ wr

IBTS1: 1-5+ wr
MIK O-wr
Stock-recruit model

Weighted Statistics

Variance

Total for model
Catches at age

SSB Indices
MLAI

Aged Indices
Acoustic survey 1-9+ wr

IBTS1: 1-5+ wr
MIK O-wr

Stock-recruit model

0
0.0523
0.2141

-0.3484
0.1700
0.0000

SsQ
109.2433
1.5562

5.3996

33.5959
49.1683
1.2444

18.2789

SsQ
5.9548
0.7246

1.9438

1.0669
1.5428
0.4939

0.1828

Data
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Data
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Parameters
45
25

Parameters
45
25

d.f.
370
20

32
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115
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44

d.f.
370
20

32

145
115
15

44

Variance
0.2953
0.0778

0.1687

0.2317

0.4276

0.0830

0.4154

Variance
0.0161
0.0362

0.0607

0.0074

0.0134

0.0329

0.0042
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Table 2.7.1. Input to short term prediction.

North sea herring 2007

2007
09
4
F ref. age for each fleet
126
201
301
401
Two age ranges for overall F
01
26
Init numbers by start of 2007
0 11924
1 9620
2 2030
3 1614
4 834
5 886
6 1610
7 440
8 508
9 124
recruitments
22966
22966
selection by age and fleet
0
1
2
3
4
5
6
7
8
9
natmor at age
01.0
11.0
2 0.3
3 0.2
4 0.1
50.1
6 0.1
7 0.1
8 0.1
9 0.1
weca 2007

Weca 20

OCO~NOURAWNRPOOOONOOUODMWNELO

8

[eNeoNoNololoNoNoNoNe)

[eNeoloNoNoNoNoNoNoNa)

[eNeoNoNoNoloNoNoNoNe)

.0005
.0059
.1580
.2712
.3972
.4401
.4475
-4366
-3991
.4032

.0922
-0908
.1234
.1498
1775
.2071
-1956
.2353
.2476
.2643

.0922
-0908
.1234
.1498
.1775
.2071
.2210
.2050
.2476
.2643

[eNeoNoNololoNoNoNoNe)

[eNeoloNoNoNoNoNoNoNa)

[eNeoloNoNoloNoNoNoNe)

.0575
.0237
.0096
-0009
-0032
.0021
.0000
-0000
-0029
.0000

.0112
-0269
.0416
.1073
.1452
.1673
-1681
.2168
.2229
-0000

.0112
.0269
.0416
.1073
.1452
.1673
.1681
.2168
.2229
-0000

[eNeoNoNololoNoNoNoNe)

[eNeoloNoNoNoNoNoNoNa)

[eNeoNoNoNoloNoNoNoNe)

.0004
.0383
.0199
.0064
-0020
.0009
.0007
-0005
-0008
.0000

.0238
.0642
.0741
.1151

1446

.1697
.1817
.2053
.1977
-0000

.0238
.0642
.0741
.1151
.1446

1697

.1817
.2053
.1977
-0000

[eNeoNolololoNoNoNoNe)

[eNeoloNoNoNoNoNoNoNa)

[eNoloNoNoloNoNoNoNe)

.0020
.0233
.0038
.0025
-0007
.0005
.0003
-0002
-0003
.0000

.0168
.0384
-0699
.1131

1474

.1718
.1810
.1951
-1405
-0000

.0168
.0384
-0699
.1131
.1474

1718

.1810
.1951
.1405
-0000
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west 2007
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west 2009

maturity 2007
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maturity 2009
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Table 2.7.2. Management options for North Sea herring.

Intermediate year (2007) with catch constraint.

131

F1 F2 F3 F4 Fo1 Fz.6 C1 C2 C3 C4 SSB2007
0328 | 0.042 | 0012 | 0007 | 0064 |0336 |[3749 |105 |116 |34 | 9687
Prediction year (2008)

F-VALUES BY FLEET AND TOTAL CATCHES BY FLEET
FL |F2 |F3 |[F4 |Fu [Fws |Cl [C2 [C3 |c4 | SSB2008 | SSB2009

1. Following management rule, and with catches in Illa according to a 15% reduction in WBSS catch

0.156 | 0.028 | 0.024 | 0.022 | 0.076 | 0.168 | 171.9 | 87 | 144 | 6.9 | 10253 | 995.5
2. Following management rule, and with catches in Illa according to F0.1 for WBSS
0.158 | 0.050 | 0.013 | 0.012 | 0.076 | 0.167 | 1741 | 155 | 7.6 |37 [ 10260 | 999.8

3. 15% reduction in TAC by fleet A, and with catches in I1la according to a 15% reduction in WBSS catch

0.280 | 0.028 | 0.024 | 0.022 | 0.078 | 0.202 | 289.9 | 87 | 144 | 69 | 9442 | 8219
4. 15% reduction in TAC by fleet A, and with catches in I1la according to FO.1 for WBSS

0.280 | 0.050 | 0.013 | 0.012 | 0.077 | 0.289 | 289.9 | 154 | 7.6 |37 | 9463 | 8200
5. As 1, but with transfer of 3820 tonnes from C-fleet to A-fleet

