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Executive Summary

The ICES herring assessment working group (HAWG) met for eight days in March
2016 to assess the state of five herring stocks and four sprat stocks/populations. HAWG
also provided advice for seven sandeel stocks but reported on those prior to this meet-
ing. The working group conducted update assessments for five of the herring stocks.
An analytical assessment was performed for North Sea sprat and data limited assess-
ments were conducted for English Channel sprat, Celtic Sea sprat and 3.a sprat.

The North Sea autumn spawning herring SSB in 2015 was estimated at 1.80 m tonnes
while F2in 2015 was estimated at 0.24, below the target F2- of 0.26. Fishing mortality
on juveniles, mean Fo1 is 0.05, just below the agreed ceiling. The estimate of 0-wr fish
in 2016 (2015 year class) is estimated to be at approximately 23 billion and indicates a
year class similar to those observed since 2003. Year classes since 2002 are estimated to
be consistently week with year classes 2002 to 2007 to be among the weakest. ICES
considers that the stock is still in a low productivity phase. The Western Baltic spring
spawning herring assessment was updated. The SSB in 2015 has increased from last
year and was estimated to be around 125 744 tonnes. Fishing mortality has been esti-
mated at 0.24, and it is below the estimate of Fmsy (0.32). After a minimum in 2008,
recruitment is increasing although these should be considered with caution due to the
uncertainty in the estimates. Under an historical perspective the estimates of SSB are
considered still low, but give similar perception that the stock may have started to re-
cover. The Celtic Sea autumn and winter spawning stock is estimated to be at a high
level, although coming down in recent years. SSB is currently estimated at 101 382
tonnes in 2015, having rebuilt from 36 000 tonnes in 2004. Mean F (2-5 rings) was esti-
mated at 0.19 in 2015, having increased from 0.06 in 2009. Overall there has been a
substantial decrease in F from 0.41 in 2004. Recruitment has been good in recent years
with several strong cohorts (2003, 2005, 2007, 2011, 2012) entering the fishery. The 2015
SSB estimate of 6.a/7.b, ¢ (the combined stock of 6.aN and 6.aS/7.b, c) was 250 296
tonnes, below at Bpa. Low recruitment has caused a decline of the stock while fishing
mortality is low at 0.07 in recent years. Advice has been drafted to setup a monitoring
fishery to ensure data relevant for the assessment and genetic studies are secured. Irish
Sea autumn spawning herring assessment showed a decline in SSB in 2015 to 13 242
tonnes, and a continued high recruitment in recent years, with
Fis = 0.26 in 2015. Catches have been relatively stable since the 1980s, and close to TAC
levels in recent years. Based on the most recent estimates the stock is being harvested
sustainably and below Fusy. Issues related to fish aging that could have affected the
assessment were investigated and corrected for in 2015 and 2016. North Sea sprat is
estimated to have come down from a high level in 2014 to 355 782 tonnes in 2015 with
expected decline to 208 904 tonnes in 2016. Fishing mortality was estimated at 1.76 in
2015, above the Feap of 0.7 that was estimated in 2015. Expected recruitment for 2016 is
estimated to be well below the values observed in 2013-2015. Sprat in Division 3.a
This stock was benchmarked in 2013 (WKSPRAT) but an analytical assessment is not
presented. Short term projections are to be based on a combination of indices providing
in year advice for 3.a based on the ICES approach for data limited stocks (Category 3 /
4). The surveys indicate a substantial increase in the stock. Catch advice for sprat in
the English Channel (7.d, e) was based on criteria for data limited stocks. Data avail-
able are landings and a short time series of acoustic biomass (2013-2015). The acoustic
biomass indicates a decline in the stock. Quantitative advice was provided for Sprat in
the Celtic Sea (spr-irls) based on criteria for data limited stocks where only data on
landings are available.
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The HAWG reviewed the assessments performed on seven sandeel stocks and the re-
lated advice of these stocks. Section 11 of this report contains the assessment of sandeel
in Division 3.a and Subarea 4.

A special requests for a monitoring catch advice was dealt with at HAWG 2016 but will
be issued as separate advice.

The working group commented on four Terms of Reference: bias in advice, the role of
pelagic fish in the ecosystem, information from surveys relevant for HAWG and the
potential effects of the landing obligation. Standard issues such as the quality and
availability of data, estimating the amounts of discarded fish and the use of the data
system InterCatch were discussed. The group also executed estimation of missing ref-
erence points as requested by the EU for some of the stocks.
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1 Introduction

1.1 Participants

Valerio Bartolino Sweden

Andrew Campbell Ireland

Piera Carpi UK

Lotte Worsge Clausen Denmark

Anne Cooper ICES Secretariat
Maurice Clarke ITreland

Cindy van Damme The Netherlands
Sascha Fassler The Netherlands
Tomas Grohsler Germany

Marc Hufnagel Germany

Bastian Huwer Denmark

Espen Johnsen Norway

Michael O’'Malley UK/Scotland

Niels Hintzen The Netherlands (Chair)
Cecilie Kvamme Norway

Susan Meaersk Lusseau UK/Scotland

Lars Mortensen Denmark

Henrik Mosegaard Denmark

Richard Nash Norway

Martin Pastoors The Netherlands
Claus Reedtz Sparrevohn Denmark

Anna Rindorf Denmark

Lisa Readdy UK/England & Wales
Norbert Rohlf Germany

Pieter-Jan Schén UK/Northern Ireland

Contact details for each participant are given in Annex 1.

1.2 Terms of Reference

2015/2/ACOMO7 The Herring Assessment Working Group for the Area South of 62°N
(HAWG), chaired by Niels Hintzen, NL will meet at ICES Headquarters, 29 March to
7 April 2015, and by correspondence in January and February to:

a) compile the catch data of North Sea and Western Baltic herring on 29-30 March
b) address generic ToRs for Regional and Species Working Groups 31 March-

7 April

c) Prepare a list of the features and estimates derived from the existing surveys
which are relevant to the interpretation of results and model fitting process
and therefore need to be clearly presented in the surveys’ group (WGIPS) re-

port.

d) In preparation of the ecosystem approach for assessing and providing advice,
evaluate total biomass of assessed and unassessed pelagic fish stocks and the
structural diversity of the pelagic ecosystem in terms of the number of pelagic
fish stocks comprising the majority of biomass
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e) Evaluate the bias in advice when bi-annual advice would be given on SSB, F
and recruitment for stocks with ages > 5 and having a category 1 analytical
stock assessment

f) Examine where possible the effects of the landing obligation on TAC uptake,
distribution of the fishing fleet and quality of the sampling

The assessments will be carried out on the basis of the Stock Annex. The assessments
must be available for audit on the first day of the meeting.

Material and data relevant for the meeting must be available to the group no later than
15 March 2016 according to the Data Call 2016.

HAWG will report by 1 February 2016 (on sandeel), and by 14 April 2016 (all stocks
except sandeel) for the attention of ACOM.

STOCK ASSESSS. ASSESS.
FISH STOCK STOCK NAME ADVICE REVIEW (SA)
COORD. COORD. 1 COORD. 2

Sandeel in Division 3.a
san-nsea and Subarea 4 Denmark Denmark Norway Update Germany

her-3a22 Herring in Division 3.a
and SubleISl,O ns 2?_24 Denmark Germany/ Denmark Update Denmark
(Western Baltic Spring Sweden
spawners)
her-47d3 Herring in Subarea 4 and
Division 3.a and 7.d UK
(North Sea Autumn Germany NL (Scotland) Update Norway
spawners)
her-irls Herring in Division 7.a
South of 52° 30" N and UK
Ireland Ireland* dat
7.g-h and 7 j-k (Celtic Sea relan relan Update Scotland
& ]
and South of Ireland)
her-wis Herring in Divisions 6.a UK UK
and 7.b and 7.c (Scotland) / (Scotland) Ireland Update Denmark
Ireland
her-nirs Herring in Division 7.a UK UK
North of 52° 30" N (Irish (Northern (Northern Update Ireland
Sea) Ireland) Ireland)
spr-kask Sprat in Division 3.a Norway Denmark - Update Ireland
(Skagerrak - Kattegat)
spr-nsea Sprat in Subarea 4
(North Sea) Denmark Denmark Norway Update NL
spr-celt (6 Sprat in the Celtic Seas UK UK Update Denmark

& 7)*

1.2.1 Generic ToRs for Regional and Species Working Groups

2015/2/ACOMO5 The following ToRs apply to: AFWG, HAWG, NWWG, NIPAG,
WGWIDE, WGBAST, WGBFAS, WGNSSK, WGCSE, WGDEEP, WGBIE, WGEEL,
WGEF, WGHANSA and WGNAS.

The working group should focus on:
a) Consider and comment on ecosystem overviews where available;

b) For the fisheries relevant to the working group consider and comment on:
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i) descriptions of ecosystem impacts of fisheries where available

ii) descriptions of developments and recent changes to the fisheries
iii) mixed fisheries overview, and

iv) emerging issues of relevance for the management of the fisheries;

c) Conduct an assessment to update advice on the stock(s) using the method (analyti-
cal, forecast or trends indicators) as described in the stock annex and produce a brief
report of the work carried out regarding the stock, summarising where the item is rel-
evant:

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) For relevant stocks estimate the percentage of the total catch that has been
taken in the NEAFC Regulatory Area by year in the recent three years.

iv) The developments in spawning stock biomass, total stock biomass, fishing
mortality, catches (wanted and unwanted landings and discards) using the
method described in the stock annex;

v) The state of the stocks against relevant reference points;
vi) Catch options for next year;

vii) Historical performance of the assessment and catch options and brief de-
scription of quality issues with these;

d) Produce a first draft of the advice on the fish stocks and fisheries under considera-
tions according to ACOM guidelines.

The working group is furthermore requested to:
e) Consider and propose stocks to be benchmarked;
f) Review progress on benchmark processes of relevance to the expert group;

g) Propose specific actions to be taken to improve the quality and transmission of the
data (including improvements in data collection);

h) Prepare the data calls for the next year update assessment and for the planned data
evaluation workshops;

i) Update, quality check and report relevant data for the stock:

i) Load fisheries data on effort and catches into the InterCatch database by fish-
eries/fleets;

ii) Abundance survey results;
iii) Environmental drivers.

j) Produce an overview of the sampling activities on a national basis based on the In-
terCatch database or, where relevant, the regional database.

k) Identify research needs of relevance for the expert group.
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The ToRs are addressed in the sections shown in the text table below.

STOCK

ADDRESSED IN SECTION

Herring in Subarea 4 and Division 3.a and 7.d

tion 2
(North Sea Autumn spawners) Section
Herring in Division 3.a and subdivisions 22-24 .
. . Section 3
(Western Baltic Spring spawners)
Herring in Division 7.a South of 52° 30’ N and .
. . Section 4
7.g-h and 7 j-k (Celtic Sea and South of Ireland)
Herring in Division 6.a assessment Section 5
Herring in Division 6.a data Section 6
Herring in Division 7.a North of 52° 30" N (Irish .
Section 7
Sea)
Sprat in Subarea 4 (North Sea) Section 8
Sprat in Division 3.a (Skagerrak - Kattegat) Section 9
Sprat in the Celtic Seas Section 10
Sprat in Division 7.d and 7.e Section 10
Sandeel in Division 3.a and Subarea 4 Section 11
Stocks with limited data Section 12

1.2.2 Prepare a list of the features and estimates derived from the existing
surveys which are relevant to the interpretation of results and model fitting
process and therefore need to be clearly presented in the surveys’ group

(WGIPS)

In the WGIPS report, presented estimates and tables fit well into the needs of the
HAWG. However, to ensure proper documentation, consistently reported time-series
and easy access to the relevant data to be included in calculation procedures and for
comparison, the WGIPS report should present a kind of summary chapter for herring

and sprat including tables with information on:
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Acoustic surveys on herring

K . . .
Stoc NSAS WBSS 6.aN Malin Irish Celtic
shelf Sea Sea
Survey synonym HERAS HERAS/GERAS HERAS HERAS AC(7aN) CSHAS
Numbers at age X X X X X X
Biomass at age X X X X X X
Maturity at age X X) X X X X
Weight at age X X X X X X
Length at age X X X X X X
Immature fish:
numbers, biomass, X X X X X X
mean length, mean
weight
Mature fish: numbers,
biomass, mean length, X X (3+ group) X X X X
mean weight
Survey coverage X X X X X X
Track length per
stratum (comparing X X X X X X
last two years)
Number of fish aged
per stratum a%'ld in X X X X X X
total (comparing last
two years)
Short description on
survey quality, issues, X X X X X X
CV (where possible )
Fevel 'of Ichthyophonus X X X
infection
Acoustic surveys on sprat
Stock NS 3.a
Survey synonym HERAS HERAS
Total numbers at age X X
Biomass at age X X
Maturity at age X X
Weight at age X X
Length at age X X
Immature: numbers, biomass, mean length, mean weight X X
Mature: numbers, biomass, mean length, mean weight X X
Survey coverage and nautical miles used in abundance estimates X X
Track length per stratum (comparing last two years) X X
Number of fish aged per stratum and in total (comparing last two years) X X
Short description on survey quality, issues, CV (where possible ) X X
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1.2.3 In preparation of the ecosystem approach for assessing and providing
advice, evaluate total biomass of assessed and unassessed pelagic fish stocks
and the structural diversity of the pelagic ecosystem in terms of the number
of pelagic fish stocks comprising the majority of biomass

Pelagic fish communities are a key ecosystem component in marine food webs, repre-
senting one of the main pathways of the energy flow from zooplankton to the higher
trophic levels. In many parts of the world, pelagic fish are targeted by large fisheries
and they contribute substantially to the provision of protein for human and animal
consumption. For instance, in the North Sea, pelagic fish represented a large part of the
total fish catch in 2015. Hence, their management is a key aspect for an Ecosystem Ap-
proach to Fisheries Management.

In Europe, the Marine Strategy Framework Directive’s (MSFD) ultimate objective is to
achieve good environmental status (GES) by using an ecosystem approach which relies
on indicators (including ecosystem indicators).

Ecosystem indicators that describe fish community structure and diversity may be ap-
propriate across different parts of the food web, including the pelagic communities.
Other indicators may have more restricted application and make sense only within
specific communities. For instance, size based indicators are considered relevant to
monitor and detect the effects of intense and prolonged size selective fishery on de-
mersal fish communities, but tend to perform poorly in the case of pelagic fish com-
munities where the size selection has a limited impact on the size structure of short
living species.

Among the main difficulties of defining ecosystem indicators for pelagic fish commu-
nities are the wide geographical boundaries and the high temporal variability which
often characterise pelagic ecosystems. Another challenge is the marked migratory be-
haviour of many pelagic fish populations. Pelagic species typically move across the
boundaries of biogeographic areas and these populations may influence different com-
munities during different seasons and throughout their life cycle. Among the stocks
assessed by HAWG there are several examples; for instance, the Western Baltic Spring
spawning herring perform seasonal feeding migration into the North Sea and link the
energy flow between these ecoregions.

Given these considerations, and in preparation of the ecosystem approach for assessing
and providing advice, HAWG has been asked to provide a preliminary evaluation of
the total biomass of assessed and unassessed pelagic fish stocks and the structural di-
versity of the pelagic ecosystem in terms of the number of pelagic fish stocks compris-
ing the majority of the biomass.

We considered two areas in our analyses:

e  Greater North Sea ecoregion
e  Celtic Sea ecoregion

Many pelagic species are widely distributed and therefore cannot be easily assigned to
either ecoregion specifically. Species including Atlantic mackerel Scomber scombrus and
blue whiting Micromesistius poutassou spend part of their life cycle in both ecoregions,
and in geographical areas not considered here (e.g. Barents Sea and Norwegian Sea).
There are other species including anchovy Engraulis encrasicolus and sardine Sardina
pilchardus that may also enter these ecoregions during part of their life cycle, but these
stocks are assessed as being distributed in the Bay of Biscay and Iberian Sea ecoregion.
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We considered Total Stock Biomass (TSB) rather than Spawning Stock Biomass (SSB)
as this reflects the whole population i.e. juveniles and adults. TSB is available from
ICES for stocks in the North Sea and Celtic Seas ecoregions that have full analytical
assessments (http://standardgraphs.ices.dk/stockList.aspx). Catch information is also
available for stocks where trends based assessments are conducted. We considered the
following species, focusing our analysis on species where TSB is available:

North Sea
TSB:-

Herring (Clupea harengus) in Subarea 4 and Divisions 3.a and 7.d (North Sea autumn
spawners)

Sprat (Sprattus sprattus) in Subarea 4 (North Sea)
Sandeel (Ammodytes spp) in the Dogger Bank area (SA 1)
Sandeel in the South Eastern North Sea (SA 2)

Sandeel in the Central Eastern North Sea (SA 3)

Norway pout (Trisopterus esmarkii) in Subarea 4 (North Sea) and 3a (Skagerrak - Katte-
gat) - Autumn assessment

Catches:-

Sandeel in the Viking and Bergen Bank area (SA 5)
Sandeel in Division 3.a East (Kattegat, SA 6)
Sandeel in the Shetland area (SA 7)

Celtic Sea and West of Scotland
TSB:-

Herring in Divisions 6.a and 7.b and 7.c (West of Scotland, West of Ireland)
Herring in Division 7.a North of 52° 30" N (Irish Sea)

Herring in Division 7.a South of 52° 30" N and 7.g-h and 7.j-k (Celtic Sea and South of
Ireland)

Catches:-

Sprat in Subarea 6 and divisions 7.a-c and f-k (Celtic Sea and West of Scotland)

Widely Distributed Stocks (distributed in both North Sea and Celtic Sea areas)
TSB:-

Mackerel in the Northeast Atlantic (combined Southern, Western and North Sea
spawning components)

Blue whiting in subareas 1-9, 12 and 14 (Combined stock)

Horse mackerel (Trachurus trachurus) in divisions 2.a, 4.a, 5.b, 6.a, 7.a-c, e-k, 8 (Western
stock)
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Catches:-
Horse mackerel in divisions 3.a, 4.b and 4.c and 7.d (North Sea stock)

Boarfish (Capros aper) in subareas 6-8 (Celtic Seas and the English Channel, Bay of Bis-
cay)

Other species considered:
Anchovy in Subarea 8 (Bay of Biscay)
Sardine in divisions 8.c and 9.a

To investigate changes in the pelagic fish community, we analysed both scientific sur-
vey data and assessment model output. Despite the bias against representative sam-
pling of pelagic fish species in surveys using bottom trawling, most of pelagic species
which occur in the North Sea and, to a minor extent, in the Celtic Sea ecoregion are
represented in the bottom trawl surveys. Moreover, given the extensive temporal and
spatial coverage and the availability of standardized biological data, the bottom trawl
surveys conducted in these regions have been evaluated as a valuable source of infor-
mation to address part of the ToR (http://www.ices.dk/marine-data/data-por-
tals/Pages/DATRAS.aspx accessed on 5 April 2016). Data from the survey NS-IBTS was
extracted for the North Sea, and the surveys SWC-IBTS, NIGFS, IE-IGFS and EVHOE
for the Celtic Sea. Bottom trawl survey data were used to analyse the body condition
of the pelagic fish community which could be related to changes in the availability and
composition of the zooplankton community, in the ecosystem productivity and energy
flow. In addition, total stock biomass estimated from the assessment of the HAWG
stocks and for other pelagic fish stocks was retrieved and analysed to evaluate changes
in the total biomass of the assessed stocks and in the diversity of the assessed pelagic
community.

The following indicators have been calculated for each of the two ecoregions:

Indicator Formulation Data MSFD
) Y(TSBi)
Total biomass . . .
. TSBi is the estimated total biomass of | Assessment D1
estimated -
the stock i
BIOM" - ¥(TSB:)
Unaccounted .. Lo . Assessment and
. BIOM' is the pelagic fish biomass L D1
biomass ) g ) multispecies model output
estimated by multispecies models
Simpsons’ 1 - Yni(ni-1) / Yni(Y ni-1) Assessment model output, D1
diversity index ni is the abundance of species i survey
Weight-at-
anzlrialya age (waai-avg(waa)) / sd(waa) Survey
Wi/Wr

W is reference weight calculated by
fitting a L-W relationship on the full
time period

Relative condition Survey
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Results

TSB

In the North Sea ecoregion, during the period from the 1980s to the present (Fig-
ure 1.2.4.1, left middle panel), the combined TSB of all assessed pelagic species was
highest in 1986 (> 20 million t) and fell slightly to a relatively constant level between
1995 and 2013. 2014 was the second highest overall TSB on record.

In the Celtic Seas ecoregions, during the period from the 1980s to present (Fig-
ure 1.2.4.1, right middle panel), there was an obvious peak in combined TSB in 1985,
followed by a steady annual decline until 1996. After 1996, combined TSB steadily rose
again to an overall highest level in 2003 (> 17.5 million t). The TSB declined between
2003 and 2009, but has been steadily increasing in the most recent assessment years.

Simpson’s Diversity Index

In the North Sea ecoregion, during the period from the 1980s to present (Figure 1.2.4.1,
left bottom panel), there was a steady increase in diversity from the early 1980s, with
the highest diversity index peaking in 1997 (0.86). After 1997, diversity decreased to its
lowest overall level in 2003 (0.71). From 2003, diversity rose until 2010, but has declined
in recent years, with 3 out of the 4 lowest diversities being recorded since 2010.

In the Celtic Seas ecoregion, during the period from the 1980s to present (Figure 1.2.4.1,
right bottom panel), there was a slow but steady increase in diversity from the 1980s
until about 1994 (0.72). After 1994, there was a relatively sharp decline in diversity,
reaching its lowest level in 2003 (0.51). This lowest diversity in the Celtic Seas region
coincides with highest overall TSB (Figure 1.2.4.1, right middle panel). Since 2003 there
was a sharp increase in diversity until 2009 (0.67); the diversity has again declined in
recent years.

Comparisons between the 2 ecoregions

There is overall higher TSB of pelagic species in the North Sea ecoregion compared to
the Celtic Seas ecoregion. There is also higher diversity found in the North Sea ecore-
gion compared to the Celtic Seas ecoregion. The North Sea ecoregion is dominated by
North Sea herring, mackerel and sprat (Figure 1.2.4.1, left top panel). The Celtic Seas
ecoregion is dominated by two species in particular, mackerel and blue whiting (Fig-
ure 1.2.4.1, right top panel). The abundance of these species combined makes up the
majority of the TSB in this ecoregion and subsequently diversity is reduced when their
TSB is increased between 1995 and 2005.

Species not included in the analysis

Species were not included in the analysis if for instance their assessment was trends
based and therefore only landings data were available (e.g. sandeels in management
areas 5, 6 and 7 in the North Sea; sprat and boarfish in Celtic Seas ecoregion). These
species may be a significant proportion of the pelagic biomass in any year. For instance,
the boarfish assessment is currently in development, and therefore only relative TSB
was available from the assessment. However, there has been an acoustic survey com-
pleted for the past 5 years in the Celtic Seas ecoregion and the TSB in 2015 was esti-
mated at >230 000 t.

Species where no information was available, but could be a significant part of the over-
all pelagic biomass in the ecoregions include argentines Argentina silus and mycto-
phids. However, there are undoubtedly a number of small species e.g. crystal gobies
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(Crystallogobius linearis to name one) and the young juvenile stages of many species e.g.
gadoids that contribute toward the pelagic biomass and its ecosystem dynamics of
which we do not know the biomass.
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Figure 1.2.4.1. Top panels show the proportion of pelagic fish species from 1980s to present, central
panels the total biomass of assessed pelagic stocks, and bottom panels the Simpson’s index of
species diversity for the same time period. Left panels refer to the Greater North Sea ecoregion and
right panels to the Celtis Sea ecoregion.

Relative condition in Quarter 1 from the pelagic fish community represented in the
North Sea samples shows a progressive increase for the period 2001-2009 followed by
a drop in 2011 to relative condition close to the whole time period average during the
last few years(Figure 1.2.4.2). This pattern is mostly shared by herring and Norway
pout but not by sprat which shows lowest values around 2007. A similar increase in
condition for 2003-2009 is observed in Quarter 3 and the drop estimated in 2010
Quarter 3 appears consistent with the 2011 Quarter 1 decrease (Figure 1.2.4.3).
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Figure 1.2.4.2. Time series (2000-2014) of relative condition in the North Sea from Quarter 1 by spe-
cies (top panel) and averaged among the pelagic fish community (bottom panel).
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Figure 1.2.4.3. Time series (2003-2014) of relative condition in the North Sea from Quarter 3 by spe-
cies (top panel) and averaged among the pelagic fish community (bottom panel).
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Figure 1.2.4.4. Time series (2011-2015) of relative condition in the Celtic Sea from Quarter 1 by spe-
cies (top panel) and averaged among the pelagic fish community (bottom panel).
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Figure 1.2.4.5. Time series (2003-2015) of relative condition in the Celtic Sea from Quarter 4 by spe-
cies (top panel) and averaged among the pelagic fish community (bottom panel).

The main pelagic species represented in the Celtic Sea trawl surveys are herring, sprat
and Norway pout in the first quarter of the year (Figure 1.2.4.4), herring and blue
whiting, and to a lesser extent Norway pout and sprat and in the fourth quarter. Other
pelagic species occur only occasionally (Figure 1.2.4.5).

The relative condition factor estimated for Quarter 1 shows a drop from 2011 to 2012,
followed by an increase in 2013 and 2014 (Figuer 1.2.4.4). The values estimated for
Quarter 4 display two positive deviations, one occurring in 2005, and the second from
2007 to 2010. For the last five years the values remain stable around 1 (Figure 1.2.4.5).

The trends described above resemble in a certain measure the results obtained for the
North Sea ecoregion. In particular, in Quarter 1 an analogous drop to negative values
is observed in both regions from 2011 to 2012, followed by an increase until 2013. Some
analogies are visible also between Quarter 3 in the North Sea and Quarter 4 in the Celtic
Sea, both showing two positive peaks in 2005 and betweem 2007 and 2008. The recent
perspective on the other hand is different, with the condition factor in the North Sea
that show a steep increase starting from 2010.
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Figure 1.2.4.6. Time series of weight-at-age anomalies of the pelagic fish community from the North
Sea in Quarter 1 (top) and Quarter 3 (bottom).
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Figure 1.2.4.7. Time series of weight-at-age anomalies of the pelagic fish community (limited to
herring, sprat and blue whiting) from the Celtic Sea in Quarter 1 (top) and Quarter 4 (bottom).

The weight-at-age anomalies for the North Sea in Quarter 1 show large fluctuations
during 2000-2014 but not a trend over the analysed peagic community. On the
contrary, weight-at-age anomalies for Quarter 3 show a marked decrease during the
period investigated (Figure 1.2.4.6).

The weight at age anomalies are not really comparable with the condition index and
no common trends between the North Sea and the Celtic Sea data are clear
(figures 1.2.4.6-7).

A possible explanation to the lack of common signals may be due to the selectivity of
the trawl survey. Because the trawl surveys are not designed to adequately sample
pelagic species there is a possibility that not all age classes in the population are
similarly well represented. In principle, the relative condition factor should be a more
reliable index as this is not as dependent on the age structure in the samples.

In summary, there appear to be interannual variations in the mean relative condition
of pelagic fishes and in measures of structural diversity in both ecoregions indicating
the dynamic nature of the systems. However, whilst there were some similarities in the
dynamics they were not identical. Therefore these ecoregions should not be considered
in isolation nor should they be considered as one. This small study provides a starting
point for examining the total pelagcic fish biomass in each of these reagions but there
is still a considerable amount of further wok necessary to take account of the
unassessed pelagic fish biomass. Likewise further work needs to be undertaken on
evaluating the true structural diversity of these pelagic ecosystems.
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1.2.4 Examine where possible the effects of the landing obligation on TAC
uptake, distribution of the fishing fleet and quality of the sampling

HAWG was informed about changes in fishing pattern by work at national institutes
as well as from the industry.

The implementation of the pelagic landing obligation is still in process, interpretations
of rules are on-going, control methods for monitoring compliance are being developed
and evaluated and exemptions are being established.

The sprat fishery in the North Sea in 2015 exhibited exceptionally low percentage by-
catch of herring, the landing obligation thus does not appear to have affected the fish-
ery this year. Neither were there any observed changes in fishing pattern for the only
vessel operating in Channel sprat fishery.

Sprat fishery in 3.a usually takes herring as bycatch for which an annual by-catch ceil-
ing has been set at 6659 t for a number of years. Usually the TAC utilisation of herring
in this fishery is about 50% mainly restricted by limits on individual catch composition.
Introduction of the landing obligation changed rules of 49% herring by-catch in land-
ings from 3.a, to no specific percentage. However, in 2015 the Danish authorities have
implemented national regulations. An initial by-catch ceiling of 1000 t herring in the
sprat fishery in Kattegat and Skagerrak was enforced in the first quarter in 2015. The
fishery control set a limit of 20% herring for individual landings. If exceeded the vessel
would be grounded for a week. If exceeded twice the vessel would be grounded for
another week with further penalties if the by-catch exceeded 40%. In the 3¢ quarter the
sprat fishery was reopened but apparently without catch composition limits. The ef-
fects were that 94% of the herring by-catch quota for 3.a in 2015 was utilised and that
the sprat TAC as usual was not taken.

In general the herring fishery is considered very clean in relation to by-catch. The in-
troduction of the landing obligation appears not to have had any major influence on
TAC uptake or distribution of the fishing fleet. Quality of the catch sampling has not
been affected and data on additional self-sampling is increasingly made available to
science and by a higher coverage will probably increase overall quality of biological
data.

In the Swedish herring fishery during autumn by-catch of saithe may occur, a project
has been initiated aiming at finding a sorting grid to drastically reduce the by-catch of
saithe. Experience to date with this grid is very good and people are hopeful that the
project will lead to positive results.

Self-sampling of the Dutch pelagic freezer-trawler fishery has been carried out since
2015. In reports of 12 PFA observer trips and 8 for herring in 2015, no deviating behav-
iour was observed. There were zero discards and minimum by-catch. In the years 2013
and 2014 a few trips were also covered by the self-sampling programme, but only few
vessels participated during those years. From the self-sampling, one can derive the
catch composition per haul. Most of what used to be discarded in the pelagic freezer-
trawler fishery was damaged or broken fish.

Under the landing obligation, the freezer-trawlers have an (informal) derogation to use
the BMS landing category for broken or damaged fish of different species. As such, the
category does not apply to the minimum landing size, but rather to a mixture of spe-
cies. The herring fishery mostly takes place from July to August (in 6.a North and 4.a)
and in December (in the Channel). From the self-sampling, we derived estimates of
catch per species and catch in the BMS category, for trips that targeted herring. Results
are shown below.
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year  month trips her oth 'BMS' propBMS
2013 8 2 5,577 11 247 4.2%
2014 8 2 5,324 25 116 2.1%
2015 7 6 10,983 4,896 199 1.2%
2015 8 6 9,597 3,584 78 0.6%
2015 12 3 7,910 1,287 80 0.9%

Although the proportions BMS are lower in 2015 compared to 2014 and 2013, this can-
not be taken as a direct proof that the landing obligation is leading to a change in the
exploitation patterns. However, several of the skippers have indicated that the landing
obligation has led them to be more careful in selecting when to fish and when not to
fish. This may have led to apparent lower percentage of BMS by-catch in 2015.

Preliminary Dutch analyses do not show any indication of shifts in herring catch com-
position in the NS, for either small < 20 cm or large > 29 cm herring. A 10% BMS flexi-
bility for herring allowed in landings — there are no apparent problems with this level
of flexibility in the herring fishery.

The geographical distribution of the freezer trawler fleet in the Northern North Sea
was compared to the distribution of herring in the acoustic survey. Preliminary results
show no change in distribution or concentration after the landing obligation.

A Working document by IMARES to HAWG 2016 provides further background to this
topic.

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.

1.3.1 Meeting of the Chairs of Assessment Related Expert Groups
(WGCHAIRS)

HAWG was informed about the WGCHAIRS meeting in January 2015. 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:

Data call: ICES sends out one data call on all ICES assessment or related working
groups. ICES members are requested to either upload the catch/landings data in Inter-
Catch or send it to the ICES secretariat for registration purposes. BMS and logbook
registered discard data was requested this year as well for 2015. HAWG reported very
minor deviations from the data call and in general had access to all the data that was
requested. Even members that didn’t upload data last year did so this year. A discus-
sion with ICES secretariat on how to improve the data call was held.

Advice format: Only minor changes were proposed to the advice format, relating to
BMS and logbook registered catches.

Benchmark process: ICES is investigating if a new style of performing benchmarks will
result in a less problems with assessments in the years in between benchmarks. They
foresee a process of ~4 years where at a start a kick-off workshop is held with stake-
holders, in the intermediate period intersessional work is executed, also at the expert
group meetings, and a final benchmark session is held to present and discuss results.
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Many of the HAWG members see this approach as an improvement of the current sys-
tem.

Stock annex and report: Attention should be given to update the stock annex as also
stock annexes are published at the ICES website. In addition, the WG reports could be
shortened by moving standard sections in the WG report to the stock annex.

Reference points: Every stock coordinator is asked to provide all PA reference points
(for most Fim) for their stocks. In some cases this means running special software to
estimate the reference point.

1.3.2 Working Group for International Pelagic Surveys [WGIPS]

The Working Group of International Pelagic Surveys (WGIPS) met in Dublin, Ireland
on 18-22 January 2016. Among the core objectives of the Expert Group are combining
and reviewing results of annual pelagic ecosystem surveys to provide indices for the
stocks of herring, sprat, mackerel, boarfish, and blue whiting in the Northeast Atlantic,
Norwegian Sea, North Sea, and Western Baltic; and to coordinate timing, coverage,
and methodologies for the upcoming 2016 surveys.

Results of the 2015 surveys covered by WGIPS and coordination plans for the 2016
pelagic acoustic and larvae surveys are available from the WGIPS report (ICES CM
2016/SSGIEOM:05). The following text refers only to the surveys with relevance to
HAWG.

Review of larvae surveys in 2015: Within the framework of the International Herring
Larval Surveys in the North Sea, six survey metiers were covered in the North Sea. The
herring larvae sampling was still in progress at the time of the WGIPS meeting, thus
sample examination and larvae measurements had not yet been completed. The infor-
mation necessary for the larvae abundance index calculation will be ready for, and pre-
sented at the HAWG meeting in March 2016.

The 2015 herring larvae survey in the Irish Sea was conducted in fair to good weather
conditions. The spatial distribution of herring larvae was similar to previous years,
with high abundances to the north of the Isle of Man and in the Douglas bank area.
Evidence of a more southerly dispersal of larvae was provided by the relatively high
abundances of larvae in the southern stations. A number of larvae were encountered
in the vicinity of the Mourne spawning grounds off the Northern Irish coast. The point
estimate of production in the north-eastern Irish Sea for 2015 was an increase from last
year but still below the time series mean. The advanced stage of development of many
of the larvae suggested earlier hatching and possible good growth rates of larvae. The
index is used as an indicator of spawning-stock biomass in the assessment of Irish Sea
herring.

North Sea, West of Scotland and Malin Shelf summer acoustic surveys in 2015: Six
surveys were carried out during late June and July covering most of the continental
shelf in the North Sea, West of Scotland and the Malin Shelf. The 2015 estimate of North
Sea autumn spawning herring spawning stock biomass is slightly lower than previous
year at 2.3 million tonnes but is comprised of a similar number of fish (2015: 14 222 mill.
fish, 2014: 14 392 mill. fish).

The 2015 estimate of Western Baltic spring-spawning herring SSB is 207 000 tonnes and
1 447 million herring. This is nearly a doubling of the 2014 estimates of 128 000 tonnes
and 791 million fish and brings the stock back in line with abundances observed in the
period prior to 2009.
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The West of Scotland estimate (6.aN) of SSB is 387 000 tonnes and 1 935 million herring,
a considerable increase over the 2014 estimate of 272 000 tonnes and 1 400 million fish.

The SSB estimate for the Malin Shelf area (divisions 6.aN-S and 7.b and 7.c) is
430 000 tonnes and 2181 million herring. This is a significant increase on 2014 estimates
of 285 000 tonnes and 1471 million fish.

Sprat in the North Sea and Division 3.a: The total abundance of North Sea sprat (Sub-
area 4) in 2015 was estimated at 58 745 million individuals and the biomass at
712 000 tonnes (Table 5.10). This is the fourth and second highest estimate observed in
the time series, in terms of abundance and biomass, respectively. The stock is domi-
nated by 1- and 2-year-old sprat.

In Division 3.a, the sprat abundance is estimated at 1394 million individuals and the
biomass at 18 515 tonnes. This is below average both in terms of abundance and bio-
mass. The stock is dominated by 1-year-old sprat.

Irish Sea Acoustic Survey: For this survey herring abundance for the Irish Sea and
North Channel in August-September 2014 has been reported by Northern Ireland, UK.
The estimate of herring SSB of 61 705 t for 2014 is slightly higher than the 2013 estimate,
and the biomass estimate of 79 866 t for 1+ ringers is, also higher than the 2013 estimate.
Whilst the biomass estimate is slightly higher than that 2013, it remains significantly
lower than the 2010 and 2011 estimates, which are the highest in the time series. More
than a third of the 1+ biomass estimate was to the north of the Isle of Man. This is an
area of mixed size fish and the survey was mismatched with the migration of the main
spawning biomass, as indicated by the high abundance of herring observed by the fish-
ery on the Douglas Bank post survey. Results of a successive acoustic survey conducted
later in September confirmed this. The evidence of higher abundance of spawning her-
ring suggests poor reflection of the current age structure and abundance of the herring
population in the Irish Sea.

Celtic Sea herring acoustic survey (CHAS): For this survey herring and sprat abun-
dance for the Celtic Sea in October 2015 was reported by Ireland. For the core survey a
total of three single herring echotraces were identified during routine ‘on-track’ obser-
vations. The echotraces occurred in a localised area within the Smalls offshore stratum
and it was evident that they formed part of a much more substantial aggregation oc-
curring off-track. The presence of aggregations occurring between survey transects in-
itiated a fine spatial resolution survey approach in two key areas; the “Trench’ and
‘Smalls’. Total herring biomass was calculated from two high resolution adaptive
strata; the day-light survey of the Trench area and the combined day/night survey of
the Smalls strata and were chosen as the best candidate surveys. Herring TSB (total
stock biomass) and abundance (TSN) estimates were 24 710 t and 184 million individ-
uals (CV 18.4%) respectively. No immature fish were encountered during the adaptive
surveys. Herring distribution was limited to offshore strata. During the core survey
herring were identified in low numbers from mixed catches from the eastern survey
area and in the smalls stratum. No estimate of biomass was calculated from these
echotraces due to the low numbers encountered.

The distribution of the stock observed during the survey was substantiated by the co-
occurring fishery that was centred offshore. As a result it is not possible to say if the
stock was contained within the survey area and may therefore not be a representative
measure of abundance.

Pelagic ecosystem survey in Western Channel and eastern Celtic Sea (PELTIC): This
survey was conducted by Cefas, UK, in the Western Channel and eastern Celtic Sea in
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October 2015. The survey provides abundance data on pelagic species in the area such
as herring, sardine, anchovy, mackerel and boarfish. Pending completion of the acous-
tic data processing, preliminary results suggested that numbers of sprat, sardine and
anchovy were all up from previous two years. Mackerel quantities appeared more in
line with 2012 not showing any of the large schools observed in 2013. High numbers of
sardine eggs were found and larvae numbers were down suggesting that the survey
took place earlier in the autumn spawning season. Despite the large temporal overlap
with the 2013 survey physical conditions were different: top temperatures were higher
and strong frontal features existed in several areas of the survey whilst chlorophyll
values were lower than last year.

1.3.3 PGDATA, WGBIOP & WGCATCH

The Planning Group on Data Needs for Assessments and Advice (PGDATA) met in
February 2016. This planning group is the umbrella for the newly formed WGBIOP,
WGCATCH and WGREFS, which together embrace the responsibilities of PGCCDBS
(Planning Group on Commercial Catches, Discards and Biological Sampling) and be-
yond in relation to data and sampling in general. This year the meeting focused on the
upcoming cost-benefit workshop on survey sampling, outlining what should be in-
cluded in such analyses. The WKCOSTBEN will take place at the ICES HQ, from
28 June — 1 July 2016.

Working Group on Biological Parameters (WGBIOP) coordinates the practical imple-
mentation of quality assured and statistically sound development of methods, stand-
ards and guidelines for the provision of accurate biological parameters for stock
assessment purposes. However, the focus of such a group is not only on technical as-
pects of data collection and quality assurance but also on accuracy in life history pa-
rameter estimations to support stock assessment. WGBIOP review stock specific life
history parameters and monitor potential changes in biological processes, such as
growth rate, onset of maturity, maturity and fecundity at size/age, and related causal
factors.

A main objective of WGBIOP is to support the development and quality assurance of
regional and national provision of biological parameters as reliable input data to inte-
grated ecosystem stock assessment and advice, while making the most efficient use of
expert resources. As biological parameters are among the main input data for most
stock assessment and mixed fishery modelling, these activities are considered to have
a very high priority. The main link between stock-assessment working groups and
WGBIOP is through the benchmark process. WGBIOP works in close association with
the BSG (ICES benchmark steering group), reviewing all issue lists pointing to either
missing issues in relation to specific stocks and guiding the process to get issues related
to biological parameters resolved.

The ICES Working Group on Commercial Catches (WGCATCH) will continue to doc-
ument national fishery sampling schemes, establish best practice and guidelines on
sampling and estimation procedures, and provide advice on other uses of fishery data
(e.g. developing relative abundance indices based on fishery catch rates). The group
will also evaluate how new data collection regulations, or management measures (such
as the landings obligation) will alter how data need to be collected and provide guide-
lines about biases and disruptions this may induce in time series of commercial data.
WGCATCH will also continue to develop and promote the use of a range of indicators
of fishery data quality for different types of end users. These include indicators to allow
stock assessment and other ICES scientists to decide if data are of sufficient quality to
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be used, or how different data sets can be weighted in an assessment model according
to their relative quality.

HAWG will report to PGDATA, WGBIOP and WGCATCH in terms of data needs us-
ing the table applied for PGCCDBS (Annex 2).

1.3.4 WGSAM

In 2014, WGSAM provided updated estimates of natural mortality for North Sea sprat
and herring through a new SMS key run (WGSAM 2014). The estimated historical val-
ues differed substantially between this key run and the previous 2011 run used as a
basis for the current North Sea herring management plan. These new values have been
used in the benchmarks of herring in Celtic Sea to provide average natural mortalities
by age and these natural mortalities used when estimating reference points. During the
working group, it was discovered that there was an error in the SMS key run. Correct-
ing this error led to historical estimates of natural mortalities that were close to the 2011
key run estimates.

In 2015, the corrections to the 2014 were further investigated by WGSAM and the cor-
rected output was found to be of quality to be used in the assessments of HAWG. For
the Celtic Sea stocks, that use time-invariant but age-varying M it was concluded that
no updated time-series would be used as this would not match the perceived recent
increase in predators while updated Ms were scaled downwards in the 2014 key-run
compared to the 2014 key-run.

In 2016, the new multispecies key-run was used for North Sea herring. Main changes
in the North Sea key run that affect the natural mortality of herring are the lower cod
abundance (in numbers) and inclusion of hake into the multispecies model (Fig-
ure 1.3.4.1). Overall, this resulted in a lower overall natural mortality for herring in the
order of 13% (over all ages). During the next benchmark of North Sea herring arrange-
ments need to be made to define a process on how best to facilitate the availability of
new key-run information, uptake and implementation into the assessment.
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Figure 1.3.4.1 North Sea Herring. Natural mortality of herring is highly affected by abundance of
cod which predates on herring. Shown here are the abundances (numbers at age) of cod as esti-
mated in the North Sea key-run 2011 and 2015, showing the lower abundance of cod in the 2015
key-run.

WGSAM also responded to HAWG on their request for estimates of natural mortality
in the Celtic Seas. A working document in annex 4 provides information on a compar-
ison exercise executed by WGSAM, concluding that estimating M for the Celtic Seas is
very difficult at this stage.

1.3.5 Other activities relevant for HAWG

An update on the work done at the University of Hamburg was given. Different scien-
tists of the University of Hamburg have cooperated in the past with TI, IMARES, IMR
and IFREMER to obtain micro- and mesozooplankton samples. These samples have
been analyzed to focus on abundance, size- and biodiversity of zooplankton and to
relate it to herring larval growth and survival. In line with these ongoing analysis the
University of Hamburg got cruise time on the German research vessel Heincke to ana-
lyze in detail the winter prey situation in the southern bight. The strategy on how to
and where to sample was discussed during HAWG to make the best use of the results
for assessment and validation of the MIK and MLAI indices.

Commercial catch data collation, sampling, and terminology
1.4.1 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. These data were then further pro-
cessed with the SALLOC-application (Patterson, 1998). This program gives the re-
quired 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
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another data set. This allows recalculation of data in the future, or storage and analyses
in other tools like InterCatch, choosing the same (subjective) decisions currently made
by the WG.

In 2016, ICES for the second time requested relevant countries within a data call to
submit the national catches from 2015 into InterCatch or to accessions@ices (via the
standard exchange files). National catch data submission was due by 16 March 2016.
EU member states and Norway delivered their data in due time.

“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) have been carried out annually since 2007. The comparison is available
for a collection of stocks. Maximum discrepancies between the systems are presented
in Table 1.5.1.

For Herring caught in the North Sea, these discrepancies were very small. The overall
landings calculated by both procedures for North Sea autumn spawning herring were
in close agreement. However, InterCatch does not provide the output as needed for the
assessment of NSAS and WBSS.

InterCatch was used in conjunction with Salloc for herring in 6.aN for the first time in
2015 for comparison. There were some discrepancies particularly in the catch numbers
between the Salloc format and InterCatch (Table 1.5.1). This will be investigated
further, with the objective to move towards using InterCatch in the future. The
standard Salloc methods were used to allocate samples to catch again in 2016.

More information on data handling transparency, data archiving and the current meth-
ods for compiling fisheries assessment data are given in the Stock Annex for each stock.
Figure 1.5.1 shows the separation of areas applied to data in the archive.

1.4.2 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
4.a(E) 85932 79 969 1988 23
4.a(W) 280 600 247 868 5820 21
4b 72495 56 465 1303 18
4.c 744 0 0 0
7.d 40 324 30024 518 13
7.a(N) 5083 2678 1038 204
6.a(N) 21307 17413 1075 50
3.a 49979 44 053 5518 110
Celtic, 7 19 574 16 688 1450 74

6.a(S),7band 7.c 1073 744 438 589
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The EU sampling regime

HAWG has recommended for years that sampling of commercial catches should be
improved for most of the stocks. The EU directive for the collection of fisheries data
was implemented in 2002 for all EU member states (Commission Regulation 1639/2001)
and last amended in 2009 (Council regulations (EC) No 199/2008, No 665/2008). 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 (3.a (S) and 3.b-c) 1 sample of which 100 fish measured and 50 aged
Skagerrak (3.a (N)) 1 sample 100 fish measured 100 aged
North Sea (4 and 7.d): 1 sample 50 fish measured 25 aged
NE Atlantic and Western Channel ICES

subareas 2, 5, 6, 7 (excluding d) 8, 9, 10, 1 sample 50 fish measured 25 aged
12,14

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. Information and data exchange collected from samples from foreign
vessels landing into different states became available to HAWG and improved the
overall sampling level.

Given the diversity of the fleets harvesting most stocks assessed by HAWG, an appro-
priate 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 by-
catches in the industrial fisheries), that catches landed abroad should be sampled, and
information on these samples should be made available to the national laboratories and
incorporated into the national InterCatch upload.

1.4.3 WD on German herring fisheries

In 2015 the total German herring landings from the Western Baltic Sea in subdivisions
(SD) 22 and 24 amounted to 13 289 t, which represents an increase of 30% compared to
the landings in 2014 (10 241 t). This increase was caused by an increase of the
TAC/quota and some further quota transfer to other countries around the Baltic Sea
(German quota for SDs 22 and 24 in 2016: 12 259 t + quota-transfer of 1216 t). The fishing
activities in one of the main fishing areas, the Greifswald Bay (SD 24) could start earlier
than in March due to mild winter conditions in January/February. The German fishery
was forced to stop their activities in April due to quota restrictions.

As in previous years only some herring was caught in the Skagerrak/Kattegat area (Di-
vision 3.a; 2015: 128 t).

No logbook registered discards or BMS landings (both new catch categories in 2015) of
herring have been reported in the German herring fisheries in 2015 (no discards have
been reported before 2015).

The German herring fishing fleet in the Baltic Sea consists of two fleets where all
catches are taken in a directed fishery:
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(1) coastal fleet with undecked vessels boats (rowing/motor boats <= 10 m and engine
power <=100 HP)

(2) cutter fleet with decked vessels and total lengths between 12 m and 34 m.

The officially reported trawl landings (t) and the referring assessment input data were
not corrected for the differences in species composition in the samples.

