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Executive Summary

The ICES herring assessment working group (HAWG) met for 7 days in March 2011
to assess the state of 7 herring stocks and 3 sprat stocks. The working group con-
ducted update assessments for four of the herring stocks. No analytical assessments
were carried out for the remaining four herring stocks although available survey
and/or fishery data were examined. No update assessments were possible for any of
the sprat stocks.

The SSB of North Sea autumn spawning herring in autumn 2010 was estimated as
1.30 million t. F26in 2010 was estimated at 0.12, below the target F2. of 0.2. The year
classes from 2002 are estimated to be among the weakest since the late 1970s. In par-
ticular, the most recent year class, 2010, was estimated to be about 80% higher than
2008, but still lower than long term average. Best estimates of catches in 2010 were
187 000 t, a slight increase from 168 000 t in 2009. The Western Baltic spring spawn-
ing stock’s SSB is now estimated around 95 000 t and has declined substantially in the
last three years. Fishing mortality in 2009 was 0.30, closer to the proxy for Fusy (0.25)
than in previous years. Recruitment has declined consistently from 2003 to 2008.
When maturing, these poor year classes are expected to have a reducing effect on the
spawning stock biomass. The Celtic Sea autumn and winter spawning stock has
continued to increase, and remains in a state of recovery. SSB in 2010 was estimated
as 114 000 t, and mean F25 remained at a very low estimate (0.08). Catch in 2009/2010
was among the lowest in the time series (8 300 t). Two strong and two weak year
classes have recruited recently. West of Scotland autumn spawning stock’s SSB (in
2010) was estimated as 62 000 t. The stock is currently fluctuating at a low level and is
being exploited below estimated Fwmsy. Recruitment has been low since 1998. Catch in
2010 was 19 900 t, a slight increase from 2009. West of Ireland (Division VIaS and
VIIb,c) autumn- and winter/spring-spawning stock cannot be assessed analytically
because no tuning data are yet available. However, there are indications that the
stock is at a low level, with a series of low recruitments. Current levels of SSB and F
are unknown. Catch in 2010 was 10 200 t, not very different from the catch in 2009 (
10 400 t). Irish Sea autumn spawning herring was not assessed analytically. Survey
indicators and exploratory assessments suggest increasing SSB, whilst stable fishing
effort suggests a stable or declining F. Catches (4 900 t in 2010) have been close to
TAC level in recent years. Catches of the Clyde spring spawning stock were 300 t in
2010, but no sampling or other information was available.

Given the poor datasets, no reliable estimates of stock status of North Sea sprat were
possible. Catches in 2010 were 144 000 t at the level of the catches in 2009 (133 000 t).
The data available for sprat in Division IIla were too sparse to perform an assess-
ment. The total landings were 10 700 t in 2010, compared to 9 200 t in 2009. Sprat in
VIId,e catch had almost doubled a level of 4 400 t compared to the catches in 2009
(2700 t). No assessment of this stock was possible. For the first time a presentation of
Celtic Sea sprat was made in the group. The total catches in 2010 was estimated to 8
100 t. There was not performed assessment on sprat in this eco-region as further work
is required to determine stock structures and identity.

A generic term of reference was to consider the Fusy framework in the preliminary
drafting of advice, which the group did for all stocks, where this was possible.

The working group commented on special requests from MFSDSG and SIASM in the
section dealing with ecosystem related issues.
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The working group also commented on the quality and availability of data, the prob-
lems with estimating the amounts of discarded fish, the use of the data system IN-
TERCATCH, and provided an overview of some of the roles of herring in the
ecosystem.
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Terms of Reference
2010/2/ACOMO6

The Herring Assessment Working Group for the Area

South of 62°N (HAWG), chaired by Maurice Clarke, Ireland and Lotte Worsge
Clausen*, Denmark, will meet at ICES Headquarters, 16-24 March 2011 to:

a) compile the catch data of North Sea and Western Baltic herring on 17-18

March

b) address generic ToRs for Fish Stock Assessment Working Groups 19-25

March (see table below).

The assessments will be carried out on the basis of the Stock Annex in National Labo-
ratories, prior to the meeting. This will be coordinated as indicated in the table below.

Material and data relevant for the meeting must be available to the group no later
than 3 weeks prior to the starting date.

HAWG will report by 4 April 2011 for the attention of ACOM.

Fish | Stock Name
Assesss. Assess. Perform .
Stoc Stock Coord. Advice
K Coord. 1 Coord. 2 assessment
her- Herring in Division Illa and
3a22 | Subdivisions 22-24 (West- Denmark Germany | Denmark Y Update
ern Baltic Spring spawners)
her- Herring in Subarea IV and UK (Scot-
47d3 | Division Illa and VIId Germany NL land) Y Update




(North Sea Autumn spawn-
ers)
her- Herring in Division VIla
irls South of 52° 30" N and
ViIg,hjk (Celtic Sea and Ireland Ireland Y Update
South of Ireland)
her- Herring in Divisions Vla Same
irlw (South) and VIIb,c Ireland Ireland Y advice
as last
year
her- Herring in Division VIla UK Same
nirs North of 52° 30" N (Irish UK (North- (North- Y advice
Sea) ern Ireland) ern Ire- as last
land) year
her- Herring in Division VIa UK (Scot-
vian (North) land) UKS Y Update
spr- Sprat in Division Illa Same
kask | (Skagerrak - Kattegat) Norway Denmark ) Y advice
as last
year
SPr” Sprat in Subarea IV (North Denmark Denmark Norway Y Update
nsea Sea)
spr- Sprat in Division VIId,e Catch
eche Norway - - N statistics
only
spr- Sprat in the Celtic Seas Collate
celt data

The Generic Terms of Reference for all working groups are presented below:

a)

b)

9)

d)

Produce a first draft of the advice on the fish stocks and fisheries under con-
siderations according to ACOM guidelines and implementing recommenda-
tions from WKMSYREEF.

Update, quality check and report relevant data for the working group:

i) Load fisheries data on effort and catches (landings, discards, bycatch,
including estimates of misreporting when appropriate) in the IN-
TERCATCH database by fisheries/fleets. Data should be provided to
the data coordinators at deadlines specified in the ToRs of the indi-
vidual groups. Data submitted after the deadlines can be incorpo-
rated in the assessments at the discretion of the Expert Group chair;

ii) Abundance survey results;
iii) Environmental drivers.

iv) Propose specific actions to be taken to improve the quality of the data
(including improvements in data collection).

Produce an overview of the sampling activities on a national basis based on
the INTERCATCH database and report the use of InterCatch;

In cooperation with the Secretariat, update the description of major regulatory
changes (technical measures, TACs, effort control and management plans)
and comment on the potential effects of such changes including the effects of
newly agreed management and recovery plans.
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e) For each stock update the assessment by applying the agreed assessment
method (analytical, forecast or trends indicators) as described in the stock an-
nex. If no stock annex is available this should be prepared prior to the meet-
ing.

f) Produce a brief report of the work carried out by the Working Group. This re-
port should summarise for the stocks and fisheries where the item is relevant:

i) Input data (including information from the fishing industry and NGO
that is pertinent to the assessments and projections);

ii) Where misreporting of catches is significant, provide qualitative and
where possible quantitative information and describe the methods
used to obtain the information;

iii ) Stock status and 2012 catch options;

iv) Historical performance of the assessment and brief description of
quality issues with the assessment;

v) Mixed fisheries overview and considerations;

vi) Species interaction effects and ecosystem drivers;

vii ) Ecosystem effects of fisheries;

viii ) Effects of regulatory changes on the assessment or projections;

g) Where appropriate, check for the need to reopen the advice in autumn based
on the new survey information and the guidelines in AGCREFA (2008 report).

h) For the stocks where the advice is marked 'collate data', available data
should be collected and presented as far as possible. If information is
available for more than or only part of the area, the header for the stock
can be adapted (please discuss with the secretariat).

a) In the EG report please indicate how advice for this stock can be

given in future; both what timing (data availability over the year) and ana-

lytical / trends based assessment options are concerned.

b) A draft advice sheet should be produced that presents available
information and informs about the status of the stock assessment possibili-
ties.

Special request ToR 2) Identify elements of the EGs work that may help determine
status for the 11 Descriptors set out in the Commission Decision.

Special request ToR 3) Provide views on what good environmental status (GES)
might be for those descriptors, including methods that could be used to determine
status.

Special request ToR 4) Take note of and comment on the Report of the Workshop on
the Science for area-based management: Coastal and Marine Spatial Planning in Prac-
tice (WKCMSP).

Special request ToR 5) Provide information that could be used in setting pressure in-
dicators that would complement biodiversity indicators currently being developed
by the Strategic Initiative on Biodiversity Advice and Science (SIBAS). Particular con-
sideration should be given to assessing the impacts of very large renewable energy
plans with a view to identifying/predicting potentially catastrophic outcomes.

Special request ToR 6) Identify spatially resolved data, for e.g. spawning grounds,
fishery activity, habitats, etc.

The TORs are addressed in the sections shown in the text table below.
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ToR Stock Addressed in Section
la)-g) Herring in Subarea IV and Section 2
Division Illa and VIId (North Sea
Autumn spawners)
la)-g) Herring in Division Illa and Section 3
Subdivisions 22-24 (Western
Baltic Spring spawners)
la)-g) Herring in Division VIla South of | Section 4
52° 30" N and VIIg h,j,k (Celtic
Sea and South of Ireland)
la)-g) Herring in Division VIa (North) Section 5
1b)-f) Herring in Divisions Vla (South) | Section 6
and VIIb,c
1b)-f) Herring in Division VIla North of | Section 7
52° 30" N (Irish Sea)
la)-g) Sprat in Subarea IV (North Sea) Section 8
1b)-f) Sprat in Division Illa (Skagerrak - | Section 9
Kattegat)
Collate data Sprat in the Celtic Seas Section 10
1b)—c)and f) | Spratin Division VIId,e Section 11
Collate data Stocks with limited data Section 11
SR ToR 2 - Section 1.8
SRToR 3 - Section 1.8
SR ToR 4 - Section 1.8
SRToR 5 - Section 1.8
SR ToR 6 - Section 1.8

Working Group’s response to special requests

Two special requests were received by HAWG in 2011. Both came from other ICES
groups, the Marine Strategy Framework Directive Steering Group (MSFDSG) and the
Strategic Initiative on Area Based Science and Management (SIASM).

From MFSDSG came the following TORs:

Identify elements of the EGs work that may help determine status for the 11 Descrip-
tors set out in the Commission Decision.

Provide views on what good environmental status (GES) might be for those descrip-
tors, including methods that could be used to determine status.

From SIASM, came the following TORs:

Take note of and comment on the Report of the Workshop on the Science for area-
based management: Coastal and Marine Spatial Planning in Practice (WKCMSP).

Provide information that could be used in setting pressure indicators that would
complement biodiversity indicators currently being developed by the Strategic Initia-
tive on Biodiversity Advice and Science (SIBAS). Particular consideration should be
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given to assessing the impacts of very large renewable energy plans with a view to
identifying/predicting potentially catastrophic outcomes.

Identify spatially resolved data, for e.g. spawning grounds, fishery activity, habitats,
etc.

As these TORSs relate to the ecosystem, they are dealt with in Section 1.8.

Reviews of groups or projects 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 Meeting of the Chairs of Assessment Related Expert Groups
[WGCHAIRS]

HAWG was informed about the WGCHAIRS meeting in January 2010. A wide array
of initiatives being led by the ACOM leadership was communicated to working

group chairs. The presentation focused on the following main outcome relevant for
HAWG:

Recommendations: Guidelines on to Experts Groups on drafting recommendations
has been made available, and chairs are encouraged to follow them. ICES advice is
provided by ACOM and it is important to minimise the risk of other text being inter-
preted as ICES advice.

WD; documentation: There had been incidences where WD’s in EG reports were
used as basis for advice but were not available to the reviewers. It was stressed that
WD should if used when making draft advice, it must be assured that the WD is
available for other than HAWG members, either fully documented as part of the
HAWG report, or included as an annex to the HAWG report, or provided with a link
in the HAWG report to a site where the information in the WD can be accessed.

Marine Strategy Framework Directive: A new ACOM-SCICOM steering group has
been set up: MSFDSG; the group mainly wants feedback on elements of HAWG work
that may help determine status for 11 descriptors identified by the Commission and
HAWG's view on what Good Environmental Status (GES) might be for those descrip-
tors and evaluation methods.

Marine Spatial Planning: Another ACOM-SCICOM steering group has been set up:
SIASAM (Strategic Initiative on Area Based Science and Management); this group
mainly wants feedback from HAWG on the report of the WG on Science for area-
based management: Coastal and Marine Spatial Planning in Practice. Furthermore
HAWG will have to identify spatially resolved data for e.g. spawning grounds, fish-
ery activity, habitats, etc

Ecosystem Drivers and biodiversity: Progress has been made towards incorporating
ecosystem drivers in ICES advice e.g. through the integrated assessments WGs.
However, there are more people working on increasing ecosystem knowledge com-
pared with how to use this knowledge in providing advice. In addition, as long as the
users of the advice manage fisheries on a single species basis, the incentives are not
there. Multispecies and integrated advice is requested in non-traditional fisheries
management fora, such as marine spatial planning. Working at a finer spatial resolu-
tion might make help in this regard, but the heavy workload remains a problem. It is
certainly not straightforward to include ecosystem drivers, few cause and effect rela-



tionship have withstood the test of time. It was suggested that expertise should be
shared between EG and that the benchmarking process could be a way to speed up
the process of providing integrated advice.

MP evaluations: Formal management strategy evaluation or evaluations of manage-
ment plans are to be done outside of assessment EG’s in special EGs set up specifi-
cally for that purpose. STECF has developed guidelines on how to evaluate
management plans and ICES will work with STECF to evaluate 4 cod management
plans in 2011. An evaluation of the ability to achieve biomass, F and catch targets is
relatively simple with FLR, but the evaluation becomes more complicated when more
factors have to be taken into account.

Inter Catch: The HAWG is the top-student of the class using it for all our stocks;
there are still some EG’s which aren’t using InterCatch of various reasons (lack of
time; alternative databases e.g. Fishframe). COST developed some code facilitating to
export data into InterCatch

PGCCDBS: The importance of EG’s including the PGCCDBS table of data-related
issues in the report was stressed. When filling in the data table, it is also useful if EGs
indicate not only what data they need, but also what data they are unlikely to use
(e.g. age data for grenadiers). All chairs highlighted that it is important for ICES to
close the loop with the PGCCDBS, i.e. the recommendations from the PGCCDBS
should be considered by the EGs and implemented, but this may have to wait a
benchmark assessment. ICES could also forward PGCCDBS recommendations to cli-
ents and member states. PGCCDBS requested EG’s to apply the score card to detect
bias in sampling, which was decided to be a generic part of benchmark assessments.
PGCCDBS was asked to consider the best way to present sampling intensity informa-
tion in EG reports and to advise on minimum and target sampling intensity for col-
lecting biological information.

WKFRAME II: The WGCHAIRS had a joint session with WKFRAME?2 during which
the importance of having appropriate pa reference points was stressed. WKFRAME?2
is further referred in section 1.4.8.

Table of Contents for EG reports: The table of content of assessment EG report was
briefly discussed. A few new standard sections have been added to the report format:
Intercatch section, EC data tables, in a particular format, as an annex, Recommenda-
tions, Data contact person for PGCDBS and new species: describe data and studies
available.

Benchmarks: Benchmarks for 2011 and 2012 were presented. A general discussion of
the benchmark process did result in a request to the Secretariat will prepare a de-
scription of the process to choose benchmark species. This will be distributed to
Chairs for their comment and input. It was stressed that it is important to ensure that
the benchmark group has the expertise to review the assessment method used (e.g.
GADGET for tusk).

Advice format: Minor changes in the advice sheet were proposed for 2011. Most im-
portantly for the EG’s was that the hierarchical system of advice was made clear; if an
agreed Management plan exists it has the highest priority. If such a plan does not
exist, then the transition or MSY and PA should be applied. New traffic lights were
introduced with quantitative symbols (colour) and qualitative (grey scale).
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1.4.2 Working Group for International Pelagic Surveys [WGIPS]

The Working Group for International Pelagic Surveys (WGIPS, formerly PGHERS)
met at the Marine Institute, Bergen, Norway from 17.01.11 — 21.01.11 under the
chairman Karl-Johan Steehr (DTU-Aqua, Hirtshals, Denmark) to: coordinate acoustic
and larvae surveys in the North Sea, Malin Shelf and Western Baltic; combine recent
survey results for assessment purposes and to clarify parameters influencing these
calculations. The group consisted of 11 participants from seven different nations.

Review of larvae surveys in 2009/2010: six survey métiers were covered in the North
Sea. The herring larvae sampling period was still in progress at the time of WGIPS
meeting, thus sample examination and larvae measurements have not yet been com-
pleted. The information necessary for the larvae abundance index calculation will be
ready for, and presented at the Herring Assessment Working Group (HAWG) meet-
ing in March 2011. The same is true for larvae surveys from the Baltic.

Results from larvae survey in the Irish Sea indicate a similar distribution pattern for
2010 as seen in previous years, with the highest abundance of herring larvae to the
east and north of the Isle of Man. A difference in distribution pattern is, however,
evident to the north of the Isle of Man with a westward expansion not routinely ob-
served. The point estimate of production in the north eastern Irish Sea was slightly
below the time series average.

North Sea, West of Scotland and Malin Shelf summer acoustic surveys in 2010:
Seven acoustic surveys were carried out during late June and July 2010 covering the
North Sea, West of Scotland and Malin Shelf area. The estimate of the North Sea au-
tumn spawning herring spawning stock is at 3.0 million tonnes. This is 15% higher
than the estimate from the previous year (2.6 million tonnes).

The West of Scotland estimate of SSB from the Scottish survey is 308 055 tonnes, a
47% decrease on the previous year. The Scottish survey values are used in the as-
sessment. The estimate for the whole of the VIaN area, from the combined survey of
Scottish, Irish and Northern Irish vessels, is 253 000 tonnes. This was lower than the
estimate from the previous year. The combined survey detected a strong 2009 year-
class that dominates the estimate of immature fish. The strong 2007 year-class ob-
served in the previous year showed up in the estimate again this year.

This is the third year of the synoptic survey, covering what is currently considered
the Malin Shelf population of herring. This provided an estimate comprising four
herring stocks to the west of the British Isles: the West of Scotland in Division VIaN;
the Clyde; Divisions VIaS and VIIb, ¢; and the Irish Sea. The SSB estimate was 303 000
tonnes and is largely dominated by the West of Scotland estimate. Compared to the
previous year, when no 0-group fish were detected, a strong year class of 0-group
fish, dominating the numbers and biomass of immature fish of the Malin Shelf popu-
lation, was observed this year.

The estimates of western Baltic spring-spawning herring SSB were 101 000 tonnes
and 981 million herring, which is lower than last year’s estimate. The stock is domi-
nated by 1- and 2-ring fish; however, this year’s estimated abundance of 1- and 2-
ringers is considerably less than previous years, dating back to 2002.

Sprat: The total abundance in 2010 of North Sea sprat provided an estimated biomass
of 354 000 tonnes. This is a decrease by nearly 50% in terms of biomass when com-
pared to last year and is at a medium-level in the 20002010 time series. In terms of
abundance, it is the sixth highest estimate. In 2006—-2008, there was a downward trend



in North Sea sprat. The majority of the stock consists of mature sprat. The sprat stock
is dominated by 1- and 2-year old fish representing more than 90% of the biomass.

In Division Illa, sprat was abundant in both the Kattegat and Skagerrak (44F9). The
biomass has significantly decreased to 18 500 tonnes, about half of the estimate from
2009.

Western Baltic acoustic surveys in autumn 2010: A joint German-Danish acoustic
survey was carried out with RV “Solea” in the western Baltic in October 2010. The
estimate of western Baltic spring-spawning herring is about 208 900 tonnes in Subdi-
visions 22-24. As in former years, young herring dominated the abundance estimates.
However, total abundance and biomass estimates increased significantly, compared
to the record low values from 2009.

The estimated total sprat stock is around 109 900 tonnes. The present high estimates
of sprat in number and biomass are caused by a strong, new year class, which is
about 5 times greater than in 2009.

1.4.3 Study Group on the evaluation of assessment and management
strategies of the western herring stocks [SGHERWAY]

SGHERWAY was convened in 2008 to explore and evaluate the series of recommen-
dations produced by the EU funded WESTHER project (Q5RS-2002-01056) which
suggested that, in the current stock assessment setup for herring to the west of the
British Isles, two of the basic assumptions of stock assessment are violated.

Currently the herring to the west of the British Isles are fished, managed and assessed
separately as four ICES stocks 1: VIa North; 2: VIaS and VIIb,c; 3: VIIaN and 4: Celtic
Sea and VIIj. Analytical assessments for VIa North are accepted by ICES in most
years and have been accepted for the Celtic Sea and VIIj ICES stock for the last two.
Analytical assessments have been rejected by ICES for VIaS and VIIb,c or VIIaN for
many years.

A combined ICA assessment of the three stocks VIaN, VIaS/VIIb,c and VIIaN (the
Malin Shelf metapopulation) was explored and its utility for advisory purposes in-
vestigated. It was found that the combined ICA assessment gives important informa-
tion on the Malin Shelf metapopulation, though it is unlikely to be useful for
management advice purposes because it does not provide sufficient information on
the status of the individual components.

Alternative management strategies for the Malin shelf metapopulation were investi-
gated to show how it could be sustainably managed, approaching MSY levels. The
tools evaluated did not, under all conditions, suffice to manage the components of
the metapopulation sustainably. The results showed that managing metapopulations
is only possible with detailed information on fisheries independent data. However,
whenever subcomponents of the metapopulation differ considerably in abundance,
sustainable management is impossible for the smallest subcomponent. The VIIaN
ICES stock should therefore continue to be assessed and managed separately. Where
there is uncertainty of stock identification fishing mortality should be kept at low lev-
els. Should identification rates increase, fishing mortality may also be increased.

The evaluation of the utility of a synoptic acoustic survey in the summer for the Heb-
rides, Malin and Irish shelf areas was based on results of a combined survey pro-
gramme in 2008 and 2009, and an analysis of time-series of existing surveys in the
area. The survey covers all areas in which mixing of the various western herring
stocks is likely to occur at that time and could be used to establish time-series for the
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constituent components of the Malin Shelf stock complex. However, such time-series
will not be available for a number of years. The amount of mixing between stocks
cannot be estimated by the current sampling regime in the Malin Shelf survey. Con-
sequently, a sampling programme has been developed to allow proper identification
of fish population origins, making use of otolith and body shape techniques. Analy-
ses will be compared to fish of known spawning origin collected during the EU pro-
ject WESTHER. This sampling programme has been initiated in the 2010 synoptic
acoustic survey.

1.4.4 JAKFISH

The EU FP7 research project JAKFISH (Judgement and Knowledge in Fisheries In-
volving Stakeholders, 2008-2011) was aimed at addressing the potential mismatch
experienced between certain policy problems and the scientific tools to solve them,
and on a lack of transparency in the soundness of scientific results. In particular the
project has aimed at “investigating the roles that scientists play to help formulating
policies, and how governance approaches can be developed which enable policy de-
cisions to address uncertainty and complexity based on research and with the par-
ticipation of stakeholders.” This research is articulated around a number of case-
studies involving participatory modelling with stakeholders around management
issues. The management of WBSS herring was thus chosen as a relevant case study.

A series of HCRs were tested in the case study (Figure 1.4.4) and a comparison be-
tween the HCR suggested in the Non-Paper (Target F= 0.25, and F=0 if SSB<110kT,)
and the preferred HCR suggested during the JAKFISH collaborative process (Target
F=0.25, and sloped F if SSB<110kT, lower panel in Figure 4.1.1) showed that the Non-
Paper approach provided a quicker recovery of SSB during the first years of imple-
mentation — as expected given that the low level of current SSB (around 110kT)
would lead to immediate fishery closure. However, over the long-term (average
simulation results for the period 2018-2032), no significant difference in the results
could be observed between both HCR with regard to average SSB level, risk of SSB
falling below 110 kT and average yield. However, the agreed scenario in JAKFISH
reduced significantly the average inter-annual variability in yield in the long-term.
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Constant TAC rule
¢ Decrease TAC gradually when SSB < By
¢ Fix Bygat 110kT
TAC « Vary the constant TAC level;
* Use values (KT):
o 40-70-100-130-160-190
T
: SSB
Btrig (kt)
6 HCRs
= Target F ‘stepwise approach’
+ Use F=0.10 when SSB < Byq;
* |AV rule of £ 15% that applies above the trigger point;
Ftarg - [r— « Vary target F (with fixed By;,=110) for values:
o 020-025-030-0.35
T SSB + Vary By (with fixed F=0.25) for values:
Btrig
(kt) o 80-100-110-120- 150
8 HCRs
E Target F ‘sloped approach’
Ftarg * |AV rule of + 15% that applies at all times;
+ Vary target F and By for range of values (all
combinations):
o F=020-025-030-0.35
o Buig=80-100-110-120-150
T
. SSB
Btrig (k)
20 HCRs

Figure 1.4.4 Various HCR shapes tested upper panel: Constant TAC rule, middle panel: Target F
stepwise approach, lower panel: Target F sloped approach.

Involving stakeholders in an “extended peer review” process has acted as a natural
and positive driving force for changing the whole perspective in fisheries manage-
ment, from top-down short-term advice to bottom-up long-term commitment. The
need to justify and explain the reasoning behind the scientific models, the outcomes
of which will directly impact the livelihood of the stakeholders involved, leads to an
auto-evaluation of the quality and soundness of the scientific knowledge (illustrated
by the pedigree matrices), which in turns focuses the attention towards the most un-
certain but important factors. This drives a natural and shared understanding that
these factors should then be accounted for in the models, but with large confidence
intervals around parameter values and related natural processes, and that the policy
decisions should account for the potential risks linked to them. And if scientific un-
certainty cannot be resolved, then the management must adapt to it and be precau-
tionary. In some simulations being run with the same underlying dynamic of the
herring stock, but with assumed perfect levels of knowledge, the uncertainty in man-
agement outcomes was considerably reduced, and higher yields were allowed. The
participatory modelling process makes it easier to understand this fact, and for it to
then be accepted.
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1.4.5 Planning Group on commercial catch, discards and biological sam-
pling [PGCCDBS]

PGCCDBS is the ICES forum for planning and co-ordination of collection of data for
stock assessment purposes. It coordinates and initiates the development of methods
and adopts sampling standards and guidelines. Many activities in this group are
closely linked to the activities of the DCF, and DG MARE of the European Commis-
sion is a member of PGCCDBS to ensure coordination with the DCF activities. Stock
assessment requires data covering the total removal from the fish stocks and the PG
serves as a forum for coordination with non-EU member countries where appropri-
ate.

Last year's recommendations and intersessional work were reviewed. Most of them
were concluded with success and those not concluded gave rise to developments car-
ried out during this year.

The intersessional work was related to developing a strategy for the analysis of be-
tween-reader variation of ageing and maturity staging, the further development of a
forum for age readers, the review of relevant conferences and self-sampling pro-
grammes, as well as creating an overview page on past age-reading workshops and
exchanges.

The Group reviewed reports from relevant Expert Groups with respect to recom-
mendations addressed to PGCCDBS. As a feedback mechanism from data users
(mainly assessment WGs and benchmark assessment WKs) to the PG, 'data contact
persons' have been nominated with a set of tasks to report on data problems and
function as link between data collectors and data users. PGCCDBS acts as an advi-
sory group on the further development of InterCatch. It did work best in the cases
where the contact person was a member of both the AWG and PGCCDBS, which is
the case for HAWG. HAWG 2009 appointed Lotte Worsge Clausen (DTU Aqua) as
contact person for the PGCCDBS and she is continuing this task in 2011.

Recent changes in data collection (e.g. through the revised EU DCF) were reviewed
and the need for workshops was defined.

The methodological workshops WKACCU, WKPRECISE and WKMERGE previously
initiated by PGCCDBS have provided valuable general knowledge in how catch
sampling programs can be designed and the reports are beneficial for countries aim-
ing to improve the current situation. PGCCDBS further stresses the need to establish
a methodological support system for catch sampling and suggests that a series of
workshops be set up and the findings presented in a reference book, as this is missing
at the present time. The main aim with the series of workshops would be to provide
countries with enough support to design and implement scientifically sound and
transparent sampling programs enabling quality assessment of estimates used for
stock assessment.

1.4.6 WKHERMP

The workshop on the evaluation of the long-term management plan for North Sea
herring [WKHERMP] was set up by ICES to answer a request from the EU and Nor-
way on the future of the management plan for North Sea autumn spawning herring.
There were nine participants of the workshop that took place in March 2011. The ap-
proach of WKHERMP was one of a qualitative assessment of the questions from
EU/Norway within the framework of the herring assessment working group and the
previous investigations of the North Sea herring management plan (e.g. WKHMP
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which met in 2008). All of the considerations were carried out within a single stock
and single species approach and did not consider multispecies interactions or the role
of herring within the North Sea ecosystem.

WKHERMP found no substantive changes to the biology or ecology of herring to
suggest that the simulations from WKHMP 2008 were no longer applicable (recruit-
ment, growth, maturity, migrations). Although the fishing behaviour of some fleets
may have recently altered, these potential changes were judged unlikely to impact on
other aspects of the management plan. The quality of the stock assessment may have
changed in recent years. This change in quality could have implications in terms of
understanding the signal to noise ratio from the assessment and the functioning of
the simulations of the management plan.

The management plan was evaluated. The management plan appears to operate well
in relation to the objectives of consistency with the precautionary approach and a ra-
tional exploitation pattern, but not in relation to achieving stable and high yield. The
main weakness appears to be the 15% IAV limit on TAC change which leads to un-
necessarily restricted TACs when the stock is improving.

A scientific analysis of Bpa should be carried out. Although it is no longer used for
management considerations nor part of the management plan, Bpa is widely used in
the classification of the stock status thus it is important to the industry.

The current F2 of 0.25 is consistent with the MSY approach under the current low
recruitment regime. The management plan is also considered consistent with the
MSY approach, although the trade-off between stability and high yield will limit the
maximising of yield in some circumstances.

There is no basis to further adjust the harvest control rule to account for recruitment
variability or trends.

In view of the exceptional increase in the estimated SSB in 2010, WKHERMP noted
that it was better to have a management plan that is able to be responsive to large
changes in the biology of the stock, or assessment uncertainty, than mechanisms for
within-year revisions within the management plan.

WKHERMP recommend that further work on the management plan be carried out in
2011, prior to the December decisions by the EU and Norway, to develop mecha-
nisms that avoid the unwanted side-effects of the present plan. This work cannot be
carried out during the 2011 herring assessment working group.

1.4.7 WKWATSUP

The overall outcome of WKWATSUP was a TAC setting procedure alternative to the
procedures suggested evaluated by the joint request from the EC Commission and
Norway. WKWATSUP suggest that the TAC should first be set for the WBSS accord-
ing to the FMSY or FMSY transition framework for WBSS alone. If the NSAS is
greatly impacted by management of the WBSS, this rule needs to be re-evaluated.
Following this, the fraction taken in the eastern part of the North Sea (parts of Sub
Divisions IVb and IVaE) should be subtracted from the total TAC for the WBSS be-
fore sharing the TAC between Division IIla and Subdivisions 22-24. Subsequently the
best estimates of the proportions of the NSAS and WBSS in the catch by fleet should
be used to calculate the combined catch options in compliance with the targeted catch
for WBSS.
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The 50:50 share of the WBSS TAC between Division Illa and Subdivisions 22-24 was
not specifically evaluated by WKWATSUP. It was viewed as a political choice and
thus all evaluations of TAC setting procedures were performed applying a 50:50
share of the TAC between Division Illa and Subdivisions 22-24, though using three
different approaches as how to include the share taken in the North Sea. WKWAT-
SUP recommends a seasonal closure of the herring fishery in parts of the eastern
North Sea. However, until such is implemented, the suggested approach by the
WKWATSUP mentioned above should be applied.

WKWATSUP showed that the selection patterns of the C and F fleets were very dif-
ferent and thus choices about the share between Division Illa and Subdivisions 22-24
are likely to have an impact on the sustainable exploitation of the stock.

WKWATSUP summarised the existing knowledge on migrations and area distribu-
tions for NSAS and WBSS based on literature and recent catch and survey data. The
general migration routes are known, however, an end-to-end spatial lifecycle-closure
model could be developed, encompassing active migrations of spawning components
and larval drift, to investigate the connection, interactions and spatial distribution of
herring. There are large amounts of empirical data available with which to verify the
model, although the paucity of knowledge about overwintering and feeding locations
and processes will challenge its construction.

WKWATSUP reviewed the sampling for stock proportions in the mixed catches of
herring. There was clearly a mis-match between sampling intensity and catch distri-
bution, particularly in relation to the part of the WBSS that migrates into the eastern
North Sea during summer feeding migrations and WKWATSUP made recommenda-
tions as how to improve the sampling scheme.

The methodology currently used to estimate stock proportions at age in the mixed
catches of herring was evaluated and recent development using a statistical model-
ling approach was presented by WKWATSUP. Some problems are still unresolved,
but the group recommends further refinement and peer-review of this approach with
an incitement to apply the approach during the next HAWG.

1.4.8 WKFRAME Il and WCFRAME

In 2011, WKFRAME 11, the Workshop on Implementing the ICES Fmsy Framework
met for 4 days in January. Some aspects of the report were dealt with by ACOM Web
Conference (WCFRAME) in March, giving guidance on various aspects of advice
provision in 2011.

WKFRAME considered the ICES MSY HCR in some detail, suggesting alternative
forms, particularly in relation to Bim. WKFRAME suggested that adopting a singular
approach will make it possible to give advice using the ICES MSY framework which
is consistent with both the PA and MSY approaches. WCFRAME did not give defini-
tive guidance on what action should be taken for stocks that are below Biim, but sug-
gested that each case should be dealt with using expert judgement.

WCFRAME has established that ICES advice for 2012 will take an hierarchical ap-
proach to advice. Agreed management plans will take precedence. A list of such
plans has been provided by ACOM. For this working group, there are three such
plans: North Sea herring long term management plan, the Vla North herring long
term management plan and the Celtic Sea herring rebuilding plan.
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In 2011 the transition scheme will be step 2 of 5 steps towards achieving Fmsy by 2015.
The scheme to be followed for advice for 2012 is provided in the text table below.