0.160 | 0.028 [ 0.023 [ 0.022 [ 0075 [ 0172 | 1757 | 87 [ 137 [ 6.9 [ 10229 | 990.4
6. No fishing

00 |00 [o000 |00 |00 00 [0 [0 [o [0 [11474 [ 13099
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Herring catches 2006, 1st Quarter
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Figure 2.1.1: Herring catches (in tonnes)in the North Sea and Division Illa in 2006 by statistical
rectangle. Working group estimates (if available). a.: 1st quarter
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Herring catches 2006, 2nd Quarter
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Figure 2.1.1: Herring catches (in tonnes) in the North and Division Illa Sea in 2006 by statistical
rectangle. Working group estimates (if available). b.: 2nd quarter
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Herring catches 2006, 3rd Quarter
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Figure 2.1.1: Herring catches (in tonnes)in the North Sea and Division Illa in 2006 by statistical
rectangle. Working group estimates (if available). c.: 3rd quarter
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Herring catches 2006, 4th Quarter
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Figure 2.1.1.: Herring catches (in tonnes)in the North Sea and Division Illa in 2006 by statistical
rectangle. Working group estimates (if available). d.: 4th quarter
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Herring catches 2005, All Quarters
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Figure 2.1.1: Herring catches (in tonnes) in the North and Division Illa Sea in 2006 by statistical

rectangle. Working group estimates (if available). e: all quarters. Note the wrong heading: figure
show catches in 2006 and not 2005.



ICES HAWG Report 2007

100%
90% W9+ wr
80% W3 wr
70% O7wr
60% W6 wr
50% O5wr
40% 4w
30% O3wr
20% 02wr
10% W1wr
O% L L L L N N D N I N B B Dovvr
1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004
100%
90% -
80% -
70% -
60% - —e—O0wr
50% | —m—1wr
2 wr
40% —e3wr
30% -
20% -
10% -
0% T e R R T
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006
100%
90% - 8
o
80% - N
70% B
60% - <
n [}
® a2
- g 23
40% - s s @ o=
= 2 2 £ =3
30% 1 - : S E 29
3 s s A E -
20% 4 £ £ £ » 8 ©c
%) %) 9} co 20
< < < g IS] =]
10% - 2 2 2 238 g
=3
0%

137

4+ wr

3wr

2wr

0 wr
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Figure 2.3.1.1: Survey area coverage in the ICES Coordinated herring acoustic surveys in June-
July 2006, by rectangle and nation (WSC = West of Scotland charter vessel; SCO = Scotia; NOR =
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Figure 2.3.1.2: Abundance of Autumn spawning herring 1-9+ from combined acoustic survey
June-July 2006. Numbers (millions) (upper figure) and biomass (thousands of tonnes) (lower
figure).
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Figure 2.3.1.3: Numbers (millions) of Autumn spawning herring from combined acoustic survey
June-July 2006. 1 ring (upper figure), 2 ring (centre figure), 3+ (lower figure).
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Figure 2.3.1.4: Mean weight and maturity of autumn spawning herring from combined acoustic
survey June-July 2006. Four values per ICES rectangle, percentage mature of 2 ring (lower left)
and 3 ring fish (lower right), mean weights gram of 1 ring (upper left) and 2 ring fish (upper
right), 0 indicates measured percentage mature, + indicates surveyed with zero abundance, blank
indicates an unsurveyed rectangle.
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Figure 2.3.1.5: Biomass of mature autumn spawning herring from combined acoustic survey in
June — July 2006.
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Figure 2.3.1.6: Biomass of immature autumn spawning herring from combined acoustic survey in
June — July 2006.
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Figure 2.3.2.1: North Sea autumn spawners. Orkney/Shetlands 01-15 September 2006. Abundance
of larvae < 10 mm (n/m?)
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Figure 2.3.2.2: North Sea autumn spawners. Orkney/Shetlands 16-30 September 2006. Abundance
of larvae < 10 mm (n/m?)
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Figure 2.3.2.3: North Sea autumn spawners. Buchan 16-30
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Figure 2.3.2.4: North Sea autumn spawners. Central North Sea 16-30 September 2006. Abundance

of larvae < 10 mm (n/m?)
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Figure 2.3.2.5: North Sea autumn spawners. Southern North Sea 16-31 December 2006.
Abundance of larvae < 11 mm (n/m?)

Figure 2.3.2.6: North Sea autumn spawners. Southern North Sea 1-15 January 2007. Abundance
of larvae < 11 mm (n/m?)
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Figure 2.3.2.7: North Sea autumn spawners. Southern North Sea 16-31 January 2007. Abundance

of larvae < 11 mm (n/m2)
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Figure 2.3.2.8: North Sea autumn spawners. Larval Abundance Index time-series for a collection
of areas and sampling periods (Orkney/Shetlands 2nd half of September top left panel, Buchan
2nd half of September top right, central North Sea lower left, southern North Sea lower right. Due
to historic reasons the abundance in the CNS is given as the mean of three surveys and in the SNS