In the western Baltic, the distribution areas of two stocks, the Western Baltic Spring
Spawning herring (WBSSH) and the Central Baltic herring (CBH) overlap. German au-
tumn acoustic survey (GERAS) results indicated in the recent years that in SD 24, which
is part of the WBSSH management area, a considerable fraction of CBH is present and
correspondingly erroneously allocated to WBSSH stock indices (ICES, 2013). Accord-
ingly, a stock separation function (SF) based on growth parameters in 2005 to 2010 has
been developed to quantify the proportion of CBH and WBSSH in the area (Grohsler
et al., 2013, Grohsler et al., 2016). The application of the present SF to commercial catch
data in 2015, lead to similar results compared to 2005-2014. German gillnet catches in
SD 22 and 24, mostly sampled at the spawning ground, consist of 100% WBSSH. The
amount of CBH in trapnet and trawl landings reached 5% in numbers and 3% or 2% in
biomass, respectively. As in the years before it was decided not to exclude CBH when
compiling the assessment input data.

1.4.4 Terminology

77i

The WG noted that for herring the use of “age”, “winter rings”, “rings” and “ringers”
still causes confusion outside the group (and sometimes even among WG members).
The WG tries to avoid this by consequently using “rings”, “ringers”, “winter ringers”
or “wr” instead of “age” throughout the report. However, if the word “age” is used it
is qualified in brackets with one of the ring designations. It should be observed that,
for autumn and winter spawning stocks, there is a difference of one year between “age”
and “rings”. Further elaboration on the rationale behind this, specific to each stock, can
be found in the individual Stock Annexes. It is the responsibility of any user of age
based data for any of these herring stocks to consult the relevant annex and if in doubt

consult a relevant member of the Working Group.

Methods Used

1.5.1 FLSAM

The FLR (Fisheries Library in R) system (www.flr-project.org) is an attempt to imple-
ment a framework for modelling integrated fisheries systems including population dy-
namics, 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 combi-
nation of the statistical and graphical tools in R with the stock assessment aids the ex-
ploration of input data and results. FLSAM was used to assess North Sea herring.

FLSAM is a wrapper for the SAM Spate-space stock assessment model. This model has
the standard exponential decay equations to carry forth the N’s (with appropriate treat-
ment of the plus-group), and the Baranov catch equation to calculate catch-at-age based
on the F’s. The additional components of SAM are the introduction of process error
down the cohort (additional error term in the exponential decay equations), and the
random walk on F’s. The steps (or deviations) in the random walk process are treated
as random effects that are “integrated out”, so are not viewed as estimable parameters.
The sigma parameter controls how large the random walk deviations are, and this pa-
rameter is estimated. SAM provides the option of correlated errors across ages for the
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random walks on F, where the correlation is an additional parameter estimated to be
estimated. This option of SAM was used for Western Baltic Spring Spawning herring.
Western Baltic, Celtic Sea and Irish Sea herring are assessed by means of SAM.

1.5.2 ASAP

The ASAP 3 (http://nft.nefsc.noaa.gov) model has been used for a selection of stocks at
HAWG. ASAP (A Stock Assessment Program) is an age-structured stock assessment
modelling program originally develop by Chris Legault and Victor Restrepo while
they were at the Southeast Fisheries Science Center (Legault and Restrepo 1998). ASAP
is a variant of a statistical catch-at-age model that can integrate annual catches and
associated age compositions (by fleet), abundance indices and associated age compo-
sitions, annual maturity, fecundity, weight, and natural mortality at age. It is a forward

projecting model that assumes separability of fishing mortality into year and age com-
ponents, but allows specification of various selectivity time blocks. It is also possible to
include a Beverton-Holt stock-recruit relationship and flexible enough to handle data
poor stocks without age data (dynamic pool models) or with only new and post-recruit
age or size groups.

1.5.3 SHORT TERM PREDICTIONS

FLR

Short-term predictions for the North Sea used a code developed in R. The method was
developed in 2009 and intensively compared to the MFDP approach. The Western Bal-
tic Spring Spawner, 6.a herring, Celtic Sea herring and Irish Sea herring forecast used
the standard projection routines developed under FLR package Flash (version 2.0.0 Tue
Mar 24 09:11:58 2009). For sprat in the North Sea, a forecast using the FLR framework,
is in use.

1.5.4 Fmsy management simulations

The eqgsim software (https://github.com/wgmg/msy/) was used to estimate MSY refer-

ence points for herring stocks of HAWG. No updated reference points were estimated
for the sprat stocks.

1.5.5 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 common
folder, used by all assessments, that ensures that the FLR libraries used are identical
for all stocks, as well as the output generated to evaluate the performance of the assess-
ment.

The repository was moved from google code to github in 2016 and is now available as
a branch of the ICES github site. https://github.com/ICES-dk/wg_HAWG. Contrib-
uting to the repository is not possible for outsiders as a password is required. Down-
loading data and code is possible to the public. The repository is maintained by
members of the WG.


http://nft.nefsc.noaa.gov/
https://github.com/wgmg/msy/

1

1

.6

.7

30 | ICES HAWG REPORT 2016

Ecosystem overview and considerations

An ecosystem overview and considerations relevant for herring stocks in the areas cov-
ered by the Herring Assessment Working Group for herring stocks south of 62°N
(HAWG) are documented in the HAWG herring stocks annex (her-hawg-intro). This
information was documented in ICES HAWG (2015). A number of topics are covered
in this annex including the use of single species assessment and management, the use
of ecosystem drivers, factors affecting early life history stages, the effects of gravel ex-
traction, variability in the biology and ecology of species and populations (including
biological and environmental drivers), and disease.

It should be pointed out that whist numerous studies have greatly improved our un-
derstanding on the effects of environmental forcing on the herring stock productivity
and dynamics, further work is still required to move beyond simple correlative under-
standing and elucidate the underlying mechanisms. Furthermore, mechanisms to in-
corporate this understanding into the provision of management advice are limited.
ICES could therefore benefit greatly from developments that unify these two aspects
of its community.

Data coordination through PGDATA, WGBIOP and WGCATCH

During HAWG 2016, Lotte Worsge Clausen (DTU Aqua) compiled all issues relevant
for data input to the assessments. These are stated below and will be listed in the rec-
ommendation database as recommendations for PGDATA, WGBIOP or WGCATCH
or other relevant bodies.
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Stock Data Problem How to be addressed By who - for .
recommendations
Stock name Data problem Description of data problem and ~ Who should take
identification recommend solution care of the
recommended
solution and who
should be notified
on this data issue.
Sprat in the Historic bycatch Historic discard information National
North Seaand  information in the may be inferred from the laboratories, RCM
Division 3.a official sprat catches  distribution of sampled catch North Sea and RCM
must be estimated. composition specifically Baltic
Sprat is caught with  focusing on periods of change in
bycatches of juvenile  regulations or from fishers’
herring, norway private logbooks.
pout, sandeel and
other small pelagic
fish. It appears that
the official records of
sprat catches are
higher than the WG
catches which
indicates that these
bycatches are
included in the
numbers.
Western Baltic  Increased sampling ~ An increasing part of the catch National
herring of stock affiliationin  in the North Sea is taken in laboratories
catches taken in Division 6.aE in which parts of (PGDATA)
Division 6.aE the WBSS mix with the NSAS.
These catches are insufficiently
sampled for the stock affiliation
of the herring caught there.
Given that it is the faster
growing part of the WBSS stock,
which is found in this area from
late spring to early autumn, it is
important to monitor the
outtake of this particular part of
the WBSS stock.
Herring in Improvement of UK and Ireland to cooperate National
Divisions baseline for splitting ~ with each other to secure laboratories; RCM
6.aN, 6.a5,7b  of herring stocks in samples of spawning fish in Celtic Sea (PGIPS,
and 7.c the Malin Shelf each spawning component. PGDATA)
survey
Sprat in Only 3 years of Develop robust Cefas
Division 7d-e acoustic survey and  biomass/abundance indicies.
no CV estimation. Stock identifictation studies
LPUE for 2015 is through genetics and ad hoc
based on only one survey.
vessel.
No information on
stock boundaries.
Spratin Celtic ~ No information on Stock identifictation studies National
Sea stock boundaries. through genetics and ad hoc laboratories

survey.
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Summary of relevant Mixed fisheries overview and considerations,
species interaction effects and ecosystem drivers, Ecosystem effects
of fisheries, and Effects of regulatory changes on the assessment or
projections for all stocks.

Brief summaries are given here, more detailed information can be found in the relevant
stock summaries.

North Sea autumn spawning herring (her-47d3):

The North Sea herring fishery is a multinational fishery that seasonally targets herring
in the North Sea and English Channel. An industrial fishery, which catches juvenile
herring as a by-catch operates in the Skagerrak, Kattegat and in the central North Sea.
Most fleets that execute the fishery on adult herring target other fish at other times of
the year, both within and beyond the North Sea (e.g. mackerel Scomber scombrus, horse
mackerel Trachurus trachurus and blue whiting Micromestistius poutasou). In addition,
Western Baltic Spring spawners are also caught in this fishery at certain time of the
year in the northern North Sea to the west of the Norwegian coast. The fishery for hu-
man consumption has mostly single-species catches, although some mixed herring and
mackerel catches occur in the northern North Sea, especially in the purse-seine fishery.
The by-catch of sea mammals and birds is also very low, i.e. undetectable using ob-
server programmes. There is less information readily available to assess the impact of
the industrial fisheries that by-catch juvenile herring. The pelagic fisheries on herring
and mackerel claim to be some of the “cleanest” fisheries in terms of by-catch, disturb-
ance of the seabed and discarding. Pelagic fish interact with other components of the
ecosystem, including demersal fish, zooplankton and other predators (sea mammals,
elasmobranchs and seabirds). Thus a fishery on pelagic fish may impact on these other
components via second order interactions. There is a paucity of knowledge of these
interactions, and the inherent complexity in the system makes quantifying the impact
of fisheries very difficult.

Another potential impact of the North Sea herring fishery is the removal of fish that
could provide other “ecosystem services”. The North Sea ecosystem needs a biomass
of herring to graze the plankton and act as prey for other organisms. If herring biomass
is very low other species, such as sandeel, may replace its role or the system may shift
in a more dramatic way. Likewise large numbers of herring can have a predatory im-
pact on species with pelagic egg and larvae stages.

The populations of herring constitute some of the highest biomass of forage fish in the
North Sea and are thus an integral and important part of the ecosystem, particularly
the pelagic components. The influence of the environment of herring productivity
means that the biomass will always fluctuate. North Sea herring has a complex sub-
stock structure with different spawning components, producing offspring with differ-
ent morphometric and physiological characteristics, different growth patterns and dif-
fering migration routes. Productivity of the spawning components varies. The three
northern components show similar recruitment trends and differ from the Downs com-
ponent, which appears to be influenced by different environmental drivers. Having
their spawning and nursery areas near the coasts, means herring are particularly sen-
sitive and vulnerable to anthropogenic impacts. The most serious of these is the ever
increasing pressure for marine sand and gravel extraction and the development of
wind farms. Climate models predict a future increase in air and water temperature and
a change in wind, cloud cover and precipitation. Analysis of early life stages’ habitats
and trends over time suggests that the projected changes in temperature may not
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widely affect the potential habitats but may influence the productivity of the stock.
Relatively major changes in wind patterns may affect the distribution of larvae and
early stage of herring.

Western Baltic Spring Spawners (her-3a22):

The Western Baltic herring fishery is a multinational fishery that seasonally targets her-
ring in the eastern parts of the North Sea (Eastern 4.a and 4.b), the Skagerrak and Kat-
tegat (Division 3.a) and Western Baltic (SD 22-24). The fishery for human consumption
has mostly single-species catches, although in recent years some mackerel by catch can
occurred in the trawl fishery for herring. In addition North Sea herring are also caught
within the Skagerrak. The by-catch of sea mammals and birds is low enough to be be-
low detection levels based on observer programmes. At present there is a very limited
industrial fishery in Division 3.a and hence a limited by catch of juvenile herring. The
pelagic fisheries on herring claim to be some of the “cleanest” fisheries in terms of by
catch, disturbance of the seabed and discarding. Pelagic fish interact with other com-
ponents of the ecosystem, including demersal fish, zooplankton and other predators
(sea mammals, elasmobranchs and seabirds). Thus a fishery on pelagic fish may impact
on these other components via second order interactions. There is a paucity of
knowledge of these interactions, and the inherent complexity in the system makes
quantifying the impact of fisheries very difficult. Another potential impact of the West-
ern Baltic herring fishery is the removal of fish that could provide other “ecosystem
services.” There is, however, no recent research on the multispecies interactions in the
foodweb in which the WBSS interact.

Dominant drivers of larval survival and year class strength of recruitment are consid-
ered to be linked to oceanographic dispersal, sea temperatures and food availability in
the critical phase when larvae start feeding actively. However, research on larval her-
ring survival dynamics indicates that driving variables might not only vary at the pop-
ulation level and by region of spawning but also by larval developmental stage. Since
WBSS herring relies on inshore, transitional waters for spawning and larval retention,
the suit of environmental variables driving reproduction success potentially differs
from other North Atlantic stocks recruiting from coastal shelf spawning areas.

Herring in the Celtic Sea and 7.j (her-irls):

There are few documented reports of by-catch in the Celtic Sea herring fishery. Small
quantities of non-target whitefish species were caught in the nets. Of the non-target
species caught whiting was most frequent (84% of tows) followed by mackerel (32%)
and cod (30%). The only marine mammals recorded were grey seals (Halichoerus
grypus). The seals were observed on a number of occasions feeding on herring when
the net was being hauled and during towing. They appear to be able to avoid becoming
entangled in the nets. Occasional entanglement of cetaceans may occur but overall in-
cidental catches are thought to be minimal.

Temperatures in this area have been increasing over the last number of decades. There
are indications that salinity is also increasing. Herring are found to be more abundant
when the water is cooler while pilchards favour warmer water and tend to extend fur-
ther east under these conditions. However, studies have been unable to demonstrate
that changes in the environmental regime in the Celtic Sea have had any effect on
productivity of this stock. Herring larval drift occurs between the Celtic Sea and the
Irish Sea. The larvae remain in the Irish Sea for a period as juveniles before returning
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to the Celtic Sea. Catches of herring in the Irish Sea may therefore impact on recruit-
ment into the Celtic Sea stock. The residence of Celtic Sea fish in the Irish Sea may have
an influence on growth and maturity rates.

The spawning grounds for herring in the Celtic Sea are well known and are located
inshore close to the coast. Spawning grounds tend to be vulnerable to anthropogenic
influences such as dredging and sand and gravel extraction. Herring are an important
component of the Celtic sea ecosystem. There is little information on the specific diet
of this stock. Herring form part of the food source for larger gadoids such as hake.
Recent research showed that fin whales Balaenoptera physalus are an important compo-
nent of the Celtic Sea ecosystem, with a high re-sighting rate indicating fidelity to the
area. There is a strong peak in sightings in November, and fin whales were observed
actively feeding on many occasions, seeming to associate with sprat and herring shoals.
There is the suggestion that the peak in fin whale sightings in November may coincide
with the inshore spawning migration of herring.

Herring in 6.a North (part of her-6.a):

Herring are an important prey species in the ecosystem and also one of the dominant
planktivorous fish. Herring fisheries tend to be clean with little by-catch of other fish.
Herring represent an important prey item for many predators including cod and other
large gadoids, dog-fish and sharks, marine mammals and sea birds. Because of the
trophic importance of herring puts its stocks under immense pressure from constant
exploitation.

The benthic spawning behaviour of herring makes this species vulnerable to anthro-
pogenic activity such as offshore oil and gas industries, gravel extraction and the con-
struction of wind farms. There are many hypotheses as to the cause of the irregular
cycles shown in the productivity of herring stocks (weights-at-age and recruitment),
but in most cases it is thought that the environment plays a key role (through prey,
predation and transport). The 6.aN herring stock has shown a marked decline in
productivity during the late 1970s and has remained at a low level since then.

Herring in 6.a South and 7.b and 7.c (part of her-6.a):

Sea surface temperatures from Malin head on the North coast of Ireland since 1958
indicate that since 1990 sea surface temperatures have displayed a sustained increasing
trend, with winter temperatures > 6° and higher summer temperatures. Environmental
conditions can cause significant fluctuations in abundance in a variety of marine spe-
cies including fish. Oceanographic variation associated with temperature and salinity
fluctuations appears to affect herring in the first year of life, probably during the winter
larval drift.

Productivity in this region is reasonably high on the shelf but drops rapidly west of the
shelf break. This area is important for many pelagic fish species. The shelf edge is a
spawning area for mackerel Scomber scombrus and blue whiting Micromesistius potassou.
Preliminary examination of productivity shows that overall productivity in this area is
currently lower than it was in the 1980s.

The spawning grounds for herring along the northwest coast are located in inshore
areas close to the coast and tend to be vulnerable to anthropogenic influences such as
dredging and sand and gravel extraction.
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Herring in the Irish Sea (her-nirs):

The targeted fishery for herring in the Irish Sea is considered to be clean, with limited
by-catch of other species. Herring is a common prey species for many species but at
present the extent of this is not quantified. Stock discrimination techniques, tagging,
and otolith microstructure and shape show that juveniles originating from the Celtic
Sea are present in the Irish Sea. The majority of mixing between these populations oc-
curs at winterrings 1-2. Over the period 2006 to 2010 interannual variation in the pro-
portion of mixing was large, with between 60% and 15% observed in the wintering 1+
biomass estimate during the study period. The main fish predators on herring in the
Irish Sea include whiting (Merlangius merlangus) (mainly 0-1 ring), hake (Merluccius
merluccius) and spurdog (Squalus acanthias) (all age classes). The small clupeids are an
important source of food for piscivorous seabirds and marine mammals which occur
seasonally in areas where herring aggregate. Whilst small juvenile herring occur
throughout the coastal waters of the western and eastern Irish Sea, their distribution
overlaps extensively with sprats (Sprattus sprattus). There are irregular cycles in the
productivity of herring stocks which are probably caused by changes in the environ-
ment (e.g. transport, prey, and predation). There has been an increase in water temper-
atures in this area which has affected the distribution of some fish species.

North Sea Sprat (spr-nsea):

Sprat is a short-lived forage fish that is predated by a wide range of marine organisms,
from predatory gadoids, through birds to marine mammals. Therefore, the dynamics
of sprat populations are affected by the dynamics of other species through annually
varying natural mortality rates. Because sprat interacts with many other components
of the ecosystem (fish, zooplankton and predators) the fishery may impact on these
other components via second order interactions. It is uncertain how many sprat mi-
grate into and out of adjacent management areas i.e. 3.a and the English Channel (7.d
and 7.e) or how this may vary annually. Young herring as a by-catch is acknowledged
for this fishery with by-catch regulations in force. The by-catch of marine mammals
and birds is considered to be very low (undetectable using observer programs).

Sprat in 3.a (spr-kask):

Whilst it is acknowledged that the dynamics of the sprat population will be affected by
the dynamics of other species through annually varying natural mortality rates there
is insufficient information on the predator-prey dynamics in the area for this to be
quantified. Because sprat interacts with many other components of the ecosystem (fish,
zooplankton and predators) the fishery may impact on these other components via
second order interactions. A major source of uncertainty with this stock is whether it
actually constitutes a discrete stock and the extent that individuals migrate in and out
of adjacent management areas. Young herring as a by-catch is acknowledged for this
fishery with by-catch regulations in force. Sprat is a short-lived forage fish that is pre-
dated by a wide range of marine organisms, from predatory gadoids, through birds to
marine mammals.

Sprat in the English Channel (7.d and 7.e) (spr-ech):

The fishery considered here is primarily in Lyme Bay with small trawlers targeting
sprat with very little to no by-catch of other species. The relationship of the sprat in this
area to the sprat stock or population in the adjacent areas is unknown: sprat larvae are
most likely drift away from the main spawning area in Lyme Bay, but to which extent
they expand westward into the Celtic Sea or eastern deep into the Eastern English
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Channel and the North Sea is under investigation. The potential for mixed fisheries, if
the fisheries are expanded to cover the whole of the English Channel, is unknown at
present. It is acknowledged that sprat is prey for many species and these will affect the
natural mortality, however, this has not been quantified in this area. In addition
changes in the size of the sprat population through fishing will affect the available prey
for a number of commercially exploited species.

Sprat in the Celtic Seas EcoRegion (6 and 7 (excluding 7.d and 7.e)) (spr-celt):

This ecoregion currently has fisheries in the Celtic Sea and a variety of Scottish Sea
lochs with the possibility of fisheries being revived in the Clyde. Generally, mixed fish-
eries are not an issue as sprat are targeted with very little to no other species caught as
a by-catch. If a fishery was to be prosecuted in the Irish Sea then by-catch of young
herring may become an issue due to the overlap in distribution between young herring
and sprat. It is acknowledged that sprat is prey for many species and these will affect
the natural mortality, however, this has not been quantified in this area. Since sprat
preys on e.g. zooplankton and is preyed upon by many species fisheries for sprat can
have effects on the ecosystem dynamics.

Stock overview

The WG was able to perform analytical assessment for 7 of the 10 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. A management scheme was adopted to halt this decline.
Based on the WG assessment the stock is classified as being at full reproductive capac-
ity and is being harvested sustainably but below Fmsy and management plan target.
The spawning stock at spawning time in 2015 is estimated at 1.8 million tonnes. Re-
cruitment in 2015 is estimated as the lowest value since 2002. The estimate of 0-wr fish
in 2016 (2015 year class) is estimated to be at approximately 23 billion, being low but
in line with recent recruitment. Mean Fz in 2015 is estimated at approximately 0.24,
which is below the management agreement target F. From 2015 to 2016, SSB is expected
to increase to ~2.0 million tonnes. Under all scenarios SSB is predicted to decrease in
2017 (between 1-22% according to the scenario) and a further decline in 2018 to ap-
proximately 1.5 million tonnes. SSB is expected to be above Buigger, and therefore also
Bpa, in 2016, 2017 and 2018.

Western Baltic Spring Spawners (her-3a22) is the only spring spawning stock assessed
within this WG. It is distributed in the eastern part of the North Sea, the Skagerrak, the
Kattegat and the subdivisions 22, 23 and 24. Within the northern area, the stock mixes
with North Sea autumn spawners, and recently mixing with Central Baltic herring
stock has been reported in the western Baltic area. The stock has decreased consistently
during the second half of the 2000s. SSB was at a minimum of about 90 000 t in 2011
and recruitment had a minimum in 2009. Under a historical perspective the estimate
of SSB of 125.744 tonnes in 2015 is considered still low, but gives perception that the
stock may have started to recover. Fishing mortality (Fs-) was drastically reduced in
2010 (0.35) and 2011 (0.29) followed by a minor increase. The estimate of Fs- for 2015
is 0.26 which is below the recommended Fwmsy (0.32). The expected overall catch of
WBSS is 56 802 t in 2017, and that will result in an expected increase in SSB to around
150 000 t in 2017 and 2018.
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Herring in the Celtic Sea and 7.j (her-irls): The herring fisheries to the south of Ireland
in the Celtic Sea and in Division 7.j have been considered to exploit the same stock. For
the purpose of stock assessment and management, these areas have been combined
since 1982. The stock was very low in the mid-2000s, with a historical minimum SSB of
36 467 t in 2004. The stock appears recovered from that low level, but this year assess-
ment shows a significant downward revision of the perception of SSB and estimates an
SSB around 101 382 t in 2015, which is above the Bpa reference of 54 000 t. Several strong
cohorts (2004, 2008, 2009, 2010 and 2013) have entered the fishery recently, and as they
gain weight, they maintain the stock at a high level. Fishing mortality (F2-s) declined
between 2003 and 2009 but started to rise again in 2010 due to increased catches. This
year assessment estimates a fishing mortality, F2s of 0.19 in 2019 which is below the
updated Fwmsy (0.26). Short term projections under the long term management plan
show a decrease in SSB to respectively 74 417 t and for 2017.

Herring in 6.a: 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 misreport-
ing 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; in recent years
misreporting has remained relatively low. The assessment is a combination of two her-
ring stocks, one residing in 6.aS, 7.b and 7.c, and one in 6.aN. It is currently not possible
to separate the two stocks for assessment purposes and therefore stock size is estimated
combined. SSB is at a recent low at 205 196 t in 2015, at Bim. Fssis estimated at 0.07 and
fishing is likely not the cause of the low stock size. The lack of recruitment in recent
years leads to expected SSB of 202 073t in 2017.

Herring in the Irish Sea (her-nirs) comprises two spawning groups (Manx and
Mourne). This stock complex experienced a decline during the 1970s. In the mid-1980s
the introduction of quotas resulted in a temporary increase, but the stock continued its
decline from the late 1980s up to the early 2000s. During this time period the contribu-
tion 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
spawning migrations and mixing with the Celtic Sea stock. In 2015, SSB and recruit-
ment have been estimated at 13 243 t and 168 215 respectively, where SSB is showing a
decline from recent years as so for recruits. Fa is estimated at 0.26 in 2015. Under the
MSY approach the stock is expected to remain stable around 12 788 t in 2017.

North Sea Sprat (spr-nsea) The stock is dominated by age 1-2 fish. Due to the short
life cycle and early maturation, the majority of the stock consists of mature fish. To
undertake the assessment and fit with the natural life cycle of sprat the assessment
model is shifted by six months so that an assessment year and advice runs from 1 July
to 30 June each year, and thus provide in-year advice. The sprat stock came down from
a time-series high since the early ‘80, driven by high recruitment in 2014. The stock
appears to be above Bpa (142 000 t) in 2015. Fishing mortality in the last years has been
around 0.45-1.27. A recent management strategy evaluation (WKMSYREF2) suggested
that the current manage strategy (Bescapement) is not precautionary. In the short term pro-
jections a provisional Fep value of 0.7 was used. SSB is expected to go down to approx-
imately 206 000 t with a change in TAC of ~54% coming from a high TAC in 2015.

Sprat in 3.a (spr-kask) Sprat cannot be fished without by-catches of herring except in
years with high sprat abundance or low herring recruitment. For this reason the sprat
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fishery in 3.a is controlled by sprat TAC and herring by-catch quota. Various assess-
ment methods have been explored for 3.a sprat without success, and no analytical as-
sessment is available for this stock. Short term projections are based on the IBTSQ1 age
1 as an indicator of the incoming year class and IBTSQ1 age 2, IBTSQ3 age 1 the previ-
ous year and HERAS age 1 the previous year as indicators of age 2. These should pro-
vide in year advice for 3.a based on the ICES data limited stock approach (Category
3/4). The surveys indicate a substantial changes in the stock since 2012-2015 and there-
fore an increase in TAC, applying an uncertainty cap of 20%, is advised.

Sprat in the English Channel (7.d and 7.e) (spr-ech) consists of a small midwater trawl
fleet targeting sprat primarily in the vicinity of Lyme Bay, western English Channel.
This year ICES has provided catch advice for sprat in divisions 7.d and 7.e (primarily
in the vicinity of Lyme Bay) based on criteria for data limited stocks. Data available are
catches, a time series of Ipue (1988-2013) and one acoustic survey that has been carried
out since 2013 in the area where the fishery occurs and further offshore, also including
the waters north off the Cornish Peninsula. The advice provided was based on the bi-
omass estimates from the acoustic survey. The stock identity of sprat in the English
Channel relative to sprat in the North Sea and Celtic Sea is unknown. The advice is
lower than last year and is smaller than the TAC.

Sprat in the Celtic Sea (spr-celt): The stock structure of sprat populations in this eco-
region (subareas 6 and 7 (excluding 7.d and 7.e)) is not clear, and further work for the
identification of management units for sprat is required. Most sprat in the Celtic Seas
eco-region are caught by small pelagic vessels that also target herring, mainly Irish and
Scottish vessels. This is the fifth year ICES provides quantitative advice for sprat in this
eco-region. The quality of information available for sprat is heterogeneous across this
composite area. There is evidence from different survey sources of significant inter-
annual variation in sprat abundance. Landed biomass, but not biological information
on the catch, is available from 1970s in some areas (i.e., 6.a and 7.a), while Irish acoustic
surveys started in 1991, with some gaps in the time series provide sprat estimates but
their validity to provide a reliable sprat index is questionable because they do not al-
ways cover the core of sprat distribution in the area. Acoustic estimates in the Irish Sea
are more reliable. The state of the stock of sprat in the Celtic Seas ecoregion is uncertain.

Sandeel in 4 (san-nsea): Sandeels in the North Sea can be divided into a number of
more or less reproductively isolated sub-populations. A decline in the sandeel popula-
tion in recent years concurrent with a marked change in distribution has increased the
concern about local depletion, of which there has been some evidence. Since 2010 this
has been accounted for by dividing the North Sea into 7 management areas. Denmark
and Norway are responsible for most of the fishery of sandeel in the North Sea. The
catches are largely represented by age 1 fish. Analytical assessments are performed in
three of the management areas (A1-3) where most of the fishery takes place and data
are available.

Al: SSB above Bpa (215 000 t) in 2015 but remains below the Bim level of 160 000 t in
2015 (191 471 t).

A2: SSB increased from 2002, had a number of distinct peaks in 2003, 2009 and 2011,
and dropped in 2012 to Bpa and is just above to Bim since 2013. F is relatively low
(around 0.1) since 2007 but increased to 0.18 in 2015. SSB is below Bescapementin 2015.

A3: The stock has increased from the record low SSB in 2004 at half of Bim to above Bpa
in 2015 up to 246 485 t. In 2016 SSB is expected at the highest level in the time-series
since the "90 at 397 000 t.
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HAWG has made some strategic decisions regarding the future benchmarking of its
stocks (Table 1.12). In 2016/2017, it is proposed to benchmark sandeel.

L Bench Planni Furth
Stock Ass status atest encimar anning . Furt e.r Comments
benchmark knextyear Year+2 planning
NSAS Updat 2012 N 2018 Consider mixing
paate © with 3.a in 2016
Consider mixing
WBSS Update 2013 No 2018 with North Sea in
2016
6.a Update 2015 No 2018+ Oplitting of
Malin surveys
Celtic Sea Update 2015 No No
7.aN Update 2012 2016/2017 No Consider survey
based approaches
Sprat NS Update 2013 No 2019 Consider stock ~ Need Fo evgluate
components stock identity
Sprat3.a  Exploratory 2013 No 2019 Consider stock  Need t © evgluate
components stock identity
Sprat 7.d Exploratory 2013 No 2019 Consider stock ~ Need .to ev.:aluate
and 7.e components stock identity
t ider stock d t luat
Spra. Exploratory 2013 No 2019 Consider stoc Nee ‘ o] ev.:a uate
Celtic components stock identity
Improve survey
indices, explore  Prediction of
environmental  recruitment of
indi hort-lived
Sandeel Update 2010 2016 No indicators, S 01" ive
areas 1-4 explore sandeel  species must be
area 4 as explored
category 1
assessment

*Provisional, depending on progress in genetic studies

1.10.1 Benchmark planning

There is a benchmarks on Irish Sea herring scheduled for 2016/2017 in addition to the
on-going sandeel benchmark.

1.10.2 Ecosystem and long-term benchmark planning

HAWG is developing a longer-term perspective towards its benchmark process, by
identifying issues that should be addressed in the next round of benchmarks, even

though they are several years in the future. The following list of issues is intended to
focus development work during this inter-benchmark period.

General

e Develop assessment tools that can take account of uncertainty estimates in

surveys.
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North Sea Autumn Spawning (NSAS) herring

e  Splitting of catches, where possible, into autumn and winter-spawning com-
ponents.

e Refinement of the IBTSO index calculation to provide component-resolved
information.

e Modification of the assessment model to account for reduced precision in
catch statistics prior to the 1960s.

6.a herring

e Extraction of West of Scotland herring larval abundance estimates from the
North Sea IBTS0 survey.

Irish Sea herring

e Develop techniques to maximize the information content in the Irish Sea lar-
val survey.

Celtic Sea pelagic ecosystem

e Identify stock boundaries for the main pelagic species inhabiting the Celtic
Sea ecoregion, with main focus on Sprat.

Future plans related to ecosystem integrated advice is considered in chapter 1.8.1.

Recommendations

Please see Annex 2. All recommendations have been uploaded to the ICES Recommen-
dation database.
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Table 1.5.1: Comparison of CANUM and WECA-estimates from conventional systems and Inter-
Catch, by stock and age-group (winter-rings).

NORTH SEA (47D3)

2015 CANUM CANUM  Proportion 2014 WECA WECA %
wr Salloc IC Match (%) wr Salloc IC Deviation

0 538228 538253 0.000 0 0.009 0.009 0.000

1 394878 394817 0.000 1 0.026 0.026 0.000

2 551802 554209 0.004 2 0.114 0.114 0.001

3 247555 246488 -0.004 3 0.154 0.154 0.000

4 282813 283540 0.003 4 0.188 0.188 0.000

5 461041 460446 -0.001 5 0.200 0.200 -0.001

6 432034 430137 -0.004 6 0.221 0.221 0.000

7 271280 270353 -0.003 7 0.217 0.217 0.000

8 167509 166368 -0.007 8 0.226 0.226 0.000

9+ 170302 170313 0.000 9+ 0.243 0.243 -0.001
Sum 3517441 3514923 -0.001
HER 6.AN RING INTERCATCH SALLOCL % DEVIATION

CATON 18791 18801 0.05
CANUM 1 254.45 231.18 -9.14
CANUM 2 11117.85 10854.96 -2.36
CANUM 3 14065.75 13937.56 -0.91
CANUM 4 15431.88 15716.6 1.84
CANUM 5 20136.53 19386.7 -3.72
CANUM 6 21351.34 21621.33 1.26
CANUM 7 6177.65 6397.35 3.56
CANUM 8 1901.85 1932.73 1.62
CANUM 9 1240.71 1250.55 0.79
WECA 1 0.07748 0.0769 -0.75
WECA 2 0.13793 0.1425 3.31
WECA 3 0.17712 0.1795 1.34
WECA 4 0.20142 0.2059 222
WECA 5 0.21105 0.2136 1.21
WECA 6 0.22771 0.2307 1.31
WECA 7 0.23665 0.2386 0.82
WECA 8 0.24418 0.2454 0.50
WECA 9 0.27279 0.2685 -1.57
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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 her/sprat Predation by her/sprat Time of spawning Managing productivity changes
North Sea herring X X X X X X X

Western Baltic SS herring X X X

6.aN herring X X

6.aS herring X X X X

7.aN herring X

Celtic Sea herring X X X X X

North Sea sprat X X X X X

3.a sprat
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Figure 1.11.2 Spawning stock biomass estimates for the sprat and herring stocks under analytical
assessment presented in HAWG 2015.
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Figure 1.11.3 Estimates of mean F for the sprat stock and herring stocks under analytical assessment
presented in HAWG 2015.
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ment presented in HAWG 2016.
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North Sea Herring

The WG noted that the use of “age”, “winter rings”, “rings” and “ringers” still causes
confusion outside the group (and sometimes even among WG members). The WG tries
to avoid this by consequently using “rings”, “ringers”, “winter ringers” or “wr” in-
stead of “age” throughout this section. However, if the word “age” is used it is quali-
fied in brackets with one of the ring designations. It should be observed that, for
autumn and winter spawning stocks, there is a difference of one year between “age”
and “rings”, which is not the case for the spring spawners. Further elaboration on the
rationale behind this, specific to the North Sea autumn spawners, Western Baltic
Spring Spawners and the mixed stock catches, can be found in the Stock Annexes. It is
the responsibility of any user of age based data for any of these herring stocks to con-
sult the relevant annex and if in doubt consult a relevant member of the Working
Group.

The Fishery

2.1.1 ICES advice and management applicable to 2015 and 2016

According to the management plan agreed between the EU and Norway, adopted in
December 1997 and amended in November 2007, every effort should be made to main-
tain a minimum level of spawning stock biomass (SSB) of North Sea Autumn Spawn-
ing herring greater than 800 000 tonnes. The management plan is given in Stock Annex
3.

The final TAC adopted by the management bodies for 2015 was 461 073 t for Area 4
and Division 7.d, where no more than 48 986 t should be caught in Division 4.c and 7.d.
For 2016, the total TAC was increased by 15% to 531 624 t (518 242 t for the A-Fleet),
including a TAC of 57 0076 t for Division 4.c and 7.d.

The by-catch TAC for the B-Fleet in the North Sea (and Division 2.a) was 15 744 t in
2015 and has decreased by 15% to 13 328 t for 2016. As North Sea autumn spawners
are also caught in Division 3.a, 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 spring spawning herring in the Thames estuary are in general low and 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 2015

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 statis-
tical rectangle and quarter are shown in figures 2.1.1 (a-d), the total for the year in Fig-
ure 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 statis-
tics. These figures can therefore not be used for legal purposes.

The total WG catch of all herring caught in the North Sea amounted to 481 611 t in 2015.
Official catches by the human consumption fishery were 472 168 t, corresponding to a
slight overshoot of 6% of the TAC for the human consumption fishery (445 329 t). As
in previous years, the vast majority of catches are taken in the 3 quarter in Division
4.a(W).



ICES HAWG REPORT 2016 | 49

In the southern North Sea and the eastern Channel, the total catch sums to 41 068 t. The
separate TAC for this area was 48 968 t, so 16% of the TAC remains in Division 4.c and
7.d (but due to catch regulations, 50% of the TAC could have been taken in Division
4.b). The reduced catch continues to relieve the fishing pressure on the Downs stock
component, as observed since 2012.

Information on by-catches in the industrial fishery is provided by Denmark. While the
Norwegian by-catches are included in the A-fleet figure for Norway, catches taken in
the small-meshed fishery by Denmark account to a separate EU quota (B-fleet).

Landings of herring as by-catch in the Danish small-meshed fishery in the North Sea
have decreased considerably by 43% to 7 909 t in 2015 (Table 2.1.6). The by-catch ceiling
for the B-Fleet was 15 744 t. Since the introduction of yearly by-catch ceilings in 1996,
these ceilings have only fully been taken in 2014.

The total North Sea TAC and catch estimates for the years 2010 to 2015 are shown in
the table below (adapted from Table 2.1.6).

Year 2010 2011 2012 2013 2014 2015
TAC HC (‘000 t) 164 200 405 478 470 445
“Official” landings HC (000 t) * 166 209 414 490 490 472
Working Group catch HC (‘000 t) 166 209 414 490 493 474
Excess of landings over TAC HC (‘000 t) 1 9 9 12 23 28
By-catch ceiling (‘000 t) ** 14 17 18 14 13 16
Reported by-catches (‘000 t) *** 9 9 11 8 14 8
Working Group catch North Sea (‘000 t) 175 218 425 498 507 482

HC = human consumption fishery

* Landings might be provided by WG members to HAWG before the official landings become available;
they may then differ from the official catches and cannot be used for management purposes. Norwegian
by-catches included in this figure.

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

2.1.3 Regulations and their effects

Following the apparent recovery of the NSAS herring, some regulatory measures were
amended. A licence scheme introduced in 1997 by UK/Scotland to reduce misreporting
between the North Sea and 6.aN was relaxed. The minimal amount of target species in
the EU industrial fisheries in 3.a has been reduced to 50% (for sprat, blue whiting and
Norway pout).

In 2016, half of the EU quota for Division 3.a can be taken in the North Sea (4); based
on correspondence with the Pelagic RAC, HAWG notes that this transfer will be in the
same order of magnitude as in 2015 (46%). Norway can take up to 50% of its quota for
Division 3.a in the North Sea (4).

In the North Sea, Norway can take up to 50 000 t of its quota in EU-waters in Divisions
4.a and 4.b. 50 000 t of the EU-quota can be taken within Norwegian waters south of
62°N.

Half of the EU quota for Division 6.c and 7.d can be taken in Division 4.b. However, no
information on the occurrence of such transfer is available to the HAWG.

In 2014, an agreed record between EU and Norway was applied, enabling an inter-
annual quota flexibility of 10% of the TAC. Each party could transfer non-utilised quota
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of up to 10% of its quota into the next year, where it is added to the quota allocated to
the party concerned in the following year (or borrow 10% of the TAC, to be subtracted
the following year). This inter-annual flexibility has changed in 2015 so that 25 % of the
TAC can be transferred into the next year, while up to 10 % can be borrowed.

HAWG has not applied this record to national catches, e.g. to what extent or which
party may have used this annual quota flexibility.

Since 2015, a landing obligation is in place for pelagic fleets operating in the North Sea
and the Baltic. All catches have to be landed into port.

2.1.4 Changes in fishing technology and fishing patterns.

There have been no major changes to fishing technology of the fleets that target North
Sea herring.

The fishery concentrated in the north-western part of the North Sea, around the Fladen
Ground area (Fig 2.1.1 a-e). Some rectangles yielded higher catches compared to the
previous year, especially rectangle 49F2 (from 8 500 to 46 500 t). The majority of catches
is still taken in Subdivision 4.aW, in the order of 60% of the total. After a drop in Sub-
division 4.aE down to 9% in 2014, catches re-increased to 18% of the total North Sea
catch. (2013: 16%).

After a sharp reduction in the catches taken in Division 4.b in 2010, the proportion of
catches in this area have increased again and contributed roughly 20-25% to the total
catches since 2011. In 2015, this area yielded 15% of the catches. The utilisation of
catches in Divisions 4.c and 7.d has decreased since 2010. As in 2014, the southern
North Sea contributed only 8% to the catch, while they were in the range of 15% for the
period before 2010. The TAC in this Division is not fully taken since 2012. Catches in
Division 4.c were only 744 t in 2015.

As in former years, most of the catches in the B-Fleet are taken in Division 4.b (> 80%).
The by-catch ceiling for this fleet has not been not fully taken in 2015.

After a substantial decline in misreporting since 2009, misreporting was regarded as a
minor problem in the herring fishery. However, misreporting did occur in 2015, but
the quantities (1 500 t) are still much lower than it had been prior to 2009.

Biological composition of the catch

Biological information (numbers, weight, catch (SOP) at age and relative age composi-
tion) 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, for Western Baltic spring spawners (only in 4.aE), and for the total NSAS
stock, including catches in Division 3.a.

Biological information on the NSAS caught in Division 3.a was obtained using splitting
procedures described in Section 3.2 and in the Stock Annex.

The tables are laid out as follows:
e Table 2.2.6: Total catches of NSAS (SOP figures), mean weights- and num-
bers-at-age by fleet

e Table 2.2.7: Data on catch numbers-at-age and SOP catches for the period
1999-2014 (herring caught in the North Sea)

e Table 2.2.8: WBSS taken in the North Sea (see below)
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e Table 2.2.9: NSAS caught in Division 3.a
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 2004-2014.

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

2.2.1 Catch in numbers-at-age

The total number of herring taken in the North Sea is 3.2 billion fish and NSAS amounts
to 3.5 billion fish in 2015. The proportion of 0- and 1-ringers of herring taken in the
North Sea is 23% of the total catch in numbers in 2015 (Table 2.2.5), compared to 36%
in 2014. Most of these young herring are still taken in the B-Fleet in Division 4.b. Here,
0- and 1-ringers amount to 62% of the total catch in numbers.

The proportion of 3+ winterring herring has increased to 63% of the total catch in num-
bers taken in the North Sea (compared to 56% in 2014).

Western Baltic (WBSS) and local Division 3.a spring-spawners are taken in the eastern
North Sea during the summer feeding migration (see Stock Annex and Section 3.2.2).
These catches are included in Table 2.1.1 and listed as WBSS. 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 3.a/Western Baltic in 2000-2015.
After splitting the herring caught in the North Sea and 3.a between stocks, the total
catch of North Sea Autumn spawners amounts to 494 089 tonnes.

Area Allocated Unallocated Discards Total

4.a West 280 600 1939 - 282 539

4.a East 85932 -423 - 85 509

4b 72 495 - - 72 495

4.c/7.d 41 068 - - 41 068
Total catch in the North Sea 481 611
Autumn spawners caught in Division 3.a (SOP) 14 692
Baltic spring spawners caught in the North Sea (SOP) -2204
Blackwater spring spawning herring -10
Other spring spawners 0
Total catch NSAS used for the assessment 494 089

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 4.a (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 reduction in bi-
omass of these spring spawning herring in most recent years, the catches have de-
creased to 2 191 t in 2015.

Blackwater herring are caught in the Thames estuary under a separate quota and in-
cluded in the catch figure for England & Wales. In 2015, catches were in the range of
10t.
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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

In the recent years, some nations provided information on misreported and unallo-
cated catches of herring in the North Sea and adjacent areas. Misreporting did occur
between Subdivision 6.aN-4.a(W) and 4.a(E)-4.a(W), but in general misreporting and
unallocation of catches is meanwhile regarded as a minor issue in the North Sea herring
fishery. The Working Group catch, which include estimates of all fleets (and discards
and misreported or unallocated catches; see Section 1.5), was estimated to be almost in
the same order of magnitude as the official catch.

Since 2015, a landing obligation is in place for pelagic fleets operating in the North Sea
and the Baltic. All catches have to be landed into port. Two nations reported catches in
the BMS category (below minimum landing size, including any fishes lost or damaged
during processing procedures), while some countries stated these to be zero, and other
countries have not reported catches in this category. The BMS catches in the North Sea
in 2015 sums to 334 t. This is less than 0.1 % of the total catch. The reported BMS catches
are included in the national catch figures. In accordance with the landing obligation,
no discards were reported in the 2015 North Sea herring fishery.

The sampling of commercial landings covers 86% of the total catch (2014: 83%). The
number of herring aged is higher than in 2014 (+9%), and those measured have in-
creased considerably by almost 74% (Table 2.2.12).

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/na-
tion/area and quarter). Of 107 different reported metiers, only 34 were sampled in 2015.
The recommended sampling level of more than 1 sample per 1 000 t catch has been met
for 19 metiers. With regards to age readings, 21 metiers appear to be sampled suffi-
ciently (recommended level >25 fish aged per 1 000 t catch).

However, some of the metiers yielded very little catch. In 61 metiers the catch is below
1 000 t. The total catch in these metiers sums to 9 883 t, so the remaining 46 metiers
represent 471 725 t of the working group catch (98%). Of these 46 metiers 29 were sam-
pled. Only 14 fulfil the recommended level of more than 1 sample per 1 000 t catch;
additionally 16 fulfil the criteria of 25 age readings per 1 000 t catch.

According to the DCF regulations, some catches of UK(England & Wales) and France
were landed into and sampled by other nations.

The WG recommends that all metiers with substantial catch should be sampled (in-
cluding by-catches 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).
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2.3

Fishery independent information

2.3.1 Acoustic Surveys in the North Sea (HERAS), West of Scotland 6.a(N)
and the Malin Shelf area (MSHAS) in June-July 2015

Six surveys were carried out during late June and July covering most of the continental
shelf north of 52°N in the North Sea and to the west of Scotland and Ireland to a north-
ern 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 slope around 200
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
2015/SSGIEOM:05). 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 strata and distributions of mean weight- and proportion
mature-at-age.

The estimate of North Sea autumn spawning herring spawning stock biomass is
slightly lower than previous year at 2.3 million tonnes but is comprised of a similar
number of fish.

The abundance of mature fish of 14 222 million in 2015 is comparable to the 2014 esti-
mate of 14 392 million (Table 2.3.1.2). The drop in SSB is caused by a significant de-
crease in the mean weight of the mature fish from 181.4 g in 2015 to 160.3 g this year.
This is due to a combination of two factors. The mean weight is decreased for all ages
apart from 1 winter ringers this year compared to last year. In addition the stock has
seen a large increase in 2 winter ring fish and a small decrease in abundance of all older
ages in effect shifting the abundance to a larger amount of smaller fish. The large in-
crease in 2 winter ringers confirms the strength of this large 2013 year class.

The time series of abundance of North Sea autumn spawning herring is given in Table
2.3.1.3.

The spatial distribution of herring from the survey is shown in figures 2.3.1.2. The dis-
tribution of adult herring in the North Sea is still concentrated in the areas east and
north of Scotland. Similarly to last year the distribution is stretching south in the west-
ern North Sea.

Immature herring was largely distributed in the central North Sea and less abundant
along the Danish west coast.

The 2007 year class (6-winter rings this year) continues to grow very slow and mean
weight is still lower than the one year younger fish (Table 2.3.1.3).

Quality considerations

Changing analysis tool

The global estimates for 2015 were for the first time calculated based on disaggregated
acoustic and biological data in the StoX software.

The effect of changing from one analysis method to another was thoroughly investi-
gated. It was shown that the effect of changing the calculation method to StoX had very
little effect on the resulting indices carried forward to the stock assessment process.
WGIPS was therefore confident that the latest index at age for North Sea herring is
comparable to the existing time series (WGIPS, ICES 2016).
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Stock splitting methods

At the present two different methods are used within the survey to assign herring in
the splitting area to the North Sea autumn spawning stock or the Western Baltic spring
spawning stock. These methods have been developed independently within national
laboratories, but have not been calibrated against each other so far. To ensure resilience
in the consistency over the time series the two methods should be calibrated against
each other. And ideally, the method should be standardised across the surveys to use
one common method for all splitting between the two stocks. HAWG is planning a
workshop in 2017 to address this issue.

Maturity

This year, immature fish > age 4 were reported. In the past, fish 5 wr or older were all
assumed mature by definition in the result reported by WGIPS. This is a decision that
should be made in the assessment working group for each assessment, and the under-
lying data should be collected and reported as actually observed. This will be the case
in the future also.