IF Msy Transition to MSY

ICES 2010 - and Fyy; <= Fmsy then: Fadv=Fmsy (no transition required)

+ SSBao12 >= MSY Burigger Fadv=Fmsy
WKFRAME-

- and Fy1; > Fmsy then:
2

Fadv=min{(0.6*F2010+0.4*Fmsy); Fpa}

where: Fyo1 is current year estii of Fao10

ICES 2010

wierame. | B2z <MSYBuiger | Fadv=Fmsy*SSBaosa/Buigger | Fadv=min{(0.6*F2010 +0.4* (FMSY*SSBy012/Burigger)); Fpa}
2
where: Fyo0 is current year esti of Fao10

ICES2010 | SSBjo1, <<< MSY Byrigger
(e.g below Bji) FadV:Fmsy*SSBzolz/Btrigger More rapid transition; application of Fysy.ucs @s soon as possible and additional conservation
and/or signs of R measures if appropriate; F=0

failure

WKFRAME also considered an MSY approach to be applied in cases where no ana-
lytical assessment is available. The group provided some guidance on how to pro-
ceed with advice formulation in such cases. This approach should be useful to
HAWG in drafting advice for sprat stocks and also some data-poor herring stocks
such as the Clyde herring.

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 2009 catch data was v1.6.4. These data were then further processed with
the SALLOC-application (Patterson, 1998). This program gives the required 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 1.5.4), 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. National catch data submission was due by
24th February 2011. All nations generally deliver their data in due time or only a very
few days later. All nations submitted catch and sampling data via the official
exchange spreadsheets, and some of them loaded data into the InterCatch database.

More information on data handling transparency, data archiving and the current
methods for compiling fisheries assessment data are given in Stock Annex 3. 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.
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1.5.2 Sampling

Quality of sampling for the whole area

The level of catch sampling by area is given in the table below for all herring stocks
covered by HAWG (in terms of fraction of catch sampled and number of age readings
per 1000 t catch). There is considerable variation between areas. Further details of the
sampling quality can be found by stock in the respective sections in the report.

Area Official Catch Sampled Catch Age Readings Age Readings
per 1000t
IVa(E) 9586 3825 82 9
IVa(W) 108973 98142 6516 60
IVb 29547 23546 1708 58
Ve 3691 1674 30 8
VIId 22832 14709 1581 69
VIIa(N) 4894 3719 1517 310
VIa(N) 22510 14294 1909 85
[ITa 37229 33376 6795 5
Celtic, VIJj 8370 8370 2528 302
VIa(S), VIlb,c 7423 7423 2006 270
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 per
1 000 tons catch. 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 (I1la (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 1 sample 50 fish measured 25 aged

Subareas II, V, VI, VII (excluding d) VIII,
1X, 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 started in 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. Besides this, HAWG notes the
absence of formal agreements or procedures on the exchange of data collected from
samples from foreign vessels landing into different states. HAWG decided that in the
absence of guidance, this should be resolved on a case by case basis, but preferred to
receive guidance from PGCCDBS (see also Section 1.4.6).
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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 WG
therefore recommends that all metiers with substantial catch should be sampled
(including bycatches 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 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.

1.5.4 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 conventional used systems (e.g., Salloc and
spreadsheets) were carried out annually since 2007. During HAWG 2011, InterCatch
was fully operational. The comparison is available for a collection of stocks
(her_47d3, her_vian, her_3a22, her_irls, her_irlw, her nirs). Maximum discrepancies
between the systems are presented in Table 1.5.2. These are in general small. A five
percent difference occurs in the mean weight-at-age for 0-wr herring for NSAS. In
absolute numbers these are 7.5 (Salloc) to 7.8 gram (InterCatch). The overall landings
calculated by both procedures for North Sea herring stock matches by 4 t. InterCatch
was for the first time also used for the stock in the Baltic Sea. While CATON matches
well between the conventional system and IC, larger discrepancies up to 8 % occur in
1-ringers.

In principle, the stock coordinators found that InterCatch is a helpful tool that it has
the potential to reduce errors and work load of the stock coordinators. Many
improvements have been implemented. The output files from InterCatch become
more comparable to the information from the conventional systems than in former
years, but information on catch by rectangle and length distribution is still not
included.

During HAWG, there was no time for a more detailed comparison at the area level.
This may be done by correspondence between stock-coordinators and ICES
InterCatch team.

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 abundance or
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CPUE indices from commercial fisheries or research-vessel surveys, which may be
age-structured or not as required. ICA is run using FLICA which performed the same
analysis as the original version but from an FLR platform (Fisheries Library in R).
FLICA was used to assess all herring stocks in HAWG with the exception of herring
in VIaS and VIIb,c.

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

The FLR (Fisheries Library in R) system (www.flr-project.org) is an attempt to im-
plement a framework for modelling integrated fisheries systems including popula-
tion 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.

This year new diagnostic plots were developed to show anomalies in stock weights at
age, as well as to show time trends at age for, e.g., stock weights or catch weights. In
addition, functions have been developed to produce the standard graph output used
within the advice sheets and to estimate reference points. It should be noted however
that these reference points should be interpreted as proxies.

Exploratory survey-based analysis was conducted using the SURBA software pack-
age for the Irish Sea. SURBA is a development of the RCRV1A model of Cook, 1997. It
assumes a separable model of fishing mortality, and generates relative estimates for
population abundance (and absolute estimates for fishing mortality) by minimising
the sum-of-squares differences between observed and fitted survey-derived abun-
dance. The method is described in detail in Needle (2003) and the software is avail-
able on the ICES network. SURBA has been used to produce comparative stock
analyses in several ICES assessment Working Groups (e.g.,, WGNSSK, WGNSDS,
WGCSE), and has been scrutinised by the ICES Working Group on Methods of Fish
Stock Assessment (WGMG, 2003 and 2004). The version of the software available to
HAWG 2010 was Version 3.0.

1.6.3 FLR and MFDP

Short-term predictions for the North Sea used a code developed in R. The method
was developed in 2009 and intensively compared to the MFSP approach. The West-
ern Baltic Spring Spawner forecast used the standard projection routines developed
under FLR package Flash (version 2.0.0 Tue Mar 24 09:11:58 2009). Other short-term
predictions were carried out using the MFDP v.1a software and MSYPR that was de-
veloped several years ago in the HAWG (Skagen; WD to HAWG 2003).

1.6.4 Medium term projections

Performing medium term projections is no longer viewed as a task for the Herring
Assessment Working Group. In the future, medium term projections will be per-
formed during specifically designed working groups.

1.6.5 Fmsy management simulations

For the medium term projections to outline Fusy in Section 1.3, the HCS10 software
was used. This is a medium term projection program designed for exploring harvest
control rules, without doing a full assessment as part of the annual simulation loop.
The program is a recently revised and updated version of the HCM/HCS software
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that has been used for evaluation of management plans in the past (mackerel, blue
whiting in particular). It has an age based population model in the background with
stochastic recruitments but fixed weights and maturities, an 'observation' (assess-
ment) model that produces a noisy basis for management decisions, a management
rule module with various options, and an implementation module that translates
management decisions into real removals, again with noise. Yield and biomass per
recruit is calculated as a by-product.

For the present purpose, the program was run over 50 years with a range of fixed
fishing mortalities as the management decision rule, with no modifications.

The program with manual and example files is available from the author, and in the
HAWG 2010 SharePoint site.

1.6.6 Separable VPA

In situations where no tuning data exist, the WG uses separable VPA, implemented
in the Lowestoft Package (Darby and Flatman, 1994). This is a VPA that assumes that
fishing mortality can be separated into year and age effects. HAWG screens over
terminal fishing mortalities in a realistic range.

1.6.7 Repository setup for HAWG

To increase the efficiency and verifiability of the data and code used to perform the
assessments as well as the short term forecasts within HAWG a repository system
was set up in 2009. Within this repository, all stocks own a subfolder where they can
store their data and code to run the assessments. At the same time, there is one com-
mon folder, used by all assessments, that ensures that the FLR libraries used are iden-
tical for all stocks, as well as the output generated to evaluate the performance of the
assessment.

The repository is public and can be found at: http://code.google.com/p/hawg/. Con-
tributing to the repository is not possible for outsiders as a password is required.
Downloading data and code is possible to the public. The repository is maintained by
members of the WG.

1.6.8 Taylor plots

HAWSG has this year pioneered the use of the “Taylor diagram” as a way to visualize
and interpret the outputs from a stock-assessment model. Taylor diagrams (Taylor
2001) are common tools in the climate sciences used to examine the outputs of global
circulation models. Such models typically produce vast quantities of data (terabytes
or more) at high temporal and spatial scales: comparing these outputs against obser-
vations can thus be a challenging task. In response, the community has developed a
series of techniques to allow the ready comparison of observations and modeled val-
ues. Whilst fisheries science and stock assessments do not generate the same quanti-
ties of data, the same methods can readily be applied to aid in the interpretation of
our models (Payne 2011).

One of the most common of these is the so-called Taylor-diagram (Taylor 2001). The
diagram is based on the realization that there is a mathematical relationship between
four of the most commonly employed metrics for evaluating model performance: the
correlation coefficient between the observed and modeled data, r, the standard devia-
tions of the modeled, om and observed data, oo, and the centered root-mean-square of
the difference between the observed and modeled data, E’. The relationship between
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these four values mimics the law of cosines and therefore can be used to construct a
plot. More details are available in (Taylor 2001) and (Payne 2011).

An example of such a diagram applied to the WBSS assessment is shown in Figure
1.6.1. The key to interpreting the figure is to understand that it is not a standard Car-
tesian plot, but rather a radial plot, where points are specified according to their an-
gle from the vertical, and distance (radius) from the origin. The angular direction in
this case represents the correlation coefficient — note that the scale is non-linear. The
distance from the origin represents the standard deviation of the observations, nor-
malized by the standard deviation of the modeled values. The points therefore
should be as close as possible to the 1.0 point on the horizontal axis — this is the point
where the correlation coefficient is 1.0 and the variability of the model and the obser-
vations are the same: the closer to this reference point a set of observations lies, the
better the agreement between the model and the observations.

In the case of the WBSS diagram (Figure 1.x.1), we can see that it is the GerAS survey
that has the best agreement between the modeled and actual observations. The Ge-
rAS points are also closely grouped together, suggesting similarities in their proper-
ties and agreement with the model. The HERAS time series show poorer agreement
with the models — the age 3, 4, and 5 values are closely grouped, but we note that the
age 6 values show appreciably poorer agreement with the model. The N20 index ap-
pears to be fitted well by the model.

These results are in agreement with the general understanding of this assessment
(Payne 2009; HAWG 2008), and whilst there is nothing new in these results, we have
essentially reduced dozens of output figures down to a single diagram. The Taylor
diagram therefore offers a simple and concise way to summarise the outputs of an
assessment (Payne 2011) and has been used throughout this report for that purpose.

1.6.9 Two-stage Biomass Model

A two-Stage Biomass model for the assessment of Irish Sea VIIa(N) herring given
additional variance in the recruitment index (Roel et al. 2009) addresses the problem
of the high uncertainty in the assessment of Irish Sea herring, which to some extent
may be related to the presence of juvenile Celtic Sea herring in both the fishery and
the survey area. In the absence of a Celtic Sea herring recruitment index, the biomass
model limits recruitment variability in Irish Sea herring on the basis of information
available for other herring stocks and estimates an additional variance which repre-
sents variability related to the presence of Celtic Sea juveniles.

The model is fitted to biomass indices of 1-ringer fish and to aggregated biomass in-
dices for the 2-rings+ from Northern Ireland acoustic surveys.

Limitations in the age-composition data and potential interannual variation in the
selection pattern of the fishery favour an assessment method, such as the two-stage
biomass method, which is based on a simplified age structure and does not require
separability assumptions.

1.6.10 VIT Software

The VIT software (Lleonart and Salat, 1997) is extensively used for Mediterranean
stocks for which only one year of catch at age data exists. The model fits a rudimen-
tary VPA to catch at age data from a single year (pseudo-cohort analysis) and derives
from it, population abundances, F at age and a yield per recruit curve.
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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 or opera-
tional drivers:

e  Fish smaller than the minimum landing size

¢ Quota for this specific species has already been taken

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

e  By-caught species of no commercial value

e Insufficient time for processing in relation to incoming catch

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. Re-
leasing unwanted catch from the net (slipping, now generally prohibited in the North
Sea) or pumping unsorted catch overboard also results in discarding.

In the area considered by HAWG, three nations reported on discard observations
from fleets in 2010. Scotland incorporated discards in the catch data by stock. The
discard figures were raised to national landings (based on the spatial and temporal
distribution of the fleet by metier), and used in the assessment of North Sea autumn
spawning (see Section 2.2) and VIaN (see Section 5.2) herring. The Netherlands esti-
mated herring discards from sorting of approximately 600 tonnes (CV=65%) in 2009
but sampling was not at a high enough resolution to allocate the catch in individual
stocks (Helmond & van Overzee WD). This estimate is for all Dutch flagged vessels
across the entire ICES area. The fleet has total landings is over 300 000 tonnes of fish
per year in the ICES area. The estimates were based on observer trips and in 2010 in-
cluded observations from Pelagic Freezer Trawler vessels from the Netherlands,
Germany and England. These discards are the processing (sorted) discards and have
been routinely monitored since 2003. Observers also report flushing of the tanks by
pelagic vessels. It is difficult to robustly estimate the biomass of fish released in this
manner. It could be considered tank slippage. The best estimate for the Dutch fleet
was 4300 tonnes in 2010, which is similar to last year (Helmond & van Overzee WD).
From 2006 to 2010 less than 5% of hauls observed were discarded directly from the
tanks. There appears to be no size selection for landed herring compared to discarded
herring in the Dutch fleet.

Germany runs an observer programme which reported no discard of herring from
pelagic vessels in 2010. At least six trips carried observers. Ireland also conducts a
discard observer scheme for herring fisheries, though to date, no instances of discard-
ing have been reported.

No other nations reported on discards of herring in the pelagic fisheries, either be-
cause they did not occur, catches were not sampled for discards or there were diffi-
culties with raising procedures. There were no other studies on unaccounted fishing
mortality in herring presented to HAWG.

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 uncertainty in the assessment because the sampling level for
discards is usually lower than that for landings (Dickey-Collas et al. 2007). 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
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and spatial and temporal distribution). Raising discard estimates to the national land-
ings 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 should be fleet based, rather
than on a national basis. Recent regulations have been introduced to constrain dis-
carding and slippage of catch in EU waters. Discarding has been illegal in Norwegian
waters for many years and the requirements for the reporting of slippage are cur-
rently under review. Slippage events are counted against quota in Norway.

Conclusion

HAWG has no evidence that discarding of herring is a major problem at present for
the estimation of population dynamics of herring, for the conservation of the stocks
covered by HAWG, or for the ecosystem as a whole.

Ecosystem considerations, MSFD and SIASM for sprat and herring

1.8.1 Ecosystem drivers for fisheries advice

The traditional ICES approach to fisheries science and management has focused on
single species dynamics without considering environmental or ecosystem interac-
tions of drivers. The system is generally assumed to be stable and much management
advice is given based on the assumption of equilibrium in the system and stationarity
in the relationships. These assumptions are not appropriate, especially for herring or
sprat stocks (Nash et al., 2009). Thus ICES needs to consider environmental variabil-
ity, the impact of environmental drivers and changes in productivity and carrying
capacity.

Whilst progress has been made towards incorporating ecosystem drivers in advice,
e.g. through integrated assessment WGs, finding appropriate ecosystem drivers for
implementation into fisheries advice is an area that needs to be further developed by
ICES over the coming years. This includes gaining more knowledge on the ecosystem
drivers than on how to apply these in advice. Moreover, very few cause-and-effect
relationships have withstood the test of time (Myers, 1998) and may not even exist in
ecosystems which are also likely to exhibit alternative stable states.

In principle all life stages of herring and sprat may be affected by environmental
drivers: eggs, larvae, juveniles and adults. The drivers may be of biotic (predators,
inter and intra specific competitors, prey, human exploitation) or abiotic nature
(natural or anthropogenically induced environmental effects such as hydrographical,
climatic, chemical influences, etc.).

However, significant shifts in the environment that can affect any herring life stages
are often called regime changes. But detecting structural breaks in processes is an
ambitious task. This might be the reason that in the past HAWG has struggled to de-
tect broad scale shifts and study their implication on herring and sprat stocks. How-
ever, new informative techniques have been developed more recently that allow
judging the complex nature of such structural breaks or shifts (Groeger et al., 2011)
and coupled bio-physical have been developed to simulate changes in the system
(Hinrichsen ef al., 2011). Moreover, the proposed shiftograms, alertograms and con-
centrograms allow for early warnings, given changes in one or a number of variables
as well as larger concentrations of shift signals.
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HAWG will use the North Sea herring as a case study to show how despite much
research into drivers, HAWG can still not provide a robust approach, other than
qualitative statements, for incorporating drivers into the advice.

North Sea herring has provided clear evidence that the paradigm of a single stock—
recruitment relationship that has prevailed for the past 60 years (Bailey and Steele,
1992) is clearly invalid. Instead, the interaction of stock and recruitment must be
viewed as being more fluid, changing gradually or periodically depending on ecosys-
tem changes (regime shifts). In trying to project the productivity of North Sea herring
forward, it is clear that recruitment adds the most uncertainty to the estimates of fu-
ture yield and of the potential to reach biomass reference points within a specific
time-frame (Dickey-Collas et al., 2010a).

Beside broad scale changes generating regime shifts, it is obvious that North Sea her-
ring dynamics co-vary with environmental variability (Payne et al., 2009; Groeger et
al., 2010; Dickey-Collas et al., 2010). Whilst the direct mechanisms are not known
(Nash and Dickey-Collas, 2005; Brunel, 2010) and the spatial and temporal scales of
covariance with the environment are still unclear (Petitgas ef al., 2009; Rockmann et
al., 2011; Fassler et al., in press) the productivity and distribution of herring have been
shown to vary with the environment .

Variability in advection from the spawning grounds to the nursery grounds has long
been thought to be a crucial factor (Corten, 1986; Bartsch et al., 1989; Munk and Chris-
tensen, 1990), but unequivocal support for this hypothesis has not been forthcoming
(Dickey-Collas et al., 2009). Physiological modelling of temperature-specific food re-
quirements suggest that the spawning periods utilized are the most favourable ones
for larval growth and survival (Hufnagl et al., 2009). Indeed, changes in the plank-
tonic system have been suggested as critical for recruitment (Cushing, 1992; Payne et
al., 2009), but clear evidence is lacking. Variations in bottom temperature near the
spawning grounds (Nash and Dickey-Collas, 2005; Payne et al., 2009), predation by
jellyfish (Lynam et al., 2005), bottom-up processes (Hufnagl et al., 2009), and competi-
tion with other species (Corten, 1986) have been proposed as mechanisms that also
affect recruitment. Groeger et al. (2010) suggests the changes in productivity are
linked, with a forward lag of two and five years, to North Atlantic climatic indices.
Other factors may also affect growth and survival of larval and juvenile herring (dis-
ease, storms, contaminants), but with some exceptions (Tjelmeland and Lindstrom,
2005) it has not been possible to include any environmental factors in recruitment
models that can be used in routine assessments.

There is evidence for changes in the growth of North Sea herring. In populations ex-
periencing large changes in abundance, density-dependent regulation of growth
might occur, because of reduced competition for food when stock size is smaller
(Melvin and Stephenson, 2007). Before and during the collapse (from the late 1940s to
the early 1980s), length-at-age increased markedly (approx 2 cm at age 3) for the Ork-
ney/Shetland, Banks, and Downs components (Dickey-Collas et al., 2010a). During the
period of stock recovery, weight-at-age decreased and these declines were correlated
significantly and inversely with stock size in Downs herring (Shin and Rochet, 1998).
In contrast no density dependent growth was detected in the Celtic Sea herring
(Lynch, 2010). More generally, strong herring year classes have grown poorly in re-
cent years, suggesting that density-dependent mechanisms are operating.

Whereas most of the variations in size-at-age observed can be explained by density-
dependent mechanisms, there are also indications of environmental effects. Model-
ling the growth of juvenile herring during the period of stock decline (1961-1981),
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Heath et al. (1997) explained the interannual variability in growth rate (superimposed
on the main trend of density-dependent growth) by environmental fluctuations (hy-
drographic conditions and plankton abundance). For juvenile and adult life stages,
Brunel and Dickey-Collas (2010) established that temperature significantly explained
variations in growth between cohorts of North Sea herring from the mid-1980s. Co-
horts experiencing warmer conditions throughout their lifetime attained higher
growth rates, but had a shorter life expectancy and smaller asymptotic size. There is,
however, no current model to disentangle the various causes of variability in histori-
cal growth.

The environment also influences the migration of North Sea herring (Dickey-Collas et
al 2010b; 2010c; Réckmann et al., 2011). There are currently no models to help either
fully investigate these processes or understand how changes will affect the assess-
ment or management of North Sea herring. Likewise the impact on herring on the
North Sea ecosystem is difficult to predict (Dickey-Collas et al., 2010a). It is highly
probable that the herring population impacts on the cod productivity (Speirs et al.
2010; Fauchald, 2010) with simulations suggesting that the cod stock cannot recover
with a large herring population in the North Sea (Speirs et al., 2010).

Stock-recruitment relationships are no longer being considered as stationary (Chaput
et al., 2005; Stige et al., 2006). It is still unclear as to whether North Sea autumn spawn-
ing herring has a stock to recruit or recruitment to stock relationship (Cushing and
Bridger, 1966; Nash et al., 2009; Groeger et al., 2010). The former would imply that
spawning biomass and the environment jointly influence the productivity and carry-
ing capacity of the stock, whereas the later would suggest that it is only the environ-
ment that impacts on the dynamics. Determining whether a stock to recruit or recruit
to stock relationship exists will influence choices about the most appropriate man-
agement of a stock in a variable environment. Brunel ef al. (2010) assumed a stock to
recruit relationship and they suggest that environmental harvest control rules
(eHCRs) are beneficial when the environmental signal is strong and the environ-
mental conditions are worsening, but in situations with little change, there is no ap-
preciable benefit to developing eHCRs. The current North Sea herring rule was
adjusted in 2008 to account for the lower productivity of the stock and developing
these eHCRs does require an underlying understanding of the processes, which cur-
rently are lacking.

Thus it is clear from the North Sea herring example that despite many studies into
environmental drivers of stock productivity leading to much improved understand-
ing of the cause of variability in production, at present the potential to include this
understanding into the provision of management advice it limited. HAWG considers
that information on the environmental drivers of productivity of the stocks is very
patchy, and mostly lacking (Table 1.8.1). HAWG acknowledges that this area requires
targeted research efforts.

1.8.2 The marine strategy framework directive (MSFD)

As of 1 September 2010 under the Marine Strategy Framework Directive (MSFD) the
EU Commission published a catalogue of criteria and methodological standards on
good environmental status (GES) of marine waters (Commission Decision: notified
under document C(2010) 5956; text with EEA relevance; 2010/477/EU; L 232/14 Offi-
cial Journal of the European Union of 2.9.2010). The Annex of this document is di-
vided in two parts where Part A contains the “General conditions of application of
the criteria for good environmental status” and Part B the “Criteria for good envi-
ronmental status relevant to the descriptors of Annex I to Directive 2008/56/EC”
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where Part B includes a list of 11 descriptors that are (bold denotes of relevance to
HAWG):

1.

10.

11.

Descriptor 1: Biological diversity is maintained. The quality and occurrence of
habitats and the distribution and abundance of species are in line with prevail-
ing physiographic, geographic and climate conditions.

Descriptor 2: Non-indigenous species introduced by human activities are at lev-
els that do not adversely alter the ecosystem.

Descriptor 3: Populations of all commercially exploited fish and shellfish are
within safe biological limits, exhibiting a population age and size distribution
that is indicative of a healthy stock.

Descriptor 4: All elements of the marine food webs, to the extent that they are
known, occur at normal abundance and diversity and levels capable of ensur-
ing the long-term abundance of the species and the retention of their full re-
productive capacity.

Descriptor 5: Human-induced eutrophication is minimised, especially adverse
effects thereof, such as losses in biodiversity, ecosystem degradation, harmful al-
gal blooms and oxygen deficiency in bottom waters.

Descriptor 6: Sea-floor integrity is at a level that ensures that the structure and
functions of the ecosystems are safeguarded and benthic ecosystems, in par-
ticular, are not adversely affected.

Descriptor 7: Permanent alteration of hydrographical conditions does not ad-
versely affect marine ecosystems.

Descriptor 8: Concentrations of contaminants are at levels not giving rise to pol-
lution effects.

Descriptor 9: Contaminants in fish and other seafood for human consumption do
not exceed levels established by Community legislation or other relevant stan-
dards.

Descriptor 10: Properties and quantities of marine litter do not cause harm to the
coastal and marine environment.

Descriptor 11: Introduction of energy, including underwater noise, is at levels
that do not adversely affect the marine environment.

ICES has now been asked

to identify elements of the EGs work that may help determine status for the 11
descriptors set out in the Commission Decision

to provide views on what good environmental status might be for those descrip-
tors, including methods that could be used to determine status.

Given this request, among the above 11 descriptors HAWG felt that it could comment
on five (1, 3, 4, 6 and 11 as shown in bold in the list above).

Descriptor 1 — Biodiversity. HAWG regularly carries out assessments that are linked
to the three sub-categories “Species Level”, “Habitat Level” and “Ecosystem Level”.
Related to “Species Level” HAWG assesses/determines annually

the distributional range and pattern of the various herring and sprat stocks and
stock components dealt with in the WG

the population size and biomass including the status of the recruitment and the
spawning stock biomass (SSB)

the population condition including demographic characteristics (e.g. length size,
age class structure, sex ratio, fecundity rates, natural and fishing mortality rates)
the population genetic structure to identify stock units
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Because of the current single species nature of the HAWG assessments, with respect
to “Habitat level” only marginal work is done to estimate habitat distribution, habitat
extent and habitat condition. The work here focuses mainly on detecting the abiotic
habitat conditions related to specific herring components and locations during scien-
tific surveys (egg and larvae stages, spawning sites; IHLS, IBTS, etc). Similarly only
marginal work is done regarding the ecosystem structure (“Ecosystem level”).

Descriptor 3 —commercial fish. HAWG annually explores the status of herring and
sprat stocks in the study area. The primary indicator for the level of pressure of the
fishing activity is the fishing mortality (F). To achieve or maintain good environ-
mental status it is assessed where fishing mortality is in relation to Fumsy, and for many
stocks whether the management plans conform to the MSY approach. To achieve this
goal long term management plans are already established for some of the herring
stocks in the study area. The F values are usually estimated from appropriate analyti-
cal assessments based on the analysis of catch (taken as all removals from the stock,
including discards and unaccounted catch) at age and ancillary information. Where
the knowledge of the population dynamics of the stock do not allow to carry out
simulations, scientific judgement of F values associated to the yield-per-recruit curve
(Y/R), combined with other information on the historical performance of the fishery
or on the population dynamics of similar stocks, is used. The value for the indicator
that reflects Fumsy is determined based on the ICES MSY framework rules which in-
cludes the analysis of observed historical trends of the indicator combined with other
information on the historical performance of the fishery.

As part of the annual stock assessments performed by HAWG the reproductive ca-
pacities of the herring stocks are determined using the Spawning Stock Biomass
(SSB). The SSB values are usually estimated from appropriate analytical assessments
based on the analysis of catch at age information. Where an analytical assessment
allows the estimation of SSB, these values can be compared to appropriate reference
points of stock status.

HAWG is aware that WGIPS has been asked to comment in 2011 on the appropriate-
ness of the acoustic survey for determining the indicators on population age and size
distribution (Proportion of fish larger than the mean size of first sexual maturation;
Mean maximum length across all species found in research vessel surveys; 95 % per-
centile of the fish length distribution observed in research vessel surveys). HAWG
will wait for the input of WGIPS before it will comment on this descriptor 3.3.

Descriptor 4 —food webs. HAWG studies the dynamics of important forage fish, her-
ring and sprat. Thus it provides important data on the dynamics of populations rele-
vant to the ecosystems around Denmark, the North Sea and the waters around the
UK and Ireland.

Descriptor 6 — sea bed integrity. Although most pelagic fisheries do not often impact
the sea bed, HAWG recommends that an assessment of the potential pressure on the
seabed by pelagic fishing be carried out. HAWG also views indicators of the state of
gravel beds as important.

Descriptor 11 — Introduction of energy. HAWG acknowledges recent studies on the
effect of marine noise on pelagic fish. It cannot provide expertise on this matter but
pelagic fish have been studied with regards to this matter.
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1.8.3 The strategic initiative on area based science and management (SI-
ASM).

ACOM and SCICOM have setup a Strategic Initiative on Area-based Science and
Management (SIASM). The steering Group of SIASM held a workshop on Marine
Spatial Planning in 2010, which produced a concrete work programme. Working
closely with the ICES Data Centre and other relevant groups, SIASM aims to define
and quantify viable ecosystem features necessary to deliver goods and services, and
to define and quantify its vulnerability, cumulative impacts, and synergies. SIASM
will translate this capacity into advice, and communicate it to clients, Member Coun-
tries, stakeholders, and the scientific community. However, the last paragraphs of the
2010 Marine Spatial Planning Workshop report summarize the potential spatial plan-
ning needs; in a set of questions it is pointed out how ICES WGs can contribute; the
bullet points relevant to HAWG are:

e ICES should define scenarios and set priorities for both pressures and ecosystems
status. These should reflect the needs of planners, managers and decision-
makers. Has or can the WG considered, identified or developed priorities or sce-
narios (or behaviour or ecosystem models that could be used) in terms of natural
or anthropogenic pressures and/or ecosystem status, function, structure, and/or
process that could be helpful in setting good environmental status (MSFD-GES)
or for marine spatial planning.

e ICES should identify what indicators are available for assessment purposes and
suggest ones where these are lacking and also identify which species and habitats
need protection, i.e. what are the key species and habitats. Has or can the WG
identify indicators for assessing which species or habitats need protection or
which might be key indicator species for assessing the effects of human activities.
Particular consideration should be give to assessing the impacts of very large re-
newable energy plans with a view to identifying/predicting the potentially catas-
trophic outcomes. For such plans tipping point/carrying capacity analyses,
models and indicators are needed.

e ICES should also prepare spawning site maps, fishery activity maps and habitat
maps covering system function and process, methods to assess resistance and re-
silience of ecosystems (vulnerability mapping), assessment of connectivity (e.g.
life history traits), carrying capacity, impacts (including cumulative) and poten-
tial synergies. Can the WG provide or identify where any such maps may exist?
Suggestions on how such maps could be generated or where data for their pro-
duction could be found should also be provided.

e ICES should prepare a spatial/temporal map of fisheries management/regulation
under the CFP or national regulation — scale/extent/duration/ closures/restrictions
etc. In addition the maps showing the areas of each of the RAC would be helpful.
This will facilitate the incorporation of fisheries management into the planning
process at an early stage. Has the WG prepared or is it aware of the existence of
such maps or could it provide data / information that assist in their preparation?

Given this, the following 2011 ToRs to ICES EGs which have been added by SIASM
and were circulated by ICES are welcome by HAWG:

(1) take note of and comment on the Report of the Workshop on the Science for area-
based management: Coastal and Marine Spatial Planning in Practice (WKCMSP)
http://www.ices.dk/reports/SSGHIE/2011/WKCMSP11.pdf

(2) provide information that could be used in setting pressure indicators that would
complement biodiversity indicators currently being developed by the Strategic
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Initiative on Biodiversity Advice and Science (SIBAS). Particular consideration
should be given to assessing the impacts of very large renewable energy plans
with a view to identifying/predicting potentially catastrophic outcomes.

(3) identify spatially resolved data, for e.g. spawning grounds, fishery activity, habi-
tats, etc.

In addressing point (2) of the SIASM ToRs, HAWG could provide catch (by rectangle
and quarter) and VMS (geo-referenced at different time intervals) data comprising
information from fishing activities that can be used to set pressure indicators.

In addressing point (3) of the SIASM ToRs, HAWG could further provide:

e data from larvae surveys including IHLS data sets (North Sea) and data derived
from the Riigen herring larvae surveys (Baltic Sea). These data contain spatially
resolved biological information related to the spawning grounds of herring (lar-
vae abundances, length frequencies of larvae, etc) plus spatially resolved habitat
information

e IBTS data that contain spatially resolved survey catch and effort data; the IBTS
data sets also include MIK data as well as spatially resolved habitat information

e Acoustic data originating from various surveys in the study area of HAWG.

Pelagic Regional Advisory Council [Pelagic RAC]

In 2011, the Pelagic RAC sent a communication to the HAWG regarding its percep-
tion of status of several stocks. HAWG has considered these issues, and pays atten-
tion to them below. HAWG provides information that is used by ACOM, and only
ACOM is mandated to provide advice for ICES. Hence this section cannot be consid-
ered as ICES advice.

North Sea

For the North Sea herring, the RAC questioned the utility of the 15% TAC fluctuation
constraint. The RAC also expressed its concern that the provision that 50% of the Illa
TAC can be caught in Subarea IV contributes additional mortality to the North Sea
stock. Finally the RAC noted that 44 600 t of Norwegian spring spawning herring
were caught in IV, and expressed the concern that these fish may in fact be North Sea
herring.

WKHMP discussed the management plan for North Sea herring and found it work-
ing well in relation to the objectives of consistency with the precautionary approach
and a rational exploitation pattern, but not in relation to achieving stable and high
yield. The main weakness appears to be the 15% IAV limit on TAC change which
leads to unnecessarily restricted TACs when the stock is improving.

HAWG views unpredictable management decisions, e.g. the provision that 50% of
the Illa TAC can be taken in Subarea IV, as being difficult to handle. The provision of
scientifically sound catch options in a complicated management area is impaired by
these changes to the management regime.

Regarding the potential catch of NSAS under the NSS TAC, IMR analysed data from
2009, from the spawning season. The result of the analyses show that the herring
caught from 70°N to 59°N in January-April without any doubts all belongs to the NSS
herring stock. Compared with the North Sea herring caught in area 42 in May-July,
the NSS herring is significantly larger at the same age. In fact the largest herring at
the same age are the ones migrating to the southernmost spawning grounds in 2009.
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This has also been demonstrated in the period 1995-2000, when the NSS herring also
visited the southernmost spawning grounds.

Western Baltic spring spawners

For western Baltic spring spawning herring, the RAC members having been involved
in the JAKFISH project have questioned the knowledge base for determining catch
compositions in areas where WBSS herring is caught together in a mix with North
Sea herring. It was questioned whether the sampling scheme in area Illa reflects the
distribution of catches in time and space well enough to provide a solid basis for
extrapolating observed mixing percentages to fleet scale. Also it was questioned
whether there was enough evidence to justify strong advice about introducing addi-
tional conservation measures to prevent catches of WBSS herring in the transfer area
(IVa East) from increasing.

The WKWATSUP reviewed the sampling for stock proportions in the mixed catches
of herring. There was clearly a mismatch between sampling intensity and catch dis-
tribution, particularly in relation to the part of the WBSS that migrates into the East-
ern North Sea during summer feeding migrations and the WKWATSUP made
recommendations as how to improve the sampling scheme which have been for-
warded to PGCCDBS in 2011.

