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Summary
Fisheries acoustic surveys are routinely conducted around the world, and particularly within the ICES
community. Following pre-defined transects, these surveys make use of downward active acoustic systems
(i.e. so called scientific echosounders) coupled with biological sampling through fishing operations to
estimate abundance and distribution of marine species. Of interest here is the HERAS survey that takes
place yearly for ~1 month and is a dedicated international survey effort. It is performed across the North
Sea, West of Scotland and the Malin Shelf, more specifically in the context of the Western Baltic Spring
Spawning (WBSS) and North Sea Autumn Spawning (NSAS) herring stocks. Recently, the calculation of
the WBSS and NSAS indices underwent a major update with the introduction of the ICES acoustic trawl
database and the use of the StoX software. In the context of these recent changes, the aim of the current
study is three-fold:

1. Develop R code for the automatic calculation of the NSAS and WBSS indices with the aim of

minimizing manual user input.
2. Run sensitivity tests against various assumption on NSAS and WBSS indices.
3. Generate NSAS and WBSS indices under ICES TAF (Transparent Assessment Framework).

Overall, good agreement was found between previously derived indices and indices calculated using
automatic routines. The only large discrepancies found was for 2017 in strata 11 and 141 which is
accountable to discrepancies in WBSS/NSAS stock separation in these strata. This should be investigated
further but the automatic routines as derived through this project will be used in the future for the
derivation of the index alongside rigorous checking of outputs. Yearly, this process will also be running on
the ICES TAF framework, providing improved transparency and robustness.

A secondary aim for this study was to run sensitivity tests programmatically. This was done for a range of
assumptions around: calibration of acoustic instruments, stock splitting in strata 11 and 141, alternative
strata definition and alternative haul allocation strategy. Firstly, it was found that calibration error was
very influential on the index. Considering this, it is recommended to run thorough checks of calibration
results prior to every survey (e.g. yearly comparing results historically). Secondly, the stock splitting in
strata 11 and 141 mostly influences WBSS and the introduction of novel identification methods will be
beneficial, rotating out the currently used method based on vertebrae count. Thirdly, the change in strata
tested here did not exemplify large differences, suggesting that the current stratification is appropriate.
Lastly, the use of automatic haul allocation to transect was tested and was found influential, highlighting
the importance of expert input during for the haul allocation process.
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Introduction

Fisheries acoustic surveys are routinely conducted around the world, and particularly within the ICES
community. Following pre-defined transects, these surveys make use of downward active acoustic
systems (i.e. so called scientific echosounders) to estimate abundance and distribution of marine species
(Mehl et al. 2018; Dalen and Nakken 1983; Simmonds and MacLennan 2005). This type of survey is
often used to derive abundance indices for a specific stock which are subsequently used in stock
assessments. Of interest here is the HERAS survey that takes place yearly across the North Sea, West of
Scotland and the Malin Shelf. This survey consists of an ~1 month international survey effort in the
June/July period. In recent years, the following countries have been participating Scotland (GB-SCT),
Germany (DE), Denmark (DK), Ireland (IE), Norway (NO) and The Netherlands (NL). A map of the
coverage by country for the 2020 survey is shown in Figure 1-1.
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Figure 1-1: 2020 coverage of the HERAS survey with transects covered by country.

The collation and analysis of the combined survey results is carried out collaboratively annually in
November in a post cruise meeting with all survey participants. The HERAS survey delivers indices of
abundance as well as key biological parameters (abundance at age, proportion mature at age and weight
at age) for use in the assessments of the status of sprat and herring stocks across the North Sea and to
the West of Scotland and Ireland (Figure 1 2). More specifically, these indices are delivered for the following
stocks for which assessments are carried out in the ICES Herring assessment working group (ICES 2020d):
e North Sea Autumn Spawning herring (NSAS): Autumn spawning herring in subarea 4 and divisions
3.aand 7.d
e Western Baltic Spring Spawning herring (WBSS): Spring spawning herring in subdivisions 20-24
(where subdivision 20-21 is the same as division 3.a)
e West of Scotland herring: Herring in division 6.a (North)

e Malin shelf herring: Herring in Divisions 6.a and 7.b-c
e North Sea Sprat (Sprat in division 3.a and subarea 4)

The geographical extent of the distribution of the different herring and sprat stocks is shown in Figures 1-
2(c) and (d) respectively. For NSAS and WBSS, it is essential to note that both stocks are found in division
3.a as well as in the north-eastern part of the North Sea at the time of the HERAS survey. To provide
abundance indices and biological parameters specific to each of these two stocks, the biological sampling
in these survey areas includes sampling to provide stock ID information for the herring caught during the
survey. This permits a splitting of the acoustic herring abundances into the component stocks. This

Report number CVO 21.007 5 of 52



document focuses on the automation of these computations and on sensitivity tests of the resulting indices
against a range of assumptions. Only WBSS and NSAS herring stocks are dealt with in this study.
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Figure 1-2: geographical definition of herring and sprat stocks in the North Sea. (a) ICES divisions and subdivisions. (b) ICES
areas for the different herring stocks. The HERAS survey provides abundance indices for West of Scotland and Malin shelf
herring (green), North Sea Autumn spawning herring (blue) and Western Baltic Spring spawning herring (red). The North Sea
Sprat stock is located in in division 3.a and subarea 4.

Survey indices for NSAS and WBSS derived from the HERAS survey are directly used in their respective
stock assessments, ages 1 to 9 for NSAS and ages 3 to 6 for WBSS. Both assessments use the SAM model,
a probabilistic, state-space model (Nielsen and Berg 2014). The assessments are the basis for fisheries
advice for these two stocks provided by ICES (ICES 2020b, 2020c).

For NSAS, the HERAS index spans the 1989-2020 period and follows closely the trajectory of the stock
(Figure 1-3(a)), mostly within the assessment uncertainty, and is an important source of information for
the stock assessment model. This is shown by the observation variance per data source as estimated by
the model (Figure 1-3(b)). Within the SAM model, the lower the observation variance the more weight the
data source has in the model. Here, the HERAS index for ages 2-6 is close to catch at age data in terms of
observation variance. Moreover, the survey has a very good correlation between ages (internal
consistency), suggesting a good tracking of cohorts. However this cohort tracking is not as close as it has
been in recent years (ICES 2020a).
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For WBSS, the HERAS index spans the period between 1991-2020. has a long term trend that follows the
trajectory of the stock (Figure 1-3(c)) though with yearly variation exceeding assessment uncertainty.
Similarly, to NSAS, the HERAS index is a key source of information for the core ages (ages 3-6) of the
stock. This is illustrated by low observation variance (Figure 1-3(d)). For WBSS, the level of observation
variance for the HERAS survey is close to levels from the GERAS (German Autumn Acoustic Survey, part
of the Baltic International Acoustic Survey, BIAS) survey and catch data.
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Figure 1-3: NSAS and WBSS assessments and in the context of the use of the indices derived from the HERAS survey. (a)
NSAS SSB trajectory for the assessment and HERAS survey. (b) NSAS observation error of input sources as estimated by
the assessment model. (c) WBSS SSB trajectory for the assessment and HERAS survey. (d) WBSS observation error of input
sources as estimated by the assessment model.
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Since the start of the time series for NSAS and WBSS in 1989 and 1991 respectively, the method of
calculation has changed, especially in recent years (Figure 1-4(a)). Prior to 2015, the calculation of survey
indices was performed on a national level per ICES rectangle and collated to provide final overall estimates.
This involved processing through national programs and collation using a specific database (FishFrame).
This processing involved several manual inputs which was an error-prone process. Since 2015, a transition
was undertaken with 1) using the newly developed ICES acoustic trawl survey database? for data storage
and 2) using a new calculation workflow for the derivation of abundance at age using the StoX software?
(Johnsen et al. 2019). The use of the ICES acoustic database alongside the StoX software provide several
advantages such as: data disaggregation (e.g. to better handle stock mixing), uncertainty estimation,
more robust estimation, and traceable process. Moreover, the use of the acoustic database also drove
harmonization of the HERAS survey (e.g. biological sampling, acoustic data analysis) across participating
countries. A drawback induced using StoX is the loss in spatial heterogeneity of the calculated outputs.
With the use of StoX, each stratum used encompasses several ICES rectangles whilst previously,
calculations were undertaken on each ICES rectangle, providing a finer spatial scale. Previously, the survey
area was stratified in post-processing based on biological composition in the trawls. Since 2016, the survey
design is determined based on strata used in post-processing in StoX (e.g. when allocating survey coverage
by country). Generally, this provides a more robust and sounder framework for the survey. A comparison
of the 2015 indices between previously applied analysis method and calculations using StoX did not detect
significant differences overall (Lusseau et al. 2016; ICES 2015c). In 2015, the survey was carried out
according to the old design and indices calculations were performed at ICES rectangle levels and using
StoX. For the StoX calculations on that year, the stratifications were defined during post-processing (Figure
1-4(b)). Starting from 2016 the newly defined strata definitions were used for the survey design (Figure
1-4(c)) in order to ensure consistency between survey and index calculations (Lusseau et al. 2016; ICES
2015c). In addition, since the first use of the StoX software, the NSAS/WBSS calculation procedure has
been optimised between 2015 and 2017 with increased familiarity with the new database and analysis
method. Since 2017, the calculations undertaken follow the same streamlined workflow.