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

Six survey areas were covered within the framework of the International Herring Lar-
val Surveys in the North Sea during the sampling period 2015/2016. They monitored
the abundance and distribution of newly hatched herring larvae in the Orkney/Shet-
land area, Buchan and the central North Sea in the second half of September and in the
southern North Sea in the second half of December 2015 as well as in the first and sec-
ond half of January 2016. The survey in December could only sample half of the
planned stations. Unfavourable weather conditions causes winch problems, thus the
survey had to be stopped earlier than expected. However, the main spawning area
seems to be covered.

Compared to the previous year, the total number of newly hatched larvae in the Ork-
ney/Shetland region is quite substantial, but not at the record highs as seen in 2012 and
2013. Buchan and Central North Sea indicate successful hatching of larger quantities of
herring larvae. The estimate for the central North Sea has increased compared to 2014,
but this area is known to be very variable.

The abundance of newly hatched larvae in the southern North Sea is strikingly low in
the most recent sampling period. While the overall distribution of larvae and thus the
spawning area used by herring is not obviously different from preceding years, the
abundance of larvae is much lower than expected and more comparable to the situation
in the mid-1990s and before. Larger quantities of foraging larvae which may have been
hatched in the English Channel were found during the 15t quarter IBTS (MIK survey),
but at the moment it is not possible to trace their origin reliably down to the spawning
area.

The Multiplicative Larvae Abundance Index (MLAI) is estimated to obtain an SSB in-
dex of North Sea autumn spawning herring. For the most recent year, the MLAI is
lower compared to 2014, reflecting the decrease in larvae abundance in the southern
North Sea (Tab. 2.3.2.1). The corresponding SSB is found to be around 1.6 million
tonnes.

During the most recent benchmark of the North Sea herring assessment (ICES,
WKPELA 2012), it was decided to replace the MLAI model by the Spawning Compo-
nent Abundance Index (SCAI) model (Payne 2010). This index also monitors dynamics
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on a component level in addition to the total stock dynamics. The most recent SCAI
index has decreased as compared to 2014 and 2013 (Tab. 2.3.2.1). More details on the
SCAI are given in section 2.11.

2.3.3 International Bottom Trawl Survey (IBTS-Q1)

The International Bottom Trawl Survey (IBTS) provides the time series for 1-ringer her-
ring abundance index in the North Sea from GOV catches carried out during day-time.
In addition, night time catches with a fine meshed 2 m ring trawl provide abundance
estimates for large herring larvae (0-ringers) of the autumn spawning stock compo-
nents. For more details on the times series, the reader is referred to the previous reports
of the working group.

2.3.3.1 The 0-ringer abundance (IBTSO survey)

The total abundance of 0-ringers in the survey area is used as a recruitment index for
the stock. This year, 661 depth-integrated hauls were completed with the MIK-net. The
coverage of the survey area was very good with at least 2 hauls in most of ICES rectan-
gles in the North Sea as well as in Kattegat and Skagerrak. Few rectangles rectangles
were only sampled once while there were no rectangles that couldn’t be sampled at all.
Index values are calculated as described in detail in the Stock Annex. This year, there
were 66 hauls from the area south of 54° N with mean larval length <20mm which had
to be excluded from the index calculation as specified in the calculation procedure. The
index is, thus, calculated from the results of 595 hauls, and 4 rectangles, 30F0, 34F4,
36F4 and 36F6, in the Southern Bight and southern North Sea are not accounted for in
the index calculation. These small larvae in the southern area are thought to be larvae
of the Downs component of North Sea herring. The exclusion of these stations from the
index should provide that the Downs component is not accounted for in the IBTSO in-
dex.

Larvae measured between 7 and 39 mm standard length (SL). Contrasting to the pre-
vious years, the smallest larvae < 10 mm were much less numerous, while large num-
bers of medium sized larvae around 18 mm SL were caught (Fig. 2.3.3.1). The smallest
larvae were chiefly caught in 7.d and in the Southern Bight. The medium sized larvae
appeared chiefly and in large quantities in a band stretching along the Dutch, German
and Danish coasts as far North as north of 56°N. This resulted in a large number of
stations with mean larval sizes < 20 mm SL north of 54°N that had, thus, to be kept in
the index calculation. These small larvae can be assumed to represent the Downs lar-
vae. Larger larvae were comparatively rare and much less abundant.

The time series of IBTSO estimates according to the standard index calculation algo-
rithms is shown in Table 2.3.3.1. The new index value of 0-ringer abundance of the 2015
year class is estimated at 99.8.

This index is much larger than last year’s estimate for the 2014 year class. It is 92.5 %
of the long term mean, and would indicate at the second highest recruitment since the
year class of 2001. Overall, the larval herring abundance was low. Larvae were pre-
dominantly found in the more coastal areas in the North Sea, while the central North
Sea, but also Kattegat and Skagerrak were almost devoid of larvae. Only in a few rec-
tangles of the Southern Bight and in the German Bight mean abundance was excep-
tionally high. Only six of the rectangles in those areas (35F4, 39F6, 38F6, 38F7, 34F3,
and 37F6) with most of the larvae around or less than 20 mm SL contributed to more
than 65 % of the total index. (Figure 2.3.3.2). It is obvious that similarly to the high
index in 2014, this year’s O-ringer index has to be treated with some care (see above).
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2.3.3.2 The 1-ringer herring abundances (IBTS-1)

The 1-ringer recruitment estimate (IBTS-1 index) is based on GOV catches in the entire
survey area. The time series for year classes 1977 to 2014 is shown in Table 2.3.3.2. This
year’s 1-ringer index for the 2014 year class is only about the fifth of the index for the
2013 year class from last year’s survey. The index from the 2016 survey of 779 is at 39.4
% of the long term mean and is the lowest on record since the 1997 yearclass and the
second lowest since the 1979 yearclass. Figure 2.3.3.3 illustrates the spatial distribution
of 1-ringers as estimated by trawling in January/February 2014, 2015 and 2016. In pre-
vious years, the main areas of 1-ringer distribution are in the German Bight and south
of Dogger Bank. For the 2013 year class, however, the majority of the 1-ringers were
distributed in the central part of the southern North Sea and the Kattegat. This year, 1-
ringer herring were only found in the southeastern North-Sea and in the Kattegat at
mostly very low abundances. In the Kattegat, abundances were the highest, and there
was one rectangle, 36F7, in the German Bight that showed the single highest abun-
dance. It appears noteworthy, that the two recent 1-ringer abundances correspond very
well to their 2 respective O-ringer indices, despite their apparently biased nature.

Mean weights-at-age, maturity-at-age and natural mortality

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 4 and 3.a from the North Sea acoustic
survey (HERAS) as well as the mean weights-at-age in the catch from 1996 to 2015 for
comparison. The data for 2015 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.

The mean weights in the acoustic survey in 2015 were lighter for all groups from 2-wr
onwards compared to those in the catch (Figure 2.4.1.1).

In 2015, not all age groups had similar mean weights-at-age compared to 2014. A gen-
eral trend towards smaller mean weight at age can be observed in the acoustic survey,
while no such tendency is obvious in the mean weight-at-age in the catches. Here, the
mean weight of 6-wr fish has increased compared to 2014. The mean weight-at-age of
the 7-wr were lower than the 6-wr in both the survey and catch. This cohort (2007 year
class) seems to have been growing slower throughout the years and was also the year
class exhibiting greatly reduced maturity as 2-wr in 2010 and 3-wr in 2011.

2.4.2 Maturity ogive

The percentages at age of North Sea autumn spawning herring that were considered
mature in 2015 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). Maturity at age of 2-and 3-wr herring was
lower as in 2014, and even 4-wr fish were not fully mature. However, maturity esti-
mates were still in the range of those found in previous years and not strikingly low.
While 5+ group herring were considered fully mature in the period prior to 2015,
WGIPS reported maturity stage for all groups up to 7+ separately this year.

2.4.3 Natural mortality

One of the improvements of the latest benchmark of the North Sea herring stock (ICES,
WKPELA 2012) was the integration of fundamental links between the North Sea eco-
system and the NSAS stock dynamics.
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From 2012 onwards the assessment of NSAS includes variable estimates of natural
mortality (M) at age derived directly from a multispecies stock assessment model, the
SMS model, used in WGSAM (Lewy and Vinther 2004, ICES 2011). The input data to
the assessment are the smoothed values of the raw SMS model annual M values, which
are variable both at-age and over the time. Natural mortality in years outside the time-
period covered by the model are filled and estimated for each age as a five year running
mean in the forward direction and in the reverse direction for years prior. The M esti-
mates are variable along the time period covered by the assessment and are the result
of predator-prey overlap and diet composition (Figure 2.4.3.1). The trends in total M of
NSAS are a result of the contribution of each of the predators to the predation mortality
of the NSAS stock. The time series of M adopted at the benchmark in 2012 was from
the 2011 keyrun of the SMS model covering the period 1963 — 2010 (WGSAM 2011).
Detailed explanation regarding the natural mortality estimates used to 2015 can be
found in the Stock Annex.

A new time-series from WGSAM 2014 was made available to HAWG for use in the
assessment in 2015. However, during HAWG 2015 the chair of WGSAM reported an
error in the new estimates of natural mortality for herring in the North Sea. Thus this
time-series was not used and the 2015 assessment incorporated the SMS run as ob-
tained in 2011 (Figure 2.4.3.1 (left panel).

The natural mortality time series has now been revised following the new SMS model
North Sea 2015 key run (WGSAM 2015). This new key run was adopted by HAWG
2016 for the assessment of North Sea herring in 2016. Main changes in the North Sea
key run that particularly affected the natural mortality of herring are the truncation of
the time series to 1974 — 2014, lower cod abundance, lower whiting abundance and
inclusion of hake into the multispecies model. Overall, this resulted in a lower overall
natural mortality for herring in the order of 13% (over all ages, Figure 2.4.3.1, right
panel).

2.4.3.1 Comparison between the 2015 and 2011 multispecies key run natural mortalities
for herring

The changes introduced from 2011 to 2015 in the WGSAM reviewed North Sea SMS
key run include lower historical cod catches, higher biomass of medium-large grey
gurnards and large starry rays, inclusion of hake, revision of mackerel assessment, re-
vision of the haddock stock definition and the division of sandeel into two stocks. To-
gether, these changes resulted in lower cod biomass and hence predation by cod,
higher predation by grey gurnards and starry ray and increasing predation by hake.

Lower cod biomass occurred as a result of the revision of historical catches to a lower
level of unallocated mortality and as a result, the main prey of cod were predicted to
have a lower natural mortality. In some species, this effect was counteracted by the
increased estimated biomass of grey gurnards, starry ray and, in the later years, hake.
However, these predators did not have a substantial effect on the natural mortality of
large (3+) herring, and hence the estimated natural mortality of these were reduced as
a result of the lower cod biomass following the lower historic cod catches (Figure Fig-
ure 2.4.3.1.1). With the decrease in biomass of large cod M of 2+herring has decreased
over time, but here the effect is counteracted in later years as the biomass of large hake
and grey gurnard have increased.

WGSAM discussed these features of the results in detail and concluded that (WGSAM
2014, 2015):
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e The 2015 key run time series is seen as more accurate than the previous time
series as the change in historic catches by WGNSSK is based on the best avail-
able knowledge

e Theincreased cod biomass in the last two years is uncertain and hence smooth-
ing the values at least in the last years of the period is recommended

WGSAM does not recommend updating existing data series of natural mortality by
simply adding the latest three new years. The time series as a whole shows patterns
which are not retained by this procedure. For example, herring shows an increased
natural mortality over the past decade, but adding only the latest three years will give
the impression that natural mortality has decreased over the last five years.

Recruitment

Information on the development in North Sea herring recruitment comes from the In-
ternational Bottom Trawl Surveys, from which IBTS0 and the IBTS-1 indices are avail-
able. Further, the SAM assessment provides estimates of the recruitment of herring in
which information from the catch and from all fishery independent indices is incorpo-
rated. The recruitment trends from the assessment are dealt with in section 2.6.

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

The estimation of O-ringer abundance (IBTS0 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. Over the time series there has gen-
erally been very 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 recruitment have deviated between the two indices.
However, with the 2013 year class there was once again good agreement between the
two indices. In 2014 it was recorded as the largest 0-ringer abundance since 2002, and
the strength of this year class was confirmed in 2015 with one of the largest 1-ringer
abundances. This is the first strong year class observed since 2002. The 2015 IBTS0 in-
dex indicated that the 2014 year class is another poor year class and this was also con-
firmed in the IBTS-1 index this year (Figure 2.5.2).

Assessment of North Sea herring

2.6.1 Data exploration and preliminary results

The last benchmark (2012) decided on revised input data sources and assessment meth-
ods which are described in the WKPELA report (ICES, WKPELA 2012) and in the Stock
Annex. The tool for the assessment of North Sea herring is FLSAM, an implementation
of the State-space assessment model (www.stockassessment.org), embedded inside the
FLR library (Kell et al. 2007).

Acoustic (HERAS ages 1-8+), bottom trawl (IBTS-Q1 age 1), IBTSO and SCAI larval
(IHLS) indices 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 2.6.1.1. The
input data and the performance of the assessment have been scrutinised to check for
potential problems.
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Natural mortality has been revised following the new North Sea key run (WGSAM
2015, also see section 1.3.4 and 2.4.3). Overall, this resulted in a lower overall natural
mortality for herring in the order of 13% (over all ages).

The proportion mature of 2, 3 and 4-wr in 2015 was average (0.70, 0.90 and 0.96 respec-
tively) and lower than last year (see Figure 2.6.1.1). Proportional catch numbers-at-age
are given in Figure 2.6.1.2 and time series of natural mortality-at-age is given in Figure
2.6.1.3.

Survey indices are shown in Figure 2.6.1.4. The SCAI estimate for 2015 is still high (2.7
times the average from the survey), although the index is somewhat lower than the
highest values of 2013.

The latest observations from the IBTS0 index show a strong 2013 yearclass, a very weak
2014 yearclass and an around average 2015 yearclass.

The pattern of the IBTS-Q1 1-wr confirms the strong 2013 yearclass and the weak 2014
yearclass.

The numbers at age over all ages in the acoustic survey can still be considered relatively
high in the recent time period (see Figure 2.6.1.4 and 2.6.1.4b). The internal consistency
of the acoustic survey remains high, as it has been for a long period (see Figure 2.6.1.5).

The SAM model fits the catch well and residuals are random and small for all ages
(figures 2.6.1.6 to 2.6.1.27). A small block of positive residuals can be observed for age
7 catch data over the years 2000-2006, while at age 8 catch data a similar block of neg-
ative residuals can be found (Figure 2.6.1.26). This likely indicates a trade-off in model
fit to either the age 7 or age 8+ catch information. There is a methodological need how-
ever to link age 7 and age 8+ together in the stock assessment model. The residuals are
very small and are not considered an issue for the performance of the assessment.

The SCAI survey fit shows a clear residual pattern (Figure 2.16.1.15), which can partly
be explained by the fact that the SCAI indices in individual years are not independent
of each other, but instead are the output of an auto-correlated random-walk model.

The acoustic survey residuals show a negative year effect in 2007 and a positive year
effect in 2010 (Figure 2.6.1.27).

All other surveys fit well inside the model.

A feature of the assessment model is the estimation of an observation variance param-
eter for each data set (see Figure 2.6.1.28). Overall, all data sources are associated with
low observation variances where the catch at ages 1-5 stands out at the most precise
data source while the SCAI index and IBTS0 are perceived to be the noisiest data series.
The uncertainty associated with the parameter estimated is low for most data sources
where only the CV of the catch at age 0 is somewhat higher (Figure 2.6.1.29). However,
the CVs do not indicate a lack of convergence of the assessment model.

The analytical retrospective pattern shows a very similar perception in F for the years
2009—2014 (Figure 2.6.1.30).

Figure 2.6.1.31 shows the model uncertainty plot, representing the parametric uncer-
tainty of the fit of the assessment model in terminal F and SSB.

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 and assessment parameters (see Figure 2.6.1.32).
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2.6.2 Exploratory Assessment for NS herring

By way of exploratory assessment, the working group carried out a comparison be-
tween the fishing mortality estimated in the SAM model and the F-proxy (‘harvest
rate’) derived by dividing the catch number at age by the acoustic index at age (i.e. the
acoustic index was treated as a measure of stock size). In order to compare the fishing
mortality from the SAM model with the Fproxy, both series were scaled to the mean for
each age separately. Results show that, apart from age (wr) 0, the two series are very
consistent. This indicates that the F pattern in the assessment is to a large extend de-
rived from the catch data and the acoustic survey data (Figure 2.6.2.1).

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 state space model (SAM, in the FLR
environment). The input data and model settings are shown in tables 2.6.3.1—2.6.3.11,
the SAM output is presented in tables 2.6.3.13—2.6.3.26, the stock summary in Table
2.6.3.12 and Figure 2.6.3.1 and model fit and parameter estimates in Table 2.6.3.25. Fig-
ure 2.6.3.2 shows the agreed management plan including the biomass trigger points
and contains the F26 estimates of the past 10 years.

Overall, the revision of the natural mortality in the 2016 assessment has resulted in a
downward revision of SSB (-16%) and an upward revision of fishing mortality (+14%)
compared to using the old natural mortality time series, for the period 1985-2015 (Fig-
ure 2.6.3.3)

The spawning stock at spawning time in 2015 is estimated at approximately 1.8 million
tonnes, which is substantially lower than the 2015 intermediate year estimate of 2.2
million tonnes. This is partly due to the new natural mortality values being used and
due to the decline in the stock.

The abundance of 0-wr fish in 2016 (2015 year class) is estimated to be at approximately
23 billion, which is 17% below the long term geometric mean (see Table 2.6.3.14).

Mean Fz in 2015 is estimated at approximately 0.24, which is below the management
agreement target F. The mean Fo1 is 0.045, which is just below the agreed ceiling.

2.6.4 State of the Stock

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. Fishing
mortality is below the estimated Fusy (0.27) and the management plan target (0.26).

The SSB in autumn 2015 was estimated at 1.8 million t, which is above Bpa (1.0 million
t) and the biomass trigger in the management plan (1.5 million t).

The 2015 year class is estimated to be 17% lower than the long term geometric mean
recruitment.

A remarkable feature of the assessment this year is the high fishing mortality on older
ages in recent year. According to the assessment, the fishing mortality at age 7 is
around 0.67, which is substantially higher than mean fishing mortality. The same sig-
nal is observed when using only the acoustic survey and the catch data. Apparently,
the catches at the older ages are relatively high compared to the estimated stock size at
those ages (figures 2.6.1.2 and 2.6.1.4b).
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2.7 Short term predictions

Short term predictions for the years 2016, 2017 and 2018 were done with code devel-
oped in R software. In HAWG 2015, a modification to the code had to be made to allow
for the estimation of the C-fleet outtake. Because of the 2015 EU-Norway management
rule, the C-fleet no longer takes a fixed catch outtake, but the outtake is calculated as
5.7% of the sum of the A fleet TAC in the forecast year and 41% of the Western Baltic
Spring Spawning TAC both multiplied with the proportion of NSAS in the catch.

In the short term predictions, recruitment is assumed constant for the years 2017 and
2018 following the same recruitment regime since 2002 (geometric mean of 2004 to 2014
year classes). The recruitment estimate of the 2015 year class, obtained from the assess-
ment served as the estimate for 2016.

For the intermediate year (2016), no overshoot for the A fleet was assumed, as there
was minimal deviation from the TAC in 2015. Negotiations between the EU and Nor-
way resulted in the allowance of 50% of the C-fleet TAC in the Kattegat-Skagerrak area
to be taken in the North Sea. In 2015, the pelagic AC was requested to estimate the
percentage of the 3a herring TAC that would be taken in the North Sea under this reg-
ulation. The pelagic AC estimated it at 46%. The same proportion has been used in this
forecast.

The expected catches of Western Baltic Spring Spawning herring caught under the
North Sea TAC are deducted from the expected A fleet catches (amounting to 2 205t).

For the B-fleet, 60% of the agreed by-catch ceiling in 2015 has been used.

For the C and D fleets, the fraction of North Sea Autumn Spawning (NSAS) herring
caught in 3a is used to derive C and D fleet NSAS catches, based on projected TACs in
3a for these fleets. See Table 2.7.1—2.7.11 for other inputs.

Since the current management plan(s) only stipulates overall fishing mortalities for ju-
veniles and adults, making fleet-wise predictions for four fleets that are more or less
independent, could potentially result in many different options for 2017. The seven
scenarios presented (Table 2.7.12) are based on an interpretation of the harvest control
rule or other options and are only illustrative. All predictions are for North Sea au-
tumn spawning herring only.

1 Management plan (0% transfer in C fleet)
2 Fmsy

3 No fishing

4 No change in TAC

5 TAC increase of 15%

6 TAC reduction of 15%

7 As 1, with 50% transfer in C fleet

For 2016, the C and D fleets are assumed to have a North Sea autumn spawner catch
of 11.6 and 4.7 thousand tonnes respectively. In 2017 and 2018 the D-fleet is assumed
to have a North Sea autumn spawner catch of 4.7 thousand tonnes. The C-fleet catch
depends on the A & B fleet outtakes. The results are presented in Table 2.7.12.
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2.7.1 Comments on the short-term projections

From 2016 to 2017, SSB is expected to decrease due to the weak 2014 yearclass. Under
all scenarios SSB is predicted to decrease in 2017. In the management plan scenario (1),
the SSB is expected to remain just above Brigger in 2018. This corresponds to a reduction
in the A-fleet catch of 16%. If a lower reduction in A-fleet catches is applied, SSB in
2018 is expected to be lower than Brigger.

The predicted catch according to the management plan for 2016 implies an decrease in
TAC of 16%, above the 15% inter annual variation limit implemented in the plan. This
because the 10% maximum Frarget deviation trumps the TAC variation cap.

2.7.2 Exploratory short-term projections

No exploratory short-term projections were considered.

Medium term predictions and HCR simulations

No medium term prediction or HCR simulations were carried out during the Working
Group. The most recent HCR evaluation of the 2014 North Sea herring management
plan and the 2014 management rule for 3a fisheries is in the 2015 WKHERTAC report
(ICES CM 2015/ACOM:47).

Precautionary and Limit Reference Points and FMSY targets

The precautionary reference points for this stock were adopted in 1998. The analysis
carried out by the 2012 benchmark meeting (ICES, WKPELA 2012) implied that the
reference points had shifted under the new perception of the stock assessment which
was driven by the inclusion of dynamic natural mortality on herring. Due to this
change in perception, the EU and Norway formulated a request to ICES to re-evaluate
the precautionary and limit reference points as well as to evaluate precautionary man-
agement plan designs (WKHELP, ICES CM 2012/ACOM:72). The derivation of refer-
ence points and the history of the reference points for North Sea herring are further
described in the Stock Annex.

The 2016 assessment of North Sea herring has been revised due to a new time series of
the natural mortality. This has resulted in a downward revision of SSB over most of
the time series (-16%) and an upward revision of fishing mortality (+14%) compared to
using the old natural mortality time series. Because the shift applied to the whole time
series, the working group explored the consequences for the biological reference
points.

Similar to WKMSYREEF III (ICES CM 2014 / ACOM:64), the EqSim software (msy pack-
age 0.1.16) was used to analyse the differences that were generated by the inclusion of
the new natural mortality time series. This was compared to the reference points esti-
mated using the old M values (as used in the 2015 assessment).

SRR estimation was, similar to WKHELP, carried out on the years since 2002, the onset
of the low recruitment phase.

FIT <- eqsr_fit_shift(NSH, nsamp = 1000, models = c(”Bevholt”,”Ricker”),
rshift=1, remove.years=c(1947:2001))

The MSY calculation was carried out using the following settings:

bio.years c(2004, 2015)
bio.const FALSE
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sel.years (2004, 2015)
sel.const FALSE
recruitment.trim c(3,-3)

Fev ™ 0.24

Fphi * 0.50

Btrigger ** 1 500 000

Blim 800 000

Bpa 1000 000

Fscan seq(0,0.80,len=40)
Extreme.trim ¢(0.01,0.99)

* set to 0 for calculation of Fiim

** not used when calculating Fmsy

Results are presented in figures 2.9.1 and 2.9.2.
Fmsy

Fmsy was previously estimated at 0.27 (WKHELP 2012). Using the updated assessment
with new natural mortality estimates and using the SRR pairs since 2002 (low produc-
tivity period), results in a new estimate of Fmsy = 0.33 with ranges of 0.24 — 0.40. Fev and
Fphi were calculated from historic assessment results and amounted to 0.27 and 0.5 re-
spectively. The Bevholt and Ricker curves were used in estimating the SR-relationship,
in agreement with WKHELP 2012. In addition, a retrospective analysis was carried out
on the F reference points, which showed that the estimate of Fmsy was sensitive to the
inclusion of the last data year. Removing the last data year would have resulted in an
Fmsy = 0.30. This type of sensitivity is to be expected when using a short time series for
recruitment. The WG considered that the Fmsy =0.33 is the most appropriate value to be
used. Given that Fpa is estimated above Fmsy, the Fmsy value did not have to be re-ad-
justed.

Fpa

Fpa was removed from the ICES advice in 2013. On request of ACOM, HAWG 2016 has
re-estimated Fpa from Fim, following the guidelines by ICES stipulating that the sigma
of the log-transformed F in the terminal year is to be used to calculate Fpa. Here, a 10-
year retrospective was used to estimate with more precision the uncertainty in terminal
F, similar to the approach taken by WKHELP 2012 where Bpa was derived from Biim
following a similar equation and where SSB uncertainty over the past 10 years was
used as well. . Average SD was estimated at 0.079 which results in an Fpa value of 0.34.

Fiim

Fim has never been estimated for North Sea herring. On request of ACOM, HAWG 2016
has estimated Fim using the updated assessment with new natural mortality estimates
and using the SRR pairs since 2002. Given the short time-series, it was considered in-
appropriate to apply the segmented regression for estimation of Fim as the breakpoint
used for the Bim calculation would be outside the range of observed SSBs in this time-
series. Neither was it considered appropriate to apply the longer time-series used for
the estimation of Bim as this would no longer be in line with the recent low productivity
of the stock. It was therefore that the same recruitment models were used as in the
calculation of Fmsy. Fev, Fphi and Brigger were all set to 0 according to the ICES guidelines.
This resulted in an estimated Fim value of 0.39..

Biim
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Bim was previously estimated at 800 000 tonnes (WKHELP 2012). Using the updated
assessment with new natural mortality estimates and using the SRR pairs since 1985
did not change the breakpoint of 800 000 tonnes. The North Sea herring stock has gone
through two major collapses from which the breakpoint, at which impaired recruit-
ment can be expected, can be estimated reasonably well. A longer time-series was used,
in agreement with WKHELP (2012) for estimation of Bim to ensure that variability in
population dynamics and state were covered.

Bpa

Bpa was estimated at 1 000 000 tonnes (WKHERTAC 2015) and has not been revised
during HAWG 2016. The uncertainty in terminal SSB did not changed since
WKHERTAC 2015. There was no need to update Bpa since Bim did not change.

Bumsytrigger

Bmsytrigger has never been estimated for North Sea herring. The current NSAS man-
agement plan stipulates that F should decrease below 1.5mt to ensure sustainable ex-
ploitation. The EQsim software was used, with identical settings as the Fmsy calculation,
though now including a value for Buigger to scan at what level Fp0.5 > Fmsy. This value
was estimated at 1.5mt, similar to the setting in the NSAS management plan.

Quality of the assessment

The data used within the assessment, the assessment methods and settings were care-
fully scrutinized during the 2012 benchmark (ICES, WKPELA 2012) and these are de-
scribed in the North Sea Herring Stock Annex (a list of links to the Stock Annexes can
be found in Annex 4). The 2016 assessment was classified as an update assessment and
was carried out following these procedures and settings.

During the benchmark in 2012, dynamic natural mortality values for herring were in-
troduced, based on the 2011 North Sea key-run. The North Sea herring Stock Annex,
that was written at the end of the benchmark, concluded that: “there is currently no
agreed approach about how to handle revisions to the natural mortality time series:
this issue will need to be reviewed when new estimates become available.” The work-
ing group concluded that the intention had been to update natural mortality estimates
when they become available, even when the inclusion of the new natural mortality
estimates (WGSAM 2015) did change the overall level of the stock and the fishing mor-
tality. The current perception of SSB, F2 and recruitment over the past three years has
changed in comparison to last year’s assessment even though the retrospective assess-
ment does not show substantial model revisions. (Figure 2.10.1).

Because of the fluctuations introduced by the inclusion of new natural mortality time
series, the historical consistency of the assessment (Figure 2.10.1) is lower than sug-
gested by the internal consistency and the diagnostics of the current model formula-
tion.

The 2016 assessment has lowered the estimates of the 2013-2015 recruitments by
around 30% compared to the 2015 assessment. The SSB has been lowered by around
13% for these year and the fishing mortality is estimated higher by around 13% (see
text table below).

2015 Assessment 2016 Assessment %change 2016/2015

Year Rec SSB Catch F2-6 | Rec SSB Catch F2-6 Rec SSB Catch F2-6

2013 38340 2285 483 0.194| 30280 2027 482 0.218| -21% -11% 0% +12%
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2014 68889 2220 506 0.203| 38340 1947 505 0.227| -44% -12% 0% +12%
2015 17176 2194* 492* 0.21*| 13524 1803 475 0.242| -21% -18%  -3% +15%

*projected values from the intermediate year in the short term projection. Recruits are defined as age 0
(wr)

2.11 North Sea herring 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). Monitoring and maintaining the diversity of
local populations is widely viewed as critical to the successful management of marine
fish stocks.

2.11.1 International Herring Larval Survey

The spawning component abundance index (SCAI: Payne 2010) was developed to char-
acterize the relative dynamics of the individual North Sea spawning components.

The SCAI model analysis shows that the Downs component appears to have a different
set of dynamics from the other three components (Figure 2.11.1). The earlier dynamics
of the components are documented in the stock annex. In recent times, the Downs com-
ponent has increased consistently to a point where it is the largest component in the
stock.

The SCAI indices also indicate the relative composition of the stock (Figure 2.11.2). The
composition of the stock has changed appreciably over time. The largest fraction of the
total SSB was represented by the Orkney-Shetland component. However, the relative
contribution of the Downs component to the total stock has increased systematically
since. During the post-2001 reduced-productivity period, the Downs fraction has in-
creased its proportion further, suggesting that it has been impacted less than the other
components.

The most recent estimate of the SCAI in the Downs component has been impacted by
missing LAI observations in two sampling unit of the IHLS in the English Channel.
Therefore, the rapid reduction in the Downs component seen in Figure 2.11.2 is not
thought to be credible. In addition, the most recent years also suggest rapid increases
in the Orkney/Shetland and Buchan components. While the precision of the terminal
year estimate in the SCAI index is reduced there are now several years of data (2010—
2014) to support this overall trend.

2.11.2 IBTSO Larval Index

The ring net hauls for 0-ringers during the IBTS in the eastern English Channel also
include Downs herring larvae and additional sampling in this region has been per-
formed since 2007 (Section 2.3.3.1). As in the 2013 survey, concentrations of smaller
larvae which are thought to be of the Downs component were found in 2016. Never-
theless, these small larvae (separated as <20 mm) have until now been excluded from
the standard estimation of O-ringer recruitment (IBTS0 index).

2.11.3 Component considerations

The Downs TAC was set up to conserve the spawning aggregation of Downs herring.
Uncertainties concerning the status of, and recruitment to, this component of the North
Sea herring stock are high, and HAWG is not aware of any evidence to suggest that
this measure is inappropriate. HAWG therefore recommends that the 4.c-7.d TAC be
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maintained at 11% of the total North Sea TAC (as recommended by ICES). Any new
management approach should provide an appropriate balance of F across stock com-
ponents and be similarly conservative until the uncertainty about contribution of the
Downs and other components to the catch in all fisheries in the North Sea is reduced.

Ecosystem considerations

There has been no recent updates to the ecosystem considerations. The status as of 2015
can be found in ICES HAWG (2015) and the stock annex.

Changes in the environment

This stock has, since 2002, produced a series of below average year classes, a situation
which has not been observed previously (Payne et al., 2009): the most recent year class
also appears to represent a continuation of this trend. This low recruitment has oc-
curred in spite of a spawning stock biomass that is well above the Bim of 800 000 tonnes
(where impaired recruitment is expected to set in) (Figure 2.14.1).

Stock productivity, as represented by the number of recruits-per-spawner from the as-
sessment, has been low for the last decade (Figure 2.14.2). Although there have been
changes during this low-productivity regime, at no point has this metric approached
the levels seen during the 1990s. The most recent recruits-per-spawner is amongst the
lowest observed during both the recent period and also during the entire time series.

Year-class strength in this stock is determined during the larvae phase (Dickey-Collas
and Nash 2005; Payne et. al 2009). Updating these analyses with the most recent data
sets suggests that the trend of reduced larval survival between the early (as indicated
by the SCAI index) and the late- (as indicated by the IBTSO index) larval stages has
continued in the most recent years (Figure 2.14.3). The most recent observation contin-
ues the trend of relatively poor survival.

The IBTSO index is regarded by the working group as not being representative of re-
cruitment to the Downs spawning component, as observations of small larvae in this
region are removed from the index calculation. A more appropriate metric is therefore
to base the metric of larval survival on the abundance of larvae from the three northern
components (ie excluding the Downs). However, this refined metric shows a very sim-
ilar trend (Figure 2.14.4) with continued poor survival.

All indicators therefore suggest that the stock remains in the low-productivity regime
observed in previous years.
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Table 2.1.1: Herring caught in the North Sea. Catch in tonnes by country, 2006 —2015. These figures
do not in all cases correspond to the official statistics and cannot be used for legal purposes.

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
Ireland - - - - -
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 -
Total landings 509125 387669 244823 165751 174614
Discards 1492 93 224 91 13
Total catch 510617 387762 245047 165842 174627

Parts of the catches which have been allocated to spring spawning stocks

WBSS 10954 1070 124 3941 774
Thames estuary ** 65 2 7 48 85
Norw. Spring Spawners *** 626 685 2721 44560 56900
COUNTRY 2011 2012 2013 2014 2015
Belgium 4 3 14 27 18
Denmark * 58726 105707 117367 124423 113481
Faroe Islands - - - 118 981
France 16693 23819 30122 29679 30269
Germany 9427 24515 46922 36767 44377
Netherlands 34708 72344 80462 74647 70076
Norway 60705 119253 143718 142002 134349
Lithuania - - - 9830 -
Sweden 8086 14092 15615 15583 13184
Ireland - - 221 68 183
UK (England) 11468 25346 19079 19287 18897
UK (Scotland) 18564 34414 39243 45119 48332
UK (N.Ireland) 17 4794 5738 6612 5948
Unallocated landings - 321 - 3292 1516
Total landings 218398 424608 498501 507454 481611
Discards - - - 31 -
Total catch 218398 424608 498501 507485 481611

Estimates of the parts of the catches which have been allocated to spring spawning stocks

WBSS 308 2095 452 2953 2204
Thames estuary ** 2 63 20 10 10
Norw. Spring Spawners *** 12178 9619 3150 2307 2191

* Including any by-catches in the industrial fishery
** Landings from the Thames estuary area are included in the North Sea catch figure for UK (England).

*** These catches (including some local fjord-type Spring Spawners) are taken by Norway under a sepa-
rate quota south of 62°N and are not included in the Norwegian North Sea catch figure for this area.
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Table 2.1.2: Herring caught in the North Sea. Catch in tonnes in Division 4.a West. These figures
do not in all cases correspond to the official statistics and cannot be used for legal purposes.

COUNTRY 2006 2007 2008 2009 2010
Denmark * 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
Ireland - - - - -
UK (England) 12031 11833 8355 578 7384
UK (Scotland) 47368 35115 14727 10249 13567
UK (N. Ireland) 3531 638 331 - -
Unallocated landings ** 10981 22215 14952 -977 0
Total Landings 253048 220981 139322 72133 108960
Discards 1492 93 194 91 13
Total catch 254540 221074 139516 72224 108973
COUNTRY 2011 2012 2013 2014 2015
Denmark * 26523 42867 80874 74719 68017
Faroe Islands - - - 118 981
France 7885 11131 9750 12620 13401
Germany 2642 13060 19323 23245 32253
Netherlands 15202 46654 18418 37380 44309
Norway 45200 72581 49517 89974 47010
Lithuania - - - 8129 -
Sweden 5121 6065 12280 7760 10388
Ireland - - 221 68 183
UK (England) 4555 18289 10874 10085 12249
UK (Scotland) 17909 33352 37889 41844 46931
UK (N. Ireland) 17 4794 5738 6021 4878
Unallocated landings ** 0 -3416 0 3292 1939
Total Landings 125054 245377 244884 315255 282539
Discards - - - 31 -
Total catch 125054 245377 244884 315286 282539

* Including any by-catches in the industrial fishery.

** May include misreported catch from 6.aN and discards. Negative unallocated catches due to misreport-
ing into other areas.
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Table 2.1.3: Herring caught in the North Sea. Catch in tonnes in Division 4.a East. These figures do
not in all cases correspond to the official statistics and cannot be used for legal purposes.

COUNTRY 2006 2007 2008 2009 2010
Denmark * 8614 2646 1587 499 -
Faroe Islands 975 577 400 700 719
France - - - - -
Germany 34 - - - -
Netherlands - 263 - - -
Norway 90065 54424 17474 6981 7362
UK (Scotland) 83 - - - -
Sweden 2857 640 - 1735 1505
Unallocated landings ** 0 -96 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
COUNTRY 2011 2012 2013 2014 2015
Denmark * 1590 1822 1162 - 16739

Faroe Islands - - - - -

France - - - 30 -
Germany - - 15 - -
Netherlands - - - - -
Norway 12922 32714 76894 44060 67254
UK (Scotland) 167 - - 124 1369
Sweden 150 815 865 940 570
Unallocated landings 0 0 0 0 -423
Total landings 14829 35351 78936 45154 85509
Discards - - - - -
Total catch 14829 35351 78936 45154 85509
Norw. Spring Spawners *** 12178 9619 3150 2307 2191

* Including any bycatches in the industrial fishery.
** Negative unallocated catches due to misreporting into other areas.

*** 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 4.b. These figures do not
in all cases correspond to the official statistics and cannot be used for legal purposes.

COUNTRY 2006 2007 2008 2009 2010
Denmark* 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** 2364 -203 -904 -166 0
Total landings 95360 69233 56428 61780 29548
Discards - - 30 - -
Total catch 95360 69233 56458 61780 29548
COUNTRY 2011 2012 2013 2014 2015
Denmark* 30498 60503 34707 49118 28551

Faroe Islands - - - - -

France 1687 3898 8728 7839 6342
Germany 1778 4187 17701 4424 107
Lithuania - - - 1701 -
Netherlands 7314 9202 43339 22628 10606
UK (N. Ireland) - - - 591 1070
Norway 2537 13958 17307 7968 20077
Sweden 2815 7212 2470 6883 2226
UK (England) 4748 3045 4391 4498 3484
UK (Scotland) 488 1062 1312 3151 32
Unallocated landings** 0 411 42 0 0
Total landings 51865 103478 129955 108801 72495
Discards - - - - -
Total catch 51865 103478 129997 108801 72495

* Including any bycatches in the industrial fishery

** Negative unallocated catches 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 4.c and 7.d. These figures
do not in all cases correspond to the official statistics and cannot be used for legal purposes.

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

included above**

COUNTRY 2011 2012 2013 2014 2015
Belgium 4 3 14 27 18
Denmark* 115 515 624 586 174
France 7121 8790 11644 9190 10526
Germany 5007 7268 9883 9098 12017
Netherlands 12192 16488 18705 14639 15161
Norway 46 - - - 8
UK (England) 2165 4012 3814 4704 3164
UK (Scotland) - - 42 - -
Unallocated landings*** 0 3326 -42 0 0
Total landings 26650 40402 44684 38244 41068
Discards - - - - -
Total catch 26650 40402 44684 38244 41068
Coastal spring spawners 2 63 20 10 10

included above**

* Including any bycatches in the industrial fishery
** Landings from the Thames estuary area are included in the North Sea catch figure for UK (England).

*** Negative unallocated catches due to misreporting into other areas.



Table 2.1.6 (“The Wonderful Table”): Herring caught in the North Sea. Catch in thousand tonnes in Subarea 4, Division 7.d and Division 3.a.

YEAR 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Sub-Area 4 and Division 7.d: TAC (4 and 7.d)
Agreed Divisions 4.a,b 460.7 404.7 303.5 174.6 147.4 149.0 173.5 360.4 427.7 4183 3963 4612
Agreed Div. 4.c, 7.d 74.3 50.0 375 26.7 23.6 15.3 26.5 44.6 50.3 517 49.0 57.0
Bycatch ceiling in the small mesh fishery * 50.0 425 319 18.8 16.0 136 16.5 17.9 144 131 157 134
CATCH (4 and 7.d)
National catch Divisions 4.a,b ** 502.3 439.2 326.8 201.2 145.0 148.1 191.7 387.2 453.8 465.9 439
Unallocated catch Divisions 4.a,b 49.6 13.3 219 14.0 -1.1 0.0 0.0 -3.0 0.0 3.3 1.5
Discard/slipping Divisions 4.a,b *** 12.8 15 0.1 0.2 0.1 0.0 - - - 0.0 -
Total catch Divisions 4.a,b # 564.6 454.0 348.8 215.4 143.9 148.1 191.7 384.2 453.9 4692 4405
National catch Divisions 4.c, 7.d ** 66.1 51.2 34.3 26.5 21.5 26.5 26.7 37.1 44.7 38.2 41.1
Unallocated catch Divisions 4.¢,7.d 8.2 5.4 4.7 3.1 0.4 0.0 0.0 3.3 0.0 0.0 0.0
Discard/slipping Divisions 4.c, 7.d *** - - - - - - - - - - -
Total catch Divisions 4.c, 7.d 74.3 56.6 39.0 29.6 219 26.5 26.7 40.4 44.7 382 411
Total catch 4 and 7.d as used by ICES # 638.9 510.6 387.8 245.0 165.8 174.6 218.4 424.6 498.5 5075  481.6
CATCH BY FLEET/STOCK (4 and 7.d) ##
North Sea autumn spawners directed fisheries (Fleet A) 610.0 487.1 379.6 236.3 152.1 164.8 209.2 411.8 489.9 490.5 4715
North Sea autumn spawners industrial (Fleet B) 21.8 11.9 71 8.6 9.8 9.1 8.9 10.6 8.1 14.0 7.9
North Sea autumn spawners in 4 and 7.d total 631.9 499.0 386.7 2449 161.9 173.9 218.1 4225 498.1 5045 4794
Baltic-3.a-type spring spawners in 4 7.0 11.0 11 0.1 3.9 0.8 0.3 2.1 0.5 3.0 22
Coastal-type spring spawners 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0
Norw. Spring Spawners caught under a separate quota in 4 ### 0.4 0.6 0.7 2.7 44.6 56.9 12.2 9.6 32 2.3 22
Division 3.a: TAC (3.a)
Agreed herring TAC 96.0 81.6 69.4 51.7 377 339 30.0 45.0 55.0 46.8 43.6 51.1
Bycatch ceiling in the small mesh fishery 242 20.5 154 11.5 8.4 7.5 6.7 6.7 6.7 6.7 6.7 6.7
CATCH (3.a)
National catch 90.8 88.9 47.3 38.2 38.8 373 20.0 27.7 31.2 289 27.8
Catch as used by ICES 69.6 51.2 474 38.2 38.8 37.3 20.0 27.7 31.2 28.9 27.8
CATCH BY FLEET/STOCK (3.a) ##
Autumn spawners human consumption (Fleet C) 229 11.6 16.4 9.2 5.1 120 6.6 7.8 11.8 9.5 10.2
Autumn spawners mixed clupeoid (Fleet D) 9.0 3.4 3.4 3.7 1.5 1.8 1.8 4.4 1.6 3.3 44
Autumn spawners in 3.a total 31.9 15.0 19.8 12,9 6.5 13.8 8.4 12.2 134 12.8 14.7
Spring spawners human consumption (Fleet C) 325 30.2 253 23.0 29.4 23.0 10.8 14.5 16.6 154 113
Spring spawners mixed clupeoid (Fleet D) 5.1 59 2.3 22 29 0.5 0.8 1.0 13 0.6 1.8
Spring spawners in 3.a total 37.6 36.1 27.6 25.2 32.3 23.5 11.6 155 179 16.1 13.1
North Sea autumn spawners Total as used by ICES 663.8 514.6 406.5 257.9 168.4 187.6 226.5 434.6 511.4 5173  494.1
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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 Division 3.a in 2015. Catch in numbers (millions) at age
(CANUM), by quarter and division.

lla Iva(E) IvVa(E) Iva(E) IVa(Ww) IVb Ve Viid IVa & Ve & Total Herring
NSAS all WBBS NSAS IVb Viid NSAS  caughtin the
WR only NSAS North Sea
Quarters: 1-4
0 30.7 0.0 0.0 00 1171 3833 7.1 00 5004 7.1 538.2 507.5
1 169.6 0.9 0.0 09 240 1850 10.1 53 2099 15.4 394.9 225.3
2 97.6 38.1 0.1 380 1722 82.1 0.8 161.2 2922 1620 551.8 454.3
3 7.0 478 0.9 470 136.0 395 0.2 179 2225 18.1 247.6 2415
4 1.3 54.1 1.4 52.7 1809 36.0 0.3 117 2695 12.0 282.8 283.0
5 4.9 86.4 3.9 825 2722 75.0 0.6 257 4298 26.3 461.0 460.0
6 11 78.7 1.8 769 296.6 423 0.3 147 4159 15.1 432.0 432.8
7 12 71.0 1.4 69.6 1449 25.9 07 289 2405 29.6 271.3 2715
8 0.4 49.2 0.9 482 846 19.8 03 14.2 152.6 14.5 167.5 168.1
9+ 0.0 42.1 12 409 901 27.7 0.3 114 1587 11.6 170.3 1715
Sum 3136 4684 117 4567 1518.6  916.7 20.7 2911 28920 31138 3517.4 3215.5
Quarter: 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
1 315 0.1 0.0 0.1 0.0 28.1 9.5 0.0 28.2 95 69.3 37.8
2 81.6 8.7 0.0 8.7 10.4 2.3 0.0 0.0 21.4 0.0 102.9 21.4
3 2.1 15.1 05 14.6 16.6 38 0.0 0.0 35.0 0.0 37.1 355
4 0.2 19.4 0.8 18.5 16.4 37 0.1 1.4 38.7 15 40.3 41.0
5 0.2 23.6 0.9 226 303 6.8 0.2 33 59.8 35 635 64.2
6 0.0 319 0.7 312 275 6.3 0.1 1.4 64.9 15 66.5 67.1
7 0.0 9.1 0.4 8.6 35 0.6 0.2 2.8 12.7 3.0 15.7 16.2
8 0.0 6.8 05 6.3 1.8 0.2 0.1 1.4 8.3 15 9.8 10.3
9+ 0.0 10.6 0.8 9.9 6.7 15 0.1 1.4 18.1 15 19.6 20.4
Sum 1156  125.2 47 1205 1132 53.3 10.4 117 287.0 22.1 424.7 313.8
Quarter: 2
0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.5 0.0 0.5 0.5
1 1.9 0.6 0.0 0.6 72 1296 0.2 0.0 137.4 0.2 139.5 137.6
2 2.0 24.9 0.0 249 482 15 0.0 0.0 74.6 0.0 76.6 74.6
3 0.0 27.0 0.0 27.0 16.8 1.3 0.0 0.0 45.1 0.0 451 451
4 0.0 27.3 0.0 27.3 12.3 1.4 0.0 0.0 41.0 0.0 411 411
5 0.0 50.4 2.0 483 216 3.9 0.0 0.1 73.8 0.1 73.9 75.9
6 0.0 343 0.0 34.3 14.8 1.1 0.0 0.0 50.1 0.0 50.2 50.2
7 0.0 522 05 51.7 19.9 0.8 0.0 0.0 724 0.0 724 72.9
8 0.0 35.1 0.0 35.1 13.7 0.7 0.0 0.0 495 0.0 495 495
9+ 0.0 24.7 0.0 24.7 9.0 1.2 0.0 0.0 34.9 0.0 34.9 34.9
Sum 39 2765 26 2739 1635 1420 0.3 02 5794 0.5 583.7 582.4
Quarter: 3
0 3.9 0.0 0.0 00 640 1574 0.2 00 2214 0.2 2255 221.6
1 50.5 0.1 0.0 0.1 10.4 16.5 0.0 0.0 27.1 0.0 776 27.1
2 125 3.2 0.1 31 758 655 0.0 0.0 1445 0.0 157.0 144.6
3 46 44 0.4 00 737 26.0 0.0 0.0 99.7 0.0 104.3 104.1
4 0.9 5.6 0.5 00 1213 19.4 0.0 0.0 140.7 0.0 1416 146.3
5 4.7 9.2 0.9 00 1710 445 0.0 00 2155 0.0 220.3 2248
6 11 9.1 0.8 00 1885 14.4 0.0 00 2029 0.0 204.0 212.0
7 1.2 7.0 05 00 859 6.2 0.0 0.0 92.1 0.0 93.3 99.0
8 03 5.6 0.2 00 465 5.9 0.0 0.0 52.4 0.0 52.8 58.0
9+ 0.0 4.8 0.2 00 437 11.8 0.0 0.0 55.5 0.0 55.5 60.3
Sum 79.8 49.1 3.6 33 8810 3674 0.4 00 12517 0.4 1331.9 1297.9
Quarter: 4
0 26.8 0.0 0.0 00 531 2254 6.8 00 2785 6.8 312.2 285.4
1 85.7 0.1 0.0 0.1 6.4 10.7 0.3 5.3 17.2 5.7 108.5 22.8
2 16 1.3 0.0 13 378 12.7 0.7 161.2 518 1620 2153 213.7
3 0.2 1.3 0.0 13 288 8.5 0.2 17.9 386 18.1 56.9 56.7
4 0.2 1.8 0.0 18 309 115 0.2 10.3 44.1 10.5 54.7 54.6
5 0.0 3.2 0.0 32 493 19.8 0.4 22.4 72.3 228 95.1 95.1
6 0.0 3.4 0.3 31 659 20.6 0.2 13.3 89.6 135 103.2 103.4
7 0.0 2.8 0.0 28 356 18.4 0.5 26.1 56.8 26.5 83.4 83.4
8 0.0 1.8 0.2 15 225 13.0 0.2 12.8 37.1 13.0 50.1 50.3
9+ 0.0 2.0 0.3 17 306 13.2 0.2 9.9 45.6 10.1 55.7 55.9
Sum 1144 17.7 0.8 16.8 360.8 353.9 98 2792 7316 2889 1135.0 10214
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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 Division 3.a in 2015. Mean weight-at-age (kg) in the catch
(WECA), by quarter and division.