A closure of parts of the Eastern North Sea during the summer feeding migration
period for WBSS could potentially protect the part of the SSB which migrates to this
area. However, this needs to be scientifically examined and validated before any firm
recommendations can be put forward concerning this matter.

The RAC noted that fishermen targeting herring in area Illa observe much more her-
ring then they would expect based on the WBSS herring assessment. They have sug-
gested that local stocks have re-established themselves in area Illa.

Several local stocks have been identified in the area (Bekkevold et al., 2005, 2007) and
it is not unlikely, that fishermen may target these while fishing in the Illa area. The
size of these local stocks is not assessed in the current assessment of herring in the
IIIa area. The presence of local stock components in Illa may call for a modification of
the current sampling strategy if those components are to be given higher priority to
be included in the assessment of the stock mixing in the area. It is however important
to notice that the local stock component in Illa is likely to be less than 5% of the all
herring present in the area but more robust estimates should be provided in the fu-
ture to confirm those estimates.

In the case of herring in VIaS/VIIbc the RAC disagrees with the HAWG perception
that the stock has decreased to a low level. The RAC noted that the industry does not
share the perception that the stock is at a low level, and that experience from the fish-
ing grounds suggests that herring abundance is high. HAWG continues to try to im-
prove estimation of the status of this stock, see Section 6. These efforts include:

e Agereading analyses
e  Efforts to split the MSHAS survey abundances

e Exploration of alternative assessments.
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Data coordination through PGCCDBS and/or the Regional Coordination
Meeting (RCM)

Assessment Working Group (AWG) recommendations

During HAWG 2010, Lotte Worsge Clausen (DTU Aqua) compiled all issues relevant
to PGCCDBS in the table “Stock Data Problems Relevant to Data Collection” (in-
cluded it in the HAWG 2010 report). The PGCCDBS reviewed AWG reports with re-
spect to recommendations addressed to PGCCDBS. The relevant recommendations

for HAWG and the PGCCDBS response is listed in the below table.

AWG/WK Stock Data problem How to be PGCCDBS
addressed/ by Comments
whom

HAWG Western Sampling of mixed Sampling of herring PGCCDBS

Baltic stock in Transfer area: from the Transfer recommends that
spring- Not adequate sampling | area should be National
spawning | of the mixed stock in covering all quarters | Laboratories
herring the transfer area and the entire ALK; should have a
(IVaE); this resultsina | but in particular in Data Compilation
transfer of old, heavy the Transfer area, so workshop to
NSS into IIla (as the VS | the entire SD IVaE consider stock
split gives them the ID | Age-Length Key is separation and
‘spring’), inflating the not applied to the assessment data
SSB. transfer area. Stock quality..
ID should be
performed following
an agreed protocol.
PGCCDBS should
recommend a
bilateral agreement
between Norway,
Sweden and
Denmark to facilitate
this sampling. The
DCEF should hold
financing
opportunities for this
work.
HAWG Clyde Catches have increased | Sampling of age- In general, data
herring in 2009; no sampling weight-length infor- delivery to EGs is
performed on this mation needed. a national
stock? Should be a part of responsibility.
the DCF for relevant Problems with
countries this should be
taken up with
National
Delegates and/or
ACOM members.
Data
Compilations
Lists from RCMs
could in future
provide EGs with
an overview of
existing data.
HAWG ViaS/VIIb | Consider effect mixed Interreader calibra- Expertise of
¢ herring autumn and spring tion within Ireland interpretation of
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AWG/WK

Stock

Data problem

How to be
addressed/ by
whom

PGCCDBS
Comments

spawners on interpre-
tation of winter ring

winter ring with
differimg birth
dates available in

Ireland

Stock Data Problems Relevant to Data Collection

HAWG identified the following issues for further discussion by the PGCCDBS in re-
lation to stock data problems relevant to data collection. These are listed in the below

text-table.

Stock Data Problem How to be addressed in DCR By who

Stock name Data problem Description of data problem Who should take care of

identification and recommend solution the recommended

solution and who
should be notified on
this data issue.

HERAS survey | Stock ID on mixed Incorporate splitting WGIPS + recommendation

Combined catches methodology and sampling of by PGCCDBS

acoustic; all

individuals for this in the

countries survey design. Get all
participating countries to split
their herring into stock ID’s.
WBSS Stock ID on mixed Increase and/or redesign PGCCDBS to re-iterate
catches sampling for spawning data in | this through the DCF to
herring catches in ICES area the National laboratories
IVa and Illa and 22-24
Sprat in the Discrepancy Discrepancies between the WG | National laboratories need
Celtic Seas between WG data historical data on catches of to check this and report
(Subareas VI and official sprat in this eco-region and the | back to HAWG. In the
and VII) recorded data FishStat impairs the future, these catches
impression of the historical should be part of the data
exploration of sprat in the eco- | exchange sheet
region. The National
laboratories will be
approached by HAWG to
check historical data.
Sprat in North | Maintaining the HAWG is planning a WGIPS and national
Sea sprat acoustic benchmark assessment of laboratories

survey of the North
Sea

North Sea sprat in 2013. The
acoustic survey will probably
form an important component
of the assessment. Thus the
acoustic survey of the North
Sea should maintain at least
both herring and sprat as the
target species of the survey.
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Stock Data Problem How to be addressed in DCR By who
Herring in Age reading of The effect of possible changes National Laboratories and
VIaS, VIIb, ¢ stock components of autumn, winter and spring PGCCDBS
spawning components in
VIaS/Vllbc, will have an
impact on the catch at age data.
Investigate the effect that the
interpretation of the last winter
ring may have in this mixed
stock, bearing in mind that the
birth date is the 1% January.
North Sea Commercial landing | Increase sampling commercial | Recommendation by
Sprat are too poorly catches, particularly with PGCCDBS to follow
sampled. (quarter 4 | regards to spatiotemporal sampling
with most catches: coverage recommendations by the
0.1 samples per 1000 DCF
tonnes instead of
the recommended
level of 0.5 samples
per 1000 tonnes)
Clyde herring | Poor sampling has Sampling of age-weight-length | PGCCDBS: this sampling
been performed for | information needed should be a part of the
this stock for years DCEF for relevant countries
Components Stock ID on mixed Incorporate splitting Recommendation by
within the catches methodology and sampling of | PGCCDBS to the National
Malin shelf individuals for this in the Laboratories to initiate this
herring survey design. Get all
acoustic participating countries to split
survey their herring into stock IDs
(MSHAS)
Components Continuation of this | Written into the DCF by the Recommendation by
within the survey is relevant countries PGCCDBS to included in
Malin shelf mandatory. In 2011 the DCF
herring UK(Northern
acoustic Ireland) will no
survey longer participate
(MSHAS)
All HAWG is All efforts be made to maintain | FUNDAMENTAL

concerned to learn
that there is a strong
likelihood that
certain countries
will lose their
pelagic observer
programmes in
2011.

observer coverage across fleets
that catch a substantial
proportion of pelagic fish

DEMAND. PGCCDBS
must make this a
fundamental part of the
DCF
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Stock Data Problem How to be addressed in DCR By who
All HAWG is All efforts should be made to PGCCDBS
concerned about the | maintain observer coverage
lack of information | across fleets that catch a
on discarding levels | substantial proportion of
in the herring pelagic fish and to report on
fisheries. Currently | the observed discard levels.
only one nation
reports its discard
for inclusion in the
assessment. This
nation is about to
lose its pelagic
observer
programme (see
above point)
North Sea, With the addition of | Standard MIK net mesh should | WGIBTS
VIaN and VIaS | a new VIa MIK be tested along with a finer
& VIIb,c survey to the mesh to determine the
collection of surveys | selectivity curve
that provide
potential indices,
there is a
requirement for
understanding the
catchability of small
larvae with this
gear, based on
experimental
observations. This
has implications for
both the new VIaN
survey and for our
understanding of
the current IBTSO
(North Sea) survey.
Herring in Age reading of The effect of possible changes National Laboratories and
VIIaN stock components of autumn and winter PGCCDBS
spawning components in
VIlaN, may have an impact on
the catch at age data and
survey numbers at age.
Investigate the effect that the
interpretation of the last winter
ring may have in this mixed
stock, bearing in mind that the
birth date is the 1* January.
Herring in Stock ID on mixed Incorporate splitting Recommendation by
VIIaN catches and survey | methodology of individualsin | PGCCDBS to the National

estimates.

catch and survey.

Laboratories to initiate this
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Stock overview

The WG was able to perform analytical assessment for 4 of the 9 stocks investigated.
Results of the assessments are presented in the subsequent sections of the report and
are summarized below and in Figures 1.11.1 - 1.11.3.

North Sea autumn spawning herring (her-47d3) is the largest stock assessed by
HAWG. The spawning stock biomass was low in the late 1970s and 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. Based on the WG assessment the stock is classified as being at full reproduc-
tive capacity and is being harvested sustainably but below Fmsy and management
plan target. The SSB in autumn 2010 was estimated at 1.30 million tonnes, at the Bpa
value. F2-6 in 2010 was estimated at 0.12, below the target F2-6 of 0.20. Recruitment
appears still in the same low regime since 2002. An increase in SSB is expected
throughout 2011, and under the management plan also in 2012 and 2013 to levels
above 2 million tonnes. SSB is expected to be well above Buigger, and therefore also Bypa,
in 2011 and 2012.

Western Baltic Spring Spawners (her-3a22) is the only spring spawning stock as-
sessed within this WG. It is distributed in the eastern part of the North Sea, the
Skagerrak, the Kattegat and the Subdivisions 22, 23 and 24. Within the northern area,
the stock mixes with North Sea autumn spawners. Our assessment found that SSB
had a 9.5% decrease from 2009, and has been estimated around 95,000 tonnes for
2010. This is the lowest value observed for the whole time series. Beside this, fishing
mortality in 2010 has been estimated 0.30, thus considerably smaller than in 2009

(0.52), but it is still higher than Fmsy (0.25). The increase in 2010 recruitment brings it
back to long term average (approx. 4 billion), however the uncertainty on the estimate remains
high.

Herring in the Celtic Sea and VIIj (her-irls): 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 update assessment, conducted in 2010, showed a further
small increase of SSB (114 000 tonnes) supporting previous indications of a recovery
of the stock. According to our assessment the stock continues to be above Bpa, and
mean Fzs, although slightly higher than in 2009, remains at historical low level. Short
term projections under the rebuilding plan show a rather stable trajectory of the stock
for the next year.

Herring in VIa North (her-vian): The stock was larger in the 1960s when the
productivity of the stock was higher. 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, and in recent years misreporting has remained relatively low. In
the absence of precautionary reference points other than Bim, the state of the stock
cannot be evaluated. SSB in 2010 has been estimated at approximately 61 500 tonnes, a
23% decrease from 2009. Fishing mortality in 2010 was estimated 0.27 (+19% on 2009),
still above the F target of the management plan (0.25). Recruitment continues to be low
since 1998. WG considerations remain mostly unchanged from previous years, the
stock is currently fluctuating at a low level.
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Herring in VIa South and VIIbc (her-irlw) 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. However, there
are indications that the stock is on a historically low level. The current levels of SSB
and F are not precisely known, as there is no tuned assessment available for this
stock, but in all our explorations SSB has been estimated below Bpa and Biim. Estimates
of F for recent years are likely to exceed 0.5, though current F is unknown. In 2010
recruitment appears to increase regardless the terminal F values used, but no sign of
recovery has been found for this stock.

Herring in the Irish Sea (her-nirs) comprises 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 de-
clined from the late 1980s onwards. During this time period the contribution of the
Mourne spawning component declined. An increase in activity on the Mourne
spawning area has been observed since 2006. In the past decade there have been
problems in assessing the stock, partly as a consequence of the variability in spawn-
ing migrations and mixing with the Celtic Sea stock. Acoustic surveys indicate a sig-
nificant increase in 1+ herring biomass in the Irish Sea since 2007, maintained
throughout 2010. There is evidence from surveys that recent recruitment has in-
creased. Trends in SSB have increased while catches have been relatively stable since
the 1980s, and close to TAC levels in recent years.

North Sea Sprat (spr-nsea) is a short-lived species, mainly targeted by the Danish
fleet in the North Sea. The catches are usually dominated by recruits (age 1) but 2010
catches reported a considerable contribution of larger fish (age 2-5+). The stock is
known to experience large fluctuations in size. The stock biomass estimated from the
acoustic surveys (HERAS) was 376,000 tonnes in 2010, as compared to the peak esti-
mate of the time series in 2009 (556,000 tonnes). The state of the stock is uncertain; no
analytical assessment is available for North Sea sprat.

Sprat in Illa (spr-kask) is mostly caught by a small-meshed industrial fishery. Sprat
cannot be fished without by-catches of herring except in years with high sprat abun-
dance or low herring recruitment. For this reason the sprat fishery in Illa is controlled
by a herring by-catch quota (6,659 tonnes in 2011) as well as by-catch percentage lim-
its. No major changes in fishing technology or fishing patterns have been reported.
Reliable landings data for this area are available since 1996. Landings have been
rather stable during the last few years. The state of the stock is uncertain; no analyti-
cal assessment is available for sprat in Illa.

Sprat in the Celtic Sea (spr-itls): The stock structure of sprat populations in this eco-
region (Subareas VI and VII) is not clear, and further work for the identification of
management units for sprat is certainly required. Most sprat in the Celtic Seas ecore-
gions are caught by small pelagic vessels that also target herring, mainly Irish and
Scottish vessels. No advice or TAC has been given in 2009-2010 for sprat in this eco-
region. The quality and amount of information available for sprat is rather heteroge-
neous across this composite area. Landed biomass, but not biological information on
the catch, is available from 1970s in some areas (i.e., Vla and VIIa), while acoustic
surveys started in 1991, with some gaps in the timeseries. Technical problem affected
the reliability of 2010 acoustic data. Groundfish surveys, could provide relative esti-
mates of recruitment, but further work is certainly needed. Preliminary data explora-



A2

ICES HAWG REPORT 2011 35

tion gives the broad picture that in recent years sprat biomasses have been approxi-
mately 25% of those observed in the early 1990s. The state of the stock is uncertain; no
analytical assessment is available for sprat in the Celtic Sea ecoregion.

Benchmark process

HAWG has made some strategic decision regarding the future benchmarking of its
stocks (Table 1.12). In 2012 it is proposed to benchmark North Sea and Irish Sea her-
ring stocks. In 2013 it is proposed to benchmark the western Baltic spring spawning
herring stock. In 2014 it is proposed to explore a combined assessment of the North
Sea and western Baltic stocks, in the context of a state space framework.

It is expected that many of the methodological developments that will be explored in
North Sea/western Baltic joint process may have utility for the western herring
stocks. It is the ambition of HAWG to explore such approaches in a joint assessment
of the western stocks from 2015 onwards.

However some of the individual western stocks should be benchmarked before 2015.
This process is expected to solve some of the problems with tuning data and other
inputs as well as choosing the most appropriate model for each. Both VIaN and the
VIaS/VIlbc stocks would benefit from benchmarking. Before this happens it is neces-
sary to successfully split the Malin Shelf survey (MSHAS) according to season of
spawning. By 2014, 5 synoptic MSHAS surveys will be available and a benchmark of
VIaS/VIlbc could be attempted if the splitting is complete.

Table 1.12. HAWG schedule of benchmarks in future.

Stock Ass status Latest Benchmark | Planning | Further Comments
benchmark | next year Year +2 planning
NSAS Update 2006 Yes No Consider
NSAS/WBSS
joint
assessment
in
benchmark
after 2014
WBSS Update 2008 N Yes Consider
NSAS/WBSS
joint
assessment
in
benchmark
after 2014
VIaN Update 2005 NO No 2014/2015 Consider
stock
mixing
with
VIaS/VIlbc
Celtic Sea | Update 2008 No No After 2012 Consider
stock
mixing
withVIIaN
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VIaS/VIIbc | Exploratory | Never No No 2014/2015 Consider
stock
mixing
with
VIaS/VIlbc

VIIaN Exploratory | Never Yes No Consider
stock
mixing
with Celtic
Sea

Sprat NS None 2009 No Yes 2013 or 2014 | 9 years of
acoustics
then

available

Sprat Illa None 2009 No Yes 2013 or 2014 | 9 years of
acoustics
then

available

Sprat None Never No No Need to
Celtic evaluate
stock

identity

NSAS / Irish Sea Benchmark planning

Preliminary discussions regarding the upcoming benchmark of the North Sea au-
tumn spawning and Irish sea herring stocks were held. A number of key themes and
issues were identified as a result of these discussions, and were agreed to form the
basis for the benchmark process.

The most important concept expressed was that all work needs to be performed in a
collaborative, collegiate manner, both between institutes contributing to the assess-
ments and between the stocks. HAWG has suffered in the past from an “archipela-
go” approach, where work was performed in a manner that was isolated from others
that could potentially benefit from it. Such an approach is not viewed as sustainable,
particularly when the individuals involved move on. It was therefore agreed that as
much work as possible needs to be generic and collaborative, involving a broad
group of people, thereby ensuring both ownership of the assessment and the sustai-
nability of the approach.

However, concerns were also raised about the technical capacity of the group and the
skills available. The modern trend in stock assessment is a move away from the de-
terministic VPA approach towards more mathematically and computationally inten-
sive statistical models: such changes can present challenges in terms of the skill levels
involved in the group. HAWG agreed that the approach described above should be
tailored to ensure that all members of the group can participate. Assessment work
must not be forced back into the “archipelago” trap by the fact that only a small
group of people have the ability to use and develop the assessment tools. Collabora-
tion and cooperation, even if it occurs at the expense of a more advanced assessment,
are therefore essential.

Finally, the importance of uncertainties in all data sources was emphasized by the
group. Wherever possible, effort should be put into providing all data with an esti-
mate the associated precision. Whilst it may not be possible to fully utilize these esti-
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mates in the current assessment models at the moment, an understanding of the un-
certainty involved provides an invaluable basis for assessing the significance of both
trends and inter-annual variations.

A preliminary “brainstorming” exercise was performed during the course of HAWG
to identify lines of investigation that need to be pursued during the course of the
benchmarking process. The collaborative approach taken above provided the basis
for this exercise, with scientists representing all stocks in HAWG working together to
find a common approach to the common issues at hand. Five main lines of investiga-
tion were identified, and individuals within the group took responsibility each of
these “work packages”. i.e.

1. Stochastic Catch (Niels Hintzen, IMARES)
e Spatial and temporal sampling coverage of catches, including fleets
e Catch reporting issues
e Improved estimation of discarding

2. Understanding Surveys (Norbert Rohlf, BSH)

e Assessment of the validity of survey indices, including underlying as-
sumptions

e Use of spatial information from surveys
e Treatment of outliers in index calculations
e Accuracy and precision of survey estimates
3. Assessment & Forecast Methods (Mark Payne, DTU Aqua)
e Development of new assessment methodology
o  Multifleet-multistock assessment methods
o Incorporation of uncertainties into the assessment
e Refinement of short-term forecasting algorthims
o Improve clarity and communication
o Incorporation and propagation of uncertainties
4. Life History (Mark Dickey-Collas, IMARES)
¢ Including process based understanding
e Improved understanding of natural mortality at all life stages
¢ Understanding variation in growth
e Understanding variability in maturity
e Species interactions (competition, predation)
¢ Understanding migration patterns

5. Stock Structure (Lotte Worsoe Clausen, DTU Aqua / Emma Hatfield, Marine
Scotland)

¢ Integration of stock component dynamics into assessment
e Dynamics of the stock components

e Inter-stock and component mixing
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e Development of component resolved survey indices

The HAWG benchmark group also developed several recommendations viewed to be
of critical importance to a successful benchmark of these stocks.

e Geostatistics. Many of the questions raised, particularly around the surveys,
are best solved taking into account both the spatial and statistical nature of
the raw data we have available. However, the working group currently lacks
expertise in the field of geostatistics. HAWG therefore requests that ICES and
interested institutes provide such expertise to the benchmark process

e Pre-meeting. ICES has set the benchmark meeting for North Sea and Irish
Sea herring down for January 2012. However, the HAWG 2011 meeting was
the first opportunity that the group had to discuss the proposed benchmark.
Given the short lead-in time and the desire for all work to be collaborative in
nature, a pre-meeting was therefore viewed as essential. HAWG there re-
quests ICES to establish a three-day data compilation and model develop-
ment workshop prior to the main benchmark meeting.

Structure of the report

The report details 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 analyses 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 Illa; VIaN herring and the North
Sea; VIaS, VlIbc, Irish Sea and VIaN herring and Celtic Sea and Irish Sea herring).

In 2011 HAWG carried out four assessments:

(1) Western Baltic spring spawning herring,

(2) North Sea autumn spawning herring,

(3) VIaN autumn spawning herring and

(4) Celtic Sea autumn and winter spawning herring.

These were update assessments in 2011. Irish Sea herring and North Sea sprat were
exploratory assessments. One stock with poor data (Illa sprat) is described in Section
9. Section 10 covers sprat in the Celtic Seas ecoregion, including sprat in VIIde. Sec-
tion 11 covers with limited data (no catch at age sampling) and no current ongoing
research. These are Clyde herring (part of VIaN) and herring in the English/Bristol
Channel (VIlef) and herring in Subarea VIII. A new addition to the group in 2011
was sprat in the Celtic Seas ecoregion. The group has compiled available data, but
did not draft advice. The group has sought assistance from SIMWG, the Stock Identi-
fication ICES WG, on stock structure of sprat populations in this ecoregion.

Medium term predictions have not been performed in 2011. This is because work is
now focussing on developing the Fumsy framework for the stocks.

Recommendations

Please see Annex 2
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Table 1.5.1 Available disaggregated data for the HAWG per March 2011. X: Multiple spreadsheets
(usually .xIs); W: WG-data national input spreadsheets (xlIs); D: Disfad inputs and Alloc-outputs
(ascii/txt); I: Intercatch input

Stock Catchyear Format Comments
W D I

>

Western Baltic Sea:

Illa and SD 22-24 1991-2000 X raw data, provided by Jergen Dalskov, Mar. 2001, splitting revised
(her_3a22) 1998 X provided by Jergen Dalskov, Mar. 2001, splitting revised
1999 X provided by Jergen Dalskov, Mar. 2001, splitting revised, catch data revised
2000 X provided by Jergen Dalskov, Mar. 2001
2001 X provided by Jergen Dalskov, Mar. 2002
2002 X provided by Jergen Dalskov, Mar. 2003
2003 X provided by Jergen Dalskov, Mar. 2004
2004 X W D provided by Lotte Worsee Clausen, Mar. 2005
2005 X W D provided by Lotte Worsee Clausen, Mar. 2006
2006 X W D (I) provided by Mikael van Deurs, Mar. 2007
2007 X W D I provided by Lotte Worsee Clausen, Mar. 2008
2008 X W I provided by Lotte Worsge Clausen, Mar. 2009
2009 X W I provided by Lotte Worsge Clausen, Mar. 2010
2010 X W I provided by Lotte Worsge Clausen and Tomas Grohsler, Mar. 2011
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 1 provided by Maurice Clarke, Mar. 2007
2007 W 1 provided by Afra Egan, Mar. 2008
2008 w 1 provided by Afra Egan, Mar. 2009
2009 A 1 provided by Afra Egan, Mar. 2010
2010 Y I provided by Afra Egan, Mar. 2011
Clyde
(her_clyd) 1999 X provided by Mark Dickey-Collas, M ar. 2000
2000-2003 included in VIaN
Irish Sea
(her_nirs) 1988-2003 = X updated by SG HICS, M arch 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 W provided by Mark Dickey-Collas, Mar. 2002
2002 X W provided by Richard Nash, Mar. 2003
2003 X W provided by Richard Nash, Mar. 2004
2004 X W provided by Beatriz Roel, Mar. 2005
2005 A provided by Steven Beggs, Mar. 2006
2006 W 1 provided by Steven Beggs, Mar. 2007
2007 W 1 provided by Steven Beggs, Mar. 2008
2008 W 1 provided by Steven Beggs, Mar. 2009
2009 A I provided by Steven Beggs, Mar. 2010
2010 W I provided by Steven Beggs, Mar. 2011
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 Oct 2003
1996 X) W D provided by Yves Verin, Feb. 2001, updated Oct 2003
1997 X) W D provided by Yves Verin, Feb. 2001, updated Oct 2003
1998 X) W D provided by Yves Verin, Mar. 2000, updated Oct 2003
1999 W D provided by Christopher Zimmermann, Mar. 2000, updated Oct 2003
2000 W D provided by Christopher Zimmermann, Mar. 2001, updated Oct 2003
2001 W D provided by Christopher Zimmermann, M ar. 2002
2002 W D provided by Christopher Zimmermann, M ar. 2003
2003 W D provided by Christopher Zimmermann, M ar. 2004
2004 W D provided by Christopher Zimmermann, Mar. 2005
2005 W D provided by Christopher Zimmermann, M ar. 2006
2006 W D I provided by Norbert Rohlf, Mar. 2007
2007 W D I provided by Norbert Rohlf, Mar. 2008
2008 W D I provided by Norbert Rohlf, Mar. 2009
2009 W D I provided by Norbert Rohlf, Mar. 2010
2010 W _ D I provided by Norbert Rohlf, Mar. 2011
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Table 1.5.1: Available disaggregated data for the HAWG per March 2011. continued

West of S cotland (VIa(N))

provided by John Simmonds, Mar. 2004

provided by Ken Patterson, Mar. 2002

provided by Ken Patterson, Mar. 2002

provided by Paul Fernandes, Mar. 2000, W included in North Sea
provided by Emma Hatfield, Mar. 2001, W included in North Sea
provided by Emma Hatfield, Mar. 2002, W included in North Sea
provided by Emma Hatfield, Mar. 2003, W included in North Sea
provided by Emma Hatfield, Mar. 2004, W included in North Sea
provided by John Simmonds, Mar. 2005, W included in North Sea
provided by Emma Hatfield, Mar. 2006, W included in North Sea
provided by Emma Hatfield, Mar. 2007

provided by Emma Hatfield, Mar. 2008

provided by Emma Hatfield, Mar. 2009

provided by Emma Hatfield, Mar. 2010

provided by Emma Hatfield, Mar. 2011

provided by Ciaran Kelly, Mar. 2000
provided by Ciaran Kelly, Mar. 2001
provided by Ciaran Kelly, Mar. 2002
provided by Ciaran Kelly, Mar. 2003
provided by Maurice Clarke, Mar. 2004
provided by Maurice Clarke, Mar. 2005
provided by Afra Egan, Mar. 2006
provided by Afra Egan, Mar. 2007
provided by Afra Egan, Mar. 2008
provided by Afra Egan, Mar. 2009
provided by Afra Egan, Mar. 2010
provided by Afra Egan, Mar. 2011

provided by Else Torstensen, Mar. 2000
provided by Else Torstensen, Mar. 2001
provided by Lotte Askgaard Worsge, Mar. 2002
provided by Lotte Worsge Clausen, Mar. 2003
provided by Lotte Worsege Clausen, Mar. 2004
provided by Lotte Worsge Clausen, Mar. 2005
provided by Lotte Worsge Clausen, Mar. 2006
provided by Mikael van Deurs, Mar. 2007
provided by Lotte Worsee Clausen, Mar. 2008
provided by Lotte Worsee Clausen, Mar. 2009
provided by Cecilie Kvamme, Mar. 2010
provided by Cecilie Kvamme, Mar. 2011

provided by Else Torstensen, Mar. 2000
provided by Else Torstensen, Mar. 2001
provided by Lotte Askgaard Worsee, Mar. 2002
provided by Lotte Worsge Clausen, Mar. 2003
provided by Lotte Worsge Clausen, Mar. 2004
provided by Lotte Worsge Clausen, Mar. 2005
provided by Lotte Worsge Clausen, Mar. 2006
provided by Mikael van Deurs, Mar. 2007
provided by Lotte Worsge Clausen, Mar. 2008
provided by Lotte Worsge Clausen, Mar. 2009
provided by Cecilie Kvamme, Mar. 2010
provided by Cecilie Kvamme, Mar. 2011

provided by Else Torstensen, M ar. 2000
provided by Else Torstensen, Mar. 2001
provided by Lotte Askgaard Worsee, M ar. 2002
provided by Lotte Worsee Clausen, Mar. 2003
provided by Lotte Worsge Clausen, Mar. 2004
provided by Lotte Worsge Clausen, Mar. 2005
provided by Lotte Worsge Clausen, Mar. 2006
provided by Mikael van Deurs, Mar. 2007
provided by Else Torstensen, Mar. 2008
provided by Else Torstensen, Mar. 2009
provided by Cecilie Kvamme, Mar. 2010
provided by Cecilie Kvamme, Mar. 2011

(her_vian) 1957-1972 X
1997 X
1998 X
1999 W D
2000 W D
2001 W D
2002 W D
2003 W D
2004 W D
2005 W D
2006 W D
2007 W D 1
2008 W D 1
2009 W D 1
2010 W D I

West of Ireland

(her_irlw) 1999 X (W)
2000 X (W)
2001 D
2002 D
2003 D
2004 D
2005 D
2006 D I
2007 w 1
2008 w 1
2009 w I
2010 W 1

Sprat in Illa

(spr_kask) 1999 X W)
2000 X (W)
2001 X (W) D
2002 X (W) D
2003 X (W) D
2004 X (W) D
2005 X (W) D
2006 X (W) D
2007 X (W) D
2008 X (W) D
2009 w I
2010 W 1

Spratin the North Sea

(spr_nsea) 1999 X W)
2000 X (W)
2001 X (W) D
2002 X (W) D
2003 X (W) D
2004 X (W) D
2005 X (W) D
2006 X (W) D
2007 X (W) D 1
2008 X (W) D 1
2009 w 1
2010 W 1

Spratin VIId & e

(spr_ech) 1999 X (W)
2000 X (W)
2001 X (W) D
2002 X (W) D
2003 X (W) D
2004 X (W) D
2005 X (W) D
2006 X (W) D
2007 X (W) D I
2008 X (W) D 1
2009 w I
2010 W 1

National Data

Germany: Western Bal  1991-2000 X

Germany: North Sea 1995-1998 4

Norway: Sprat 1995-1998 w

Sweden 1990-2000 w

UK/England & Wales =~ 1985-2000 X

UK/Scotland 1990-1998 w

provided by Tomas Gréhsler, Mar. 2001 (with sampling)

provided by Christopher Zimmermann, M ar 2001 (without samp ling)
provided by Else Torstensen, Mar 2001 (without sampling)

provided by Johan Modin, Mar 2001 (without sampling)

database output provided by Marinelle Basson, Mar. 2001 (without sampling)
provided by Sandy Robb/Emma Hatfield, Mar. 2002
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Table 1.5.2 Comparison of CANUM and WECA-estimates from conventional systems and Inter-
Catch, by stock and age-group (winter-rings).

her-vian
2010 canum 2010 weca
% %

wr sallocl InterCatch  difference wr sallocl  InterCatch difference
1 10074 10246 98 1 0.082 0.082 100
2 20340 20472 99 2 0.155 0.155 100
3 16331 16404 100 3 0.188 0.188 100
4 9958 9931 100 4 0.213 0.213 100
5 14608 14523 101 5 0.234 0.234 100
6 6322 6284 101 6 0.239 0.240 100
7 4322 4304 100 7 0.237 0.237 100
8 5389 5411 100 8 0.240 0.240 100
9+ 13199 13125 101 9+ 0.255 0.255 100
Sum 100544 100700 100

North Sea (47d3)

2010 CANUM CANUM  Proportion 2010 WECA  WECA  Proportion

wr Salloc IC Match (%) wr Salloc IC Match (%)

0 574895 574065 100.1% 0 0.008 0.008 95.4%

1 280728 273118 102.8% 1 0.057 0.057 99.4%

2 293887 288432 101.9% 2 0.129 0.129 100.1%

3 236804 232813 101.7% 3 0.167 0.167 99.8%

4 126241 124393 101.5% 4 0.191 0.191 100.0%

5 83893 84779 99.0% 5 0.220 0.222 99.4%

6 61542 60365 102.0% 6 0.219 0.220 99.8%

7 33305 33382 99.8% 7 0.216 0.216 99.8%

8 59142 59718 99.0% 8 0.233 0.235 99.5%

9+ 54533 54050 100.9% 9+ 0.244 0.246 99.0%

Sum 1804971 1785115  101.1%

Baltic (3a22)

2010 CANUM CANUM  Proportion 2010 WECA  WECA  Proportion

wr Salloc IC Match (%) wr Salloc IC Match (%)

0 12448 12394 100.4% 0 0.009 0.009 100.0%

1 68683 75083 91.5% 1 0.050 0.046 108.1%

2 134822 136419 98.8% 2 0.075 0.077 97.9%

3 83113 82970 100.2% 3 0.109 0.109 100.3%

4 47664 46833 101.8% 4 0.136 0.135 100.3%

5 29968 29979 100.0% 5 0.164 0.165 99.7%

6 18181 18589 97.8% 6 0.179 0.181 99.3%

7 11680 10996 106.2% 7 0.199 0.198 100.8%

8+ 11745 11262 104.3% 8+ 0.205 0.206 100.0%

Sum 418304 424525 98.5%
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Her IRLW WG Excel Intercatch % Deviation
Caton Ring 10241 10241 0.00%
Canum 1 1271.08 1271.08 0.00%
Canum 2 13507.11 13507.112 0.00%
Canum 3 20127.1 20127.096 0.00%
Canum 4 6541.323 6541.32 0.00%
Canum 5 7588.488 7588.489 0.00%
Canum 6 6780.425 6780.426 0.00%
Canum 7 2562.748 2562.754 0.00%
Canum 8 660.631 660.634 0.00%
Canum 9 189.285 189.287 0.00%
Weca 1 0.104 0.10 0.00%
Weca 2 0.131 0.13 0.00%
Weca 3 0.168 0.17 0.00%
Weca 4 0.189 0.19 0.00%
Weca 5 0.201 0.20 0.00%
Weca 6 0.212 0.21 0.00%
Weca 7 0.218 0.22 0.00%
Weca 8 0.226 0.23 0.00%
Weca 9 0.229 0.23 -0.17%
%
HER IRLS WG Excel Intercatch ~ Deviation
Caton 8370 8370 0.00%
Canum 1 2468.46 2468.46 0.00%
Canum 2 20928.557 20928.521 0.00%
Canum 3 8183.303 8183.263 0.00%
Canum 4 15916.593 15916.566 0.00%
Canum 5  4845.902 4845.928 0.00%
Canum 6 11592.351 11592.38 0.00%
Weca 1 0.075 0.0748 0.00%
Weca 2 0.108 0.1080 0.00%
Weca 3 0129 0.1293 0.00%
Weca 4 0.142 0.1419 0.00%
Weca 5 0.155 0.1546 0.00%
Weca 6 0.159 0.1587 -0.12%
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Her-nirs

Caton Ring WG Excel Intercatch % Deviation
Canum 1 9587.941 9589.083 0.01
Canum 2 17627 17685.46 0.33
Canum 3 6679.087 6710.468 0.47
Canum 4 6200.597 6302.952 1.65
Canum 5 3200.051 3235.585 1.1
Canum 6 924.6077 943.156 2.01
Canum 7 370.4796 373.105 0.71
Canum 8 145.6063 145.606 0.00
Canum 9+ 39.29986 39.299 0.00
Weca 1 0.052644 0.05265 0.01
Weca 2 0.10642 0.10646 0.04
Weca 3 0.131259 0.13125 -0.01
Weca 4 0.145252 0.14524 -0.01
Weca 5 0.152546  0.15256 0.01
Weca 6 0.163615 0.16362 0.00
Weca 7 0.175143  0.17501 -0.08
Weca 8 0.163147 0.16315 0.00
Weca 9+ 0.203658 0.20366 0.00
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Table 1.8.1. Studies known to HAWG of environmental drivers influencing recruitment, growth, migration, predation by and predation of herring or sprat, the timing of spawning
and studies of incorporating environmentally influenced changes in productivity into management.

