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Stock Annex: Herring (C/upea harengus) in subdivisions 30 and 31

(Gulf of Bothnia)

PLEASE NOTE THAT due to an error in input data the outcomes of the WKCLUB 2020
benchmark are not valid. Catch opportunities for 2021 were estimated based on land-
ings data only (see WGBFAS 2020 report). The assessment method for the stock will
be evaluated again prior to WGBFAS 2021.

Stock-specific documentation of standard assessment procedures useg
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Main changes Changed assessment Wgdel, updat€d survey indexes, catch

forecast (me and r ts.

A. General

A.1. Stock definitiosg

migration and spawning behaviour (ICES, 2002). The amount
pin Atlantic herring is generally small (Larsson, 2008), and spa-

elkkevold et al 2005; Jorgensen et al., 2005; 2008; Teacher et al., 2013). Moreover,
Jorgensen et al. (2005; 2008) found significant associations between genetic differentia-
tion (using microsatellite loci), sea surface temperature and salinity. The variable re-
sults that are found depending on the method used to assess spatial and temporal
variation of biological characteristics within the current management units (e.g. Rahi-
kainen and Stephenson, 2004) highlight the complexity in the stock structure of herring
and calls for future multivariate approaches to stock identification of herring in the
Baltic Sea (Waldman, 1999). Recent full genome studies of North Sea and Baltic Sea
herring indicate a metapopulation structure with reproductive mixing combined with
strong environmental selection (Barrio et al., 2016).

The Gulf of Bothnia, i.e. subdivisions 30 (Bothnian Sea) and 31(Bothnian Bay) is inhab-
ited by the Gulf of Bothnia herring stock. The stock boundary is set at 60° 30" N in the
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south (till 2016 regarded separately as Bothnian Sea and Bothnian Bay stocks). This
areais also the Management Unit III of the International Baltic Sea Fishery Commission
(IBSFC), which has included subdivisions 30 and 31 since 2005 (until the end of 2004,
SD 29N was also included).

According to tagging studies, there are two spring-spawning coastal herring popula-
tions in the Bothnian Sea (Subdivision 30) (Hannerz, 1955, 1956; Otterlind, 1957, 1962,
1976; Sjoblom, 1961; Parmanne and Sjoblom, 1982, 1986), one is distributed along the
west coast and the second along the east coast. Similarly, the migration pattern on both
sides of the Bothnian Bay is the same and a mirror image of each other (Aro, 1989).
Different spawning groups have been identified in the spring spawning herring
(Ehnholm, 1951).

The autumn-spawning stock is very sparse (Sjoblom, 1966; Sjoblo
tion into the coastal and open sea components is not applic

following rising water temperatures (Neuman,
coastline (Aro, 1989), but some areas are mo
2012).

The migration of the adult populatiog
the Swedish coast takes place in late a@ ) ter (Aro, 1989), which is also
indicated by the concentration of larg&h
(Bergstrom, 2012). The new spawners, 3
Archipelago Sea and neagthe coast, and
the spawning time. The ing migratio

spawners join the spawning stock during
arts soon after spawning. The main feed-

southern i (Otterlind, 1976). The feeding migration occurs mainly along the
hnian Sea, there seems to be some migration to the Aland Sea

