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Executive s ummary

2021 was the sixth industry-led survey of herring in 6a/7bc.

Industry and scientific institutions from Scotland, Netherlands and Ireland successfully
carried out scientific surveys with the aim to improve the knowledge base for the herring
spawning compon ents in 6aN and 6aS, 7bc, and submit relevant data to ICES to assist in
assessing the herring stocks and contribute to establishing a rebuilding plan.

Following agreement on a scientific monitoring fishery TAC of 3 751t (2 958 tin 6aN and
793 t in 6aS/7le) (EU 202/703 Defra 2021), the scientific survey was designed based on
ICES advice, and experience from 201618 on the timing, location and number of samples
required to collect assessmentrelevant data from the monitoring fishery (ICES 2016a).

In 6aN, two vessels were deployed within 10days of one another. Each was equipped with
hull mounted calibrated echosounder (s). FV Afrika used a Simrad EK80 with 3
frequencies and Chris Andra used a 38KhZ Furuno FCV-30. Both vessels were proven to
be very stable platforms for acoustic surveys and the weather was good throughout the
surveys.

Following the guidance arising from the ICES Workshop on Herring Acoustic Spawning
Surveys (WKHASS, ICES 2020, the survey area in 6aN focussed again on two principal
spawning areas, with timing planned to coincide with the known spawning period.
Spawning ready fish were evident in strata 1 and spawning samples were taken for
genetic analysis. As in previous recent years, the majority of herring were found in strata
1 running no rt-south at a depth of 90-100m on flat ground, known to be suitable spawning
habitat. Very few marks were recorded in strata 2 and only one small sample was obtained
by Chris Andra. Chris Andra had sufficient time to make two passes of strata 1, which
proved to be important because data from the first pass were corrupted and
unrecoverable. A new feature of the 2021 survey was the occurrence of discrete group
mackerel schools that occurred off bottom, toward sloping ground and marked very hard
on the 38khz. These marks were confirmed by several directed trawl samples. Discussion
over concerns regarding the impact of limited samples from Afrika and unfamiliar data
standards for the Furuno-FCV30 used on Chris Andra led to the decision to combine the
biological samples from both vessels and apply them to acoustic data from Afrika to
provide the final estimate of abundance and biomass to contribute to the time series.
Accordingly, the total biomass estimates of herring recorded during the survey in 6aN
was 7.01t (CV= 0.40), comprising 98% mature fish. Despite concerted searching and
several hauls, efforts to obtain a commercial catch as payment for the survey was limited
by the lack of fish available.
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In 2021 Scottish vessed used a new sampling bag attached tothe end of the herring net.
The purpose of the bag is to both to ensure that a representative sample of the catch can
be retained, while at the same time allowing for release of fish in the event that the catch
may be larger than required for a sample. Track record since 2016 shows that these events
are very rare but may occur specifically when a very dense spawning mark is targeted for

a sample. There are benefits and drawbacks to this approachbut on balance, both the
result that successful biological samples were retained and fish were observed to escape
when the bag was full is considered that use of the sample bag was justified.

Coinciding with the 2021 International Herring Acoustic Survey, a 10 -day acoustic survey
was carried out by FV Adenia in July (Annex 2). The main objective was to increase the
chance of obtaining sufficient biological samples of herring in Strata 1 and 3 of the
International Herring Acoustic Survey (HERAS). A secondary objective was to test the
effect of transect spacing on estimation of herring abundance. Out of 10 hauls, only 3
herring were caught, all in one haul. Scrutiny of the acoustically detected marks of fish
UET OOOUwUI UUOUT EwdO0a wk woOE U O U webildnotbéverdiedws x OU U
by the sampling. Following a review of the acoustic and biological sampling results in
consultation with lead scientists From the Marine Institute and Mar ine Scotland, the
decision was made not to undertake any further analysis of the acoustic data, since doing
so would require unjustifiable assumptions given the absence of biological sample data.