Stock recruitment | growth migration predation on predation by time of managing pro-

her/sprat her/sprat spawning ductivity
changes

North Sea herring X X X X X X X

Western Baltic SS X X X

herring

VIaN herring X X

VIaS herring X X X X

VIIaN herring X

Celtic Sea herring X X X X X

North Sea sprat X X X X

IIla sprat
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Figure 1.6.1. Example of a Taylor diagram (Taylor 2001, Payne 2011), in this case for WBSS her-
ring. The plot is not Cartesian but rather polar in nature: the angular axis plots the correlation
coefficient between observations and the modeled values. The radial axis represents the standard
deviation of the observations normalized by the standard deviation of the modeled values. The
point corresponding to 1.0 on the horizontal axis represents a perfect fit between the model and
the observations — the closer to this point the better. Points are labeled according to the survey
and the age of the time series. All time series are truncated to allow comparison on a common
basis.
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North Sea Herring

2.1

The Fishery

2.1.1 ICES advice and management applicable to 2010 and 2011

According to the management plan agreed between the EU and Norway, adopted in
December 1997 and amended in November 2007, efforts should be made to maintain
the SSB of North Sea Autumn Spawning herring above 800 000 tonnes.

The EU-Norway agreement on management of North Sea herring was updated in
2008, to adapt to the present reduced recruitment, accounting for the results of
WKHMP (ICES 2008/ACOM:27). The management plan is given in Stock Annex 3.

The main changes were a reduced target F for juveniles and a higher trigger biomass
for reducing the adult F. The revised rule specifies fishing mortalities for juveniles (Fo-
1) and for adults (F2) not to be exceeded, at 0.05 and 0.25 respectively, when the SSB
is above 1.5 million tonnes. The current agreement has a constraint on year-to-year
change of 15% in TAC, when the SSB is above 800 000 t.

An iterative procedure is needed to find a fishing mortality and a corresponding SSB
in the TAC year (see Stock Annex 3).

The final TAC adopted by the management bodies for 2010 was 164 300 t for Area IV
and Division VIId, whereof not more than 15 319 t should be caught in Division IVc
and VIId. For 2011, the total TAC was increased by 22% to 216 539 t (200 000 t for the
A-Fleet), including a TAC of 26 536 t for Division IVc and VIId.

The by-catch TAC for fleet B in the North Sea was 13 587 t for 2010 and is increased
by 22% to 16 539 t for 2011, in line with the TAC for the human consumption fleet. 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). Catches of herring in the Thames estuary are not included in the
TAC. For a definition of the different fleets harvesting North Sea herring see the Stock
Annex and Section 2.7.2.

2.1.2 Catches in 2010

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 (WG) catches per
statistical rectangle and quarter are shown in Figures 2.1.1 (a — d), the total for the
year in Figure 2.1.1(e). 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. 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 bycatch by other small-mesh fisheries in the North Sea
may be an underestimate. The total WG catch of all herring caught in the North Sea in
2010 amounted to 174 600 t.

Landings of herring taken as bycatch in the Danish small-meshed fishery in the North
Sea have decreased by 7% to 9 071 t as compared to last year (Table 2.1.6). These in-
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dustrial herring catches were much lower than the by-catch TAC set by the EU (13
587 t).

In the Norwegian industrial fishery, herring by-catch has increased in 2010 to 4 451 t
(compared to 3 576 t last year).

Official catches by the human consumption fishery were 165 500 t in 2010. This is an
overshoot of 1% of the TAC. Working Group catches in the human consumption fish-
ery were in the same order of magnitude in 2010 (165 600 t, increase by 6% from last
year).

In the southern North Sea and the eastern Channel, the total catch sums to 26 520 t.
The separate TAC for this area was 15 319 t, so landings in IVc and VIId overexploit
the TAC by 73%. This is a large change compared to 2009, when landings (21 923 t)
were in good accordance with the TAC (23 567 t).

The total North Sea TAC and catch estimates for the years 2005 to 2010 are shown in
the table below (adapted from Table 2.1.6). Since the introduction of yearly bycatch
ceilings in 1996, these ceilings have never been exceeded.

Year 2005 2006 2007 2008 2009 2010
TAC HC (‘000 t) 535 455 341 201 171 164
“Official” landings HC (‘000 t)! 547 478 354 219 157 166
Working Group catch HC (‘000 t) 617 498 381 236 156 166
Excess of landings over TAC HC (‘000 t) 83 43 40 35 0 1

By-catch ceiling (‘000 t) 2 50 42 32 19 16 14
Reported by-catches (‘000 t) 3 22 12 7 9 10 9

Working Group catch North Sea (‘000 t) 639 511 388 245 166 175

HC = human consumption fishery

1 Landings might be provided by WG members to HAWG before the official landings become avail-
able; they may then differ from the official catches and cannot be used for management purposes. Nor-
wegian by-catches included in this figure.

2 by-catch ceiling for EU industrial fleets only, Norwegian by-catches included in the HC figure.
3 provided by Denmark only.

2.1.3 Regulations and their effects

Landings taken in the North Sea but reported from other areas such as Divisions Ila
and IIla and from Division VIaN have further decreased in 2010. The estimate of the
total amount of catch in the North Sea (A- and B-Fleet) does not exceed the total TAC.
While the B-Fleet has not taken the TAC in 2010 (and has never done), the catch in the
human consumption fishery is approximately the same as the TAC.

Following the apparent recovery of the NSAS herring, some regulatory measures
were amended: A licence scheme introduced in 1997 by UK/Scotland to reduce mis-
reporting between the North Sea and VIaN was relaxed. The minimal amount of tar-
get species in the EU industrial fisheries in Illa has been reduced to 50% (for sprat,
blue whiting and Norway pout).

In 2011, half of the EU quota for Division Illa could be taken in the North Sea and
Norway can take up to 50% of its quota for Division Illa in Norwegian waters of the
North Sea.

In the North Sea, Norway can take up to 50 000 t of its quota in EU-waters in Divi-
sions IVa and IVb.
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2.1.4 Changes in fishing technology and fishing patterns.

There have been no major changes to fish technology and fishing patterns of the fleets
that target North Sea herring. While the majority of catches is still taken in Subdivi-
sion IVaW, the proportion of catches taken in Division IVb have reduced by roughly
50%. Increasing fuel prices may have had an impact on the travelled distance during
shipping trips, resulting in fishing activities somewhat closer to the coastline or home
port.

In 2007, the Danish administrations introduced an ITQ system to regulate industrial
fisheries. This has led to a consolidation of the fleet, resulting in fewer vessels being
active. Due to this restructuring of the fleet, pelagic vessels that earlier did not take
part in industrial fisheries have now became heavily engaged, while previously the
human consumption fleet and industrial fleet had been mostly separate. This allowed
vessel owners to be more flexible in weighing the benefits of one fishery against the
other, but also put them in a position of being more exposed to the risk of sanctions
against them in terms of losing 1/12 of their human consumption quota when not
complying with the maximum limits of the amount of herring bycatch that they are
allowed to hold on board.

Another change in the NSAS herring fishery was the substantial decline in misreport-
ing of catch. Area misreporting (from IV to VI; and from IV into Illa) seems to have
ceased. Most of the previous unaccounted catches from the stock have been reduced,
if not eliminated. Part of this can be explained by newly introduced national legisla-
tion in Denmark in 2009.

Biological composition of the catch

Biological information (numbers, weight, catch (SOP) at age and relative age compo-
sition) 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 split-
ting procedures described in Section 3.2 and in the Stock Annex 2. Note that splitting
was only applied to the WG catch, following the correction of area misreporting.

The Tables are laid out as follows:
e  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 1995-
2010 (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 I1la

e  Table 2.2.10: Total numbers of NSAS

e  Table 2.2.11: Mean weights-at-age, separately for the different Divisions where
NSAS are caught, for the period 2000 — 2010.

Note that SOP catch estimates may deviate in some instances slightly from the WG
catch used for the assessment.
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2.2.1 Catch in numbers-at-age

The total number of herring taken in the North Sea (1.5 billion fish) and the total
number of NSAS (1.8 billion fish) have increased by 7% and 12%, as compared to last
year. 0- and 1-ringers contributed 40% of the total catch in numbers of NSAS in 2010
(Table 2.2.5). In 2010, 0- and 1-ringer catch has further decreased by 1% and 14%, re-
spectively, as compared to 2009. Most of these herring are still taken in the B-Fleet.
Catches of 0- and 1-ringers are mostly taken in Divisions IVb and IVc, where they
amount to almost 80% of the catch in numbers. Roughly 30% of the total catch by
number in the North Sea consist of the age group 4+ winter ringers.

Western Baltic and local Division Illa spring-spawners (WBSS) are taken in the east-
ern North Sea during the summer feeding migration (see Stock Annex 3 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 1995-2010. After splitting the herring caught in the North Sea and Illa be-
tween stocks, the total catch of North Sea Autumn spawners was 187 600 tonnes.

Area Allocated Unallocated Discards Total

IVa West 108 960 - 13 108 973

IVa East 9 586 - - 9 586

IVb 29 548 - - 29 548

IVe/VIld 26 520 - - 26 520
Total catch in the North Sea 174 627
Autumn spawners caught in Division Illa (SOP) 13 759
Baltic spring spawners caught in the North Sea (SOP) -774
Blackwater spring spawning herring -85
Other spring spawners 0
Total catch NSAS used for the assessment 187 612

2.2.2 Other 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. Along with the
increasing biomass of these spring spawning herring, the catches have increased to 56
900 t in 2010 (44 560 t in 2009).

Blackwater herring are caught in the Thames estuary under a separate quota and in-
cluded in the catch figure for England & Wales. Catches were only 85 t in 2010.

In recent years no larger quantities of spring spawners were reported from routine
sampling of commercial catch taken in the west.

2.2.3 Data revisions

No data revisions were applied in this year’s assessment.

2.2.4 Quality of catch and biological data, discards

As in previous years, some nations provided information on misreported and unallo-
cated catches of herring in the North Sea and adjacent areas. The Working Group
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catch, which include estimates of all fleets (and discards and misreported or unallo-
cated catches; see Section 1.5), was estimated to be in the same order of magnitude as
the official catch.

Information on discards is low in 2010. The final figure for discards as used in the
assessment was only 13 t, based on the raised discards for one fleet. As discards are
likely to occur in all national fisheries, this figure may be an underestimate. Discard
data have not been consistently available for the whole time series and are only in-
cluded in the assessment when reported. Besides discarded catches, also considerable
loss of herring may occur during catch processing, e.g. flushing of tanks and slippage
from the net. Little information is available about the amount of this loss, but is
thought to amount to larger quantities.

The amount of sampling of the commercial landings has improved in 2010 and covers
81% of the total catch (2009: 70%). The number of herring weighed and measured has
increased considerably and is twice as high as in 2009 (Table 2.2.12). It should be ob-
served that “sampled catch” in Table 2.2.12 refers to the proportion of the reported
catch to which sampling was applied. This figure is limited to 100% but might in fact
exceed the official landings due to sampling of discards, unallocated and misreported
catches.

More important than a sufficient overall sampling level is an appropriate spread of
sampling effort over the different metiers (here defined as each combination of
fleet/nation/area and quarter). Of 85 different reported metiers, 37 were sampled in
2010. The recommended sampling level of more than 1 sample per 1 000 t catch has
been met for 16 metiers, (12 in 2009). For age readings (recommended level >25 fish
aged per 1 000 t catch) also 16 metiers appear to be sampled sufficiently (2009: 13).

In the human consumption fishery, Divisions IVc and VIId were not sampled in the
2nrd and 3t quarter at all. The amount of samples representing catches in the B-Fleet is
insufficient. Only two metiers were sampled in an adequate manner.

On the other hand, some of the metiers yielded very little catch. In 38 metiers the
catch is below 1 000 t. The total catch in these metiers sums to 3 782 t, so the remain-
ing 48 metiers represent 170 800 t of the official catch (almost 98%). Of these 48 meti-
ers, 18 were sampled and 11 of them fulfil the recommended level of more than 1
sample per 1 000 t catch and than 25 age readings per 1 000 t catch.

However, the catch of France, Lithuania, and the Faroe Islands from the North Sea
has not been sampled. According to the DCF regulations, some catches of UK (Eng-
land) and Sweden were landed into and sampled by other nations.

The WG recommends that all metiers with substantial catch should be sampled (in-
cluding bycatches in the industrial fisheries), and that catches landed abroad should
be sampled based on criteria provided above, 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 the North Sea (HERAS), West of Scotland Via(N)
and the Malin Shelf area (MSHAS) in June-Jjuly 2010

Seven surveys were carried out during late June and July covering most of the conti-
nental shelf north of 52°N in the North Sea and to the west of Scotland and Ireland to
a northern limit of 62°N. The eastern edge of the survey area was bounded by the
Norwegian, Danish, Swedish and German coastline and to the west by the shelf edge
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between 200 and 400 m depth. The individual surveys and the survey methods are
given in the report of the Working Group for International Pelagic Surveys (WGIPS;
ICES CM 2011/SSGESST:02). The vessels, areas and dates of cruises are given in Table
2.3.1.1 and in Figure 2.3.1.1.

The global survey results provide spatial distributions of herring abundance by num-
ber and biomass-at-age by statistical rectangle and distributions of mean weight- and
proportion mature-at-age.

The North Sea autumn spawning herring spawning stock was estimated at 3.0 mil-
lion tonnes and 14 200 million herring (Table 2.3.1.2). In term of biomass this is 15 %
higher compared to the previous year. The strong 2000 year class of herring is now
incorporated in the 9+ group. The abundance of the 2006 year class (age 3 this year) is
consistent with a strong estimate of fish at age 2 last year, indicating that the 2007
estimate of age 0 fish was more precise than previously assumed. The current esti-
mate also confirms a healthy 2008 year class already observed in the previous year.

The spatial distribution of mature and immature autumn spawning herring is shown
in Figures 2.3.1.2 and 2.3.1.3 respectively. The distribution of adult herring in the
North Sea is still concentrated in the areas close to the Fladen grounds, but seems to
stretch out somewhat towards the north, east of the Shetland Islands.

The time series of abundance of North Sea autumn spawning herring is given in Ta-
ble 2.3.1.3.

2.3.2 International Herring Larvae Surveys in the North Sea (IHLS)

Herring larvae surveys were conducted in September and December 2010 and in
January 2011. They cover stations in the Orkney/Shetland area, Buchan and the cen-
tral North Sea in the second half of September. The southern North Sea was surveyed
on three occasions in December 2010 and January 2011 (Figures 2.3.2.1 — 2.3.2.4). The
survey effort in vessel days and numbers of samples taken is comparable to previous
years.

As anticipated, newly hatched larvae spatial distributions varied between areas and
time periods. The total number of newly hatched larvae decreased in all observed
areas, with the exception of the southern North Sea. Some abundance estimates are
influenced by larvae patchiness, especially in the December survey in the southern
North Sea (Table 2.3.2.1, Figure 2.3.2.5). However, the overall abundance of newly
hatched larvae in all three observations in the southern North Sea in 2010 is high and
comparable to last year. The total estimates for the two most recent years in this area
are the highest on record and the proportion of Downs offspring in the total larvae
abundance has a strong increasing trend for at least the last five years.

The updated MLALI time-series is shown in Table 2.3.2.1. Based on this year’s abun-
dance estimates, the MLAI for the whole North Sea is the second highest on record
(Figure 2.3.2.6).

Detailed information on survey results are given in the Report of the Herring Larvae
Surveys in the North Sea (Rohlf & Groger, WD 10).

2.3.3 International Bottom Trawl Survey (IBTS-Q1)

The International Bottom Trawl Survey (IBTS) started out as a young herring fish
survey in 1966 with the objective of obtaining annual recruitment indices of 1- ringers
for the combined North Sea herring stock. The IBTS catches provide recruitment indi-
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ces not only for herring, but for sprat and demersal species as well. In addition to the
1-ringer abundance, the IBTS catches also indicate abundances of 2-5+ ringer herring.
At night-time, additional sampling is carried out using a fine-meshed 2 metre ring net
(MIK ring net) and from these catches the abundance of large herring larvae (0-
ringers) is estimated. Hence, the sampling during IBTS affords an extended series of
herring abundance indices (0 to 5+ ringers).

2.3.3.1 The O-ringer abundance (IBTSO survey)

The total abundance of 0-ringers in the survey area is used as recruitment index for
the stock. This year’s IBTSO index is based on 586 depth-integrated hauls with the
ring-net. Due to research vessel problems, the Swedish sampling in the Skagerrak-
Kattegat area (Illa) was not carried out this year. Index values are calculated as de-
scribed in the WG report of 1996 (ICES 1996/ACFM:10), however, for the 2010 year
class without information from Illa. The series of estimates is shown in Table 2.3.3.1.
The new index value of 0-ringer abundance of the 2010 year class is estimated at 77.0.

The index estimate is the same as last year’s estimate for the 2009 year class. This is
about 70% of the long term mean, and shows a continuation of the series of relatively
poor recruitments starting from the 2002 year class. The 0-ringers caught in 2011 were
predominantly found in a dense concentration off the Scottish coast and in the Moray
Firth while abundances in southern areas of the North Sea were low (Figure 2.3.3.1).
This pattern of distribution differs from the preceding two year classes, where con-
centrations were seen further from the coast and extended further to the south. Note
that there is no distributional data for the Skagerrak/Kattegat for 2011. Concentra-
tions of Downs herring larvae were apparent from ring net catches in the area of the
English Channel, however, due to their small size (many below 12 mm mean length)
most of these will not contribute to the recruitment index at a scale comparable to
estimates based on larger larvae (> 20 mm). Hence, these small larvae are not in-
cluded in the standard procedure of index estimation and not illustrated in the Figure
2.3.3.1.

A long term trend in the distributional patterns of 0-ringers is apparent from the
changes in absolute and relative abundance of O-ringers in the western part of the
North Sea, as illustrated in Figure 2.3.3.2. In this figure the relative abundance is
given as the number of 0-ringers in the area west of 2°E relative to the total number of
0-ringers in the given year class. Since the year class 1982, when the relative abun-
dance was 25%, a general increase in abundance has been seen for the western part.
In the last decade, the majority of 0-ringers have been distributed in this area. The
proportion for the present year class is 81%.

2.3.3.2 The 1 to 5+ ringer herring abundances (IBTS-1 to 5+ indices)

1-ringer abundance

The 1-ringer recruitment estimate (IBTS-1 index) is based on trawl catches in the en-
tire survey area. The time series for year classes 1977 to 2009 is shown in Table 2.3.3.2.
This year’s 1-ringer catches indicate a stronger recruitment of the 2009 year class, 51%
above the long term mean. Figure 2.3.3.3 illustrates the spatial distribution of 1-
ringers as estimated by trawling in February 2009, 2010 and 2011. Across years, the
main areas of 1-ringer distribution are in the German Bight and south of Dogger
Bank. For the 2009 year class, high abundances in the area off the German Bight and
in an area off the Swedish coast contributed to the relatively high index estimate.
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The Downs herring hatch later than the autumn spawned herring and generally ap-
pear as a smaller sized group during the 1%t quarter IBTS. A recruitment index of
smaller sized 1-ringers is calculated based on abundance estimates of herring <13 cm
(ICES CM 2000/ ACFM:12 and ICES CM 2001/ ACFM:12). Table 2.3.3.2 includes
abundance estimates of 1-ringer herring smaller than 13 c¢m, calculated as the stan-
dard index but is in this case for herring <13 cm only. Indices for these small 1-ringers
are given both 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 contribution from Division
IIIa to the overall abundance of <13 cm herring varies markedly during the period
(Table 2.3.3.2). About 45% of this year’s group of 1-ringers is smaller than 13 cm.

2-5+ ringer abundances

Table 2.3.3.3 shows the time-series of abundance estimates of 2-5+ ringers from the 1+t
quarter IBTS for the period 1983-2011. The present 2011 index for 2-ringers is 60% of
the long term mean; this estimate is strongly influenced by high catches along the
Swedish coast. The 3-5+ ringer indices are dominated by a single large catch in the
English Channel and are all well above their long term means.

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 (winter ringers, wr) in the North
Sea stock during the 3rd quarter in Divisions IV and IIla from the North Sea acoustic
survey (HERAS) as well as the mean weights-at-age in the catch from 1996 to 2010 for
comparison. The data for 2010 were sourced from Table 2.3.1.2. and Table 2.2.2. In the
third quarter most fish are approaching their peak weights just prior to spawning.

In 2010, almost all age groups have lower mean weights-at-age when compared to
2009. Only 5-ringers in the acoustic survey were slightly higher in mean weight and
1-ringers in the catch have increased as well. This pattern was observed in both the
acoustic survey and catch data indicating that these increased weights are not merely
survey noise.

Generally, mean weight of the older fish (4+wr) in the acoustic survey has been de-
clining since 1996. In 2009, sizeable increases in weight for the 4- to 7-ringers have
been observed. However, the general tendency of declining weights-at-age seems to
have continued in 2010 (Figure 2.4.1.1).

Variations in size-at-age in North Sea herring can to a large extent be explained by
density dependent mechanisms but also seem to be affected by environmental effects
to some degree (reviewed in Dickey-Collas et al., 2010). In particular, it has been
noted that the very strong 2000 year class, which was competing with an already
large herring stock biomass, has been growing slower than other year classes
throughout. This was still evident in 2010 where this cohort is included in the 9+

group.

2.4.2 Maturity ogive

The percentages at age of North Sea autumn spawning herring that were considered
mature in 2010 were estimated from the North Sea acoustic survey (Table 2.4.2.1). The
method and justification for the use of values derived from a single year’s data was
described fully in ICES (1996/ACFM:10).



2.5

ICES HAWG REPORT 2011 57

For 2-ringers the proportions mature in 2010 was 45% which is very low compared to
the most recent years, but not unprecedented in the time series (Table 2.4.2.1). The
very large 2000 year class was the most recent to display such delayed maturity em-
phasising the negative relation between year class size, and its growth and therefore
maturity. However, only a small drop in the weights of 2-ringers in 2010 was ob-
served in both the survey and the catches, and such a dramatic drop in maturity was
therefore not expected. It is striking that immature 2-wr herring show increasing
mean weights and lengths in the last two years (Figure 2.4.2.1). This indicates that
their weight increases but maturity is delayed.

The reliability of the maturity estimates was investigated through the relevant na-
tional institutes. HAWG is satisfied that the estimates are reliable. The potential for
errors in maturity staging has been addressed by WGIPS in 2008 (then PGHERS) and
is not considered to be problematic now (ICES CM 2008/LRC:01). A further workshop
on maturity staging of herring is also planned later in 2011.

However, the low proportion of mature 2-wr herring has a large impact on the SSB
estimate in the assessment. It is approximately 150 000 t, when compared to estimates
derived from last year’s proportion of 90% mature fish in that age group.

Compared to 2009 the 3-ringers were considered slightly less mature at 90% and 4-
ringers were all still fully mature in the 2010 survey (Table 2.4.2.1.).

Recruitment

Information on the development in North Sea herring recruitment comes from the
International Bottom Trawl Surveys, from which IBTSO and the IBTS-1 indices are
available. Further, the ICA assessment provides estimates of the recruitment of her-
ring in which information from the catch and from all fishery independent indices is
incorporated.

2.5.1 Relationship between O-ringer and 1-ringer recruitment indices

The estimation of 0-ringer abundance (IBTSO index) predicts the year class strength
one year before the strength is estimated from abundance of 1-ringers (IBTS-1 index).
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 year’s prediction of the
2009 year class was somewhat lower than this year’s IBTS-1wr index of the year class
(circled in the figure). In the past there was generally good agreement between the
indices in their description of temporal trends in recruitment (Figure 2.5.2), but in
recent years (the 2009 and the 2006-2007 year classes) the predicted levels of recruit-
ment deviate. Among possible explanations for this deviation is the underestimation
of the Downs component by the IBTSO index as discussed in an earlier report (ICES
2009/ACOM 03, sections 2.3.3.1-2).

2.5.2 Trends in recruitment from the assessment

Abundances of recruiting North Sea herring are estimated from the assessment (see
the temporal trend of recruitment in Figure 2.6.3.1). The recruitment declined during
the 60s and the 70s, followed by a marked increase in the early 80s. After the strong
1985 year class recruitment declined again until the appearance of the strong year
classes 1998-2000. During the following years the recruitment declined. The recent
observations of 1- and 2-ringer abundances indicate some increase in recruitment
since the low of the 2002-2004 year classes.
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2.5.3 North Sea short-term recruitment forecast using the CDARM model

At HAWG 2010 the Climate-Driven ARIMAX Recruitment Model (CDARM)

@,
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(1 '51,13 '51,2B2 '51,4B4) -
@,
+ 1-B) AMO 1
(1 _ 52’13 _ 52’232) ( ) t-3 ( )
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developed by Groger et al. (2010) has been updated in 2010 using the recruitment in-
formation for years 1970 to 2009 to give new parameter estimates (see text table be-
low). To cross-check this updated model’s performance with reality, forecasts for
years 2010, 2011 and 2012 have been performed before the 2010 assessments began.
Whilst the forecasts for years 2010 and 2011 were added to Table 2.5.3.1 (last two grey
shaded cells), the forecast for 2012 was not as this has been indicated to be relatively
uncertain by cross-iteration diagnostics (Groger et al., 2010).

Type Variable associated Parameter Estimate
Intercept U 17168.9
Overall regression factor Winter NAO w1 -4848780
Denominator factor Winter NAO O11 -0.56909
Denominator factor Winter NAO 01,2 -0.45183
Denominator factor Winter NAO O14 -0.02623
Opverall regression factor Winter AMO w2 29090041
Denominator factor Winter AMO 021 0.47168
Denominator factor Winter AMO 022 -0.87219

In equation (1) B'= y:1 is a shift parameter of order ! and (1-B)¢ = (y: — y+a) a differentia-
tion parameter of order d. The CDARM parameter estimates for this time period are
given in the text table above. As per convention, autoregressive (AR) terms of exoge-
nous input variables appear in the denominator of rational transfer functions, while
moving average (MA) terms would appear in the numerator. In this case the CDARM
model contains only AR terms for both, winter NAO and winter AMO. The three de-
nominator factors 611, 612, and 014 for winter NAO arise from the fact that winter
NAO has been identified as an AR subset model of order 3 in a previous step (AR
order p=(1 2 4); see equation (1)), whereas the two denominator factors 021 and 022 for
winter AMO originate from the fact that winter AMO has been identified as an AR
subset model of order 2 in a previous step (AR order p=(1 2); see equation (1)).

The estimated recruitment index time series (TS) in Table 2.5.3.1 consists of ex-ante
predictions (hindcasts) for years 1970 to 2009 and ex-post (forward) forecasts for years
2010 and 2011. The ex-post forecasts for years 2010 and 2011 correspond highly with
the recruitment values modelled from ICA.
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The CDARM SAS code (version 9.24) including all data (recruitment, winter NAO,
winter AMO) for period 1960 to 2009 is archived in the sharepoint system of HAWG
2011.

Assessment of North Sea herring

2.6.1 Data exploration and preliminary results

North Sea herring was classed as an update assessment in 2011 by ACOM. A bench-
mark assessment is scheduled for the beginning of 2012, before the regular herring
Working Group meeting in 2012. The choice of assessment model, catch and survey
weightings and the length of separable period were not explored in 2011, and for jus-
tification of the approach refer to the benchmark assessment (ICES CM
2006/ACFM:20) and Simmonds (2003; 2009). Following the benchmark investigation
in 2006, the tool for the assessment of North Sea herring is FLICA.

Acoustic (HERAS ages 1-9+), bottom trawl (IBTS-Q1 ages 1-5+), IBTS0 and MLAI lar-
vae (IHLS) 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. In recent years, including the most recent assessment, it has been observed that
the indices for IBTS-Q1 are noisy when used in the assessment. The WG still shares
the opinion however that the assessment is best executed including all surveys (Sim-
monds, 2009).

This year’s assessment is an update assessment. The input data and the performance
of the assessment have been carefully scrutinised to check for potential problems, but
no changes to the methods or development of the model took place in 2011. From
these analyses it was noted that the proportion mature of 2wr fish was estimated to
be low, while the weight of these fish was only on average 10 grams smaller than last
year’s 2wr fish. The 2wr fish in 2009 were regarded amongst the heaviest in the time
series. Further discussion on the low maturity of the 2wr fish in 2010 is given in Sec-
tion 2.4.2. The diagnostics do not indicate any significant pattern or unreliable data
points (Figure 2.6.1.1 to Figure 2.6.1.16).

The assessment fit to the acoustic survey (ages 4-9+) over the years 2005-2009 has re-
sulted in larger residuals, a pattern also observed and described in preceding assess-
ment reports. However, this year’s indices have a markedly better fit to the
assessment, discontinuing the period of negative residuals patterns. One possible ex-
planation of the lack of fit in the acoustic survey could be if the herring population
has moved partly out of the survey area. This has, however, not been studied yet. The
IBTS survey continues to result in a noisy signal, especially for the 2wr herring (Fig-
ure 2.6.1.17). The internal consistency of the IBTS survey is low.

The MLAI index remains high, at a level just below that observed in 2009. The 2010
estimate represents, together with the 2009 estimate, the highest values in the entire
time series. As anticipated, the stock assessment did not fit this value well (Figures
2.6.1.16 to 2.6.1.18). A possible explanation for the high MLAI index is the contribu-
tion of the expanding Downs component in recent years. The underlying model as-
sumes constant contribution from each spawning component to the MLAI index.
However, with the increased contribution of the Downs component this assumption
might be violated in the more recent period. The WG decided to keep this value in
the final stock assessment. In the 2006 benchmark assessment it was concluded that
one of the reasons for the relatively stable assessment was the balance of the major
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sources of information, with each potentially delivering short periods with bias but in
combination providing a balance of errors.

Overall the catch residuals are small.

Figures 2.6.1.19 to 2.6.1.21 show retrospective estimates of SSB, recruitment, mean Fz-
¢, selectivity pattern and year class cohorts, by removing one year of data at a time, up
to 10 years in total. A revision of SSB was observed in the 2010 assessment where the
2006 year class was perceived to be markedly different from the perception in the two
prior years. The perception of the 2006 year class has not changed this year, however,
the perception of the 2007 and 2008 year classes has changed, increasing the esti-
mated size of these two year classes in turn leading to an upward revision in SSB.
One possible explanation for the changing perception might be found in the contrast
in the catch data. The juvenile fishing mortality is low (below 0.05 yr') and the IBTS-
Q1 is regarded as a noisy index, therefore the information does not show a very clear
pattern. Year classes are only targeted by the main adult fishery from the 2wr and
onwards. Hence, from 2wr the perception might become more reliable as more data
are available. The changing perception of SSB is also reflected in the analytical retro-
spective pattern of F, showing downward revisions over the past years. The retro-
spective estimates of recruitment in the years 2008 and 2009 (the 2007 and 2008 year
classes) deviate more than observed in the rest of the retrospective pattern, as was
already pointed out above. Figure 2.6.1.21 shows the retrospective pattern of the
number per cohort. This pattern is consistent over the years as well, with exception
for the 2007 and 2008 year classes. Selectivity seems to have shifted towards younger
ages while reducing selectivity on older ages (Figure 2.6.1.19). It should be noted,
however, that estimates of fishing mortality on all ages are low and that the contrast
available in the catch data, used to estimate selectivity, therefore is low as well. As
fishing mortality is now estimated to be similar to natural mortality, the importance
of natural mortality estimates increases.

Figure 2.6.1.22 shows the ‘otolith’ plot, representing the uncertainty of the fit of the
assessment model in terminal F and SSB. The 99% confidence interval of SSB indi-
cates that the stock is above Biim and the mean indicates a biomass just above Bpa.

Further data screening of the input data on mature — immature biomass ratios, survey
CPUEs, proportion of catch numbers- and weights-at-age and proportion of IBTS and
acoustic survey ages have been executed, as well as correlation coefficient analyses
for the acoustic and IBTS survey (see Figures 2.6.1.23 to 2.6.1.30). It was observed that
the estimates of weight-at-age in the catch have gone down in the 2010 assessment
while weights-at-age in the stock for ages 2-7 have increased over the past three
years. The weights-at-age used in the assessment are taken as average weights-at-age,
as estimated in the acoustic survey, over the past three years. No further issues were
raised by this exercise.

2.6.2 Exploratory Assessment for NS herring

No exploratory assessment was carried out for North Sea herring this year.

2.6.3 Final Assessment for NS herring

In accordance with the settings described in the Stock Annex, the final assessment of
North Sea herring was carried out by fitting the integrated catch-at-age model (ICA,
in the FLR environment - version 1.4-12 — 08 October 2009 15:16:26). The input data
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and model settings are shown in Tables 2.6.3.1 — 2.6.3.11, the ICA output is presented
in Tables 2.6.3.13 — 2.6.3.21, the stock summary in Table 2.6.3.12 and Figure 2.6.3.1
and model fit and parameter estimates in Table 2.6.3.21. Diagnostics of the catch for
the separable period are shown in Figure 2.6.3.2. Figure 2.6.3.3 shows the agreed
management plan including the biomass trigger points and contains the F2 estimates
of the past 9 years, as well as including the prognosis for 2011.