ning coastal herring on the Finnish coast also spawn in May-July
ole coastline, from the northern side of the Archipelago Sea up to the
uark. Some of the younger mature age groups also overwinter and feed near the
tline and in the Archipelago Sea (Sjoblom, 1961). The migration of the adult popu-
lati®n to the spawning grounds from the feeding and overwintering areas in the open
sea, the Archipelago Sea and in the Quark Archipelago, occurs during the winter, when
the first spawning shoals are near the coast. After spawning, the feeding migration to
the open sea near the slopes of the Bothnian Sea Basin and to the outer Archipelago
Sea occurs quite rapidly. Herring is located in the feeding grounds usually during July—
December. The feeding migration extends to southern parts of the Bothnian Sea and
inside the Archipelago Sea, the Quark and the Bothnian Bay. There is also some ex-
change between the Finnish and Swedish coasts (Parmanne and Sjoblom, 1982; 1986).
The spring-spawning coastal herring in the east coast of the Bothnian Sea has a clear
philopatric behaviour as shown by tagging experiments where about 95% of the recap-
tures were obtained within 150 km from the tagging place (Parmanne and Sjoblom,
1986).
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The biological parameters such as mean weights, annual weight increase, condition
and maturity of herring show similarities in the two basins (i.e. SD 30 and SD 31) sug-
gesting they are the same stock (WKBALT; ICES, 2017). However, recruitment patterns
and the dynamics in the occurrence of large year classes differed indicating they may
be separate stocks. Differences in recruitment and year-class strength could however
be due to differences in climate conditions in the two basins, for example SD 31 having
longer ice covered periods and harsher winters. Genetics and tagging studies are rec-
ommended to further clarify if these stocks are similar. The vast majority of the com-
bined stock in the Gulf of Bothnia inhabits the Bothnian Sea area.

Herring in SDs 30 and 31 have been assessed separately historically, but were com-

these previously separate assessment units:

i) There is presently no strong biological evidence to cq,
separate or combine SDs 30 and 31 in the stock as
alone.

ii) Data availability (lack of survey in SD 31) does
sessment for SD 31 and this is unlikely t

iii) There is no concern for overexploitati
SD 31 when merged together with a1
cause of natural conditions (ice and b
restrict fisheries in SD 31, an,
ring fisheries in SD 31.

tin'SD 30. This is be-
ifficulties in trawling)

A.2. Fishery

Since the mid-1970s the ominated by pelagic and deep midwater

target the spawning component of the stock in May-June,
coastal gillnets. The Swedish part of the fishery has been

catches has increased, being 10-17% in 2013-2017. In 2017, 94% of the
came from trawls (71% from pelagic trawling and 23% from deep mid-
\water trawling), 6% from gillnets, and <1% from other passive gears. Catches increased
e late 1990s because of an increased efficiency in the fishery and again since 2012
to Fecord high levels due to stock growth and TAC increase. The fishery is regulated
by a TAC.

In the herring fishery, pelagic and deep mid-water trawls overlap. Generally, the same
vessels carry out pelagic and deep mid-water trawling and use the same gear for both.
The pelagic trawl exploits the younger part of the stock and the deep midwater trawl-
ing is more directed towards the adult part of the stock. In autumn and early winter
before the sea is covered with ice, pelagic pair trawling is used for industrial purposes.
Many pelagic trawling vessels operate between the Bothnian Sea (SD 30) and the Aland
Sea and northern Baltic proper (SD 29), depending on fishing possibilities and ice cover
during winter. Deep-water trawling takes exclusively Baltic herring, whereas pelagic
trawling catches sprat, as well. The trawlers operate in different fishing grounds de-
pending on the fishing possibilities and ice cover.
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Sprat occurs in SD 30 in late autumn, winter and early spring but the sprat bycatches
in herring fisheries are usually low. Sticklebacks are also caught in small, but growing
numbers. Sprat and stickleback in the herring trawl fisheries are used for fodder along
with the herring.

In the trapnet fishery for Baltic herring, a variety of trapnet types are used. This fishery
is conducted near the coast and inside the archipelago and is mainly targeting the
spawning component of Baltic herring stock in spring and early summer (May-June,
in the Bothnian Bay, also July).

The herring discarding rates in Swedish fisheries was estimated to be 6-12% of Swe-
dish herring catches in 2008-2010. Further analyses on discarding in thesSmedish her-
ring fisheries in SDs 30 and 31 are needed.

taken into account in recent assessments.