In 6aS/7b,can acoustic survey of herring was conducted in D ecember 2021 and January
2022. The 2021 survey was conducted using five vessels: MFVs Crystal Dawn WD201,
Ros Ard SO745, kMar-K SO965, Rachel D SO976, and Girl Kate SO427. The survey design
was similar to 2020 in that only core areas with prior knowledge of herring distribution
from the monitoring fishery were targeted for surveying. Approximately 300nmi of
transects were completed using 102 transects. This resulted in a total area coverage of
approximately 65.04 nmi2, similar to 2020 (66.26 nmi?), but a significant reduction
compared to previous survey (20164 2019). A polemounted system with a combi 38 kHz
(split) 200 kHz (single) transducer was used successfully for the survey in 2021. Herring
were again distributed inshore, and the improved survey design and use of small vessels
for the survey resulted in a good measure of uncertainty (CV =0.23). Very strong herring
marks were evident in Lough Foyle and Lough Swilly in the channel in marks that
extended for many miles. There was also a series 6 strong herring marks in Bruckless
Bay, Fintra Bay (Inishduff) and Inver Bay in discreet areas. A replicate survey was
completed in Lough Foyle in January 2022, but herring had largely migrated out of the
Foyle at this time, therefore this survey was not included. The monitoring fishery was
being conducted on smaller boats in the same areas and close to the same time as the
survey and biological samples from some of these vessels were used. There was a good
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spread of length classes in all hauls, with most hauls dominated by larger (> 22 cm) mature
fish. The 2- and 3-wr age class of herring accounted for 74% of the overall numbers in
2020, but the 3wr fish were dominant overall (56%). The total stock biomass (TSB)
estimate of 35,944 tonnes is consideredo be a minimum estimate of herring in the 6aS/7b
survey area at the time of the survey; all areas were not covered in 2021, and therefore the
stock was not overall contained in the wider 6aS/7b survey area. The flexible survey
design and focusing on discreet areas was generally successful.

Acoustic survey time series indices for 6aN (Mackinson and Berges 2022) and 6aS7b
(2, EOOI a wE OE weretued diring tid 8a#bc herring benchmark workshop in
February 2022(ICES 2023.

Pending ICES recommendations for future monitoring requirements that arise from the
ICES 6a7bc herring benchmark conducted in February 2022, tentative plans for surveys

in 2022 are underway, based on provisions for monitoring TAC s of 2 250 t (6aN) andTBC
t 6aS7bc (Defra 2022, EU 2022/109).
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1 Rationale, aim and objectives

1.1 Rationale

During the ICES benchmark workshop on herring west of the British Isles (ICES 201%),

the stock assessments of 6aN herring and 6a&bc herring (Figure 1.1) were merged into

one combined assessment.The reason for this is that the summer acoustic surveys and
fishery occur at a time when the northern and southern components are mixed, and the

baseline morphometric information required to separate the two components was found

to be unreliable due to evidence of changes over time. The consequences that since 2015,
ICES has advised a zero TAC, and recommended that a rebuilding plan be developed
(ICES 2017a)The ICES HAWG also stated in its March 2015 report thatthere is a clear
need to determine the relative stock sizes(ICES 2015b)

Under the auspices of the Pelagic Advisory Council, this situation catalysed fishing
industry associations representing Scottish, English, Dutch, Irish, Northern Irish and
German fishery interests to set about providing the much needed evidence required to
establish reliable stock assessments for the separate stocksind develop a rebuilding plan .

In response to the STECF 2015 autumn plenary recommendationthat it would be
beneficial to maintain an uninterrupted time series of fishery -dependent catch data, and
a subsequent special request (to ICES) by the European Commission, ICES provided
advice on methods for undertaking a scientific monitoring fishery for the purpose of
obtaining relevant data for assessment(ICES 201@). In particular, the advice referred to
collection of data necessary to determine the identity and structure of the two stocks,
collected in a way that (i) satisfies standard length, age, and reproductive monitoring
purposes by EU Member States for ICES, and(ii) ensuresthat sufficient spawning -specific
samples are available for morphometric and genetic analyses as agreed by the Pelagic
Advisory Council monitoring scheme 2016 (Pelagic Advisory Council, 2016) .