The spawning stock at spawning time in 2010 is estimated at approximately 1.30 mil-
lion tonnes [1.1, 1.5 million tonnes (95% CI)] below the revised estimated 1.44 million
tonnes in 2009. The reduction is primarily due to the low maturity of 2wr in the
population. The estimate of Owr fish in 2010 (2009 year class) is estimated to be at ap-
proximately 3.9 billion [1.59, 5.18 billion (95% CI)], above the long term geometric
mean (see Table 2.6.3.14 and Figure 2.6.3.4). The perception of the year class strength
of the 2008 year class has been revised to have a similar size to the 2009 year class.
Both the 2008 and 2009 year class are estimated to be approximately 1.5 times above
the low recruitment observed in the years 2002 till 2008. The strong 2000 year class is
still in the population, but in the plusgroup at age 9wr in 2010, but its influence on the
population is small. The 2007 year class (2wr in 2010) is now estimated to be 59% lar-
ger than the estimate from the HAWG 2010 stock assessment (see Section 2.10). Mean
F26 in 2010 is estimated at approximately 0.12 [0.096, 0.143 yr? (95% CI)], which is
below the management agreement target F, while mean Fo1 is 0.02, also below the
agreed target. The updated assessment estimated an Fz2s of 0.10 in 2009, lower than
estimated in the 2010 stock assessment.

2.6.4 State of the Stock

Spawning Fishing mortality | Fishing mortality | Fishing mortality | Comment
biomass in in relation to in relation to in relation to

relation to precautionary FMSY target agreed target

precautionary limits

limits

At full Harvested Below target Below target

reproductive sustainably

capacity

Based on the most recent estimates of SSB and fishing mortality, ICES classifies the
stock as being at full reproductive capacity and is being harvested sustainably but
below Fmsy and management plan target. The SSB in autumn 2010 was estimated at
1.30 million t, just above Bpa. F26in 2010 was estimated at 0.12, below the target F2 of
0.2. The 2008 and 2009 year classes are estimated above the long term recruitment
geometric mean.

Short term predictions

Short term predictions for the years 2011, 2012 and 2013 were done with code devel-
oped in R software, mimicking the MFDP programme. In 2009 the results of both
methods were extensively compared to ensure that they both gave identical results.
In the short term predictions, recruitment is assumed constant for the years 2012 and
2013 within the same recruitment regime since 2002 (geometric mean of 2001 to 2009
year classes).

For the intermediate year, no overshoot for the A fleet was assumed, as the catches
equalled the TAC in 2010. Negotiations between the EU and Norway resulted in the
allowance of 50% of the TAC in the Kattegat-Skagerrak area to be taken in the North
Sea. Therefore, the TAC by the A fleet is increased by 15 000 tonnes. For the B-fleet
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the agreed by-catch ceiling in 2011 has been used. For the C and D fleets, the fraction
of North Sea autumn spawning herring caught in Illa vs. the fraction of western Bal-
tic spring spawning herring in the same area is used to derive C and D fleet catches,
based on projected TAC’s in Illa for these fleets. See Table 2.7.1 — 2.7.11 for other in-
puts. The procedure followed is described in Stock Annex 2 and Annex 3 and has
been the same for several years now.

The five scenarios presented (Table 2.7.12) are based on an interpretation of the har-
vest control rule or other options and are only illustrative:

a) No fishing;
b) The EU-Norway management plan
) A roll over TAC from 2011 to 2012 of 200 kt for the A fleet;

d) The EU-Norway Harvest Control Rule as implemented within the manage-
ment plan (no restriction on TAC change);

e) A 15% decrease in the A fleet TAC between 2011 and 2012;

0

Since the current management plan only stipulates overall fishing mortalities for ju-
veniles and adults, making fleet-wise predictions for four fleets that are more or less
independent provides different options for 2012. The consequence of other combina-
tions of catch options can be explored on request.

For options b, ¢, d and e, the C and D fleets are assumed to have a North Sea autumn
spawner catch for 2011 of 3.9 and 1.7 thousand tonnes respectively. In 2012 and 2013
they are assumed to have a North Sea autumn spawner catch of 5.1 and 0.6 thousand
tonnes respectively. All predictions are for North Sea autumn spawning herring
only. The results are presented in Table 2.7.12.

2.7.1 Comments on the short-term projections

HAWG assumed recruitment survival to not have changed since 2002. Therefore, the
recruitment in the forecasted years is assumed to be similar to the year classes 2001 to
2009. An increase in SSB is expected from 2010 to 2011, mainly driven by the matur-
ing 2007 year class. The SSB is expected to increase under the management plan both
in 2012 and further in 2013 to levels above 2 million tonnes. SSB is expected to be well
above Btrigger, and therefore also Bpa, in 2011 and 2012.

The estimated impact of the juvenile fishery is assumed to be low. It has not been in-
vestigated to what extent changes in natural mortality would affect the current ad-
vice, or if indeed such changes are taking place. Some of the important predator
stocks are currently in a rebuilding condition. In the projections it is expected that the
2007 year class matures similarly to the average 3wr fish, as they do not show signs of
lower growth rates.

The predicted catch according to the management plan for 2011 implies an increase in
TAC of 15%.

Medium term predictions and HCR simulations

Medium term predictions were not done.

Precautionary and Limit Reference Points and FMSY targets

The precautionary reference points for this stock were adopted in 1998.
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The Blim

The 1998 Study Group on Precautionary Approach to Fisheries Management deter-
mined reference points for North Sea herring that were adopted by ICES (ICES CM
1998/ ACEM:10). The Biim (800 000 tonnes) was set at a level below which the recruit-
ment may become impaired and was also the formally used MBAL. In 2007, WKREF
(ICES CM 2007/ACFM:05) explored limit reference points for North Sea herring and
concluded that there is no basis for changing Biim. In 2011, WKHERMP agreed that
there was still no basis for changing Biim. A low risk of SSB falling below Biim was
therefore the basis of ICES precautionary advice.

Fpa and Bpa

The targets used in the management plan (which began in 1997) were recommended
by the Study Group on Precautionary Approach to Fisheries Management and
adopted by ICES as the precautionary reference points (ICES CM 1998/ACFM:10).
This means that the precautionary reference points were taken from the already exist-
ing management plan. In the management plan, the target fishing mortalities were
intended as targets and not as bounds. They were based on an investigation of risk to
falling below 800 000 t SSB, Fmsy and consideration of fisheries on both juvenile and
adult herring (ICES CM 1997/ACFM.:08).

B trigger

The B trigger of the management plan (Bmcrigger) was changed in November 2008
from 1.3.million to 1.5 million tonnes after evaluation and consultation with the
stakeholders. Thus currently the BmcrTtrigger and Bpa are different at 1.5 million tonnes
and 1.3 million tonnes respectively. The lower Buigger of 800 000 tonnes relates to the
Biim (see above). BMGTtrigger is a harvest rule parameter and is not a reference point by
which to judge stock status.

FMSY target and trigger for new advisory framework

ACOM agreed with HAWG that Fmsy for this stock was 0.25. This was decided in
2010. This choice was supported by WKFRAME2. There is no ICES MSY framework
biomass trigger point for this stock, as the management plan is thought to have pri-
macy over the ICES MSY framework when providing advice.

HAWG considers that the parameters of the management plan conform to the MSY
approach, although the limit on annual TAC change may not maximise yield.

Quality of the assessment

The assessment this year was classified as an update, following the procedures and
settings specified in Stock Annex 3. In previous years, the assessment of North Sea
herring has been regarded as relatively consistent, and the diagnostics indicate a
similar classification for this year. The perception of the 2007 and 2008 year classes
however has changed in comparison to last year’s assessment. These changes in per-
ception have altered the time series resulting in increased SSB and lower Fs, and
therefore introducing retrospective bias.

Extra attention was given to the cluster of negative residuals in the acoustic survey
(HERAS), ages 4-9+ over the past 5 years. The reason for this cluster of residuals is not
clear. This year, however, the residuals in the last year were small and positive.
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This year the larval index (MLAI) was the second highest of the series. In recent years
there has been a conflict between the assessment model and the MLAI index, result-
ing in a sequence of positive residuals. The spawning component abundance index
(SCAL Payne 2010; see Section 2.12), originally designed to estimate the abundances
by spawning component, can also be used as an alternative way to process the same
larval survey data. This newly generated time series also indicated a high larval
abundance, supporting the results of the MLAI and indicating that more work needs
to be done to understand the results of this larval survey.

The information from the IBTS-Q1 survey continues to be noisy. The HAWG is still of
the opinion however that the assessment is best executed including all surveys (Sim-
monds, 2009). As noted in Section 3.2.1, sampling for splitting the catches between
NSAS and WBSS in IVaE is still problematic. However, sampling was considered suf-
ficient to base the calculation of the split in the transfer area on 2010 samples only.
The impact on the assessment of split factors has not been explored.

The data from the stock summary table is compared with the stock summary from
the 2010 assessment and the first year (intermediate year) of the 2011 short term pre-
diction. The projected F2 for 2010 for the intermediate year, from HAWG 2010 was
0.12 (see text table below). The estimated F2s from this Working Group for 2010 is
also 0.12. HAWG 2010 assumed no over-catch, however, reallocating spring and au-
tumn spawners to respectively Illa and IV has resulted in higher catches in 2010. The
projected biomass of herring in 2010 is very similar to the 2011 estimate. This is
caused by the lower maturity of the maturing 2wr cohort offsetting the large increase
in the estimates of the 2007 and 2008 year classes. The 2007 and 2008 year class are
now estimated to be 59% and 29% greater in abundance respectively than estimated
in 2010 (Figure 2.10.1). There has been very little change in the perception of the 2006
year class, which was revised up in the 2010 assessment. Thus in the last two stock
assessments, it has been estimates of recruitment that have affected substantially the
quality of the assessment.

A likely explanation for this change in quality is the impact of the increasing Downs
component resulting in an underestimation of the IBTSO index (see ICES 2009/ACOM
03, sections 2.3.3.1-2). This highlights the importance of understanding the productiv-
ity and biology of North Sea herring for the effective provision of operational advice
to populate the management plan (see Dickey-Collas et al., 2010).

2010 ASSESSMENT 2011 ASSESSMENT PERCENTAGE CHANGE IN
ESTIMATE 2011/2010
Year | Rec SSB  Catch F2s | Rec SSB  Catch F2s | Rec SSB Catch  Fas
2008 | 16409 1038 258 0.22 | 26079 1206 258 0.19 | +59% +16% - -14%
2009 | 29751 1289 168 0.11 | 38290 1442 168 0.10 | +28% +12% - -9%
2010* | 26719 1317 165 0.12 | 38849 1301 188 0.12 | +45% -1% +14% 0%

* projected values from the intermediate year in the deterministic short term projection, assuming catch
constraint with small overshoot. (Recruits are defined as age 0)

Herring in Division IVc and Vild (Downs Herring).

Over many years the Working Group has attempted to assess the contribution of win-
ter spawning Downs herring to the overall population of North Sea herring. Since
1985, there has been a separate TAC for herring in Divisions IVc and VIId as part of
the total North Sea TAC.
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Historically, the TAC for herring in IVc 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 propor-
tion has been relatively high, particularly between 2002 and 2005. However, ICES in
2005 expressed concerns regarding Downs herring and recommended that the pro-
portion used to determine the TAC should be set to the long term average of the pro-
portions used since 1986 (around 11%). For 2010, it was set at 15 319 tonnes and at 26
536 tonnes for 2011, which represents respectively 9 % and 13.5 % of the total human
consumption TAC for Divisions IVc and VIId (Figure 2.11.1).

The persistent tendency to overfish the Downs TAC was markedly reduced since
2005 (Figure 2.11.2), but in 2010, landings were 80% higher than the TAC and
amounted to 26 520 tonnes.

Historically, the Downs herring has been considered highly sensitive to overexploita-
tion (Burd, 1985; Cushing, 1968; 1992). It expresses different growth dynamics and
recruitment patterns to the more northern spawning components. However, recent
studies indicate that in recent years, the Downs component has come to make up the
largest component of the stock (see Section 2.12). Furthermore, the directed fishery in
Q4 and Q1 targets aggregations of spawning herring. Preliminary studies undertaken
by HAWG (ICES CM 2006/ACFM:20) based on population profiles suggested that
total mortality (Z) was significantly higher for the 1998 and 1999 year classes of
Downs herring compared to herring caught in the northern part of the North Sea.

Downs herring is also taken in other herring fisheries in the North Sea and mixes
with other components of North Sea herring in the summer whilst feeding. 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 (Bierman et al., 2010).

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 believed to be smaller than those from the more northern, autumn spawning sites.
The separation of this smaller sized components has been set as <13 cm. Both the total
abundance and the relative proportion of this smaller size component has, on aver-
age, been relatively high for the year classes 1995 to 2002 although there is consider-
able variation between year classes (Table 2.3.3.2 and Figure 2.11.3). For example,
these values suggest that around 70% of the 2002 year class came from Downs pro-
duction (Figure 2.11.4). Since then the level of contribution by the Downs component
has generally been lower. However, for the 2009 year class contribution seem to be at
a high level with 48% and the abundance estimate shows a level comparable to the
2002 year class (Figure 2.11.4).

As mentioned in Section 2.3.3.1 the ring net hauls for 0-ringers during the IBTS in this
area also include Downs herring larvae. However, at the time of the IBTS survey
(January/February) these herring larvae are relatively small compared to larvae from
other stocks. Therefore these small larvae (separated as <20 mm) have until now been
excluded from the standard estimation of O-ringer recruitment (IBTSO index). Fur-
thermore, recent studies showed that the daily mortality rates of newly hatched lar-
vae of North Sea herring have increased over the time series and there are
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uncertainties on the mortality level for these small larvae (Fassler et al., 2011 (WD04)
and Section 2.12).

Since 2007, the IBTS 1st quarter survey area has been extended to the eastern English
Channel, and both additional GOV hauls and ring-net sampling are carried out in this
area to provide more information on Downs herring (ICES CM 2007/ACFM:11).
However, the time series of data including this improved coverage of Downs herring
larval distributions is not of sufficient length and consistency to be incorporated in
the IBTSO index estimation. The possibilities and consequences of including these lar-
vae in the IBTSO index were investigated during the HAWG meeting in 2009 (ICES
2009/ACOM 03, Section 2.3.3.1 and 2.10.2).

Since 2007, acoustic data recorded in January show large herring schools along the
French coast. Figure 2.11.5 shows the catch composition (percentage by age) of the
pelagic hauls carried out on these schools. Every year, the 3wr and 4wr dominate the
catch; in 2011, these age-groups represent respectively 50% and 36%. The mean den-
sity of these shoals of herring, which were regularly found during the survey in a lo-
calised area, could, however, not be precisely estimated, and could not be raised to
the whole area due to the spatial heterogeneity. Furthermore, large schools close to
the coast in shallow and inaccessible waters were detected with a horizontal echo
sounder.

In conclusion, the TAC is set up to conserve the spawning aggregation of Downs her-
ring. Because of the uncertainties concerning the status of, and recruitment to, this
component of the North Sea herring stock in future years, HAWG recommends that
the IVc-VIId TAC should be maintained at 11% of the total North Sea TAC (as rec-
ommended by ICES). 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 components and be similarly
conservative until the uncertainty about contribution of the Downs herring to the
catch in all fisheries in the North Sea is reduced. Possible methods are discussed by
Kell et al. (2009).

North Sea spawning components

The North Sea autumn-spawning herring stock is generally understood as represent-
ing a complex of multiple spawning components (Cushing, 1955; Harden Jones, 1968;
Iles and Sinclair, 1982; Heath et al., 1997). Most authors distinguish four major com-
ponents, each defined by distinct spawning times and sites (Iles and Sinclair, 1982;
Corten, 1986; Heath et al, 1997). Three of the components spawn in Au-
gust/September: the Orkney-Shetland component spawns around the islands that
give it its name, the Buchan component to the east of Scotland; the Banks component
off the English coast in the central North Sea. The Downs component spawns in the
English Channel during December. Although the different components mix outside
the spawning season and are exploited together, each component is thought to have a
high degree of population integrity (Illes and Sinclair, 1982) and, therefore, could be
expected to have relatively unique population dynamics.

Monitoring and maintaining the diversity of local populations is widely viewed as
critical to the successful management of marine fish stocks. Changes in the relative
composition of the combined stock can give rise to differences in exploitation rates
between the components (Bierman et al., 2010) and the associated risk of local deple-
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tions (Kell et al., 2009). Maintaining such spatial diversity within a stock should pro-
vide resilience to both anthropogenic and natural stressors (Harden Jones, 1968;
McPherson et al., 2001; Secor et al., 2009).

The spawning component abundance index (SCAI: Payne 2010) was developed to
characterise the relative dynamics of the individual North Sea spawning components.
Briefly, the SCALI is a statistical model designed to analyse the larval abundance indi-
ces (LAIs) produced by the IHLS. Typically these time series are plagued by missing
observations, high sampling noise and differences in the spawning intensity between
surveys. The SCAI model, however, is robust to these problems, gives a good fit to
the data, and proves capable of both handling and predicting missing observations
well. Furthermore, the sum of the fitted abundance indices across all components
proves a good proxy for the biomass of the total stock, even though the model utilizes
information at the individual-component level.

The SCAI indices show that there are appreciable differences in the dynamics of the
individual components (Figure 2.12.1). The Orkney—Shetland component appears to
have recovered faster from historic depletion events than the other components,
whereas the Downs component has been the slowest. The Orkney-Shetland, Buchan
and Banks components show broadly similar dynamics, with peaks in abundance
occurring during the late 1980s-early 1990s and again in the early 2000s. The Downs
component, however, appears to have a different set of dynamics: recovery from the
1970s stock collapse was much slower in this component, and the late 1980s peak dis-
played by the other three components is relatively weak. In recent times, however,
the Downs component has grown dramatically to the point where it is now the larg-
est component in the stock.

The SCAI indices can also be used to look at the relative composition of the stock
(Figure 2.12.2). The composition of the stock has changed appreciably over time. The
largest fraction of the total SSB in the past 35 years has generally been represented by
the Orkney-Shetland component (on average 50%), but the ratio has ranged between
25 and 80%. In recent years, however, the Downs component has increased rapidly
and in 2011 now represents more than 50% of the combined stock.

The environment at the spawning grounds of the northern components is very simi-
lar (R6ckmann ef al., 2011) in terms of the trends and variability of salinity and tem-
perature. The environment at the Downs spawning area is very different from the
northern grounds, with different absolute temperatures and different trends and
variability. These differences are driven by the northern North Sea being influenced
by far field effects and the southern North by more local processes (Berx & Hughes,
2009; Hjello et al., 2009). The mortality of the larvae is also different (Figure 2.12.3)
with different trends over time (Fassler et al., in press). This provides further evidence
to support the hypothesis of Cushing (1992) that the dynamics of the components
differed.

Management Considerations

Based on the most recent estimates of SSB and fishing mortality, ICES classifies the
stock as being at full reproductive capacity and is being harvested sustainably, below
target fishing mortality for the management plan.

The stock is managed according to the EU-Norway Management agreement which
was updated in November 2008 (see Stock Annex 3). In 2008, WKHMP examined the
performance of this management plan and the plan is consistent with the precaution-
ary approach. In 2011, WKHERMP re-examined the management plan. WKHERMP
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concluded that the management plan appears to operate well in relation to the objec-
tives of consistency with the precautionary approach and a rational exploitation pat-
tern, but not in relation to achieving simultaneous stable and high yield. The main
weakness appears to be the 15% IAV limit on TAC change which leads to restricted
TACs when the stock is improving. The current F2-s of 0.25 is consistent with the MSY
approach under the current low recruitment regime. The management plan is also
considered consistent with the MSY approach, although the trade-off between stabil-
ity and high yield will limit the maximising of yield in some circumstances. There is
no basis to further adjust the harvest control rule to account for recruitment variabil-
ity or trends. WKHERMP recommended that further work on the management plan
be carried out in 2011, prior to the December decisions by the EU and Norway, to de-
velop mechanisms that avoid the unwanted side-effects of the present plan.

The fishing mortality is reliably estimated by the stock assessment. Fishing mortality
is now below the target set by the management plan. The estimation of SSB is cur-
rently less precise as a result of revisions to recruiting year classes estimates (year
classes 2006, 2007 and 2008). This revises the numbers of fish in the stock upwards.
These revisions are thought to be due to the relative increase in the Downs compo-
nent, reducing the precision of the estimates of recruitment from the surveys (see Sec-
tion 2.5). The 2007 year class (2wr in 2010) was unusually immature (45% compared
to the expected 75-85%). The reasons for this are unknown (see Section 2.4.2). Thus
the SSB in 2010 is smaller than anticipated if average maturity was assumed. How-
ever, when this year class is fully mature it is expected to contribute to a further in-
crease in the SSB in 2011 and 2012.

The current estimates of the 2008 and 2009 year classes are above the geometric mean
of the time series and the year class of 2007 and 2008 have been revised upwards.
HAWG still considers the stock to be in a low productivity phase as the survival ratio
between newly hatched larvae and recruits is still much lower than prior to 2001. The
management plan has proved to be an effective tool for maintaining sustainable ex-
ploitation and conserving the North Sea herring stock in this lower productivity re-
gime.

North Sea herring and western Baltic spring spawning herring are managed under
mixed quotas in some areas of the North Sea, Skagerrak and Kattegat. With the de-
cline of the WBSS herring, conservation of this stock needs to be considered when
setting TACs. With the mixing of stocks within a fishery, primacy of consideration
should be given to protection of the stock most vulnerable to exploitation in the area
of overlap. Hence ICES recommended that the TAC setting for Illa consider the re-
quirements for MSY of western Baltic spring spawners before those of North Sea au-
tumn spawning herring (ACOM and WKWATSUP).

Catches in the transfer area in IVa (east) are generally assumed to be dominated by
western Baltic spring spawners. The current method of estimation (vertebral counts)
is not considered completely robust.

The options selected for the C- and D-fleets are compatible with the advised exploita-
tion of western Baltic spring spawners of 3.9 and 1.7 thousand tonnes of North Sea
autumn spawning herring for C and D fleets respectively.

The North Sea autumn spawning herring stock also includes the Downs herring
component (herring in Divisions IVc and VIId). The Downs stock has increased
greatly in recent years (see Section 2.12). The management of this component was
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discussed in detail in 2007 (ICES CM 2007 ACFM:11). There is no update to this ad-
vice.

Ecosystem considerations

Herring spawning and nursery areas, being near the coasts, are particularly sensitive
and vulnerable to anthropogenic influences. The most serious of these are the extrac-
tion of marine sand and gravel and the development of coastal wind farms. Herring
abandon and then repopulate spawning grounds and a lack of spawning in recent
years does not mean that the spawning ground is not required to maintain a resilient
herring population.

Herring is considered to have a major impact on most other fish stocks as predator
and is itself as prey for fish, seabirds and sea mammals in the North Sea area (Dickey-
Collas et al., 2010). Recent work using process-oriented length-based ecosystem mod-
elling (Speirs et al., 2010) and correlative approaches (Fauchald, 2010) suggests a link
between a large herring biomass and the repression of the North Sea cod recovery.
This suggests that through herring predation on cod eggs and larvae, a strong cod
recruitment is unlikely with the current state of the North Sea ecosystem.

The human consumption fisheries for herring are considered relatively clean, with
little by-catch of other fish, charismatic mega-fauna and almost no disturbance of the
sea bed. The evidence from observer programmes suggest that discarding of herring
is not widespread. Juvenile herring are caught as a bycatch of industrial fisheries and
these vessels catch a range of fish species. Most of these bycatches are monitored and
included in the catch statistics.

Changes in the environment

This stock has recently produced seven below average year classes in a row, which
has never been observed before (Payne et al., 2009). The 2008 and 2009 recruitments
are at the geometric mean of the series, but the survival ratio between newly hatched
larvae and the recruits suggests that herring are still in a lower productivity phase.
The change in survival rate co-varies with an increase in the mortality rate of the very
young larvae (Fassler et al., in press). The specific reasons for this are not known but
there appears to be a similarity in the trend with the inverse of stock biomass and
temperature. The pattern in the recruitment time series also shows a correlation to the
climatic forcing of the North Atlantic, via the NAO (North Atlantic Oscillation) and
the AMO (Atlantic Multidecadal Oscillation; Groger ef al., 2010). It is thought that the
climatic signal integrates many of the local processes affecting the larvae including
changes in temperature, salinity, water column stability, turbulence, primary produc-
tion and zooplankton community. Whilst studies of the specific processes are on-
going, the apparent correlation with the climate can be used to investigate future
trends in recruitment.

The environment also influences the growth of individual North Sea herring. Most of
the variations in size-at-age observed can be explained by density-dependent mecha-
nisms; however, temperature also plays a role. Temperature significantly explains the
variation in growth between cohorts of North Sea herring since the mid-1980s (Brunel
and Dickey-Collas, 2010). Cohorts experiencing warmer conditions throughout their
lifetime attain higher growth rates, but have shorter life expectancy and smaller as-
ymptotic size, and vice- versa for herring experiencing colder conditions.
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Table 2.1.1: Herring caught in the North Sea (Sub-area IV and Division VIId). Catch in tonnes by
country, 2001 - 2010. These figures do not in all cases correspond to the official statistics and
cannot be used for legal purposes.

Country 2001 2002 2003 2004 2005
Belgium - 23 5 8 6
Denmark ° 67096 70825 78606 99037 128380
Faroe Islands 1082 1413 627 402 738
France 243880 25422 31544 34521 38829
Germany 29779 27213 43953 41858 46555
Netherlands 51293 55257 81108 96162 81531
Norway ' 75886 74974 112481 137638 156802
Poland - - - - 458
Sweden 3695 3418 4781 5692 13464
USSR/Russia - - - - 99
UK (England) 14582 13757 18639 20855 25311
UK (Scotland) 26719 30926 40292 45331 73227
UK (N.Ireland) 1018 944 2010 2656 2912
Unallocated landings 27362 ° 31552 ° 31875 ° 48898 ° 57788
Total landings 323392 335724 445921 533058 626101
Discards - 17093 4125 17059 12824
Total catch 323392 352817 450046 550117 638925
Estimates of the parts of the catches which have been allocated to spring spawning stocks

IIla type (WBSS) 6449 6652 2821 7079 7039
Thames estuary * 107 60 84 62 74
Others’ 1097 0 308 0 0
Norw. Spring Spawners * 7108 4069 979 452 417
Country 2006 2007 2008 2009 2010
Belgium 3 1 - - -
Denmark 102322 84697 62864 46238 45869
Faroe Islands 1785 2891 2014 1803 3014
France 49475 24909 30347 18114 17745
Germany 40414 14893 8095 5368 7670
Netherlands 76315 66393 23122 24552 23872
Norway ' 135361 100050 59321 50445 46816
Lithuania - - - - 90
Sweden 10529 15448 13840 5299 4395
Russia - - - - -
UK (England) 22198 15993 11717 652 10770
UK (Scotland) 48428 35115 16021 14006 14373
UK (N.Ireland) 3531 638 331 - -
Unallocated landings 18764 26641 17151 =726 0
Total landings 509125 387669 244823 165751 174614
Discards 1492 93 224 91 13
Total catch 510617 387762 245047 165842 174627
Estimates of the parts of the catches which have been allocated to spring spawning stocks

Ila type (WBSS) 10954 1070 124 3941 774
Thames estuary * 65 2 7 48 85
Others * 0 0 0 0 0
Norw. Spring Spawners * 626 685 2721 44560 56900

1Catches of Norwegian spring spawners removed (taken under a separate TAC).

2 Landings from the Thames estuary area are included in the North Sea catch figure for UK (England).
3 Caught in the whole North Sea, partly included in the catch figure for The Netherlands

¢ 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.
5 may include misreported catch from VIaN and discards

¢ Including any by-catches in the industrial fishery
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Table 2.1.2: Herring caught in the North Sea. Catch in tonnes in Division IVa West. These figures
do not in all cases correspond to the official statistics and cannot be used for legal purposes.

Country 2001 2002 2003 2004 2005
Denmark 1 17770 26422 48358 48128 80990
Faroe Islands 192 - 95 -

France 8164 10522 11237 10941 13474
Germany 17753 15189 25796 17559 22278
Netherlands 17503 3 18289 25045 43876 36619
Norway 11653 10836 34443 36119 66232
Poland - - - - 458
Sweden 1418 2397 2647 2178 8261
Russia - - - - 99
UK (England) 12283 10142 12030 13480 15523
UK (Scotland) 25105 30014 39970 43490 71941
UK (N. Ireland) 1018 944 2010 2656 2912
Unallocated landings 24725 2 14201 2 14115 2 28631 2 39324
Misreporting from VIa North

Total Landings 137584 138956 215746 247058 358111
Discards 17093 4125 15794 10861
Total catch 137584 156049 219871 262852 368972
Country 2006 2007 2008 2009 2010
Denmark 1 60462 45948 28426 16550 25092
Faroe Islands 580 1118 2 288 1110
France 18453 8570 13068 7067 6412
Germany 18605 4985 498 - 505
Netherlands 39209 42622 11634 11017 13593
Norway 38363 40279 40304 25926 38897
Lithuania - - - - 90
Sweden 4957 7658 7025 1435 2310
Russia - - - - -
UK (England) 12031 11833 8355 578 7384
UK (Scotland) 47368 35115 14727 10249 13567
UK (N. Ireland) 3531 638 331 -

Unallocated landings 10981 2 22215 14952 -977 0
Misreporting from Vla North

Total Landings 253048 220981 139322 72133 108960
Discards 1492 93 194 91 13
Total catch 254540 221074 139516 72224 108973

1Including any by-catches in the industrial fishery
2 May include misreported catch from VIaN and discards
3 Including 1057 t of local spring spawners
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Table 2.1.3: Herring caught in the North Sea. Catch in tonnes in Division IVa East. These figures
do not in all cases correspond to the official statistics and cannot be used for legal purposes.

Country 2001 2002 2003 2004 2005
Denmark 1 18466 17846 7401 16278 5761
Faroe Islands 890 1365 359 - 738
France - - - - -
Germany - 81 54 888 -
Netherlands - - - - -
Norway 2 56904 63482 62306 100443 89925
Sweden 517 568 1529 1720 3510
Unallocated landings 0 3959 9988 0 0
Total landings 76777 87301 81637 119329 99934
Discards - - - - -
Total catch 76777 89303 83640 119329 99934
Norw. Spring Spawners 4 7108 4069 979 452 417
Country 2006 2007 2008 2009 2010
Denmark 1 8614 2646 1587 499 -

Faroe Islands 975 577 400 700 719
France - - - - -
Germany 34 - - - -
Netherlands - 263 - - -
Norway 2 90065 54424 17474 6981 7362
UK (Scotland) 83 - - - -
Sweden 2857 640 - 1735 1505
Unallocated landings 0 -96 3 0 0 0
Total landings 102628 58454 19461 9915 9586
Discards - - - - -
Total catch 102628 58454 19461 9915 9586
Norw. Spring Spawners 4 626 685 2721 44560 56900

1Including any by-catches in the industrial fishery

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

3 Negative unallocated catches due to misreporting into other areas

4 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 for this area
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Table 2.1.4: Herring caught in the North Sea. Catch in tonnes in Division IVb. These figures do
not in all cases correspond to the official statistics and cannot be used for legal purposes.

Country 2001 2002 2003 2004 2005
Denmark 1 30277 26387 22574 33857 41423
Faroe Islands - 48 173 402 -
France 7796 4214 7918 10592 10205
Germany 8340 7577 12116 13823 14381
Netherlands 24160 13154 19115 23649 10038
Norway 7329 656 15732 1076 645
Sweden 1760 453 605 1794 1694
UK (England) 814 317 2632 2864 3869
UK (Scotland) 1614 289 322 1841 1286
Unallocated landings 3 22885 4052 2401 | 8300 10233
Total landings 59205 57147 78786 98198 93774
Discards 2 1265 1963
Total catch 59205 57147 78786 99463 95737
Country 2006 2007 2008 2009 2010
Denmark 1 32277 35990 32230 29164 19671
Faroe Islands 200 1196 1612 815 1185
France 17385 8421 9687 4316 2349
Germany 14222 2205 2415 1061 1994
Netherlands 13363 8550 904 3164 830
Norway 6933 5347 1543 17538 557
Sweden 2715 7150 6815 2129 580
UK (England) 4924 577 833 2 1577
UK (Scotland) 977 - 1293 3757 805
Unallocated landings 3 2364 -203 -904 -166 0
Total landings 95360 69233 56428 61780 29548
Discards 2 30

Total catch 95360 69233 56458 61780 29548

1Including any by-catches in the industrial fishery

2 Discards partly included in unallocated landings

3 Negative unallocated catches due to misreporting from other areas

¢ May include discards. Negative unallocated due to misreporting into other areas
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Table 2.1.5: Herring caught in the North Sea. Catch in tonnes in Division IVc and VIId. These
figures do not in all cases correspond to the official statistics and cannot be used for legal
purposes.