A.3. Ecosystem aspects

since the 1990s
cruits (age 1) have

The increasing trend in stock size of the Bothni

been linked to increased abundance of Bosmin et al., 2011), which is an
important food source for both young i cm in the northern Baltic
Proper (Arrhenius, 1996), and for hé i Sea (Flinkman et al., 1992).
Recruit abundance models also show ¢ ber of recruits (age 1) is largely ex-

plained by Bosmina sp. abundance and fmperature during the main growing sea-
son (July-September) forthe young-of-tR&vear, while the best model did not identify
an effect of the spawnin itment (Gardmark, Working Document 1
for WKPELA; ICES £2002).

® production in the ecosystem and improved the feeding condi-
Beveral especially abundant year classes of herring have devel-

increased nutrient levels. The increase of especially phosphorus is similar
fo the trends observed in herring abundance.

Gulf of Bothnia herring is the prey of several predators, including cod (Gadus
morhua) at least periodically in the southern areas, salmon (Salmo salar), coastal pis-
civores (pike, perch, pike-perch), grey seals, ringed seals, and birds such as cormorants
(Phalacrocorax carbo). Grey seals can be regarded as the main predator for several rea-
sons: cod and salmon are less abundant and herring makes up to about 70% of the
biomass in the diet of an average grey seal (Lundstrom et al., 2010; Gardmark et al.,
2012). The proportion of herring in the food of cormorants is below 35% (J. Salmi, pers.
comm.), and there are only a low number of ringed seals permanently in the Bothnian
Sea (Anonymous, 2007).

Grey seals predate selectively on larger individuals of herring, and the mean length of
prey was about 18 cm (Gardmark et al., 2012). While grey seals have not been found to
be a major driver of herring population dynamics (Lindegren et al., 2011), Ostman et al.
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(2014) found that the size-selective removal of herring by grey seals may have de-
creased average weight at age of herring cohorts over the latest decades. The variation
in length-specific body growth of cohorts was also explained by zooplankton resources
(Eurytemora sp.), intra-specific density, and cohort-specific fishing mortality (Ostman
et al., 2014). Since the latter half of the 2000s, a gradual increase in mean weights-at-age
has been observed.

B. Data

1. Commercial catch

Finnish commercial herring catch statistics is based on catch notificatigfis*Stibghitted by

submit catch notifications.

The discards are negligible in both countries’ commergi@¥ti i ore not
sampled either. Also, the information of discards from i
not used in assessment, but the Swedish repo
catches.

's reports is
to the total

EU fishing logbook. The

the catch by species, the

fishing (statistical) rectangle, the gedifamd num

trawling time in hours. A fisherman 1 % eep an up to date logbook on board
N&E tQ

his vessel. The logbook must be returns

the catch being landed.
With the exception of sa innish fishing data of vessels <10 metres
long are entered mg ry form. The data entered are the size of the

catch by speciesf i i gle, the type and number of gears used in fish-
. The forms must be returned to the regional au-
of the following month. All logbooks and most of the other
are checked by national authorities.

e main fisheries (pelagic trawling, deep midwater trawling and trapnets)
ave different exploitation patterns, their catches are also sampled separately. The
pling in the Gulf of Bothnia herring fishery is performed according to EU DCF
requirements, covering 12 strata (three fleets and four year-quarters).

Since the study projects funded by DG XIV (International Baltic Sea Sampling Pro-
grams I & II) in 1998-2001, a length-stratified subsampling scheme has been applied to
estimate age compositions of the Finnish catches of Baltic herring. This sampling
scheme is designed to be compatible with international databases and uses standard-
ized methodologies in data processing. Baltic herring samples are collected mainly in
fishing harbours and, if necessary, also on board commercial fishing vessels. In the
sampling scheme, the annual life cycle of Baltic herring and the presence of the ice
coverage during the winter in the Gulf of Bothnia have been taken into account. Be-
cause of icing conditions, the three fishing gears are not in use year-round (e.g. trapnet
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fishery is usually conducted only in spawning time during quarters 2 and 3). The sam-
pling effort is roughly based on the proportions of catches in different fisheries. More-
over, the sampling intensity in general is locally adjusted during the year according to
temporal and regional changes in fisheries. The seasonal herring fishing intensity is
predominantly dependent on the TAC, which may cause fishing restrictions in certain
fisheries and/or seasons and may therefore change the sampling intensity from the
original plan. A minimum coverage target is at least one sample by fishery per month
(or three samples by fishery per year-quarter). The sampling strategy is to have age-
length samples from all major gears in each quarter.