1 http://ices.dk/data/data-portals/Pages/acoustic.aspx
2 https://www.hi.no/en/hi/forskning/projects/stox
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Figure 1-4: (a) methodological changes in index calculation for the HERAS survey. (b) strata definition of the 2015 survey.

In an effort to increase transparency, ICES is engaged in building and maintaining a range of databases3
and has recently developed the Transparent Assessment Framework (TAF)4 (Figure 1-5). TAF is an online
resource used to publish and run R code for annual stock assessments but also for inputting data
computations such as survey indices. This framework is open and works toward a transparent and fully
traceable stock assessment process, from data all the way to fisheries advice. To date, a range of stock
assessments and survey index calculations have been developed on TAF but currently the code used in the

calculation of indices from acoustic surveys is not documented.

3 https://www.ices.dk/data/data-portals/Pages/default.aspx
4 https://www.ices.dk/data/assessment-tools/Pages/transparent-assessment-framework.aspx
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Figure 1-5: fisheries advice process from national institutes to advice, including role of TAF in process transparency. Extracted
from (Millar and Magnusson 2018).

Using the TAF tool and the StoX software, the aim of this study is three-fold:
1. Develop R code for the automatic calculation of the NSAS and WBSS indices with the aim of
minimizing manual user input.

2. Run sensitivity tests against various assumption on NSAS and WBSS indices.

3. Generate NSAS and WBSS indices under the TAF framework.

The code developed through this study has been stored and versioned on git repositories:

e git repository for ongoing development related to aims 1 and 25,

e git repositories within the TAF framework (aim 3) for the 2019 survey index calculation® and the
2020 survey index calculation”. These repositories are private, but access can be easily granted
by contacting the first author of this report.

Because the currently used workflow with StoX has been in place since 2017 (Figure 1-4(a)), for
consistency, only years from 2017 to 2020 are considered in this study.

In the future, the streamlined workflow should tentatively be applied to years prior to 2017 as far back in
time as possible. However, an important caveat in the use of StoX for survey years prior to 2016 (prior to
survey design based on StoX strata) is the fact that previous index calculation methods relied on a different
survey design. The previous design may be largely compatible with the new analysis method in the area
covered by the Scottish and Dutch components, but this might be challenging for the German and Danish
components.

5 git@git.wur.nl:berge057/heras_index kbwot.git
6 git@github.com:ices-taf/2020 her.27.3a47d acousticIndex.git
7 git@github.com:ices-taf/2021 her.27.3a47d acousticIndex.git
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2.1

2.1.1

Method

The aim of this study is three-fold: 1) automate the calculation of the NSAS/WBSS indices, 2) run sensitivity
tests, 3) run the calculation of the NSAS/WBSS on the TAF framework. Separate runs of index calculation
are performed for 1) and 2) with a total of 10 runs with various assumptions and model settings. Aim 3)
is an implementation of the base run baseline under TAF. A description of methods for each run are given
in the subsequent sections (starting in Section 2.2) but for clarity, the organization and listing of runs is
given beforehand:
1. Automation of NSAS/WBSS index calculation
i. Base run baseline
ii. Base run bootstrap
2. Sensitivity test runs
a. Calibration error
i. Calibration gain offset
ii. Backscattering coefficient (SA) error
b. Stock splitting
i. Split ratio offset
i. Otolith split
iii. Genetics split baseline
iv. Genetics split bootstrap
c. Strata definition
i. New strata definition
d. Alternative haul allocation
i. Alternative haul allocation

Underlying principles

A typical acoustic survey from a vessel follows predefined transects, collecting acoustic data continuously
and performing directed fishing operations. The latter is essential to 1) ground truth echo traces from the
acoustic records and 2) provide information on length and age structure as well as other biological
parameters such as maturity, weights at age and mixing of stocks. Outputs from surveys then consist of
both acoustic and biotic data.

Acoustic data

The standard agreed acoustic equipment when performing an acoustic survey for fish stock assessment
are split-beam active acoustic systems (so called echosounders) operated in narrowband mode. Examples
of echosounders that are routinely used are the SIMRAD EK60 and EK80 systems used in the HERAS
survey. The definition of quantities associated with acoustic data are summarized in (Maclennan,
Fernandes, and Dalen 2002). Acoustic data collected by these systems represents the volumetric level of
backscattering in the water column and is expressed as the volume backscattering coefficient. This quantity
S, is calculated as:

Sy = 10log(p) + 20log(r) + 2ar — 2G — 10log(U), | (1) |

with p the digital power amplitude, r the range from the transducer, a the acoustic absorption through the
water at the transmit frequency (Francois and Garrison 1982; Ainslie and McColm 1998) and G the
calibration gain. For simplicity, effects from beam angle, pulse duration and transducer characteristics have
been encapsulated in U. In depth explanation of the calculation of S, is given in (Demer et al. 2015) or
(Lunde et al. 2013; Lunde and Korneliussen 2016). The quantity S, is expressed in dB re 1 m™* with S, =
10log(s,) and s, is expressed in m-t. An important component of Equation (1) is the calibration gain ¢ which
accounts for transducer specificities relative to an idealized lossless omnidirectional transducer (G,) and
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2.1.2

2.1.3

filter attenuation (s,com): G = Gy + Sacorr- With an accurate estimation of G, the echosounder provides
absolute level of S,.

In order to determine G, a dedicated calibration trial is necessary. This is most commonly done using the
calibration sphere method (Demer et al. 2015; Foote et al. 1987). During the HERAS survey, calibration
trials are performed prior to the survey onboard each participating vessel. The built-in calibration tool of
the EK80 or EK60 systems are used for that purpose and provide calibration gain G, and filter attenuation

s'rl corr*

Following calibration, data collected through the survey can be corrected and yield absolute levels of S,.
The echograms are then interpreted by allocating fish species to different echotraces. The final output is
given in an integrated form across a range (i.e. depth):

s, = [ s, dr. | (2) |

The quantity s, is the area backscattering coefficient and is expressed in m?/m?2. It is most often used
relative to nautical miles with s, = 4m(1852)%s, in m?/nmi2 (synonym: NASC - Nautical Area Scattering
Coefficient). Values of s, can be broken down in different depth bins but are further summarized per
distance interval by taking the average over the distance interval for each depth bin. This constitutes the
final output from a survey, i.e. s, per depth bin for each distance interval covered. For the HERAS survey,
each participating vessel produces a single acoustic output that is stored on the ICES acoustic trawl
database.

Biotic data

An important component of fisheries acoustic surveys is fishing operations. These are performed when
large echo traces are observed on the echosounder. Trawling is attempted on these echo traces as much
as possible (similar depth and geographical location) in order to collect fish samples. In terms of catches,
there is no absolute requirement for large sample sizes or standardized tows, but rather for a
representative sample of the fish schools targeted (enough specimens per species for representative
length-frequency and other biological measurements) (ICES 2015a).

The fish samples that are collected through fishing operations are essential for the analysis of the survey.
Firstly, they allow “ground truthing” of the echo traces during scrutinization and post-processing of the
acoustic data. Depending on the schools that are targeted, catches do not always consist of “clean” samples
of the target species, but often consist of a mix of different species, either mixing in the schools observed
and targeted or caught in conjunction with the targeted species. The level of mixing between species varies
between different surveys. During HERAS, a high level of mixing with other species (whiting, haddock,
Norway pout) can be observed in several regions, as well as a high level of mixing of different clupeid
species. In this context, fishing information is essential in the decision making for species allocation of
echo traces. Secondly, linking acoustic data to specific species categories provides density to specific fish
species categories (herring and sprat for HERAS) but these need to be further disaggregated by length,
age, stock id and maturity stage. To that end, biotic data are used to allocate biological data to different
transects with the purpose to characterize the biological composition of acoustic abundances detected
along the transect. Biological samples typically consist of length, weight, maturity and age readings. For
the HERAS survey, these data are stored in the ICES acoustic trawl database.

Abundance calculation

Abundance estimation relies on the principle that there is a linear relationship between the number of
individuals in the observed portion of the water column and the echosounder output, s, (Simmonds and
MacLennan 2005; Maclennan, Fernandes, and Dalen 2002). Therefore, once the expected energy level
from individual targets are established, s, can be converted to an abundance estimate. Factors such as
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species and size composition, behaviour and spatial variability in the distribution of fish have an impact on
this estimation. Each of these factors are handled at different levels of processing by the StoX software.

Allocation of acoustic backscatter to species:

The s, recorded during the HERAS survey is generally representative of multiple fish species in the area
(including clupeids such as herring, sprat and occasionally sardine in the southern areas as well as gadoids
such as Norway pout, haddock or blue whiting). As described in the earlier section, these data go through
an initial interpretation for identification of the echo traces and allocation of s, to species based on expert
judgement and trawl information. Factors considered mainly consist of the catch composition from the
targeted trawl hauls, the echo characteristics of the detected fish aggregations and other environmental
parameters such as depth, vertical position in the water column and geographical location among others.
In certain cases, nearby representative trawl hauls are directly used to calculate the s, that can be
attributed to the target species through a separate process. The final s, used in the abundance estimation
is assumed to be 100% composed of the targeted species (e.g. herring).