as the sum of three).
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Figure 2.3.2.9: North Sea autumn spawners. Comparison of spawning stock size estimates from the
Herring Assessment Working Group (ICES, 2006; bold line) and the year effects fitted to the
larval abundances in the multiplicative model (symbols with error bars). The MLAI estimates
have been rescaled to the mean of the WG estimates. Error bars indicate +/- one standard error of
larval survey abundance estimates. Note the log y axis.
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Figure 2.3.3.1. North Sea herring. Distribution of 1-ringer herring, year classes 2003-2005. Abundance estimates of 1-ringers within each statistical rectangle are based on
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Figure 2.3.3.2. North Sea herring. Mean length (mm) of 1-ringer herring caught during IBTS 1% Quarter
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Figure 2.3.3.4 North Sea herring. Absolute (no * 10°) and relative abundance of 0-ringers

in the area west of 2°E in the North Sea. Abundances are based on MIK sampling during IBTS,
the relative abundance in the western part is estimated as the number of 0-ringers west of 2°E
relative to total number of O-ringers.



ICES HAWG Report 2007 153

Relationship between recruitment indices

5000
] R? = 0.6645

4000 -

w

o

o

o
|

2000 +

IBTS 1-ringer index

1000 -

0 50 100 150 200 250 300
IBTS O-ringers

Figure 2.5.1 North Sea herring. Relationship between indices of 0-ringers and 1-ringers for year
classes 1977 to 2005. The 2005 relation is shown as a filled square, the present 0-ringer index for
year class 2006 is indicated by an arrow.
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Time series of recruitment indices
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Figure 2.5.2 North Sea herring. Time series of O-ringer and 1-ringer indices. Year classes 1976 to
2006 for O-ringers, year classes 1977-2005 for 1-ringers.
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Figure 2.5.3. North Sea herring. Trend in recruitment of 1-ringers from year class 1958 to 2005.
Data from the 2007 ICA assessment of the North Sea autumn spawned herring.
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Figure 2.6.1. North Sea herring. Comparison of mean reference relationship between mean

F and SSB for:

e Assessment point estimate using catch and all indices using the benchmarked procedure
from last year
Variance — Covariance (V-CV) uncertainty of F and SSB using bootstrap estimates

e  Flat selection of F at age 7,8,9+
Each individual fleet as the only tuning indices (Acoustic 1-9+wr, IBTS 1-5+wr, MIK Owr
and MLAI SSB index)
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Figure 2.6.2 North Sea herring. Comparison of weighted residuals for assessment 2006 (left

panels) and 2007 (right panels) using same procedure. Dark bubbles represent residual values
greater than 0, white bubbles less then 0, left hand dark bubble represents a scaling value of 1.0.
Plot of (a) catch residuals at age for the separable period; (b) MIK 0 group index; (c) MLAI SSB
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Figure 2.6.3. North Sea herring. Retrospective ICA plots for SSB, mean F on ages 2-6, and
recruitment.
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Figure 2.6.4. North Sea herring. Retrospective ICA plots for SSB, mean F on ages 2-6, and
recruitment based on an assessment using only MIK and Acoustic survey data.
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Figure 2.6.5. North Sea herring. Retrospective ICA plots for SSB, mean F on ages 2-6, and
recruitment based on an assessment using only MIK and IBTS survey data.
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Figure 2.6.6. North Sea herring. Retrospective ICA plots for SSB, mean F on ages 2-6, and
recruitment based on an assessment using only MIK and MLAI survey data.
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Figure 2.6.7. North Sea herring. Stock summary according to the final ICA assessment: SSB, mean
F on ages 2-6 and ages 0-1, and recruitment. The reference line for SSB corresponds to 800 000
tonnes (Blim), while the reference lines for mean F correspond to 0.25 (solid line) and 0.12 (dashed
line).
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Figure 2.6.8. North Sea herring. Diagnostics of selection pattern from the final ICA assessment.
Top left: bubbles plot of log catch residuals by age (weighting applied) and year (5 yr separable
period). Top right: estimated selection parameters (relative to 4 wr) with 95% confidence
intervals. Middle left: marginal totals of log residuals by year. Middle right: marginal totals of log
residuals by age (wr).
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Figure 2.6.9. North Sea herring. Diagnostics of MLAI survey catchability from the final ICA
assessment. Top left: VPA estimates of SSB (line) and SSB predictions made from index
observations with 95% confidence intervals. Top right: scatterplot of index observations versus
VPA estimates of SSB with the best-fit catchability model (power function). Middle left: log
residuals of catchability model by VPA estimate of SSB. Middle right: log residuals of catchability
model by year. Bottom left: normal Q-Q plot of log residuals. Bottom right: autocorrelogram of
log residuals.
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Figure 2.6.10. North Sea herring. Diagnostics of Acoustic survey catchability at 1 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 1 wr (line) and numbers predicted from
index abundance at 1 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 1 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 1 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.11. North Sea herring. Diagnostics of Acoustic survey catchability at 2 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 2 wr (line) and numbers predicted from
index abundance at 2 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 2 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 2 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.12. North Sea herring. Diagnostics of Acoustic survey catchability at 3 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 3 wr (line) and numbers predicted from
index abundance at 3 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 3 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 3 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.13. North Sea herring. Diagnostics of Acoustic survey catchability at 4 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 4 wr (line) and numbers predicted from
index abundance at 4 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 4 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 4 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.14. North Sea herring. Diagnostics of Acoustic survey catchability at 5 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 5 wr (line) and numbers predicted from
index abundance at 5 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 5 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 5 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.15. North Sea herring. Diagnostics of Acoustic survey catchability at 6 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 6 wr (line) and numbers predicted from
index abundance at 6 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 6 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 6 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.16. North Sea herring. Diagnostics of Acoustic survey catchability at 7 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 7 wr (line) and numbers predicted from
index abundance at 7 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 7 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 7 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.17. North Sea herring. Diagnostics of Acoustic survey catchability at 8 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 8 wr (line) and numbers predicted from
index abundance at 8 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 8 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 8 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.18. North Sea herring. Diagnostics of Acoustic survey catchability at 9+ wr from the
final ICA assessment. Top left: VPA estimates of numbers at 9+ wr (line) and numbers predicted
from index abundance at 9+ wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 9+ wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 9+ wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.19. North Sea herring. Diagnostics of IBTS survey catchability at 1 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 1 wr (line) and numbers predicted from
index abundance at 1 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 1 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 1 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.20. North Sea herring. Diagnostics of IBTS survey catchability at 2 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 2 wr (line) and numbers predicted from
index abundance at 2 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 2 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 2 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.21. North Sea herring. Diagnostics of IBTS survey catchability at 3 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 3 wr (line) and numbers predicted from
index abundance at 3 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 3 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 3 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.22. North Sea herring. Diagnostics of IBTS survey catchability at 4 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 4 wr (line) and numbers predicted from
index abundance at 4 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 4 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 4 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.23. North Sea herring. Diagnostics of IBTS survey catchability at 5+ wr from the final
ICA assessment. Top left: VPA estimates of numbers at 5+ wr (line) and numbers predicted from
index abundance at 5+ wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 5+ wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 5+ wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.6.24. North Sea herring. Diagnostics of MIK survey catchability at 0 wr from the final
ICA assessment. Top left: VPA estimates of numbers at 0 wr (line) and numbers predicted from
index abundance at 0 wr with 95% confidence intervals. Top right: scatterplot of index
observations versus VPA estimates of numbers at 0 wr with the best-fit catchability model (linear
function). Middle left: log residuals of catchability model by VPA estimate of numbers at 0 wr.
Middle right: log residuals of catchability model by year. Bottom left: normal Q-Q plot of log
residuals. Bottom right: autocorrelogram of log residuals.
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Figure 2.8.1