The Finnish and Swedish input files are uploaded to ICES InterCatch database. The
data can also be found in the national laboratories and with the stock r. The
national data have been aggregated to international data in Inter

Table B1. Description of the types of data available per country.

Kind of data
Country  Caton Canum Weca Length
(catch in weight)  (catch-at-age  (wei composition
in numbers) in ge)  incatch
Finland X
Sweden X

B.2. Biological sampling

obtained from both Finnish and Swedish
m the catch samples in acoustic surveys
s-at-age are weighted by the year-quarterly
ogives are based on the proportions of mature

The age and the individ
landings from all year-qu
in 3rd and 4th qua h

weight data

The quarterly collected length distributions (from length sampling) are converted into
age distributions with year quarterly prepared age-length keys, ALKs, which are de-
rived from the sampling of individuals.

The quarterly catches from the main herring fisheries (OTM + PTM carried out in mid-
water and deep midwater and trapnets, FPN + FYK) are divided by the mean weight
of the herring from length samples of the respective fisheries in order to get the total
catch number of fish for all strata (all fisheries, four quarters). The total catch numbers
from each fishery and year quarter are then multiplied by the proportions of the age
classes in the age distributions and summed up to get the annual catch-at-age.
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In Sweden, the length samples of at least 300 specimens per sample from two (main)
commercial fisheries [bottom trawls (XTB) and gillnets (GNS)] in SD 30 and only from
gillnets in SD 31 are collected quarterly each year. The catches of pelagic trawl (OTM
and PTM) fisheries are not sampled. Length-stratified random sampling of individual
fish (app. 20 aged individual fish from all prevailing 0.5 cm length classes per quarter)
is performed only for gillnet fisheries. In SD 30 the average total number of annual
length measurements is 5600 from bottom trawls and 2300 from gillnet fisheries, and
the average total number of sampled fish individuals is 490, and in SD 31 the average
total number of annual length measurements is 1700, and the average number of sam-
pled fish individuals is 450.

The length distributions (from length sampling) are converted into

B.2.2 Calculation of mean weight

The mean weights-at-age are derived from the i
cial catches all year round as well as from the j
samples during September—October (2600 indivi lly), and averaged over
year-quarters. The annual mean weights-a sment are derived by

from commercial catch i lled “stock-related variables” as length,

weight and age, and
: collected from samples before spawning (i.e.
to May in SD 31), because the idea is to get the

each age group is calculated from annual data and the an-
ividual samples for maturity definitions that are used for the

e (Table B2) in use is the modified European standard nine-stage scale
scale is used both in Finland and Sweden. The stages II-VIII (VIII-A and
III-B) are considered mature while stage I and IX are counted as “non-mature” alt-
h stage nine (abnormal) is usually mature, but not accounted to take part to

The maturities defined during a Swedish acoustic survey in 4th quarter and the matur-
ities derived from Finnish 1st quarter sampling of commercial catches have showed
very small differences.

In the WKPELA 2012 benchmark (ICES, 2012), the sensitivity of the annually changing
proportions of spawners in age groups was tested (by several types of averages over
time?') and even though there are clearly visible annual changes in mostly 2-year-olds,

! Four new combinations of maturity ogives were introduced to XSA (maturity ogive
with 3 and 5 year running averages for the whole time-series, constant maturity ogive
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there was only negligible impact to e.g. the estimates of SSB. It was concluded then that
it was still better to have the latest real information on maturity-at-age than assume
something else.

The reason for the “instability” was found to be the high interannual variation in the
maturation of 2-year olds in the whole time-series and especially in 2010. The maturity
calculations from raw data were examined carefully, and no mistakes were revealed.