Target Strength of fish:

In linear form, the expected energy level from individual fish is termed as backscattering cross-section,
ovs, and in logarithmic (dB) form Target Strength (7S) such that g, = 10™/1°, Target strength is a stochastic
value, affected by tilting behaviour and morphological variability between individuals. The size dependency
is accounted for by known species specific TS/ Length relationship. This requires reliable length frequency
data to be acquired by trawl samples and allocated to the s, values in order to convert s, to an abundance
estimate. For HERAS the TS/Length relationship used is:

TS = 20log(L) — m, | (3) |

with L the fish length and m a variable that is species dependent. For the HERAS survey, m =71.2dB is
used which is standard for North Atlantic clupeid fish and especially herring. Equation (3) does not account
for depth but this effect can potentially be included (Ona 2003).

The sampling units:
Echosounder measurements during HERAS are performed continuously typically 1 ping per seconds while
the vessel is underway with a speed of 10 knots. These samples are aggregated at different levels in
StoX for different purposes. The sampling units are:
e Pings: Typically, every 2-5 meters depending on speed and ping rate
e FElementary Distance Sampling Units (EDSU): Every 0.1 or 1 nautical mile. EDSUs consists of the
aggregation of pings within a standard distance.
e  Primary Sample Unit (PSU): Transects.
e Stratum (part of a strata system): Strata are represented as spatial polygons in the StoX
analysis software. Strata are predefined based on known homogeneity in variability within the
area with respect to distribution of aggregations and size compositions.

STOX procedures for abundance estimation:
STOX uses the biotic and acoustic inputs that are submitted to the ICES acoustic trawl database and

converted to an XML format specific to the STOX. STOX is composed of different modules performing a
specific task at each step where different templates are available for different types of surveys. For
HERAS, the template “Acoustic abundance by transect and r-model with uncertainty” is used.

The template is constructed in 24 steps in a predefined order. The steps can be visualized, parametrised
and executed through the Graphical User Interface (GUI). For the result of each step a text file is
generated and stored in the “output/baseline/data” folder of the STOX project. Here a short description
of each step is given.
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ReadProcessData: Reading the predefined processing procedures in the project template such
as strata definitions, transect definitions and biotic assignment.
ReadAcousticXML: Reading acoustic inputs from the survey outputs (XML files)
FilterAcoustic: The input data file may contain different species categories and postprocessing
results from different acoustic frequencies. This operator filters the acoustic data for
requirements of the analysis.
NASC: Generation of the acoustic data matrix based on NASC values in the data.
ReadBioticXML: Reading biotic inputs from the survey outputs (XML files)
FilterBiotic: Filtering biotic data for requirements of the analysis (e.g. species category,
minimum number of individuals in the hauls etc.)
StationLengthDist: Station length distribution, definition how the length distribution is handled
(e.g. as it is or normalized by tow distance)
RegrouplLengthDist: Define the precision of the length classes (e.g. 0.5 cm or 1 cm)
DefineStrata: Read polygons for strata definitions
StratumArea: Calculate the surface area of each stratum
DefineAcousticTransect: This is a manual procedure performed on the GIS module of the
software on the map
e Transects (PSU) are created by giving individual ID numbers to each of them
e Each PSU are grouped under the strata they belong to
e EDSUs that are belong to specific PSU are defined by manually clicking on the points on
the map
MeanNASC - SampleUnitNASC: The mean NASC calculated by this function can be a single
mean for the entire stratum or per PSU (transect). The inputs are individual EDSUs from the
input acoustic file. For HERAS the means are calculated per PSU.
BioticStationAssignment: Assignment of trawl hauls to stations. This is a manual procedure
performed on the GIS module of the software on the map
e For HERAS the standard way to do this is using manual assignment
e Expert judgment is used to allocate hauls to individual PSU
e At this stage one of the main factors of judgment are the length and maturity
distributions and reliability of the hauls. This is based on expert judgements taking into
account e.g. the number of sampled individuals in the haul, background information for
the haul etc.
e Alternatively a radius distance or the strata can be used to allocate hauls as well.
e Itis necessary to allocate at least one haul per PSU
BioticStationWeighting; Weighting the biotic assignments performed in the previous step.
e Standard for HERAS is equal weighting. E.g. length frequencies are aggregated based on
proportions at each length class regardless of sample size, haul duration or catch size.
e Alternatives are
i. NASC (based on the acoustic density surrounding a station),

ii. Normalization by catch weight (larger catch more weighting)

iii. Normalization by catch number (larger number more weighting)
TotalLengthDist: Here aggregations of length distributions are generated per each PSU based
on previously entered parameters. Because of the equal weighting used in HERAS this step
executes no changes generated in the visual plots in the STOX GUI.

AcousticDensity: Here the acoustic densities are converted to numbers by using the length
depended target strength equation (Equation (3)). Length distribution comes from the previous
step. The numbers are calculated for each PSU.

MeanDensity_(Stratum): An overall stratum mean is calculated from the mean density
(average number of fish at length per square nautical mile) of each PSU.

SumbDensity_ (Stratum). Vertical summation. Currently this has no effect for the HERAS data
as full water column is used disregarding the vertical bins in the acoustics.
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19. Abundance by length: The number obtained in step 17 is multiplied with the polygon area to
obtain abundance estimate for each stratum

20. IndividualDataStations; A list of biotic assignments are created containing information on
which stations are assigned to which strata.

21. IndividualData; Here a list is created consisting of each individual measurement existing in the
input file either only length measurement or full biotic variables such as age, maturity stage,
individual weight etc.

22. SuperIndAbundance Here, the total abundance by length by strata are allocated to the
individuals. For example; in year 2017, in stratum 91, we have 90 individually measured fish at
length of 20 cm coming from 10 different stations. As a result of step 19, we calculated that we
have 117,668,451 total individuals of 20 cm at Stratum 91. This number is allocated to each of
these 90 individuals. Each of them receives 1,307,427. Regardless of whether these individuals
have an associated age, maturity or individual weight, or not, each of them will be
representative of 1,307,427 fish. The missing biotic variables such as age are assigned in the
next stage.

Last two steps are found in the "Baseline report” segment

23. FillMissingData, here the missing values are filled using the age variable. For example, if a
super individual comes from only length measurement and without age reading, an assignment
is done from the same length group and station which has a value for age by a random
selection. If that station didn’t have the value, then the procedure is repeated on stratum or
survey resolution.

e This is the final table generated from the data processing. From this table the reports for
abundance indices are created and uncertainties are calculated.

24. EstimateByPopulationCategory: Generation of a summary table for final abundance indices

Further details of some of the components of the workflow are given in the next section.

HERAS index calculation: base run

For the HERAS survey, the level of mixing between the main species (herring and sprat) and other species
(e.g. whiting, sardines, haddock) varies throughout. In the Dutch, Irish, Norwegian and Scottish survey
(Figure 1-1), scrutiny of the acoustic data is taken to species level. Based on scattering characteristics of
echo traces as well as catch composition of corresponding targeted trawl catches, a robust allocation of
herring and sprat to echoes originating from detected fish schools and aggregations is feasible. The acoustic
categories, herring and sprat, are then allocated to these echo traces and corresponding NASC values are
exported from integration results. However, in the German and Danish survey area, this is not possible
due to the very high level of mixing and the impossibility to discern mixed clupeid schools from echo traces.
For these survey components, there is no direct herring/ sprat categorization. Instead, the species
composition of each trawl is used to disaggregate NASC values into species categories by transect. This is
achieved using the StoX software with dedicated projects to split NASC values for Danish and German
surveys.

Furthermore, in the Norwegian and Danish survey components, strong mixing of herring stocks occurs
between NSAS, WBSS and Norwegian Spring Spawning (NSS) herring. Historically the mixing with the NSS
stock is not considered and only separation between WBSS and NSAS is performed. This is accounted for
in two different ways:

e Danish survey (in strata 21, 31, 41, 42, 151, 152 in Figure 1-4c): use of otolith microstructure
and shape (Clausen et al. 2007; ICES 2018b) to determine stock ID for the sampled fish. Stock
information is embedded in the biotic data for each sampled fish and submitted to the ICES
acoustic trawl database.

e Norwegian survey (strata 11, 141 in Figure 1-4c): use of vertebrae counts to determine fraction
of WBSS at age for each year of survey. The proportion of each stock is determined using ordered
statistics on vertebrae counts from the biological data. This split proportion cannot be used to
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allocated stock id to individual fish biological samples. Biological information as submitted to the
ICES acoustic trawl database therefore does not contain direct information on stock id. Instead,
stock splitting is applied after the abundance at age estimation process.

Because of the multi-country survey components, species mixing and herring stock mixing, the procedure
for the derivation of NSAS and WBSS indices involve the use of several inputs and StoX projects. Figure
2-1 gives a workflow summary of this process.