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

Quarters: 1-4

0 0.016  0.000  0.000 0.008 0008 0010 0000 0008 0010 0.009 0.008
1 0030 0114 0115 0.054 0019 0010 0054 0023 0025 0.026 0.023
2 0.068 0127 0137 0.124 0140 0118 0114 0129 0114 0.114 0.123
3 0.133 0148 0.144 0.158 0162 0129 0127 0157 0127 0.154 0.154
4 0.157 0163  0.162 0.198 0189 0151  0.154 0190 0154 0.188 0.188
5 0.180 0178  0.181 0211 0203 0152 0157 0203 0157 0.200 0.200
6 0.196 0191 0203 0233 0208 0182 0183 0223 0183 0.221 0.221
7 0.197 0203 0204 0228 0216 0188 0197 0219  0.197 0217 0.217
8 0215 0212 0211 0239 0227 0197 0204 0228 0204 0.226 0.226
9+ 0.000 0227 0220 0252 0250 0199 0210 0245 0210 0.243 0.243
Quarter: 1

0 0.000 0000  0.000 0.000 0000 0000 0.000 0000 0.000 0.000 0.000
1 0014 0107  0.107 0.117 0009 0009 0000 0009  0.009 0.011 0.009
2 0.062 0088  0.88 0.081 0078 0000 0000 0083  0.00 0.066 0.083
3 0102 0127 0127 0121 0120 0000 0000 0123  0.000 0.122 0.124
4 0119 0144 0144 0.139 0138 0130 0130 0141 0130 0.141 0.141
5 0.161 0159  0.159 0153 0152 0128 0.128 0155  0.128 0.154 0.154
6 0.158 0178 0178 0176 0175 0171 0171 0176 0171 0.176 0.176
7 0.184 0194  0.194 0.189 0183 0154 0.154 0192  0.154 0.185 0.185
8 0.160 0201 0201 0204 0199 0171 0171 0201 0171 0.197 0.197
9+ 0.000 0210 0210 0215 0214 0166 0.166 0212  0.166 0.208 0.209
Quarter: 2

0 0.000 0000  0.000 0.004  0.004 0004 0000 0.004 0.004 0.004 0.004
1 0.015 0116  0.116 0.047 0018 0018 0000 0020 0018 0.020 0.020
2 0.047 0138  0.138 0120 0.138 0144 0000 0126  0.144 0.124 0.126
3 0.000 0156  0.156 0151 0164 0170 0000 0154 0170 0.154 0.154
4 0.000 0170  0.170 0170 0198 0197 0130 0171 0145 0171 0.171
5 0.000 0182 0182 0179 0211 0214 0128 0182  0.139 0.182 0.182
6 0.000 0193  0.193 0192 0211 0230 0171 0193  0.180 0.193 0.193
7 0.000 0202 0202 0200 0223 0238 0154 0202 0157 0.202 0.202
8 0.000 0211 0211 0209 0230 0258 0171 0211 0174 0211 0.211
9+ 0.000 0229 0229 0227 0262 0247 0.166 0230  0.169 0.230 0.230
Quarter: 3

0 0.017 0000  0.000 0.006  0.006 0.006 0.000 0.006 0.006 0.006 0.006
1 0.031 0104 0.104 0.046  0.028 0023 0000 0036 0023 0.033 0.036
2 0107 0137  0.137 0132 0142 0149 0115 0136 0144 0.134 0.136
3 0.148  0.166  0.166 0170 0168 0170 0.126 0169  0.164 0.168 0.169
4 0.162 0192 0192 0214 0205 0206 0154 0212 0201 0212 0.212
5 0.181 0202 0202 0232 0216 0231 0162 0227 0217 0.227 0.227
6 0.196 0225 0225 0256  0.236 0248  0.184 0253 0232 0.253 0.253
7 0.197 0216 0216 0.246  0.241 0238 0204 0244 0220 0.243 0.244
8 0215 0229 0229 0260 0243 0258 0209 0255 0230 0.255 0.255
9+ 0.000  0.250  0.250 0280 0271 0247 0214 0276 0232 0.276 0.276
Quarter: 4

0 0.016 0000  0.000 0.010 0.010 0010 0000 0.010 0.010 0.011 0.010
1 0035 0130  0.130 0073 0041 0037 0054 0053 0053 0.039 0.053
2 0.089 0149  0.149 0.126 0139 0115 0114 0130 0114 0.117 0.118
3 0.109  0.164  0.164 0.154 0164 0126 0127 0156  0.127 0.147 0.147
4 0.165 0177 0177 0178 0178 0157 0.158 0178  0.157 0.174 0.174
5 0.000 0188  0.188 0.188 0188 0161 0.161  0.188  0.161 0.182 0.182
6 0.000 0198  0.198 0201 0199 0184 0.184 0200 0.184 0.198 0.198
7 0.000 0207 0207 0206 0209 0202 0202 0207 0202 0.205 0.205
8 0.000 0216 0216 0215 0220 0208 0208 0217 0208 0.214 0.215
9+ 0.000 0233 0233 0228 0234 0217 0217 0230 0217 0.228 0.228
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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 2015. Mean length-at-age (cm) in the catch, by quarter and divi-

sion.
lla  Iva(E) IVa(E) IVa(W) Vb [\ Viid IVa & IVc & Herring

NSAS all  WBSS IVb Viid caughtin the
WR all North Sea
Quarters: 1-4
0 nd. 0.0 nd. 10.8 11.0 11.6 0.0 11.0 11.6 11.0
1 n.d. 23.0 n.d. 18.6 14.0 12.2 19.8 14.6 14.8 14.6
2 n.d. 24.2 n.d. 24.4 25.2 24.4 24.2 24.6 24.2 24.4
3 n.d. 25.9 n.d. 26.3 26.5 25.3 25.3 26.3 25.3 26.2
4 nd. 26.9 nd. 28.1 27.9 27.1 27.1 27.8 271 27.8
5 n.d. 275 n.d. 28.8 286 27.0 27.1 28.5 27.1 28.4
6 n.d. 28.5 n.d. 29.8 29.0 28.4 28.4 29.4 28.4 29.4
7 n.d. 28.6 n.d. 29.3 29.2 28.9 29.0 29.1 29.0 29.1
8 n.d. 29.0 n.d. 29.8 29.7 295 29.4 29.6 29.4 295
9+ n.d. 30.0 nd. 30.7 30.7 29.6 29.7 30.5 29.7 30.5
Quarter: 1
0 nd. 0.0 nd. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 nd. 23.1 nd. 23.1 12.0 12.0 0.0 12.0 12.0 12.0
2 nd. 22.8 n.d. 22.3 222 0.0 0.0 225 0.0 225
3 nd. 26.0 nd. 25.8 25.8 0.0 0.0 25.9 0.0 25.9
4 nd. 271 nd. 27.2 27.2 27.1 27.1 27.2 271 27.2
5 nd. 28.0 nd. 28.1 28.1 26.5 26.5 28.0 26.5 27.9
6 nd. 29.1 nd. 29.5 295 28.1 28.1 29.3 28.1 29.3
7 nd. 29.7 nd. 29.4 29.9 28.6 28.6 29.6 286 29.4
8 nd. 30.1 nd. 30.0 30.8 29.9 29.9 30.1 29.9 30.1
9+ nd. 30.7 nd. 31.2 31.3 29.1 29.1 30.9 29.1 30.8
Quarter: 2
0 nd. 0.0 nd. 9.0 9.0 9.0 0.0 9.0 9.0 9.0
1 nd. 23.0 nd. 17.2 13.9 13.9 0.0 14.1 13.9 14.1
2 nd. 245 nd. 23.9 251 25.2 0.0 24.1 252 24.1
3 nd. 25.7 nd. 25.7 26.6 26.7 0.0 25.7 26.7 25.7
4 nd. 26.5 nd. 26.7 28.3 27.7 27.1 26.6 27.2 26.6
5 nd. 27.2 nd. 27.2 29.0 28.7 26.5 27.3 26.8 27.3
6 nd. 27.8 nd. 27.9 28.9 29.6 28.1 27.9 28.3 27.9
7 nd. 28.3 nd. 28.4 29.3 29.8 28.6 28.3 286 28.3
8 nd. 28.7 n.d. 28.8 29.8 30.9 29.9 28.7 29.9 28.7
9+ nd. 29.6 nd. 29.6 31.2 31.4 29.1 29.6 29.2 29.6
Quarter: 3
0 nd. 0.0 nd. 10.2 10.2 10.2 0.0 10.2 10.2 10.2
1 nd. 224 n.d. 18.1 16.2 15.7 0.0 16.9 15.7 16.9
2 nd. 24.7 n.d. 24.6 253 25.6 245 24.9 25.4 24.9
3 nd. 26.3 nd. 26.5 26.7 26.7 25.4 26.5 26.5 26.5
4 nd. 275 nd. 285 28.4 28.3 27.1 285 28.2 285
5 nd. 28.0 nd. 29.3 29.0 29.2 27.4 29.2 28.8 29.2
6 nd. 29.1 n.d. 30.2 29.6 30.0 285 30.1 296 30.1
7 nd. 28.8 nd. 29.7 30.2 29.8 29.2 29.7 295 29.7
8 nd. 29.4 nd. 30.4 305 30.9 29.5 30.3 30.1 30.3
9+ n.d. 30.4 nd. 31.1 314 314 29.9 31.1 30.7 31.1
Quarter: 4
0 nd. 0.0 nd. 11.6 11.6 11.6 0.0 116 11.6 11.6
1 nd. 241 nd. 20.8 17.7 17.4 19.8 18.9 19.7 19.1
2 nd. 25.4 nd. 25.3 25.1 24.3 24.2 25.2 242 24.4
3 nd. 26.4 nd. 26.6 26.4 252 25.3 26.6 253 26.2
4 n.d. 27.1 n.d. 27.7 27.2 27.0 27.0 27.5 27.0 27.4
5 nd. 27.7 nd. 28.1 27.7 27.2 27.2 28.0 27.2 27.8
6 nd. 283 nd. 29.0 28.3 28.4 28.4 28.9 28.4 28.8
7 nd. 28.8 nd. 29.0 28.9 29.0 29.0 28.9 29.0 29.0
8 nd. 29.2 n.d. 29.4 29.3 29.4 29.4 29.4 29.4 29.4
9+ nd. 30.0 nd. 30.3 30.0 29.8 29.8 30.2 29.8 30.1
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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 Division 3.a in 2015. Catches (tonnes) at-age (SOP figures), by
quarter and division.

lla IVa(E) Iva(E) Iva(E) IVa(W) IVb Ve Vid IVa& IVc& Total Herring
NSAS all WBSS NSAS Vb Viid NSAS caught in the
WR only NSAS North Sea

Quarters: 1-4

0 05 0.0 0.0 0.0 0.9 32 0.1 0.0 41 0.1 47 42
1 5.0 0.1 0.0 0.1 13 35 0.1 0.3 49 0.4 103 53
2 6.6 48 0.0 48 213 115 01 183 376 184 62.6 56.0
3 0.9 71 0.1 69 215 6.4 0.0 23 349 23 38.1 37.3
4 0.2 8.8 0.2 86 358 6.8 0.0 18 512 19 53.3 53.3
5 09 154 07 147 574 152 0.1 40 872 41 923 92.1
6 02 150 04 146  69.1 8.8 0.1 27 926 2.8 95.6 95.7
7 02 144 03 141 331 56 0.1 57 528 5.8 58.9 58.9
8 01 104 02 102 202 45 0.1 29 349 3.0 37.9 38.1
9+ 0.0 95 03 93 227 6.9 0.1 24 389 2.4 414 41.6
Sum 147 855 22 833 2834 724 0.7 404 4392 411 495.0 4825
Quarter: 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
1 0.4 0.0 0.0 0.0 0.0 03 0.1 0.0 03 0.1 0.8 0.4
2 5.1 0.8 0.0 0.8 0.8 0.2 0.0 0.0 138 0.0 6.8 1.8
3 0.2 19 01 1.9 2.0 05 0.0 0.0 43 0.0 45 44
4 0.0 28 0.1 2.7 23 05 0.0 0.2 55 0.2 5.7 5.8
5 0.0 37 0.1 36 46 1.0 0.0 0.4 9.3 0.4 9.7 9.9
6 0.0 57 0.1 55 48 11 0.0 02 115 03 117 118
7 0.0 1.8 0.1 1.7 0.7 0.1 0.0 0.4 24 05 29 3.0
8 0.0 14 0.1 1.3 0.4 0.0 0.0 0.2 17 03 1.9 20
9+ 0.0 22 0.2 2.1 15 03 0.0 0.2 3.8 0.2 41 4.2
Sum 58 202 08 194 171 4.0 0.2 18 405 2.0 482 433
Quarter: 2

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.1 0.0 0.1 0.3 23 0.0 0.0 27 0.0 28 2.7
2 0.1 34 0.0 34 5.8 02 0.0 0.0 9.4 0.0 95 94
3 0.0 42 0.0 42 25 0.2 0.0 0.0 7.0 0.0 7.0 7.0
4 0.0 46 0.0 46 21 03 0.0 0.0 7.0 0.0 7.0 7.0
5 0.0 9.2 0.4 8.8 3.9 038 0.0 00 135 0.0 135 13.8
6 0.0 6.6 0.0 6.6 238 0.2 0.0 0.0 9.7 0.0 9.7 9.7
7 00 105 01 104 4.0 0.2 0.0 00 146 0.0 146 147
8 0.0 7.4 0.0 7.4 29 0.2 0.0 00 104 0.0 10.4 10.4
9+ 0.0 5.6 0.0 5.6 2.0 0.3 0.0 0.0 8.0 0.0 8.0 8.0
Sum 01 517 05 512 263 47 0.0 00 823 0.0 82.4 82.8
Quarter: 3

0 0.1 0.0 0.0 0.0 0.4 0.9 0.0 0.0 13 0.0 14 13
1 1.6 0.0 0.0 0.0 05 05 0.0 0.0 1.0 0.0 25 1.0
2 1.3 0.4 0.0 04 100 93 0.0 00 197 0.0 21.1 19.7
3 0.7 0.7 0.1 07 125 4.4 0.0 00 175 0.0 18.2 176
4 0.2 11 0.1 00 260 40 0.0 00 299 0.0 31.1 31.0
5 0.9 1.9 02 1.7 396 9.6 0.0 00 509 0.0 51.8 51.1
6 0.2 21 0.2 00 483 34 0.0 00 516 0.0 53.7 537
7 0.2 15 0.1 14 211 15 0.0 00 240 0.0 24.3 24.1
8 0.1 13 0.0 12 121 14 0.0 00 148 0.0 148 148
9+ 0.0 1.2 0.0 12 123 3.2 0.0 00 16.6 0.0 16.6 16.6
Sum 52  10.2 0.7 66 1827 382 0.0 00 2274 0.0 2355 231.0
Quarter: 4

0 04 0.0 0.0 0.0 05 23 0.1 0.0 238 0.1 33 29
1 3.0 0.0 0.0 0.0 05 0.4 0.0 03 0.9 03 42 1.2
2 0.1 0.2 0.0 0.2 48 18 01 183 67 184 25.2 25.1
3 0.0 0.2 0.0 0.2 4.4 14 0.0 23 6.0 2.3 8.3 8.3
4 0.0 03 0.0 03 55 2.0 0.0 1.6 7.8 16 95 95
5 0.0 0.6 0.0 0.6 9.3 37 0.1 36 136 37 173 173
6 0.0 0.7 0.1 06 132 41 0.0 24 179 25 20.4 205
7 0.0 0.6 0.0 0.6 73 38 0.1 53 118 5.4 17.1 17.1
8 0.0 0.4 0.1 0.3 48 2.9 0.0 27 8.0 27 10.7 108
9+ 0.0 05 0.1 0.4 7.0 3.1 0.0 22 105 22 127 12.7

Sum 3.6 3.4 0.2 3.3 57.3 25.5 0.5 38.6 86.1 39.1 128.8 1254
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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 2015. 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 & Ve & Total Herring
NSAS all WBSS  NSAS Vb Viid NSAS caught in the
WR only NSAS North Sea
Quarters: 1-4
0 9.8% 0.0% 0.0% 0.0% 77% 418% 34.1% 0.0% 17.3% 2.3% 15.3% 15.8%
1 54.1% 0.2% 0.2% 0.2% 16% 202%  48.7% 1.8% 7.3% 5.0% 11.2% 7.0%
2 31.1% 8.1% 0.8% 83%  11.3% 9.0% 39% 554% 10.1%  52.0% 15.7% 14.1%
3 22%  102% 74%  10.3% 9.0% 4.3% 1.2% 6.1% 7.7% 5.8% 7.0% 7.5%
4 04% 115% 12.0% 115% 11.9% 3.9% 1.4% 4.0% 9.3% 3.9% 8.0% 8.8%
5 16% 184%  33.1% 181% 17.9% 8.2% 3.1% 8.8%  14.9% 8.4% 13.1% 14.3%
6 04% 168% 157%  16.8%  19.5% 4.6% 1.6% 51%  14.4% 4.8% 12.3% 13.5%
7 04% 152%  12.3%  152% 9.5% 2.8% 3.2% 9.9% 8.3% 9.5% 7.7% 8.4%
8 01%  105% 8.0%  10.6% 5.6% 2.2% 1.5% 4.9% 5.3% 4.7% 4.8% 5.2%
9+ 0.0% 9.0%  10.5% 9.0% 5.9% 3.0% 1.3% 3.9% 5.5% 3.7% 4.8% 5.3%
Sum 3+ 50% 91.7%  99.0%  91.5%  79.4%  29.1%  133% 42.8%  65.3%  40.8% 57.8% 63.1%
Quarter: 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%
1 27.3% 0.1% 0.0% 0.1% 00% 527%  92.2% 0.0% 9.8%  43.3% 16.3% 12.0%
2 70.6% 6.9% 0.0% 7.2% 9.2% 4.3% 0.0% 0.0% 7.4% 0.0% 24.2% 6.8%
3 18% 121% 105% 12.1% 14.7% 7.1% 0.0% 0.0%  12.2% 0.0% 8.7% 11.3%
4 01% 155%  18.0%  154%  14.5% 7.0% 09% 12.0%  13.5% 6.8% 9.5% 13.1%
5 02% 188% 19.7% 18.8%  26.7%  12.8% 22% 280% 20.8%  159% 14.9% 20.5%
6 0.0% 255% 14.8% 259% 243% 11.7% 0.9% 12.0%  22.6% 6.8% 15.6% 21.4%
7 0.0% 7.2% 9.5% 7.1% 3.1% 1.1% 19%  24.0% 44%  13.6% 3.7% 5.2%
8 0.0% 54%  10.7% 5.2% 1.6% 0.5% 0.9%  12.0% 2.9% 6.8% 2.3% 3.3%
9+ 0.0% 85%  16.7% 8.2% 6.0% 2.7% 0.9%  12.0% 6.3% 6.8% 4.6% 6.5%
Sum 3+ 21%  93.0% 100.0% 92.7%  90.8%  42.9% 7.8% 100.0% 827%  56.7% 59.4% 81.2%
Quarter: 2
0 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.3% 0.0% 0.1% 0.2% 0.1% 0.1%
1 48.4% 0.2% 0.7% 0.2% 44% 91.3%  78.8% 0.0% 237%  46.9% 23.9% 23.6%
2 51.6% 9.0% 0.0% 9.1%  29.5% 11%  11.2% 0.0%  12.9% 6.7% 13.1% 12.8%
3 0.0% 9.8% 0.0% 9.9%  10.3% 0.9% 2.1% 0.0% 7.8% 1.3% 7.7% 7.7%
4 0.0% 9.9% 0.0%  10.0% 7.5% 1.0% 23%  12.0% 7.1% 6.2% 7.0% 7.1%
5 00% 182%  78.9%  17.7%  13.2% 2.7% 27% 280% 127%  12.9% 12.7% 13.0%
6 0.0%  12.4% 0.0%  125% 9.0% 0.8% 14%  12.0% 8.7% 5.7% 8.6% 8.6%
7 0.0% 189%  204%  18.9%  12.2% 0.5% 0.6% 240% 125%  10.1% 12.4% 12.5%
8 00%  12.7% 0.0%  12.8% 8.4% 0.5% 03%  12.0% 8.5% 5.0% 8.5% 8.5%
9+ 0.0% 8.9% 0.0% 9.0% 5.5% 0.9% 0.3%  12.0% 6.0% 5.0% 6.0% 6.0%
Sum 3+ 0.0% 90.8%  99.3%  90.7% _ 66.1% 7.3% 9.7% 100.0%  63.3%  46.2% 62.9% 63.5%
Quarter: 3
0 4.9% 0.0% 0.0% 0.0% 73% 428% 67.1% 0.0% 17.7% 62.7% 16.9% 17.1%
1 63.3% 0.3% 0.1% 4.5% 1.2% 4.5% 6.3% 0.0% 2.2% 5.9% 5.8% 2.1%
2 15.6% 6.6% 27%  955% 86% 17.8% 101% 259% 115%  112% 11.8% 11.1%
3 5.8% 9.0%  10.4% 0.0% 8.4% 7.1% 3.9% 9.6% 8.0% 4.3% 7.8% 8.0%
4 12% 114%  145% 0.0%  13.8% 5.3% 3.9% 6.2%  11.2% 4.0% 10.6% 11.3%
5 59% 188%  25.0% 0.0% 194% 12.1% 45% 156%  17.2% 5.2% 16.5% 17.3%
6 14%  186%  23.5% 0.0%  21.4% 3.9% 2.1% 97%  16.2% 2.6% 15.3% 16.3%
7 15% 142%  13.1% 0.0% 9.7% 1.7% 11%  17.1% 7.4% 2.1% 7.0% 7.6%
8 04%  11.3% 5.8% 0.0% 5.3% 1.6% 0.5% 9.5% 4.2% 1.1% 4.0% 45%
9+ 0.0% 9.8% 5.0% 0.0% 5.0% 3.2% 0.5% 6.5% 4.4% 0.9% 4.2% 4.6%
Sum 3+ 16.2%  93.1%  97.3% 0.0% 829% 34.8% 165% 74.1%  68.6%  20.2% 65.5% 69.7%
Quarter: 4
0 23.4% 0.0% 0.0% 0.0% 147% 637% 70.1% 0.0% 38.1% 2.4% 27.5% 27.9%
1 74.9% 0.4% 0.0% 0.4% 1.8% 3.0% 3.2% 1.9% 2.3% 2.0% 9.6% 2.2%
2 1.4% 7.2% 0.0% 75%  10.5% 3.6% 75%  57.8% 71%  56.1% 19.0% 20.9%
3 0.2% 7.4% 0.0% 7.8% 8.0% 2.4% 2.3% 6.4% 5.3% 6.3% 5.0% 5.6%
4 01%  102% 45%  10.5% 8.6% 3.2% 1.9% 3.7% 6.0% 3.6% 4.8% 5.3%
5 00%  182% 00% 19.1%  13.7% 5.6% 4.0% 8.0% 9.9% 7.9% 8.4% 9.3%
6 00% 193% 358% 185%  18.3% 5.8% 2.4% 48%  12.2% 4.7% 9.1% 10.1%
7 0.0%  15.8% 0.0%  16.6% 9.9% 5.2% 47% 9.3% 7.8% 9.2% 7.3% 8.2%
8 0.0% 101%  28.1% 9.2% 6.2% 3.7% 2.3% 4.6% 5.1% 4.5% 4.4% 4.9%
9+ 00% 11.3% 31.6%  10.3% 8.5% 3.7% 1.8% 3.6% 6.2% 3.5% 4.9% 5.5%
Sum 3+ 03% 924% 100.0% 92.0% 73.0% 29.7% 192% 40.3% 525%  39.6% 44.0% 48.9%




ICES HAWG REPORT 2016

Table 2.2.6: Total catch of herring caught in the North Sea and Division 3.a: 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.

2013  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 0.0 0.000 460.7 0.008 0.9 0.034 0.0 0.000 461.6 0.008
1 220.3 0.046 106.5 0.026 64.3 0.091 21.9 0.031 413.0 0.047
2 218.4 0.140 20.6 0.040 68.5 0.080 17.3 0.053 324.9 0.116
3 481.8 0.156 0.6 0.156 2.3 0.135 0.1 0.105 484.8 0.156
4 569.3 0.198 1.5 0.198 0.3 0.161 0.0 0.138 571.1 0.198
5 421.5 0.198 0.5 0.288 0.3 0.200 0.0 0.000 422.3 0.198
6 326.2 0.215 0.7 0.215 0.0 0.000 0.0 0.000 326.9 0.215
7 144.9 0.233 0.3 0.233 0.0 0.000 0.0 0.000 145.3 0.233
8 151.8 0.234 0.9 0.234 0.0 0.000 0.0 0.000 152.6 0.234
9+ 160.4 0.241 0.0 0.000 0.0 0.000 0.0 0.000 160.4 0.241
TOTAL 2'694.6 592.2 136.7 39.3 3'462.7
SOP catch 490.2 8.1 11.8 1.6 511.7
Figures for A fleet include 3509 t unsampled bycatch in the industrial fishery
2014 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 51.8 0.018 1051.9 0.007 0.3 0.014 284.5 0.009 1'388.5 0.007
1 123.5 0.084 185.5 0.030 50.3 0.065 10.8 0.022 370.1 0.052
2 301.3 0.137 0.4 0.147 60.1 0.090 20.1 0.024 381.9 0.124
3 378.0 0.173 0.9 0.170 5.0 0.117 0.9 0.064 384.8 0.172
4 612.2 0.186 1.6 0.188 0.5 0.162 0.0 0.000 614.4 0.186
5 482.9 0.215 2.4 0.214 0.5 0.191 0.0 0.000 485.8 0.215
6 282.5 0.212 0.8 0.206 0.2 0.209 0.0 0.000 283.5 0.212
7 190.2 0.226 0.8 0.227 0.0 0.221 0.0 0.000 191.0 0.226
8 91.0 0.244 0.3 0.238 0.1 0.228 0.0 0.000 91.4 0.244
9+ 121.5 0.242 0.9 0.222 0.0 0.000 0.0 0.000 122.4 0.241
TOTAL 2'635.0 1'245.6 116.9 316.4 4'313.9
SOP catch 490.2 14.0 9.5 3.3 517.0
Figures for A fleet include unsampled bycatch in the industrial fishery
2015 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 0.000 507.5 0.008 2.0 0.015 28.7 0.016 538.2 0.009
1 22.1 0.075 203.2 0.018 50.7 0.042 118.9 0.024 394.9 0.026
2 454.2 0.123 0.0 0.000 77.9 0.071 19.6 0.055 551.8 0.113
3 240.6 0.154 0.0 0.000 6.9 0.133 0.1 0.095 247.6 0.154
4 281.6 0.188 0.0 0.000 1.3 0.157 0.0 0.000 282.8 0.188
5 456.1 0.200 0.0 0.000 4.9 0.180 0.0 0.147 461.0 0.200
6 430.9 0.221 0.0 0.000 1.1 0.196 0.0 0.000 432.0 0.221
7 270.1 0.217 0.0 0.000 1.2 0.197 0.0 0.000 271.3 0.217
8 167.2 0.226 0.0 0.000 0.4 0.215 0.0 0.000 167.5 0.226
9+ 170.3 0.243 0.0 0.000 0.0 0.000 0.0 0.000 170.3 0.243
TOTAL 2'493.1 710.7 146.3 167.3 3517.4
SOP catch 472.4 7.8 10.2 4.4 494.8

Figures for A fleet include unsampled bycatch in the industrial fishery
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Table 2.2.7: Catch at age (numbers in millions) of North Sea herring, 2000-2015.
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YEAR/RINGS 0 1 2 3 4 5 6 7 8 9+ TOTAL
2000 873 194 516 453 636 212 82 36 15 3 3019
2001 1025 58 678 473 279 319 92 39 18 2 2982
2002 319 490 513 913 294 136 164 47 34 7 2917
2003 347 172 1022 507 809 244 106 121 37 8 3375
2004 627 136 274 1333 517 721 170 100 70 22 3970
2005 919 408 203 487 1326 480 577 116 108 39 4664
2006 844 72 354 309 475 1017 257 252 65 44 3689
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
2011 575 124 306 271 218 130 63 52 60 66 1865
2012 627 110 412 671 403 306 151 104 89 109 2982
2013 461 327 239 482 571 422 327 145 153 160 3287
2014 1104 309 303 380 616 487 284 192 92 123 3890
2015 508 225 454 241 282 456 431 270 167 170 3204

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

ferred to the assessment of the spring spawning stock in 3.a, 2000-2015.

YEAR/RINGS O 1 2 3 4 5 6 7 8 9+ TOTAL
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 0.0 399
2002 0.0 0.0 7.6 14.8 10.6 3.3 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 00 523
2005 0.0 0.0 6.6 174 12.7 2.6 3.8 1.1 0.4 0.3 44.8
2006 0.0 0.1 35 8.8 14.0 22.4 5.1 53 2.1 1.0 622
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 34 14 1.7 45 1.8 14 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
2011 0.0 0.0 0.1 0.4 0.4 0.2 0.1 0.1 0.1 0.2 1.6
2012 0.0 0.0 0.0 0.2 0.4 0.0 14 0.0 1.1 6.3 9.4
2013 0.0 0.0 0.1 0.4 0.2 0.5 0.3 0.1 0.2 0.5 2.2
2014 0.0 0.0 2.5 34 5.4 0.8 2.1 1.0 0.5 1.1 16.8
2015 0.0 0.0 0.1 0.9 14 3.9 1.8 1.4 0.9 1.2 11.7
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Table 2.2.9: Catch at age (numbers in millions) of NSAS taken in 3.a, and transferred to the assess-
ment of NSAS, 2000-2015.

YEAR/RINGS 0 1 2 3 4 5 6 7 8+ TOTAL
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
2011 204 35 61 3 0 0 0 0 0 305
2012 146 175 44 2 1 0 0 0 0 368
2013 1 86 86 2 0 0 0 0 0 176
2014 285 61 80 6 1 0 0 0 0 433
2015 31 170 98 7 1 5 1 1 0 314

Table 2.2.10: Catch at age (numbers in millions) of the total NSAS stock 2000-2015.

YEAR/RINGS 0 1 2 3 4 5 6 7 8 9+ TOTAL
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
2011 779 160 368 274 218 130 63 52 60 65 2168
2012 773 285 455 673 404 306 150 104 88 102 3341
2013 462 413 325 484 571 422 327 145 152 160 3461
2014 1389 371 383 386 617 488 285 192 92 123 4323

2015 538 395 552 248 283 461 432 271 168 170 3517
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Table 2.2.11: Comparison of mean weight (kg) at age (rings) in the catch of adult North Sea herring

(by Division) and NSAS caught in Division 3.a in 2005-2015.

AGE (RINGS)

Division Year 2 3 4 5 6 7 8 9+
3.a 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 -

2011 0.084 0.114 0.134 0.191 0.193 0.234 0.248 -

2012 0.067 0.124 0.169 0.175 0.200 0.221 0.216 -

2013 0.075 0.134 0.160 0.201 0.000 0.000 0.000 -

2014 0.074 0.109 0.162 0.191 0.209 0.221 0.228 -

2015 0.068 0.133 0.157 0.180 0.196 0.197 0.215 -

4.a(E) 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

2011 0.142 0.162 0.180 0.204 0.215 0.209 0.216 0.222

2012 0.146 0.185 0.195 0.203 0.216 0.225 0.225 0.232

2013 0.129 0.147 0.184 0.191 0.205 0.215 0.215 0.228

2014 0.146 0.161 0.167 0.195 0.200 0.216 0.227 0.224

2015 0.127 0.148 0.163 0.178 0.191 0.203 0.212 0.227

4.a(W) 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

2011 0.141 0.161 0.185 0.195 0.216 0.223 0.220 0.243

2012 0.132 0.184 0.186 0.206 0.226 0.240 0.242 0.254

2013 0.139 0.158 0.201 0.197 0.218 0.234 0.234 0.251

2014 0.143 0.172 0.184 0.215 0.212 0.227 0.246 0.242

2015 0.124 0.158 0.198 0.211 0.233 0.228 0.239 0.252

4b 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

2011 0.145 0.162 0.187 0.206 0.235 0.234 0.240 0.268

2012 0.131 0.141 0.178 0.209 0.214 0.245 0.250 0.258

2013 0.125 0.162 0.205 0.206 0.228 0.251 0.261 0.246

2014 0.133 0.187 0.208 0.233 0.240 0.249 0.256 0.277

2015 0.140 0.162 0.189 0.203 0.208 0.216 0.227 0.250




82 |

ICES HAWG REPORT 2016

Table 2.2.11 continued: Comparison of mean weight (kg) at age (rings) in the catch of adult North

Sea herring (by Division) and NSAS caught in Division 3.a in 2005-2015.

AGE (RINGS)

Division Year 2 3 4 5 6 7 8 9+
4a&4b 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
2011 0.142 0.161 0.184 0.198 0.220 0.224 0.224 0.243
2012 0.132 0.171 0.185 0.207 0.222 0.239 0.243 0.248
2013 0.132 0.158 0.198 0.198 0.217 0.234 0.235 0.244
2014 0.138 0.174 0.187 0.216 0.213 0.227 0.246 0.243
2015 0.129 0.157 0.190 0.203 0.223 0.219 0.228 0.245
4c&7d 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
2011 0.122 0.154 0.179 0.189 0.195 0.205 0.209 0.217
2012 0.119 0.165 0.186 0.202 0.212 0.234 0.209 0.226
2013 0.126 0.144 0.180 0.196 0.206 0.216 0.218 0.226
2014 0.119 0.148 0.166 0.183 0.208 0.222 0.227 0.233
2015 0.114 0.127 0.154 0.157 0.183 0.197 0.204 0.210
Total 2005 0.099 0.153 0.166 0.208 0.223 0.240 0.257 0.278
North Sea 2006 0.122 0.145 0.172 0.181 0.220 0.237 0.235 0.262
Catch 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
2011 0.141 0.160 0.183 0.197 0.217 0.221 0.223 0.240
2012 0.130 0.171 0.185 0.206 0.222 0.239 0.239 0.247
2013 0.131 0.156 0.198 0.198 0.215 0.233 0.234 0.241
2014 0.137 0.173 0.186 0.215 0.212 0.226 0.244 0.241
2015 0.123 0.154 0.188 0.200 0.221 0.217 0.226 0.243
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Table 2.2.12: Sampling of commercial landings of North Sea herring (Division 4 and 7.d) in 2015 by
quarter. Sampled catch means the proportion of the reported catch to which sampling was applied.
Itis not possible to judge the quality of the sampling by this figure alone. Note that only one nation
sampled their by-catches in the industrial fishery (Denmark, fleet B). Metiers are each reported

combination of nation/fleet/area/quarter.

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

Belgium 1 2 0 0% 6 0 0 0 n
2 2 0 0% 3 0 0 0 n
3 2 0 0% 0 0 0 0 n
4 2 0 0% 9 0 0 0 n
total 8 0 0% 18 0 0 0 n
Denmark (A) 1 3 2 88% 32423 22 580 3146 n
2 3 1 55% 5375 6 156 815 y
3 3 2 93% 50059 23 571 2538 n
4 2 2 100% 17714 12 294 1513 n
total 11 7 91% 105571 63 1601 8012 n
Denrmerk (B) 1 2 1 75% 354 4 22 22 y
2 3 1 98% 2442 2 11 11 n
3 3 1 71% 1862 100 100 823 y
4 3 1 79% 3252 19 149 162 y
total 11 4 83% 7909 125 282 1018 y
England and Wales 1 3 0 0% 75 0 0 0 n
2 4 2 99% 1014 6 150 4680 y
3 4 2 100% 14299 32 795 18862 y
4 4 1 83% 3509 5 125 1938 y
total 15 5 96% 18897 43 1070 25480 y
France 1 2 0 0% 1447 0 0 0 n
2 4 1 99% 2507 11 275 2368 y
3 4 0 0% 15036 0 0 0 n
4 4 0 0% 11278 0 0 0 n
total 14 1 8% 30268 11 275 2368 n
Gemany 2 2 0 0% 23 0 0 0 n
3 1 1 100% 29139 74 304 29585 n
4 4 2 99% 15215 54 442 16480 y
total 7 3 100% 44377 128 746 46065 n
Ireland 4 1 0 0% 183 0 0 0 n
total 1 0 0% 183 0 0 0 n
Netherlands 1 1 1 100% 332 1 25 157 y
2 1 0 0% 0 0 0 0 n
3 2 2 100% 53712 54 1350 6596 y
4 4 2 95% 16031 2 50 450 n
total 8 5 98% 70076 57 1425 7203 n
Northem Ireland 3 2 0 0% 5941 0 0 0 n
4 1 0 0% 7 0 0 0 n
total 3 0 0% 5948 0 0 0 n
Norway 1 4 1 9% 7739 8 399 519 y
2 3 2 99% 64756 26 1151 1855 n
3 3 1 78% 6994 4 199 382 y
4 3 3 100% 54861 22 757 1478 n
total 13 7 98% 134349 60 2506 4234 n
Scotland 2 1 1 100% 2420 5 258 888 y
3 3 3 100% 41906 31 1230 4246 n
4 1 0 0% 67 0 0 0 n
total 6 4 100% 45118 36 1488 5134 n
Sweden 1 1 0 0% 900 0 0 0 n
2 3 0 0% 4202 0 0 0 n
3 3 0 0% 6545 0 0 0 n
4 2 0 0% 1537 0 0 0 n
total 9 0 0% 13184 0 0 0 n
Faroese 3 1 0 0% 30 0 0 0 n
4 1 0 0% 951 0 0 0 n
total 2 0 0% 981 0 0 0 n
grand total 107 34 86% 480093 526 9629 99748 n
Period total 1 18 5 85% 43276 35 1026 3844 n
Period total 2 26 8 91% 82878 57 2009 10774 n
Period total 3 31 10 85% 228296 320 4777 63109 n
Period total 4 32 11 86% 125642 114 1817 22021 n
Total for stock 2014 107 34 86% 480093 526 9629 99748 n
Human Cons. only 96 30 86% 472184 401 9347 98730 n
Total for stock 2013 92 42 85% 498501 385 8236 67118 n
Total for stock 2014 97 35 83% 504190 369 8794 57454 n

Human Cons. only 2014 88 33 84% 490207 352 8628 56951
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Table 2.3.1.1. North Sea herring. Acoustic Surveys in the North Sea (HERAS) in June-July 2014.

Vessels, areas and cruise dates.

Vessel Period Area Rectangles
36D8-D9, 37D9-E1, 38D9-E1, 39E0-E2,
Celtic 24June-14  53°30'-58°30'N ,12°-  40E0-E2,41E0-E3, 42E0-E3, 43E0-E3,
Explorer (IRL)  July oW 44F0-E3, 45E0-E4, 46E2-ES5, 47E3-E6,
48E4-E5, 49E5
Scotia (6C0)  2DJume=14  S8B0-62N, 4W- 46E6-F1, 47E6-F1, 48E6-F1, 49E6-F1,
July 2°E 50E7-F1, 51E8-F1
, 42F2-F5, 43F2-F5, 44F2-F5, 45F2-F5,
{;%E)H’Ort ]zjllune 15 56030-62°N, 2°-6°E  46F2-F4, A7F2-Fd, ASF2-F4, A9F2-F4,
y 50F2-F4, 51F2-F4, 52F2-F4
, ) e . 37E9-F1,38E8-F1, 39ES-F1, 40E8-F4,
(TIII‘SS)‘S ]zjlhme -1 33_255]; 824N, 3" 41E7-F4, 42E7-F1, 43E7-F1, 44E6-F1,
y 45E6-F1
Solea (GER)  26June-16  52°-56.5°N, Engto  33F1-F4, 34F2-F4, 35F2-F4, 36F2-F7,
DBFH July Den/Ger coasts 37F2-F8, 38F2-F7, 39F2-F7, 40F6-F7, 41F5
Dana (DEN)  25June—8  Kattegatand North  41F6-F7, 41G1-G2, 42F6-F7, 42G0-G2,
OXBH July of 56°N, east of 6°E  43F6-G1, 44F6-G1, 45F8-G1, 46F9-GO

Table 2.3.1.2. North Sea herring. Acoustic Surveys in the North Sea (HERAS) in June-July 2015.
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)
0 386 2 0.00 4.0 8.1
1 6714 331 0.00 49.3 18.2
2 9 495 1148 0.70 120.9 24.0
3 2 831 414 0.90 146.4 25.6
4 1591 292 0.96 183.5 27.5
5 1549 309 0.98 199.6 28.1
6 926 204 0.99 220.1 29.0
7 520 107 1.00 205.4 28.9
8 275 58 1.00 210.0 29.3
9+ 221 51 1.00 229.1 30.2
Immature 10 285 635 61.7 19.1
Mature 14 222 2280 160.3 26.2
Total 24 508 2915 0.58 119.0 23.2
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Table 2.3.1.3. Estimates of North Sea autumn spawners (millions) at age from acoustic surveys,
1986 —2015. For 1986 the estimates are the sum of those from the Division 4.a summer survey, the
Division 4.b autumn survey, and the Divisions 4.c, 7.d winter survey. The 1987 to 2015 estimates
are from summer surveys in Divisions 4.a, b, ¢, and 3.a excluding estimates of Western Baltic spring
spawners. For 1999 and 2000 the Kattegat was excluded from the results because it was not surveyed.
Total numbers include 0-ringers from 2008 onwards.

Years / SSB
Age (ings) 2 3 4 5 6 7 8 9+ Total (*0000)
1986 1639 3206 1637 833 135 36 24 6 8 7542 942
1987 13736 4303 955 657 368 77 38 11 20 20165 817
1988 6431 4202 1732 528 349 174 43 23 14 13496 897
1989 6333 3726 3751 1612 488 281 120 44 22 16377 1637
1990 6249 2971 3530 3370 1349 395 211 134 43 18262 2174
1991 3182 2834 1501 2102 1984 748 262 112 56 12781 1874
1992 6351 4179 1633 1397 1510 1311 474 155 163 17173 1545
1993 10399 3710 1855 909 795 788 546 178 116 19326 1216
1994 3646 3280 957 429 363 321 238 220 132 13003 1035
1995 4202 3799 2056 656 272 175 135 110 84 11220 1082
1996 6198 4557 2824 1087 311 99 83 133 206 18786 1446
1997 9416 6363 3287 1696 692 259 79 78 158 22028 1780
1998 4449 5747 2520 1625 982 445 170 45 121 16104 1792
1999 5087 3078 4725 1116 506 314 139 54 87 15107 1534
2000 24735 2922 2156 3139 1006 483 266 120 97 34928 1833
2001 6837 12290 3083 1462 1676 450 170 98 59 26124 2622
2002 23055 4875 8220 1390 795 1031 244 121 150 39881 2948
2003 9829 18949 3081 4189 675 495 568 146 178 38110 2999
2004 5183 3415 9191 2167 2590 317 328 342 186 23722 2584
2005 3113 1890 3436 5609 1211 1172 140 127 107 16805 1868
2006 6823 3772 1997 2098 4175 618 562 84 70 20199 2130
2007 6261 2750 1848 898 806 1323 243 152 65 14346 1203
2008 3714 2853 1709 1485 809 712 1749 185 270 20355 1784
2009 4655 5632 2553 1023 1077 674 638 1142 578 31526 2591
2010 14577 4237 4216 2453 1246 1332 688 1110 1619 43705 3027
2011 10119 4166 2534 2173 1016 651 688 440 1207 25524 2431
2012 7437 4718 4067 1738 1209 593 247 218 478 23641 2269
2013 6388 2683 3031 2895 1546 849 464 250 592 36484 2261
2014 11634 4918 2827 2939 1791 1236 669 211 250 61339 2610
2015 6714 9495 2831 1591 1549 926 520 275 221 24508 2280
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Table 2.3.2.1: North Sea herring — LAI, MLAI, and SCAI time-series of herring larval abundance
<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 | SCAI
Shetland
Period/ | 1-15 [ 16-30 | 1-15 ]360_ 1-15(16-30 | 1-15[16-31 [ 1-15 | 16-31
Year Sep. Sep. Sep. Sep. Sep. Sep. Oct. Dec. | Jan. Jan.
1972 1133 4583 30 165 88 134 2 46 3312
1973 2029 822 3 4 492 830 | 1213 1| 13.1| 3253
1974 758 421 101 284 81 1184 10 7.6 2201
1975 371 50 312 90 77 1 2 2.9 1380
1976 545 81 1 64 108 3 2.5 1230
1977 1133 221 124 32 520 262 89 1 6.2 1632
1978 3047 50 162 | 1406 81 269 33 3 74| 2133
1979 2882 2362 197 10 662 131 507 111 89| 13.7| 3202
1980 3534 720 21 1 317 188 9 247 129 40 9.3 3492
1981 3667 277 3 12 903 235 119 1456 70 [ 13.7| 3951
1982 2353 1116 340 257 86 64| 1077 710 275 54| 19.8| 5020
1983 2579 812 | 3647 768 | 1459 281 63 71 243 58| 249| 7737

1984 1795 1912 | 2327 | 1853 | 688 2404| 824 523 185 39| 45.5( 12098

1985 5632 | 3432 | 2521 1812 130| 13039 | 1794 1851 | 407 38| 69.7[ 15119

1986 3529 | 1842 | 3278 341 | 1611 6112 | 188 780 123 18| 36.3| 14563

1987 7409 1848 [ 2551 670 799 4927 1992 934| 297 146 | 64.1 | 18390

1988 7538 | 8832| 6812 5248 | 5533 | 3808| 1960 1679 162 1121128.0 | 25923

1989 | 11477 5725| 5879 692 | 1442 5010 | 2364 1514 | 2120 5121127.7 | 21850

1990 10144 | 4590 [ 2045 ) 19955 1239 975] 2552 | 1204 165.9 | 20306
1991 1021 2397 2032 4823 | 2110| 1249| 4400| 873 87.8 | 13913
1992 189 4917 822 10 165| 163 176 | 1616 40.0 [ 7457
1993 66 174 685 85 1358 | 1103 29.3| 5051
1994 26 1179 1464 44 537 | 595 20.1| 4438
1995 8688 43 74| 230 164 | 20.3| 5557
1996 809 184 564 337 | 675 691 | 40.0| 7010
1997 3611 23 9374 918 355 | 51.5[ 9839
1998 8528 1490 | 205 66 1522 953 170 | 64.4| 13106
1999 4064 185 134 | 181 804 | 1260 344 | 55.0| 14234
2000 3352 28 83 376 7346 | 338 106 | 37.3| 16328
2001 11918 164 1604 971 | 5531 909 [ 125.1 [ 21505
2002 6669 1038 3291 2008 [ 260 9251102.3 | 25973
2003 3199 2263 12018 | 3277 | 12048 | 3109 | 1116 |246.9 | 33257
2004 7055 3884 5545 7055 | 2052 | 4175]306.9 | 36518
2005 3380 1364 5614 498 [ 3999 | 4822(183.9( 31917
2006 6311 2312 280 2259 10858 | 2700 | 2106 |112.0| 29525
2007 1753 1304 291 4443 | 2439 | 3854 159.6 [ 30703
2008 4978 6875 533 11201 8426 | 2317 | 4008 [178.2 [ 37390
2009 7543 4629 4219 15295 | 14712 | 1689 [ 458.0 | 46676
2010 2362 1493 2317 7493 113230 | 8073 [375.4 | 47224
2011 3831 2839 17766 5461 6160 | 1215(309.9 | 49874
2012 19552 5856 517 22768 | 11103 | 3285]650.9 | 58610
2013 21282 8618 7354 5] 9314 | 2957 |310.7| 61593
2014 6604 5033 1149 1851 | 285.8 | 59947

2015 9631 3496 3424 2011 [ 1200 645|149.0 | 53163
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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 the 1995 to 2015 year classes by areas are density estimates in
numbers per square metre. Total abundance is found by multiplying density by area and summing
up. Data for the period 1976 to 1994 are recorded in the stock annex.