Table B2. Maturity scale in use in Finland and Sweden.

Std Eur. Maturity

Maturity stage
Scale stage (code) ty stag

la | Immature, juvenile
Ib Il Immature, early develapme
lia 1] Maturing, early st

lib v

slices of cut otoliths. The e ermination method were presented at the
ifond Ponni, 2006). The method affects the age

he proportion of 4-8-year-olds in the catch was 11% lower,
ges 9+ was 32% higher, when using neutral red stained slices

aders was better with the cut otoliths technique than with whole otoliths.
combmatlon of age data from Finnish cut otoliths (representing 98% of the catch)
Swedish whole otoliths (representing 2% of the catch) was used between 2002—
2006. The slicing method was calibrated between Finland and Sweden in 2007, and it
has been applied also to Swedish catches as well as Bothnian Sea surveys since 2007.
Since age determination using cut otoliths is considered to be more accurate (Rai-
taniemi and Ponni, 2006), this method is used as the standard method for ageing all

for the whole time-series as an average of the whole time-series and two different av-
erages over the time-series according to periods before and after the alleged regime
shift (1973-1988 and 1989-2010)). Resulting estimates of SSB were compared to the an-
nually updated maturity ogive in SPALY run, and the differences were found to be
negligible with the exception of year 2010 only.
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the samples, and the time-series including ages from whole otoliths from 1980-2001
and cut otoliths from 2002 onwards is used in the assessments of this stock.

B.3. Surveys

Annual hydro-acoustic surveys have been conducted in SD 30 in October from 2007
until 2010 with Swedish RV Argos. In 2011 and in 2012 the survey was performed with
the Danish RV Dana, 2013-2016 with Finnish RV Aranda, and in 2017 with RV Dana
again. This survey is co-ordinated by ICES within the Baltic International Acoustic Sur-
veys (BIAS). The annual survey-indices are collected and calculated with standardised
methods within the international coordination of ICES WGBIFS and stored in interna-

subgroup should analyse their national survey data wi
the results with their official results. In SD 30, the

compare
and official

found between 2016-2018. Consequently, all
sheets) were recalculated and an error was

(baséd on Excel spread-
culations for 2013-2015
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Figure B1. Consistency between consecutive age classes in acoustic tuning fleet.
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The coverage of the acoustic transects and trawl samples has mostly been good. In
2012, the coverage was only half of the “normal” because of a sudden 50% reduction
in funding. In 2014, there were problems with the fishing gear, which reduced the trawl
hauls, but the spatial acoustic coverage was not affected that much. In 2015, a storm
damaged the ship so that the most northern part of the area had to be skipped due to
lack of time after fixing the damage in harbour.

The 2012, 50% reduction in the survey effort, as well as the 2014 and 2015 results were,
however, considered acceptable for the index by the survey expert working group,
WGBIFS (ICES, 2013; 2015; 2016, 2017; 2018).

The survey is based on Baltic International Acoustic Surveys (BIAS) 4 al (ICES
2016) with the aim of 60 Nm of acoustic transect and two trawl
rectangle. In the catch sampling, at least 300 fish are measured in
for length distributions, and ten individuals from all prevaili

readings annually.

B.4. Commercial CPUE

Trapnet fishing that takes place during the sp i iod i d year-quarter is
used as a tuning fleet in the stock assessmen

The reason for not using commercial ets in the stock assessment is the
change in trawls. There has been an i

characteristics since the

e in trawl gear size and changes in gear
ast, reported fishing effort data (trawling

12. Before 2012, the total number of trapnets
erring catch caught. Throughout the 1980s, the

After a review process (ICES, 2015a) it was decided that the trapnet tuning series
should be truncated and the last years of data (2007 onwards; overlap period between
the acoustic and the trapnet tuning series) were not included in the assessment (ICES,
2015a). In the benchmark of 2017 and inter-benchmark of 2018, this practice was con-
tinued, excluding trapnet data from the years 2007 onwards in the assessment.