The processing of the biotic and acoustic data using StoX is first divided into two separate components:
the main project with data from all strata except 11 and 141 and a side project that include data from
strata 11 and 141 only (mostly consisting of data from the Norwegian survey but not exclusively). For the
main project, a further two specific StoX projects are needed for the splitting of acoustic densities into fish
species categories (herring and sprat). This is done through separate projects for the Danish and German
survey components. The resulting split acoustic data alongside biotic data is further fed into the main
project with data from other surveys (The Netherlands and Scotland). This specific process is depicted in
Figure 2-2(a). The main and side StoX projects are then run, yielding abundance of herring for each stratum
disaggregated by:

e Age

e Length per 0.5 cm bins

e  Maturity stage (mature/immature)

e Stock id (NSAS, WBSS)

As a consequence of the survey biological sampling strategy, combinations of length, age, stock and
maturity are missing sporadically. These are propagated through by StoX and the resulting final estimates
will also include cases with missing allocation. In order to account for these missing fields in the final
abundance estimates, these are filled using the following protocol:
1. Maturity of age 0 allocated to immature.
Maturity of length < 8.5 cm allocated to immature
Missing lengths: filled in using inverse of weight/length growth relationship inferred from data.
Missing weights: filled in using the weight/length growth relationship inferred from data.
Missing ages: iterative process comparing abundance proportions in associated length group.
Missing maturities: iterative process comparing abundance proportions in associated age group
and/or length group.
7. Missing stock id: iterative process comparing abundance proportions in associated age group
and/or length group.

ounkwnN

In the filling in process, steps 6 and 7 are the most complex. Historically, this has been done manually in
spreadsheets but is now automated, and more traceable and reproduceable. It is important to note that
the filling in of stock id is only performed for the main project but not the side project. For the side
project, the abundance in each category is broken down into NSAS/WBSS using split proportions
calculated directly from the raw biotic data. NSAS/WBSS estimates from the side and main projects are
then combined to produce final abundance at age. The procedure is visualised in Figure 2-1(b). With the
newly developed automatic routines, the outputs from the processing are stored and managed in
multiple dimensions (maturity, age, area, year) using the FLR R package (Kell et al. 2007)8.

8 https://flr-project.org/
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Figure 2-1: workflow of NSAS and WBSS index calculations. (a) flow diagrams of input data and StoX projects. (b) Use of

StoX projects to derive abundance at age.

In strata 11 and 141, the abundance derived from the side project is divided into NSAS/WBSS using split
proportions. This quantity is computed every year using vertebrae count measured through biological
sampling. The fraction of WBSS in those strata is given by:

| Fusss = (56.5 = 7:(,7,5))/(56.5 = 55.8). @

With 7.(a,y,s) the mean vertebrae count in strata s, for year y at age a. It is important to note that this is
only calculated for ages 1 to 4. For ages 4+, values for age 4 are used. In the rarer case of the presence
of age 0, the value for age 1 is used. Equation (4) transforms the vertebrae count 7, into a [0,1] interval.
This is exemplified in Figure 2-2(a). Categories with 7 greater than 56.5 corresponds to Fygss = 0 (only
NSAS), categories with 7, smaller than 55.8 are allocated Fygss = 1 (only WBSS) and any category with 7,
comprised between 56.5 and 55.8 is allocated Fygss With a linear decrease with increasing vertebrae count.
The resulting WBSS split proportion for each age, strata and year is shown in Figure 2-2(b).
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Figure 2-2: split proportion of WBSS as applied in strata 11 and 141. (a) function to determine the split proportion of WBSS
given mean vertebrae counts at a given age, strata and year. (b) WBSS split proportion function and associated values per
age, strata and year.

Moreover, the StoX software can compute the uncertainty for the abundance at age using a bootstrapping
method on transects. Because of the filling in process and the use of external split proportions (in strata
11 and 141), manual inputs were required in the past. As these two steps are now automated, it is now
possible to compute a bootstrap for both the side and main projects and combine projects for each iteration
of the bootstrapping, in turn yielding uncertainties for the final abundance estimates. Two separate runs
are then computed for the base run, one using baseline (all transects included) and another one using the
Acoustic Trawl bootstrap option from StoX using 500 iterations.

Transparent Assessment Framework (TAF)

TAF is a framework developed by ICES to organize data, methods, and results used in fish stock
assessments, so they are easy to reference and re-run with new data or methods. The framework uses the
R language and is computed on an ICES server and dedicated website to display results. The link between
the R code developed and the app is performed through individual repositories on GitHub?. Through this
platform, all data input and output are fully traceable and versioned.

TAF is used to run various stock assessment models and compute survey indices (e.g. from trawl surveys)
but there is currently no example of the computation of indices from acoustic surveys. With tools such as
the ICES acoustic trawl database and the StoX software, it is now possible to automate the calculation of

9 https://github.com/ices-taf/doc
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abundance estimates for complex cases such as NSAS/WBSS and run this on TAF. With this addition, the
NSAS assessment now consists of the following TAF repositories:
e Acoustic index: calculation of the HERAS indices for NSAS and WBSS (the focus of the current
study).
e Single fleet stock assessment
e  Multi-fleet stock assessment
e Forecast as used to provide catch advice

The working principle of a TAF repository is shown in Figure 2-3. To produce the NSAS and WBSS indices
the processing is divided into four main parts:
1. Data: fetching acoustic and biotic data from the acoustic database and data stored locally on the
repository. The latter includes:
e Individual *.xml StoX project files.
e DK and GER split acoustic data
e Strata files
e File with split proportion for strata 11 and 141
2. Input: organize folder tree on the repository for swift running of StoX projects.
3. Model: run side and main StoX projects (Figure 2-1)
4. Output: create outputs and plots from final estimates.

- other other .
- data model -
data e input e model e output

<] <] <] o]

Figure 2 3: TAF working principles from data to results. Extracted from (Millar and Magnusson 2018).
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2.4

2.4.1

Sensitivity test runs

Calibration error

During an acoustic survey such as HERAS, the calibration of the echosounder from each participating vessel
is paramount to provide absolute estimates of S, and in turn yields consistent measurements between
platforms. Any offset from genuine calibration gain ¢ directly influences abundance estimates as it impacts
the level of acoustic density that is measured. Small variabilities in calibration gain can occur because of
factors such as variation in sphere parameters, weather conditions during calibration trials or inherent
variability in calibration measurement. Moreover, larger discrepancies can sometime arise from
echosounder malfunctioning, miss handling during calibration trials or bugs in the software. In that context,
it is important to investigate the impact of various levels and types of calibration offsets can have on final
abundance estimates. In this study, two scenarios are considered:

e Constant offset of calibration gain.

e Nonlinear offset of Sa values based on ping to ping evaluation of malfunctioning echosounder from

RV Tridens II (Dutch component of the HERAS survey).

Calibration gain offset:
Here, the sensitivity of NSAS/WBSS abundance estimates is tested by adding an error to the calibration
gain as:

Gerroneous = G t+ €, | (5) |

with e the calibration error in dB. Here, a range of errors between 0.2 and 2 dB in 0.2 dB increments are
tested. Each calibration error is introduced in the raw acoustic files (input to StoX) and tested for each
survey component (NL, GB-SCT, DK, NO, GER) and survey year separately (2017 to 2020).

SA error from RV Tridens II echosounder malfunctioning:

In 2020, (Sakinan and Berges 2020) used data from the Dutch component of the HERAS survey to test
the comparability of the EK60 and EK80. This was done by running a multiplexer, producing ping to ping
data between EK60 and EK80 for effective comparison. Similar to findings in other studies (Macaulay et al.
2018; Sakinan et al. 2018), both systems yielded similar results. However, this study revealed a
malfunctioning of the EK80 38 kHz echosounder onboard RV Tridens II (vessel participating in the HERAS
survey). Onboard RV Tridens II, the EK60 was used for survey purposes until 2018. Therefore, the
malfunctioning of the EK80 in 2017 had no implications for the HERAS survey. The ping to ping data of
opportunity produced with the malfunctioning EK80 provides insight on a type of malfunctioning that can
easily be overlooked but has implications for the survey results.

The origin of the EK80 issue was tracked down to 13t July 2017 and is due to malfunctioning of the EK80
transceiver (not the transducer). The transition in the echogram is shown in Figure 2-3(a) and is very
subtle and hard to identify in survey conditions. An analysis of the impedance level of each echosounder
quadrant shows the malfunctioning more clearly Figure 2-3(b). The inspection of calibration results in
perspective to older results also revealed the malfunctioning with a drop of ~2 dB in calibration gain whilst
expected variations usually do not exceed 0.1-0.2 dB Figure 2-3(c). The ping to ping data set was further
used to build the relationship between the EK60 data and the erroneous EK80 CW data Figure 2-3(d).
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Figure 2-3: ping to ping analysis of EK80 CW malfunctioning onboard Tridens II RFV during HERAS 2017 and 2018. (a)
transition to erroneous data in echogram. (b) time series of impedance levels around the occurrence of echosounder
malfunctioning. (c) comparison of results from EK80 CW calibration trials onboard Tridens II. Erroneous calibration starts on
March 2018. (d) EK60 vs EK80 CW ping to ping with malfunctioning EK80 CW echosounder.