- - 0 n o - :; =
: £ £ § P g £ : & Iy
= 2 2 S S 3 3 2 3 n 2
Aiefog‘z 83 34 86 102 37 93 31 31
Year class no. in 109
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 0.026 137.1
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
2011 0.008 0.001 0.345 0.136 0.215 0.129 0.076 0.040 68.0
2012 0.018 0.005 0.198 0.094 0.108 0.181 0.006 0.038 50.4
2013 0.132 0.151 0.240 0.254 0.389 0.678 0.037 0.759 164.5
2014 0.010 0.006 0.150 0.047 0.038 0.002 0.009 0.007 20.8
2015 0.015 0.015 0.137 0.088 0.083 0.712 0.006 0.259 99.8
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Table 2.3.3.2. North Sea herring. Indices of 1-ringers from the IBTS 1% Quarter for the 1995 to 2014
year classes (the data for the 1977 to 1994 year classes can be found in the stock annex). Estimation
of the small sized component (possibly Downs herring) in different areas. ” North Sea” = total area
of sampling minus 3.a.

All 1-

.rlngers Small<13cm Proportion Small<13cm Proportion  Proportion

in total . . of small . . of small of small
Year Year of 1-ringers in . 1-ringers in . :

X area in total in North in 3.avs

class sampling total area North Sea )

(IBTS-1 area vs. Sea vs. all small in

) (no/hour) ) (no/hour) .

index) all sizes sizes total area

(no/hour)

1995 1997 4403 1356 0.31 1089 0.25 0.25
1996 1998 2276 1322 0.58 1399 0.61 0.02
1997 1999 753 152 0.2 149 0.20 0.09
1998 2000 3304 1068 0.32 939 0.28 0.18
1999 2001 2499 328 0.13 307 0.12 0.13
2000 2002 3881 1520 0.39 1436 0.37 0.12
2001 2003 2837 664 0.23 180 0.06 0.75
2002 2004 979 665 0.68 710 0.73 0.01
2003 2005 1015 341 0.34 357 0.35 0.02
2004 2006 900 115 0.13 121 0.13 0.02
2005 2007 1322 303 0.23 304 0.23 0.07
2006 2008 1792 417 0.23 444 0.25 0.01
2007 2009 2339 734 0.31 623 0.27 0.21
2008 2010 1206 279 0.23 286 0.24 0.05
2009 2011 2939 1331 0.45 1407 0.48 0.02
2010 2012 1353 279 0.21 288 0.21 0.04
2011 2013 1665 747 0.45 796 0.48 0.01
2012 2014 2615 1297 0.5 1245 0.48 0.11
2013 2015 3918 1808 0.46 1105 0.28 0.43

2014 2016 779 366 0.47 362 0.47 0.08
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Table 2.4.1.1. North Sea herring. Mean stock weight-at-age (wr) in the third quarter, in divisions
4.a,4.b and 3.a. Mean catch weight-at-age for the same quarter and area is included for comparison.
AS = acoustic survey, 3Q = catch.

W. rings 1 2 3 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 75 119 135 196 186 253 224 262 229 299 253 306 292 325 300 335 302
1997 45 43 120 129 168 175 233 220 256 247 245 255 265 278 269 295 329 295
1998 52 54 109 131 198 172 238 209 275 237 307 263 289 269 308 313 363 298
1999 52 62 118 128 171 163 207 193 236 228 267 252 272 263 230 275 260 306
2000 46 54 118 123 180 172 218 201 232 228 261 241 295 266 300 286 280 271
2001 50 69 127 136 162 167 204 199 228 218 237 237 255 262 286 288 294 298
2002 45 50 138 140 172 177 194 200 224 224 247 244 261 252 280 281 249 298
2003 46 65 104 119 185 177 209 198 214 210 243 236 281 247 290 272 307 282
2004 35 45 116 125 139 159 206 203 231 234 253 250 262 264 279 262 270 299
2005 43 53 135 124 171 177 181 201 229 234 248 249 253 261 274 287 295 270
2006 45 61 127 139 158 163 188 192 188 205 225 242 243 257 244 260 265 285
2007 66 75 123 153 155 171 171 183 204 215 198 211 218 252 247 263 233 273
2008 62 67 141 151 180 192 183 207 194 211 230 240 217 243 268 276 282 312
2009 56 56 148 166 208 217 236 242 232 259 240 261 266 274 249 274 263 292
2010 38 74 138 150 183 190 229 222 245 245 233 239 237 248 252 265 251 271
2011 35 86 151 155 171 176 210 201 242 227 258 244 249 246 252 253 275 267
2012 48 61 125 142 192 198 194 205 212 223 232 223 242 251 239 256 243 268
2013 38 48 131 149 161 170 221 217 210 207 236 222 257 252 249 254 252 265
2014 44 49 130 142 177 191 195 208 225 239 218 233 225 243 250 264 246 266
2015 49 33 121 134 146 168 183 212 200 226 220 253 205 243 210 255 229 276
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Table 2.4.2.1. North Sea herring. Percentage maturity at 2, 3, 4, 5, 6 and 7+ ring for autumn spawning
herring in the North Sea. The values are derived from the acoustic survey for 1988 to 2015. In the
period 1988-2014, maturity of age 5+ were set to 100%.

Year \ Ring 2 3 4 5 6 7+
1988 65.6 87.7 100 100 100 100
1989 78.7 93.9 100 100 100 100
1990 72.6 97.0 100 100 100 100
1991 63.8 98.0 100 100 100 100
1992 51.3 100 100 100 100 100
1993 47.1 62.9 100 100 100 100
1994 72.1 85.8 100 100 100 100
1995 72.6 95.4 100 100 100 100
1996 60.5 97.5 100 100 100 100
1997 64.0 94.2 100 100 100 100
1998 64.0 89.0 100 100 100 100
1999 81.0 91.0 100 100 100 100
2000 66.0 96.0 100 100 100 100
2001 77.0 92.0 100 100 100 100
2002 86.0 97.0 100 100 100 100
2003 43.0 93.0 100 100 100 100
2004 69.8 64.9 100 100 100 100
2005 76.0 97.0 96.0 100 100 100
2006 66.0 88.0 98.0 100 100 100
2007 71.0 92.0 93.0 100 100 100
2008 86.0 98.0 99.0 100 100 100
2009 89.0 100 100 100 100 100
2010 45.0 90.0 100 100 100 100
2011 87.0 84.0 99.0 100 100 100
2012 91.0 99.0 100 100 100 100
2013 83.0 96.0 98.0 100 100 100
2014 85.0 100 100 100 100 100
2015 70.0 90.0 96.0 98.0 99.0 100

Table 2.6.1.1 North Sea herring. Years of duration of survey and years used in the assessment.

Years survey has been Years used in
Survey Age range i
running assessment
SCAI (Larvae survey) SSB 1972-2015 1973-2015
IBTS 1st Quarter (Trawl survey) 1-wr 1971-2016 1984-2016
Acoustic (+trawl) lwr 1995-2015 1997-2015
2-9+wr 1984-2015 1989-2015

IBTSO Owr 1977-2016 1992-2016
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Table 2.6.3.1 North Sea Herring. Catch in numbers.

Units : thousands
year
age 1947 1948 1949 1950 1951 1952 1953 1954 1955
0 0 0 0 0 0 0 150000 219000 164000
1 0 3000 0 0 462000 722000 1023000 1451000 2072000
2 494000 247000 478000 535000 660000 1346000 1322000 1493000 1931000
3 415000 672000 644000 1039000 959000 576000 1003000 1111000 1032000
4 638000 328000 396000 617000 1255000 610000 474000 591000 479000
5 526000 601000 287000 290000 630000 652000 386000 361000 337000
6 756000 487000 652000 254000 262000 464000 473000 330000 232000
7 431000 400000 462000 331000 142000 236000 278000 379000 120000
8 1311000 917000 1037000 597000 445000 554000 392000 511000 215000
year
1956 1957 1958 1959 1960 1961 1962 1963 1964
96000 279000 97000 0 194600 1269200 141800 442800 496900
1697000 1483000 4279000 1609000 2392700 336000 2146900 1262200 2971700
1860000 1644000 1029000 4934000 1142300 1889400 269600 2961200 1547500
1221000 736000 999000 488000 1966700 479900 797400 177200 2243100
516000 644000 322000 497000 165900 1455900 335100 158300 148400
249000 344000 461000 233000 167700 124000 1081800 80600 149000
194000 207000 147000 249000 112900 157900 126900 229700 95000
104000 147000 73000 120000 125800 61400 145100 22400 256300
292000 253000 118000 301000 270600 143500 173100 93000 84000
year

Q
Q
0]

O~NOAPA~WNEO

age 1965 1966 1967 1968 1969 1970 1971 1972 1973
0 157100 374500 645400 839300 112000 898100 684000 750400 289400
1 3209300 1383100 1674300 2425000 2503300 1196200 4378500 3340600 2368000
2 2217600 2569700 1171500 1795200 1883000 2002800 1146800 1440500 1344200
3 1324600 741200 1364700 1494300 296300 883600 662500 343800 659200
4 2039400 450100 371500 621400 133100 125200 208300 130600 150200
5 145100 889800 297800 157100 190800 50300 26900 32900 59300
6 151900 45300 393100 145000 49900 61000 30500 5000 30600
7 117600 64800 67900 163400 42700 7900 26800 200 3700
8 491400 331800 254400 105500 52500 24200 12500 1500 2000

year

age 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
0 996100 263800 238200 256800 NA NA 1262700 9519700 11956700 13296900
1 846100 2460500 126600 144300 NA NA 245100 872000 1116400 2448600
2 772600 541700 901500 44700 NA NA 134000 284300 299400 573800
3 362000 259600 117300 186400 NA NA 91800 56900 230100 216400
4 126000 140500 52000 10800 NA NA 32200 39500 33700 105100
5 56100 57200 34500 7000 NA NA 21700 28500 14400 26200
6 22300 16100 6100 4100 NA NA 2300 22700 6800 22800
7 5000 9100 4400 1500 NA NA 1400 18700 7800 12800
8 3100 4800 1400 700 NA NA 500 6600 4700 23100

year

age 1984 1985 1986 1987 1988 1989 1990 1991 1992
0 6973300 4211000 3724700 8229200 3164800 3057800 1302800 2386600 10331300
1 1818400 3253000 4801400 6836300 7867000 3145900 3020000 2138900 2303100
2 1146200 1326300 1266700 2137200 2232500 1593700 899300 1132800 1284900
3 441400 1182400 840800 667900 1090700 1363800 779100 556700 442700
4 201500 368500 465900 467100 383700 809300 861000 548900 361500
5 81100 124500 129800 245800 255800 211800 387500 501200 360500
6 22600 43600 62100 74700 128100 123700 80200 205300 375600
7 25200 20200 20500 23800 38000 61000 54400 39300 152400
8 29700 29200 28400 16200 23800 28200 40700 38600 62500

year
1993 1994 1995 1996 1997 1998 1999 2000 2001
10265400 4498900 7438469 2311226 431175 259526 1566349 1105085 1832691
3826800 1785200 1664874 1606393 479702 977680 303520 1171677 614469
1176300 1783200 1444061 642084 687920 1220105 616354 622853 842635
609000 489100 816703 525601 446909 537932 1058716 463170 485628
305500 347600 231794 172099 284920 276333 294066 646814 278884
215600 109000 118536 57586 109178 175817 135648 213466 321743
226000 91800 55128 22534 31389 88927 69299 82481 90918
188000 76400 41409 9264 11832 15232 27998 35706 38252
129000 116600 98200 21143 24467 20550 12228 17087 20602

o)
Q
oD

ONOOUNAWNEO
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Table 2.6.3.1 (continued). North Sea Herring. Catch in numbers.

year
age 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
730279 369074 715597 1015554 878637 621005 798284 650043 574895 778927
837557 617021 206648 715547 222111 235553 235022 175923 280728 159504
579592 1221992 447918 355453 401087 219115 331772 259434 293887 367820
970577 529386 1366155 485746 310602 417452 184771 106738 236804 275016
292205 835552 543376 1318647 464620 285746 199069 93321 126241 218711
140701 244780 753231 479961 997782 309454 137529 86137 83893 130127
174570 107751 169324 576154 252150 629187 118349 37951 61542 62938
48908 123291 104945 115212 247042 147830 215542 53130 33305 52081
43322 46715 97142 146808 106412 156750 117258 143131 113675 125734
year
2012 2013 2014 2015
773241 461571 1388685 538228
284906 413000 370590 394878
455259 324920 382990 551802
673465 485185 386131 247555
404265 571269 616563 282813
306234 422765 487582 461041
152577 327213 284562 432034
104461 145330 191729 271280
205427 313638 214513 337811

%)
«Q
[0} oO~NOOONA~WNEFEO

ONOONRAWNEO

Table 2.6.3.2 North Sea Herring. Weight at age in the catch.

Units : kg
year
age 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957
0 0.015 0.015 0.0150 0.015 0.0150 0.015 0.015 0.0150 0.0150 0.015 0.0150
1 0.050 0.050 0.0500 0.050 0.0500 0.050 0.050 0.0500 0.0500 0.050 0.0500
2 0.122 0.122 0.1280 0.128 0.1340 0.137 0.137 0.1390 0.1400 0.140 0.1410
3 0.140 0.140 0.1450 0.151 0.1570 0.165 0.167 0.1690 0.1700 0.172 0.1730
4 0.156 0.156 0.1610 0.166 0.1760 0.183 0.190 0.1930 0.1950 0.197 0.1980
5 0.171 0.171 0.1760 0.180 0.1890 0.199 0.205 0.2110 0.2140 0.216 0.2180
6 0.185 0.185 0.1890 0.193 0.2010 0.210 0.218 0.2230 0.2280 0.231 0.2330
7 0.197 0.197 0.2010 0.204 0.2110 0.219 0.226 0.2330 0.2380 0.242 0.2440
8 0.242 0.242 0.2435 0.245 0.2475 0.251 0.254 0.2565 0.2595 0.261 0.2625
year
age 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969
0 0.0150 0.0150 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
1 0.0500 0.0500 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
2 0.1410 0.1430 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126
3 0.1740 0.1760 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176
4 0.1990 0.2010 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.211
5 0.2190 0.2210 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243
6 0.2340 0.2360 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251
7 0.2450 0.2470 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267
8 0.2635 0.2645 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271
year
age 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
0 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.007
1 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.049
2 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.118
3 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.176 0.142
4 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.211 0.189
5 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.211
6 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.222
7 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267
8 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271 0.271
year
age 1982 1983 1984 1985 1986 1987 1988
0 0.010000 0.0100000 0.0100000 0.0090000 0.0060000 0.0110000 0.0110000
1 0.059000 0.0590000 0.0590000 0.0360000 0.0670000 0.0350000 0.0550000
2 0.118000 0.1180000 0.1180000 0.1280000 0.1210000 0.0990000 0.1110000
3 0.149000 0.1490000 0.1490000 0.1640000 0.1530000 0.1500000 0.1450000
4 0.179000 0.1790000 0.1790000 0.1940000 0.1820000 0.1800000 0.1740000
5 0.217000 0.2170000 0.2170000 0.2110000 0.2080000 0.2110000 0.1970000
6 0.238000 0.2380000 0.2380000 0.2200000 0.2210000 0.2340000 0.2160000
7 0.265000 0.2650000 0.2650000 0.2580000 0.2380000 0.2580000 0.2370000
8 0.274234 0.2745238 0.2746263 0.2821301 0.2572113 0.2881358 0.2565714
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Table 2.6.3.2 (continued). North Sea Herring. Weight at age in the catch.

year
age 1989 1990 1991 1992 1993 1994 1995
0 0.0170000 0.0190000 0.0170000 0.0100000 0.0100000 0.0060000 0.0090000
1 0.0430000 0.0550000 0.0580000 0.0530000 0.0330000 0.0560000 0.0420000
2 0.1150000 0.1140000 0.1300000 0.1020000 0.1150000 0.1300000 0.1300000
3 0.1530000 0.1490000 0.1660000 0.1750000 0.1450000 0.1590000 0.1690000
4 0.1730000 0.1770000 0.1840000 0.1890000 0.1890000 0.1810000 0.1980000
5 0.2080000 0.1930000 0.2030000 0.2070000 0.2040000 0.2140000 0.2070000
6 0.2310000 0.2290000 0.2170000 0.2230000 0.2280000 0.2400000 0.2430000
7 0.2470000 0.2360000 0.2350000 0.2370000 0.2440000 0.2550000 0.2470000
8 0.2631489 0.2608182 0.2630415 0.2631664 0.2734558 0.2761973 0.2809153
year
age 1996 1997 1998 1999 2000 2001 2002
0 0.0150000 0.0150000 0.0210000 0.009000 0.0150000 0.012000 0.0120000
1 0.0180000 0.0440000 0.0510000 0.045000 0.0330000 0.048000 0.0370000
2 0.1120000 0.1080000 0.1140000 0.115000 0.1130000 0.118000 0.1180000
3 0.1560000 0.1480000 0.1450000 0.151000 0.1570000 0.149000 0.1530000
4 0.1880000 0.1950000 0.1830000 0.171000 0.1790000 0.177000 0.1700000
5 0.2040000 0.2270000 0.2190000 0.207000 0.2010000 0.198000 0.1990000
6 0.2120000 0.2260000 0.2380000 0.233000 0.2160000 0.213000 0.2140000
7 0.2610000 0.2350000 0.2470000 0.245000 0.2460000 0.238000 0.2280000
8 0.2814938 0.2549437 0.2878952 0.267719 0.2731261 0.269744 0.2504017
year
age 2003 2004 2005 2006 2007 2008 2009
0 0.0140000 0.0140000 0.0110000 0.0100000 0.0124000 0.007900 0.0094000
1 0.0370000 0.0360000 0.0440000 0.0490000 0.0638000 0.053500 0.0514000
2 0.1040000 0.1000000 0.0990000 0.1170000 0.1214000 0.128800 0.1440000
3 0.1580000 0.1380000 0.1530000 0.1440000 0.1513000 0.179600 0.1811000
4 0.1740000 0.1830000 0.1660000 0.1720000 0.1634000 0.181200 0.2158000
5 0.1840000 0.2010000 0.2080000 0.1810000 0.1933000 0.183200 0.2162000
6 0.2050000 0.2160000 0.2230000 0.2200000 0.1900000 0.215700 0.2390000
7 0.2220000 0.2280000 0.2400000 0.2370000 0.2232000 0.216100 0.2428000
8 0.2366464 0.2545115 0.2653676 0.2460061 0.2374933 0.262076 0.2532723
year
age 2010 2011 2012 2013 2014 2015
0 0.0075000 0.008000 0.0106000 0.0077000 0.0075000 0.0087000
1 0.0571000 0.041300 0.0463000 0.0468000 0.0522000 0.0261000
2 0.1292000 0.131700 0.1243000 0.1162000 0.1240000 0.1135000
3 0.1669000 0.159300 0.1706000 0.1563000 0.1719000 0.1538000
4 0.1912000 0.183100 0.1854000 0.1977000 0.1861000 0.1883000
5 0.2203000 0.197000 0.2058000 0.1980000 0.2148000 0.2001000
6 0.2193000 0.216700 0.2215000 0.2154000 0.2118000 0.2212000
7 0.2160000 0.221100 0.2387000 0.2334000 0.2264000 0.2170000
8 0.2383892 0.231918 0.2427213 0.2378432 0.2426541 0.2347182
Table 2.6.3.3 North Sea Herring. Weights at age in the stock.
Units kg
year
age 1947 1948 1949 1950 1951 1952 1953 1954
0 0.0150 0.0150 0.0150000 0.0150000 0.0150000 0.0150000 0.0150000 0.0150000
1 0.0500 0.0500 0.0500000 0.0500000 0.0500000 0.0500000 0.0500000 0.0500000
2 0.1220 0.1220 0.1240000 0.1260000 0.1300000 0.1330000 0.1360000 0.1376667
3 0.1400 0.1400 0.1416667 0.1453333 0.1510000 0.1576667 0.1630000 0.1670000
4 0.1560 0.1560 0.1576667 0.1610000 0.1676667 0.1750000 0.1830000 0.1886667
5 0.1710 0.1710 0.1726667 0.1756667 0.1816667 0.1893333 0.1976667 0.2050000
6 0.1850 0.1850 0.1863333 0.1890000 0.1943333 0.2013333 0.2096667 0.2170000
7 0.1970 0.1970 0.1983333 0.2006667 0.2053333 0.2113333 0.2186667 0.2260000
8 0.2625 0.2625 0.2630000 0.2640000 0.2658333 0.2683333 0.2713333 0.2743333
year
age 1955 1956 1957 1958 1959 1960 1961
0 0.0150000 0.0150000 0.0150000 0.0150000 0.0150000 0.0150000 0.0150000
1 0.0500000 0.0500000 0.0500000 0.0500000 0.0500000 0.0500000 0.0500000
2 0.1386667 0.1396667 0.1403333 0.1406667 0.1416667 0.1463333 0.1510000
3 0.1686667 0.1703333 0.1716667 0.1730000 0.1743333 0.1790000 0.1833333
4 0.1926667 0.1950000 0.1966667 0.1980000 0.1993333 0.2076667 0.2156667
5 0.2100000 0.2136667 0.2160000 0.2176667 0.2193333 0.2263333 0.2330000
6 0.2230000 0.2273333 0.2306667 0.2326667 0.2343333 0.2486667 0.2626667
7 0.2323333 0.2376667 0.2413333 0.2436667 0.2453333 0.2636667 0.2816667
8 0.2771667 0.2795000 0.2815000 0.2828333 0.2840000 0.2936240 0.3034146
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Table 2.6.3.3 (continued). North Sea Herring. Weights at age in the stock.

year
age 1962 1963 1964 1965 1966 1967 1968
.0150000 0.0150000 0.0150000 0.0150000 0.0150000 0.0150000 0.0150000
.0500000 0.0500000 0.0500000 0.0500000 0.0500000 0.0500000 0.0500000
-1550000 0.1550000 0.1550000 0.1550000 0.1550000 0.1550000 0.1550000
.1870000 0.1870000 0.1870000 0.1870000 0.1870000 0.1870000 0.1870000
.2230000 0.2230000 0.2230000 0.2230000 0.2230000 0.2230000 0.2230000
-2390000 0.2390000 0.2390000 0.2390000 0.2390000 0.2390000 0.2390000
.2760000 0.2760000 0.2760000 0.2760000 0.2760000 0.2760000 0.2760000
-2990000 0.2990000 0.2990000 0.2990000 0.2990000 0.2990000 0.2990000
.3090087 0.3092903 0.3101214 0.3069573 0.3102731 0.3100755 0.3112209
year

oO~NOOONA~WNEFEO
[eNeoNoNoNoNoNoNoNo]

1969 1970 1971 1972 1973 1974 1975 1976 1977
-0150000 0.0150000 0.015000 0.0150 0.0150 0.015000 0.01500 0.0150000 0.015
-0500000 0.0500000 0.050000 0.0500 0.0500 0.050000 0.05000 0.0500000 0.050
.1550000 0.1550000 0.155000 0.1550 0.1550 0.155000 0.15500 0.1550000 0.155
.1870000 0.1870000 0.187000 0.1870 0.1870 0.187000 0.18700 0.1870000 0.187
-2230000 0.2230000 0.223000 0.2230 0.2230 0.223000 0.22300 0.2230000 0.223

0 0 0
0 0 0
0 0 0
0 0 0

Q
«Q
(0]

.2390000 0.2390000 0.239000 0.2390 0.2390 0.239000 0.23900 0.2390000 0.239
.2760000 0.2760000 0.276000 0.2760 0.2760 0.276000 0.27600 0.2760000 0.276
.2990000 0.2990000 0.299000 0.2990 0.2990 0.299000 0.29900 0.2990000 0.299
.3088686 0.3090248 0.311952 0.3076 0.3078 0.308129 0.30775 0.3077143 0.306
year
1978 1979 1980 1981 1982 1983 1984 1985
.0150 0.0150000 0.0150 0.015 0.0150000 0.0150000 0.01733333 0.01566667
.0500 0.0500000 0.0500 0.050 0.0500000 0.0500000 0.05666667 0.05633333
.1550 0.1550000 0.1550 0.155 0.1550000 0.1550000 0.15033333 0.13800000
.1870 0.1870000 0.1870 0.187 0.1870000 0.1870000 0.19033333 0.18700000
.2230 0.2230000 0.2230 0.223 0.2230000 0.2230000 0.22966667 0.23233333

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

ONOONRAWNEO
[eNeoNoNoNoloNoNeoNe)
[eNeoNoNoNoloNoNeoNe)
[eNeoNoNoNoNoNoNeoNe)
[eNeoNooNoloNoNeoNe)
[eNeoNoloNoloNoNeoNe)
[eNeoNoloNoNoNoNeoNe)

ag

oo

O~NOO A WNPE
[eNeoNoNoNoNoNoNeoNo)

-2390 0.2390000 0.2390 0.239 0.2390000 0.2390000 0.24333333 0.24666667
.2760 0.2760000 0.2760 0.276 0.2760000 0.2760000 0.28200000 0.27466667
-2990 0.2990000 0.2990 0.299 0.2990000 0.2990000 0.31066667 0.32100000
-3096 0.3068571 0.3072 0.307 0.3074043 0.3091429 0.34351178 0.35438242
year

[eNeoNoNoNoloNoNeoNa)
[eNeoNoNoNoNoNoNeoNa)
[eNeoNoNoNoloNoNeoNa)

1986 1987 1988 1989 1990 1991
-0140000 0.00900000 0.00800000 0.008666667 0.01233333 0.01133333
.0610000 0.05033333 0.04833333 0.043666667 0.05200000 0.05900000
.1300000 0.12166667 0.12300000 0.122333333 0.12566667 0.13900000
.1833333 0.17000000 0.16633333 0.165333333 0.17433333 0.18366667
-2316667 0.21233333 0.20833333 0.204666667 0.21166667 0.21200000

0 0. 0 0. 0
0 0. 0 0. 0
0 0. 0 0. 0
0 0. 0 0. 0

QD
«Q
]

.2520000 0.23000000 22900000 0.228333333 24366667 0.23866667
.2730000 0.24200000 24833333 0.252333333 27066667 0.26533333
.3146667 0.27466667 25866667 0.261333333 28366667 0.27966667
.3627746 0.30562963 28535714 0.288595745 30788452 0.30953886
year

O~NOAPA~WNEFEO
[eNeoNoNoNoNoNoNoNe]

1992 1993 1994 1995 1996 1997
.01033333 0.005666667 0.007333333 0.00600000 0.0060000 0.00500000
.06366667 0.061000000 0.060000000 0.05733333 0.0540000 0.04866667
.13666667 0.134000000 0.126333333 0.12933333 0.1296667 0.12333333
.19400000 0.184333333 0.191666667 0.18566667 0.1993333 0.18333333
.21400000 0.213000000 0.214333333 0.21066667 0.2273333 0.23033333
.23433333 0.234333333 0.239666667 0.22433333 0.2343333 0.23733333
-25300000 0.261666667 0.274666667 0.26800000 0.2736667 0.25666667
.27166667 0.272666667 0.291333333 0.29333333 0.3006667 0.28033333
.29870453 0.307936434 0.320523728 0.32614016 0.3270679 0.31004007
year

ONOOANRARWNELO®
[eNeoNoNoNoloNoNeoNe)

1998 1999 2000 2001 2002 2003
.005666667 0.00600000 0.005666667 0.00600000 0.006333333 0.006666667
.047333333 0.05066667 0.051333333 0.05066667 0.047333333 0.047000000
-116000000 0.11600000 0.115666667 0.12166667 0.128000000 0.123000000
-187333333 0.17933333 0.183666667 0.17166667 0.171666667 0.173000000
.241333333 0.22633333 0.221333333 0.21000000 0.205333333 0.202333333

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

Q
Q
[]

.264333333 0.25600000 0.248333333 0.23266667 0.228333333 0.222000000
.283666667 0.27333333 0.278666667 0.25533333 0.248333333 0.242333333
.286666667 0.27600000 0.286000000 0.27466667 0.270333333 0.265666667
-308339011 0.27811880 0.284171183 0.27449422 0.286521182 0.284946134

oO~NOOBAWNEFO
[eNeoNoNoNoNoNoNoNe]
[eNoNoNoNoNoNoNoNe]
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Table 2.6.3.3 (continued). North Sea Herring. Weights at age in the stock.

year

age 2004 2005 2006 2007
0 0.006666667 0.005666667 0.006666667 0.00600000 O
1 0.042000000 0.041333333 0.041000000 0.05133333 0
2 0.119333333 0.118000000 0.125666667 0.12800000 O
3 0.165333333 0.164333333 0.155333333 0.16066667 O
4 0.202666667 0.198000000 0.191000000 0.17966667 O.
5 0.223000000 0.224666667 0.216000000 0.20700000 O
6 0.247666667 0.248000000 0.242000000 0.22366667 O
7 0.267666667 0.265000000 0.252333333 0.23800000 O
8 0.280490193 0.284851772 0.270150625 0.25639104 0O
year

age 2010 2011 2012 2013
0 0.007333333 0.006666667 0.00600000 0.00600000 0.0
1 0.052000000 0.043000000 0.04033333 0.04033333 0.0
2 0.142333333 0.145666667 0.13800000 0.13566667 0.1
3 0.190333333 0.187333333 0.18200000 0.17466667 0.1
4 0.216000000 0.225000000 0.21133333 0.20866667 0.2
5 0.223666667 0.239666667 0.23300000 0.22133333 0.2
6 0.234333333 0.243666667 0.24100000 0.24200000 0.2
7 0.240000000 0.250666667 0.24266667 0.24933333 0.2
8 0.260650879 0.257270953 0.25251076 0.25179433 0.2

Table 2.6.3.4 North Sea Herring. Natural mortality.

Units NA
year

age 1947 1948 1949 1950 1951
0 0.8965553 0.8965550 0.8965542 0.8965543 0.8965558
1 0.7070241 0.7070248 0.7070258 0.7070253 0.7070229
2 0.3970898 0.3970897 0.3970895 0.3970895 0.3970899
3 0.3663949 0.3663947 0.3663943 0.3663943 0.3663951
4 0.3420698 0.3420698 0.3420697 0.3420696 0.3420698
5 0.3223452 0.3223451 0.3223448 0.3223448 0.3223454
6 0.3162028 0.3162026 0.3162021 0.3162022 0.3162031
7 0.2932376 0.2932372 0.2932365 0.2932367 0.2932381
8 0.2932376 0.2932372 0.2932365 0.2932367 0.2932381
year

age 1954 1955 1956 1957 1958
0 0.8965504 0.8965545 0.8965637 0.8965647 0.8965329
1 0.7070310 0.7070227 0.7070106 0.7070149 0.7070629
2 0.3970884 0.3970896 0.3970921 0.3970924 0.3970835
3 0.3663924 0.3663946 0.3663990 0.3663993 0.3663837
4 0.3420691 0.3420693 0.3420707 0.3420717 0.3420678
5 0.3223434 0.3223449 0.3223482 0.3223488 0.3223374
6 0.3162001 0.3162025 0.3162074 0.3162076 0.3161902
7 0.2932332 0.2932374 0.2932453 0.2932450 0.2932163
8 0.2932332 0.2932374 0.2932453 0.2932450 0.2932163
year

age 1961 1962 1963 1964 1965
0 0.8966096 0.8965699 0.8963736 0.8965513 0.8967726
1 0.7069505 0.7070365 0.7073024 0.7069507 0.7066631
2 0.3971048 0.3970935 0.3970389 0.3970896 0.3971512
3 0.3664211 0.3664007 0.3663057 0.3663958 0.3665027
4 0.3420776 0.3420767 0.3420481 0.3420576 0.3420918
5 0.3223650 0.3223519 0.3222802 0.3223405 0.3224219
6 0.3162320 0.3162087 0.3161029 0.3162052 0.3163239
7 0.2932848 0.2932433 0.2930726 0.2932510 0.2934409
8 0.2932848 0.2932433 0.2930726 0.2932510 0.2934409
year

age 1968 1969 1970 1971 1972
0 0.8953919 0.8974399 0.8978791 0.8968196 0.8943280
1 0.7086315 0.7051925 0.7052250 0.7074827 0.7108020
2 0.3967659 0.3973430 0.3974597 0.3971501 0.3964641
3 0.3658305 0.3668467 0.3670369 0.3664894 0.3652910
4 0.3419049 0.3421051 0.3422629 0.3422248 0.3418628
5 0.3219214 0.3226419 0.3228293 0.3224741 0.3215656
6 0.3155738 0.3167169 0.3169171 0.3162956 0.3149591
7 0.2922189 0.2941433 0.2943901 0.2932921 0.2911356
8 0.2922189 0.2941433 0.2943901 0.2932921 0.2911356

2008

-00800000 O
.05766667 0
.13033333 0
-16433333 0
18066667 O.
.19533333 0
.21766667 0O
-22600000 O
.25556215 0

2014
05666667
43333333
28666667
76666667

15666667
28666667
41333333
46572539

1952
0.8965573
0.7070215
0.3970903
0.3663958
0.3420701
0.3223460
0.3162038
0.2932393
0.2932393

1959
0.8965360
0.7070442
0.3970845
0.3663857
0.3420661
0.3223379
0.3161927
0.2932221
0.2932221

1966
0.8967804
0.7067997
0.3971511
0.3665005
0.3421140
0.3224306
0.3163192
0.2934161
0.2934161

1973
0.8904932
0.7144553
0.3954128
0.3634884
0.3410691
0.3200960
0.3129801
0.2881336
0.2881336

0
0
0
0
03666667 O.
0
0
0
0

2009

-007333333
.061333333
.137333333
-181000000

196666667

.210000000
.222666667
-233666667
.255734029

2015

-005333333
-043666667
.127333333
.161333333

200000000

.211666667
.224666667
.229000000
.239358137

1953
-8965533
.7070284
-3970892
.3663938
-3420697
-3223446
-3162016
.2932354
.2932354

[eNeoNoloNoloNoNeoNe)

1960
.8965754
.7069807
-3970956
.3664052
-3420704
.3223519
.3162145
.2932585
.2932585

[eNoNoNoNoNoNoNoNe]

1967
-8963717
.7074668
.3970366
.3662989
-3420721
.3222865
.3160925
-2930360
-2930360

[eNeoloNoNoNoNoNoNe)

1974
0.9076796
0.6879976
0.4002281
0.3719278
0.3431060
0.3262446
0.3224328
0.3037649
0.3037649
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Table 2.6.3.4 (continued). North Sea Herring. Natural mortality.

year

age

oO~NOOONA~WNEFEO
[eNeoNoNoNoNoNoNoNo]

%)
«Q
ONOOANRAWNEFLO®

[0}

ag

D QD

«Q Q

] ONOOANRARWNELO® O~NOOANPAWNRFPO®O® O~NOOUNAWNEO
[eNeoNoNoNoloNoNeoNe) [eNeoNoNoNoNoNoNeoNo)

oO~NOOBAWNEFO
[eNeoNoNoNoNoNoNoNe]

1975

-9000750
.7053876
-3980433
-3679878
-3430515
.3237665
.3179179
-2956242
.2956242

year

[eNeoNoNoNoloNoNeoNe)

1982

.8187654
.7153238
.3747833
.3312715
-3148039
.2893166
.2799124
.2474062
.2474062

year

1989

. 7172914
.6515736
.3277575
.2721084
.2465746
.2300761
.2227627
-1996415
.1996415

year

[eNeoNoNoNoNoNoNoNe]

1996

.6983717
.5486203
-3270289
-3048050
.2771983
.2530521
.2402370
.2149922
.2149922

year

2003

-8129805
.6696337
-4021713
.3544945
.3148123
.2972330
.2863114
.2616882
.2616882

year

2010

.8191635
.6120449
.3776919
.3427256
.3212505
-3100955
.2969777
.2783231
.2783231

1976

.8915222
.7187712
-3956023
-3637520
-3420346
.3206980
-3131880
.2878022
.2878022

1983

.8043777
.7010988
-3699339
.3246117
-3065211
.2817134
.2734042
.2417752
.2417752

1990

.7110829
.6377937
-3209044
.2703141
.2457930
.2283638
.2199929
.1985368
.1985368

1997

.7094121
.5533680
-3299493
-3089526
.2785695
.2552715
.2428323
.2157750
.2157750

2004

.8162740
.6671653
-4056177
.3577122
-3203738
-3038143
.2920184
.2689091
.2689091

2011

.8173077
.5994214
-3655729
-3346570
.3154057
.3048594
.2924872
.2733752
.2733752

1977

.8818698
.7273984
-3930341
-3592993
-3400528
.3170229
.3082766
-2803530
.2803530

1984

.7889868
-6937230
-3650458
.3159265
.2961347
.2723778
.2647060
.2337646
.2337646

1991

. 7065958
.6244281
.3168527
.2708915
.2467850
.2284738
.2192156
.1986948
.1986948

1998

.7234486
.5629294
.3345761
.3135255
.2803052
.2581317
.2462119
.2175890
.2175890

2005

.8158639
.6576203
-4061169
-3593065
.3254766
-3100614
-2970697
.2757679
.2757679

2012

.8156684
.5871932
.3518383
-3251469
.3078469
.2977150
.2864755
.2664683
.2664683

1978

.8713194
.7327215
-3901562
.3544751
-3371008
.3127479
-3030852
.2731239
.2731239

1985

-7723920
.6872393
-3600685
.3059541
.2839697
-2616976
.2546756
.2246438
.2246438

1992

.7025892
-6039680
.3177469
.2776747
.2535637
.2333929
.2233030
-2023900
.2023900

1999

.7431392
.5828287
-3460554
.3202844
.2845230
.2634449
.2521491
.2235415
.2235415

2006

.8168008
-6495382
-4047458
.3592480
.3283538
-3139323
-3002624
.2802310
.2802310

2013

.8137161
.5745417
-3363089
-3142024
.2987052
.2888504
.2790475
.2577845
.2577845

1979

-8593691
.7341041
-3869195
.3492394
-3331128
.3078709
.2976821
.2662211
.2662211

1986

.7573031
.6792442
-3545250
.2973456
.2737314
.2527487
.2460435
.2170837
.2170837

1993

.7000766
-5840028
.3197250
.2856419
.2613654
.2393742
.2284693
.2068624
.2068624

2000

.7687325
.6120658
.3609426
.3274834
-2886973
.2692526
.2588869
.2308219
-2308219

2007

.8192047
.6424365
-4012439
.3574352
-3289307
.3154262
-3015723
.2823417
.2823417

2014

.8172596
-5993861
-3638303
-3331844
.3137208
.3030087
-2909866
.2714712
.2714712

1980

.8461517
.7315335
-3833439
.3436118
-3280894
.3023749
.2920477
.2596270
-2596270

1987

.7414107
.6718757
-3445140
.2860972
-2612509
.2427375
.2361377
.2093401
-2093401

1994

.6976706
-5697455
.3208557
.2912902
.2662117
.2434319
.2317960
-2092900
.2092900

2001

.7879394
.6332999
-3732300
-3342691
.2938106
.2757281
.2657467
.2384173
.2384173

2008

.8204193
-6334179
-3954705
.3540455
.3279876
-3153612
-3015044
.2828278
.2828278

2015

.8164639
-5933003
-3578530
-3291830
.3108021
.3003801
.2887470
.2689877
.2689877
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1981

.8327639
. 7273459
.3792957
-3375233
.3221419
.2962876
-2860090
-2530696
-2530696

1988

.7265873
.6638450
.3345718
.2759717
.2501418
.2338307
.2271801
.2025478
.2025478

1995

.6956149
-5553106
-3233006
.2983756
.2721848
.2484810
.2360766
.2120814
.2120814

2002

-8017320
.6533508
.3886273
-3449506
-3044885
.2866804
.2762943
-2502256
-2502256

2009

.8204422
.6237293
-3877396
.3491904
.3253955
-3135234
.2999452
.2814051
-2814051
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Table 2.6.3.5 North Sea Herring. Proportion mature.

NA

Units

year
age 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961

OO0 A A A A

OO0 A A A A

OO0 A A A A

OO0 A A A A

OO0 A A A A

OO0 A A A

OO0 A A=A

OO0 A A

OO0 A A

OO0 A A A A

OO0 A A

OO0 A

OO0 A A A

OO A

OO0 A A

O NMITLOO©MN®

year
age 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

.82 0.82
1.00
1.00
1.00
1.00
1.00
1.00

.00 0.00 0.00
0.8
1.00 1.
1.00
1.00
1.00
1.00
1.00

NOOOOOO
8000000

00111111

ONOOOOOO
08000000

00111111

OONOOOOOO
OO0OWOO0OOOO0Oo

OO0 A
OO0 A A

0.00 0.00 0.00 0.00

OO0 A A

OO0 A A

OO0 A A

OO0 A A

OO0 A A

OO A A

OO A A

OO A

OO A

O NMITLOO©MN®O

year
age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

OO0 O000O0
VOO OOOOo
OO A A A
—

0 9
0.97
1.00
1.00
1.00
1.00
1.00

NTOOOOO
8900000

00011111

O MOOOOO
08900000

00011111
08000000
00111111

o
O
O
o
0
0
o
O

(el ioloNoNoNoNe]
07000000

00111111
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00111111
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0111111

NOOOOOO
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0111111

NOOOOOO
8000000

01_1111_1

ONOOOOOO
08000000

00111111

ONOOOOOO
08000000

00111111

ONOOOOOO
08000000

00111111

ONOOOOOO
08000000

00111111

ONOOOOOO
08000000

001_1_111_1
ANMITWOON~N©0

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.0 0.00 0.00 0.00 O0.00
0.00 0.00 0.00

TOOONMOOOOO
m007600000
NOOOO A A
MNMOOMMOOOOO
m004900000
NOOOO A A
NOONMNNOOOOO
moosgooooo
NOOOO A A
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%006800000
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%006900000
0000 A A
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%006900000
—dO000O0 A A
LOONNHOOOOO
%006900000
—dO000O0 A A
TOOMMOOOOO
HDOOMNOOOOOO

—dO000O0 A A
MOON—T10000O0
NDOOTJTOWOOOOOo
0000 A A
[cNeoNolololoNoNo o)

oOMNMOOOOO0OO0o

N
-0 O
MO + + 1 o a aaxa
an.1000011111
L O
o
@

9

9

ANMIT W0 ON~O0

—
©
(<]
>

MOOMWOWNVOOOO
m.008990000
NOOOOOdA—AdAd
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—dOONTOOOO0OO
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NOOOO A A
[ejolol)RololoNoloNo)
m_004900000
NOOOO A A
[oeoNeoloNololoNoNoNo)
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NOOO A
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NOOOOO A
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OO0OOMNOOOOOO

OO0OO0OO0OO A A
OdNMI O OMNOD

age 20
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Table 2.6.3.6 North Sea Herring. Fraction of harvest before spawning.

Units :© NA

1947 1948 1949 ..o = . 2013 2014 2015

ONOUIAWNRLROD
O0OO0O0OO0OO0OO0OO
o
\‘
OO0OO0OO0O0O0O0OO
o
\‘
O0OO0OO0O0O0OO0O0O
o
\‘
O0OO0OO0O0O0OO0O0O0
o
\l
OO0OO0OO0O0OO0OO0O0O0
o
\l
O0OO0OO0O0O0OO0OO
o
\l
O0OO0OO0O0O0O0O0O0
o
\l
OO0OO0OO0O0OO0OO0O0O0
o
\‘
O0OO0OO0O0OO0O0O0O0
o
\‘
O0OO0O0O0O0O0O0O0
o
\‘
O0OO0OO0O0O0O0O0O0
o
~
OO0OO0OO0O0O0O0O0O0
o
N
OO0OO0OO0O0OO0OO0O0O0
o
N
OO0OO0OO0O0O0OO0O0O0
o
N
O0OO0OO0O0O0O0O0O0
o
N

Table 2.6.3.7 North Sea Herring. Fraction of natural mortality before spawning,.

Units :© NA
year
AGE 1947 1948 1949 ..o s s S . 2013 2014 2015

ONOUDAWNRFO
OO0OO0O0O0OO0O0O0O
)

\,
[e}eNeNoNoNeNoNeNe)
)

\,
[e}eNeNoNoNeNoNeNe)
)

\,
OO0OO0OO0OO0OO0O0O0O
)

\'
OO0OO0O0O0OO0O0O0O
)

\'
OO0OO0O0O0OO0O0O0O
)

\'
OO0OO0O0OO0O0O0O0O
)

\'
O0OO0O0O0O0O0O0O
)

\'
OO0OO0O0O0OO0O0O0O
)

\'
O0OO0O0O0O0O0O0O
)

\'
[e¥eNeNoNcNoNoNeNe)
)

N
[e}eNeRoNecNoNoNeNe)
)

N
OO0OO0O0O0O0O0O0O
)

N
O0OO0OO0OO0O0O0O0O
)

N
O0OO0O0O0O0O0O0O
)

N

Table 2.6.3.8 North Sea Herring. Survey indices.

SCAl - Configuration

Spawning component abundance index
min max plusgroup minyear maxyear startf endf
NA NA NA 1972 2015 NA NA
Index type : biomass

SCAI - Index Values

Units :© NA
year
age 1972 1973 1974 1975 1976 1977 1978 1979
all 3298.997 3235.13 2198.14 1385.457 1235.196 1634.164 2131.976 3196.972
year
age 1980 1981 1982 1983 1984 1985 1986 1987
all 3497.043 3971.085 5033.55 7725.54 12063.05 15082.29 14550.95 18357.46
year
age 1988 1989 1990 1991 1992 1993 1994 1995
all 25795.03 21847.43 20305.77 13948.55 7480.141 5083.119 4437.796 5523.62
year
age 1996 1997 1998 1999 2000 2001 2002 2003
all 7002.36 9861.96 13054.13 14179.77 16260.25 21433.49 25819.53 33197.98
year
age 2004 2005 2006 2007 2008 2009 2010 2011
all 36489.91 31851.42 29581.25 30736.25 37425.11 46831.33 47387.3 49456.26
year
age 2012 2013 2014 2015

all 57434.95 58965.15 54184.84 53163.48
HERAS - Configuration

Herring in Sub-area 4, Divisions 7.d & 3.a (autumn-spawners) . Imported from
VPA file.

min max plusgroup minyear maxyear startf endf

1.00 8.00 8.00 1989.00 2015.00 0.54 0.56
Index type : number
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Table 2.6.3.8 (continued). North Sea Herring. Survey indices.