Results of medium term predictions for North Sea herring
Scenario 1: Harvest rule with not constraint on year-to-year change in TAC.
Upper panels: Percentiles for SSB, and risk to Blim
Middle panels: Percentiles for catch

Lower panels: Percentiles for fishing mortality

Left: Fleet A

Right: Fleets B-D
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Figure 2.8.2

Results of medium term predictions for North Sea herring
Scenario 2: Harvest rule with 15% constraint on year-to-year change in TAC.
Upper panels: Percentiles for SSB, and risk to Blim

Middle panels: Percentiles for catch

Lower panels: Percentiles for fishing mortality
Left: Fleet A

Right: Fleets B-D
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Figure 2.8.3

Results of medium term predictions for North Sea herring
Scenario 3: Fixed intended F0-1 = 0.12 and F2-6 = 0.25

Upper panels: Percentiles for SSB, and risk to Blim

Middle panels: Percentiles for catch

Lower panels: Percentiles for fishing mortality
Left: Fleet A

Right: Fleets B-D
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Figure 2.8.4

Results of medium term predictions for North Sea herring
Scenario 4: As scenario 1 (harvest rule with 15% constraint on year-to-year change in TAC), but with higher

assumed CV on recruitment of 0.58.

Upper panels: Percentiles for SSB, and risk to Blim

Middle panels: Percentiles for catch

Lower panels: Percentiles for fishing mortality
Left: Fleet A

Right: Fleets B-D
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Figure 2.8.5

Results of medium term predictions for North Sea herring

Scenario 5: As scenario 1 (harvest rule with 15% constraint on year-to-year change in TAC), but with a lower
breakpoint in the stock-recruit function at 500 000 tonnes

Upper panels: Percentiles for SSB, and risk to Blim
Middle panels: Percentiles for catch

Lower panels: Percentiles for fishing mortality
Left: Fleet A

Right: Fleets B-D
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Figure 2.8.6 Results of medium term predictions for North Sea herring. Effect of implementation
error. Risk to Blim in 2017 with and without 15% constraint on catch variation.
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from 1960-2006 at 5, 25, 50, 75, 95 percentiles estimated by bootstrap of parameter residuals based
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Figure 2.10.2 North Sea herring: cohort historic retrospectives for yearclasses currently in
terminal year of the assessment , 1997 to 2005.
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Figure 2.11.5 : Acoustic transects in the Eastern Channel. Herring detections are mainly
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Figure 2.11.6 Catch composition by age from the pelagics hauls. Age groups 5, 6 and 7 represent
respectively 11 %, 46% and 18 % of the total.