For the current study, the relationship shown in Figure 2-3(d) is modelled using a GAM model with a
smoothing function, with EK80 SA as the response variable and EK60 SA as the sole explanatory variable.
Here, EK80 SA is the erroneous SA measurement whilst EK60 SA are the calibrated measurements. The
model can be used to generate erroneous SA values given a random draw of initial SA values. An example
distribution is shown in Figure 2-4. This process was applied to acoustic input files from the Dutch
component of the survey for each of the survey years 2017-2020. For each specific year, error is introduced
to each input file prior to running the StoX projects. Results for abundance at age can then be compared
with the results from the base run.
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Figure 2-4: Simulation or erroneous SA values using the study by (Sakinan and Berges 2020). (a) distribution of ping to ping
data. (b) modelled distribution with randomly drawn SA values between -130 dB and 25 dB.
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2.4.2 Stock splitting

An important aspect of the calculation of NSAS/WBSS indices is the mixing between herring stocks at the
border between the Baltic Sea and the North Sea. The area of interest corresponds to the following strata
(Figure 1-4(c)): 11, 141, 152, 151, 42, 41, 31, 21. In these regions, mixing is taking place between NSAS
and WBSS but also NSS along the Norwegian coast. Historically mixing with NSS has been assumed small
and not considered for calculations of NSAS/WBSS indices. Currently, the way mixing is handled is different
between strata 11/141 and other strata with mixing. In strata 11 and 141, the ratio of WBSS and NSAS is
computed using Equation (4) which relies on biological measurements of vertebrae counts. The data set
used for that purpose is shown in Figure 2-5 and resulting WBSS split ratios are shown in Figure 2-2(b)
and Figure 2-6. Overall, it is observed that it can vary significantly between years. Of importance when
calculating WBSS split ratios using Equation (4) are the 56.5 and 55.8 threshold values first introduced by
(ICES 1994). Beside that these values might be somewhat outdated, (Gréger and Gréhsler 2001) noted
that no stochastic assumption or theoretical background is available for Equation (4). Overall, the use of
Equation (4) combined with potentially outdated vertebrae count thresholds and uncertainty associated
with the use of vertebrae count for stock splitting could introduce bias to the final NSAS/WBSS estimates.
Moreover, new developments in research and of stock identification methods (Berg et al. 2017) should
enable a more accurate splitting of the stock in future years. It is therefore of interest to test the following:

e Sensitivity of final WBSS/NSAS estimates against variation in vertebrae count

e Use of new methods for stock splitting, namely otolith shape recognition (Berg et al. 2019) and

genetics (Berg et al. 2021).

It is important to note that the testing undertaken here is only for strata 11 and 141. For other strata
(152, 151, 42, 41, 31, 21), stock splitting is performed on individual herring samples using otolith
microstructure and shape (Berg et al. 2021; ICES 2018b). It would be of interest to also perform
sensitivity tests on stock mixing in these strata but due to the complication in implementation of such
scenarios (which would require artificially altering biotic data), this is not considered in this study.
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Figure 2-5: statistics of vertebrae count in each year strata and age groups. Black circle markers are the median of vertebrae
count in each category and the extend of vertical black lines are the 25t and 75% quantiles. Coloured circle markers are the
vertebrae counts for each fish sample with stock identification determined using otolith shape (Berg et al. 2019): NSAS (red),
WBSS (green), NSS (blue). The dashed horizontal lines are the 55.8 and 56.5 thresholds as used in Equation (4).

22 van 52 Report number CVO 21.007



Split ratio with offset in vertebrae count:

Here, the sensitivity of index calculation is tested against changes in vertebrae count that in turn changes
split proportions used in strata 11 and 141. The metric used in Equation (4) is the mean vertebrae count
in each category (age, year, strata) v.. For testing, this is altered using the standard deviation in vertebrae
count in each category and computing a new split ratio using the following for 7:

17cerror(a-:y's) = ﬂ(a,y' s) + B x U(G,Y.S)- | (6) |

The term g is a scalor that is used to introduce a deviation in 7.. The range of values tested for g are -0.2
to 0.2 in 0.1 increments. The change in split ratio is exemplified in Figure 2-6 for a limited range of g
values.
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Figure 2-6: WBSS split proportions in each age group, strata and year. Also shown is the effect of deviation from mean
vertebrae count by -0.2/+0.2 sd.

Split based on otolith shape:

The method by (Berg et al. 2019) uses otolith shape recognition using machine learning to identify the
stock id of a given otolith. The discrimination is made between NSAS, WBSS and NSS. This method has
been applied to the Norwegian biological samples for the period 2014-2020, yielding alternative split
proportion estimates to those calculated using vertebrae count (Equation (4)). Using otolith photographs,
probabilistic estimates are derived for each individual otolith. Here, a threshold of 0.75 on the probability
is used to filter out individual samples that are not discriminated with a high enough confidence. The
proportion of individuals in each category (age, year and strata) is then calculated. The comparison
between split proportions inferred from vertebrae counts and otolith shape recognition (with a probability
threshold of 0.75) is shown in Figure 2-7. There are significant differences between the results from the
vertebrae count and otolith shape recognition methods. Notably, the otolith shape recognition exemplifies
fewer variable results (e.g. age 2 in strata 11). Using these new split proportions, alternative NSAS/WBSS
abundance estimates can be generated and compared to the base run.
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Figure 2-7: time series of split proportion at age as derived using vertebrae count and otolith shape (Berg et al. 2019) from
2014 to 2020 in strata 11 and 141. The split proportion from the otolith method is computed using a probability threshold of
0.75.

Split based on Genetic data:
In 2020, genetic data was available for biological samples taken in strata 11 and 141. Biological samples

could thus be allocated a stock id at an individual level in the biotic files from the Norwegian survey. This
allows for combining all data from individual surveys and run a single StoX project as opposed to having
to break down the processing into a main project and a side project (Figure 2-1). This new project can be
run as a baseline but also using transect bootstrapping for uncertainty estimation. These results can then
be compared with results from the base run.

Strata definition

The HERAS survey extends over a wide geographical area covering the habitat of herring and sprat at their
different life stages. Their distribution is heterogenous due the impact of different biological and physical
drivers, such as age, reproductive state, temperature, depth, food availability etc. This heterogeneity
reflects on their aggregation densities and size distribution and results in geographical patchiness and
gradients. One of the objectives of the survey design is to allocate the survey effort in an optimal way with
the aim to keep the survey precision as high as possible. This is achieved by stratification (Figure 1-4(c)).
Normally, the main goal of the stratification is to minimize the variability within each stratum. Ideally the
sampling variability between the strata should be independent from each other. Although the stratification
has a direct effect on the variability in the results, the data of an individual survey cannot be used to
determine the strata since the survey design is one of the factors that determines the results. For example,
as a survey design strategy, in a stratum where the variability is known to be higher than the others, the
effort would be increased to improve the precision.

Prior to 2016, the HERAS survey strata were either based on ICES statistical rectangles or based on historic
catch data. Beginning from the year 2016 this was changed based on internal work carried out in 2015
(Lusseau et al. 2016; ICES 2015b). The new survey strata was formulated which is independent from the
ICES rectangles. This new design had two main goals:

e Standardization of survey design and effort within co-surveyed strata

e Improvement in precision in the abundance estimate

This new stratum design has been in use for the surveys from 2016 to 2020. While this design was effective
in maintaining homogeneity (e.g. variability in the aggregation patterns, maturity level and size
distributions), some minor concerns arose during post cruise meetings for certain exceptional cases with
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a potential change of strata to take into account historically known north-south gradients and coastal-
offshore gradients,.

A clear example is from the 2018 HERAS survey, where aggregations of both small-immature and large-
mature herring were observed along the same transect in strata 91. Despite being found along the same
transect, there was a large distance between these aggregations in the inshore-offshore direction.
Normally, the stratum 91 is historically characterized by large — mature herring with distinct aggregations
in high densities. The inshore strata 81 and 101 are more characterized by the earlier life stages and small
sizes of herring. Although not as clear as in the 2018 example, this issue also occurred in strata 81 and
101 repeatedly. Having two distinct age/size groups with different aggregation behaviour and spatial
structure in the same strata have the potential to violate the survey design principles.

Here an alternative strata design was created and compared against the current design (Figure 1-4(c)).
For this purpose, the spatial variability in the mean length distributions, mean age and maturity levels, the
biological data from individual survey hauls from 2016 to 2019 were combined for the entire survey area
and distribution maps were created using geostatistics. Although all parameters show specific patterns, it
was decided to use maturity proportions as it was found the most informative parameter. Figure 2-8 shows
the underlying spatial structure in maturity levels. Figure 2-8(a) shows the original strata design overlaid
and Figure 2-8(b) shows a slightly modified version of the current stratification with modifications to the
following strata: 111, 101, 91 and 81. In this design, the inshore strata 81 and 101 are extended to follow
the maturity pattern.

Based on these new polygons, the survey indices are recalculated. For the sake of this exercise, the
transects are also modified such that; when a section exceeds the limit of one stratum, it is split into
another section and either added to an existing transect or identified as a new transect. This trial allowed
for separation of young and adult herring aggregations that were initially observed on the same transect
within the same stratum. Note that, this is only a hypothetical test, and in principle, the transect design
should not be changed after the survey has been conducted.

Maturity
R

lat
13

54N~

lon
leng L

Figure 2-8: Defining new strata based on spatial distribution of maturity levels. (a) base strata definition. (b) newly
developed strata definition. The underlying colormap is the spatially interpolated distribution of maturity levels using biotic
data from 2016 to 2019
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2.4.4 Haul allocation

In StoX, it is necessary to assign at least one set of biological measurement to each acoustic transect. This
allows for the calculation of length dependent acoustic target strength (TS) and estimation of disaggregated
abundance (age, length, maturity) for each transect taking the most representative length distribution into
account. In theory, all the hauls within a stratum should be representative for all transects. However, this
is not considered to be true in practice as there are local variabilities in addition to global variability and
anisotropy within each stratum. Especially in strata 91 and 111 there is a well-known gradient of size with
larger herring typically being further north. Therefore, the standard way of performing this allocation in
the HERAS survey is to use neighboring hauls and survey knowledge with a manual assignment based on
distance and expert judgment. The downside of this approach is that it introduces subjectivity and operator
dependency to the analysis.