HERAS - Index Values

Units : NA
year
1989 1990 1991 1992 1993 1994 1995 1996 1997
-1 -1 -1 -1 -1 -1 -1 -1 9361000
4090000 3306000 2634000 3734000 2984000 3185000 3849000 4497000 5960000
3903000 3521000 1700000 1378000 1637000 839000 2041000 2824000 2935000
1633000 3414000 1959000 1147000 902000 399000 672000 1087000 1441000
492000 1366000 1849000 1134000 741000 381000 299000 311000 601000
283000 392000 644000 1246000 777000 321000 203000 99000 215000
120000 210000 228000 395000 551000 326000 138000 83000 46000
66000 176000 145000 218000 296000 350000 212000 339000 237000
year
1998 1999 2000 2001 2002 2003 2004 2005 2006
4449000 5087000 24736000 6837000 23055000 9829400 5183700 3114100 6822800
5747000 3078000 2923000 12290000 4875000 18949400 3415900 2055100 3772300
2520000 4725000 2156000 3083000 8220000 3081000 9191800 3648500 1997200
1625000 1116000 3140000 1462000 1390000 4188900 2167300 5789600 2097500
982000 506000 1007000 1676000 794600 675100 2590700 1212900 4175100
445000 314000 483000 450000 1031000 494800 317100 1174900 618200
170000 139000 266000 170000 244400 568300 327600 139900 562100
166000 141000 217000 157000 270500 323200 527650 233200 154700
year
2007 2008 2009 2010 2011 2012 2013 2014 2015
6261000 3714000 4655000 14577000 10119000 7437000 6388000 11634000 6714000
2750000 2853000 5632000 4237000 4166000 4719000 2683000 4918000 9495000
1848000 1709000 2553000 4216000 2534000 4067000 3031000 2827000 2831000
898000 1485000 1023000 2453000 2173000 1738000 2895000 2939000 1591000
806000 809000 1077000 1246000 1016000 1209000 1546000 1791000 1549000
1323000 712000 674000 1332000 651000 593000 849000 1236000 926000
243000 1749000 638000 688000 688000 247000 464000 669000 520000
217000 455000 1720000 2729000 1737000 696000 842000 461000 496000

Q
«Q
o

O~NO A WNE

O~NOANPAWNEO

o)
Q
(0]

ONOO A WNE

IBTS-Q1 - Configuration

Herring in Sub-area 4, Divisions 7.d & 3.a (autumn-spawners) . Imported from

VPA file.
min max plusgroup minyear maxyear startf endf
1.00 1.00 NA  1984.00 2016.00 0.08 0.17

Index type : number

IBTS-Q1 - Index Values

Units : NA
year

age 1984 1985 1986 1987 1988 1989 1990 1991
1 1515.627 2097.28 2662.812 3692.965 4394.168 2331.566 1061.572 1286.747
year

age 1992 1993 1994 1995 1996 1997 1998 1999
1 1268.145 2794.007 1752.053 1312.789 1888.992 4410.411 2275.845 752.862
year

age 2000 2001 2002 2003 2004 2005 2006 2007
1 3721.308 2499.353 3881.426 2969.874 933.926 1006.134 903.6 1322.346
year

age 2008 2009 2010 2011 2012 2013 2014 2015
1 1761.476 2339.203 1206.327 2943.202 1357.438 1665.726 2615.018 3917.632
year

age 2016
1 778.844

IBTSO - Configuration

Herring in Sub-area 4, Divisions 7.d & 3.a (autumn-spawners) . Imported from

VPA file.
min max plusgroup minyear maxyear startf endf
0.00 0.00 NA  1992.00 2016.00 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
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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 2012 2013 2014 2015 2016

0 61.3 83.1 37.2 27.8 95.8 77.1

7

Table 2.6.3.9 North Sea Herring. Stock object configuration.

min
8

max plusgroup

minyear
8 1947

maxyear
2015

Table 2.6.3.10 North Sea Herring. sam Configuration settings.

name
desc

range

maxfbar

range

6

fleets

fleets
plus.group
states

states

states

states

states

states

states
logN.vars
catchabilities
catchabilities
catchabilities
catchabilities
catchabilities
catchabilities
catchabilities
power . law.exps
power . law.exps
power . law.exps
power . law.exps
power . law.exps
power . law.exps
power . law.exps
f.vars

f.vars

f.vars

f.vars

f.vars

f.vars

f.vars
obs.vars
obs.vars
obs.vars
obs.vars
obs.vars
obs.vars
obs.vars

Srr

cor.F

nohess

timeout
sam._binary

ma

wN

NA
NA
NA
NA

NA
NA

NA
NA

Final Assessment
min
0
catch SCAI
0 3
TRUE
age
fleet 0 1
catch 1 2
SCAI NA NA
HERAS NA NA
IBTS-Q1 NA NA
IBTSO NA NA
12222222
age
fleet 0 1
catch NA NA
SCAI NA NA
HERAS NA 3
IBTS-Q1 NA 1
IBTSO 2 NA
age
fleet 0 1
catch NA NA
SCAI NA NA
HERAS NA NA
IBTS-Q1 NA NA
I1BTSO NA NA
age
fleet 0 1
catch 1 1
SCAI NA NA
HERAS NA NA
IBTS-Q1 NA NA
IBTSO NA NA
age
fleet 0 1
catch 3 4
SCAI NA NA
HERAS NA 6
IBTS-Q1 NA 1
IBTSO 2 NA
0
FALSE
FALSE
3600

character()

X plusgroup
8 8

HERAS 1BTS-Q1
2 2

> hWw
0

NA
NA NA
NA

NA

zzz2=2
>>>>0b
zzz2=2
>>>>0ou
zzz2=2
>>>>NO

NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

minfbar

2

minyear

1947

I1BTSO
2

68 50.4 164.5 20.9 99.8

maxfbar
6

maxyear

2016

minfbar

2
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Table 2.6.3.11 North Sea Herring. FLR, R Software versions.

FLSAM.version 0.99-99
FLCore.version 2.4
R.version R version 2.13.2 (2011-09-30)
platform 1386-pc-mingw32
run.date 2016-03-31 10:13:23

Table 2.6.3.12 North Sea Herring. Stock summary.

Year Recruitment TSB SSB
Age O (Ages 2-6)
f
1947 59233629 8718868 6606908 0.1929
1948 55895811 7740679 5465368 0.1855
1949 49229323 7496899 5287870 0.2013
1950 67524429 7452052 5128294 0.2079
1951 60008693 7572244 4816415 0.2452
1952 58235169 7370529 4813293 0.2544
1953 60430228 7102803 4553468 0.2675
1954 56344771 6892883 4285090 0.3003
1955 48690768 6491473 4183642 0.2954
1956 35855230 5856133 3851326 0.2946
1957 92711215 6004381 3495024 0.3119
1958 34483793 5914988 2867491 0.3212
1959 39467969 6343873 4267681 0.3420
1960 16014418 5219958 3565304 0.2967
1961 75300701 5341409 3314789 0.3338
1962 35180412 4975319 2365706 0.3686
1963 44678368 5526139 3489199 0.2616
1964 47870021 5531668 3077887 0.3587
1965 23700341 4911058 2388769 0.5829
1966 23724053 3696881 1861499 0.5934
1967 31046604 2899358 1174912 0.7768
1968 31484314 2475616 639915 1.1588
1969 15556669 1901208 593052 1.0576
1970 31832553 1863562 563575 1.1131
1971 24618285 1741052 388221 1.5154
1972 16869199 1518145 391398 0.8165
1973 8418986 1179971 335585 1.0343
1974 15855072 875018 223639 1.0580
1975 3392237 695927 130393 1.3006
1976 4210113 484562 193974 1.0895
1977 4723214 339422 141797 0.5284
1978 4985279 387705 174968 0.3929
1979 9426166 500318 209827 0.3198
1980 14461493 684881 226887 0.2610
1981 32443154 1206218 335226 0.2854
1982 51084925 1813919 465395 0.2574
1983 47583661 2438759 700607 0.3165
1984 43618852 3075568 1127935 0.4140
1985 52169052 3485075 1176486 0.5352
1986 60068732 3933342 1189074 0.5142
1987 61898097 3941217 1379390 0.5031
1988 31610503 3941217 1752797 0.4882
1989 26376921 3321742 1766344 0.4667
1990 21638831 3217129 1812616 0.3961
1991 23324153 2990646 1570034 0.4299
1992 45262978 3002633 1213926 0.4817
1993 39586551 2780107 869432 0.5545
1994 28036001 2450984 921695 0.5793
1995 36433528 2385693 977517 0.5201
1996 33264456 2502999 1118315 0.3183
1997 22953936 2676445 1288433 0.2775
1998 16751527 2882014 1532269 0.3094
1999 53865459 2925570 1601859 0.2926
2000 37132383 3685807 1599949 0.2934
2001 65136785 4164055 2192088 0.2578
2002 34346133 4867057 2518886 0.2407
2003 16518640 5272420 2565590 0.2727
2004 19638451 4474924 2525892 0.3339
2005 18201235 3771563 2407568 0.3554
2006 21189154 3128299 1884011 0.3161

tonnes
581760
502100
508500
491700
600400
664400
698500
762900
806400
675200
682900
670500
784500
696200
696700
627800
716000
871200
1168800
895500
695500
717800
546700
563100
520100
497500
484000
275100
312800
174800
46000
11000
25100
70764
174879
275079
387202
428631
613780
671488
792058
887686
787899
645229
658008
716799
671397
568234
579371
275098
264313
391628
363163
388157
374065
394709
482281
587698
663813
514597

OFROROORRRRPRORRPRRORRRPRRPRRPRRPRORPRRRPRPRPROOOOOROORRRPRRRORRRERRRPRERRERRPRRERRRERERE

Fbar Landings Landings

SOP

.4609
.3326
-4502
.3073
.3238
.2720

1979

-2509
.0598
.2712
.1575
.1674
.5186

1830

.1348
.1705
.8602
.0656

1496

.0707

1757

.2551
.9674
-9657
.0747
.9197
.9575
-9680
.9343
-9530

1979

.2152
-0056
.0936
.0081
.9786
.0771
.0543
.0419
.1373
.0173
.1641
.0335
.0515
.0197
-9950
.0231
.0498
.0084
.9987
-0006
.0018
-0000
.0004
.9901
.9974
.0153
-9985
.0033
-9950

| 101
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2007 20542367 2657775 1507253
2008 21295365 2695246 1579044
2009 27896171 3106477 1953101
2010 27180218 3609212 2041223
2011 23324153 3689494 2404222
2012 25597366 3767793 2619185
2013 30280061 3641841 2342149
2014 38339835 3813279 2267215
2015 13524319 3836227 2160125
2016 23394231

.2759 406482
1768 257870
1066 168443
.1106 187611
1425 226478
.2218 434710
.2666 511416
.2797 517356
.3234 494099

.0056
.0040
.0023
-0034
.9938
.0109
.0014
-0029
.0017

O0OO0O0OO0OO0O0OO0
RRRRORRRR

Table 2.6.3.13 North Sea Herring. Estimated fishing mortality.

Units : F
year

1947 1948 1949 1950 1951 1952
.0039802924 0.0039810885 0.0039830796 0.003977905 0.003979894 0.003980292
.0001910835 0.0001910835 0.0009252006 0.004480144 0.021651079 0.041681412
.0481516439 0.0353661546 0.0443164207 0.060048663 0.090211353 0.127607006
1015605608 0.1164841578 0.1169861181 0.132324241 0.158595237 0.145337014
1094267394 0.1198876769 0.1282851190 0.158151792 0.215003709 0.190691183

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

o)
Q
(0]

.1481248174 0.1569073147 0.1639489795 0.163082349 0.216969172 0.210388386
.2605657631 0.2340782074 0.2679915041 0.246325856 0.234335835 0.271389560
.2711454191 0.2615577967 0.3334707912 0.263764136 0.235816811 0.325269893
.2711454191 0.2615577967 0.3334707912 0.263764136 0.235816811 0.325269893
year

O~NOOUORAWNEO
[eNeoNoNoNoloNoNeoNe)

1953 1954 1955 1956 1957 1958
-003979894 0.00549784 0.005038232 0.004237847 0.004537859 0.004737243
.061920746 0.08340058 0.133720965 0.127990402 0.163261838 0.145904935
-153938824 0.18264699 0.215822277 0.271036983 0.257998889 0.280410690
.180215846 0.22700119 0.230293660 0.236170802 0.241955852 0.271769771
.185277607 0.19082471 0.193941250 0.204538307 0.211993429 0.203457122

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

QD
Q
[0}

-206036900 0.22135224 0.195812052 0.186001601 0.234171857 0.259421792
.266068895 0.28430718 0.257457660 0.207359765 0.225395194 0.201311866
-311891471 0.35904771 0.200167653 0.223375738 0.230224583 0.147651576
.311891471 0.35904771 0.200167653 0.223375738 0.230224583 0.147651576
year

oO~NONA~AWNEFEO
[eNeoNoNoNoNoNoNoNo]

1959 1960 1961 1962 1963 1964
-009002977 0.01727318 0.02094616 0.007971361 0.01389536 0.01496562
-180630820 0.19891056 0.10063049 0.096154404 0.12851624 0.25433576
.303492008 0.30807870 0.34099073 0.210178103 0.24561255 0.32413344
.267589818 0.22738742 0.25748341 0.338815353 0.24329028 0.32462000
-239165380 0.19774044 0.24669562 0.289992563 0.19779977 0.29475818

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

@

ag

.236619953 0.17737307 0.22512488 0.274144483 0.17994573 0.27706587
.252410134 0.23059324 0.24433868 0.329032088 0.16597800 0.25988917
.255482849 0.27518821 0.21651401 0.288777149 0.16972089 0.21318392
.255482849 0.27518821 0.21651401 0.288777149 0.16972089 0.21318392
year

O~NOOAPAWNEO
[eNeoNoloNoNoNoNoNe)

1965 1966 1967 1968 1969 1970
.01178415 0.02275205 0.03084749 0.03466586 0.01492526 0.03788879
.24718951 0.22355451 0.29311214 0.31273472 0.32827618 0.30727874
-50790544 0.49177696 0.48887424 0.94248809 0.73746990 0.79988285
-51052790 0.54256358 0.70675585 1.34848265 0.84416273 1.01309095
.49583107 0.48622199 0.67711104 0.81055182 0.78617175 0.98504791

0 0 0 0 0
0 0 0 1 1
0 0 1 1 0
0 0 1 1 0

Q
Q
[]

47449699 0.60835298 0.70662158 0.89357054 0.85496906 0.85718630
-44039202 0.39033888 0.73545200 0.96448307 1.29507680 1.15696477
.47543743 0.57372218 0.97408374 1.18930607 1.05078552 0.99824085
47543743 0.57372218 0.97408374 1.18930607 1.05078552 0.99824085
year

O~NOOUNAWNEO
[eNeoNoNoNoNoNoNeoNa)

1971 1972 1973 1974 1975 1976 1977
.04438295 0.06398542 0.05901285 0.09284721 0.1184221 0.09192337 0.08869072
.59668258 0.60823133 0.67336348 0.48902581 0.5868888 0.19657721 0.13559266
.76175523 0.74377999 0.86174145 0.90760139 1.0176459 0.69826960 0.19551855
-94817518 0.74904217 1.01351856 0.86874990 1.1215481 0.97994189 0.53606492
-96528006 0.70602121 0.79845234 0.83558767 1.0001377 0.91591382 0.34362649

0 0 1 1 0 0
0 1 0 0 0 0
0 0 0 1 1 0
0 0 0 1 1 0

@

ag

.77085114 0.57775811 0.78598309 1.00971913 1.3205918 0.96706652 0.51918760
.07867713 0.67742258 1.03148035 0.95707646 0.9845998 0.69415500 0.37621669
.42857865 0.37191126 0.61706556 0.83474416 1.5843750 1.09333647 0.48266618
.42857865 0.37191126 0.61706556 0.83474416 1.5843750 1.09333647 0.48266618

O~NOOOBA~WNEO
PRPWOOOOOO
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Table 2.6.3.13 (continued). North Sea Herring. Estimated fishing mortality.

year

1978
.1116150
.1251553
.2047020
.3466291
.2782320
.3758219
.2221283
.4043478
.4043478

QD
Q
[0}

DOOOOOO0OO0OO0OO0

1985
.1314669
.3404115
.3113617
4467661
.4964661
.4653991
.4842616
.5851541
.5851541
year

m\lmmhwmn—\om\é oO~NOOONA~WNEFEO

[eNeoNoNoNoloNoNeoNe)

1992
.3360484
.3736970
-4313653
-3654960
.3873913
-3952092
-4493919
4272782
4272782
year

ag

oo

O~NOO A WNPE
[eNeoNoNoNoNoNoNeoNo)

1999
.03913258
.05752130
.17185572
.24855280
.25286488
.27117254
.25947368
.15310980
.15310980
year

D
Q
[0}

O~NOAPA~WNEFEO
[eNeoNoNoNoNoNoNoNe]

2005
.07699614
.10531494
.12324266
.16162119
.24783304
.40406077
51633990
.69065835
.69065835
year

ONOOANRARWNELO®
[eNeoNoNoNoloNoNeoNe)

2011
.04656528
.01881878
.07079266
-10275580
-11665902
.15167731
.14183370
.12760701
-12760701

Q
Q
[]

oO~NOOBAWNEFO
[eNeoNoNoNoNoNoNoNe]

1979

.1313881
.1200797
.2213522
-3052269

.3137057
.1198637
-2849903
.2849903

1986

-1046849
.3471841
-3363174
.3988619

-4310462
.5277355
.6046896
.6046896

1993

-4073225
-3793599
.4709422
-4657669

-4246330
.AT76677
.5210184
.5210184

0
0
0
0
.4895396 0.
0
0
0
0

2000
.04271522
.06203230
-16022119
.22987950
.26113964
-29130047
.26780398
.15777268
.15777268

2006
.06191455
-04600064
-10997524
.17481972
-25619920
.32229113
.42891351
.61543250
.61543250

2012
.04228597
-03990315
.08342561
.15343166
.18941782
.23398459
.24820506
.29772055
.29772055

1980

0.15907174
0.10721705
0.24326595
0.27845467
.2155634 0.
0
0
0
0

20002758

.24770915
.07262835
.15815179
.15815179

1987

0.1793888
0.4079217
0.3385783
0.3662643
.4386866 0.
0
0
0
0

4348170

.4613354
-4999636
.4685558
-4685558

1994

.2752983
.2206671
-4615523
.4876682

6380427

.4132924
.4337704
.4236744
.4236744

[eNeoNoloNoloNoNeoNe)

1981
-4368742
.2347345
.2243608
.2299715
.2216845
.2561736
.2171428
-4605794
-4605794

1988

.1567191
.5462164
-3110194
-3336709
.4242637
.4747533
-5020126
.5081442
.5081442

2001
-04012322
.05630342
-09286579
.20775412

-25009861
.25882581
.17361762
.17361762

0
0
0
0
0.24453423
0
0
0
0

2007
.04755349
.03775641
.08700410
.17915570

-30023193
-31154858
.49302273
-49302273

0
0
0
0
0.24387487
0
0
0
0

2013
.02690078
-04946450
.08671746
.14288717

.29588039
-34496925
-43706647
-43706647

0
0
0
0
0.21770812
0
0
0
0

1995

0.2720689
0.2277288
0.3419468
0.4501925
0.
0
0
0
0

4455303

-4911970
-4122398
.3759384
.3759384

1982
-4035278
.2010503
-2039460
.2986150
.2195007
.1678474
.1521635
.2232194
.2232194

1989

.1612983
.4160374
-3155936
.3219046
-4300000
-4507015
-4497425
.4704385
-4704385

1996

.09828341
.16388341
-19040536
.27063073
.24583370
.26955037
.29352279
-14291575
-14291575

2002

0.03291259 0 0
0.03941929 0 0
0.10051986 0 0
0.16092771 0O 0
0.23950045 0.23154061 0.25892936
0.23993194 0 0
0.24531799 0 0
0.22215054 0 0
0.22215054 0 0

2008

0.05166369 0 0
0.03331325 0 0
0.09022037 0O 0
0.11176017 O 0
0.15223955 0.09895402 0.09046430
0.19280037 0O 0
0.17877987 0O 0
0.23356380 0 0
0.23356380 0 0

2014

0.04981197 0O 0
0.03298178 0 0
0.08228224 0 0
0.14410688 0 0
0.23952440 0.20301001 0.20301001
0.32020304 0O 0
0.34784441 0 0
0.45426252 0 0
0.45426252 0 0

[eNeoNoNoNoNoNoNoNe]

1983
-4475129
.2363835
.2240245
-2646889
.2859896
.2534978
.2679379
-3861189
-3861189

1990

-1025505
.4491672
-3064196
.2867341

-3890723
-3361829
.3784997
.3784997

0
0
0
0
0.
0
0
0
0

0
0
0
0
.3469412 O.
0
0
0
0

1997
-03128239
.04811314
-16009306
.22659296
24875172
.24825471
.23985997
.18583427
.18583427

2003

-03534848
.05795433
.08851352
.16186381

-35625803
.28659076
.25172955
.25172955

2009

.03631589
-02554279
-06199510
.06067036

.11220811
-09267097
.12420771
.12420771

2015

.05832059
.03241610
.07212172
-10073117

.34483129
-49088274
.66878008
.66878008

1984

.2561736
.2171428
-2507999
-3257582
-3925348
.3944827
-3480532
-5465989
-5465989

-1
.3
.4
.3

3

.3
.3
.3
.3

0
0
0
0
0.
0
0
0
0

1991
623014
315091
117784
293942
430428
584378
736447
012545
012545

1998
.02487978
.11697442
.17808399
-23990794
25446296
.27656760
.31167322
-16873936
-16873936

2004

-05369690
-04572089
.09787149
-15763075

-36589825
.48104714
.37696988
.37696988

2010

.03360434
-02987002
.06837828
.07608532

.11723205
-09801841
.09482710
-09482710

2016

.05808197
-03246476
.07212172
-10073117

.34483129
-49088274
.66878008
.66878008

| 103
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Table 2.6.3.14 North Sea Herring. Estimated population abundance.

Units :© NA
year

1947 1948 1949 1950 1951 1952 1953 1954
59233629 55895811 49229323 67524429 60008693.4 58235168.5 60430228 56344771
19346073 24179120 22839453 19326736 28374459.9 24227526.4 23535018 25368023
11983006 9539961 13483806 11319076 9165894.2 13216809.2 11172880 10777811
5251372 7145548 7018078 9939229 7377902.9 5378929.9 7311800 6274473
7370529 3392237 4012801 4965378 6892883.1 4218541.5 3315105 4016816

7 6

4 2

2 6

8 1

ag

4501855 4794596 2184724 2385693 3464226. 3996781. 2455891 2028891

3719129 2847637 3014667 1353223 1504543. 2109581. 2376169 1468864

2076096 2069878 1694672 1669442 777625. 898965. 1194215 1349170

6287034 4742144 3968902 3005637 2679122. 2128653. 1677810 1647880
year

O~NOUNAWNEFLROOD

1955 1956 1957 1958 1959 1960 1961
48690767 .9 35855230 92711215 34483792.9 39467969.4 16014418.0 75300700.8
22297831.7 19875532 13456866 43706177.0 13429978.9 17296245.3 5142243.
12019008.5 9074692 8841791 5142243.4 21660480.9 5293551.8 7088611.

5974434.5 6824298 4201701 4818629.0 2433886.7 11863772.7 2579226.
3242969.6 3269017 3878659 2152197.6 2566362.3 1185885.1 7534477.
5 5 0 5
2 4 7 3
7 5 5 5
1 9 0 6

QD
«Q
[0}

2249008. 1812106 1874776 2258022. 1241710. 1338419. 707151.

1161241. 1310606 1116825 1037163. 1222000. 677388. 861990.

802911. 641138 782305 652130. 618467. 657368. 382697.

1542631. 1503040 1298863 1205011. 1284654. 1116824. 952647.
year

O~NOAPA~WNEO
WhOBNNN A

1962 1963 1964 1965 1966 1967
35180411.7 44678367.8 47870021.0 23700341.1 23724053.3 31046604.
32900552.2 14768395.3 17575211.0 19935248.4 9684139.5 9029431.

1963030.5 16387018.1 6803855.5 6299620.8 7857664.6 3957013.
3041921.7 1081651.9 9597373.3 3576874.7 2240030.4 3295274.
1409858.6 1231815.9 675359.2 5378929.9 1451343.2 868914.

2 3 4 7 0

2 4 6 2 9

3 0 5 1 1

6 3 6 1 7

o)
Q
oD

4606597 . 677388. 727231. 406768. 2244515. 668639.
412916. 2388079. 456799. 412091. 187962. 851708.
527023. 201189. 1550363. 280969. 187775. 100007 .
788588. 712831. 563543. 1370930. 809360. 435826.

year

ONOONPAWNEO
NOTooWwWulhOoh

1968 1969 1970 1971 1972 1973
31484313.6 15556669.32 31832552.89 24618284.57 16869199.4612 8418986.409
12347942 .4 12212859.35 6401225.41 12685878.45 9840331.9184 6407629.835

3162900.4 4461519.67 4256679.69 2480572.65 3348422.8436 2679122.839
1886059.0 708567.07 1516627.99 1247934.07 806129.7591 1110143.673
1213476.6 306508.27 218600.25 375494 .84 322868.3713 296262.155

6

2

4

4

Q
Q
[]

299239. 382697.45 98715.77 56556.76 96374.7966 120330.813

248948. 83199.78 118657.92 29732.62 18153.1613 42616.637

285215. 70474.06 15951.37 28969.53 925.6535 7528.115

154662 . 97635.85 43870.61 16595.72 7610.6206 4624.391
year

oO~NOA~WNEFO

1974 1975 1976 1977 1978 1979
15855071 .887 3392236.51 4210112.806 4723213.726 4985279.360 9426166.027
3072493.485 6702559.32 1047587.019 1612022.242 1832148.720 1783342.553
1556577.408 940343.02 1854266.949 387317.481 707858.858 794922.576
764517 .351 423792.83 212564.340 559612.579 266199.152 403124.207
267266.081 237755.95 90853.173 50614.835 220135.820 162917.628
98814 .536 82536.84 61267 .206 21995.650 28085.255 114005.275
40619.357 26476.16 14760.353 16068.241 9167.318 15487 .678
11124 .443 11465.53 7087 .585 5095.943 7874.618 5212.944
5292.786 5557.48 2513.672 2313.461 3411.816 5499.431
year

Q
«Q
0]

O~NOAPA~WNEO

1980 1981 1982 1983 1984 1985
14461492.715 32443153.74 51084924.90 47583660.81 43618851.99 52169051.82
3555477.749 5465684.92 8692750.84 15634647.45 13085299.73 14991590.97
725778.391 1662777.58 2010713.11 3416065.47 6212040.61 5632139.81
434955.932  356111.80 962221.55 1141666.96 1872902.64 3485074.57
213629.824  227294.09  207523.53  494845.07 685565.96 1003495.54
115266.256 132190.59 125869.38 132190.59  269952.15 357896.82
58454.269 82371.93 71467 .64 92595.89 83116.62 129702.68
11193.628 44936.25 52208.47 47762.69 58923.78 47619.61
5690.765 13002.54 29114.74 60054.03 64796.05 62692.68

o)
Q
oD

ONOOUNAWNEO
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Table 2.6.3.14 (continued). North Sea Herring. Estimated population abundance.

QD D QD QD
Q «Q «Q Q
[0} O~NOUNAWNRELROOD ONOOANRAWNEFLO® O~NOONAWNRFRLO®

O~NOAPA~WNEFEO

ONOOANRARWNELO®

year
1

60068732.
21856305.
5193923.
2925570.
1541089.
433219.
168720.
58395.
53423.

year
19

45262978.
9587780.
4239687 .
1698065.
1279525.
1217122.
1104606.

417483.
217510.

year
19

16751527.
10564395.
8469652.
2993638.
1438339.
822414.
350109.
115036.
151751.

year
20
19638451

6756394.
5998380.
11161713.
2649814.
2847636.
449998.

313639
474492

year
20

27180218.
12225078.
5256626.
3859314.
1824834.
913464.
807743.
445966.
1522706.

986
13
08
80
32
20
58

92
3
-
0
1
=
5
8
4
0

98

ODORPNNNNO D

04

2
9
1
0
0
8
7
7
0

10

3
3
3
0
8
7
6
9
6

6189809
2699062
843584
250550
148066
74192
21642
7596
4882

1987
7.
1.
1.
2.
2.
2.
5.
2.
5.

1993
39586551.
15572233.

3620055.
1861698.
906186.
688313.
659343.
541446.
331041.

1
8
8
9
1
7
6
7
8

1999
53865459.
7474441.
4629687 .
5411300.
1530339.
675359.
397519.
174730.
141775.

2
8
8
4
2
2
8
5
5

2005

18201234
8684062
3450397
3870909
7011063
1542631
1489572

211292
370274

9
4
5
3
8
1
9
8
5

2011

23324153

12261808.
6543612.
3351772.
2424170.
1112366.

583033.
544160.
1306679.

2
6
9
9
6
2
5
8
8

37
18
23
82
23
45
14
87
11

2
1

3
2

2

2

31610503.
24642915.
9781466.
4381930.
1262999.
741180.
359331.
103362.
63703.

1

1994

8036001.
2188458.
5411300.
1436902.
765282.
385385.
324162.
299239.
379268.

2
0
4
1
3
7
4
6
6

2000

7132382.
5648611.
4479401.
2631330.
3166064.
921723.
397917.
226386.
180232.

9
6
5
1
8
0
5
7
0

2006

1189153.
6976096.
4528946.
2244515.
2354879.
4252425.
773746.
667303.
223016.

9
0
9
0
2
1
8
3
3

2012

5597365.
9313728.
6569839.
4960415.
2470670.
1602379.

724328.

364397.
1065548.

7
0
8
2
2
1
3
3
2

988 1989 19
10 26376921.50 21638831.
17 12787772.51 10617349.
70 6837960.00 4235449.
77 5416714.45 3700579.
49 2438759.34 3355126
90 632857.15 1333076.
27 359690.78  336717.
76 169396.94 187399.
83 81226.76 139246.

1995 1996
36433527.7 33264456.08
10303559.7 13085299.73

5509585.8 4694959.29
2431454.0 2744199.58
700115.1 1031990.48
305895.9  307429.17
186838.5 117594.79
154507.8 86595.23
308970.2  235861.49

2001 2002
65136784.9 34346133.2 1
14931744 .4 30706963.2 1
12839026.0 7032128.6 1

2928497.4 8088873.2
1497039.4 1595982.4
1708284.1  824061.1
476870.4  983625.0
218163.5  264871.5
207731.2  264342.3
2007 2008
20542367.1 21295365.0 2
8640750.5 9559060.4
3361843.4 4290869.7
2725057.3 2016754.3
1391649.1 1652830.8
1271871.5 876770.0
2333780.4  767581.5
385385.7 1486596.7
373995.9  433219.6

2013 2014
30280061.0 38339835 135
10799387.7 15463609 164

4519898.1 5700133 96
4260938.5 3134562 32
3298571.3 3131429 18
1767364.5 2026863 17
1056001.3 1113479 11
449998.7 622812 6
869783.8 639857 6

Table 2.6.3.15 North Sea Herring. Predicted catch numbers at age.

uni

o)
Q
(0]

O~NOOUUAWNEO

ts :© NA
year
1
465561 .
425789.
649397.
531787.
736599.
430068.
1302505.
3310.
273894.

947
741
342
312
898
792
596
141
485
973

194
659937.
325591.
597912.
512881.
415692.
951695.
483110.
650892.
410692.

8

2
9
7
4
0
1
2
6
5

2

54944 .

337
608
436
654
910

1950
695.
103.
219.
155.

1136200.

581
271
142

287.
034.

5
3
1
3
182.1
1
1
1
457.6

4
7
13
6
6
6
4
2
5

1951
90754.9 1585
10838.1 10172
11654.7 13219
11824.0 10150
23435.1 4773
51934.9 3930
32959.7 4790
18054.4 2794
16535.9 3927

90
2 23324
9 10049
4 3704
5 2226
-4 2165
5 1897
6 726
9 193
4 169

1

22953936.
15172573.
5838590.
2697942.
1492555.
584785.
185720.
62504 .
197797.

200
6518640.
4504942.
8146713.
4155735.
4818629.

879404.
516587.
569776.
302549.

200
7896171.
9616587.
5671703.
2525627.
1235516.
1052838.

584785.
527023.
1401424.

2015
24318.6
19824.9
06975.4
59225.0
48712.5
88700.6
25795.0
13539.5
48878.0

1952
7.
36.
25.
00.
47 .
92.
21.
83.
38.

20
146
149
107

59

34

31

35

43

O, DMUITOO WN

1991
153.
164.
282.
630.
149.
409.
504.
881.
566.

OO WOOUWOON

997

3

AOOTWOOOWO

9

OWWHFR ONRFENPRE

2016
23394230.
5493081.
8788898.
6249424 .
2120155.
1106818.
938464.
516587.
494350.

GUINN U1© © 0~

1953
4045 .
3000.
4347 .
4214.
3979.
6348.
3984.
5791.
4782.

OhrhOONANNOUI OO
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Table 2.6.3.15 (continued). North Sea Herring. Predicted catch numbers at age.

QD
Q
1
[
(<}

oO~NoOOhWNEFO
N
e}
[0}
©
N
i

243726.

year
19

Q
«Q
(0]

ONOONRAWNEO

year
1

Q
Q
[]

O~NOOUNAWNEO

year

D
Q
[0}

O~NOAPA~WNEFEO

year
1

NOODAWNEFLO®

year
1

Q
Q
[]

oO~NOOBAWNEFO

2175349.
309248.
739700.
303094.
950839.
100077 .
115335.
172594.
407542.

2497997.
1966960.
346902.
144422 .
192163.
53524.
40696.
56392.
783009.

2207122.
511754.
247038.
130796.

53476.
14571.
8187.
3969.
246471.

2399569.
577289.
228410.
106819.

25941.
19149.
13694.
17225.

8 6932284.

3269998.
1590883.
1314937.
761922.
206922.
117735.
58081.
27847.
1519056.

61
1
2

7
4
0
5
0
5
4
5
3

968
58
47
83
74
14
78
61
98
42

1974
083
348
630
767
629
459
796
082
094

982
73
99
56
95
52
27
78
74
70

988
22
37
90
41
58
99
36
54
54

262157.

19
286582.
968003.
196988.
188376.

95817.
314581.
27326.
96867 .
470005.

1236876.
1985735.
832925.
119193.
49667 .
71797.
8936.
24582.
707717.

134887.
787327.
114611.
47334.
33329.
6456.
4200.
1489.
268015.

1

1865052.
1163566.
450178.
194580.
77699.
21626.
22354.
24585.
4514928.

1

2906906.
963569.
813336.
878437.
387123.

86838.
53911.
40050.
2529165.

WOOOOWOOOWANOD
(o]

2

62

45 2
311
38 2

1969
737
634
932
083
198
146
238
744
301

1975
989
832
107
751
561
547
799
864
475

983

989

32722.

196
871083.3
570806.9
249458.3
147251.9
151493.8

90228.4
259263.4
94277.7
183505.5

1

4226986.
1118948.
658355.
202177.
26505.
26058.
19731.
11308.
694189.

146414.
57210.
198193.
12600.
7738.
4377.
1720.
781.
1451488.

19
3187986.
1276969.
1093615.

345967.
118326.
44418.
19106.
25139.
4212218.

19
2144678.
1082734.

551391.
560957.
514628.
204863.

45944 .

40179.
9459215.

143932.

3 19
8 3176212.
1 2104313.
2 1216149.
0 1805232.
0 133026.
4 127325.
5 93209.
0 454566.
1 352956.

970

98 332340
54 148644
28 36406
24 14120
30 3673
52 779
47 25
27 206
32 32071

1976

1288

1

64
48
83
16
59
02
24
04
73
47

3.
8.
9.
9.
1.
8.
1.
9.
2.

73

81262.2 1
19
1408731.
2561234.
798507 .
479932.
888420.

52585.

72041.
310363.
624308.

1971

6117 2332
0902 1313
4773 611
5166 141
8682 57
2919 24
6829 3
2262 1
3839 930

1977

9511 258047.7695
9161 131124.1679
6773  90219.4216
9817  33193.1896
8626  21969.4911
1802 3556.4922
4824 1447.0322

5.6614

2974 8026025.4440 11

84 1985 1

23 4742144.
18 1261610.
79 840876.
46 483593.
14 135252.
00 62006.
23 24079.
61  22037.
39 7256440.

2 6732788.
6 2069463.
3 673807.
2 463981.
8 245683.
4 76557.
1  25835.
8 16622.
6 3289019.

90 1991 19

04 2285282.
13 1287740.
30 457576.
26 365857.
21 357253.
67 361276.
99 132309.
01  68940.
41 9751191.

3 3792742
0 1178555

9 609869.
0 312106.

8 213587

1 225776.
1 200385.
6 122491.

0 4932714

032609.

65

20 1672
69 1282
79 1427
14 368
10 294
73 387
67 55
66 240
55 710

1972
847.075
754.991
212.519
181.278
233.805
170.786
056.330
877.413
148.937

1
823731.
279987

62486.
38870.
26019.
14056.
14792
4280.
898227

986

92
.8 1859
.4 1732
3 486
6 321
.1 116
3 102
8 93
9 119
5

6350

OUIOONNOOWW

1

1

1

115.
985.
878.
943.
990.
549.
243.
602.
340.

88
78
38
13
5
2

25

980
577

.433

137
854
460
216

.861

906

.531

1

652.
541.
795.
515.
716.
693.
938.

062

854.

ICES HAWG REPORT 2016

1960
355009.56
709309.42
493806.98
404651.80
122602.17
161296.57

64919.28
161571.01
184480.68

966 1967
25 2420053.00
06 1642122.22
02 1216757.39
94 583733.60
96 154786.19
94 135442.16
17 176839.89
15 95932.49
70 152344.55

1973
2928.939
7879.155
0598.389
1124.168
5033.645
1931.078
5543.825
2637.614
2029.141

1981
1144410.254
311358.419
213096.416
35277.477
16950.286
8831.764
9292 .473
5185.233
12141015.631

1987

81 7805194.25
60 2240478.46
67 1094709.95
52 389804.26
65 252205.62
70 128027.45
38  37597.77
46  23169.68
32 2832300.96

993 1994
13 1627083.98
56 1375461.68
79 770349.82
17 222570.68
13 106212.81
08 56664.32
91 43914.51
.04 87851.22
95 2252835.04
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Table 2.6.3.15 (continued). North Sea Herring. Predicted catch numbers at age.

year
1995
1533709.70
697738.73
564615.36
197501.21
64569.67
26747.60
10398.74
28325.00
507017.10
year
age 2002
597076.19
1268949 .56
525392.04
859838.62
229923.06
112724.27
112173.27
59593.39
704046.72
year

QD
Q
[0}

oO~NOOONA~WNEFEO

ONOONRAWNEO

2009
269574.48
289844 .54
240001.39
135279.73

87125.07
65427.63
35284.53
120559.66
727231.40

Q
Q
[]

O~NOOUNAWNEO

Table 2.6.3.16 North Sea Herring.

Units :© NA
year

194
0.4119610
-0.1779560
-0.1226390
-0.0758853
.0968809
0.0080343
0.0243318
-0.6837940
-0.7179860

ag

O~NOOANPAWNEFL OO
o

195
0.2952930
-0.0572149
-0.0065002
0.2337290
-0351600
0.2877300
0.1853730
0.2351830
0.6013390

O~NOOANPRAWNEFPO®
|
o

1959
0.385328
-0.166128
-0.234784
-0.615257
. 749031
-0.238004
-0.342661
0.533132
0.861275

Q
Q
D

O~NOOUOAWNEO
|
o

1
548421.
739182.
473165.
288456.
114096.

35323.
9567.
30284.
293343.

926713.

201
172111.8
375457.2
279065.0
229532.5
135388.0

67043.7
57199.4
137406.6
726940.5

7
0 0.125
0 0.051
0 0.035
0 -0.192
0 -0.143
5 -0.138
0 -0.073
0 -0.073
0 -0.252

3

0 0.062
0 0.189
7 -0.027
0 -0.025
0 -0.114
0 -0.138
0 0.072
0 -0.208
0 -0.466

19
-0.38198
0.69525
-0.19848
0.24860
0.07840
-0.07917
-0.20747
-0.44157
-1.09832

996 1997

812 896631.
408 1180442.
263 551722.
623 283452.
516 176222.
368  83641.
814 16105.
763  21229.
630 1462854.

03 20
3 639473.
8 330116.
6 487770.
.9 1322851.
.2 445699.
2 526233.
4 93582.
3 163865.
7 873357.

0 2011
8 276150.14
9 444186.59
0 605070.34
2 368648.91
0 290802.61
1 139190.67
8 82892.51
4 242486.18
7 550895.27

1948
8110
4049

6510
1810 -

1954

1706 -0.1774880
9550 -0.1120270
3415 0.2512880
9581 0.0581426
3100 0.0153593
7530 -0.4093050
3088 -0.3225520
6920 -0.2698980
8300 0.4013460

60 19
60 -0.09112
90 -0.95301
90 .52160
10 .69726
51 .89628
28 .88414
40 .85467
70 .01077
00 .34626

[eNeNoNoNoNoNe)

2
5
2
5
0
9
2
3
1

04
21
20
36
25
39
34
62
30
27

1

19

0.0832612 -0.
0.2355460 -0.
7597 0.3542030
0.1991420
0.1350780
3730 0.0225546
7944 -0.0129414
9201 -0.4231290 -
8850 -0.0138712 -

19

61
14
90
60
40
00
10
40
53
40

8 317
9 621
3 1025
5 299
3 141
1 80
4 22
5 18
8 1086

2312
3894
3038
4570
10136
2355
2713
906
6535

20

397519.
319751.
488649.
560845.
395893.
270925.
141747 .
273949.
277096.

49

[eNeoNoNoNoNoNe)

55

[eNeoloNoNoNoNoNoNe)

-0.13
-0.01
-0.73
-1.20
-1.20
-1.17
-0.73
-0.15

0.23

-3984030
-0615856

.6903440
-5589740
-1263430
-0119389

1998
489.49 11579
008.47 5595
919.66 4636
509.08 6360
789.66 2054
708.57 828
287.92 295
081.24 235
747 .66 17767

2005 20

60.49 236735.
53.60 231491.
83.60 377905.
28.03 258383.
82.20 285072.
31.51 543671.
59.56 132190.
89.78 128258.
66.78 733806.

12 2013

8 7
7 7
1 8
1 .3
3 482917.0
7 0
1 0
8 1
9 1

Catch at age residuals.

1950
0744350
0685275

1956

1962

30700 0.2394720 O
56725 -0.1041120 O
48450 -0.0199880 0O
75400 0.0536984 0
07800 -0.1150360 0.60
06600 0.1919320 O
98970 -0.0426435 0
15850 -0.4296530 0
23260 -0.6484600 O

1999

94.
56.
56.
29.
99.
75.
96.
59.
56.

06

8
9
7
4
8
2
6
1
0

28 607
62 952
85 469
36 283
73 332
93 96
16 31
87 29
38 766

2

232349.
306753.

180177

199845.
132561.
108945.

271142

78991.
680239.

2014

395774.
563205.
266838.
293637.

383924.
266199.
281587.
465561 .

5
6
8
1
454566.7
0
2
9
7

1951

-0.364471000
0.108174000
0.179287000

-0.418905000

-3627590 -0.151437000
0.000460292
0.257906000
0.294256000
0.260621000

1957
.0246782 -0.4347050
-0733138 -0.0157957
.1260010 -0.1228850
.2361390 0.2211280
.1388730 -0.3237270
.1505250 0.2593620
.2339940 -0.3843950
.1746080 -0.2383520
-3111440 -0.7396250

[eNeoloNoNoNoNoNole)

1963

.07

.59
.84

.65
.86
.29
.24

2000
252.52
837.83
535.88 1
084.30
268.95
047.68
048.32
557.71
814.35

007

97 1805
57 2830
-90 1256
53 996
24 962
17 448
.56 538
85 1430
35 6144

2
425789.
649397
531787
736599.
430068.

1302505.
3310.
273894.
659937

-0.23223
0.03930
0.00022

-0.08258

-0.04853

-0.12668

-0.04727

-0.01995

-0.00711

1958
-0066121
-3000530
.0813079
-4534800
-2420280
.2110430
.0498918
.6535130
-2965100

1964
16326 -0

.3642400 O.

33420 -0
67810 -0

30720 O.

71330 -0
52340 -0

01380 O.
71440 O.

2001
873095.31
559053.25
021619.84
294814.02
153737.21
188038.12

46896.58
46812.24
393682.49

2008
92.79
55.99
93.29
77.97
11.10
37.49
09.21
28.62
60.55

015
342

.312
-898

792
596
141
485
973

.228

1952
3000
6500
8514
1100
1200
0000
4700
6000
0170

1965
-1276620
0229812
.5167750
.4455520
0111117
-5551890
-3943620
2487270
1387050

| 107
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Table 2.6.3.16 (continued). North Sea Herring,.

D ) D D
Q «Q «Q «Q
[0} O~NOONAWNRELROOD O~NOOANRAWNEFELO® O~NOONAWNRFRLO®

O~NOAPA~WNEFEO

)
«Q
] ONOANRARWNEFLO®

oO~NONBAWNEFO

year

DOOOOOO0OO0OO0OO0

<
| L 0}
[eNelolojooNoNa] 2

0.
year

0.
-0.
-0.
-0.

0.

0.
-0.

1.

0.

year

r

DOOOOOOOOO0

<
o

[eNeoNoloNoNoNoNeoNe)

year

-0.

0.
-0.
-0.
-0.
-0.

0.
-0.
-0.

1966

-00914097
.63086500
-31417600
-04804920
-06581900
.05291690
.76796700
-20771600
.69643300

1973

1904400

1982
1404060
0419078
3747770
1125100
0690342
6495940
2515400
0923500
0245586

1988

.2689480
.0124448
.2531480
-4186650
-1619900
-1840280
.1823740
-0468304

6411230

1994

-159391

.337998 -
.405983 -
.281776 -
.761962 -
.102272 -
.218521 -
.414593 -
.106684 -

2001
2885060
2502010
3562260
0616714
6155240
2765350
1563940
2885490

-0.
-0.
-0.

0.

0
0
0.
0
-0
-0.
-0.
-0.

-0.

-0.

el NeoloNoloNoNeoNe)

0.
0.
0.

-0

0.

-0

0.

-0

1967
.014111
.618553
-426700
-434394
.103123
.253989
.294338
.353828
.284190

POOOOOFrOO

1974

-2955610 0.754475 -
.1360420 0.394821
.3480840 0.344573
.2768620 0.497038
.1333170 0.467361
.0620867 0.371377 -
.3843470 0.393238
.6013150 0.707607 -
-0.

142293 -

1983
175633
104444
136628
242790
.297391
.163847
446156
.703746
.290983

1989
.26481700
47946000
29838000
13901400
-00701675
29595100
.03351700
-05996140
24221700

1995

.321357 -0
.576989 -0
.496834 -0
.955978 -0
.794523 -0
.637979 -0
.430149 O.
.088640 -0
.676267 -0

2002
2281580
2616730
0525278
-1991000
4348380
-1678130
3516690
-9064810

2694620 0.0680946

1968
0.0146342
-0.3026400
-1.0945100
-0.5665520
-0.0497227
-0.2609820
0.1787260
-0.2662950
0.5725570

1975
0.440206 -
0.940193 -
0.160912 -
0.652835 -
0.239574 -
0.211460 -
0.172486 -
0.231595 -
0.178560 -

1984
-1400700
.2630630
-5423340
-4380610
.3531540
-0691499
-2072220
.5572630
.5135010

[eNeoNoNoNoloNoNeoNo

19
-0.018765
0.313828
0.066662
-0.150576
-0.183872
0.007869
-0.581558
-0.149277
0.368210

1996

-929401 O.
-499156 O.
-396507 -0.
.085725 -0.
.305797 -0.
-439624 0.
790709 -0.
.794155 -0.
.511262 O.

2003
-0.4605870
-0.2071480
-0.0456832

0.2948460
-0.0566060
0.4328820
0.6956060
-1.1349600
0.3819730

1969
-0.2322960
0.0594693
0.4099120
0.3412080
0.0877225
-0.6067640
-0.4588260
-0.0584742
-0.1421300

1976
0.100726 -0.
1.713560 O.
0.426215 O.
1.070900 -0.
0.696776 -0.
0.243550 -1.
0.510520 -0.
0.408222 -1.
0.581554 0.

1985
0.086033000
0.028295100

-0.000872539
-0.258863000
-0.285769000
0.005403390
-0.598976000
0.944075000
0.525175000

90 199
50 0.053800
00 -0.015248
20 -0.229352
00 -0.083094
00 0.063117
36 0.144776
00 0.526329
00 -0.364998
00 0.214663

1997
6007960 -0.
2292790 -0.
1755060 O.
1763750 -0.
0159855 -0.
2279710 -0.
2075250 O.
1210850 -1.
2855640 O.

2004
. 7808060
-5131700
-0291389
-0223022
.5145310
.3375770
. 7740350
-4093010
-0250166

[eNeoNoNoNoNoNoNoNe]

Catch at age residuals.

1970
0.2446210 O.
0.1707580 -0.
0.0436647 -0.
0.2074530 -0.
0.1026610 -0.
0.5857980 -1.
1.1398700 -0.
0.3729950 -1.
0.3251820 -0.

1977
3571520
1503710
1204020
2108920
0857073
6226200
1229950
4376000
7126460

-39
.10
.65
11
.63
.78
.87
.61
.02

OrRPORFRPOOO0OOO

1986
0.10575400
0.22356200

-0.06095250
0.04656400
0.00363159

-0.09150910

-0.30565100

-0.09581870

-0.16092600

1 1992
4 0.06236370
8 -0.01304590
0 -0.00967378
4 -0.14862000
1 0.06511500
0 0.00368737
0 -0.23745600
0 0.19260500
0 -0.38421900

1998
3123910 0.08
0523666 0.74
2186850 -0.00
1270830 0.11
3075750 0.26
5674730 -0.01
8490610 0.69
4561300 -1.19
0698826 0.12

2005
-0.280024 -0.
0.204314 -0.
0.151988
0.114105
-0.109860
0.253773
-0.349582
0.595329
-0.213240

[eNeoNoNoNoNoNe)

1971
0358002
2177140
3980670
5423820
7652350
6546300
8556880
1976400
4286900

1980
55360 -
63770 -
04880
17480 -
20120 -
43100 -
25330 -
16100 -
06374

|
[eNeoNoNoNoNoNoNeoNe)

1999
186980
387200
722226
663200
438500
796620
879100
583000
922200

2006
035114
381425

.690743
-698787
.569585
.543673
-416406
. 746727
-351498

[eNoNoNoNoNoNoNoNe]

0.
0.
0.
0.
1.
0.
0.
0.
0.