This advice, and a resulting EU Council regulation (EU 2016/0D3) that made provision

for a scientific monitoring TAC of 5800 tonnes(4 170 tin 6aN and 1 630t in 6aS, 7bc) are
the enablers for the industry -led survey to take place. The EU Council regulation (EU
2021/703) and UK Secretary of State (Defra 2021) enabledprovision for a monitoring TAC

of 37511t (2958 tin 6aN and 793t in 6aS/7b@f 4 840 t enabling the sixth survey to take
placein 2021
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To improve the knowledge base for the spawning components of herring in 6aN and
6aS7b, and submit relevant data to ICES to assist in assessing the herring stocks and

contribute to establishing a rebuilding plan.
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Acoustic survey time series indices for 6aN (Mackinson and Berges 2022) and 6aS7b
(( 2, EOOI a wE O E wereluse# durting ¢ Bazbc herring benchmark workshop in
February 2022 (CES 2022.

1.3 Objectives

1. Abundance estimation : Collect acoustic data and information on the size and age
of herring and use it to generate an agedisaggregated acoustic estimate of the
biomass of pre-spawning/ spawning components of herring in 6aN and 6aS/7bc
ps 61 U0OT UOwi T UUDOT 7z A6

2. Stock identity separation: Collect genetic data to distinguish whether the 6aN
stocks are different from the stocks in 6aS, 7bc.

3. Age composition of the commercial catch: Collect catch-at-age data from the
monitoring fishery to provide continuous fishery -dependent time series required
for assessment.

4. Rationale for continued monitoring:  Use the results as evidence for consideration
and design of a survey in 2022

5. Evidence for a rebuilding plan: Use the results of the surveys to contribute to the
scientific basis for development of a rebuilding plan for Western herring.
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2 Material and methods

2.1

Research plan

The overall research plan involves the planning, implementation and analysis & reporting

stages outlined in Figure 2.1.

'ﬁ&--;. =

Herring in 6.a, 7.bc
Problem: Single stock status
resulting in Zero catch advice

5 8 I e PEI AC herring group formedt
g: % s Monitoring TAC
=, Propose industry-surves
g 3 pose industry-survey
S o
S
Project Partners Project Aims —]p- |D pathway to application
Scope, timing Acoustic abundance estimate ICES
Stock separation rationale
Tendering & Procurement
Knowledgebase Survey Design Resources
o Ind}.lstry Survey Fsrid Vessels <
B - Science — Sampling ¢ Quota
2 (@] g Methods & technologies Scientific Personnel
g_’ % 1 Scientific Equipment
%)
-g?_) Q v Survey Description
g S Data Policy Protocols —) Manual
5 i ibration Protocols
«Q Storage Echosounder operation
Sharing Biological Sampling
Morphometric Sampling Pre-Cruise
Genetic Sampling Mobilisation
Calibration, Testing
Q
] 2
3 (e} Vessel Vessel Vessel Vessel
& ® Acoustic recording Acoustic recording Catch Sampling Opportunistic Data
S Catch sampling Catch Sampling
Post Cruise
Review
Data collation & exchange
Quality assessment
“* Comms - News, Film, Present
Ageing of samples
Reading of otoliths
(@]
o
g Acoustic Scrutinisation Commercial Catch Genetic Analysis Morphological Analysis
@ entification of herring ampling otography
> %1 Identificati f herri S li Ph h
> c Haul assignment Catch Number At Age Shape Analysis
D S .
< g Weight At Age
3' @ Maturity at Age
5
o Abundance at Age
=
®
o
% Survey Report
% Plan
a Pr;ced:lres
o esults
2
S. Data storage. acvess and formats required for applic ation
=
a o
3 S
o ©
@ >
® w
=
@
Q
=3
<
@

Evaluate

Figure 2.1. Overview of the planning, implementation and analysis stages in the Western

herring surveys.
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2.1.1 Specific survey objectives

Specific objectives for the field survey followed objectives 1-3, described in section 1.3
Each of the vessels involved were assignedspecific objectives and provided with a vessel-
specific sailing plan and survey protocol manuals(example available on request). Sections
2.2 to 2.4 describe the survey methodsn detail.

2.1.2 Survey areas and timing

The areas of interest for the6aN surveys have beendefined based on the ICES advice on
the monitoring fishery (ICES 2016a) and discussions with fishing skippers during the
present and past planning meetings.