In this exercise, the difference between the manual assignment and the stratum assignment was tested in
StoX. The stratum assignment basically aggregates all the samples from all the hauls within a stratum by
equal weighting and assigning them to all transects in that stratum in the same way. Ideally it is expected
that during the survey there are representative numbers of hauls within each stratum. However, in
practice, there is limited time that can be dedicated to trawling during the survey. The location selection
is generally a tradeoff between resolving local variability in high density areas and effective coverage of all
strata. During the HERAS surveys, on few occasions, there were no hauls corresponding to a stratum. To
be able to perform this exercise, in such cases, most representative hauls (based on expert knowledge and
background information) from the neighboring strata were used. Furthermore, in all strata, the samples
with too few measurements (<30 herring samples in haul) to produce a clear statistical distribution were
identified as outliers and removed.
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3.1

3.1.1

Results and discussion

Base run and TAF

Automatic calculation of the index

The method for the calculation of the WBSS and NSAS abundance indices described in Section 2 is applied
to the period 2017-2020. This is the period where a well-defined workflow for processing is in place (Figure
1-4(a)). Prior to adoption of the newly automated procedure implemented in R, it is important to check
the routines against potential bugs and investigate discrepancies with existing indices as used in the
assessment. This is shown in Figure 3-1 for the abundance at age and SSB (in % relative to values used
in assessments). For both NSAS and WBSS, whilst the discrepancy is marginal for 2018 and 2019, it is
significant for 2017. In order to investigate those more in depth, a thorough check of the results for each
year was performed, comparing manually derived numbers from spreadsheets and results from automatic
routines. As in Figure 3-1 very good agreement was found for the years 2018-2019 (and 2020). The
remaining minor discrepancies are due to small differences in filling of missing fields (Figure 2-1(b)), which
are arguably correctly attributed by the automated routine, and rounding. Closer investigation of the higher
differences seen in 2017 comparison, the discrepancies are mainly due to differences in WBSS split ratio
for that year used in the automated process and those used in the original analysis in 2017. This needs to
be followed up and an update of the index for the assessment should be performed in the future for both

NSAS and WBSS.

In addition to abundance at age, the results from the HERAS survey also provide biological parameters for
NSAS: weight at age in the stock and maturity at age in the stock. These are used in the calculation of
SSB. The effect of the new calculation routines on these parameters is shown in Figure 3-2. Only small
differences were observed, most notably in 2017. For WBSS, weight at age and maturity at age calculated
from the data of the HERAS survey is not directly used in the assessment because of the timing of the
survey. Therefore, no sensible comparison can be made.

(a) (b)
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Figure 3-1: comparison of abundance at age and SSB as computed using the automated routines against those used in the
assessment. (a) NSAS. (b) WBSS. For WBSS, only ages 3-6 are used in the assessment.

Report number CVO 21.007 27 of 52



2017 2018 2019 2020

1.00 1
0.754
0.504

Auniew

0.251
source
0.00

assessment

— new
0.24

1yBiam

0.14

weight age age/maturity at age

0.0

24680246802468024638
age

o

Figure 3-2: comparison of maturity at age and weight at age computed using the automated routines against those used in
the assessment for NSAS. For WBSS, these quantities can be derived from the HERAS survey but are not used in the
assessment due to survey timing and are therefore not shown.

3.1.2 2017-2020 NSAS and WBSS results

With the newly developed framework for the automated calculation of the NSAS/WBSS indices and the use
of FLR, results can be plotted efficiently in a generic way. This is exemplified in Figure 3-3 and Figure 3-4
for the years 2017-2020 with abundance at age and abundance for mature/immature categories in each
stratum (Figure 1-4(b)).

Results for NSAS abundance at age are shown in Figure 3-3(a) per strata and for all strata combined. It
shows the bulk of the stock for ages above 2 is concentrated in the Northern strata (91, 111, 101, 121,
11). Since 2017, there is a decreasing trend in stock trajectory for NSAS (Figure 1-3(a)). This is notable
from the abundance at age for all strata combined in Figure 3-3(a) with a decrease since 2018 which is
driven by decrease in stock abundance in strata such as 111, 91 or 11. Strata with predominantly younger
ages show large variations in abundance in recent years (e.g. strata 81, 131 or 141). The age composition
of the stock is similar since 2017. The abundance for mature and immature fish as shown is overall
consistent between years for the different strata (Figure 3-3(b)).

WBSS herring stock has followed a downward trajectory for the last ~15 years (Figure 1-3(c)). The
abundance estimates from the HERAS survey is also an important source of information for the assessment
of WBSS. The survey has with some inter-annual variations given an overall downward trend for the last
15 years, and this is reflected in the stock assessment. Though, since 2017, there is a slight increase in
abundance. This is shown in Figure 3-4(a). Only strata 11 (the northern most one) shows a strong
consistent decrease in abundance which is partly caused by a decrease in stock proportions in that strata
(Figure 2-6). Strata 141 with the highest WBSS abundance shows steady abundance levels and even an
increase in 2020. Also, to note is the large proportion of age 1 individuals observed in 2020. The proportions
of mature/immature abundances remain at similar levels Figure 3-4(b).
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Figure 3-3: NSAS base run abundance per strata between 2017 and 2020. (a) abundance by age group. (b) abundance for
mature/immature stages
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Figure 3-4: WBSS base run abundance per strata between 2017 and 2020. (a) abundance by age group. (b) abundance for
mature/immature stages.
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3.1.3 Index uncertainty through Bootstrapping

Because WBSS and NSAS indices are currently derived using two separate StoX projects (Figure 2-1), it
has not been possible to use the acoustic trawl bootstrap feature in StoX which enables uncertainty
estimation. However, in order to derive uncertainty from bootstrapping for final NSAS/WBSS abundance
estimates, one needs to combine projects for each iteration with filling of missing fields (stock id, maturity,
age, length) and applying split proportion ratio for strata 11 and 141. With 500 iterations, this was not
possible with manual processing but is now enabled with automatic routines. For both NSAS and WBSS,
uncertainties associated with the index calculation process can therefore now be estimated with ease and
delivered with the annual survey results.

Uncertainties for SSB is shown in Figure 3-5. For NSAS (Figure 3-5(a)), both the 25th and 75th quantiles
are within the assessment uncertainty. For WBSS, assessment uncertainty is larger than the 25th/75th
quantiles interval. Moreover, a large difference exists for 2017 between the new index and the index
currently used in the assessment which is attributable to data discrepancies (e.g. in split proportions) for
that year (Figure 3-1). Of importance is the difference (in SSB and abundance at age) for both NSAS and
WBSS between baseline estimates and median values of bootstrap. The use of median values from
bootstrap is possibly a more robust estimation.

The comparison between baseline and bootstrap runs for both NSAS and WBSS is presented in Figure 3-
6(a) for NSAS and Figure 3-6 (b) for WBSS. Whilst there is consistency between the results, baseline
results can be somewhat higher (e.g. NSAS age 1 in 2019).
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Figure 3-5: comparison of SSB from the assessment with index sampling uncertainty derived from bootstrap computation.
(a) NSAS. (b) WBSS. The index uncertainty bounds are the 25%/75" quantiles from each year’s pool of independently derived
SSB for each iteration.
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Figure 3-6: base run abundance at age comparison between baseline and bootstrap computations. (a) NSAS. (b) WBSS.
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3.2

3.2.1

Sensitivity tests

Sensitivity to calibration error

Error in calibration gain can be introduced by either echosounder malfunctioning or measurement
variability. The latter is caused by factors such as weather conditions (i.e. sea state), accuracy of sphere
parameters or quality of calibration trial (e.g. number of target hits acquired). Unpredictable and hardly
identifiable errors can notably come from slight malfunctioning of equipment or software/firmware bugs.
Calibration errors from bugs can be difficult to spot and are often present at the release of new equipment.
This has been a point of attention with the introduction of the EK80 system from SIMRAD which superseded
the EK60 system, used for the last nearly 2 decades in fisheries acoustics. Even though it has been shown
that the two systems yield comparable results (Macaulay et al. 2018; Demer et al. 2017; ICES 2018a,
2017; Sakinan and Berges 2020), an underlying bug in the EK80 calibration tool was identified by (Sakinan
et al. 2018)10. As a result of this bug, (Sakinan et al. 2018) observed discrepancies of up to 1.76 dB in
Sacorr- CoONsidering the potential of such discrepancies or echosounder malfunctioning, it is important to
screen for any calibration error prior to the start of survey, ideally during calibration trials. This can be
achieved by:
e Keeping track of abnormal RMS (Root Mean Square) errors in calibration results.
e Keeping records of calibration gain and s, .., for the specific vessel, and contrasting new calibration
results with historical time series, therefore tracking any suspicious changes in time.
e Monitoring impedance level of each transducer quadrant regularly using the BITE tool from the
EK80 software.

Here, the sensitivity of WBSS/NSAS index calculations are tested against two scenarios: an offset in gain,
like an error in calibration and an echosounder malfunctioning as observed in 2018 during the Dutch
component of the HERAS survey.

Calibration gain offset:

In order to test the effect of bugs or calibration error, a fixed offset in calibration was introduced in each
acoustic input file separately. Results are shown in Figure 3-7 (NSAS) and Figure 3-8 (WBSS) for each
participating country from 2017 to 2020.