The trapnet abundance indices standardization model was changed from previously
used GLM to the multi-layer perceptron (MLP) algorithm (ICES, 2017). The statistical
model performances of MLP and GLM models were roughly comparable. However, in
very high abundance years the MLP based model fit against observed data was better
than that of GLM. Hence, the MLP model was updated with additional age groups (3—
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14, previously 3-9). The statistical performance of the MLP model with age groups 3—
14 was better than using age groups 3-9. Therefore (and altogether), the working group
used MLP based CPUE estimates of age groups 3-14 in 1990-2006 in stock assessment
of the combined Gulf of Bothnia stock.

C. Assessment: data,method and settings

Assessment of Gulf of Bothnia herring (SD30-31) was conducted using the Stock Syn-
thesis (SS) model (Methot and Wetzel, 2013). Stock Synthesis is programmed in the
ADMB C++ software and searches for the set of parameter values that maximize the
goodness-of-fit, then calculates the variance of these parameters using inverse Hessian

Stock Synthesis software under the windows platform.

The assessment model of herring in SDs 30-31 is a one area,

three years (1963-1965) in the time-series. Fi
brid F method (Methot and Wetzel, 2013). Op

ed for the F report basis;
corresponds to the fish-

ment was deviations from the SRR. Recruitment deviates were estimated
al deviations). Recruitment deviates were assumed to have a

ights and maturity

irical weight-at-age matrices for both commercial fleet and survey indices are pro-
vided as input for the model and are estimated using commercial and survey data.

Maturity-at-age matrix is also provided as input and derived from commercial data.

Natural mortality

An age-varying natural mortality is assumed to be constant for the entire time-series
(Figure C1, Table C1). M was estimated based on the methods described in Then et al.
(2015) and Lorenzen (1996). Then et al. (2015) estimation of M is based on maximum
age (tmax = 25) and parameters of the von Bertalanffy growth curve as derived from
www. fishbase.org for the same area. The Lorenzen type (Lorenzen, 1996) of M-at-age
function assumes a declining relationship between M and the mean weight of fish in
successively older age classes. The growth and the length-weight parameters used for
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the M estimation are reported in Table C2. In all model configurations tested, M grad-
ually decrease from 0.563 to 0.257 for ages 0 to 20. In order to reduce the number of
parameters to be used in the model, natural mortality was set using six breaks: age 0.5,
1, 3, 5, 8 and 15., where M for the adjacent ages is simply linearly interpolated using
the values estimated for the age breaks.

0.6

0.5 4

04

0.3

Natural mortality

0.2

0.1 4

0.0 T T T T T

ality used in the model.

ctor by breaks used in the model.

AGES5 AGES8 AGE15
0.290 0.267 0.257

From Fishbase

From Fishbase

-1.1 From Fishbase
3.99E-03 Estimated from LW BIAS
survey data
B 3.145258 Estimated from LW BIAS

survey data

Uncertainty measures and likelihood

The total likelihood of the model is composed of a number of components, including
the fit to the survey and CPUE indices, tag recovery data (when tagging data are used),
fishery length-frequency data, age compositions and catch data. There are also contri-
butions to the total likelihood from the recruitment deviates and priors on the individ-
ual model parameters (if any). The model is configured to fit the catch almost exactly



14 |

ICES Stock Annex

so the catch component of the likelihood is generally small (although catch penalties
might be created and catches are entered with uncertainty). Details of the formulation
of the individual components of the likelihood are provided in Methot and Wetzel
(2013).

Samples sizes, CVs, data weighting

For the commercial fleet the CV of the catches was set to 0.05. The CV of the initial
catches of the commercial fleet was set to 0.1 to add extra variability. The annual sam-
ple size associated with the age distribution data for commercial catches is reported as
number of trips sampled. The CV of both the acoustic and trapnet survey indices are

used in combination with the Delta method to compute
vals for parameters of interest.