Prior to the 2020, five areas were selected for surveying in 6aN (Figure 2.2). The areas
coincided with the geographic distribution of known active herring spawning areas
(Figure 2.3, and observed in previous surveys) and records of commercial catches (Figure
2.4). Areas 24 are considered to be active spawning areas and Area 1 a prespawning
aggregation area that contains an unknown mixture of stocks of Western and North Sea
herring, where a large proportion of catches has been taken in recent years (ICES 2015a).
Area 5 was added in 2018 and 2019 based on evidence from 2017 and local creekfiermen
of herring on the east side of the North Minch. Systematic acoustic surveys (see section
2.2) were conducted only in areas 25 in 6aN, but ad-hoc acoustic data was recorded by
other vessels also.

Following guidance arising from the ICES Workshop on Herring Acoustic Spawning
Surveys (WKHASS, ICES 2020)since 2020the survey area in 6aN has focussed on two
principal spawning areas (Figure 2.5, 2.6, with timing planned to coincide with the
known spawning period. The new strata 1l & 2 are reduced version of previous area 2 and
3 and correspond to regions that have been covered consistently since 2016. Moreover,
refocusing the survey to these new strata and re-analysis of surveys since 2016has
resulted in a consistencysurvey time series index (Mackinson and Berges 2022)

In 6aS/7b, the acoustic survey core areas defined as shown in Figure 2.7. These areas
correspond to known herring aggregating areas before spawning (Figure 2.8). Spawning
time in this area is variable, generally between October and February (Table 2.1).The 2021
survey was completed in 6aS/7b during December 2021 and January 2022 on the more
dominant winter spawning herring in this area. Spawning is known to occur outside these
times in 6aS/7b, however the timing was considered to be appropriate considering the
resources available.

The timing of surveys in 6aN and 6aS/7b are shown in Table 22 and 2.3 respectively.
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Figure 2.3 Spawning areas for herring in ICES subareas 6 and 7, with currently active
spawning areas and pre-spawning aggregation areas for each stock ndicated by black
rectangles.Used in ICES 2016, edrawn from Geffen et al.(2011).
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reflect spawning grounds. Catches (black dots) scaled proportionally. Acoustic marks are

not scaled and denote location only.

Page 14 of 102



59.00- ’N
58.75- ‘ transects
oZ — transect_strata1
) - transect_strata2
S 58.50-
wd
.ﬁ strata
- strata1
58.25 Strzata Str“ata TOTAL — strata2
Spacing (nmi) 2 2 | | nmi
Length (nmi) 224 283 507 | nmi
Duration (just transects) 1.7 22 | 39 | days
58.00 J 51::7::; duration {including 25 32 5.7 | days
-6 -5 -4 -3

Longitude °E

Figure 2.6. Planned survey areas used in the 202 6aN surveys.

56.5
Q
S
“— ol
© 5% 5
—J &£
=7
55.5 ;
Lough Swilly b =
s £ h:?, . " Lough Foyle
55 L\%» -
e
< Inver Bay~
54.5 Teelin/Fintra E‘é’y"ﬁéé&gs
et W —& <Lw;/\\
54 = o8 S
F 3
535 ﬁf—;“ Transects; ~ combination of 1.0nmi parallel spacing with zig/zag ;‘ -
24 -
- gf{ ey Total track length: 300 nmi approx. "j
-~ 2, 5 ‘\"“"f \')
53 = :
11 10 9 -8 7 6
Longitude

Page 15 of 102



e ] Lough Foyle
Lough Swilly

/

Bruckless Bay Fintra Bay

Inver Bay Teelin Bay

Figure 2.7. 6aS/7b industry acoustic survey in 2021: The 6 core areas were selected in
6aS/7b (top panel) based on information from the monitoring fishery and previous
surveys (20162019). The 6 core areas in 2021 included: Lough Swilly, Lough Foyle,
Bruckless Bay, Rntra Bay, Inver Bay and Teelin Bay. Red lines denote transects used in
the final biomass estimates, grey lines were excluded from final analysis.
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Figure 2.8. Herring Spawning grounds in 6aS/7b,c (extractedi UOOw. 72 UOODBYEOOuwI
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Table 2.1. Spawning areas, spawning grounds and spawning beds in 6aS/7bc. Area (kn¥t)