For NSAS, the effect of calibration error on SSB is greatest for the Scottish and Dutch surveys as they
cover the bulk of the adult stock. For 2020, the effect is limited for the Dutch survey as the distribution of
herring was observed to have shifted further north. Depending on the extend of calibration error, a change
in SSB of up to 50% can be observed (2dB calibration error, 2020 Scottish survey). In that context, it is
interesting to note that the large spike in 2010 (Figure 1-3(a)) is apparently attributed to the handling of
calibration results in the postprocessing software and would need to be corrected when running the
calculation method back in time. Errors in calibration on other participants would have a smaller impact on
absolute SSB levels. However, the impact can be substantial for specific ages, e.g. 2019 NO survey having
a 50% decrease with a 2 dB error. Besides a bias in absolute level, such errors in abundance at age can
also lead to inconsistencies in the age structure because of the relative bias of the erroneous survey with
the other surveys. Such an inconsistency in age structure can lead to issues when running the stock
assessment model, especially if the calibration error is both variable in scale and persistent in time.

For WBSS, error in both the Norwegian and Danish surveys are very influential in term of age structure
and SSB level as both surveys observe a large part of the stock. Because WBSS relies on two individual
surveys (as opposed to five for NSAS), error in calibration is potentially more influential.

10 https://www.echoview.com/products-services/news/important-information-for-simrad-ek80-software-users
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Figure 3-7: NSAS % difference relative to base run abundance at age and SSB for a range of calibration errors by country
and year of survey. For 2017, the Scottish part of the survey was covered through two distinct surveys, here identified as GB-
SCT and GB-SCT_2. The % difference is relative to the baseline of the base run.
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Figure 3-8: WBSS % difference relative to base run abundance at age and SSB for a range of calibration errors by country
and year of survey.
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SA error from RV Tridens II echosounder malfunctioning:

Further to calibration gain offset, the echosounder malfunctioning revealed by the ping to ping analysis by
(Sakinan and Berges 2020) can provide realistic insights on the impact of such an issue. Because the ping
to ping data used here were collected onboard RV Tridens II, the vessel conducting the Dutch component
of the HERAS survey, the test carried out here only considers alteration of NL data. Using the mapping of
genuine SA values to erroneous SA values as presented in Figure 2-4, the SA values in the NL acoustic
input files are altered. The NSAS/WBSS automatic routines are then applied, yielding alternative NSAS
index (the Dutch component of the survey does not cover a stratum with WBSS/NSAS mixing). The
comparison of the results with the base run is presented in Figure 3-9 for the strata of interest (101, 81
and 91) and for the overall NSAS index from 2017 to 2020. Whilst the effect for 2020 and 2019 are limited
in terms of SSB deviation (~1%), it is higher for 2018 (5%) and 2017 (6%). For 2018, the discrepancy is
driven by differences in strata 91 whilst for 2017, it originates from strata 81. The direct effect of these
discrepancies on the assessment is shown in Figure 3-10(a) for the model estimates of SSB and in Figure
3-10(b) for the catchability of the survey. Results are given in % deviation relative to the 2020 assessment
(mostly using data up to 2019) for the cases of erroneous SA in 2017, 2018, 2019 and over the 2017-
2019 period. From these plots, it is clear that the most influential year is 2017 but erroneous SA over the
2017-2019 period yield the largest differences in both SSB and catchability. It is also important to note
that to be able to run the assessment with erroneous SA over the 2017-2019 period, it was necessary to
provide initial values to assessment model for convergence, suggesting greater instability with the
introduction of these erroneous data.
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Figure 3-9: error in NSAS abundance at age and SSB induced by malfunctioning of echosounder (SA error). Results are
given as % difference relative to base run for each affected strata and combined strata. Triangle markers show values that
are higher than 1 for display purposes.
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Figure 3-10: error in NSAS assessment by malfunctioning of echosounder (SA error). (a) difference in SSB trajectory. (b)
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3.2.2 Stock splitting

Stock splitting is an important aspect of the WBSS/NSAS calculation. As described in Section 2, this is
handled differently between the Norwegian survey and the Danish survey. Using otolith microstructure and
shape, the data issued by the Danish survey provide stock identification at individual fish level. However,
this is currently not possible for the Norwegian survey and a split of the abundance is applied instead. This
split is currently undertaken using a simple formula (Equation (4)) based on vertebrae count (ICES 1994;
Groger and Grohsler 2001). The use of such a method is surrounded with uncertainties as the split
proportion is highly variable in time (Figure 2-6). Moreover, newer more accurate methods are now
available. In this section, three scenarios are tested:

e  WBSS/NSAS split ratio with deviation in vertebrae counts.

e WBSS/NSAS split ratio inferred from otolith shape.

e Stock identification using genetics.

Split ratio with offset in vertebrae count:

The mean vertebrae count in each category (age, year, strata) is altered using a scalar g on the standard
deviation, as described in Section 2.4.2. The range of values used is -0.2 to 0.2 in 0.1 increments. This
introduces an error in split ratio between WBSS and NSAS (Figure 2-6). Results are shown in Figure 3-11(a)
for NSAS and Figure 3-11(b) for WBSS. Expectedly, the impact is larger for WBSS with a change of ~20%
with g = £0.2. For WBSS, any change in split ratio has the potential to impact the age structure of the index
significantly whilst discrepancies induced for NSAS are more marginal relative to the total abundance for
this stock.
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Figure 3-11: % difference relative to base run for abundance at age and SSB with varying alternative ratios (offset in
vertebrae count). (a) NSAS. (b) WBSS. Triangle markers show values that are higher than 1 for display purposes.
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Split based on otolith shape and genetics:

The use of vertebrae counts and derived split proportions has two main flaws: 1) it forces the use of two
separate StoX projects (Figure 2-1), therefore complicating the calculations, 2) it is highly variable and
sensitive. Whilst strata 11 and 141 only account for a small proportion of NSAS, a large proportion of the
WBSS stock is observed in these strata each year. As shown in Figure 3-11(b), a small deviation in
vertebrae counts can lead to discrepancies of ~20%. In that context it will be advantageous to change the
NSAS/WBSS mixing calculation procedure in strata 11 and 141 using newer methods. In recent years,
methods such as otolith shape recognition (Berg et al. 2019) or genetics (Berg et al. 2021) have been
introduced. For the HERAS survey in strata 11 and 141, data from otolith shape recognition is available for
the period 2014-2020 but genetics were only applied in 2020. Using these stock splitting methods,
alternative computation of NSAS/WBSS indices are computed and compared to the base run. This is shown
in Figure 3-12 for both stocks. It can be observed that the change induced by the use of otolith recognition
for NSAS (Figure 3-12(a)) is marginal (<1% in SSB for all years,) whilst the use of genetics is more
influential though limited (~5%). For WBSS (Figure 3-12(b)), the use of genetics data leads to large
discrepancies in abundance at age (e.g. age 0, 7, 8 and 9+) but the overall change in SSB is limited
(~10%). Using data from otolith shape recognition gives larger discrepancies with a decrease of SSB of
~25% in 2020.
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Figure 3-12: % differences from baseline with genetics and otolith structure.
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One advantage in the use of genetics data is the allocation of stock ID in the biotic files. This lifts the
constraint of having two separate StoX projects (Figure 2-1) and allows to compute the WBSS/NSAS indices
using the same procedure in all strata. It also simplifies the use of the bootstrapping in StoX (used to
compute uncertainty), alleviating the need to combine iterations from two separate bootstrapped projects.
The comparison between baseline and bootstrap runs for both the base run and the run using genetic data
is presented in Figure 3-13. Though trends are similar, some differences can be observed, e.g. at age 1
for both stocks.
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Figure 3-13: comparison of baseline and bootstrap runs. (a) NSAS. (b) WBSS.
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3.2.3 Change in strata definition

A set of tests were performed to compare the effect of the design of the original strata and the modified
strata. Figure 3-14 shows both the original and modified strata together with their ID numbers. In terms
of areal coverage, the largest change was in stratum 101, corresponding to the Moray Firth region.
Originally this is the smallest stratum in the survey area and considered as an important nursery spot for
herring, therefore characterized mainly by small sized early stages herring as well as sprat and other small
fish. On the other hand, the neighboring stratum in the east, stratum 91 captures the main adult herring
aggregation areas in the survey region, generally containing nearly 50% of the total adult abundance.
Together with stratum 111, they make up more than 90% of adult herring.

The extrapolation based on aggregated data set of maturities showed that the characteristics of stratum
101 extent a bit further to the East and North (Figure 2-8). As a result, in the hypothetical design, this
stratum increased in size by 3-fold. Similarly, the inshore stratum 81, also increased in size by 32 percent
while stratum 91 shrunk by 27 percent (Table 1).

Figure 3-14: Map showing the HERAS Strata Id numbers. The left panel shows the original strata and the right panel shows
a hypothetical stratum where stratum 81,91,101 and 131 are modified based on the maturity percentages in the samples
from 2016 to 2019.
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Table 1: The strata area in nautical square miles for both original and modified strata.