Country 2001 2002 2003 2004 2005
Belgium - 23 5 8 6
Denmark 583 170 273 774 206
France 8750 10686 12389 12988 15150
Germany 3686 4366 5987 9588 9896
Netherlands 9630 23814 36948 28637 34874
UK (England) 1485 3298 3977 4511 5919
UK (Scotland) - 623 - - -
Unallocated landings 25522 3 5336 8170 9963 8231
Total landings 49656 50318 67749 68473 74282
Discards 2 - - - -
Total catch 49656 50318 67749 68473 74282
Coastal spring spawners 147 4 60 84 62 74

included above 1

Country 2006 2007 2008 2009 2010
Belgium 3 1 - - -
Denmark 969 113 621 25 1106
Faroe Islands 30 - - - -
France 13637 7918 7592 6731 8984
Germany 7553 7703 5182 4307 5171
Netherlands 23743 14958 10584 10371 9449
UK (England) 5243 3583 2529 72 1809
UK (Scotland) - - 1 - 1
Unallocated landings 5419 4725 3103 417 0
Total landings 56597 39001 29612 21923 26520
Discards 2 - - -

Total catch 56597 39001 29612 21923 26520
Coastal spring spawners 65 2 7 48 85

included above 1

1Landings from the Thames estuary area are included in the North Sea catch figure for UK (England)
2 Discards partly included in unallocated landings

3 May include misreported catch and discards

¢ Thames/Blackwater herring landings: 107 t, others included in the catch figure for The Netherlands
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Table 2.1.6 (“The Wonderful Table”) HERRING in Subarea IV, D
thousand tonnes.
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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 and Div Illa in 2010. Catch in numbers (millions) at age (CANUM), by quarter and

division.
lla IVa(E) IVa(E) IVa(E) IVa(W) IVb Ve Vid IVa& IVc& Total Herring
NSAS all WBBS NSAS Vb Viid NSAS  caught in the
WR only NSAS North Sea
Quarters: 1-4
0 48.6 0.0 0.0 0.0 0.0 47658 495 00 4768 495 574.9 526.3
1 197.0 2.0 0.0 20 518 2241 8.1 0.2 75.9 8.3 281.3 843
2 433 12.2 00 122 1439 410 44 419 1970 46.3 286.7 243.4
3 0.3 16.3 05 157 1452 293 42 386  190.2 42.8 233.3 233.5
4 0.1 5.7 1.0 47 822 258 141 94 1128 10.5 123.4 124.3
5 0.1 2.0 0.4 16 568  16.8 0.2 7.8 75.2 8.0 83.3 83.6
6 0.0 3.9 0.5 34 354 9.9 25 1.7 48.7 142 62.9 63.4
7 0.1 22 0.3 19 202 42 0.8 6.9 26.3 76 34.0 342
8 0.0 341 0.3 28 384 10.1 1.0 7.2 50.9 8.2 59.1 59.4
9+ 0.0 7.3 0.7 6.6 400 1.7 1.5 5.6 48.3 7.0 55.3 56.0
Sum _ 289.6 54.7 38 509 6135 6377 733 1292 1302.0 2025 1794.1 1508.3
Quarter: 1
0 0.0 0.0 0.0 0.0 00 149 0.0 0.0 149 0.0 149 149
1 387 04 0.0 04 24 0.8 12 0.0 36 12 435 438
2 303 28 0.0 28 203 13 19 0.3 24 4 22 56.9 26.6
3 0.1 35 0.0 35 332 1.1 09 47 377 55 434 433
4 0.0 13 0.3 10 160 110 0.2 1.1 28.0 13 293 29.5
5 0.0 0.4 0.1 0.3 7.1 2.3 0.1 0.5 9.7 06 10.2 10.3
6 0.0 05 0.1 0.4 0.7 0.1 0.3 19 13 22 35 3.6
7 0.0 0.4 0.1 0.3 46 0.7 0.2 0.9 5.6 10 6.7 6.7
8 0.0 0.5 0.1 0.4 47 24 0.1 0.3 7.6 04 8.0 8.1
9+ 0.0 0.9 0.2 0.7 0.8 0.0 0.2 13 15 15 3.0 3.2
Sum _ 69.1 10.7 0.8 99  89.8 347 5.0 11.0 1344 15.9 219.4 151.1
Quarter: 2
0 0.0 0.0 0.0 0.0 00 527 0.0 0.0 527 0.0 52.7 527
1 40.1 0.7 0.0 07 157 2.0 0.1 0.0 18.3 0.1 58.5 18.4
2 8.0 6.1 0.0 61 738 115 0.0 0.0 913 0.1 99.4 91.4
3 0.1 9.2 0.0 92 611 57 0.0 0.2 75.9 03 76.3 76.2
4 0.1 25 0.2 23 205 19 0.0 0.1 247 0.1 25.0 25.0
5 0.0 05 0.0 04 7.0 0.0 0.0 0.0 75 0.0 75 75
6 0.0 22 0.2 2.1 8.8 10 0.0 0.1 12.0 0.1 1241 12.2
7 0.0 12 0.1 1.1 3.0 0.0 0.0 0.0 441 0.0 42 43
8 0.0 15 0.1 14 7.0 18 0.0 0.0 10.1 0.0 10.2 10.3
9+ 0.0 39 0.3 36 9.6 0.0 0.0 0.1 13.2 0.1 13.3 13.6
Sum 485 278 10 2658 2064 7638 0.2 05  310.0 0.7 359.2 311.7
Quarter: 3
0 457 0.0 0.0 0.0 00 3262 0.2 00 3262 0.2 372.0 326.4
1 59.1 0.2 0.0 02 129 5.4 0.0 0.0 18.4 0.0 775 18.4
2 47 29 0.0 29 411 12.9 0.0 0.3 56.9 03 61.9 57.2
3 0.1 3.0 05 25 412 1241 0.0 0.3 5587 04 56.2 56.7
4 0.0 0.9 0.3 06 310 114 0.0 0.1 4307 01 431 433
5 0.1 04 0.1 03 309 134 0.0 0.1 446" 041 44.7 447
6 0.0 0.7 0.1 06 170 7.0 0.0 0.1 2457 02 247 24.8
7 0.0 04 0.0 0.3 9.8 34 0.0 0.1 1357 0.1 13.6 13.7
8 0.0 05 0.0 05 190 56 0.0 0.1 252" 041 25.2 25.2
9+ 0.0 17 0.0 17 200 15 0.0 0.1 232" o041 23.2 23.2
Sum__ 109.6 10.7 1.2 9.5 2229 3987 0.2 12 6312 1.4 742.2 633.8
Quarter: 4
0 3.0 0.0 0.0 0.0 00 830 493 0.0 8307 493 135.2 132.2
1 59.2 0.8 0.0 08 209 139 6.8 0.2 3567 741 101.8 42.6
2 0.3 0.4 0.0 04 87 153 25 413 244" 438 68.4 68.2
3 0.0 0.6 0.0 0.6 98 104 34 333 208" 367 57.4 57.4
4 0.0 1.1 0.2 09 1438 15 09 8.1 1747 90 26.1 26.4
5 0.0 0.7 0.1 05 119 1.1 0.1 72 1357 73 208 21.0
6 0.0 0.4 0.1 0.3 8.9 17 22 95 109”7 117 226 227
7 0.0 0.2 0.0 0.2 27 0.2 0.6 5.9 30" 65 9.5 9.5
8 0.0 0.6 0.1 0.4 7.3 0.2 0.9 6.8 807 77 15.7 15.8
9+ 0.0 0.8 0.2 0.6 9.6 0.1 1.2 441 1037 54 15.7 15.9

Sum 62.4 5.5 0.8 4.7 944 1275 67.9 116.5 226.5 184.4 473.3 411.7
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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 and Div IIla in 2010. Mean weight-at-age (kg) in the catch
(WECA), by quarter and division.
la  IVa(E) IVa(E)  IVa(W) Vb Ve Vid INa& IVc& Total Herring

NSAS all  WBSS IVb Vild NSAS  caught in the
WR all North Sea
Quarters: 1-4
0 0008  0.000  0.000 0000 0007 0015 0000 0007 0.015 0.008 0.008
1 0051 0080  0.068 0087 0051 0037 04113 0076  0.039 0.057 0.072
2 0077 0431  0.432 0137 04134 0095 0450 0136  0.145 0.129 0.138
3 0122 04154  0.157 0166 0176 0166  0.167  0.167  0.167 0.167 0.167
4 0149 0201  0.200 0195 0182 0186  0.187  0.192  0.187 0.191 0.192
5 0191 0201  0.206 0223 0229 0189 0205 0224 0.204 0.220 0.222
6 0221 0210 0211 0220 0237 0205 0207 0222  0.207 0.219 0.219
7 0216 0223 0219 0216 0235 0210 0207 0220  0.207 0.216 0.217
8 0.205  0.248  0.236 0.236 0232 0231 0222 0236 0.223 0.233 0.234
9+ 0000 0235 0.235 0252 0265 0243 0209  0.250  0.216 0.244 0.245
Quarter: 1
0 0000 0000  0.000 0.000 0005 0000 0000 0005  0.000 0.005 0.005
1 0.016  0.066  0.066 0.052 0060 0.020 0.000 0055  0.020 0.019 0.047
2 0072 04129  0.129 0119 04107 0037 04102 0.119  0.045 0.090 0.113
3 0.117  0.154  0.154 0.148  0.133  0.134  0.134  0.148  0.134 0.146 0.146
4 0000 0195  0.195 0153 0148 0160  0.161 0153  0.161 0.154 0.153
5 0000 0188  0.188 0159 0471 0475 0474  0.163  0.174 0.164 0.163
6 0000 0210 0210 0203 0207 04191  0.189 0206  0.189 0.195 0.196
7 0231 0207  0.207 060 04172 0192 04191  0.165  0.191 0.170 0.169
8 0000 0232 0232 0177 0473 04195  0.192 0180  0.192 0.180 0.180
9+ 0000 0235 0235 0223 0204 0202 0200 0228  0.200 0.214 0.215
Quarter: 2
0 0000 0000  0.000 0.000 0005 0000 0000 0005  0.000 0.005 0.005
1 0.018  0.063  0.063 0.074 0066 0076 0000 0073  0.076 0.035 0.073
2 0076 04130  0.130 0129 04132 04129 04103 0430  0.123 0.125 0.130
3 0117 0451  0.151 0156  0.156  0.169  0.134  0.156  0.138 0.156 0.156
4 0149 0208  0.208 091 0163 0219  0.160 0.191 0475 0.191 0.191
5 0.187  0.183  0.183 0.214 0230 0242 0175 0212  0.192 0.212 0.212
6 0221 0209  0.209 0205 0193 0219 04191 0204  0.194 0.205 0.204
7 0.197 0228  0.228 0.206 0212 0257  0.192 0212  0.197 0.213 0.212
8 0205 0261  0.261 0222 0203 0225 0195 0224 0203 0.225 0.224
9+ 0000 0235 0235 0226 0205 0234 0202 0228  0.205 0.228 0.228
Quarter: 3
0 0.007  0.000  0.000 0.000  0.005 0.005 0000  0.005  0.005 0.005 0.005
1 0074 0068  0.068 0.088 0043 0067 0000 0075  0.067 0.075 0.075
2 0111 04132 0432 0160 04137 0143 0441 04153  0.141 0.149 0.153
3 0.134 04157  0.157 0192 0194  0.188  0.167  0.191  0.167 0.189 0.190
4 0000 0210 0210 0224 0219 0223 04185 0222  0.187 0.221 0.222
5 0.194 0223 0223 0247 0241 0250 0196 0245  0.199 0.243 0.245
6 0000 0207  0.207 0234 0253 0248 0211 0239 0211 0.237 0.238
7 0.000 0233 0233 0.248 0249 0273 0207 0248  0.208 0.246 0.247
8 0000 0266  0.266 0264 0268 0271 0216 0265 0217 0.263 0.265
9+ 0.000 0235 0235 0273 0272 0262 0213 0271 _ 0.214 0.267 0.270
Quarter: 4
0 0015  0.000  0.000 0.000 0015 0015 0000 0015 0.015 0.015 0.015
1 0072  0.104  0.104 0.099 0051 0040 0113 0080  0.042 0.073 0.074
2 0.084  0.149  0.149 0138  0.137  0.439  0.150 0137  0.150 0.146 0.145
3 0000 0187  0.187 0186 04171 0473 0472 0478  0.172 04175 0174
4 0.000  0.186  0.186 0.183  0.180  0.191  0.191  0.183  0.191 0.186 0.185
5 0000 0207  0.207 0205 0197 04193 0207 0204  0.207 0.206 0.205
6 0000 0225 0225 0210 04198 0207 0211 0208 0210 0.212 0.209
7 0.000 0209  0.209 0210  0.185 0214 0209 0208 0210 0.211 0.209
8 0000 0213 0213 0214 0202 0233 0224 0213 0225 0.221 0.219
9+ 0.000  0.234 0234 0.234 0234 0250 0213 0234  0.221 0.230 0.230
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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 2010. Mean length-at-age (cm) in the catch, by quarter and
division.

la IVa(E) IVa(E) IVa(W) IVb Ve viid IVa & Ve &

NSAS all WBSS IVb Viid
WR all
Quarters: 1-4
0 nd. 0.0 nd. 00 105 1338 0.0 105 138
1 nd. 206 n.d. 218 184 184 23.3 20.8 18.2
2 nd. 2441 nd. 248 248 224 256 248 253
3 nd.  26. nd. 270 272 267 266 26.9 26.6
4 nd. 2841 nd. 284 283 276 275 284 275
5 nd. 287 n.d. 295 300 276 283 296 282
6 nd. 285 nd. 294 297 287 284 294 285
7 nd. 290 nd. 293 300 285 285 29.4 28.5
8 nd. 307 n.d. 300 304 295 286 30.1 28.7
o+ nd. 292 nd. 302 305 297 287 30.1 28.9
Quarter: 1
0 nd. 0.0 nd. 0.0 9.8 0.0 0.0 9.8 0.0
1 nd. 19.3 nd. 188 1856 16.0 0.0 188 16.0
2 nd. 242 nd. 248 242 186 235 247 193
3 nd. 263 nd. 273 263 255 255 272 255
4 nd. 278 nd. 277 278 268 270 278 27.0
5 nd. 282 nd. 282 295 2741 27.1 285 27.1
6 nd. 284 n.d. 28.1 290 282 283 283 28.2
7 nd. 287 n.d. 285 285 282 282 285 28.2
8 nd. 302 n.d. 294 296 284 284 295 284
9+ nd. 290 nd. 287 286 286 286 28.9 28.6
Quarter: 2
0 nd. 0.0 nd. 0.0 9.8 0.0 0.0 9.8 0.0
1 nd. 185 nd. 20.0 190 204 0.0 19.9 204
2 nd. 240 nd. 241 248 243 235 242 241
3 nd. 259 nd. 260 265 267 255 26.0 256
4 nd.  28.1 nd. 275 270 289 268 275 27.3
5 nd. 281 nd. 283 290 294 2741 283 277
6 nd. 285 n.d. 283 286 292 282 28.4 283
7 nd. 290 nd. 285 283 299 282 287 283
8 nd. 311 n.d. 289 290 292 284 29.2 28.6
9+ nd. 291 n.d. 289 286 295 286 29.0 286
Quarter: 3
0 nd. 0.0 nd. 0.0 9.8 9.8 0.0 9.8 9.8
1 nd. 19.0 nd. 217 16.0 18.6 0.0 20.0 186
2 nd. 239 nd. 258 248 246 252 255 25.1
3 nd.  26.1 nd. 278 280 2741 265 278 26.5
4 nd. 280 nd. 292 291 289 273 292 274
5 nd. 290 nd. 300 303 297 279 30.1 279
6 nd. 282 n.d. 297 308 300 284 30.0 285
7 nd.  29.1 n.d. 30.1 304 305 284 30.2 284
8 nd. 310 nd. 306 313 303 286 30.8 286
9+ nd. 289 nd. 308 306 304 287 306 28.8
Quarter: 4
0 nd. 0.0 nd. 0.0 138 138 0.0 138 138
1 nd. 235 nd. 235 193 184 233 2138 185
2 nd. 265 nd. 262 250 253 258 255 256
3 nd. 277 nd. 282 268 270 268 275 26.8
4 nd. 286 nd. 286 275 278 276 285 276
5 nd. 292 nd. 206 283 277 284 29.5 28.3
6 nd. 297 nd. 298 264 287 285 293 285
7 nd. 290 n.d. 290 274 286 285 289 285
8 nd. 296 nd. 298 285 296 286 297 288
9+ nd. 306 n.d. 306 306 299 287 30.6 29.0
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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 and Div IIla in 2010. Catches (tonnes) at-age (SOP figures), by
quarter and division.

lla IVa(E) IVa(E) IVa(E) IVa(W) Vb Ve VIid INa& IVc& Total
NSAS all WBSS NSAS Vb Vid NSAS
WR only NSAS
Quarters: 1-4
0 0.4 0.0 0.0 0.0 0.0 3.2 0.7 0.0 3.2 0.7 43
1 10.0 0.2 0.0 0.2 45 141 0.3 0.0 5.8 0.3 16.1
2 3.3 16 0.0 16 197 5.5 0.4 63 2638 6.7 36.8
3 0.0 2.5 0.1 24 242 5.1 0.7 64 317 74 389
4 0.0 1.2 0.2 10  16.0 47 0.2 18 217 2.0 23.7
5 0.0 0.4 0.1 03 126 3.8 0.0 16 1638 16 18.5
6 0.0 0.8 0.1 0.7 7.8 2.3 0.5 24 108 2.9 13.8
7 0.0 0.5 0.1 0.4 44 1.0 0.2 14 5.8 1.6 74
8 0.0 0.8 0.1 0.7 9.0 23 0.2 16 120 1.8 13.8
9+ 0.0 1.7 0.2 1.5 1041 0.5 0.4 1.2 124 1.5 13.6
Sum 138 9.6 0.8 8.8 1082 296 37 227 1466 264 186.8
Quarter: 1
0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1
1 0.6 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.2 0.0 0.8
2 2.2 0.4 0.0 0.4 24 0.1 0.1 0.0 29 0.1 5.2
3 0.0 0.5 0.0 0.5 49 0.1 0.1 0.6 5.6 0.7 6.3
4 0.0 0.2 0.0 0.2 24 16 0.0 0.2 43 0.2 45
5 0.0 0.1 0.0 0.1 11 0.4 0.0 0.1 16 0.1 1.7
6 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.4 0.3 04 0.7
7 0.0 0.1 0.0 0.1 0.7 0.1 0.0 0.2 0.9 0.2 141
8 0.0 0.1 0.0 0.1 0.8 04 0.0 0.1 14 0.1 14
9+ 0.0 0.2 0.0 0.2 0.2 0.0 0.0 0.3 0.3 0.3 0.6
Sum 2.8 1.8 0.2 1.6 129 3.0 0.4 18 175 2.2 225
Quarter: 2
0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.0 0.3
1 0.7 0.0 0.0 0.0 12 0.1 0.0 0.0 13 0.0 2.1
2 0.6 0.8 0.0 0.8 95 15 0.0 00 118 0.0 12.5
3 0.0 14 0.0 14 95 0.9 0.0 00 118 0.0 11.9
4 0.0 0.5 0.0 0.5 3.9 0.3 0.0 0.0 47 0.0 4.7
5 0.0 0.1 0.0 0.1 15 0.0 0.0 0.0 16 0.0 16
6 0.0 0.5 0.0 04 18 0.2 0.0 0.0 24 0.0 25
7 0.0 0.3 0.0 0.3 0.6 0.0 0.0 0.0 0.9 0.0 0.9
8 0.0 04 0.0 04 15 0.4 0.0 0.0 23 0.0 2.3
o+ 0.0 0.9 0.1 0.8 2.2 0.0 0.0 0.0 3.0 0.0 3.0
Sum 14 4.9 0.2 47 3138 3.7 0.0 01 402 0.1 M7
Quarter: 3
0 0.3 0.0 0.0 0.0 0.0 16 0.0 0.0 16 0.0 2.0
1 44 0.0 0.0 0.0 1.1 0.2 0.0 0.0 14 0.0 5.7
2 0.5 0.4 0.0 0.4 6.6 18 0.0 0.0 8.7 0.0 9.3
3 0.0 0.5 0.1 0.4 7.9 23 0.0 01 106 0.1 10.7
4 0.0 0.2 0.1 0.1 6.9 25 0.0 0.0 9.6 0.0 9.6
5 0.0 0.1 0.0 0.1 76 3.2 0.0 00 109 0.0 10.9
6 0.0 0.2 0.0 0.1 40 18 0.0 0.0 5.9 0.0 5.9
7 0.0 0.1 0.0 0.1 24 0.8 0.0 0.0 3.4 0.0 3.4
8 0.0 0.1 0.0 0.1 5.0 15 0.0 0.0 6.7 0.0 6.7
9+ 0.0 04 0.0 04 5.5 04 0.0 0.0 6.3 0.0 6.3
Sum 5.2 1.9 0.2 1.7 474 162 0.0 02  65.0 0.2 70.4
Quarter: 4
0 0.0 0.0 0.0 0.0 0.0 12 0.7 0.0 12 0.7 2.0
1 43 0.1 0.0 0.1 2.1 0.7 0.3 0.0 2.8 0.3 7.4
2 0.0 0.1 0.0 0.1 12 2.1 0.3 6.2 33 6.6 9.9
3 0.0 0.1 0.0 0.1 18 18 06 5.7 37 6.3 10.0
4 0.0 0.2 0.0 0.2 27 0.3 0.2 15 3.1 17 438
5 0.0 0.1 0.0 0.1 24 0.2 0.0 15 238 15 43
6 0.0 0.1 0.0 0.1 19 0.3 0.4 20 2.3 25 47
7 0.0 0.0 0.0 0.0 0.6 0.0 0.1 12 06 14 2.0
8 0.0 0.1 0.0 0.1 16 0.0 0.2 15 17 17 34
9+ 0.0 0.2 0.0 0.1 2.2 0.0 0.3 0.9 24 1.2 3.6
Sum 4.3 1.0 0.2 09 164 6.8 32 206 240 239 522
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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 2010. 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 caughtin the
WR only NSAS North Sea
Quarters: 14
0 16.8% 0.0% 0.0% 0.0% 0.0% 74.8% 67.5% 0.0% 36.6% 24.4% 32.0% 34.9%
1 68.0% 3.7% 0.7% 3.9% 8.4% 35% 111% 0.2% 5.8% 41% 15.7% 5.6%
2 15.0% 22.3% 0.9% 23.9% 23.4% 6.4% 6.0% 32.5% 15.1% 22.9% 16.0% 16.1%
3 01% 29.7% 13.8% 30.9% 23.7% 4.6% 58% 299% 14.6% 21.1% 13.0% 15.5%
4 0.1% 10.5% 26.2% 9.3% 13.4% 4.0% 1.6% 7.3% 8.7% 5.2% 6.9% 8.2%
5 0.0% 3.6% 10.3% 3.1% 9.3% 2.6% 0.3% 6.0% 5.8% 4.0% 4.6% 5.5%
6 0.0% 71% 13.8% 6.6% 5.8% 1.6% 3.4% 9.1% 3.7% 7.0% 3.5% 4.2%
7 0.0% 4.0% 7.2% 3.8% 3.3% 0.7% 1.0% 5.3% 2.0% 3.8% 1.9% 2.3%
8 0.0% 5.7% 9.3% 5.4% 6.2% 1.6% 1.3% 5.6% 3.9% 4.0% 3.3% 3.9%
9+ 0.0% 13.3% 17.8%  13.0% 6.5% 0.3% 2.0% 4.3% 3.7% 3.5% 3.1% 3.7%
Sum 3+ 0.2% 74.0% 98.5% 721% 68.1% 15.3% 15.4% 67.4% 42.4% 48.6% 36.3% 43.4%
Quarter: 1
0 0.0% 0.0% 0.0% 0.0% 0.0% 43.0% 0.0% 0.0% 11.1% 0.0% 6.8% 9.9%
1 55.9% 3.9% 0.0% 4.3% 2.7% 23% 246% 0.0% 2.7% 7.7% 19.8% 3.2%
2 43.9% 26.2% 0.0% 28.3% 22.6% 3.9% 37.9% 2.6% 18.2% 13.6% 25.9% 17.6%
3 02% 326% 00% 352% 37.0% 31% 172% 428% 281% 34.8% 19.8% 28.7%
4 0.0% 11.8% 31.6% 10.2% 17.8% 31.7% 3.8% 10.3% 20.8% 8.3% 13.4% 19.6%
5 0.0% 39% 10.3% 3.3% 7.9% 6.6% 1.7% 4.3% 72% 3.5% 4.7% 6.8%
6 0.0% 4.8% 12.9% 4.1% 0.8% 0.4% 6.3% 17.4% 0.9% 14.0% 1.6% 2.4%
7 0.0% 38% 102% 3.3% 52% 1.9% 3.0% 7.9% 4.2% 6.3% 3.0% 4.4%
8 0.0% 5.0% 13.3% 4.3% 5.3% 7.0% 1.1% 2.9% 5.6% 2.4% 3.6% 5.3%
9+ 0.0% 81% 21.7% 7.0% 0.9% 0.1% 43%  11.8% 1.1% 9.4% 1.4% 2.1%
Sum 3+ 0.2% 69.9% 100.0% 67.4% 74.7% 50.9% 37.5% 97.4% 68.0% 78.7% 47.4% 69.3%
Quarter: 2
0 0.0% 0.0% 0.0% 0.0% 0.0% 68.7% 0.0% 0.0% 17.0% 0.0% 14.7% 16.9%
1 82.7% 2.4% 0.0% 2.5% 7.6% 2.6% 27.5% 0.0% 5.9% 7.0% 16.3% 5.9%
2 166% 21.9% 0.0% 227% 357% 149% 27.3% 27%  295% 9.0% 27.7% 29.3%
3 0.2% 33.0% 0.0% 34.2% 29.6% 7.4% 14.9% 44.7% 24.5% 37.0% 21.2% 24.4%
4 0.3% 91% 21.3% 8.7% 9.9% 2.5% 9.6% 9.9% 8.0% 9.8% 6.9% 8.0%
5 0.1% 1.7% 4.0% 1.6% 3.4% 0.0% 4.5% 4.4% 2.4% 4.5% 21% 2.4%
6 0.0% 81%  18.9% 77% 4.3% 1.4% 76% 16.4% 39% 14.1% 3.4% 3.9%
7 0.1% 4.4% 10.2% 4.2% 1.5% 0.0% 1.8% 7.8% 1.3% 6.3% 1.2% 1.4%
8 0.0% 54%  12.5% 51% 3.4% 2.4% 3.1% 2.8% 3.3% 2.9% 2.8% 3.3%
9+ 0.0% 14.1% 33.0% 13.4% 4.6% 0.1% 3.7% 11.3% 4.3% 9.3% 3.7% 4.4%
Sum 3+ 0.7% 758% 100.0% 74.9% 56.7% 13.7% 453% 97.3% 47.6%  83.9% 41.3% 47.9%
Quarter: 3
0 41.7% 0.0% 0.0% 0.0% 0.0% 81.8% 84.1% 0.0% 51.7% 14.3% 50.1% 51.5%
1 53.9% 1.7% 2.2% 1.6% 5.8% 1.3% 2.7% 0.0% 2.9% 0.5% 10.4% 2.9%
2 43% 27.3% 27% 303% 184% 3.2% 37%  26.3% 9.0% 22.5% 8.3% 9.0%
3 0.1% 28.3% 43.7% 26.4% 18.5% 3.0% 2.2% 29.0% 8.8% 24.5% 7.6% 8.9%
4 0.0% 81%  25.0% 6.0% 13.9% 2.9% 2.7% 7.3% 6.8% 6.5% 5.8% 6.8%
5 0.0% 3.9% 10.8% 3.1% 13.8% 3.4% 1.4% 5.1% 71% 4.5% 6.0% 71%
6 0.0% 68% 122% 6.1% 7.6% 1.8% 1.0% 126% 39% 10.6% 3.3% 3.9%
7 0.0% 3.4% 3.4% 3.4% 4.4% 0.8% 0.6% 71% 2.1% 6.0% 1.8% 2.2%
8 0.0% 4.9% 0.0% 5.5% 8.5% 1.4% 0.6% 6.9% 4.0% 5.9% 3.4% 4.0%
9+ 0.0% 15.6% 0.0% 17.6% 9.0% 0.4% 0.9% 5.6% 3.7% 4.8% 3.1% 3.7%
Sum 3+ 01% 71.0% 951% 68.0% 75.8% 13.6% 95% 73.7% 36.4% 62.8% 31.1% 36.6%
Quarter: 4
0 4.7% 0.0% 0.0% 0.0% 00% 651% 725% 00% 366% 26.7% 28.6% 32.1%
1 94.9% 14.1% 0.0% 16.3% 221% 10.9% 10.1% 0.2% 15.7% 3.8% 21.5% 10.3%
2 0.4% 7.5% 0.0% 8.7% 92% 12.0% 36% 355% 10.8% 23.7% 14.5% 16.6%
3 0.0% 10.6% 0.0% 12.2% 10.3% 8.2% 4.9% 28.6% 9.2% 19.9% 12.1% 13.9%
4 0.0% 19.6% 28.9% 18.1% 15.7% 1.2% 1.4% 7.0% 7.6% 4.9% 5.5% 6.4%
5 0.0% 12.3% 18.1% 11.4% 12.6% 0.9% 0.2% 6.2% 6.0% 4.0% 4.4% 5.1%
6 0.0% 7.0% 10.4% 6.5% 9.4% 1.4% 3.2% 8.2% 4.8% 6.4% 4.8% 5.5%
7 0.0% 4.0% 5.9% 3.7% 2.8% 0.1% 0.9% 5.1% 1.3% 3.5% 2.0% 2.3%
8 0.0% 10.3% 15.2% 9.5% 7.8% 0.2% 1.4% 5.8% 3.5% 4.2% 3.3% 3.8%
9+ 0.0% 14.6% 215% 135%  10.2% 0.1% 1.8% 3.6% 4.6% 2.9% 3.3% 3.9%

Sum 3+ 00% 78.4% 100.0% 74.9% 68.7% 12.0% 13.8% 644% 369% 45.7% 35.5% 41.0%
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Table 2.2.6: Total catch of herring caught in the North Sea and Div. IIla: 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.

2008  FleetA 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 66.3 0.010 646.3 0.007 4.3 0.036 81.3 0.015 798.3 0.008
1 78.4 0.061 70.1 0.040 59.2 0.071 27.4 0.029 235.0 0.053
2 259.7 0.141 0.0 0.000 52.6 0.087 19.4 0.085 331.7 0.129
3 182.8 0.180 0.0 0.000 1.7 0.109 0.2 0.110 184.7 0.180
4 198.7 0.181 0.0 0.000 0.2 0.139 0.0 0.133 198.9 0.181
5 137.3 0.183 0.0 0.000 0.1 0.168 0.0 0.187 137.5 0.183
6 118.2 0.216 0.0 0.000 0.1 0.175 0.0 0.161 118.3 0.216
7 215.0 0.216 0.0 0.000 0.3 0.203 0.0 0.184 215.4 0.216
8 74.3 0.256 0.0 0.000 0.1 0.199 0.0 0.159 74.3 0.256
9+ 42.9 0.273 0.0 0.000 0.0 0.000 0.0 0.000 42.9 0.273

TOTAL 1,373.6 716.4 118.6 128.3 2,336.9

SOP catch 238.7 7.1 9.2 3.7 258.8

Figures for A fleet include 50 t unsampled bycatch in the industrial fishery

2009 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 39.6 0.017 493.7 0.009 1.0 0.018 115.8 0.009 650.0 0.009
1 20.9 0.076 77.5 0.036 49.6 0.086 27.9 0.013 175.9 0.051
2 240.8 0.148 12.7 0.086 6.4 0.102 0.6 0.089 260.5 0.144
3 108.0 0.181 0.4 0.149 0.3 0.081 0.0 0.100 108.8 0.181
4 96.5 0.216 0.0 0.000 0.2 0.207 0.0 0.186 96.7 0.216
5 87.6 0.216 0.0 0.000 0.0 0.000 0.0 0.000 87.6 0.216
6 39.5 0.239 0.2 0.312 0.0 0.000 0.0 0.000 39.7 0.239
7 57.6 0.243 0.0 0.000 0.0 0.000 0.0 0.000 57.6 0.243
8 1121 0.248 0.0 0.000 0.1 0.269 0.0 0.263 112.2 0.248
9+ 34.1 0.273 0.0 0.000 0.0 0.000 0.0 0.000 34.1 0.273

TOTAL 836.5 584.5 57.7 144.3 1,623.0

SOP catch 157.8 8.4 5.1 1.5 172.8

Figures for A fleet include 3 576 t unsampled bycatch in the industrial fishery

2010 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 0.0 0.000 594.7 0.007 0.1 0.028 48.6 0.007 643.3 0.007
1 49.1 0.086 34.5 0.051 120.5 0.072 76.6 0.016 280.6 0.057
2 237.4 0.139 6.6 0.086 39.4 0.080 4.0 0.040 287.3 0.128
3 229.6 0.167 3.8 0.184 0.3 0.122 0.0 0.114 233.7 0.167
4 123.1 0.192 1.1 0.143 0.1 0.149 0.0 0.000 124.4 0.192
5 79.8 0.222 3.6 0.205 0.1 0.191 0.0 0.000 83.5 0.222
6 57.5 0.222 5.6 0.191 0.0 0.221 0.0 0.000 63.1 0.219
7 34.2 0.217 0.0 0.000 0.1 0.216 0.0 0.000 34.3 0.217
8 59.4 0.234 0.0 0.000 0.0 0.205 0.0 0.000 59.4 0.234
9+ 56.0 0.245 0.0 0.000 0.0 0.000 0.0 0.000 56.0 0.245

TOTAL 926.0 649.9 160.5 129.1 1,865.5

SOP catch 1646 9.1 12.0 1.8 187.5

Figures for A fleet include 4 451 t unsampled bycatch in the industrial fishery
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Table 2.2.7: Catch at age (numbers in millions) of North Sea herring, 1995-2010. SG Rednose’s

revisions for 1995-2001 are included.

Year/rings 0 1 2 3 4 5 6 7 8 9+ Total
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 77 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
2007 553 46 142 413 284 307 628 147 133 23 2677
2008 713 148 260 183 199 137 118 215 74 43 2090
2009 533 98 253 108 96 88 40 58 112 34 1421
2010 526 84 243 234 124 84 63 34 59 56 1508

Table 2.2.8: Catch at age (numbers in millions) of WBSS Herring taken in the North Sea, and

transferred to the assessment of the spring spawning stock in IIIa, 1995-2010.

Year/rings 0 1 2 3 4 5 6 7 8 9+ Total
1995 0.0 0.0 22.4 11.0 14.9 4.0 2.9 1.9 0.7 0.0 57.8
1996 0.0 0.0 0.0 2.8 0.8 0.4 0.1 0.1 0.3 0.0 4.5
1997 0.0 0.0 2.2 1.3 1.5 0.4 0.2 0.1 0.2 0.0 5.9
1998 0.0 5.1 9.5 12.0 10.1 6.0 3.0 0.4 0.9 0.0 47.0
1999 0.0 0.0 3.3 14.3 5.6 3.6 1.4 0.6 0.4 0.0 29.3
2000 0.0 0.0 8.2 9.8 10.2 5.7 2.5 0.6 0.7 0.1 37.6
2001 0.0 0.0 11.3 10.2 6.1 7.2 2.7 1.6 0.4 0.0 39.9
2002 0.0 0.0 7.6 14.8 10.6 33 2.9 1.0 0.5 0.1 40.8
2003 0.0 0.0 0.0 3.1 6.0 3.5 1.2 1.3 0.5 0.1 15.7
2004 0.0 0.0 15.1 27.9 3.5 4.1 1.0 0.5 0.1 0.0 52.3
2005 0.0 0.0 6.6 17.4 12.7 2.6 3.8 1.1 0.4 0.3 44.8
2006 0.0 0.1 3.5 8.8 14.0 22.4 5.1 5.3 2.1 1.0 62.2
2007 0.0 0.0 0.1 2.6 1.3 0.6 0.8 0.4 0.5 0.2 6.3
2008 0.0 0.0 0.1 0.1 0.2 0.1 0.1 0.2 0.0 0.0 0.7
2009 0.0 0.0 1.0 2.1 3.4 1.4 1.7 45 1.8 1.4 17.2
2010 0.0 0.0 0.0 0.5 1.0 0.4 0.5 0.3 0.3 0.7 3.8

Table 2.2.9: Catch at age (numbers in millions) of NSAS taken in IIla, and transfered to the
assessment of NSAS, 1995 - 2010. SG Rednose's revisions and revision of 2002 splitting are

included.
Year/rings 0 1 2 3 4 5 6 7 8+ Total
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
2007 68 189 77 2 0 1 0 1 0 339
2008 86 87 72 2 0 0 0 0 0 247
2009 117 78 7 0 0 0 0 0 0 202
2010 49 197 43 0 0 0 0 0 0 290
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Table 2.2.10: Catch at age (numbers in millions) of the total NSAS stock 1995 - 2010. SG Rednose's
revisions and the revision of 2002 splitting are included.