192 ICES HAWG Report 2007

3 Herring in Division llla and Subdivisions 22-24
[update assessment]
3.1 The Fishery

3.1.1 ACFM advice and management applicable to 2006 and 2007

At the ACFM (May) meeting in 2006, it was stated that the status of the stock is unknown
relative to safe biological limits, because reference points have not been determined. SSB has
been stable or has slightly increased over a number of years. Fishing mortality estimates for
2006 are 0.52 for adults and 0.18 for the juveniles (1-ringers).

ACFM recommended in 2006 that, since the current fishing mortality has lead to a stable or
increased SSB, the fishing mortality should not be allowed to increase. This would correspond
to catches in 2006 less than 95 000 t and less than 99 000 t in 2007. According to the recent
geographic distribution of catches, approximately half of the total catches should be taken
from Subdivisions 22-24.

The EU and Norway agreement on a herring TACs set for 2006 was 81 600 t in Division Illa
for the human consumption fleet and a by-catch ceiling of 20 528 t to be taken in the small
mesh fishery. In 2006 the EU and Norway agreement on herring TACs for 2007 in Division
IITa was 118 860 t.

In previous years the International Baltic Sea Fishery Commission (IBSFC) set no special
TAC for Subdivisions 22-24. In 2006, a TAC (47 500 t) was set for the first time on the
Western Baltic stock component. The TAC for 2007 was set at 49 500 t.

3.1.2 Catches in 2006

Herring caught in Division Illa are a mixture of North Sea Autumn Spawners (NSAS) and
Western Baltic Spring Spawners (WBSS). This Section gives the landings of both NSAS and
WBSS, but the stock assessment applies only to the spring spawners.

It is important to note that 2000 tonnes of Danish landings were, on a very early stage lost
from the data due to a programming error. This error was not discovered in time and the catch
in numbers in the present section therefore does not account for this. However, the error does
not influence biological samples of size, age and proportions of spawning type. All relevant
tables will be updated with the correct information in next year’s report. The eventual effects
of the missing catches on the assessment and short term projections for WBSS herring were
found to be insignificant for estimates of SSB, F and recruitment.

Landings from 1985 to 2006 are given in Table 3.1.1. In 2006 the total landings in Division
IIIa and Subdivisions 22—-24 has decreased to 93 000 t, which is the second lowest value of the
time series (1986-2006), only 2004 was slightly lower. The decrease in landings and their
resemblance with 2004 is evident in the catches from the Kattegat and the Skagerrak. The
German landings have increased slightly for the last three years in Subdivision 22-24, but are
still diminutive in Division IIla. The overall fishing pattern has changed in the last few years.
As in previous years the 2006 landing data are calculated by fleet according to the fleet
definitions used when setting TACs.

The fleet definitions used since 1998 are:

o Fleet C: directed fishery for herring in which trawlers (with 32 mm minimum mesh size)
and purse seiners participate.
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o Fleet D: All fisheries in which trawlers (with mesh sizes less than 32 mm) and small
purse seiners, fishing for sprat along the Swedish coast and in the Swedish fjords,
participate. For most of the landings taken by this fleet, herring is landed as by-catch.
Danish and Swedish by-catches of herring from the sprat fishery and the Norway pout
and blue-whiting fisheries are listed under fleet D.

e Fleet F: Landings from Subdivisions 22-24. Most of the catches are taken in a directed
fishery for herring and some as by-catch in a directed sprat fishery.

In Table 3.1.2 the landings are given for 2001 to 2006 in thousands of tonnes by fleet (as
defined by HAWG) and quarter.

Biological composition of the catch

Table 3.2.1 and Table 3.2.2 show the total catch (autumn- and spring-spawners combined) in
numbers and mean weight-at-age in the catch for herring by quarter and fleet landed from
Skagerrak and Kattegat, respectively. The total numbers and mean weights-at-age for herring
landed from Subdivisions 22 - 24 are shown in Table 3.2.3.

The level of sampling of the commercial landings was generally acceptable (Table 3.2.4). In
the cases of missing samples the corresponding landings were minor. Where sampling was
missing in areas and quarters on national landings, sampling from either other nations or
adjacent areas and quarters were used to estimate catch in numbers and mean weight-at-age
(Table 3.2.5).

Based on the proportions of spring- and autumn-spawners in the landings (Table 3.2.6 and see
Section 3.2.2 for more details) catches were split between NSAS and WBSS.

The total numbers and mean weight-at-age of the WBSS and NSAS landed from Kattegat,
Skagerrak, and Div. Illa respectively was then estimated by quarter and fleet (Table 3.2.7 -
3.2.12).

The total catch (SOP) of the WBSS taken in the North Sea + Div. Illa in 2006 were estimated
to be 47 070 t, and has thereby increased in the last two years from the very low levels
observed in 2004 and 2003 of 35 000 and 38 000 respectively (Table 3.2.13). However, they
are still far below the values observed up to the mid nineties.

Total catches (SOP) of WBSS from the North Sea, Div. Illa, and Subdivisions 22-24
respectively, by quarter, was estimated for 2006 (Table 3.2.14). Additionally, the total catches
of WBSS in numbers and tonnes (SOP), divided between the North Sea + Div. Illa and
Subdivisions 22-24 respectively for 1991-2006, are presented in Tables 3.2.15 and 3.2.16.