ICES HAWG REPORT 2016

1972
-103713
-159033
.525124
.430141
.246241
.877988
.711503
.235463
.285781

1981
171893
271702
533037
317985
132160
973265
651798
365753
379687

1987

.05502810
-02493250
-02573300
-10934800
-09815260
.00201143
-03966430
-10002900
-31991000

1993
-0.2838640
0.2003390
0.0328770
0.5414220
-0.4749100
-0.4175700
-0.7692670
-0.0778362
0.6599760

el NeoloNoNoNoNoNe]

2000
.0817921
.8533750
.2338890
-1040130
.2232710
.2041470
. 7766300
-3437900
-2037850

2007
.0794264
-5445120
-1747330
-0268350
.2555370
-3081330
-8544900
-4705100
-1894410
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Table 2.6.3.16 (continued). North Sea Herring. Catch at age residuals.

year
2008
-0.18159300
-0.60486400
-1.13537000
-0.45734200
-0.76792600
-0.62072800
-0.04715570
0.00270493
-0.27770100
year

QD
«Q
[0}

oO~NONA~AWNEFEO

2015
-0.17795600
-0.12263900
-0.07588530

0.09688090
0.00803435
0.02433180
-0.68379400
-0.71798600
0.12581100

o)
«Q
o

O~NOOARAWNEO

2009

.2812810
.0960237
.0928781
-4802200
.2625780
.2280240
-2148490
-2188480
.2868310

2010
-0.527972
-0.142608
-0.101720
-0.335410
-0.275181
-0.235267
-0.348991
-0.330656

0.257783

Table 2.6.3.17 North Sea Herring. Predicted index at age SCAI.

Units : NA
year
age 1972

1973

1974

2011 2012
0.217048 0.2651120
0.170879 0.1114960
0.743541 -0.0497395
0.640656 0.1277510
0.359230 0.4559750
0.341904 0.7025590
0.860792 0.0930576

-0.617585 0.5035450
-0.738682 0.3498020
1975 1976 1977

2013

-0.1389710 -0.
.0812826 -0.
-5042010 -0.
.4722510 -0.
0.0979845
0.4394770
.1791580 O.
0
0

.0670677
.0202181
-1382310
-0968430

[eNeoNoNoNoNeoNoNe]

1978

2014
0160065
1422920
5205250
2605220

0703795

.6778140
-4119610

1979

all 4507.96 3922.757 2634.793 1511.896 2063.585 1467.081 1849.295 2300.243

year
age 1980

year
age 1988

year
age 1996

1981
all 2562.58 3784.39 5294.215 7989.792 12863.64 13654.44 13918.58 16126.19

1989

1997

1982

1990

1998

1983

1991

1999

2000

1984 1985

1986

1992 1993 1994
all 20553.98 21271.85 21946.87 19065.58 14653.73 10372.78 11049.94 11597.56

2001 2002

1987

1995

2003

all 13239.63 15271.29 18394.19 19202.58 19212.38 26217.96 30260.55 31045.22

year
age 2004

year
age 2012

2005

2013

2006

2014

2007

2015

all 31713.57 28353.34 27247.04 25205.06

2008 2009 2010
all 30546.34 28943.47 22638.34 18071.66 18999.54 23442.36 24328.41 29155.53

Table 2.6.3.19 North Sea Herring. Index at age residuals SCAI

Units :© NA
year
age 1972

year
age 1979

all 0.754224 0.712332

year
age 1986

all 0.101807 0.296916

year
age 1993

all -1.63418 -2.09014

year
age 2000

1973

1980

1987

1994

2001

1974

1981

1988

1995

2002

1975

1982

1989

1996

2003

1976

1983

1990

2011

1977 1978
all -0.715356 -0.441567 -0.415133 -0.200103 -1.17585 0.247124 0.325903

1984 1985

0.110341 -0.11567 -0.0770573 -0.147233 0.227868

1991 1992

0.520374 0.0611682 -0.178074 -0.716015 -1.54067

1997 1998 1999

2004

-1.69948 -1.45938 -1.00191 -0.785703 -0.694749

2005 2006

all -0.382228 -0.461732 -0.363628 0.153649 0.407283 0.219417 0.612952

year
age 2008

2009

2010

2011

2012

2013

2014 2015

all 1.55324 1.58544 1.52756 1.21065 1.36083 1.67764 1.57509 1.70985

2007
1.21682
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Table 2.6.3.20 North Sea Herring. Predicted index at age IBTS-Q1.

Units :© NA
year

age 1984 1985 1986 1987 1988 1989 1990 1991
1 1960.549 2212.791 3226.199 3959.052 3555.425 1878.746 1555.543 1496.718
year

age 1992 1993 1994 1995 1996 1997 1998 1999
1 1423.922 2317.977 1854.258 1568.429 2009.518 2361.849 1629.03 1158.244
year

age 2000 2001 2002 2003 2004 2005 2006 2007
1 3959.686 2299.185 4726.499 2222.882 1037.2 1324.645 1073.661 1332.67
year

age 2008 2009 2010 2011 2012 2013 2014 2015
1 1476.043 1487.854 1894.897 1905.539 1445.933 1677.483 2399.414 2549.927
year

age 2016
1 852.736

Table 2.6.3.21 North Sea Herring. Index at age residuals IBTS-Q1.

Units :© NA
year

age 1984 1985 1986 1987 1988 1989 1990
1 -0.880025 -0.183312 -0.656169 -0.237863 0.724144 0.738256 -1.30629
year

age 1991 1992 1993 1994 1995 1996 1997 1998
1 -0.516783 -0.39612 0.638607 -0.193841 -0.608302 -0.211476 2.1352 1.14318
year

age 1999 2000 2001 2002 2003 2004 2005 2006
1 -1.47281 -0.212281 0.285403 -0.67348 0.990527 -0.358584 -0.940324 -0.589559
year

age 2007 2008 2009 2010 2011 2012 2013 2014
1 -0.0265773 0.604412 1.54699 -1.54395 1.48633 -0.215923 -0.0240627 0.294199
year

age 2015 2016

1 1.46818 -0.309881

Table 2.6.3.22 North Sea Herring. Predicted index at age HERAS.

Units :© NA
year

age 1989 1990 1991 1992 1993 1994 1995
1 NA NA NA NA NA NA NA
2 4802273.45 3001131.7 2482309.7 2811981.6 2345947.7 3522212.8 3823206.4
3 4585914.05 3195966.2 1877966.3 1398345.1 1445693.9 1098658.0 1889834.8
4 1972475.68 2842799.9 1836367.5 1055156.9 703976.3 546451.0 553656.6
5 568809.01 1240841.1 1796229.0 1126020.2 624308.6 350774.9 266225.8
6 324616.58 324097.6 685497.4 996894.3 584025.5 293813.4 170894.2
7 153154.12 178367.3 192374.6 385694.2 474112.5 276094.9 146107.8
8 73423.55 132495.0 168232.1 200967.8 289815.6 349934.1 292289.5
year

age 1996 1997 1998 1999 2000 2001 2002
1 NA 10905742.0 7275332.0 5260307.3 17727009.6 10225549.5 20993008.3
2 3534208.75 4465090.3 6396746.1 3485423.1 3367563.4 9943205.4 5378929.9
3 2346182.27 2357706.8 2591895.5 4644991.0 2272520.2 2549990.0 7187830.9
4 908091.12 1310212.6 1257706.0 1336948.1 2746121.2 1306679.8 1388590.8
5 301492.37 579545.8 801147.2 657434.2 884785.0 1671613.7 806291.0
6 114576.73 186036.8 336684.0 391954.1 389414.7 467007.2 964919.5
7 92901.96 65506.2 121588.8 185590.9 238899.9 227316.8 266918.9
8 253039.28 207336.8 160267.6 150557.4 190175.0 216403.5 266465.5



ICES HAWG REPORT 2016

Table 2.6.3.22 (continued). North Sea Herring. Predicted index at age HERAS.

year

age 2003 2004 2005 2006 2007 2008 2009
1 9727816.3 4567607.0 5710402.1 4763055.8 5950584.5 6628572.3 6731442.4
2 13861142.8 4553924.7 2581032.3 3416407.1 2573300.8 3289019.3 4430841.2
3 3671093.0 9867923.5 3411968.7 1962834.2 2381402.1 1831965.5 2365736.6
4 4188277.0 2261186.0 6004981.9 2004489.6 1191948.6 1489721.9 1148652.4
5 801948.8 2574587.8 1361775.6 3915290.2 1184462.9 866658.2 1088705.6
6  492721.8 384308.2 1244071.5 676846.6 2177526.2 770041.7 616060.2
7 561406.2 287190.2 162332.2 533012.4 328765.5 1462122.9 550950.4
8 298253.8 434695.0 284247.3 178117.7 318985.2 425959.7 1464610.7
year

age 2010 2011 2012 2013 2014 2015
1 8600234.3 8735449.9 6604091.9 7671325.710934133.9 11653300.5
2 4114796.8 5153053.5 5173706.9 3586904.0 4465983.4 7591957.3
3 3598400.5 3093457.6 4475819.4 3888756.5 2828621.4 3019192.6
4 1707088.8 2242271.6 2204916.1 2913600.0 2710652.7 1636221.2
5 943451.3 1130307.2 1563128.8 1674290.4 1879657.2 1639496.9
6 849752.2 599769.1 705103.6 978817.0 1023562.8 958572.0
7 474492.0 570346.9 349095.2 401193.8 546068.7  478590.2
8 1621237.0 1370107.8 1021211.3 775450.9 561013.4 506257.1

Table 2.6.3.23 North Sea Herring. Index at age residuals HERAS.

Units NA
year

age 1989 1990 1991 1992 1993 1994 1995
1 NA NA NA NA NA NA NA
2 -0.818785 0.493490 0.302254 1.4461900 1.226460 -0.513362000 0.0341936
3 -0.822372 0.494088 -0.507805 -0.0748800 0.633785 -1.375040000 0.3923530
4 -0.963088 0.933625 0.329372 0.4253950 1.263910 -1.603390000 0.9877970
5 -0.739854 0.489848 0.147575 0.0358308 0.873716 0.421244000 0.5922420
6 -0.541036 0.749681 -0.246172 0.8792180 1.125340 0.348892000 0.6788420
7 -0.961580 0.643767 0.669663 0.0938579 0.592631 0.655137000 -0.2250610
8 -0.420312 1.119240 -0.585968 0.3206240 0.083223 0.000754303 -1.2662000
year

age 1996 1997 1998 1999 2000 2001 2002
1 NA -0.418189 -1.346870 -0.0917462 0.912457 -1.1025100 0.25661000
2 1.228240 1.472720 -0.546179 -0.6337250 -0.721869 1.0806400 -0.50163400
3 0.945165 1.116880 -0.143204 0.0869340 -0.268351 0.9678120 0.68443100
4 0.916827 0.485202 1.306720 -0.9210840 0.683351 0.5725370 0.00505609
5 0.158144 0.185543 1.037870 -1.3349300 0.659727 0.0131101 -0.07431060
6 -0.575890 0.570203 1.099490 -0.8740780 0.849190 -0.1461950 0.26129300
7 -0.444166 -1.393340 1.321180 -1.1395500 0.423596 -1.1454300 -0.34755200
8 1.152780 0.527145 0.138348 -0.2586000 0.520067 -1.2649900 0.05937430
year

age 2003 2004 2005 2006 2007 2008 2009
1 0.0284092 0.3465810 -1.660790 0.9842610 0.139169 -1.5866600 -1.0102800
2 1.5942700 -1.4661900 -1.161690 0.5050550 0.338762 -0.7251440 1.2230500
3 -0.8936390 -0.3619150 0.341639 0.0885572 -1.292800 -0.3541850 0.3886710
4 0.0006845 -0.2163240 -0.186107 0.2312340 -1.443770 -0.0159965 -0.5907970
5 -0.8778860 0.0318043 -0.590219 0.3276820 -1.963020 -0.3508130 -0.0550796
6 0.0166975 -0.7579060 -0.225678 -0.3572350 -1.964220 -0.3090040 0.3544120
7 0.0480176 0.5189480 -0.586125 0.2096500 -1.191460 0.7061840 0.5781730
8 0.3166380 0.7640600 -0.780267 -0.5556290 -1.518740 0.2600010 0.6338210
year

age 2010 2011 2012 2013 2014 2015
1 1.445170 0.402537 0.325376-0.5014800 0.1699130 -1.5100800
2 0.149036 -1.084060 -0.468960-1.4803200 0.4913900 1.1405000
3 0.807523 -1.017380 -0.488434-1.2708500 -0.0027831 -0.3283650
4 1.848620 -0.160149 -1.213470-0.0327739 0.4123690 -0.1429640
5 1.418160 -0.543692 -1.309710-0.4064180 -0.2465000 -0.2894230
6 1.772010 0.323221 -0.682444-0.5610700 0.7432930 -0.1361800
7 1.464660 0.739348 -1.363760 0.5731600 0.8004040 0.3270190
8 2.052780 0.935201 -1.511330 0.3245240 -0.7741250 -0.0806694
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Table 2.6.3.24 North Sea Herring. Predicted index at age IBTS0.

Units : NA
year

age 1992 1993 1994 1995 1996 1997 1998 1999
0 141.6586 122.8741 88.44934 115.055 107.2873 74.54329 54.36008 174.1906
year

age 2000 2001 2002 2003 2004 2005 2006 2007
0 119.6248 209.294 110.3305 52.95963 62.75887 58.01433 67.70229 65.72176
year

age 2008 2009 2010 2011 2012 2013 2014 2015
0 68.03757 89.30255 87.0724 74.61861 81.99432 97.15717 122.6151 43.22547
year

age 2016
0 74.76052

Table 2.6.3.25 North Sea Herring. Index at age residuals IBTSO0.

Units : NA
year

age 1992 1993 1994 1995 1996 1997 1998 1999
0 0.84469 1.05803 0.33845 0.2395 -0.0178457 1.66445 -0.0568654 0.81712
year

age 2000 2001 2002 2003 2004 2005 2006 2007
0 0.330582 0.062969 0.928316 0.0650539 -0.68564 0.133557 0.496838 -1.37985
year

age 2008 2009 2010 2011 2012 2013 2014 2015
0 -2.17001 0.170272 -0.294909 0.0761581 -0.453728 -1.5913 0.712484 -1.76187
year

age 2016
0 0.700384

Table 2.6.3.27 North Sea Herring. Fit paramteres.

name value std.dev
1 logFpar -8.69230000 0.069042
2 logFpar -12.54500000 0.102630
3 logFpar 0.00092141 0.061250
4 logFpar 0.16004000 0.058048
5 logFpar 0.26759000 0.077588
6 logSdLogFsta -0.55104000 0.095180
7 logSdLogFsta -1.12610000 0.123250
8 logSdLogFsta -1.14540000 0.115940
9 logSdLogFsta -0.67317000 0.105310
10 logSdLogN -0.56565000 0.116440
11 logSdLogN -1.84230000 0.125940
12 logSdLogObs -1.22930000 0.156860
13 logSdLogObs -0.88564000 0.174990
14 logSdLogObs -1.42900000 0.480720
15 1logSdLogObs -1.93780000 0.314210
16 logSdLogObs -1.31450000 0.172650
17 logSdLogObs -1.00750000 0.192840
18 1ogSdLogObs -1.62910000 0.108670
19 logSdLogObs -1.37170000 0.123250
20 logScaleSSB -4.26970000 0.077958
21 l1ogSdSSB  -0.82885000 0.111990

Table 2.6.3.28 North Sea Herring. Negative likelihood.

658.557



ICES HAWG REPORT 2016

Table 2.7.1 North Sea herring. Weights at age in the catch.

year
age 2013
0.0077000
0.0468000
0.1162000
0.1563000
0.1977000
0.1980000
0.2154000
0.2334000
0.2378432

O~NONPAWNEO

year

2013
.0077000
.0468000
-1162000
-1563000
-1977000
-1980000
.2154000
-2334000
.2378432

O~NOONAWNRFRLO®
[eNeoNoNoNoNoNoNoNo]

, , unit = C

year

2013
.0077000
.0468000
.1162000
.1563000
.1977000
.1980000
.2154000
.2334000
.2378432

o)
Q
D

O~NOO A WNEO
[eNeoNoNoNoloNoNeoNe)

, , unit =D

year

2013
.0077000
.0468000
-1162000
-1563000
-1977000
-1980000
.2154000
-2334000
.2378432

Q
«Q
0]

O~NOAPA~WNEO
[eNeoNoNoNoNoNoNoNe)

2014

-0075000
-0522000
-1240000
-1719000
-1861000
.2148000
.2118000
-2264000
-2426541

2014

-0075000
.0522000
-1240000
-1719000
-1861000
.2148000
-2118000
-2264000
.2426541

2014

-0075000
-0522000
-1240000
-1719000
-1861000
-2148000
-2118000
.2264000
.2426541

2014

-0075000
-0522000
-1240000
-1719000
-1861000
.2148000
.2118000
.2264000
.2426541

2015

-0087000
-0261000
-1135000
-1538000
-1883000
-2001000
.2212000
-2170000
-2347182

2015

-0087000
.0261000
-1135000
-1538000
-1883000
.2001000
.2212000
-2170000
.2347182

2015

.0087000
-0261000
-1135000
-1538000
-1883000
-2001000
-2212000
.2170000
.2347182

2015

-0087000
-0261000
-1135000
-1538000
-1883000
-2001000
.2212000
-2170000
.2347182

2016

-01800000
-06033608
-13109869
.16157764
-19093740
.20467341
.21679716
.22375527
.23780326

2016

.007479276
.024215668
.042033620
.164368090
.192764518
.226033614
.210080690
.228824671
.229347124

2016

-02025000
-06806484
-07951530
.12767983
.15880374
.18195423
-19800000
-19700000
.21760000

2016

.009641443
.024866711
.043461404
.070855856
-138000000
-000000000
.000000000
.000000000
-000000000

2017

-01800000
-06033608
-13109869
.16157764

.20467341
.21679716
.22375527
.23780326

2017
.007479276
.024215668
-042033620
.164368090
.192764518
.226033614
.210080690
.228824671
.229347124

2017

-02025000
-06806484
-07951530
.12767983

.18195423
-19800000
-19700000
.21760000

2017
.009641443
.024866711
.043461404
.070855856
-138000000
-000000000
.000000000
.000000000
-000000000

2018

0.01800000
0.06033608
0.13109869
0.16157764
-19093740 0.
0
0
0
0

19093740

.20467341
.21679716
.22375527
.23780326

2018
0.007479276
0.024215668
0.042033620
0.164368090
0.192764518
0.226033614
0.210080690
0.228824671
0.229347124

2018

0.02025000
0.06806484
0.07951530
0.12767983
.15880374 0.
0
0
0
0

15880374

.18195423
-19800000
-19700000
.21760000

2018
0.009641443
0.024866711
0.043461404
0.070855856
0.138000000
0.000000000
0.000000000
0.000000000
0.000000000
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Table 2.7.2 North Sea herring. Weights at age in the stock.

Units : kg

, , unit = A
year

age 2013 2014 2015 2016 2017 2018
0 0.00600000 0.005666667 0.005333333 0.005333333 0.005333333 0.005333333
1 0.04033333 0.043333333 0.043666667 0.043666667 0.043666667 0.043666667
2 0.13566667 0.128666667 0.127333333 0.127333333 0.127333333 0.127333333
3 0.17466667 0.176666667 0.161333333 0.161333333 0.161333333 0.161333333
4 0.20866667 0.203666667 0.200000000 0.200000000 0.200000000 0.200000000
5 0.22133333 0.215666667 0.211666667 0.211666667 0.211666667 0.211666667
6 0.24200000 0.228666667 0.224666667 0.224666667 0.224666667 0.224666667
7 0.24933333 0.241333333 0.229000000 0.229000000 0.229000000 0.229000000
8 0.25179433 0.246572539 0.239358137 0.239358137 0.239358137 0.239358137

, , unit = B
year

age 2013 2014 2015 2016 2017 2018
0 0.00600000 0.005666667 0.005333333 0.005333333 0.005333333 0.005333333
1 0.04033333 0.043333333 0.043666667 0.043666667 0.043666667 0.043666667
2 0.13566667 0.128666667 0.127333333 0.127333333 0.127333333 0.127333333
3 0.17466667 0.176666667 0.161333333 0.161333333 0.161333333 0.161333333
4 0.20866667 0.203666667 0.200000000 0.200000000 0.200000000 0.200000000
5 0.22133333 0.215666667 0.211666667 0.211666667 0.211666667 0.211666667
6 0.24200000 0.228666667 0.224666667 0.224666667 0.224666667 0.224666667
7 0.24933333 0.241333333 0.229000000 0.229000000 0.229000000 0.229000000
8 0.25179433 0.246572539 0.239358137 0.239358137 0.239358137 0.239358137

, , unit = C
year

age 2013 2014 2015 2016 2017 2018
0 0.00600000 0.005666667 0.005333333 0.005333333 0.005333333 0.005333333
1 0.04033333 0.043333333 0.043666667 0.043666667 0.043666667 0.043666667
2 0.13566667 0.128666667 0.127333333 0.127333333 0.127333333 0.127333333
3 0.17466667 0.176666667 0.161333333 0.161333333 0.161333333 0.161333333
4 0.20866667 0.203666667 0.200000000 0.200000000 0.200000000 0.200000000
5 0.22133333 0.215666667 0.211666667 0.211666667 0.211666667 0.211666667
6 0.24200000 0.228666667 0.224666667 0.224666667 0.224666667 0.224666667
7 0.24933333 0.241333333 0.229000000 0.229000000 0.229000000 0.229000000
8 0.25179433 0.246572539 0.239358137 0.239358137 0.239358137 0.239358137

, , unit =D
year

age 2013 2014 2015 2016 2017 2018
0 0.00600000 0.005666667 0.005333333 0.005333333 0.005333333 0.005333333
1 0.04033333 0.043333333 0.043666667 0.043666667 0.043666667 0.043666667
2 0.13566667 0.128666667 0.127333333 0.127333333 0.127333333 0.127333333
3 0.17466667 0.176666667 0.161333333 0.161333333 0.161333333 0.161333333
4 0.20866667 0.203666667 0.200000000 0.200000000 0.200000000 0.200000000
5 0.22133333 0.215666667 0.211666667 0.211666667 0.211666667 0.211666667
6 0.24200000 0.228666667 0.224666667 0.224666667 0.224666667 0.224666667
7 0.24933333 0.241333333 0.229000000 0.229000000 0.229000000 0.229000000
8 0.25179433 0.246572539 0.239358137 0.239358137 0.239358137 0.239358137
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Table 2.7.3 North Sea herring. Stock in number.

uni

%)
«Q
O~NOONAWNRFRLO® O~NOONPAWNEFLPO®

o)
Q
D

O~NOO A WNEO

Q
«Q
0]

O~NOAPA~WNEO

ts :© NA
unit = A

year
2013
30280060.9678263
10799387 .7427352
4519898.06697536
4260938.50363776
3298571.32210884
1767364.47903503
1056001.32713058
449998.712215916
869783.840009212

unit = B

year
2013
30280060.9678263
10799387 .7427352
4519898.06697536
4260938.50363776
3298571.32210884
1767364 .47903503
1056001.32713058
449998.712215916
869783.840009212

unit = C

year
2013
30280060.9678263
10799387 .7427352
4519898.06697536
4260938.50363776
3298571.32210884
1767364 .47903503
1056001.32713058
449998.712215916
869783.840009212

unit =D

year
2013
30280060.9678263
10799387 .7427352
4519898.06697536
4260938.50363776
3298571.32210884
1767364.47903503
1056001.32713058
449998.712215916
869783.840009212

2014
38339835.3077486
15463608.7677547
5700132.62455565
3134561.97062997
3131428.97541803
2026863.33325246
1113479.10461187
622812.008358702
639857.004562195

2014
38339835.3077486
15463608.7677547
5700132.62455565
3134561.97062997
3131428.97541803
2026863 .33325246
1113479.10461187
622812.008358702
639857.004562195

2014
38339835.3077486
15463608.7677547
5700132.62455565
3134561.97062997
3131428.97541803
2026863 .33325246
1113479.10461187
622812.008358702
639857.004562195

2014
38339835.3077486
15463608.7677547
5700132.62455565
3134561.97062997
3131428.97541803
2026863.33325246
1113479.10461187
622812.008358702
639857.004562195

2015
13524318.5911913
16419824.9310812
9606975.43116766
3259225.01623332

1848712.4836837
1788700.61355759
1125794.98793598
613539.545562319
648878.002267521

2015
13524318.5911913
16419824.9310812
9606975.43116766
3259225.01623332

1848712.4836837
1788700.61355759
1125794.98793598
613539.545562319
648878.002267521

2015
13524318.5911913
16419824.9310812
9606975.43116766
3259225.01623332

1848712.4836837
1788700.61355759
1125794.98793598
613539.545562319
648878.002267521

2015
13524318.5911913
16419824.9310812
9606975.43116766
3259225.01623332

1848712.4836837
1788700.61355759
1125794.98793598
613539.545562319
648878.002267521

2016
23394230.7316497
5493081.77860885
8788898.94864226
6249424 .89075802
2120155.51480952
1106818.23258289
938464.210976747
516587.519278738
494350.470954973

2016
23394230.7316497
5493081.77860885
8788898.94864226
6249424 .89075802
2120155.51480952
1106818.23258289
938464.210976747
516587.519278738
494350.470954973

2016
23394230.7316497
5493081 .77860885
8788898.94864226
6249424 .89075802
2120155.51480952
1106818.23258289
938464.210976747
516587.519278738
494350.470954973

2016
23394230.7316497
5493081.77860885
8788898.94864226
6249424 .89075802
2120155.51480952
1106818.23258289
938464.210976747
516587.519278738
494350.470954973

2017

2017

2017

2017
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Table 2.7.4 North Sea herring. Fishing mortality at age in the stock.

Units
u

o)
Q
(0]

0
0
0

ONOONPAWNEO

ye

0

O~NOONAWNRFRLO®

u

ye

o)
Q
D

0
0
0

ONOOAAWNEO

. §
nit = A

2013
-0269007799061755
-0494645019001947
.0867174627218572
.142887167305453
.217708122699985
.295880388272474
-344969248743592
.437066465712475
.437066465712475
ar

[eNeoNoloNoNe)

2016

0
.00239809328009348
0.0784892854297882
0.129392468544276
0.267126695468131
0.450989002930932
0.647247898049495
0.8801531759222
0.883016980895749

nit = B

ar

2013
-0269007799061755
-0494645019001947
.0867174627218572
.142887167305453
.217708122699985
.295880388272474
-344969248743592
.437066465712475
.437066465712475

[eNeoNoNoNoNe)

year
age 2017 2018

OoO~NOA~WNEFEO

u

nit = C

year

Q
Q
[]

O~NOOUNAWNEO

2013

0.0269007799061755
0.0494645019001947
0.0867174627218572

-142887167305453
.217708122699985
.295880388272474
-344969248743592
-437066465712475
.437066465712475

[eNeoNoNoNoNe)

2014
0.0498119681264688
0.0329817797098534
0.0822822392146296

0.144106884682697

0.23952439722297
0.320203035004315
0.347844408917087
0.454262524620047
0.454262524620047

2017 2018

2014
0.0498119681264688
0.0329817797098534
0.0822822392146296

0.144106884682697

0.23952439722297
0.320203035004315
0.347844408917087
0.454262524620047
0.454262524620047

2014
0.0498119681264688
0.0329817797098534
0.0822822392146296

0.144106884682697

0.23952439722297
0.320203035004315
0.347844408917087
0.454262524620047
0.454262524620047

2015

0.0583205943585794
0.0324161021402496
0.0721217222928278

[eNoNoloNoNe)

-100731169384133
-203010008134589
.344831288637955
-490882739237474
.668780081567763
.668780081567763

2015

0.0583205943585794
0.0324161021402496
0.0721217222928278

[eNoNoloNeoNe)

-100731169384133
-203010008134589
.344831288637955
-490882739237474
.668780081567763
.668780081567763

2015

0.0583205943585794
0.0324161021402496
0.0721217222928278

[eNeoNoNoNoNe)

-100731169384133
.203010008134589
-344831288637955
-490882739237474
.668780081567763
.668780081567763

ICES HAWG REPORT 2016

2016
0.0548644924552734
0.0166408089067518

[eNeoNoNoNoNoNe)
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Table 2.7.4 (continued). North Sea herring. Fishing mortality at age in the stock.

QD
Q
[0}

oO~NOOONA~WNEFEO

QD o}
Q «Q
[0} O~NONAWNEFROOD

oO~NONA~WNEO

uni

Q
Q
[]

O~NOOUNAWNEO

EPORT 2016

year
2016 2017 2018
0.000254102852168599
0.00487958529591865
0.0119399321599641
0.00329127084213483
0.00109377791403223
0.00429737364439904
0.001465507333375
0.00346829538843613
0.000928231763719762
unit = D
year
2013 2014
0.0269007799061755 0.0498119681264688
0.0494645019001947 0.0329817797098534
0.0867174627218572 0.0822822392146296
0.142887167305453 0.144106884682697
0.217708122699985 0.23952439722297
0.295880388272474 0.320203035004315
0.344969248743592 0.347844408917087
0.437066465712475 0.454262524620047
0.437066465712475 0.454262524620047
year
2016 2017 2018
0.00642520641467693
0.0201642676138303
0.00529353899072648
0.0000840504755489708
0
0
0
0
0
Table 2.7.5 North Sea herring. Natural mortality.
ts : NA
unit = A
year
2013 2014 2015 2016
0.8137161 0.8172596 0.8164639 0.8160831
0.5745417 0.5993861 0.5933003 0.5907685
0.3363089 0.3638303 0.3578530 0.3550807
0.3142024 0.3331844 0.3291830 0.3272747
0.2987052 0.3137208 0.3108021 0.3092961
0.2888504 0.3030087 0.3003801 0.2989627
0.2790475 0.2909866 0.2887470 0.2875487
0.2577845 0.2714712 0.2689877 0.2676174
0.2577845 0.2714712 0.2689877 0.2676174
unit = B
year
2013 2014 2015 2016
0.8137161 0.8172596 0.8164639 0.8160831
0.5745417 0.5993861 0.5933003 0.5907685
0.3363089 0.3638303 0.3578530 0.3550807
0.3142024 0.3331844 0.3291830 0.3272747
0.2987052 0.3137208 0.3108021 0.3092961
0.2888504 0.3030087 0.3003801 0.2989627
0.2790475 0.2909866 0.2887470 0.2875487
0.2577845 0.2714712 0.2689877 0.2676174
0.2577845 0.2714712 0.2689877 0.2676174

O~NOOANPRAWNEFLPO®

unit = C

[eNeoNoNoNoNe)

2015

0.0583205943585794
0.0324161021402496
0.0721217222928278

-100731169384133
.203010008134589
.344831288637955
.490882739237474
.668780081567763
.668780081567763
2017 2018
.8160831 0.8160831
-5907685 0.5907685
.3550807 0.3550807
.3272747 0.3272747
.3092961 0.3092961
.2989627 0.2989627
.2875487 0.2875487
.2676174 0.2676174
.2676174 0.2676174
2017 2018
.8160831 0.8160831
-5907685 0.5907685
-3550807 0.3550807
.3272747 0.3272747
-3092961 0.3092961
.2989627 0.2989627
.2875487 0.2875487
.2676174 0.2676174
.2676174 0.2676174
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Table 2.7.5 (continued). North Sea herring. Natural mortality.

Q
Q

Q
Q

@

oO~NOONA~WNEO
[eNeoNoNoNoNoNoNoNe]

o

O~NOOUNAWNEO
[eNeoNoNoNoNoNoNeoNo)

year

2013

.8137161
.5745417
-3363089
.3142024
.2987052
.2888504
.2790475
.2577845
.2577845

unit = D

year

2013

.8137161
.5745417
-3363089
-3142024
.2987052
.2888504
.2790475
.2577845
.2577845

2014

.8172596
-5993861
-3638303
.3331844
-3137208
.3030087
-2909866
.2714712
.2714712

2014

.8172596
-5993861
-3638303
.3331844
.3137208
-3030087
-2909866
.2714712
.2714712

2015

.8164639
-5933003
.3578530
-3291830
-3108021
.3003801
.2887470
.2689877
.2689877

2015

.8164639
-5933003
-3578530
-3291830
.3108021
-3003801
.2887470
.2689877
.2689877

2016

.8160831
-5907685
-3550807
.3272747
-3092961
.2989627
.2875487
.2676174
.2676174

2016

.8160831
-5907685
-3550807
.3272747
-3092961
.2989627
.2875487
.2676174
.2676174

Table 2.7.6 North Sea herring. Proportion mature.

ag

e

O~NOOUNAWNEO oO~NOONA~WNEFEO

O~NOOANPRAWNEFLPO®

year
2013 2014
0.00 0.00
0.00 0.00
0.83 0.85
0.96 1.00
0.98 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
unit = B

year
2013 2014
0.00 0.00
0.00 0.00
0.83 0.85
0.96 1.00
0.98 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
unit = C

year
2013 2014
0.00 0.00
0.00 0.00
0.83 0.85
0.96 1.00
0.98 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00

c
=}
-
~t
1
o

2017

.8160831
-5907685
-3550807
.3272747
-3092961
.2989627
.2875487
.2676174
.2676174

2017

.8160831
-5907685
-3550807
.3272747
-3092961
.2989627
.2875487
.2676174
.2676174

2015 2016 2017 2018
0.00 0.0000000 0.0000000 0.0000000
0.00 0.0000000 0.0000000 0.0000000
0.70 0.7933333 0.7933333 0.7933333
0.90 0.9533333 0.9533333 0.9533333
0.96 0.9800000 0.9800000 0.9800000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
2015 2016 2017 2018
0.00 0.0000000 0.0000000 0.0000000
0.00 0.0000000 0.0000000 0.0000000
0.70 0.7933333 0.7933333 0.7933333
0.90 0.9533333 0.9533333 0.9533333
0.96 0.9800000 0.9800000 0.9800000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
2015 2016 2017 2018
0.00 0.0000000 0.0000000 0.0000000
0.00 0.0000000 0.0000000 0.0000000
0.70 0.7933333 0.7933333 0.7933333
0.90 0.9533333 0.9533333 0.9533333
0.96 0.9800000 0.9800000 0.9800000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000
1.00 1.0000000 1.0000000 1.0000000

2018

-8160831
-5907685
-3550807
.3272747
-3092961
.2989627
.2875487
.2676174
.2676174

2018

.8160831
-5907685
-3550807
.3272747
-3092961
.2989627
.2875487
.2676174
.2676174

ICES HAWG REPORT 2016
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Table 2.7.6 (continued). North Sea herring. Proportion mature.

2017 2018

2016
0.0000000 0.0000000 0.0000000

0.0000000 0.0000000 0.0000000
0.7933333 0.7933333 0.7933333
0.9533333 0.9533333 0.9533333
0.9800000 0.9800000 0.9800000
1.0000000 1.0000000 1.0000000
1.0000000 1.0000000 1.0000000
1.0000000 1.0000000 1.0000000
1.0000000 1.0000000 1.0000000

015
00
00
70
90
96
00
00
00
00

NOOOOOdAAdA-
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Table 2.7.7. North Sea herring. Fraction of harvest before spawning.

Units

O + 1+ 1 1
Nooooooooo
IDNNNNNNN NS
00000000
Nooooooooo
SENNNNNNNN NS
i © (O (© © © © ©© ©

Nocoococococooo
QR ER R R
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0

year
age 20
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0000000V Q
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NSNS NSNS NSNS

ONNNNNNNN N
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0000000V
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age 20
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Table 2.7.8. North Sea Herring. Fraction of natural mortality before spawning,.

Units

ONNINNNNNNS N
0000000V
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year
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unit
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00000000
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Table 2.7.9. North Sea herring. Recruitment in 2016.

23644739

Table 2.7.10. North Sea herring. Recruitment in 2017.

23644739
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Table 2.7.11. North Sea herring. FLR, R software versions.

R version 2.14.2 (2012-02-29)

Package
Version

Built
Package
Version
Packaged
Built

Package
Version

Built

- FLSAM

- 0.99-99

Packaged :

: R 2.13.2; ; 2013-03-17 22:10:20 UTC; windows

: FLAssess

: 1.99-102

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

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

: FLCore

1 2.4

Packaged :

: R 2.14.0; i386-pc-mingw32; 2012-02-10 08:15:33 UTC; windows

Table 2.7.12. North Sea herring. Management options for North Sea herring,.

Outlook assuming a TAC constraint for fleet A in 2016, proportion of 2015 by-catch ceiling taken applied to 2016 for

fleet B

Basis: Intermediate year (2016) with catch constraint

F F F F F2—6  FO-1 Catch Catch Catch Catch SSB
fleet A fleet B fleet C fleet D fleet A  fleetB Fleet C  fleetD 2016
0.31 0.036 0.003 0.013 032 0.05 539574 8029 11586 4661 2008169

Includes a transfer of 46% of 3.a TAC from the C-fleet to the A-fleet



122 | ICES HAWG REPORT 2016

Scenarios for prediction year (2017). Weights in tonnes.

F-values by fleet and total NSAS Catches by fleet Biomass

) = ) 8 E:
- = o 2 = E 3w 9%
g g g g g 2 & g g g ks o @ 25 L2«
g = = = = = = = = 2 2 § *3

1 0.27 0.031 0.006 0.012 0.29 0.05 426259 8020 19986 4661 1694363 1510120 -16 -18
2 0.26 0.031 0.006 0.012 0.27 0.05 405468 8020 19488 4661 1709020 1537157 -15 -22
3 0.00 0.000 0.000 0.000 0.00 0.00 0 0 0 0 1989011 2169415 -1 -100
4 0.35 0.031 0.007 0.012 0.36 0.05 518242 8020 21455 4661 1629197 1395540 -19 0
5 0.41 0.031 0.008 0.012 0.43 0.05 595978 8020 24674 4661 1572050 1300616 -22 +15
6 0.28 0.031 0.006 0.012 0.30 0.05 440506 8020 18237 4661 1685469 1494984 -16 -15
7 0.29 0.031 0.003 0.012 0.30 0.05 450052 8020 9993 4661 1683503 1495750 -16 -13

All numbers apply to North Sea autumn-spawning herring only. ¥ For autumn spawning stocks, the SSB is determined at spawning time and is influenced by fisheries between 1¢t January and
spawning. 2 SSB (2017) relative to SSB (2016). ¥ Calculated catches (2017) relative to TAC 2016 for the A fleet.

Scenarios

1 Management plan (0% transfer in C fleet)
2 Fmsy

3 No fishing

4 No change in TAC

5 TAC increase of 15%

6 TAC reduction of 15%

7 As 1, with 50% transfer in C fleet
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Herring catches 2015 1st quarter
5 E6 EY E8 EO FO F1 F2 F3 F4 F5 F6 F7 F8 F9 GO G1 G2
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Figure 2.1.1a: Herring catches in the North Sea in the 1st quarter of 2015 (in tonnes) by statistical
rectangle.
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Herring catches 2015 2nd quarter
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Figure 2.1.1b: Herring catches in the North Sea in the 2nd quarter of 2015 (in tonnes) by statistical

rectangle.



ICES HAWG REPORT 2016

Herring catches 2015 3rd quarter
E6 EY E8 EO FO F1 F2 F3 F4 F5 F6 F7 F8 F9 GO G1 G2
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Figure 2.1.1c: Herring catches in the North Sea in the 3rd quarter of 2015 (in tonnes) by statistical
rectangle.
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Herring catches 2015 4th quarter
E6 EY E8 EO FO F1 F2 F3 F4 F5 F6 F7 F8 F9 GO G1 G2
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Figure 2.1.1d: Herring catches in the North Sea in the 4th quarter of 2015 (in tonnes) by statistical
rectangle.
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Herring catches 2015 all quarters
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Figure 2.1.1e: Herring catches in the North Sea in all quarters of 2015 (in tonnes) by statistical
rectangle.
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Figure 2.2.1: Proportions of age groups (numbers) in the total catch of herring caught in the North

Sea (upper, 1960-2015, and lower panel, 1980-2015).
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Figure 2.2.2: Proportion of age groups (numbers) in the total catch of NSAS and herring caught in
the North Sea in 2015.
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Figure 2.3.1.1. Cruise tracks and survey area coverage in the HERAS acoustic surveys in 2015 by
nation.
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Figure 2.3.1.2. Distribution of NASC attributed to herring in HERAS 2015. Cruise tracks are out-
lined in light grey with circles representing size and location of herring aggregations. NASC values
are resampled at 15 nm intervals along the cruise track. Distribution displayed here is for all herring
encountered in the HERAS survey regardless of stock identity.
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Figure 2.3.2.1: North Sea herring - Abundance of larvae < 10 mm (n/m?) in the Orkney, Buchan and
Central North Sea as obtained from the International Herring Larvae Surveys in the second half of
September 2015 (maximum circle size = 5 300 n/m?).
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Figure 2.3.2.2 a-c: North Sea herring - Abundance of larvae < 11 mm (n/m?) in the southern North
Sea as obtained from the International Herring Larvae Survey in the second half of December 2015
(a) and in the first (b) and the second half (c) of January 2016 (maximum circle size =1 600 n/m?).
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Figure 2.3.3.1. North Sea herring. Length distribution of all herring larvae caught during the 2016
Q1 IBTS.
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Figure 2.3.3.2. North Sea herring. Distribution of 0-ringer herring, year classes 2013-2015. Density estimates of 0-ringers within each statistical rectangle are based on MIK catches
during IBTS in January/February 2014-2016. Areas of filled circles illustrate densities in no m?, the area of the largest circle represents a density of 7.59 m2 All circles are scaled to the
same order of magnitude of the square root transformed densities.
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Figure 2.3.3.3. North Sea herring. Distribution of 1-ringer herring, year classes 2012-2014. Density estimates of 1-ringers within each statistical rectangle are based on GOV catches
during IBTS in January/February 2014-2016. Areas of filled circles illustrate numbers per hour, scaled proportionally to the square root transformed CPUE data, the area of a circle
extending to the border of a rectangle represents 45000 h-.
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Figure 2.4.1.1. North Sea Herring. Mean weights-at-age for the 3rd quarter in Divisions 4 and 3.a
from the acoustic survey (upper panel) and mean weights-in-the-catch (lower panel) for compari-
son.
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Figure 2.4.3.1. North Sea Herring. Time series of smoothed time varying absolute natural mortality
values at age 0-8+ as used in the North Sea herring assessments. Left panel: Smoothed time varying
natural mortality estimates at age for North Sea herring derived from the SMS model 2011 North
Sea key-run for the time period 1963-2010 as used in the assessment up to 2015 (WGSAM 2011).
Right panel: Natural mortality values based on the 2015 North Sea key-run for the time period 1974—
2014 as used in the assessment in 2016 (WGSAM 2015). Note differing scale between the two panels.
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Figure 2.4.3.1.1 North Sea Herring. Comparison of 2011, 2014 and 2015 SMS North Sea key runs for
herring natural mortalities (WGSAM 2014, 2015). The 2014 key run has not been used in North Sea
herring assessments as an error was discovered by WGSAM before its inclusion in assessments.
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Figure 2.5.1. North Sea herring. Relationship between indices of 0-ringers and 1-ringers for year
classes 1977 to 2015. The 2014 year class relation is circled; the present 0-ringer index for year class
2015 is indicated by an arrow.
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Figure 2.5.2 North Sea herring. Time series of 0-ringer and 1-ringer indices. Year classes 1976 to 2015
for 0-ringers, year classes 1977-2014 for 1-ringers.
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Figure 2.6.1.1 North Sea Herring. Time series of proportion mature at ages 0 to 8+ as used in the
North Sea herring assessment.
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Figure 2.6.1.2. North Sea Herring. Time series of catch-at-age proportion at ages 0-8+ as used in the
North Sea herring assessment. Colours indicate year-classes. All ages are scaled independently and
cannot be compared between ages.
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Figure 2.6.1.3. North Sea Herring. Time series of absolute natural mortality values at age 0-8+ as
used in the North Sea herring assessment. Natural mortality values are based on the 2015 North Sea
key-run (WGSAM 2015).
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Figure 2.6.1.4. North Sea Herring. Time series of the standardized tuning series by ages 0-8+ (Acous-
tic survey: HERAS, IBTS quarter 1 survey: IBTS-Q1 and IBTS MIK net survey in quarter 1: IBTS0)

and SSB tuning series (IHLS survey: SCAI).
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Figure 2.6.1.4b. North Sea Herring. Time series of the HERAS acoustic index by age 0-8+. Colours
indicate year-classes. All ages are scaled independently and cannot be compared between ages.
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Figure 2.6.1.5. North Sea herring. Internal consistency plot of the acoustic survey (HERAS). Above
the diagonal the linear regression is shown including the observations (in points) while under the
diagonal the r? value that is associated with the linear regression is given.
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Figure 2.6.1.6 North Sea herring. Diagnostics of the assessment model fit to the catch at age 0 time
series. Top left: Estimates of numbers at 0 wr (line) and numbers predicted from catch abundance
at 0 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 0 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 0 wr. Middle left: Time series of standardized residuals of the catch at 0
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.7 North Sea herring. Diagnostics of the assessment model fit to the catch at age 1 time
series. Top left: Estimates of numbers at 1 wr (line) and numbers predicted from catch abundance
at 1 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 1 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 1 wr. Middle left: Time series of standardized residuals of the catch at 1
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.8 North Sea herring. Diagnostics of the assessment model fit to the catch at age 2 time
series. Top left: Estimates of numbers at 2 wr (line) and numbers predicted from catch abundance
at 2 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 2 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 2 wr. Middle left: Time series of standardized residuals of the catch at 2
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.9 North Sea herring. Diagnostics of the assessment model fit to the catch at age 3 time
series. Top left: Estimates of numbers at 3 wr (line) and numbers predicted from catch abundance
at 3 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 3 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 3 wr. Middle left: Time series of standardized residuals of the catch at 3
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.10 North Sea herring. Diagnostics of the assessment model fit to the catch at age 4 time
series. Top left: Estimates of numbers at 4 wr (line) and numbers predicted from catch abundance
at 4 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 4 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 4 wr. Middle left: Time series of standardized residuals of the catch at 4
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.11 North Sea herring. Diagnostics of the assessment model fit to the catch at age 5 time
series. Top left: Estimates of numbers at 5 wr (line) and numbers predicted from catch abundance
at 5 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 5 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 5 wr. Middle left: Time series of standardized residuals of the catch at 5
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.12 North Sea herring. Diagnostics of the assessment model fit to the catch at age 6 time
series. Top left: Estimates of numbers at 6 wr (line) and numbers predicted from catch abundance
at 6 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 6 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 6 wr. Middle left: Time series of standardized residuals of the catch at 6
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.13 North Sea herring. Diagnostics of the assessment model fit to the catch at age 7 time
series. Top left: Estimates of numbers at 7 wr (line) and numbers predicted from catch abundance
at 7 wr. Top right: scatterplot of catch observations versus assessment model estimates of numbers
at 7 wr with the best-fit catchability model (linear function). Middle right: catch observation versus
standardized residuals at 7 wr. Middle left: Time series of standardized residuals of the catch at 7
wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.14. North Sea herring. Diagnostics of the assessment model fit to the catch at age 8+
time series. Top left: Estimates of numbers at 8+ wr (line) and numbers predicted from catch abun-
dance at 8+ wr. Top right: scatterplot of catch observations versus assessment model estimates of
numbers at 8+ wr with the best-fit catchability model (linear function). Middle right: catch obser-
vation versus standardized residuals at 8+ wr. Middle left: Time series of standardized residuals of
the catch at 8+ wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocor-
relation plot.
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Figure 2.6.1.15. North Sea herring. Diagnostics of the assessment model fit to the SCAI SSB index
time series. Top left: Estimates of SSB (line) and SSB predicted from assessment model. Top right:
scatterplot of SSB observations versus assessment model estimates with the best-fit catchability
model (linear function). Middle right: SSB observation versus standardized residuals. Middle left:
Time series of standardized residuals of the SSB. Bottom left: normal Q-Q plot of standardized
residuals. Bottom right: Autocorrelation plot.
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Figure 2.6.1.16. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 1 wr time series. Top left: Estimates of numbers at 1 wr (line) and numbers predicted from index
abundance at 1 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 1 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 1 wr. Middle left: Time series of standardized residuals of
the index at 1 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
lation plot.
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Figure 2.6.1.17. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 2 wr time series. Top left: Estimates of numbers at 2 wr (line) and numbers predicted from index
abundance at 2 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 2 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 2 wr. Middle left: Time series of standardized residuals of
the index at 2 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-

lation plot.
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Figure 2.6.1.18. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 3 wr time series. Top left: Estimates of numbers at 3 wr (line) and numbers predicted from index
abundance at 3 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 3 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 3 wr. Middle left: Time series of standardized residuals of
the index at 3 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
lation plot.
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Figure 2.6.1.19. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 4 wr time series. Top left: Estimates of numbers at 4 wr (line) and numbers predicted from index
abundance at 4 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 4 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 4 wr. Middle left: Time series of standardized residuals of
the index at 4 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
lation plot.
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Figure 2.6.1.20. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 5 wr time series. Top left: Estimates of numbers at 5 wr (line) and numbers predicted from index
abundance at 5 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 5 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 5 wr. Middle left: Time series of standardized residuals of
the index at 5 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
lation plot.
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Figure 2.6.1.21. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 6 wr time series. Top left: Estimates of numbers at 6 wr (line) and numbers predicted from index
abundance at 6 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 6 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 6 wr. Middle left: Time series of standardized residuals of
the index at 6 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
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Figure 2.6.1.22. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 7 wr time series. Top left: Estimates of numbers at 7 wr (line) and numbers predicted from index
abundance at 7 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 7 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 7 wr. Middle left: Time series of standardized residuals of
the index at 7 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
lation plot.
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Figure 2.6.1.23. North Sea herring. Diagnostics of the assessment model fit to the HERAS index at
age 8+ wr time series. Top left: Estimates of numbers at 8+ wr (line) and numbers predicted from
index abundance at 8+ wr. Top right: scatterplot of index observations versus assessment model

estimates of numbers at 8+ wr with the best-fit catchability model (linear function). Middle right:

index observation versus standardized residuals at 8+ wr. Middle left: Time series of standardized
residuals of the index at 8+ wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom
right: Autocorrelation plot.
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Figure 2.6.1.24. North Sea herring. Diagnostics of the assessment model fit to the IBTS-Q1 index at
age 1 wr time series. Top left: Estimates of numbers at 1 wr (line) and numbers predicted from index
abundance at 1 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 1 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 1 wr. Middle left: Time series of standardized residuals of
the index at 1 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
lation plot.