Year/rings 0 1 2 3 4 5 6 7 8 9+ Total
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
2007 621 236 219 412 283 308 628 147 132 23 3009
2008 798 235 332 185 199 137 118 215 74 43 2336
2009 650 176 259 107 93 86 38 53 110 33 1606
2010 575 281 287 233 123 83 63 34 59 55 1794
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ring (by Div.) and NSAS caught in Div. IIIa in 2000 — 2010. SG Rednose’s revisions are included.

Age (Rings)
Div. Year 2 3 4 5 6 7 8 9+
llla 20000 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 -
2007 0.071 0.108 0.125 0.152 0.184 0.175 0.154 -
2008 0.087 0.109 0.139 0.168 0.176 0.204 0.198 -
2009 0.101 0.082 0.206 0.000 0.000 0.000 0.269 -
2010 0.077 0.122 0.149 0.191 0.221 0.216  0.205 -
IVa(E) 20000 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 0.220 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 0.185 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
2007 0.156 0.148 0.156 0.186 0.184 0.204 0.226 0.239
2008 0.138 0.173 0.172 0.174 0.216 0.210 0.253 0.266
2009 0.139 0.167 0.208 0.219 0.232 0.245 0.253 0.288
2010 0.131  0.154 0.201 0.201 0.210 0.223 0.248 0.235
IVa(W) 2000 0.127 0.159 0.187 0.214 0.237 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 0.230 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 0.275 0.267
2006 0.145 0.156 0.180 0.193 0.230 0.251 0.247 0.286
2007 0.150 0.156 0.166 0.196 0.191 0.227 0.241 0.264
2008 0.142 0.187 0.187 0.188 0.230 0.219 0.262 0.281
2009 0.152 0.180 0.211 0.223 0.266 0.251 0.252 0.278
2010 0.137 0.166 0.195 0.223 0.220 0.216 0.236  0.252
IVb 20000 0.118 0.173 0.194 0.224 0.229 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 0.270 0.241
2003 0.098 0.161 0.178 0.195 0.214 0.214 0.222 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 0.220 0.245 0.253 0.252
2006 0.097 0.141 0.172 0.183 0.202 0.220 0.232 0.239
2007 0.145 0.160 0.180 0.201 0.210 0.246 0.234 0.252
2008 0.142 0.172 0.185 0.191 0.222 0.228 0.265 0.223
2009 0.140 0.188 0.228 0.219 0.223 0.243 0.255 0.255
2010 0.134 0.176 0.182 0.229 0.237 0.235 0.232 0.265
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Table 2.2.11 continued: Comparison of mean weight (kg) at age (rings) in the catch of adult North
Sea herring (by Div.) and NSAS caught in Div. IIIa in 2000 — 2010. SG Rednose’s revisions are

included.
Age (Rings)
Div. Year 2 3 4 5 6 7 8 9+
IVa&IVb 2000 0.125 0.162 0.185 0.210 0.227 0.258 0.275 0.263
2001 0.129 0.156 0.180 0.202 0.217 0.242 0.275 0.285
2002 0.119 0.157 0.177 0.203 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 0.225 0.242 0.269 0.265
2006 0.123 0.150 0.174 0.187 0.222 0.239 0.238 0.269
2007 0.149 0.155 0.165 0.196 0.192 0.227 0.238 0.257
2008 0.142 0.182 0.185 0.188 0.226 0.220 0.262 0.275
2009 0.142 0.183 0.217 0.221 0.248 0.248 0.253 0.277
2010 0.136 0.167 0.192 0.224 0.222 0.220 0.236 0.250
IVe&VIld 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
2007 0.129 0.131 0.154 0.158 0.173 0.196 0.209 0.218
2008 0.120 0.157 0.156 0.173 0.188 0.192 0.215 0.247
2009 0.156 0.162 0.197 0.197 0.211 0.192 0.219 0.244
2010 0.145 0.167 0.187 0.204 0.207 0.207 0.223 0.216
Total 2000 0.122 0.159 0.180 0.202 0.217 0.247 0.275 0.263
North Sea 2001 0.118 0.149 0.177 0.198 0.213 0.238 0.267 0.288
Catch 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
2007 0.149 0.152 0.164 0.194 0.190 0.224 0.235 0.252
2008 0.141 0.180 0.181 0.183 0.216 0.216 0.256 0.273
2009 0.145 0.181 0.216 0.216 0.239 0.243 0.248 0.273
2010 0.138 0.167 0.192 0.222 0.219 0.217 0.234 0.245

Values for total NS catch updated 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 misreporting from the UK.
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Table 2.2.12: Sampling of commercial landings of North Sea herring (Div. IV and VIId) in 2010 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 >1sample
(fleet) metiers sampled Catch % Catch samples aged measured per 1ktcatch

Denmark (A) 1 2 2 100% 12782 2 53 256 n
2 1 1 100% 2807 1 32 176 n
3 2 2 100% 18914 13 341 1634 n
4 2 2 100% 2294 3 53 411 y
total 7 7 100%. 36798 19 479 2477 n
Denmeark (B) 1 2 1 55% 161 2 5 5 y
2 2 0 0% 289 0 0 0 n
3 3 1 52% 3051 10 346 537 v
4 3 2 82% 5569 30 138 189 y
total 10 4 69% 9071 42 489 731 y
England 1 1 0 0% 36 0 0 0 n
and Wales* 2 3 0 0% 15 0 0 0 n
3 3 2 100% 8964 34 850 4166 v
4 2 1 99% 1756 2 50 297 '
total 9 3 99% 10771 36 900 4463 y
Faroe 1 2 0 0% 1829 0 0 0 n
Island 4 1 0 0% 1185 0 0 0 n
total 3 0 0% 3013 0 0 0 n
France 1 3 0 0% 1312 0 0 0 n
2 2 0 0% 42 0 0 0 n
3 4 0 0% 8970 0 0 0 n
4 3 0 0% 7423 0 0 0 n
total 12 0 0% 17747 0 0 0 n
Gemany 1 1 1 100% 210 6 529 2625 v
2 2 2 100% 141 3 352 356 v
3 2 1 51% 618 2 237 238 %
4 3 2 99% 6702 39 920 13754 y
total 8 6 95% 7671 50 2038 16973 y
Lithuania 3 1 0 0% 90 0 0 0 n
total 1 0 0% 90 0 0 0 n
Netherlands 1 2 1 69% 789 6 150 903 %
2 3 2 98% 3092 34 850 6582 %
3 2 2 100% 11099 30 750 3887 v
4 3 3 100% 8892 8 200 1107 n
total 10 8 99% 23873 78 1950 12479 y
Norway 1 2 0 0% 2531 0 0 0 n
2 3 3 100% 28169 23 711 1518 n
3 3 1 42% 2572 1 30 52 n
4 3 1 91% 13544 13 398 799 n
total 11 5 89% 46816 37 1139 2369 n
Scotland 1 2 0 0% 164 0 0 0 n
2 2 1 92% 2525 7 589 1375 y
3 3 2 97% 11459 17 1301 4690 %
4 2 0 0% 237 0 0 0 n
total 9 3 93% 14384 24 1890 6065 y
Sweden 2 3 1 68% 3405 8 1032 1032 y
3 1 0 0% 430 0 0 0 n
4 1 0 0% 560 0 0 0 n
total 5 1 53% 4395 8 1032 1032 y
grand total 85 37 81% 174628 294 9917 46589 y
Period total 1 17 5 69% 19814 16 737 3789 n
Period total 2 21 10 96% 40485 76 3566 11039 %
Period total K] 24 11 80% 66168 107 3855 15204 %
Period total 4 23 11 76% 48161 95 1759 16557 y
Total for stock 2010 85 37 81% 174628 294 9917 46589 y
Human Cons. only 75 33 82% 165557 252 9428 45858 y
Total for stock 2008 93 29 76% 227895 217 8663 36232 n
Total for stock 2009 76 29 70% 166566 170 5444 20654 v
Human Cons. only 2009 66 26 69% 156797 143 4804 19477 n

* majority of catches landed to ljmuiden, the Netherlands
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Table 2.3.1.1: Acoustic Surveys in the North Sea, West of Scotland VIa(N) and the Malin Shelf
area in June-July 2010. Vessels, areas and cruise dates.

VESSEL PErRIOD AREA RECTANGLES
Celtic 18 Jun - 07 o s 35D8-D9, 36D8-D9, 37D9-E1, 38D9-E1,
Explorer (IR)  July 53°-56°N 12%7°W 39E0-E2, 40E0-E2
o o omrnr 1o 41E0-E3, 42E0-E3, 43E0-E3, 44E0-E3,
Charter west 28 June - 17 55°30"-60°30'N, 4 ASE0-E4, 46E2-E5, 47E2-E5, 48EA-E5,
Sco (SCO) July 10°W
49E5
) 43F2-F5, 44F2-F5, 45F2-F5, 46F2-F4,
{ON}SE)HJOH “Z] ulys_t 2 57°-62°N, 2°-5°F 47F2-F4, 48F2-F4, 49F2-F4, 50F2-F4,
usu 51F2-F4, 52F2-F4
) 28 June -18 oarr cmont ownr mor,  46E6-F1, 47E6-F1, 48E6-F1, 49E6-F1,
Scotia (SCO) July 58°30"-62°N, 4°W-2F L 51E6-FL
o oot 1o 37E9-F1, 38E8-F1, 39E8-F1, 40E8-F5,
Tridens (NED) ]281]‘1“ -2 24 /; 55 SON, 4°W 41E7-F5, 42E7-F2, 43E7-F1, 44E6-F1,
wy 45E6-F1
Solea (GER) 25June-13  52°-56°N, Eng to 33F1-F4, 34F2-F4, 35F2-F4, 36F0-F7,
July Den/Ger coasts 37F2-F8, 38F2-F7, 39F2-F7, 40F6-F7
Dana (DEN) 03 July-23 Kattegat and North 41 F6-F7, 41G1-G2, 42F6-F7, 42G0-G2,
July of 56°N, east of 6°E 43F6-G1, 44F6-G1, 45F8-G1, 46F9-G0
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Table 2.3.1.2: Acoustic Surveys in the North Sea, West of Scotland VIa(N) and the Malin Shelf
area in June-July 2010. Total numbers (millions of fish) and biomass (thousands of tonnes) of
North Sea autumn spawning herring in the area surveyed in the pelagic acoustic surveys, with
mean weight and mean length by age ring.

Age (ring) Numbers Biomass Maturity weight(g) Length (cm)

0 12,226 69 0.00 5.7 9.4
1 14,577 560 0.01 384 16.9
2 4,237 583 0.45 137.7 249
3 4,216 772 0.90 183.1 27.1
4 2,453 562 1.00 229.2 28.9
5 1,246 305 0.98 2449 294
6 1,332 311 1.00 233.1 29.0
7 688 163 1.00 237.4 29.2
8 1,110 280 1.00 251.9 29.7
9+ 1,619 407 1.00 251.2 29.6
Immature 29,473 985 334 14.5
Mature 14,231 3,027 212.7 28.2
Total 43,705 4,011 0.33 91.8 19.0
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Table 2.3.1.3: Estimates of North Sea autumn spawners (millions) at age from acoustic surveys,
1986-2010. For 1986 the estimates are the sum of those from the Division IVa summer survey, the
Division IVb autumn survey, and the Divisions IVc, VIId winter survey. The 1987 to 2010
estimates are from the summer survey in Divisions IVa,b and IIla excluding estimates of Division
IIIa/Baltic spring spawners. For 1999 and 2000 the Kattegat was excluded from the results because
it was not surveyed.

Years / 1 2 3 4 5 6 7 8 9+ Total SSB

Age (rings) (‘000t)
1986 1,639 3206 1,637 833 135 36 24 6 8 7,542 942
1987 13,736 4,303 955 657 368 77 38 11 20 20,165 817
1988 6,431 4,202 1,732 528 349 174 43 23 14 13,496 897
1989 6,333 3,726 3,751 1,612 488 281 120 44 22 16,377 1,637
1990 6,249 2971 3,530 3,370 1,349 395 211 134 43 18,262 2,174
1991 3,182 2,834 1,501 2,102 1,984 748 262 112 56 12,781 1,874
1992 6,351 4,179 1,633 1,397 1,510 1,311 474 155 163 17,173 1,545
1993 10,399 3,710 1,855 909 795 788 546 178 116 19,326 1,216
1994 3,646 3,280 957 429 363 321 238 220 132 13,003 1,035
1995 4,202 3,799 2,066 656 272 175 135 110 84 11,220 1,082
1996 6,198 4,557 2,824 1,087 311 99 83 133 206 18,786 1,446
1997 9416 6,363 3,287 1,696 692 259 79 78 158 22,028 1,780
1998 4,449 5,747 2,520 1,625 982 445 170 45 121 16,104 1,792
1999 5,087 3,078 4,725 1,116 506 314 139 54 87 15,107 1,534
2000 24,735 2,922 2,156 3,139 1,006 483 266 120 97 34,928 1,833
2001 6,837 12,290 3,083 1,462 1,676 450 170 98 59 26,124 2,622
2002 23,055 4,875 8,220 1,390 795 1,031 244 121 150 39,881 2,948
2003 9,829 18,949 3,081 4,189 675 495 568 146 178 38,110 2,999
2004 5183 3,415 9,191 2,167 2,590 317 328 342 186 23,722 2,584
2005 3,113 1,890 3,436 5,609 1,211 1,172 140 127 107 16,805 1,868
2006 6,823 3,772 1,997 2,098 4,175 618 562 84 70 20,199 2,130
2007 6,261 2,750 1,848 898 806 1,323 243 152 65 14,346 1,203
2008 3,714 2,853 1,709 1,485 809 712 1,749 18 270 20,355 1,784
2009 4,655 5,632 2,553 1,023 1,077 674 638 1,142 578 31,526 2,591

2010 14,577 4,237 4,216 2,453 1,246 1,332 688 1,110 1,619 43,705 3,027
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Table 2.3.2.1: North Sea herring - MLAI time-series and 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/ Buchan Central North Sea Southern North Sea | MLAI
Shetland Assess
Period [ 1-15 |16-30|1-15 | 16- 1-15 [16- 1-15 |16- 1-15 [16-
Sep. |[Sep. |Sep. |30 Sep. |30 Oct. |31 Jan. |31

Sep. Sep. Dec. Jan.

1972 1133 | 4583 30 165 88 134 2 46

1973 2029 822 3 4 492 830 | 1213 1 12.9
1974 758 421 101 284 81 1184 10 7.9
1975 371 50 312 90 77 1 2 2.8
1976 545 81 1 64 108 3 25
1977 1133 221 124 32 520 262 89 1 6.1
1978 3047 50 162 | 1406 81 269 33 3 7.3
1979 2882 | 2362 197 10 662 131 507 111 89 13.8
1980 3534 720 21 1 317 188 9 247 129 40 9.3
1981 3667 277 3 12 903 235 119 1456 70 13.5
1982 2353 | 1116 340 257 86 64| 1077 710 275 54 19.9
1983 2579 812 | 3647 768 | 1459 281 63 71 243 58 25.5
1984 1795| 1912 2327| 1853 688 | 2404 824 523 185 39 45.8
1985 5632 | 3432| 2521 1812 130 | 13039 | 1794| 1851 407 38 70.1
1986 3529 | 1842 3278 341 1611| 6112 188 780 123 18 36.5
1987 7409 | 1848 | 2551 670 7991 4927 1992 934 297 146 64.8

1988 7538 | 8832 6812 | 5248 | 5533 | 3808| 1960| 1679 162 112 128.5
1989 11477 | 5725| 5879 692 | 1442| 5010 2364| 1514| 2120 512 126.9

1990 10144 | 4590 | 2045| 19955 | 1239 975| 2552 1204 165.0
1991 1021 | 2397 2032 | 4823 | 2110| 1249 4400 873 87.9
1992 189 | 4917 822 10 165 163 176 | 1616 40.5
1993 66 174 685 85| 1358 | 1103 28.6
1994 26 1179 1464 44 537 595 20.0
1995 8688 43 74 230 164 20.5
1996 809 184 564 337 675 691 40.6
1997 3611 23 9374 918 355 53.1
1998 8528 1490 205 66 1522 953 170 66.6
1999 4064 185 134 181 804 | 1260 344 55.7
2000 3352 28 83 376 7346 338 106 37.4
2001 11918 164 1604 971 | 5531 909 123.4
2002 6669 1038 3291 2008 260 925 104.5
2003 3199 2263 12018 | 3277 12048 ( 3109 | 1116 250.6
2004 7055 3884 5545 7055 | 2052 | 4175 308.9
2005 3380 1364 5614 498 | 3999 | 4822 183.8
2006 6311 [ 2312 280 2259 10858 | 2700 | 2106 112.8
2007 1753 1304 291 4443 | 2439 | 3854 161.0
2008 4978 | 6875 533 11201 8426 | 2317 4008 180.5
2009 7543 4629 4219 15295 | 14712 1689 466.7

2010 2362 1493 2317 7493 | 13230 | 8073 380.4
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Table 2.3.3.1 North Sea herring. Density and abundance estimates of 0-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. Ss)uth’ IBTS-0
west east west east west east IITa Bight index
Aream?x10° | 83 34 86 102 37 93 31 31
Year class no. in 10°
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 0 259
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 0.5 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 47.3
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
2007 0.013 0.009 0.184 0.029 0.067 0.047 0.018 0.007 27.8
2008 0.145 0.139 0.277 0.241 0.101 0.093 0.160 0.433 95.8
2009 0.077 0.085 0.228 0.073 0.350 0.253 0.000 0.139 77.1
2010 0.024 0.004 0.586 0.063 0.187 0.090 0 0.080 77.0
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Table 2.3.3.2. 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 IIla.
Year Year of All1-ringers Small<13cm | Proportion Small<13cm | Proportion Proportion
class sampling | in total area 1-ringers of small 1-ringers of small in of small in
(IBTS-1 in total area | in total area | in North Sea | North Sea llla vs small
index) (no/hour) vs. all sizes | (no/hour) vs. all sizes in total area
(no/hour)
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 0.26
1980 1982 798 177 0.22 185 0.23 0.03
1981 1983 1270 192 0.15 185 0.15 0.11
1982 1984 1516 346 0.23 297 0.2 0.2
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 0.1 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 0.2 0.09
1998 2000 3725 1117 0.3 991 0.27 0.17
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 1321 302 0.23 302 0.23 0.07
2006 2008 1816 436 0.24 464 0.26 0.01
2007 2009 2344 737 0.31 626 0.27 0.21
2008 2010 1202 292 0.24 301 0.25 0.04
2009 2011 2935 1331 0.45 1407 0.48 0.02
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Table 2.3.3.3. North Sea herring. Indices of 2-5+ ringers from the 1% quarter IBTS

Year of 2-ringer 3-ringer 4-ringer 5+ ringer
sampling | no/h no/h no/h no/h

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 50 18 8 41
2008 233 146 202 232
2009 136 21 11 46
2010 50 35 46 90
2011 422 573 419 466
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Table 2.4.1.1. North Sea herring. Mean stock weight-at-age (wr) in the third quarter, in Divisions
IVa, IVDb and IIIa. Mean catch weight-at-age for the same quarter and area is included for
comparison. Weights-at-age in the catch for 1996 to 2001 were revised by SG Rednose, for details
of the revision see the 2007 report (ICES CM 2007/ACFM:11). AS = acoustic survey, 3Q = catch.

W.rings [l 2 B 4 5 6 7 8 9+

Year AS 3Q |AS 3Q |AS 3Q |AS 3Q |AS 3Q |AS 3Q |AS 3Q |AS 3Q [AS 3Q
1996 45 75 (119 135 {196 186 P53 224 P62 229 P99 253 P06 292 B25 300 B35 302
1997 45 43 (120 129 {168 175 P33 220 P56 247 P45 255 P65 278 P69 295 29 295
1998 b2 54 (109 131 {198 172 P38 209 R75 237 07 263 R89 269 B08 313 63 298
1999 b2 62 (118 128 [171 163 P07 193 P36 228 P67 252 P72 263 PR30 275 R60 306
2000 46 54 (118 123 [180 172 P18 201 P32 228 P61 241 P95 266 (00 286 P80 271
2001 B0 69 (127 136 (162 167 P04 199 P28 218 P37 237 P55 262 P86 288 P94 298
2002 45 50 (138 140 [172 177 [194 200 P24 224 P47 244 P61 252 P8O0 281 P49 298
2003 4o 65 (104 119 {185 177 P09 198 P14 210 P43 236 P81 247 P90 272 B07 282
2004 B5 45 (116 125 [139 159 P06 203 31 234 P53 250 P62 264 P79 262 R70 299
2005 43 53 (135 124 {171 177 [181 201 P29 234 P48 249 P53 261 P74 287 R95 270
2006 45 61 (127 139 [158 163 [188 192 (188 205 P25 242 P43 257 P44 260 P65 285
2007 b6 75 (123 153 (155 171 (171 183 R04 215 (198 211 P18 252 P47 263 P33 273
2008 62 67 (141 151 180 192 [183 207 (194 211 P30 240 P17 243 P68 276 P82 312
2009 b6 56 (148 166 R08 217 P36 242 P32 259 P40 261 P66 274 P49 274 P63 292
2010 B8 74 (138 150 (183 190 P29 222 P45 245 P33 239 P37 248 P52 265 P51 271
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Table 2.4.2.1. North Sea herring. Percentage maturity at 2, 3, 4 and 5+ ring for autumn spawning

herring in the North Sea. The values are derived from the acoustic survey for 1988 to 2010.

Year \ Ring 2 3 4 5+
1988 65.6 87.7 100 100
1989 78.7 93.9 100 100
1990 72.6 97.0 100 100
1991 63.8 98.0 100 100
1992 51.3 100 100 100
1993 471 62.9 100 100
1994 72.1 85.8 100 100
1995 72.6 95.4 100 100
1996 60.5 97.5 100 100
1997 64.0 94.2 100 100
1998 64.0 89.0 100 100
1999 81.0 91.0 100 100
2000 66.0 96.0 100 100
2001 77.0 92.0 100 100
2002 86.0 97.0 100 100
2003 43.0 93.0 100 100
2004 69.8 64.9 100 100
2005 76.0 97.0 96.0 100
2006 66.0 88.0 98.0 100
2007 71.0 92.0 93.0 100
2008 86.0 98.0 99.0 100
2009 89.0 100 100 100
2010 45.0 90.0 100 100
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Table 2.5.3.1. North Sea herring. Estimated recruitment index TS consisting of ex-ante predictions
(hindcasts) for period 1960 to 2009 and ex-post (true) forecasts for years 2010 and 2011. The ex-post
forecasts for 2010 and 2011 are indicated by greyed cells.

Year Prediction/Forecast Year Prediction/Forecast

1970 40889312.39 1993 51890527.82
1971 27403793.73 1994 32803967.56
1972 2057792537 1995 55511661.40
1973 35995924.05 1996 57151261.45
1974 12765872.33 1997 21529816.06
1975 1699335.57 1998 35543467.42
1976 10146572.78 1999 38891315.78
1977 6454681.62 2000 62617820.18
1978 -2933962.99 2001 69466523.65
1979 9939278.55 2002 62063768.17
1980 2703519.71 2003 21779174.40
1981 26614032.56 2004 29122042.78
1982 53739116.51 2005 25856552.19
1983 49524124.54 2006 31968509.38
1984 65101919.79 2007 13391585.49
1985 46634923.44 2008 12766825.67
1986 79499074.02 2009 26713193.62
1987 111715839.16 2010 34135668.24
1988 65361810.34 2011 38770600.39
1989 43888761.55

1990 52004900.51

1991 41668338.54

1992 30927250.82
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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 1972-2010 1973-2010

IBTS 1¢t Quarter (Trawl survey) 1-5wr 1971-2011 1984-2011

Acoustic (+trawl) lwr 1995-2010 1997-2010

2-9+wr 1984-2010 1989-2010
IBTSO Owr 1977-2011 1992-2011
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Table 2.6.3.1 NORTH SEA HERRING. CATCH IN NUMBER

Units : thousands
year

age 1960 1961 1962 1963 1964 1965 1966 1967 1968
0 194600 1269200 141800 442800 496900 157100 374500 645400 839300
1 2392700 336000 2146900 1262200 2971700 3209300 1383100 1674300 2425000
2 1142300 1889400 269600 2961200 1547500 2217600 2569700 1171500 1795200
3 1966700 479900 797400 177200 2243100 1324600 741200 1364700 1494300
4 165900 1455900 335100 158300 148400 2039400 450100 371500 621400
5 167700 124000 1081800 80600 149000 145100 889800 297800 157100
6 112900 157900 126900 229700 95000 151900 45300 393100 145000
7 125800 61400 145100 22400 256300 117600 64800 67900 163400
8 128600 56000 86300 42000 26300 413000 95500 81600 13700
9 142000 87500 86800 51000 57700 78400 236300 172800 91800

year

age 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978
0 112000 898100 684000 750400 289400 996100 263800 238200 256800 130000
1 2503300 1196200 4378500 3340600 2368000 846100 2460500 126600 144300 168600
2 1883000 2002800 1146800 1440500 1344200 772600 541700 901500 44700 4900
3 296300 883600 662500 343800 659200 362000 259600 117300 186400 5700
4 133100 125200 208300 130600 150200 126000 140500 52000 10800 5000
5 190800 50300 26900 32900 59300 56100 57200 34500 7000 300
6 49900 61000 30500 5000 30600 22300 16100 6100 4100 200
7 42700 7900 26800 200 3700 5000 9100 4400 1500 200
8 27400 12000 100 1100 1400 2000 3400 1000 700 200
9 25100 12200 12400 400 600 1100 1400 400 0 300
year

age 1979 1980 1981 1982 1983 1984 1985 1986 1987
0 542000 1262700 9519700 11956700 13296900 6973300 4211000 3724700 8229200
1 159200 245100 872000 1116400 2448600 1818400 3253000 4801400 6836300
2 34100 134000 284300 299400 573800 1146200 1326300 1266700 2137200
3 10000 91800 56900 230100 216400 441400 1182400 840800 667900
4 10100 32200 39500 33700 105100 201500 368500 465900 467100
5 2100 21700 28500 14400 26200 81100 124500 129800 245800
6 200 2300 22700 6800 22800 22600 43600 62100 74700
7 800 1400 18700 7800 12800 25200 20200 20500 23800
8 600 400 5500 3600 11000 11100 13100 13600 8000
9 100 100 1100 1100 12100 18600 16100 14800 8200
year

age 1988 1989 1990 1991 1992 1993 1994 1995 1996

3164800 3057800 1302800 2386600 10331300 10265400 4498900 7438469 2311226
7867000 3145900 3020000 2138900 2303100 3826800 1785200 1664874 1606393
2232500 1593700 899300 1132800 1284900 1176300 1783200 1444061 642084
1090700 1363800 779100 556700 442700 609000 489100 816703 525601
383700 809300 861000 548900 361500 305500 347600 231794 172099
255800 211800 387500 501200 360500 215600 109000 118536 57586
128100 123700 80200 205300 375600 226000 91800 55128 22534
38000 61000 54400 39300 152400 188000 76400 41409 9264
15300 19500 28800 25600 39200 87300 70000 68955 17195
8500 8700 11900 13000 23300 41700 46600 29245 3948

OWoo JouUudbd W O
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Table 2.6.3.1 cont NORTH SEA HERRING. CATCH IN NUMBER
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year
1997
431175
479702
687920
446909
284920
109178
31389
11832
18770
5697
year
2006
878637
222111
401087
310602
464620
997782
252150
247042
63035
43377

Table 2.6.3.2

Uni

o
Q
]

o
Q
o WO JnUd WN O

W o JoUd WN PO

ts
year
1960
0.015
0.050
0.126
0.176
0.211
0.243
0.251
0.267
0.271
0.271
year
1972
0.015
0.050
0.126
0.176
0.211
0.243
0.251
0.267
0.271
0.271

1
259
977

1220
537
276
175

88
15
16

3

20
6210
2355
2191
4174
2857
3094
6291
1478
1333

233

kg

1961
.015
.050
.126
.176
.211
.243
.251
.267
.271
L2711

OO OO OO OO oo

1973
.015
.050
.126
.176
.211
.243
.251
.267
.271
271

OO OO OO OO oo

998
526 15
680 3
105 6
932 10
333 2
817 1
927
232
766
784

07 2
05 798
53 235
15 331
52 184
46 199
54 137
87 118
30 215
88 74
62 42

1999
66349
03520
16354
58716
94066
35648
69299
27998
10174

2054

008

284 65
022 17
772 25
771 10
069 9
529 8
349 3
542 5
339 11
919 3

200
110508
117167

62285
46317
64681
21346
8248
3570
1462
246

2009
0043 5
5923 2
9434 2
6738 2
3321 1
6137
7951
3130
0394
2737

0 2001
5 1832691
7 614469
3 842635
0 485628
4 278884
6 321743
1 90918
6 38252
4 17910
3 2692

2010
74895
80728
93887
36804
26241
83893
61542
33305
59142
54533

2002
730279
837557
579592 1
970577
292205
140701
174570

48908
34620
8702

2003
369074
617021
221992
529386
835552
244780
107751
123291

37671

9044

NORTH SEA HERRING. WEIGHTS AT AGE IN THE CATCH

1962
.015
.050
.126
.176
.211
.243
.251
.267
.271
.271

OO OO OO OO oo

1974
.015
.050
.126
.176
.211
.243
.251
.267
L2771
271

OO OO OO OO oo

1963
.015
.050
.126
.176
.211
.243
.251
.267
.271
.271

OO OO OO OO oo

1975
.015
.050
.126
.176
.211
.243
.251
.267
L2771
271

OO OO OO OO oo

1964
.015
.050
.126
.176
.211
.243
.251
.267
.271
.271

OO OO OO OO oo

1976
.015
.050
.126
.176
.211
.243
.251
.267
.271
L2711

OO OO OO OO oo

1965 1
.015
.050
.126
.176
.211
.243
.251
.267
.271
.271

OO OO OO OO oo
OO OO OO OO oo

1977 1
.015
.050
.126
.176
.211
.243
.251
.267
L2771
.000

OO OO OO OO oo
OO OO OO OO oo

966 1967
.015 0.015
.050 0.050
.126 0.126
.176 0.176
.211 0.211
.243 0.243
.251 0.251
.267 0.267
.271 0.271
.271 0.271

978 1979
.015 0.015
.050 0.050
.126 0.126
.176 0.176
.211 0.211
.243 0.243
.251 0.251
.267 0.267
.271 0.271
.271 0.271

1968
.015
.050
.126
.176
.211
.243
.251
.267
.271
L2711

OO OO OO OO oo

1980
.015
.050
.126
.176
.211
.243
.251
.267
L2771
271

OO OO OO OO oo

2004
715597 101
206648 71
447918 35

1366155 48
543376 131
753231 47
169324 57
104945 11

65341 8
31801 5
1969 1970

0.015 0.015

0.050 0.050

0.126 0.126

0.176 0.176

0.211 0.211

0.243 0.243

0.251 0.251

0.267 0.267

0.271 0.271

0.271 0.271
1981 1982

0.007 0.010

0.049 0.059

0.118 0.118

0.142 0.149

0.189 0.179

0.211 0.217

0.222 0.238

0.267 0.265

0.271 0.274

0.271 0.275

2005
5554
5547
5453
5746
8647
9961
6154
5212
8311
8497

1971
.015
.050
.126
.176
.211
.243
.251
.267
.271
L2711

OO OO OO OO oo

1983
.010
.059
.118
.149
.179
.217
.238
.265
.274
.275

OO OO OO OO oo

99
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Table 2.6.3.2 cont NORTH SEA HERRING. WEIGHTS AT AGE IN THE CATCH

year

age 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0.010 0.009 0.006 0.011 0.011 0.017 0.019 0.017 0.010 0.010 0.006 0.009
1 0.059 0.036 0.067 0.035 0.055 0.043 0.055 0.058 0.053 0.033 0.056 0.042
2 0.118 0.128 0.121 0.099 0.111 0.115 0.114 0.130 0.102 0.115 0.130 0.130
3 0.149 0.164 0.153 0.150 0.145 0.153 0.149 0.166 0.175 0.145 0.159 0.169
4 0.179 0.194 0.182 0.180 0.174 0.173 0.177 0.184 0.189 0.189 0.181 0.198
5 0.217 0.211 0.208 0.211 0.197 0.208 0.193 0.203 0.207 0.204 0.214 0.207
6 0.238 0.220 0.221 0.234 0.216 0.231 0.229 0.217 0.223 0.228 0.240 0.243
7 0.265 0.258 0.238 0.258 0.237 0.247 0.236 0.235 0.237 0.244 0.255 0.247
8 0.274 0.270 0.252 0.277 0.253 0.265 0.250 0.259 0.249 0.256 0.273 0.283
9 0.275 0.292 0.262 0.299 0.263 0.259 0.287 0.271 0.287 0.310 0.281 0.276
year

age 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0 0.015 0.015 0.021 0.009 0.015 0.012 0.012 0.014 0.014 0.011 0.010 0.0124
1 0.018 0.044 0.051 0.045 0.033 0.048 0.037 0.037 0.036 0.044 0.049 0.0638
2 0.112 0.108 0.114 0.115 0.113 0.118 0.118 0.104 0.100 0.099 0.117 0.1214
3 0.156 0.148 0.145 0.151 0.157 0.149 0.153 0.158 0.138 0.153 0.144 0.1513
4 0.188 0.195 0.183 0.171 0.179 0.177 0.170 0.174 0.183 0.166 0.172 0.1634
5 0.204 0.227 0.219 0.207 0.201 0.198 0.199 0.184 0.201 0.208 0.181 0.1933
6 0.212 0.226 0.238 0.233 0.216 0.213 0.214 0.205 0.216 0.223 0.220 0.1900
7 0.261 0.235 0.247 0.245 0.246 0.238 0.228 0.222 0.228 0.240 0.237 0.2232
8 0.280 0.244 0.289 0.261 0.275 0.267 0.250 0.232 0.246 0.257 0.235 0.2349
9 0.288 0.291 0.283 0.301 0.262 0.288 0.252 0.256 0.272 0.278 0.262 0.2523
year

age 2008 2009 2010
0 0.0079 0.0094 0.0075
1 0.0535 0.0514 0.0571
2 0.1288 0.1440 0.1292
3 0.1796 0.1811 0.1669
4 0.1812 0.2158 0.1912
5 0.1832 0.2162 0.2203
6 0.2157 0.2390 0.2193
7 0.2161 0.2428 0.2160
8 0.2560 0.2476 0.2334
9 0.2726 0.2724 0.2438
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Table 2.6.3.3 NORTH SEA HERRING. WEIGHTS AT AGE IN THE STOCK