Catches (SOP) of WBSS from Subdivisions 22-24 have remained rather stable for the last four
years at levels just above 40 000 t, which also is the lowest level found in the time series
(1991-2006) (Table 3.2.16).

The total catch (SOP) of NSAS in Div. IIIa amounted to 15 015 t in 2006, which is only 50 %
of the 2005 value, and the lowest ever in the time series (1991-2006). The decrease relative to
2005 was mainly due to a proportionally large drop in representation of the 2004 year class in
the catches (Table 3.2.17).

3.2.1 Quality of Catch Data and Biological Sampling Data

The amount of discards for 2006 is assumed to be insignificant as in previous years. However,
no quantitative estimates of discards were available to the Working Group.

Table 3.2.4 shows the number of fish aged by country, area, fishery and quarter. The overall
sampling in 2006 more than meets the recommended level of one sample per 1000 t landed
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per quarter. Coverage of areas, times of the year and gear (mesh size) was acceptable. One
exception is a complete lack of samples to cover catches from Subdivision 23 comprising 2
477 t.

3.2.2 Stock composition in the catch

Catches of herring in the Kattegat, the Skagerrak and the Eastern part of the North Sea are
taken from a mixture of two main spawning stocks. These are 1+ ringers of the Western Baltic
Spring Spawners (WBSS) and 0-2-ringers from the North Sea Autumn Spawners (NSAS).
The winter spawning Downs herring are included under NSAS (see stock annex 2). An
uncertain amount of spring spawners belonging to local spawning populations in the
Skagerrak/Kattegat area are likely to contribute to the catches. However due to lack of
knowledge concerning these, they are included under WBSS (see also stock annex 2). As in
recent years the WG uses the analysis of individual otolith microstructure for determination of
spawning type in age-class stratified random sub-samples of herring in Division IIla (see stock
annex 2). The split between WBSS and NSAS in the eastern North Sea is limited to an area
also referred to as the transfer area (ICES rectangles: 43F3 to 43F7, 44F3 to 44F6, 45F3 to
45F6, 46F3 to 46F6, and 47F3 to 47F6 (see also Figure 2.2.2)), under the assumption that the
geographical distribution of WBSS into the North Sea is within the borders of the transfer
area.

For the present year the otolith-based method has been exclusively applied for the Division
II1a split. For Subdivisions 22, 23 and 24 it was assumed that all individuals belong to the
WBSS stock, even when otolith microstructure indicate occurrence of autumn spawners in the
surveys or in samples of commercial catches (see stock annex 2).

Different area based TACs and by-catch ceilings are set for herring in Divisions Illa and IV.
However during summer feeding migrations components of WBSS and NSAS mix in both
areas Divisions IIla and IV East. A recently finalised research project has explored ways to
regulate the fishing mortality of NSAS and WBSS individually within Divisions IV and Illa
(IMHERSKA). Results indicate that a set of proposed métiers for the Danish herring fisheries,
to some degree, fished selectively with respect to stock (WBSS and NSAS) and fish size, in
specific areas and quarters (IMHERSKA final report 2007 in prep.). It is also of note that the
results agree with the existing knowledge on migration behaviors of the respective stocks.

3.2.2.1 Spring-spawning herring in the North Sea

Catches from the transfer area in the eastern North Sea in 2006 were split by analysis of
Norwegian and Danish samples from landings (see Figure 2.2.2 for details about the transfer
area). Mean vertebral counts from the Norwegian samples and otolith microstructure readings
from the Danish samples were used to estimate the proportion of WBSS. Samples were
missing in the 4™ quarter for 1 to 3-ringers and were inferred from neighbouring quarters. The
sources of data for splitting between NSAS and WBSS in the transfer area are:

1-RINGERS 2-RINGERS 3-RINGERS 4+-RINGERS
1 DK samples (landings) | DK & NOR samples DK samples (landings) | DK & NOR samples
quarter (landings) (landings)
2 DK samples (acoustic | DK & NOR samples DK & NOR samples DK & NOR samples
quarter | + landings) (acoustic + landings) (acoustic + landings) (acoustic + landings)
3" DK & NOR samples NOR samples NOR samples NOR samples
quarter | (acoustic+ landings) (landings) (landings) (landings)
4t inferred from inferred from inferred from DK samples (landings)
quarter | neighbouring quarters neighbouring quarters | neighbouring quarters

Resulting proportions of WBSS can be found in Section 2.2.2.
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3.2.2.2 Autumn spawners in Division llla
The proportions and the analysed numbers are presented in Table 3.2.6.

For commercial landings in 2006 the split of the Swedish and Danish landings was conducted
using the proportion by age in the combined samples of Swedish and Danish microstructure
analyses. The estimation of the proportion of spring- and autumn-spawners in the landings
from Division Illa was performed on the basis of 4449 (2903 Danish and 1546 Swedish)
otolith microstructure analyses in 2006. Data were disaggregated by area (Kattegat and
Skagerrak), quarter (1-4) and age group (1-8+ wr in 1** quarter and 0-8+ wr in 2", 3™ and 4"
quarter).