Stratum ID | Original Area | Modified Area Percentage changed
11 14174 14174 0.00%
21 2981 2950 0.00%
31 1809 1809 0.00%
41 3377 3377 0.00%
42 1742 1742 0.00%
51 14919 14835 0.00%
61 5321 5307 0.00%
71 5521 5521 0.00%
81 17593 23213 31.94%
91 24558 17872 -27.23%
101 1272 4829 279.55%
111 11550 11550 0.00%
121 6968 6968 0.00%
131 18375 16328 -11.14%
141 18569 18569 0.00%
151 6103 6103 0.00%
152 1596 1596 0.00%

The effect of the strata modification is twofold: 1) it changes the total area of strata and 2) it changes
allocation of acoustic transects and trawl samples. As an example, the results are shown in Table 2 for the
most important adult herring strata, the 91 and 111 for the year 2018. A more complete table showing
the rate of changes based on test scenarios are given on Table 3. In the test scenario where the haul
allocation remained nearly the same while transects were split and reallocated, the total abundance of
mature herring decreased only by 6 % in stratum 91 in 2018 despite a 27% reduction in the total area of
this stratum. While the change in adult abundance being minor for this stratum, the total contribution of
immature herring is largely decreased (by 38 %). This result indicates that overall, the new design achieves
a better separation in the geographical distribution between mature and immature herring. For the stratum
111, the strata definition had not changed therefore no difference in the outputs were observed based on
the stratum definition. Figure 3-15(a) shows the changes in abundance at age and SSB for the entire
survey area for different years based on the changed strata definition. One can observe that the overall
impact is marginal. As for the proportion of mature/immature individuals, this is shown in Figure 3-15(b).
A small change is observable in 2018 but proportions overall remain like those from the base run.
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Table 2: Results of the tests of 4 different assumptions for the two most important stratum, example.

Results for Stratum 91

Original 3666263 4165122 7849550

Original 2294023 3909307 6216679
Change: -37% -6% -21%

By Strata 2588629 3746531 6344355
Change: -29% -10% -19%
By Strata 3107573 4376850 7499487
Change: 15% -5% -4%
Results for Stratum 111

Original 178606 6311074 6546024

Original 176347 6313109 6546024
Change: -0.1% 0% 0%
By Strata 76917 6602956 6738959
Change: -57% 5% 3%
By Strata 88172 6491553 6657163
Change: -51% -3% -2%
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Figure 3-15: Impact of change in strata definition with a stratum following maturity contour. (a) NSAS differences in
abundance. (b) NSAS differences in mature/immature abundance at age proportions for strata 91 and 111 and overall results.
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3.2.4 Haul allocation

The changed method in haul allocation from manual assignment to stratum assignment did not have a
large effect in the estimated mature herring numbers for stratum 91 and 111 where the changes were 5%
and 3% respectively for 2018 (Table 3). However, the effect was large for the estimated immature
numbers. In stratum 91, the immature numbers increased by 15% and decreased by 51% in stratum 111.
In 2018, immature numbers increased by 28.9% for this scenario. In 2019, this method of haul allocation
resulted strikingly 316% and 140% increase in the immature numbers for the stratum 91 and 111. This
discrepancy shows the importance of the expert interpretation of the assignments during the post-cruise
meetings. Although it can be considered as subjective, this is mainly incorporation of the observations
during the survey in terms of aggregation characteristics and their most likely demographic characteristics.
Currently there is no straightforward method to systematically incorporate this knowledge into an
automated procedure. The Figure 3-16 show the changes based on each age group and SSB for the entire
survey area for different years based on the changed strata definition. The differences are very significant
with for example a change in age 1 abundance in 2017 for NSAS of ~30% (Figure 3-16(a)). For WBSS
(Figure 3-16(b)), the change is substantial, especially for 2019. Overall, these results illustrate the
sensitivity of index calculation to haul allocation and the need for expert knowledge and human input.

Table 3: Percent changes based on the original project in the results from strata 91 and 111.

Year Stratum | Design Allocation IMM | MAT TOTAL
2017 91 | Modified | Manual -12% -8% -8%
2017 91 | Modified | Stratum based -28% -8% -11%
2017 91 | Original | Stratum based 8% -2% -1%
2017 111 | Modified | Manual 1% | 0% 0%
2017 111 | Modified | Stratum based -57% 5% 3%
2017 111 | Original | Stratum based -51% 3% 2%
2018 91 | Modified | Manual -37% -6% -21%
2018 91 | Modified | Stratum based -29% | -10% -19%
2018 91 | Original | Stratum based -15% 5% -4%
2018 111 | Modified | Manual -1% 0% 0%
2018 111 | Modified | Stratum based -57% 5% 3%
2018 111 | Original | Stratum based -51% | 3% 2%
2019 91 | Modified | Manual -12% -10% -11%
2019 91 | Modified | Stratum based 29% -12% -9%
2019 91 | Original | Stratum based 316% -11% 11%
2019 111 | Modified | Manual 7% | 0% 0%
2019 111 | Modified | Stratum based 140% 3% 3%
2019 111 | Original | Stratum based 122% 3% 3%
2020 91 | Modified | Manual -20% -1% -7%
2020 91 | Modified | Stratum based 53% | -12% 7%
2020 91 | Original | Stratum based 9% -33% -21%
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Figure 3-16: difference in abundance with alternative haul allocation per strata. (a) NSAS. (b) WBSS.
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Conclusion and leads for future work

Automatic routines for the calculation of WBSS and NSAS indices were developed through this project. In
the future, this will allow the process to be more traceable and will expand possibilities of index calculation
(e.g. deriving uncertainties). Prior to the adoption of the automatic processing, it was important to perform
thorough checks of results to ensure no discrepancies with the process currently in place. For the period
2018-2020, very good agreement was found between manually and automatically derived results with
small discrepancies only accountable to bugs in the manual procedure or to difficult decision making. Large
discrepancies were found for 2017, mostly due to differences in split proportions used to split the
WBSS/NSAS stocks in strata 11 and 141. This should be investigated further. Overall, it is recommended
to use the automatic procedure described here to compute the WBSS/NSAS indices as it offers advantages
in terms of processing time, traceability and consistency. However, in the forthcoming years, the manual
procedure should still be run alongside the automated routines to cross check results to prevent potential
overlooked bugs and inconsistencies. Besides, it should be investigated if the processing of survey data
prior to 2017 can be performed according to the latest processing workflow, alongside the processing of
forthcoming HERAS survey data. With the automated procedures it will also likely be possible to implement
better decision-making tools for the allocation of unallocated “super individuals” to category. The
automated procedure will be able to handle more complicated decision making than the manual procedure
could, for example performing a split out on proportions rather than the present procedure where all are
assigned to where the majority lies for example. Once a large portion of the time series has been handled
using the newly developed automatic routines, and agreements to the most correct allocation algorithms
have been made, a revision of the HERAS index should be performed for both NSAS and WBSS.

The code developed through this project was stored on git repositories and is fully accessible. This includes
a repository used for development11 and repositories for the calculation of the 201912 and 202013 indices
under the ICES TAF framework. The integration of calculation of acoustic survey indices for the HERAS
index brings more transparency to the fisheries advice process of both NSAS and WBSS herring stocks. In
addition, the R code developed for TAF can now easily be applied to other acoustic surveys.

A secondary aim for the current study was to run sensitivity tests programmatically. This was done for the
following range of assumptions:

e Introduction of calibration errors

e Introduction of error in split in strata 11 and 141

e Testing of alternative WBSS/NSAS split in strata 11 and 141

e Testing of alternative strata definition

e Testing of haul allocation using objective assignment by stratum

Expectedly, error in calibration of echosounder was found to be influential for both NSAS and WBSS, though
of varying importance depending on which survey component is affected. In that context, consistency in
calibration gain for each participating vessel should undergo specific attention to identify and troubleshoot
echosounder malfunctioning prior to surveying. Experience from an echosounder malfunctioning onboard
RV Tridens II (Sakinan and Berges 2020) showed that effective ways to identify issues can consist of
keeping a historical record of calibration gain and s, ...~ and regularly monitoring the impedance levels of
each transducer quadrants.

11 git@git.wur.nl:berge057/heras_index_kbwot.git
12 git@github.com:ices-taf/2020_her.27.3a47d_acousticIndex.git
13 git@github.com:ices-taf/2021_her.27.3a47d_acousticIndex.git
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Currently, the stock splitting in strata 11 and 141 is handled externally to StoX using derived split
proportions between NSAS and WBSS based on vertebrae counts. A sensitivity analysis showed the final
WBSS indices to be sensitive to this quantity which has significant fluctuations since 2014. The introduction
of genetics and otolith shape recognition data was tested and found to be influential, especially for WBSS,
though this influence is fluctuating depending on the year of the survey. Overall, the introduction of genetic
data in forthcoming HERAS surveys in strata 11 and 141 will enable one to improve the accuracy and
consistency of stock splitting.

The use of the new strata was effective in separating the immature and mature aggregations and thereby
improving the homogeneity in the strata for improved precision. However, the results did not demonstrate
significant differences in terms of abundances and proportion mature for NSAS. This suggests that the
stratification as currently used is suitable with a manual haul assignment based on expert judgment.

The use of allocation of all hauls to stratum is clearly influential, emphasizing the need for accurate haul
allocation to transects. Manual assignment enables incorporation of the observations during the survey in
terms of aggregation characteristics and their most likely demographic characteristics and therefore
preferable to stratum-based assignment.

With automatic routines as developed in this project, there is potential for further testing of the
WBSS/NSAS indices. Such work includes

e Testing the use of depth dependent TS

e Testing the use of error in biological samples

e Testing the effect of changes to biological sampling strategies

e Investigating the impact on NSAS/WBSS assessments and advice
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