Units : kg
year

age 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971
0 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
1 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
2 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155
3 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187
4 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223
5 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239
6 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276
7 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299
8 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306
9 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312
year

age 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
0 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.017
1 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.057
2 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.155 0.150
3 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.187 0.190
4 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.223 0.230
5 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.239 0.243
6 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.276 0.282
7 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.299 0.311
8 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.306 0.338
9 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.347
year

age 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 0.016 0.014 0.009 0.008 0.009 0.012 0.011 0.010 0.006 0.007 0.006 0.006
1 0.056 0.061 0.050 0.048 0.044 0.052 0.059 0.064 0.061 0.060 0.057 0.054
2 0.138 0.130 0.122 0.123 0.122 0.126 0.139 0.137 0.134 0.126 0.129 0.130
3 0.187 0.183 0.170 0.166 0.165 0.174 0.184 0.194 0.184 0.192 0.186 0.199
4 0.232 0.232 0.212 0.208 0.205 0.212 0.212 0.214 0.213 0.214 0.211 0.227
5 0.247 0.252 0.230 0.229 0.228 0.244 0.239 0.234 0.234 0.240 0.224 0.234
6 0.275 0.273 0.242 0.248 0.252 0.271 0.265 0.253 0.262 0.275 0.268 0.274
7 0.321 0.315 0.275 0.259 0.261 0.284 0.280 0.272 0.273 0.291 0.293 0.301
8 0.341 0.331 0.268 0.263 0.277 0.298 0.300 0.291 0.302 0.309 0.318 0.323
9 0.365 0.392 0.343 0.325 0.315 0.331 0.328 0.312 0.320 0.337 0.345 0.343
year

age 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0 0.005 0.006 0.006 0.006 0.006 0.006 0.007 0.007 0.006 0.007 0.006 0.008
1 0.049 0.047 0.051 0.051 0.051 0.047 0.047 0.042 0.041 0.041 0.051 0.055
2 0.123 0.116 0.116 0.116 0.122 0.128 0.123 0.119 0.118 0.126 0.128 0.125
3 0.183 0.187 0.179 0.184 0.172 0.172 0.173 0.165 0.164 0.155 0.161 0.156
4 0.230 0.241 0.226 0.221 0.210 0.205 0.202 0.203 0.198 0.191 0.180 0.180
5 0.237 0.264 0.256 0.248 0.233 0.228 0.222 0.223 0.225 0.216 0.207 0.196
6 0.257 0.284 0.273 0.279 0.255 0.248 0.242 0.248 0.248 0.242 0.224 0.212
7 0.280 0.287 0.276 0.286 0.275 0.270 0.266 0.268 0.265 0.252 0.238 0.230
8 0.303 0.301 0.270 0.281 0.274 0.289 0.285 0.283 0.281 0.266 0.255 0.245
9 0.334 0.342 0.318 0.303 0.280 0.275 0.283 0.275 0.291 0.277 0.264 0.249
year

age 2008 2009 2010
0 0.008 0.007 0.007
1 0.058 0.061 0.052
2 0.130 0.137 0.142
3 0.164 0.181 0.190
4 0.181 0.197 0.216
5 0.195 0.210 0.224
6 0.218 0.223 0.234
7 0.226 0.234 0.240
8 0.253 0.255 0.256
9 0.260 0.259 0.265
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Table 2.6.3.4 NORTH SEA HERRING. NATURAL MORTALITY

NA

Units

year
age 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

year
age 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

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
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

0
0
0
0
0

0

0

0

0

0

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

year
age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

.0
.3
.2
.1
.1
.1
.1
.1
.1

.0
.3
.2
.1
.1
.1
.1
.1
.1

.0
.3
.2
.1
.1
.1
.1
.1
.1

.0
.3
.2
.1
.1
.1
.1
.1
.1

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
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

0
0
0
0
0

0

0

0

0

0

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
L1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
L1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
L1
.1
.1
L1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
L1
.1

1
1
0
0
0
0
0
0
0
0

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

year
age 2005 2006 2007 2008 2009 2010

.0
.3
.2
.1
.1
.1
.1
.1
.1

.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1

1
1
0
0
0
0
0
0
0
0

.0
.0
.3
.2
.1
.1
.1
.1
.1
.1
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Table 2.6.3.5 NORTH SEA HERRING. PROPORTION MATURE

Uni

0

©
Q
[} OO Jo U WN P

O 00 Joy Ul WN - O

W oo -Jo U dWNDE OO0

©
Q
®

O 00 Joy Ul WwWNE O

ts

year
age 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971

PR RPRPROOCOO

0

[ A Y =]

[

=

PR RRERRPRPROOOO PR PR RRPRPROOO

RPFRPRPRPRPRPOOOOO

NA

0

©
3
e e e =]

O O OO OO OwWwoo
ocNeoNoNeoNoNeoNoN Ve No)

O
O
s

O OO OO O WwWwowoOo
O OO OO OoOwWwo OO

0

N N N =]

1977

PR PR RRPRPROOO

RPFRPRPRPRPRPRPOOOOO

0

[ e e =]

1978
.00
.00
.82
.00

.00
.00
.00
.00
.00

PR RRRRPRPROOO
o
o

1993

PR RRPRPR,OOOO
o
o

PR R RRPROOOOO
©
©

0

[ R =)

1979

PR RRRPRRPRPROOO

PR R RRRPRPROOO

0

[ e =]

1980

PR PR RRPRPROOO

PR R RRPRPOO0OO

0

[ R e =)

1981

PR PR RRPRPROOO

.00
.00
.82
.00

.00
.00
.00
.00
.00

1996

PR RPRPRPROOOO

.00
.00
.61
.98

.00
.00
.00
.00

0

e N N =]

1982
.00
.00
.82
.00

.00
.00
.00
.00
.00

PR PR RRPRPROOO
o
o

1997
.00
.00
.64
.94

.00
.00
.00
.00

PR RRPRPRPROOOO
o
o

0

[ R e =)

J
e
[ee)
w

PR PR RRPRRPROOO

OO OO OO O wWwoo
ocNeoNoNeoNoNeoNoN Ve No)

=
O
O
[ee)

PR RRPRPROOOO

O OO OO O wo OO
O OO OO O Wk oo

0

PR ERERPRPRRPRRPRO

1984
.00
.00
.82
.00

.00
.00
.00
.00
.00

PR PR RPRRPRRPROOO
o
o

1999
.00
.00
.69
.91

.00
.00
.00
.00

PR RRPRPRPROOOO
o
o

PR PR RRPRPROOOW

0

©
[ R R S =]

OO OO OO OJOoOOoWwm

2000

PR RRPRPRPROOOO

.00
.00
.67
.96

.00
.00
.00
.00

PR RERRRPRRPRPR OO

1986

PR PR RRPRPROOO

.00
.00
.75
.00

.00
.00
.00
.00
.00

2001

PR RRPRPRPROOOO

.00
.00
.77
.92

.00
.00
.00
.00

1972
.00
.00
.82
.00

.00
.00
.00
.00

PR RERRPRRPRRPROOO
o
o

J

PR RRRRPRPROOOW
e

OO OO OO OWOoo-J

2002
.00
.00
.87
.97

.00
.00
.00
.00

PR RRRPRPROOOO
o
o

PR RRRPRPRPOO0OO

2003

PR RRRPRPROOOO

.00
.00
.43
.93

.00
.00
.00
.00
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1974
.00
.00
.82
.00

.00
.00
.00
.00
.00

PR RRPRRRPRRPROOO
o
o

1989
.00
.00
.82
.94

.00
.00
.00
.00
.00

PR PR RPRPROO0OO
o
o
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.00
.00
.70
.65

.00
.00
.00
.00

PR RRERRPRPRPOOOO
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Table 2.6.3.6 NORTH SEA HERRING. FRACTION OF HARVEST BEFORE SPAWNING

Uni

age

O 00 Jo Ul W+ O

©
Q
®

O 00 Jo Ul W - O

W oo -Jo U dWwWwNDE OO0

©
Q
®

O 00 Joy Ul W E O

ts

year
1960

0.
.67
.67
.67
.67
.67
.67
.67
.67
.67

O OO OO OoOoOo

o

67

year
1975

0.
.67
.67
.67
.67
.67
.67
.67
.67
.67

O OO OO O oOo

o

67

year
1990

0.
.67
.67
.67
.67
.67
.67
.67
.67
.67

O O OO OO oo

o

67

year
2005

0.
.67
.67
.67
.67
.67
.67
.67
.67
.67

O OO OO OO oo

67

NA

1961
.67
.67
.67
.67
.67
.67
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Table 2.6.3.7 NORTH SEA HERRING. FRACTION OF NATURAL MORTALITY BEFORE
SPAWNING

Units : NA
year

age 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
0 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
1 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
2 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
3 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
4 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
5 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
6 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
7 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
8 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
9 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
year

age 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
0 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
1 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
2 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
3 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
4 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
5 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
6 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
7 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
8 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
9 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
year

age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
0 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
1 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
2 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
3 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
4 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
5 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
6 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
7 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
8 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
9 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
year

age 2005 2006 2007 2008 2009 2010
0 0.67 0.67 0.67 0.67 0.67 0.67
1 0.67 0.67 0.67 0.67 0.67 0.67
2 0.67 0.67 0.67 0.67 0.67 0.67
3 0.67 0.67 0.67 0.67 0.67 0.67
4 0.67 0.67 0.67 0.67 0.67 0.67
5 0.67 0.67 0.67 0.67 0.67 0.67
6 0.67 0.67 0.67 0.67 0.67 0.67
7 0.67 0.67 0.67 0.67 0.67 0.67
8 0.67 0.67 0.67 0.67 0.67 0.67
9 0.67 0.67 0.67 0.67 0.67 0.67
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Table 2.6.3.8 NORTH SEA HERRING. SURVEY INDICES

MLAI - Configuration

"Herring" "in" "Sub-area" "IV," "Divisions" "VIId" "&" "IIIa" " (autumn-
spawners) "
min max plusgroup minyear maxyear startf endf
NA NA NA 1973 2010 NA NA

Index type : biomass

MLATI - Index Values

Units : ©NA
year
age 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
all 12.892 7.676 2.777 2.458 6.081 7.276 13.765 9.251 13.521 19.859 25.456
year
age 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
all 45.835 70.134 36.524 64.774 128.523 126.86 164.982 87.928 40.524 28.643
year
age 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
all 19.982 20.474 40.646 53.077 66.596 55.731 37.392 123.398 104.485 250.644
year
age 2004 2005 2006 2007 2008 2009 2010

all 308.878 183.782 112.811 160.992 180.456 466.652 380.386

MLAI - Index Variance (Inverse Weights)
Units : NA
year
age 1973 1974 1975 1976 1977 1978 1979 1980
all 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667
year
age 1981 1982 1983 1984 1985 1986 1987 1988
all 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667
year
age 1989 1990 1991 1992 1993 1994 1995 1996
all 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667
year
age 1997 1998 1999 2000 2001 2002 2003 2004
all 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667
year
age 2005 2006 2007 2008 2009 2010

all 1.666667 1.666667 1.666667 1.666667 1.666667 1.666667
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TABLE 2.6.3.8 cont NORTH SEA HERRING. SURVEY INDICES

IBTSO - Configuration

"Herring in Sub-area IV, Divisions VIId & IIIa (autumn-spawners) . Imported
from VPA file."

min max plusgroup minyear maxyear startf endf

0.00 0.00 NA 1992.00 2011.00 0.08 0.17

Index type : number
IBTSO - Index Values

Units : NA
year

age 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
0 200.7 190.1 101.7 127 106.5 148.1 53.1 244 137.1 214.8 161.8 54.4 47.3
year

age 2005 2006 2007 2008 2009 2010 2011
0 61.3 83.1 37.2 27.8 95.8 77.1 77

IBTSO - Index Variance (Inverse Weights)

Units : NA
year

age 1992 1993 1994 1995 1996 1997 1998 1999
0 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302
year

age 2000 2001 2002 2003 2004 2005 2006 2007
0 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302
year

age 2008 2009 2010 2011

0 1.587302 1.587302 1.587302 1.587302

IBTS-Q1l: 1-5+ wr - Configuration

"Herring in Sub-area IV, Divisions VIId & IIIa (autumn-spawners) . Imported
from VPA file."

min max plusgroup minyear maxyear startf endf

1.00 5.00 5.00 1984.00 2011.00 0.08 0.17

Index type : number
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Table 2.6.3.8 cont NORTH SEA HERRING. SURVEY INDICES

IBTS-Q1l: 1-5+ wr - Index Values

Units : NA
year

age 1984 1985 1986 1987 1988 1989 1990 1991
1 1515.627 2097.280 2662.812 3692.965 4394.168 2331.566 1061.572 1286.747
2 161.480 721.646 782.122 917.550 4163.384 875.336 462.097 693.020
3 61.428 281.990 276.031 116.315 791.528 338.514 279.780 258.604
4 26.888 42.088 79.007 59.351 57.957 89.381 269.108 221.523
5 10.238 27.941 28.076 48.763 25.054 8.519 71.303 146.096
year

age 1992 1993 1994 1995 1996 1997 1998 1999

1 1268.145 2794.007 1752.053 1345.754 1890.872 4404.647 2275.845 752.862
2 436.563 787.421 1167.221 13%92.857 197.522 506.536 791.593 450.623
3 193.085 222.585 213.059 278.544 32.875 162.660 95.660 501.325
4 54.810 45.042 69.004 36.670 10.193 30.532 20.810 98.179
5 92.268 65.534 42.503 6.551 8.079 19.935 17.841 35.566

year
age 2000 2001 2002 2003 2004 2005 2006 2007
1 3725.131 2499.391 4064.829 2765.059 979.036 1001.585 923.167 1321.005
2 199.374 1129.308 658.154 1556.082 451.015 214.191 1490.917 50.033
3 154.691 317.069 338.153 611.890 777.324 356.007 331.024 18.250
4 58.838 93.886 25.048 359.989 112.374 388.922 251.689 7.937
5 8.952 68.284 19.936 53.166 171.231 131.481 338.811 41.284

year
2008 2009 2010 2011
1815.860 2344.155 1220.940 2934.736
232.906 136.269 49.555 422.070
146.192 21.459 34.853 572.857
202.100 11.223 45.944 419.102
232.335 46.427 89.950 465.734

ag

g w0
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Table 2.6.3.8 cont NORTH SEA HERRING. SURVEY INDICES

IBTS-Q1l: 1-5+ wr - Index Variance (Inverse Weights)

Units : NA
year

age 1984 1985 1986 1987 1988 1989
1 2.127660 2.127660 2.127660 2.127660 2.127660 2.127660
2 3.571429 3.571429 3.571429 3.571429 3.571429 3.571429
3 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
4 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
5 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
year

age 1990 1991 1992 1993 1994 1995
1 2.127660 2.127660 2.127660 2.127660 2.127660 2.127660
2 3.571429 3.571429 3.571429 3.571429 3.571429 3.571429
3 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
4 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
5 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000

year

age 1996 1997 1998 1999 2000 2001
1 2.127660 2.127660 2.127660 2.127660 2.127660 2.127660
2 3.571429 3.571429 3.571429 3.571429 3.571429 3.571429
3 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
4 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
5 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
year

age 2002 2003 2004 2005 2006 2007

1 2.127660 2.127660 2.127660 2.127660 2.127660 2.127660
2 3.571429 3.571429 3.571429 3.571429 3.571429 3.571429
3 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
4 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000
5 100.000000 100.000000 100.000000 100.000000 100.000000 100.000000

age 2008 2009 2010 2011
1 2.127660 2.127660 2.127660 2.127660
2 3.571429 3.571429 3.571429 3.571429
3 100.000000 100.000000 100.000000 100.000000
4 100.000000 100.000000 100.000000 100.000000
5 100.000000 100.000000 100.000000 100.000000
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Table 2.6.3.8 cont NORTH SEA HERRING. SURVEY INDICES

Acoustic survey (HERAS): 1-9+ wr - Configuration

"Herring in Sub-area IV, Divisions VIId & IIIa (autumn-spawners) . Impo
from VPA file."
min max plusgroup minyear maxyear startf endf
1.00 9.00 9.00 1989.00 2010.00 0.54 0.56

Index type : number

Acoustic survey (HERAS): 1-9+ wr - Index Values

Units : NA
year

age 1989 1990 1991 1992 1993 1994 1995 1996
1 -1 -1 -1 -1 -1 -1 -1 -1 936
2 4090000 3306000 2634000 3734000 2984000 3185000 3849000 4497000 596
3 3903000 3521000 1700000 1378000 1637000 839000 2041000 2824000 293
4 1633000 3414000 1959000 1147000 902000 399000 672000 1087000 144
5 492000 1366000 1849000 1134000 741000 381000 299000 311000 60
6 283000 392000 644000 1246000 777000 321000 203000 99000 21
7 120000 210000 228000 395000 551000 326000 138000 83000 4
8 44000 133000 94000 114000 180000 219000 119000 133000 7
9 22000 43000 51000 104000 116000 131000 93000 206000 15
year

age 1998 1999 2000 2001 2002 2003 2004 2005
1 4449000 5087000 24736000 6837000 23055000 9829400 5183700 3114100
2 5747000 3078000 2923000 12290000 4875000 18949400 3415900 2055100
3 2520000 4725000 2156000 3083000 8220000 3081000 9191800 3648500
4 1625000 1116000 3140000 1462000 1390000 4188900 2167300 5789600
5 982000 506000 1007000 1676000 794600 675100 2590700 1212900
6 445000 314000 483000 450000 1031000 494800 317100 1174900
7 170000 139000 266000 170000 244400 568300 327600 139900
8 45000 54000 120000 98000 121000 145500 342050 126500
9 121000 87000 97000 59000 149500 177700 185600 106700
year

age 2007 2008 2009 2010

6261000 3714000 4655000 14577000
2750000 2853000 5632000 4237000
1848000 1709000 2553000 4216000
898000 1485000 1023000 2453000

806000 809000 1077000 1246000

1323000 712000 674000 1332000
243000 1749000 638000 688000

152000 185000 1142000 1110000

65000 270000 578000 1619000

W o Jo U d W -

rted

1997
1000
0000
5000
1000
1000
5000
6000
8000
9000

2006
6822800
3772300
1997200
2097500
4175100

618200
562100
84300
70400
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Table 2.6.3.8 cont NORTH SEA HERRING. SURVEY INDICES

Acoustic survey (HERAS): 1-9+ wr - Index Variance (Inverse Weights)

Units : NA
year

age 1989 1990 1991 1992 1993 1994 1995
1 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302
2 1.612903 1.612903 1.612903 1.612903 1.612903 1.612903 1.612903
3 5.882353 5.882353 5.882353 5.882353 5.882353 5.882353 5.882353
4 10.000000 10.000000 10.000000 10.000000 10.000000 10.000000 10.000000
511.111111 11.11121121 211.121121121 11.111111 11.111111 11.1111211 11.111111
6 12.500000 12.500000 12.500000 12.500000 12.500000 12.500000 12.500000
7 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714
8 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714
9 20.000000 20.000000 20.000000 20.000000 20.000000 20.000000 20.000000
year

age 1996 1997 1998 1999 2000 2001 2002
1 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302
2 1.612903 1.612903 1.612903 1.612903 1.612903 1.612903 1.612903
3 5.882353 5.882353 5.882353 5.882353 5.882353 5.882353 5.882353
4 10.000000 10.000000 10.000000 10.000000 10.000000 10.000000 10.000000
511.111111 11.1112121 211.12112111 11.111111 11.111111 11.1111211 11.111111
6 12.500000 12.500000 12.500000 12.500000 12.500000 12.500000 12.500000
7 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714
8 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714
9 20.000000 20.000000 20.000000 20.000000 20.000000 20.000000 20.000000
year

age 2003 2004 2005 2006 2007 2008 2009
1 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302 1.587302
2 1.612903 1.612903 1.612903 1.612903 1.612903 1.612903 1.612903
3 5.882353 5.882353 5.882353 5.882353 5.882353 5.882353 5.882353
4 10.000000 10.000000 10.000000 10.000000 10.000000 10.000000 10.000000
511.111111 11.1112111 11.111111 11.111111 11.111111 11.111111 11.111111
6 12.500000 12.500000 12.500000 12.500000 12.500000 12.500000 12.500000
7 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714
8 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714 14.285714
9 20.000000 20.000000 20.000000 20.000000 20.000000 20.000000 20.000000
year

age 2010
1 1.587302
2 1.612903
3 5.882353
4 10.000000
5 11.111111
6 12.500000
7 14.285714
8 14.285714
9 20.000000
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Table 2.6.3.9 NORTH SEA HERRING. STOCK OBJECT CONFIGURATION

min max plusgroup minyear maxyear minfbar maxfbar
0 9 9 1960 2010 2 6

Table2.6.3.10 NORTH SEA HERRING. FLICA CONFIGURATION SETTINGS

sep.2 : NA
sep.gradual : TRUE
sr :
sr.age
lambda.age
lambda.yr
lambda.sr
index.model
index.cor
sep.nyr
sep.age
sep.sel

|
)
g
=1

= o

.1 3.67 2.87 2.23 1.74 1.37 1.04 0.94 0.91
11

= e

ower linear linear linear

=S 0 ET O O

Table 2.6.3.11 NORTH SEA HERRING. FLR, R SOFTWARE VERSIONS

R version 2.8.1 (2008-12-22)

Package : FLICA

Version : 1.4-12

Packaged : 2009-10-08 15:16:26 UTC; mpa

Built : R 2.9.1; ; 2009-10-08 15:16:27 UTC; windows

Package : FLAssess

Version : 1.99-102

Packaged : Mon Mar 23 08:18:19 2009; mpa

Built : R 2.8.0; 1386-pc-mingw32; 2009-03-23 08:18:21; windows
Package : FLCore

Version : 2.2

Packaged : Tue May 19 19:23:18 2009; Administrator
Built : R 2.8.1; 1386-pc-mingw32; 2009-05-19 19:23:22; windows
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Table 2.6.3.12 NORTH SEA HERRING. STOCK SUMMARY

Year Recruitment TSB SSB Fbar Landings Landings

Age 0 (Ages 2-6) SOP

b tonnes

1960 12092313 3747903 1884122 0.3367 696200 1.1830
1961 108850059 4364354 1662930 0.4315 696700 1.1348
1962 46272455 4397754 1115220 0.5290 627800 1.1705
1963 47657565 4628953 2189201 0.2260 716000 0.8602
1964 62786575 4797400 2031515 0.3434 871200 1.0656
1965 34895343 4344785 1450013 0.6952 1168800 1.1496
1966 27859139 3316825 1281010 0.6194 895500 1.0707
1967 40256391 2814536 919752 0.7982 695500 1.1757
1968 38698817 2521305 412840 1.3363 717800 1.2551
1969 21581561 1905139 423877 1.1052 546700 0.9674
1970 41073298 1921888 374629 1.1050 563100 0.9657
1971 32307965 1849446 266051 1.4049 520100 1.0747
1972 20861031 1549562 288353 0.6960 497500 0.9197
1973 10102051 1156018 233410 1.1348 484000 0.9575
1974 21699985 912051 162051 1.0521 275100 0.9680
1975 2825521 680402 81658 1.4716 312800 0.9343
1976 2721846 358662 77952 1.4443 174800 0.9530
1977 4329404 210504 47622 0.8028 46000 1.1979
1978 4596094 224925 64889 0.0527 11000 1.2152
1979 10602593 382131 107141 0.0642 25100 1.0056
1980 16719547 630494 131011 0.2836 70764 1.0936
1981 37864017 1158667 195611 0.3515 174879 1.0081
1982 64754769 1843295 278530 0.2640 275079 0.9786
1983 61829567 2719425 432633 0.3380 387202 1.0771
1984 53460997 2865147 679075 0.4553 428631 1.0543
1985 80939722 3463006 699476 0.6436 613780 1.0419
1986 97653052 3473722 679590 0.5723 671488 1.1373
1987 86232161 3938023 901038 0.5522 792058 1.0173
1988 42292084 3622901 1195264 0.5365 887686 1.1641
1989 39183711 3312158 1251149 0.5444 787899 1.0335
1990 35866636 2978465 1186874 0.4416 645229 1.0515
1991 33636441 2716907 982498 0.4893 658008 1.0197
1992 62152334 2438080 705132 0.5814 716799 0.9950
1993 50270235 2520045 474742 0.6897 671397 1.0231
1994 34559978 2026875 512077 0.7068 568234 1.0498
1995 41738842 1846118 463304 0.7386 579371 1.0084
1996 50017440 1629136 463868 0.4016 275098 0.9987
1997 29137096 1957688 563131 0.4194 264313 1.0006
1998 28102834 2086762 739391 0.4828 391628 1.0018
1999 69449799 2371556 869482 0.3656 363163 1.0000
2000 42389537 2929463 886094 0.3547 388157 1.0004
2001 97487442 3364925 1344693 0.2852 374065 0.9901
2002 34766152 4166329 1658085 0.2339 394709 0.9974
2003 20060339 3913739 1822444 0.2303 482281 1.0153
2004 26095303 3635587 1933120 0.2759 587698 0.9985
2005 16577102 3171867 1871370 0.3192 663813 1.0033
2006 22114044 2621499 1526159 0.2812 514597 0.9950
2007 30340022 2392366 1234365 0.2674 406482 1.0056
2008 26079173 2394029 1206034 0.1945 257870 1.0040
2009 38289832 2610448 1442422 0.0986 168443 1.0023
2010 38849289 2859555 1301092 0.1175 187611 1.0034
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Table 2.6.3.13 NORTH SEA HERRING. ESTIMATED FISHING MORTALITY

Uni

Q
Q
(0]

SD o) o}
«Q «Q «Q
0} WOJanUd™ WNRE OO W wW~Jo U WN P OO O W ~Jo U WN P O

O o0 Joy Ul WwWhNE O

O 00 JoUld WNEFE OO

ts

£

year

1960

0.02573320
0.25617242
0.43507633
0.32713850
0.
0
0
0
0

33725442

.26537157
.31858098
.59302394
.56819273
0.

56819273

year

1966

0.02145713
0.18523552
0.59205513
0.70824214
0.
0
0
0
0

57195343

.83514089
.38982219
.39455717
.71207047
0.

71207047

year

1972

0.05830196
0.57822569
0.81218192
0.80143804
0.
0
0
0
1

79956033

.54958975
.51701073
.09840184
.01682491
1.

01682491

year

0

1979

0.08372731
0.16699091
0.09491923
0.06676805
0.
0
0
0
0

09419295

.05219707
.01280278
.42247081
.24151228
.24151228

year

1986

0.06191268
0.31576029
0.45959779
0.52240984
0.
0
0
0
0
0

58307527

.55655746
.73977218
.82962999
.83196250
.83196250

1961

.01858961
.12932790
.61826849
.35114514
.40638571
.40218955
.37972626
.25568350
.50832960
.50832960

1967

.02563521
.29803814
.42222497
.80455683
.92444459
.82811220
.01152956
.52624948
.10669324
.10669324

1973

.04619976
.67385669
.02222411
.33395629
.98791581
.95128564
.37860378
.80382334
.56395728
.56395728

1980

.12584949
.11327456
.36476977
.42055439
.29878647
.26682760
.06704901
.10492186
.34347450
.34347450

1987

.1613364
.3721575
.4062663
.5058867
.5888959
.6187567
.6411137
.6244173
.8152895
.8152895

.1246373
.5798242
.3554627
.4008518
.5826898
.6637763
.6795187
.7030711
.9531102
.9531102

1962
.004857751
.089679642
.250112005
.629159979
.419352079
.529860473
.816610240
.631325941
.600166613
.600166613

1968
.03481117
.30024512
.32717864
.87207332
.07139747
.23401594
.17674095
.61035508
.62146851
.62146851

1974
.07491123
.45203520
.02840476
.97328720
.99435138
.18652930
.07807478
.77383414
.32506586
.32506586

1981
.4821645 0
.2857054 0
.3243862 0
.2765156 0
.3049633 0
.4159604 0
.4355027 0
.9638405 0
.6503644 0
.6503644 0

1988

OO OO OO OO oo

.1302757 0O
.4306755 0
.3981259 0
.4097632 0
.5559813 0.
.6580872 0
.6998792 0
.7171702 0
.8620383 0
.8620383 0

196
0.0147896
0.1240710
0.2975523
0.2753868
0.2281944
0.1494245
0.1796441
0.2842567
0.3316153
0.3316153

1969
0.00823815
0.32910200
0.78438673
0.91235419
0.87417114
1.05394430
1.90113501
1.30753923
1.36069931
1.36069931

1975
.1576024
.6879136
.3142552
.5031833
.3745073
.8885954
.2775369
.0279402
.0368114
.0368114

MNP RERERPR PR OO

1982
.3344693
.2251645
.2608986
.5089983
.2484782
.1553002
.1465552
.2326800
.4254900
.4254900

O OO OO OO OoOOoOOo

1989

.05888683
.45254277
.37680073
.36928020

.50037058
.49457245
.67860532
.79148971
.79148971

3 196
2 0.0125859
1 0.3084355
3 0.3889982
7 0.4124469
4 0.3700941
2 0.3098793
9 0.2354539
0 0.2777008
3 0.5545415
3 0.5545415

O O OO OO OO oo

1970
0.03510075
0.26805990
0.97282347
1.26695224
1.33012980
0.87565878
1.07946516
4.13299523
1.79965941
1.79965941

1976
.1471000
.2497792
.3386528
.4475075

.6094982
.0939467
.5150624
.6277197
. 6277197

1983
.3995588 0
.2517829 0
.3023941 0
.3250840 0
.4374260 0.
.2774710 0O
.3474636 0
.3970131 0
.5231238 0
.5231238 0

1990

0
0
0
0
46687012 0.
0
0
0
0
0

0 0
0 0
1 0
1 1
1.7317656 0.
1 1
1 0
1 0
1 0
1 0

.2263717
.2051328
.3146588
.4302158

.6296259
.3633286
.7052534
.6277581
.6277581

.1178491
.3082560
.5738080
.4543899

.4824516
.4784711
.4256969
.7031240
.7031240

4 1965

1
5
1
6

5
6
4
4
4

1971
0.03396986
0.60216378
0.88261263
1.21470754
1.22647457
1.08393609
2.61678229
2.70177231
2.02762290
2.02762290

1977
.09771067
.29811844
.22590573
.40986161
43885191
.18648142
.75264937
.77888732
.98526257
.98526257

OO O OO OOOooOo

1984

1991

0.007143397
0.246122752
0.775348441
0.738974053
5 0.776911178
0.659365447
0.525183638
0.450293556
0.838022951
0.838022951

1978

.04560347
.20047837
.02431079
.04268949
.10392790
.01711792
.07526583
.06279681
.19186101
.19186101

1985

0.0852665
0.3828898
0.4042348
0.6718703
5386997 0.7394562
0.6672648
0.7351532
0.5657169
0.8858924
0.8858924

1992

0.2966564
0.3871894
0.5728707
0.4976420
4572091 0.5722155
0.5454786
0.7185477
0.6981589
0.8742984
0.8742984
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Table 2.6.3.13 cont. NORTH SEA HERRING. ESTIMATED FISHING MORTALITY

o
Q
]

O o JoUuld WP O

©
Q
9] VWO INUTd WN R OO0

O o0 Joy Ul d wWwN - O

year

1993

0.3759339
0.4219845
0.6684901
0.6411742
0.
0
0
0
1

7314638

.7100916
.6971324
.8697147
.0156145
1.

0156145

year

2000

0.04196875
0.07768960
0.22404073
0.30920616
0.
0
0
0
0

45949314

.46926549
.31149184
.39113289
.40400681
0.

40400681

year

2007

.05281154
.06308425
.19401586
.24150440

0
0
0
0
0.
0
0
0
0
0

30600334

.32612346
.26929885
.26462175
.30600334
.30600334

O OO OO OOO oo

1994

.2258746
.2458919
.6832678
.7160884

.5546597
.6671316
.4736552
.8452386
.8452386

0.
0.
0.
0.
.9127046 0.
0.
0.
0.
0.
0.

2001
.03011566
.06683746
.12322363
.29051302
.29367780
.38689966
.33154874
.20760917
.30859710
.30859710

2008
.03842186
.04589554
.14115191
.17570114
.22262591
.23726385
.19592237
.19251965
.22262591
.22262591

1995
3211345 0
2924358 0
5993335 0
8657347 0
8665282 0.
8262931 0
5351948 0
6405867 0
9216411 0
9216411 0

2002
.03370007
.03869352
.13918405
.21598631
.26993913
.21128804
.33323803
.26636759
.26225064
.26225064

2009
.01947015
.02325741
.07152826
.08903596
.11281494
.12023266
.09928301
.09755869
.11281494
.11281494

.07542518
.25299368
.30759915
.48945206

.47758701
.31617073
.14142154
.53152288
.53152288

1996

0
0
0
0
41721969 0.
0
0
0
0
0

2003
.02946521
.08165508
.12159885
.19304015
.27673825
.33789558
.22202300
.36902719
.30075350
.30075350

2010
.02320384
.02771737
.08524487
.10610994
.13444888
.14328906
.11832200
.11626702
.13444888
.13444888

.02364231
.04532040
.28570767
.38998067

.45081211
.46018639
.24324650
.41459144
.41459144

1997

0
0
0
0
51035723 0.
0
0
0
0
0

2004
.04418701
.04651483
.13154457
.20570512
.29362224
.38178936
.36708105
.31114608
.30321706
.30321706

1998

.01469927 0O
.15765524 0
.26638049 0
.40477424 0
42172169 0.
.60470822 0
.71665475 0
.37631622 0
.56233922 0
.56233922 0

2005
.1010568
.1300405
.1776790
.2182857
.2966418
.4047342
.4986192
.4055804
.4142285
.4142285

O OO OO OO OoOoOo

115

1999

.03622188
.04808452
.24280614
.41657352

38334681

.33518900
.44992879
.45458480
.41125857
.41125857

2006
.05553518
.06633768
.20402178
.25395944
.32178477
.34294253
.28318733
.27826901
.32178477
.32178477
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Table 2.6.3.14 NORTH SEA HERRING. ESTIMATED POPULATION ABUNDANCE

Units : NA
year

age 1960 1961 1962 1963 1964 1965
0 12092313.4 108850059.1 46272454.6 47657564.60 62786574.98 34895342.6
1 16403718.2 4335499.3 39306178.4 16940193.30 17274851.08 22809004.0
2 3707664.6 4670824.5 1401452.1 13219619.80 5504787.06 4668399.1
3 7734930.3 1777709.7 1864638.3 808476.95 7272860.95 2763836.8
4 607271.8 4565864.9 1024475.5 813757.51 502585.26 3942057.5
5 754405.9 392180.4 2751709.2 609466.47 586086.84 314087.4
6 433712.5 523511.5 237349.2 1465742.27 474926.19 389003.6
7 294062.9 285374.1 324028.9 94909.35 1108178.40 339578.6
8 310307.3 147049.6 199960.0 155945.53 64629