Generally, sampling for split in 2006 covered younger age classes (0-2-ringers). In cases
where sampling of older age-classes had fewer than 12 individuals per cell (area, quarter, and
wr) samples were supplemented with survey samples and/or the cells were pooled to combine
age groups (for details see table 3.2.6).

All herring found in subdivisions 22-24 are treated as Western Baltic spring spawners (see
stock annex 2).

3.2.2.3  Accuracy and precision in stock identification

The stock classification using visual inspection of otolith microstructure has been validated
objective criteria as described in a recent publication (Clausen et al. 2007). The
correspondence between results from visual inspection by experienced readers and back
calculated hatch date from counted microstructures was high, with misclassification levels of
5% and 3% for autumn/winter and spring spawners respectively. All of the Danish routine
samples for the stock identification are interpreted by experienced readers. However, in the
case of spawning type infidelity this validation method would show false misclassification.
Therefore, an objective method of hatch time estimation was also employed, counting daily
increments in O-group herring hatched during different seasons. Visual inspection and
objective estimation agreed to 89%, and confusion between autumn and winter spawners was
explained by overlapping hatch periods. Older herring have been classified using multiple
linear regression of hatch time versus median increment width.

Issues of precision and further development of methods are dealt with in the stock annex.

Fishery Independent Information

3.3.1 International Bottom Trawl Survey in Division llla

The survey indices were split into spring and autumn spawning components by microstructure
analysis of otoliths (section 3.2.2) except for 2001 3™ quarter and 2002 1% quarter when
vertebrae counting methods were used. The estimates of the abundance by age of the spring
spawning component in the Kattegat (SD21) are presented in Table 3.3.1 and Table 3.3.2. The
estimated mean value for 1-ringers in 2007 1% quarter is lower than the average and similar to
values observed in 2005 and 2006. The older age classes show a clear decrease with the
lowest observed value for age 3 and age 5 and the second lowest for age 4. For 3™ quarter
survey indices, the value for 1-ringers in 2006 is around the average of the time-series while
the abundance of 3-ringers is the lowest on record.

3.3.2 Summer Acoustic Survey in Division llla

The acoustic survey from 23 June to 6 July 2006 covered the area in the Skagerrak and the
Kattegat. Details of the survey are given in the ‘Report of the Planning Group for Herring
Surveys’ (ICES 2007/LRC:01). The estimated spawning biomass (3+) of Western Baltic
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Spring Spawning herring (WBSS) in 2006 was about 244 000 tonnes, showing an increase
compared to the previous year of about 105 %. The results from this survey are summarised in
Table 3.3.3.

3.3.3 Autumn Acoustic Survey in Subdivisions 22-24

A joint German-Danish acoustic survey was carried out with R/V “SOLEA” between 5 and 24
October 2006 in the Western Baltic covering Subdivisions 21, 22, 23 and 24. A full survey
report is given in the Report of the Planning Group for Herring Surveys (ICES 2007/LRC:01).
The results for 2006 are presented in Table 3.3.4. The herring stock was estimated to be about
211 000 tonnes in Subdivisions 22-24 (Table 3.3.4). This is an increase of 11 % compared to
the last year estimate.

3.3.4 Larvae Surveys

Herring larvae surveys in the western Baltic were conducted in weekly intervals during the
2006 spawning season. During the last decade, the Riigen herring larvae surveys in the
Greifswalder Bodden aimed at delivering a fishery independent recruitment estimate for the
WBSS assessment. The resulting N30 index (extrapolated abundance of larvae at 30 mm
length) has shown to reliably predict very strong year classes, however it failed to predict year
classes of intermediate strength.

The results for 2006 were not available at the meeting (Table 3.3.5).

Mean weights-at-age and maturity-at-age

Mean weights at age in the catch in the 1* quarter were used as stock weights (Table 3.2.14).
The maturity ogive was assumed constant between years. The same maturity ogive was used
as in the HAWG 2006:

W-RINGS 0 1 2 3 4 5 6 7 8+
Maturity | 0.00 0.00 0.20 0.75 0.90 1.00 1.00 1.00 1.00

Recruitment

Indices of O-ringer abundance of the Western Baltic Spring Spawning herring (WBSS) in
Subdivisions 22-24 for 2006 were available from the autumn acoustic survey in Subdivisions
22-24 (see also Table 3.3.5) while results for 2006 larval survey during spawning time were
not available at the meeting. The index of the O-ringer in 2006 from the autumn acoustic
survey was similar compared to the latest years with a slight increase compared to 2005. The
acoustic recruitment indices of the O-ringer and 1-ringer were similar to previous years (Figure
3.5.1). The total number of individuals in the stock from the autumn acoustic survey was also
similar to the last year estimates as well as the values for the older age classes.