Fishery dynamics

ific and time-invar-
lectivity was used. This
). For each age a> Amin,

Fishery selectivity of the reference model is as
iant. For both commercial fleet and surveys, a

is a selectivity parameter, pa, controll ing selectivity from age a - 1 to age
a. All data inputs are summarised in 3 while in Table C4 the configuration of
the reference model is re

Table C3. Herring SDs 30=8 e Stock Synthesis models.

Type
Catches

Year range Range
1963-2018

Commercial 0-15+
fleet:
age class 1980-2018
Acoustic
survey: 2007-
2018
Trapnet
survey: 1990-
2006
aturity ogives Empirical
maturity-at-age
estimated from
surveys
Natural Natural mortality 0-20+
mortality by age class

costant for the
entire  time-series
derived from Then
etal., 2015
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Type Name Year range Range
Surveys indices  Density index from  Acoustic
acoustic survey survey: 2007-
and biomass index 2018
from trapnet Trapnet
survey survey: 1990-
2006
SSB index SSB  proportional
to fecundity
Table C4. Herring SDs 30-31. Settings of the Stock Synthesis assessment referen
columns show: number of estimated parameters, the initial values (from whi
timization is started), the intervals allowed for the parameters, the priors us
by the model and its standard deviation. Parameters in bold are set and
Parameter Number Initial value Standard
estimated deviation
Natural mortality (age 0.563, 0.472, 0.332,
classes 0.5, 1, 3, 5, 8, 0.290, 0.267, 0.257
15)
Stock and recruitment
Ln(Ry) 1 18.03 5) No _prior | 17.36 0.07
Steepness (h) 1 0.66 0.1, 1 0.74 0.77 0.10
Recruitment variability 0.
(ox)
Ln (Recruitment devia-
tion): 1963-2018
Recruitment a orre-
lation
Initial g Average of 1963-1965
0.2 (0.001, 1) | No_prior 0.034 0.006
Commerecial fleet
Change from agel to 1.45 (-5,9) No_prior 1.31 0.07
age?
Change from age2 to 0.4 (-5,9) No_prior 0.37 0.06
age3
Change from age3 to 0.15 (-5,9) No_prior 0.14 0.06

aged
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Parameter Number Initial value Bounds Prior Value Standard
estimated (low,high) (MLE) deviation

Change from aged to 1 0.14 (-5,9) No_prior 0.14 0.07
ages
Change from age5 to 1 0.03 (-5,9) No_prior 0.07 0.08
ageb6
Change from age6 to 1 0.01 (-5,9) No_prior 0.04 0.08
age’7
Acoustic Survey
Change from agel to 1 0.6 (-5,9) 0.17
age?2
Change from age2 to 1 0.2 (-5, N 0.18
age3
Change from age3 to 1 0.02 (-5,9) -0.05 0.22
aged
Change from age4 to 1 0.11 -5,9) No_prior 0.07 0.25
ages
Change from age5 to 1 0.14 ,9) No_prior 0.18 0.22
ageb
Trapnet Survey
Change from age3 to (-5,9) No_prior 0.13 0.15
aged
Catchability

-2.47811

0.001
Trapnet survey
Ln(Q) — catchability 3.86604
Extra variability added 0.001

to input standard devia-
tion
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Catches
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e-series included in the model.

¥'in the Stock Synthesis model. For maturity and weight-at-age
hree years is used. Constant selectivity is used. Probabilistic

ssible to also include the most correct associated probability of
biomass reference points, for each year of forecast. Therefore, an
00 000 iterations, 100 000 burn-in and 1000 thinning was run for the
vels of assumed F in the assessment year and assessment year+1, assuming
constraint in the intermediate year. It is important to note that the inputted F values
e forecast will sometime be different from the model realized F in the MCMC (but
also in the MLE if this is used for the forecast). This is because the F used is an average
across ages and those ages have different F because they are affected by selectivity.
Each draw of the MCMC has different selectivity so the F produced for each draw will
be slightly different due to the different selectivity. We have tested running three dif-
ferent MCMC with 110 000 iterations and compared the difference in F inputted and
model realized F. The difference was on average 1.6% so that for the short-term forecast
table to be included in the summary sheet the inputted F will be shown.