ICES HAWG REPORT 2016

valies

Stdardked Reskiak

Stdanised Res Hias

1m0

=1 1)

am

1m0

Morth S22 Heming Diagnostics - IBT 40, ags 0

&) Obsarvad and fitted valuss tims saras

b} Obsarved vs fithsd valuss

*  Cosened M- Fmed E — 1
=
=
] -
Z
L st
= . **
B £
o B o
.
;3
B . .
.
* *
* H *
1885 2000 2005 2010 25 0 50 100 200 500 1000 2000
“fear FrmedvEles
¢} $tandardised residuats over tims o) Tukgy-Anscomibs plot
I
+
- +
o
! 1 T | 1] L
1 s | o % T = = PP .
¥F i l E +
B2 +
g +
= +
g —
+
+
+
o
B

2000 2008 209 s

Year

&) Normal @-& pot

100 200 00 1000 2000

Fimed wakes

=

1} autocomsistion of Residuats

— ggline —— 11lime -
-

-2 -1 a 1 z

Cuanillles of e Normal Distrioution

| 165

Figure 2.6.1.25. North Sea herring. Diagnostics of the assessment model fit to the IBTS0 index at
age 0 wr time series. Top left: Estimates of numbers at 0 wr (line) and numbers predicted from index
abundance at 0 wr. Top right: scatterplot of index observations versus assessment model estimates
of numbers at 0 wr with the best-fit catchability model (linear function). Middle right: index obser-
vation versus standardized residuals at 0 wr. Middle left: Time series of standardized residuals of
the index at 0 wr. Bottom left: normal Q-Q plot of standardized residuals. Bottom right: Autocorre-
lation plot.
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Figure 2.6.1.26. North Sea herring. Bubble plot of standardised catch residual.
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Figure 2.6.1.27. North Sea herring. Bubble plot of standardised acoustic survey residuals.
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Observation variances by data source
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Figure 2.6.1.28. North Sea herring. Observation variance by data source as estimated by the assess-
ment model. Observation variance is ordered from least (left) to most (right). Colours indicate the
different data sources. Observation variance is not individually estimated for each data source in-
dividually thereby reducing the parameters needed to be estimated in the assessment model. In
these cases of parameter bindings, observation variances have equal values.
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Observation variance vs uncertainty
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Figure 2.6.1.29. North Sea herring. Observation variance by data source as estimated by the assess-
ment model plotted against the CV estimate of the observation variance parameter.
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Figure 2.6.1.30. North Sea herring. Retrospective pattern of SSB (top panel) F (middle panel) and
recruitment (bottom panel) for the assessments with respectively terminal years in 2013 to 2003.
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Figure 2.6.1.31. North Sea herring. Model uncertainty; distribution and quantiles of estimated SSB
and Fzs in the terminal year of the assessment. Estimates of precision are based on a parametric
bootstrap from the FLSAM estimated variance / covariance estimates from the model.
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North Sea Herring
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Figure 2.6.1.32. North Sea herring. Correlation plot of the FLSAM assessment model with the final
set of parameters estimated in the model. The diagonal represents the correlation with the data
source itself.
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Figure 2.6.1.33. North Sea herring. Process error estimated from the 2016 SAM assessment. Top:
Process error expressed as deviations in total mortality. Bottom: Process error in stock biomass.
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Figure 2.6.2.1. North Sea herring. Comparison of the relative fishing mortality at age, derived from
the 2016 SAM assessment, with the relative F-proxy at age, derived by dividing the catch numbers
at age by the acoustic index as age (i.e. similar to harvest rate). Both series are scaled to the mean

for each age separately.
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Figure 2.6.3.1 North Sea herring. Stock summary plot of North Sea herring with associated uncer-
tainty for SSB (top panel), F ages 2-6 (middle panel) and recruitment (bottom panel).
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Figure 2.6.3.2. North Sea herring. Agreed management plan for North Sea herring including the
most recent 10 years of SSB and F as estimated within the assessment in relation with the manage-
ment plan.
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Figure 2.6.3.3. North Sea herring. Comparison of the North Sea SSB and fishing mortality using the
new and the new natural mortality time series.
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Figure 2.9.1. North Sea herring. Stock recruitment estimation for the period 2002-2015 based on the
current assessment.
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Figure 2.10.1 North Sea Autumn Spawning Herring. Historical retrospective of the estimated fish-
ing mortality, recruitment and spawning stock biomass from assessments 2009-2015.



180 |

60000

40000

SCAI

20000

—— Downs

Banks
— Buchan
Orkney/Shetland
Total

1970 1980 1990

ICES HAWG REPORT 2016

2020

Figure 2.11.1: North Sea herring. SCAI indices for the individual North Sea spawning components.
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Figure 2.11.2. North Sea herring. Time-series of the contribution of each spawning component to
the total stock, as estimated from the SCAI index (Payne, 2010). Areas are arranged from top to
bottom according to the north-to-south arrangement of the components.
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Figure 2.14.1. North Sea Autumn Spawning Herring. Stock recruitment curve, plotting estimated
spawning stock biomass against the resulting recruitment. Year classes spawned after 2001 are plot-
ted with open red circles, to highlight the years of recent poor recruitment. The most recent year
class is plotted in solid red. Note the logarithmic scaling on both axes.
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Figure 2.14.2. North Sea Autumn Spawning Herring. Time series of recruits per spawner (RPS).
RPS is calculated as the estimated number of recruits from the assessment divided by the estimated
number of mature fish at the time of spawning and is plotted against the year in which spawning
occurred. Black points: RPS in a given year. Red line: Smoother to aid visual interpretation. Note
the logarithmic scale on the vertical axis.
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Figure 2.14.3. North Sea Autumn Spawning Herring. Time series of larval survival ratio (Dickey-
Collas & Nash 2005; Payne et al. 2009), defined as the ratio of the SCAI index (representing larvae
less than 10-11mm) and the IBTS0 index (representing the late larvae, of approximately 20-30 mm).
Survival ratio is plotted against the year in which the larvae are spawned.
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Figure 2.14.4. North Sea Autumn Spawning Herring. Time series of larval survival ratio (Dickey-
Collas & Nash 2005; Payne et al. 2009) for the northern-most spawning components (Banks, Buchan,
Orkney-Shetland), defined as the ratio of the sum of the SCAI indices for these components (rep-
resenting larvae less than 10-11mm) and the IBTSO0 index (representing the late larvae, of approxi-
mately 20-30 mm). Survival ratio is plotted against the year in which the larvae are spawned.
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Herring in Division 3.a and subareas 22-24
[update assessment]

The Fishery

3.1.1 Advice and management applicable to 2015 and 2016

ICES advised in 2015 on the basis of the MSY approach. This corresponds to landings
of no more than 52 547 t in 2016 as estimated by the last year assessment (ICES CM
2015/ACOM:06).

The EU and Norway agreement on a herring TAC for 2015 was 52 547 t in Division
3.a for the human consumption fleet and a by-catch ceiling of 6 659 t to be taken in
the small mesh fishery. For 2016, the EU and Norway agreement on herring TACs in
Division 3.a was 51 084 t for the human consumption fleet and a by-catch ceiling of 6
659 t to be taken in the small mesh fishery.

Prior to 2006 no separate TAC for subdivisions 22-24 was set. In 2015, a TAC of
22 220 t was set on the Western Baltic stock component. The TAC for 2016 was set at
26274 t.

3.1.2 Landings in 2015

Herring caught in Division 3.a are a mixture of North Sea Autumn Spawners (NSAS)
and Western Baltic Spring Spawners (WBSS). This section gives the landings of both
NSAS and WBSS but the stock assessment applies only to the spring spawners.

Landings from 1989 to 2015 are given in Table 3.1.1 and Figure 3.1.1. In 2015 the total
landings in Division 3.a and subdivisions 22-24 have overall increased to 49 979 t.
Landings in 2015 decreased of 4% in the Skagerrak and increased of 21% in subdivi-
sions 22-24. As in previous years the 2015 landing data are calculated by fleet accord-
ing to the fleet definitions used when setting TACs.

Fleets are defined regardless their nationality as follows since 1998:

Fleet C: directed fishery for herring in which trawlers (with 32 mm minimum mesh
size) and purse seiners participate.

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

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

In Table 3.1.2 the landings are given for 2003 to 2015 in thousands of tonnes by fleet
(as defined by HAWG) and quarter.

The Danish fleet definition follows the definition set by HAWG, where Fleet D (or the
so called industrial fleet) is defined as all fisheries in which trawlers (with mesh sizes
less than 32 mm) and small purse seiners, fish for sprat. For most of the landings tak-
en by this fleet, herring is landed as by-catch from the sprat fishery and the Norway
pout fishery. The Swedish fleet definition is based on mesh size of the gear, as for the
Danish fleet. However, an earlier change in the Swedish industrial fishery implies
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that there is no difference in age structure of the landings between vessels using dif-
ferent mesh sizes since both are basically targeting herring for human consumption.

The text table below gives the TACs and Quotas (t) for the fishery by the C- and D-
fleets in Division 3.a and for the F-fleet in subdivisions 22-24.

TAC DK GER Fl PL SWE EC NOR
2015
Div. 3.a fleet-C 43 604 18 325 293* 19 169* 37788 5816
Div. 3.a fleet-D 6 659 5692 51 916 6 659
SD 22-24 fleet-F 22220 3115 12 259 2 2891 3953 22220
% of 3.a fleet-C can -50%
be taken in 4 EU
waters
% of 3.a fleet-C can -50%
be taken in 4
Norwigian waters
2016
Div. 3.a fleet-C 51 084 21178* 339* 600 22 154* 43671 6813
Div. 3.a fleet-D 6 659 5692 51 916 6 659
SD 22-24 fleet-F 26 274 3683 14 496 2 3419 4674 26274 26274
% of 3.a fleet-C can -50%
be taken in 4 EU
waters
% of 3.a fleet-C can -50%

be taken in 4
Norwigian waters

* calculated assuming same proportions as in 2015

3.1.3 Regulations and their effects

Before 2009, HAWG has calculated a substantial part of the catch reported as taken in
Division 3.a in fleet C actually has been taken in Area 4. These catches have been allo-
cated to the North Sea stock and accounted for under the A-fleet. Misreported catches
have been moved to the appropriate stock for the assessment. However, from 2009
and on onwards, information from both the industry and VMS estimates suggest that
this pattern of misreporting of catches into Division 3.a does not occur. Thus no
catches were moved out of Division 3.a to the North Sea for catches taken in 2015.

Regulations allowing quota transfers from Division 3.a to the North Sea were intro-
duced as an incentive to decrease misreporting of the fishery, and the percentage has
gradually been reduced until 2010. Since 2011 the EU — Norway agreement allowed
50% of the Division 3.a quotas for human consumption (Fleet C) to be taken in the
North Sea. The optional transfer of quotas from one management area to another in-
troduces uncertainty for catch predictions and thus influence the quality of the stock
projections. To decrease the uncertainty industry agreed in the 2013 benchmark to
inform HAWG prior to the meeting of the assumed transfer in the intermediate year.
In 2016 the industry (Pelagic RAC) informed HAWG that about 54% of the catches in
the C-fleet will be taken in Division 3.a.

The quota for the C fleet and the by-catch TAC for the D fleet (see above) are set for
the NSAS and the WBSS stocks together. The implication for the catch of NSAS must
also be taken into account when setting quotas for the fleets that exploit these stocks.
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3.1.4 Changes in fishing technology and fishing patterns

There have been no significant changes in the last few years. The amount of catch
taken in the first quarter varies between years in Division 3.a, however, there is no
clear trend over the time-series.

3.1.5 Winter rings vs. ages

To avoid confusion and facilitate comparability among herring stocks with different
“spawning style” (i.e., NSAS) the age of WBSS, as well as other HAWG herring
stocks, is specified in terms of winter rings (wr) throughout the entire assessment and
advice. In the case of WBSS perfect correspondence exists between wr and age with
no actual risk of confusion, so that a wr 1 is also an age 1 WBSS herring,.

Biological composition of the landings

Table 3.2.1 and Table 3.2.2 show the total catch in numbers and mean weight-at-age
in the catch for herring by quarter and fleet landed from Skagerrak and Kattegat, re-
spectively. The total catch in numbers and mean weights-at-age for herring landed
from subdivisions 22-24 are shown in Table 3.2.3.

The level of sampling of the commercial landings was generally within the directions
set by the DCMAP, however, as the landings were minor in certain areas and periods,
the regulation of 1 sample per 1 000 t landed resulted in few samples being taken
(Table 3.2.4). Where sampling was missing in areas and quarters on national land-
ings, sampling from either other nations or adjacent areas and quarters were used to
estimate catch in numbers and mean weight-at-age (Table 3.2.5).

Based on the proportions of spring- and autumn-spawners in the landings, catches
were split between NSAS and WBSS (Table 3.2.6 and the stock annex for more de-
tails).

The total numbers and mean weight-at-age of the WBSS and NSAS landed from Kat-

tegat, Skagerrak, and Division 3.a respectively were then estimated by quarter and
fleet (Table 3.2.7-3.2.12).

The total catch, expressed as SOP, of the WBSS taken in the North Sea + Division 3.a
in 2015 was estimated to be 15 348 t, which is the second lowest value of the time se-
ries (Table 3.2.13).

Total catches of WBSS from the North Sea, Division 3.a, and subdivisions 22-24 re-
spectively, by quarter, were estimated for 2015 (Table 3.2.14). Additionally, the total
catches of WBSS in numbers and tonnes, divided between the North Sea and Division
3.a and subdivisions 22-24 respectively for 1993-2015, are presented in Tables 3.2.15
and 3.2.16.

The total catch of NSAS in Division 3.a amounted to 14 692 t in 2015, which is within
the lower ranges of values of the time series (Table 3.2.17).

The catches of WBSS from Subarea 4.aE and the catches of NSAS from Division 3.a in
2015 were reallocated to the appropriate stocks as shown in the text table below:

STOCK CATCH REALLOCATION TONNES

WBSS  4.aE (A-fleet) 2205
NSAS  3.a(C-fleet) 14 692
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3.2.1 Quality of Catch Data and Biological Sampling Data

No quantitative estimates of discards were available to the Working Group. Howev-
er, the amount of discards for 2015 is assumed to be insignificant, as in previous
years.

Table 3.2.4 shows the number of fish aged by country, area, fishery and quarter. The
overall sampling in 2015 meets the recommended level of one sample per 1 000 t
landed per quarter and the coverage of areas, times of the year and gear (mesh size).
Fortunately occasional lack of national sampling of catches by quarter and area has
been covered by similar fisheries in other countries.

Splitting of catches into WBSS (Spring spawners) and NSAS (Autumn spawners) in
Division 3.a were based on Danish and Swedish analyses of otolith micro-structure of
hatch type and extended with discriminant analysis of otolith shape calibrated with
hatch type and applied on production samples with classification parameters: herring
length weight and age as well as otolith metrics (see Stock annex). The total sample
size for hatch type was 1671 with 42% of the samples in Division 3.a North (Skager-
rak) and 58% in Division 3.a South (Kattegat).

Sampling for split of commercial catches in the transfer area in Division 4.a East in
2015 was based on 3106 Norwegian vertebral count (VC) observations from scientific
cruises and commercial catches in the period 2008-2015 The applied method was
based on the average VC by age group and quarters 1-3 as described in the stock an-
nex. For 2015 quarter 4 the split was based on 361 Danish samples of otolith micro-
structure and otolith shape.

There are indications of mixing with Central Baltic herring in catches from SD 24
throughout the year from most of the countries. However, the catches are dominated
by the German directed fishery in the spawning areas where mixing is likely to be
minimum. Catch data are not corrected for this mixing neither potential catches of
Western Baltic Spring Spawning herring from SD 25-26.

3.3 Fishery Independent Information

3.3.1 German Autumn Acoustic Survey (GERAS) in subdivisions 21-24

As a part of Baltic International Acoustic Survey (BIAS); the German autumn acoustic
survey (GERAS) was carried out with R/V “SOLEA” between 1 — 19 October 2015 in
the Western Baltic, covering subdivisions 21, 22, 23 and 24. A survey report is given
in the ‘Report of the Working Group for International Pelagic Surveys (ICES CM
2016/SSGEIOM:05). The time series has been revised in 2008 (ICES 2008/ACOM:02) to
include the southern part of SD 21. The years 1991-1993 were excluded from the as-
sessment due to different recording method and 2001 was also excluded from the
assessment since SD 23 was not covered during that year (ICES 2008/ACOM:02). All
the age (wr) classes (0-8+) are included in the assessment.

In the western Baltic, the distribution areas of two stocks, the Western Baltic Spring
Spawning herring (WBSSH) and the Central Baltic herring (CBH) overlap. Survey
results indicated in the recent years that in SD 24, which is part of the WBSSH man-
agement area, a considerable fraction of CBH is present and correspondingly errone-
ously allocated to WBSSH stock indices (ICES 2013/ACOM:46). Accordingly, a stock
separation function (SF) based on growth parameters in 2005 to 2010 has been devel-
oped to quantify the proportion of CBH and WBSSH in the area (Grohsler et al. 2013;
Grohsler ef al. 2016). The estimates of the growth parameters based on baseline sam-
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ples of WBSSH and CBH in 2011-2014 and in 2015 support the applicability of SF
(Oeberst et al., 2013 - WD for HAWG 2013; Oeberst et al., 2014 — WD for WGIPS 2014;
Oeberst et al.,, 2015 — WD for WGIPS 2015; Oeberst et al., 2016 — WD for WGBIFS
2016). Thus, SF was applied to correct the GERAS index for WBSS from 2005-2015.

The age-length distribution of herring in SD 22 in 2015 for the first time indicated a
higher contribution of older fish of CBH origin. Thus, the SF was also applied in SD
22.

The present results in SD 23 further show an unusual, very high contribution of ma-
ture herring in 2015 (percentage of maturity stages 26 in 2015: 31%; mean 1994-2014:
3%), which cannot be considered of WBSSH origin. Accordingly, the fraction of ‘ma-
ture” herring has not been taken into account in the final analysis.

Individual mean weight, total numbers and biomass by age as estimated from the
GERAS are presented in Table 3.3.1. The Western Baltic spring spawning herring
stock index in 2015 was estimated to be 2.5 x 10° fish or about 146.1 x 10° tonnes in
subdivisions 21-24. Compared to previous results, the present estimates of herring
show a significant decrease in biomass. The biomass index in 2015 is now below its
long-time average (1993-2014: 195.5 kt).

3.3.2 Herring Summer Acoustic Survey (HERAS) in Division 3.a

The Herring acoustic survey (HERAS) was conducted from 25 to 8 July 2015 and cov-
ered the Skagerrak and the Kattegat. The 1999 survey was excluded from the assess-
ment due to different survey area coverage. The 2015 estimate of Western Baltic
spring-spawning herring SSB was 207 000 tonnes and 1 447 million herring. This is
nearly a doubling of the 2014 estimates of 128 000 tonnes and 791 million fish and
brings the stock back in line with abundances observed in the period prior to 2009.
(ICES CM 2016/SSGIEOM:05). The stock is dominated by 1 and 2 wr fishes, and their
abundance increased by a factor of 4 and 3 respectively when compared to estimate
in 2014 and now in a comparable order of magnitude as it has been in the past. The
numbers of older herring (3+ wr group) in the stock has continued to be relatively
low, although an increase was observed in 2015. When compared to 2014, the mean
weight at age has increased considerably for herring aged 0 wr but decreased for all
ages above (exception age 3 with similar weight at age between years). The amount of
mature fish was twice as high as the numbers measured in 2014 (791 million).The re-
sults from the HERAS index are summarised in Table 3.3.2. Ages (wr) 1-8+ are used
in the assessment.

3.3.3 Larvae Surveys (N20)

Herring larvae surveys (Greifswalder Bodden and adjacent waters; SD 24) were con-
ducted in the western Baltic at weekly intervals during the 2015 spawning season
(March to June). The larval index was defined as the total number of larvae that reach
the length of 20 mm (N20; Table 3.3.3; Oeberst et al, 2009). The 2015 recruitment index
N20 derived from the survey is 2,478 million larvae, which is in the lower range of the
time series (Table 3.3.3). However, it is about five times higher than the record low of
2014 (539 million larvae).

3.3.4 IBTS Q1 and Q3

The International Bottom Trawl Surveys (IBTS) in Division 3.a are part of the IBTS
surveys in the North Sea. The survey is conducted during January (Q1) and August
(Q3) 2014, and covers the Kattegat and Skagerrak. Details of the surveys are provided
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in the IBTSWG report (ICES CM 2015/SSGEIOM:24). Catch per unit effort (CPUE;
n/h) were retrieved from DATRAS database (http://datras.ices.dk). The IBTS Q1 index
for 2015 shows a high value for age (wr) 1. The index is low for age (wr) 3 and partic-
ularly age (wr) 4 which records the third lowest value of the time series.

The IBTS Q3 age (wr) 1 index shows high values in the last two years and records a
even higher value in 2015. Age (wr) 2 and 3 are comparable with the average values
during the time series. The age (wr) 4 index in 2015 records the highest value of the
last 20 years. However, the IBTS indices show overall highly variable behaviour and
low internal consistency. Since the recent benchmark (ICES 2013/ACOM:46), ages
(wr) 1-4 are used in the assessment of WBSS.

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

Mean weights at age in the catch in the 1st quarter were used as estimates of mean
weight at age in the stock (Table 3.6.3).

The maturity ogive of WBSS applied in HAWG has been assumed constant between
years and has been the same since 1991 (ICES 1992/Assess:13), although large year-to-
year variations in the percentage mature have been observed (Grohsler and Miiller,
2004). Maturity ogive has been investigated in the recent benchmark assessment of
WBSS (ICES 2013/ACOM:46). WKPELA in 2013 decided to carry on with the applica-
tion of the constant maturity ogive vector for WBSS.

The same maturity ogive was used as in the last year assessment (ICES CM
2015/ACOM:06):

W-RINGS 0 1 2 3 4 5 6 7 8+

Maturity  0.00 0.00 020 0.75 0.90 1.00 1.00 1.00 1.00

3.5 Recruitment

Indices of recruitment of 0-ringer WBSS in subdivisions 22-24 for 2015 were available
from both the GERAS and the N20 larval surveys (see Section 3.3.1 and 3.3.3, respec-
tively). Consistency between the two surveys appears poor also in 2015. The N20-
based index shows a minor increase from the last year low record, (Table 3.3.3), while
the GERAS-based index for age 0 shows a major decrease after the very high value
recorded in 2014.

3.6 Assessment of Western Baltic spring spawners in Division 3.a and
subdivisions 22-24

3.6.1 Input data

3.6.1.1 Landings data

Catch in numbers at age from 1991 to 2015 were available for Subdivision 4.a (East),
Division 3.a and subdivisions 22-24 (Table 3.6.1). Years before 1991 are excluded due
to lack of reliable data for splitting spawning type and also due to a large change in
fishing pattern caused by changes in the German fishing fleets (ICES 2008/ ACOM.:02).

Mean weights at age in the catch vary annually and are available for the same period
as the catch in numbers (Table 3.6.2; Figure 3.6.1.1). Proportions at age thus reflect the
combined variation in numbers at age and weight at age (Figure 3.6.1.3).
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3.6.1.2 Biological data

Estimates of the mean weight of individuals in the stock (Tables 3.6.3 (Q1) and Figure
3.6.1.4) are available for all years considered.

Natural mortality was assumed constant over time and equal to 0.3, 0.5, and 0.2 for 0-
ringers, 1-ringers, and 2+ -ringers respectively (Table 3.6.4). The estimates of natural
mortality were derived as a mean for the years 1977-1995 from the Baltic MSVPA
(ICES 1997/]:2) as no new values were available as confirmed in the recent bench-
mark.

The percentage of individuals that are mature is assumed constant over time (Table
3.6.5): ages (wr) 0-1 are assumed to be all immature, ages (wr) 2-4 are 20%, 75% and
90% mature respectively, and all older ages are 100% mature.

The proportions of fishing mortality and natural mortality before spawning are 0.1
and 0.25 respectively and are assumed to be constant over time (Table 3.6.6-7). The
difference between these two values is due to differences in the seasonal patterns of
fishing and natural mortality.

3.6.1.3 Surveys

According to the last benchmark of WBSS (ICES 2013/ACOM:46), the following age
(w-rings) classes (in grey) are used from each survey to tune the assessment of this
stock:

SURVEY 0 1 2 3 4 5 6 7 8+

HERAS

GERAS

N20

IBTS Q1

IBTS Q3

3.6.2 Assessment method

The assessment of WBSS is based on the state-space assessment model SAM
(https://www.stockassessment.org). The assessment is run using FLSAM which im-
plements an R based version of SAM embedded within the FLR library (Kell et al.
2007). Details of the software version employed are given in Table 3.6.11.

3.6.3 Assessment configuration

The model configuration was set as specified in Tables 3.6.9-10.

3.6.4 Final run

The results of the assessment are given in Tables 3.6.12-23. The estimated SSB for
2015 is 125 744 [102 630, 153 586 (95% CI)] t. The mean fishing mortality (ages 3-6) is
estimated as 0.256 [0.196, 0.333 (95% CI)] yr (Figure 3.6.4.1).

After a marked decline from over 300 000 t in the early 1990s to a low of less than 120
000 t in the late 1990s, the SSB of this stock recovered somewhat, reaching a second-
ary peak of around 160 000 tonnes in the early 2000s (Figure 3.6.4.2). After a small
peak in 2006 coinciding with the maturing of the 2003 year-class, the SSB has declined
up to 2011 with the lowest SSB observed in the time series. SSB is progressively in-
creased afterward. The 2015 estimate records a 5% increase from 2014.
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Fishing mortality on this stock was high in the mid-1990s, reaching a maximum of
over 0.6 yr. In 1999-2009 Fss stabilised around 0.5. In 2010 and 2011 Fs- decreased
significantly to the value of approx. 0.32 yr-1. Estimates of Fs. are at the lowest in 2014
with a value of 0.24. The 0.26 yr! value estimated in 2015 represents the second low-
est estimates (Table 3.6.12, Figure 3.6.4.1).

0.86 in 2015 (it was 0.83 in 2014). The observation variance estimated for each data
component is largely in agreement with the last year assessment (ICES
2015/ACOM:06).

Inspection of the residuals for the catch shows a good fitting of the catch-at-age ma-
trix. The catch residuals are very small to the last year assessment and generally free
from patterns over both time or ages (Figure 3.6.4.5-13, 3.6.4.41).

The individual survey diagnostics show remarkable differences in how the model fit
the different survey data, and the level of fitting is widely in agreement with the es-
timated observation variance for each data component (Figures 3.6.4.15-39, 3.6.4.41).
In this respect, a generally good fit is found for the age (wr) 3-6 of the HERAS index,
age (wr) 4 of the GERAS index, with the exception of a major outlier in 2009, and for
the ages (wr) 3-4 of the IBTS Q3. Poorer fit is observed for the other survey compo-
nents, including the N20 larval index, all ages in the IBTS Q1, and ages (wr) 1-2 in
IBTS Q3. The model shows also poor fitting of the age (wr) 1 HERAS index and the
age (wr) 0 GERAS index. Inspection of the residuals shows the occurrence of some
year effects (i.e., 2009 in the GERAS and 2013 in HERAS; Figure 3.6.4.41) but they are
still considered appropriate in relationship to the complexity of the model and the
amount of information used in the model. Year effects are generally more problemat-
ic than age effects with the assessment model used, as temporally-invariant parame-
ters have been adopted. Overall, the agreement between the data and the fitted model
appears good throughout the data sources which are most influential in the model.

Estimation of the selectivity pattern shows an increase in the selectivity with age; the
model was constrained to have same selectivity for age (wr) 5+. The selection pattern
is relatively stable throughout the time period of the assessment, but selectivity of age
(wr) 4 has progressively increased in recent years (Figure 3.6.4.4).

The estimated surveys catchability are rather different among the surveys (Figure
3.6.4.40). In the GERAS survey, age (wr) 0 has the highest catchability, which rapidly
drops for age (wr) 1 and 2. Then it progressively increases up to age (wr) 5 to level a
bit lower in ages (wr) 7-8+. In the HERAS survey, age (wr) 1 has the lowest catchabil-
ity, while ages (wr) 2-3 have the highest catchability which declines for the oldest age
groups. Even more pronounced reduction in catchability is estimated from age (wr) 1
to age (wr) 4 in both the IBTS surveys. Interpretation of the different catchability pat-
terns is difficult, and likely a number of reasons including ontogenetic differences in
the spatial distribution and behaviour of the different age classes at the time of the
surveys may affect their relative availability to the different samplings.

The estimated correlation parameter in the F random walk of 0.86 is reflected in high-
ly parallel fishing mortality at age estimates (Figure 3.6.4.42).

Retrospective analysis suggests that the assessment method gives a consistent percep-
tion of the stock and its dynamics (Figure 3.6.4.43). The changes from year-to-year
retrospective analysis are within the uncertainty of the estimated values and are
therefore consistent with the level of confidence in our estimates. A stable uncertainty
associated to the model parameters was estimated for all the retrospective runs.
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Retrospective analysis of the selectivity pattern for this fishery suggests a stable selec-
tion pattern (Figure 3.6.4.44).

The stock-recruitment plot for this stock (Figure 3.6.4.45) does not show a clear rela-
tionship between stock-size and recruitment.

State of the stock

The stock has decreased consistently during the second half of the 2000s. SSB has
progressively increased after the estimated minimum in 2011. Fishing mortality (Fs-6)
was drastically reduced in 2010 (0.35 yr') and 2011 (0.29 yr?), it showed some in-
crease in 2012 and 2013 (0.31 yr') and decreased again to minimum levels in the last
two years. The estimate of 3 for 2015 is 0.26 yr-1.

Recruitment has declined consistently from 1999, causing the following continuous
reduction of SSB. After a minimum in 2008-2009 recruitment has fluctuated around
low values. Under a historical perspective the estimates of SSB are considered still
low, but show a positive trend since 2012.

Comparison with previous years perception of the stock

Overall there is a minor upward revision of SSB and downward revision of F for the
2013 and 2014 estimates, which do not change our perception of the stock dynamics.
F has been revised downward of 5.5% for 2013 and 6.5% for 2014. The text table be-
low summarises the differences between the current and the previous year assess-
ments.

Parameter Assessment in 2015 Assessment in 2016 Di(f_f/' )13/:15
SSB (t) 2013 110757 112885 1,9
F(3-6) 2013 0,327 0,309 -5,5
Recr. (‘000) 2013 1943498 1928012 -0,8
SSB (t) 2014 118542 119857 11
F(3-6) 2014 0,261 0,244 -6,5
Recr. (‘000) 2014 2024837 1955194 -3,4

Short term predictions

Short term predictions were made in R using the function 'fwd’', which implements a
generic method for forward projections within FLR.

3.9.1 Input data

In the short term predictions recruitment (0-winter ring, wr) is assumed to be con-
stant, and it is calculated as the geometric mean of the last five years prior the last
year model estimate (i.e. for the 2016 assessment, recruitment for the forecasts was
calculated on the period 2010-2014). 1-wr in the current year is calculated according
to the geometric mean recruitment in the previous year. The mean weight-at-age in
the catch and in the stock, as well as the maturities-at-age were calculated as the
arithmetic averages over the last three years of the assessment (2013-2015). Based on
earlier considerations in the herring working group, the different periods were cho-
sen to reflect recent levels in recruitment and weights. The input data are shown in
Table 3.9.1.
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3.9.2 Intermediate year 2016

A catch constraint was assumed for the intermediate year (2016) by the following
procedure:

The EU — Norway agreement allows an optional transfer of 50% of the human con-
sumption TAC for herring in Division 3.a into the Area 4 in the North Sea. Based on
industry consultations the 2015 advice assumed a 46% transfer of the C-fleet quota
from Division 3.a to the North Sea. With an actual transfer of 49%, forecasts are con-
sidered relatively precise. Based on information from the Pelagic RAC ICES assumes
a 46% TAC transfer in 2016. This assumption influences the perception of the stock
development in 2016 and 2017.

Misreporting of catches from the North Sea into Division 3.a is no longer assumed to
occur after 2008. Therefore no account was taken in the compilations.

The catch by the F-fleet fishing for human consumption in subdivisions 22-24 in 2015
was close to the TAC and utilisation of 100% is assumed for the intermediate year.
The TAC utilisation for the C-fleet in Division 3.a is assumed to be 54% (based on
consultation with the industry). The proportion of the TAC taken in the small meshed
fishery (D-fleet) has varied between 43% and 94% during the last four years. Howev-
er with the landings obligation in force from 2015 a 100% TAC utilisation for the in-
termediate year is assumed for the D-fleet.

The catch of herring in Division 3.a consists of both WBSS and NSAS components.
The expected catch of WBSS in Division 3.a was calculated assuming the same WBSS
proportions in the catch of each fleet in 2016 as the average of 2013-2015 in Division
3.a (58% and, 28% of WBSS in the C- and the D-fleet, respectively).

For the MSY based advice the fractions of the total catch of WBSS in Division 3.a and
subdivisions 22-24 taken by each of the three fleets C, D, and F are assumed to be
equal to the predicted utilised TAC in the respective areas times the proportion of
WBSS in the catches for the assessment year 2015.

A constant amount of 2205 t of WBSS taken in Division 4.aE by the A-fleet in 2015 is
also assumed in 2016.

The mix of the two stocks in the Division 3.a catches is used to derive the out-take of
NSAS and total catches in Division 3.a, whereas the Subdivision 22-24 TAC is as-
sumed to be only WBSS herring.

Summary: predicted catches for 2016 of WBSS and NSAS by fleet in 3.a are based on
1) the expected TAC utilisation of 54% by the C-fleet (provided by the industry) a
TAC utilisation of 100% in the D-fleet plus a constant catch of WBSS in 4.aE (2015
catch) and 2) the 2013-2015 average proportion of the two stocks in the catches of the
different fleets. These assumptions give the expected catch by fleet summing up to a
total of 46 362 t WBSS in 2016.

3.9.3 Catch options for 2017

The output of the short-term prediction, based on a catch constraint in the intermedi-
ate year 2015 of 41 483 t is given in Table 3.9.2.

The following catch options for 2016 were explored with an invariant selection pat-
tern over all fleets for options 1-4:

1) Fmsy=0.32.
2) Zero catch.
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3) Fwsy lower bound

4) Fwmsy upper bound

5) A proportional 15% reduction of Fumsy based catches for 2017.
6) As for option 3, but with no change in the TAC.

7) A proportional 15% increase of Fumsy based catches for 2017.
8) 0.01 intervals between Fusy lower and upper bounds

For catches following the management rule for the C-fleet in catch options 7-9 the
following changes were made to the assumptions:

i)  Individual fleet wise selection patterns are applied according to the 2012-
2015fishing pattern

ii) The F fleet takes 50% of the catch calculated according to Fumsy = 0.32 and
thus kept constant.

iii) The D fleet catches are kept constant taking 100% of the by-catch quota.
iv) The WBSS catch in the A fleet corresponds to 0.38% of the catch.

9) Catches according to i)-iv) with 0% transfer of quotas to the North Sea
10) Catches according to i)-iv) with a 50% transfer of quotas to the North Sea
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3.9.4 Exploring a range of total WBSS catches for 2017 (advice year)
ICES gives advice according to Fumsy = 0.32 for the WBSS stock.

. . Catch . F catch . SSB % SSB % Advice

Option Rationale 2017) Basis (2017) SSB (2017) (2018)* | change** | change***
1 FMSY 56802 F = FMSY 032 153971 154361 +0.3 +8.1
2 Zero catch 0 F(2015) x 0 0 158875 210237 +32.3 -100.0
3a | FMSY ranges without 42375 MSY Flower 023 155334 168262 +8.3 194
3b | AdviceRule” 70164 MSY Fupper 041 152620 141682 72 +33.5

FMSY ranges with F =MSY Flower(AR) x

4. . . -19.

2 Advice Rule included” 42375 (SSB2016/ MSY Btrigger) 023 155334) - 168262 83 194
F = MSY Fupper(AR) x

4. 70164 41 152620 141682 7.2 .
b 0164 SSB2016/ MSY Btrigger) 0 52620 68 +835
5 TAC roll-over - 15% 51254 TAC(2015) x 0.85 029 154506 159120 +3.0 25
6 TAC roll-over 59910 TAC(2015) x 1 034 153665 151700 13 +14.0
7 TAC roll-over + 15% 68566 TAC(2015) x 1.15 040, 152786 144310 5.5 +30.5
8 44033 |MSY Flower differing by 0.01 024 155182 166653 +7.4 162
45678 | MSY Flower differing by 0.02 025 155030 165061 +6.5 131
47308 MSY Flower differing by 0.03 026 154878 163485 +5.6 -10.0
48924 |MSY Flower differing by 0.04 027 154727 161925 +4.7 6.9
50527 MSY Flower differing by 0.05 028 154575 160381 +38 38
52115 MSY Flower differing by 0.06 029 154424 158853 +2.9 0.8
53691 MSY Flower differing by 0.07 0.30 154273| 157340 +2.0 +2.2
55253 MSY Flower differing by 0.08 031 154122 155843 +1.1 +5.1
58337 MY Fupper(()%l? differing by 033 153820 152894 0.6 +11.0
, 59860 VoY Fupper(AR) differing by 034 153670, 151442 14 +13.9

Other options 0.07

61370 MY Fupper(()%l? differing by 035 153519 150005 23 +16.8
62867 MY FuPper(OAOI;) differing by 036 153369 148582 3.1 +19.6
64351 1Y Fupper(()%li) differing by 037 153219 147174 39 +225
65823 V1Y FuPper(O‘i)I;) differing by 038 153069 145780 48 +25.3
67282 MY F“pper((ﬁg) differing by 039 152919 144400 5.6 +28.0
68729 V1Y FuPper(OAOI? differing by 040, 152769, 143034 6.4 +30.8

* For spring-spawning stocks, the SSB is determined at spawning time and is influenced by fisheries and natural
mortality between 1January and spawning time (April).

** SSB (2018) relative to SSB (2017).
*** Catch 2017 relative to ICES advice 2016 for the western Baltic spring-spawning herring stock.

~ According to ICES (2015c¢), Fmsy ranges are specified with and without the ICES Advice Rule (AR). For ranges without
the AR, Fiower and Fupper are not modified by SSB in the catch advice year. For the ranges with the AR, SSB2016 < MSY Brrigger;
therefore, Fiowerar and Fupperar) are reduced by the factor SSB / MSY Beigger.
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ICES has evaluated the agreed management rule between EU and No and found it
precautionary under the assumption of a minimum 10% quota transfer from Division
3.a to the North Sea, see management considerations (ICES 2015c). The TAC for 2016
was set according to the management rule and ICES assumes that TAC settings for
2017 will follow the management rule. Therefore ICES also provides fleet-wise catch
options based on the implementation of the LTMP for the North Sea. Catch options 9
and 10 assume 0% and 50% quota transfer from 3.a into 4

The tables below gives the 2017 fleet wise catch options for the Western Baltic spring
spawners and North Sea North Sea autumn spawners in Division 3.a, in subdivisions
22-24, and in Subarea 4.aE for the catch options described in section 3.9.3. The op-
tions follow the North Sea LTMP, the WBSS catch advice with Fusy = 0.32, and the agreed EU
Norway management rule with 0% and 50% TAC transfer flexibility.

Fishing mortality TACs and catch (t) by fleet
Ovti NSAS NSAS WBSS
RHOK Fl Fl
F ages F ages Fleet A eet Fleet C Fleet D eet Total catch
F ages (wr)2-6 B F
(wr)0-1 (wr)3-6
1&
Area All All All 4&7.d 7.d 3.a 3.a 22-24 | NSAS | WBSS
Area TAC (LTMP,
9 0.286 0.05 0.339 427964 8020 47586 6659 | 28401 | 458926 | 59704
Fwmsy )
NSAS NSAS WBSS
Stock F ages F ages (wi3- NSAS | WBSS | NSAS [ NSAS | WBSS | NSAS | WBSS | WBSS | NSAS | WBSS
F ages (wr)2-6 — .
Predicted catch
9 0.286 0.05 0.339 | 426259 1705 8020 | 19986 | 27600 4661 1998 | 28401 | 458926 | 59704
0% transfer
Predicted catch
10 0.298 0.05 0.252 | 450052 1800 8020 9993 | 13800 4661 1998 | 28401 | 472726 | 45999
50% transfer

The amount of WBSS catch in Division 4a East is highly variable since it is dependent
on the geographical distribution of the stock components. As for 2015 a catch of 2 205
t WBSS herring taken in the transfer area in Division 4.a East is assumed for the MSY-
based advice. For the fleet-wise catch options based on the 3.a management rule a %
split for herring catch in 4a east is applied.

Reference points

Based on a Bim value of 90 000 t (equal Buoss, ICES 2013/ACOM:46), the Bpa value of 110
000 t was calculated according to the concept developed by the study group on the
Precautionary Approach to Fisheries Management (ICES 2003/ACFM:15) and later
REF (ICES 2007/ACFM:11).

The Fusy reference point for WBSS was estimated in 2014 by WKMSYREF 2014 (ICES
2014/ACOM:64) using the function eqSim in the R package ‘msy’. The estimated Fusy
value of 0.32 yr' with lower and upper bounds (Fumsy lower = 0.23 and Fmsy up-
per=0.41) and FP0.5=0.46 (5% risk to Biim) as proxy for Fpa were based on stochastic
simulation of recruitment generated on a combination of Beverton & Holt, Ricker and
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segmented regression (ICES 2014/ACOM:64). Fim was estimated using eqSim with
settings Fpni and Fev set to 0 and the returned value for F50 was adopted as Fiim, as
stipulated by the ICES guidelines on estimation of reference points.

For the only purpose of monitoring the development of reference points, the same
settings were applied on the present assessment and on 5-years retrospective and
value of Fusy estimated (Figure 3.10.1). This year assessment resulted in Fumsy = 0.27
which appears in line with old estimates prior the 2014 revision.

Further scrutinising of Fumsy is needed for WBSS, together with an evaluation for a
long term management plan for the stock.

3.11 Quality of the Assessment

The 2015 assessment follows the procedures and settings specified in the Stock An-
nex. The assessment has proved to provide stable estimates and perception of the
stock. This is also confirmed by the low variability in the retrospective perception of
the stock which is within the estimated confidence limits. Model residuals were ex-
amined for all the components (catch and survey indices) and no major undesirable
pattern was observed.

During the 2013 benchmark mixing of WBSS and Central Baltic herring (CBH) in
SD24 was investigated. The mixing in catches and its variability in time is unknown,
but it is expected to change as a function of variable distributions of the two stocks as
well as variability in the spatial and temporal distribution of the fisheries. Indications
of mixing between the two stocks exist in 2015 catch data and the working group reit-
erates the need for future specific investigations on the issue.

3.12 Management Considerations

Quotas in Division 3.a

The quota for the C-fleet and the by-catch quota for the D-fleet are set for both stocks
of North Sea autumn spawners (NSAS) and Western Baltic spring spawners (WBSS)
together (see Section 2.7). 50% of the EU and Norwegian quotas for human consump-
tion can optionally be transferred from Division 3.a and taken in Area 4 as NSAS in
2016. ICES assumes that a transfer of 46% will be applied in 2016.

ICES catch predictions versus management TAC

ICES gives advice on catch options for the entire distribution of the NSAS and WBSS
herring stocks separately whereas herring is managed by areas (see the following text
diagram). The procedure of setting TACs in ICES Division 3.a and SD22-24 takes into
account the occurrence of different fleets catches of both WBSS and NSAS herring
utilization of TACs and the proportion of NSAS and WBSS that mix in the areas. In
the flowchart below a schematic is presented:
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Box 1: Each year estimations of the WBSS and NSAS stock size are made using a stock assessment
model. Stock size estimation together with the estimated pattern of harvesting is used as the starting
point for the short term forecast.

Box 2: To derive at a TAC proposal in the forecast year first the intermediate year (the year where
the TAC has already been agreed on) catches need to be resolved. Four different fleets catch WBSS
the A fleet (within the 4a East area where they take it as a mixture of mainly NSAS and partly WBSS)
the C and D fleet (within the 3.a area where they take it as a mixture of mainly WBSS and partly
NSAS) and the F fleet (within area 22-24 where they only take WBSS). Each of these fleets target
herring taking into account a fleet share of the total TAC. Only part of this TAC is WBSS catches and
not all fleets utilize their full TAC fleet share. This results in an estimate of the intermediate year
WBSS catches. Given WBSS stock size and these intermediate year catches the fishing mortality that
the WBSS stock is exploited at can be estimated.

Box 3: Based on the estimated fishing mortality we can now calculate the survivors from the inter-
mediate year to the forecast year assuming an incoming constant recruitment. The calculation of the
stock size January 1¢ in the forecast year is needed to project catches in the forecast year.

Box 4: The management rule for the C-fleet TAC uses the potential WBSS catches calculated from the
Fmsy advice plus a fraction of the NSAS LTMP TAC to define the total TAC in ICES Division 3.a as
well as SD22-24 (see Application of the management rule below). Dependent on the relative devel-
opment of the NSAS and WBSS stocks and the quota transfer from the C-fleet to the A-fleet the real-
ised WBSS catches may deviate from the predictions based on Fumsy.

Box 5: The TAC advice from box 4 is taken into the political arena. The result of this will be taken
into account to calculate the WBSS population again the year after. Hence box 5 is similar to box 1.
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Application of the management rule for the herring fishery for human consumption in Division
3.a

The agreed management rule was evaluated by ICES and found precautionary under
the conditions of a minimum quota transfer of 10% from Division 3.a C fleet to the
North Sea (ICES 2015/ACOM:47).

This management rule is the basis for setting the C-fleet TAC in Division 3.a, calculat-
ed as the sum of 41% of the WBSS MSY advised catch and 5.7% of the North Sea her-
ring management plan determined TAC for the A-fleet, with a further associated
TAC constraint of +/- 15% for the C-fleet.

Data used for catch options for 2017 (advice year)

The catches at Fmsy in 2017 of WBSS were calculated according to the specifications in
sec. 3.9.3 option 1. Of this total WBSS ICES MSY advice, 50% was allocated to the F
fleet, a constant catch in the D fleet was calculated as the bycatch TAC x split.o =1 731
t (split.o = 0.28) and a percentage of the A-fleet (0.38%) allocated to catches of WBSS in
the A fleet in 4aEast. The catch of WBSS in the C fleet was estimated as the WBSS
proportion (split.c=0.58) in the C fleet TAC according to the rule:

TAC Skagerrak and Kattegat = (TAC_NSAS *5.7%) + (WBSS ICES MSY advice * 41%)
with an associated TAC constraint of +/- 15%.

The TAC calculation is circular and may be described by the following pseudo code
and illustrated by the schematic below:
1. Rule starting conditions are calculated as 41% of WBSSwusyadvice*(1+NSAS:WBSS)
> C-fleet TACH
2. C-fleet TACi > resulting catches are split according to stock composition:
WBSS in C-fleet + NSAS in C-fleet
3. NSAS in C-fleet + NSAS in D-fleet are fixed - catch options for NSAS in B-
fleet and A-fleet (given Fo1 and Fz6 in LTMP)
4. 5.7% of NSAS in A,B,C and D-fleets + 41% of WBSSwsyadvice 2 C-fleet TACi#1
5. i=i+l

6. IF C-fleet TAC*1 <> C-fleet TACI GOTO 1)

i c [oja] ¢ |

! C-fleet TAC, P e

: 41% AdVCyges 3+ %5.7% TACygas i |

i _nsas [ wess |:

iLTMP TACygas ¢




202 |

3.13

ICES HAWG REPORT 2016

Ecosystem considerations

Herring in Division 3.a and subdivisions 22-24 is a migratory stock. There are feeding
migrations from the Western Baltic into more saline waters of Division 3.a and the
eastern parts of Division 4a. There are indications from parasite infections that yet
unknown proportions of stock components spawning at the southern coast in the Bal-
tic Sea may perform similar migrations (Podolska et al. 2006). Herring in Division 3.a
and subdivisions 22-24 migrate back to Riigen area (SD 24) at the beginning of the
winter for spawning. Moreover, there are recent indications that Central Baltic her-
ring per