Assessment of western Baltic spring spawners in Division llla and
Subdivisions 22-24

3.6.1 Input data

Catch in numbers at age from 1991 to 2006 were available for Subdivision IVa (East),
Division Illa and Subdivisions 22-24 (Table 3.6.1) and as proportion at age (Figure 3.6.1).
Years before 1991 have been excluded due to lack of reliable data for splitting spawning type
and also due to a large change in fishing pattern caused by changes in the German fishing
fleets.
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Mean weights at age in the landings are found in Table 3.6.2 and in Figure 3.6.2. The
proportions of F and M before spawning were assumed constant between years. F-prop was
set to be 0.1 and M-prop 0.25 for all age groups. Natural mortality was assumed constant at
age and equal to 0.3, 0.5, and 0.2 for 0- ringers, 1- ringers, and 2+ ringers respectively (Table
3.6.4). The estimates of natural mortality were derived as a mean for the years 1977-1995
from the Baltic MSVPA (ICES 1997/J:2).

Available survey indices (Tables 3.3.1-3.3.4) were:

FLT1: Hydroacoustic survey in Division Illa & Sub-division IVa East, July 1991—
2006, 0—8+ ringers

FLT2: Hydroacoustic survey in Subdivisions 22, 23 and 24, Oct. 1991-2006, 0—8+
ringers

FLT3: IBTS in Division Illa, Quarter 1, 1991-2007, 1-5 ringers
FLT4: IBTS in Division Illa, Quarter 3, 1991-2006, 1-5 ringers

All are age-structured indices. None of the indices covered the total spatial distribution of the
WBSS stock and the indices covered the following quarters and areas:

SURVEY AREA QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4
Division Illa FLT3 - FLTI and FLT4 -
Subdivisions 22-24 - - - FLT2

Subsets of these data series representing selected age groups were constructed to give a better
representation of the stock (see section 3.6.3).

3.6.2 ICA settings
The following settings (Table 3.6.6) were used in 2007, similar to 2006:

e  The period for the separable constraint: 5 years (2002-2006).

e  The weighing factor to all indices (lambda = 1).

e A linear catchability model for all indices

e  The reference F set at age 4 and the selection=1 for the oldest age.

e  The catch data were down-weighted to 0.1 for O-ringer herring.

3.6.3 Exploration by individual survey indices

Given that this is an update assessment only a limited exploration was carried out similar to
last year. Exploratory runs of catch data with single indices were performed using the general
ICA-setting mentioned above (Section 3.6.2). A summary of the results from these runs is
presented in Figures 3.6.3 and 3.6.4.

No larval survey data was available for 2006. The IBTS in Kattegat Q1 (FLT3) indicate a high
F of 2.4, somewhat higher than the hydro-acoustic survey indices in Division IIla (FLT1a and
FLTI1b) being 1 and 1.5 respectively, whereas the Acoustic survey indices in Subdivisions 22-
24 (FLT2a and FLT2b) and the IBTS index in Kattegat Q3 (FLT4) suggest low F of 0.3, 0.3
and 0.2 respectively.

With no larval index for 2006 only the only recruitment indices available were O0-ringer
Acoustic in SD 22-24 and 1-ringer Acoustic in SD 22-24. Recent trends in log transformed
values of the time series from 1991 show no exceptional development (Figure 3.5.1). The
tuning fleet choice and the settings for the final ICA run for the 2006 assessment were
therefore the same as in the last two years’ assessments with fleets FLT1b, FLT2b, and FLT4.
The biological reasoning behind the choice of indices with restricted numbers of age classes is
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that there is only a partial migration of age 0-1 ringers to the Division Illa in the summer and
that ages older than 5-ringers are poorly represented in the Subdivision 22-24 acoustic surveys
and in the IBTS.

3.6.4 Final Assessment

This assessment conforms to an update assessment of WBSS herring, input data (years 1991-
2006, Ages 0-8+ ringers) are given in the following tables:

e  Catch in number (Table 3.6.1)

e  Weight in catch (Table 3.6.2)

e  Weight in stock (Table 3.6.3)

e  Natural mortality (Table 3.6.4)

e  Maturity (see text table in section 3.4)

The following surveys were included (Tables 3.6.5a-c):

e FLT 1b: DK Hydroacoustic survey in Division IIla+ SD IVaE, July 1991-2006,
excl. 1999, 2—-8+ ringers

e  FLT 2b: GER Hydroacoustic survey in Subdivisions 22, 23 and 24, Oct 1991-
2006, 0-5 ringers
° FLT 4. IBTS in Kattegat, Quarter 3, 1991-2006, 1-5 ringers

The final model settings are shown in Table 3.6.6. The output data are given in Tables 3.6.7-
3.6.16. The estimated SSB for 2006 is about 184 500 tonnes with a mean fishing mortality
(ages 3-6) of 0.52 (Table 3.6.9, Figure 3.6.6). As the previous year, the model diagnostics
show a rather well defined minimum SSQ response-curve for all age-indices except age-index
1 (Acoustic Survey in Division [Ila+IVaE) that is somewhat flat (Figure 3.6.5). The minimum
SSQ for the Acoustic Survey in Subdivisions 22-24 (age-index 2) finds an intermediate
compromise between the high F of age-index 1 (Acoustic Survey in Division IIla+IVaE) and
the low F of age-index 3 (IBTS Kattegat Q3).

The marginal totals of residuals between the catch and the separable model (scrutinised on
screen in ICA-view) are overall small, as well as reasonably trend-free in the separable period
(2002-2006) (see Figure 3.