E. Medium-term projections

Not relevant.
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F. Long-term projections

Not relevant.

G. Biological Reference Points

The reference points were re-estimated during the benchmark WKClIuB 2020 (ICES,
2020) after the model was changed to Stock Synthesis. The Eqsim based reference point
analysis used the newest (1980-2018) assessment results from the Stock Synthesis as-
sessment. Reference points before the benchmark can be found in Table G5. Settings
for the Eqsim can be found in Table G6.

Table G5. Summary table of stock reference points before the benchmark.

REFERENCE POINT VALUE TECHNICAL BASIS
Current Fusy 0.21 Egsim
Current Biim 202272  Eqsim
Current Bpa 283180 Egsim
Current MSY Buigger 283180 Egsim

Table G6. Data, parameters and settings for the Eqsi

DATA AND PARAMETERS COMMENTS

SSB-recruitment data

Exclusion of extreme values
(option extreme.trim)

Mean weights, proje

2016-2018
0.212 ICES default value

0.423 ICES default value

cruitment fit using the three models (Ricker, B&H and segmented regres-
jon) weighted by the default "Buckland" method available in EqSim gave 86% of the
ts as derived from a segmented regression curve. However, the estimated break-
point for this curve is at 710 748 tonnes, which is around 70% of the maximum observed
values (Figures G1 and G2). This value was considered to be unrealistically high, which
also resulted in rather low value of Fr.os (i.e. 0.07) and Fwmsy (0.15) without Btrigger, and Fr.os
(i.e. 0.08) and Fwmsy (0.20) with Buigger. Thus, a segmented regression model was used
with a breakpoint set arbitrarily at the lowest observed SSB (i.e. Biim = Bioss = 375 610 t).
Bloss was observed in the 1980s during a period of very low F and high M due to cod
predation compared to today situation. This reinforce the idea that setting Biim at Bioss
would not impair recruitment also considering that current environmental conditions
favour herring recruitment.

Bpa was set as Bim*(exp(1.645*SSBvar)) and MSY Buigger was set equal to Bpa. SSBvar was
estimated as the uncertainty associated to the SSB in last assessment year (i.e. 2019; 0 =
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0.126). After Biim, Bpa and MSY Burigger were all defined, the ICES procedure for setting
the reference points was used to estimate the remaining reference points. The SR rela-
tionship used for these runs was a hockey stick with the breakpoint set at the new Biim
(i-e. Bioss). The number of samples used to fit the SR relationship and the number of
runs used in all EqSim simulations were 1000 and 200, respectively. Autocorrelation of
recruitment was used in all EqSim simulations. Fpa was estimated using the ICES stand-
ard procedure (Fpa=Fiim X exp(-1.645 X Fvar) with Fvar estimated as the uncertainty asso-
ciated to the F in last assessment year (i.e. 2018; o = 0.131).

Herring3031 a3} Recruits b} Spawning stock biomass

A OO0 -

results foPHerring in subdivisions 30 and 31 with Buigger.
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Pradictive distribution of recruitment
for Herring 3031
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Figure G2. Stock-recruitment relationship
Herring in subdivisions 30 and 31 used in t
reference points.
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Table G7. Summary table of proposed stock reference points.

STOCK

Reference point Value

Fr.os (5% risk to Bim) with MSY Brrigger 0.285
Fr.os (5% risk to Bim) without MSY Burigger 0.257
Fusy 0.285
Fusy lower 0.285
Fumsy upper 0.285
Fpa 0.361
Fiim 0.448
Fusy upper precautionary 0.

Fusy range with MSY Buigger

Fusy range without MSY Burigger
MSY Brigger

Bpa

Biim

but it has been modified to account for the specific SR relationship of this stock. Also,
according to the EqSim €8 D.285) is lower than Fmsy (0.462) estimated
with Btrigger and thus

in this case.
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