EQOEWET xUT wepOAwWUI I 1 UwUOWPOEDPYPEUEOQWUXxEPODPOT WEIT
. . . Area .
Spawning Area | Spawning Ground Spawning Bed D;_IE::'I:h (Sq Km) Activity
nishtrahull 45 121.58 Movember
Malin Head Malin Head Maorth 20 31206 Mowvernber
Limeburner 10 3338 Movemnber
Morth Denegal | | imeburner The Bananas 58 169.17 Mowv and Feb
Tary Malin Head Morthwest T0-50 4742 Fow and Feb
The Blowers 30 196 OotMov
The Blowers Smags 0 0.9 MowDec
Aran Mor | 43 3235 OotMov
Aran Mor The Curry TO-8D 11.84 Oictober
West Donegal Rosbeg | Rosbeg 1.1 32-36 03 Oot/Mow
Rosbeg 2 Rosbeg 2.1 43 44 06 Crotober
Glen Bay 32-16 2417 Mov/Dec
Malinmore Head | 18 6.3 1 Movemnber
Glen Head Malinmore Head 2 90 |59 Jan/Feb
Killybags Killybegs | 20 1.0l Diec/jan
Lennadoon | 3242 10192 JaniFeb
Lennadoon Eillala Bay 25 3.05 Januszry
Donegal Bay Diownpatrick West 12 2366 Movember
Drownipatrick DGWHPEMEMCEME 3445 9705 Ciacan
Fields
The Stags The Stags | 16 0es Mowvernber
Blackrock Blackrock | L T.74 OotMov
The Bills 16 2983 Movernber
Clare Island | iz o7 OcuMov
Mayo Clare Island 2 16 1.58 OcuMov
Chre Island South Clare Island | 45 171 Diecember
South Clare Island 2 ~4i}-45 201 Mow/Dec
Ledcky Rock Dravillaun/Lecky Rock 0 163 Sept'iDot
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Table 2.2. Timing of 2021 surveys in 6aN.

Vessel Start End Dura|Timing and area coverage
EEENEEEEEEFEEEEEEREEREEERE
R GEEEERLGEEEERE: EEEERERE GEEE
Chris Andra 06-Sep 15-Sep 9 Strata 1 & 2 (acoustic) C P
Afrika 25-Sep 29-Sep 4 Strata 1 & 2 (acoustic) P|C
C=Calibration
P=Passage to/from grounds
Table 2.3. Timing of 2021 surveys in 6aS/7b.
Survey Survey  Vessel and type Flag Homeport Vessel# Role Skipper
date distance
Area
Loch Swilly 02 Dec  ~50nmi  MFV Ros ArdTrawler IRL Burtonport SO745 Acoustic Edward
2021 under 19.81m survey Gallagher
Lough Foyle 03 Dec | ~50nmi  MFV Girl Kate IRL Greencastle S0427 Acoustic Shaun
2021 Half -decker trawler survey McClenaghan
under 12m
Inver Bay 16 Dec  ~50nmi  MFV K-Mar-K Potter IRL Killybegs S0695 Acoustic Kevin McCloskey
2021 under 12m survey
Bruckless, 17 Dec | ~50nmi  MFV Rachel D Trawler @ IRL Killybegs S0976 Acoustic Hughie Moore
Teelin and 2021 under 19.81m survey
Fintra Bays
Lough Foyle 11Jan  ~50nmi  MFV Crystal Dawn IRL Greencastle WD201 Acoustic +DEOw. z!' U
(not used) 2022 Half -decker trawler survey
under 12m
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2.2

Abundance estimation

2.2.1 Acoustic survey design

The purpose of the acoustic surveyswas to estimate the minimum spawning biomass of
adult herring and spawning ready herring within the boundaries of the survey areas.

Acoustic surveys were conducted in survey strata 1 and 2in 6aN (Figure 2.5) designed on
regularly spaced parallel transects (Figure 2.6) Transect direction was assigned
perpendicular to the narrowest dimension of the survey area to maximise precision of the
estimation by having many short transects rather than a few long ones. In 6aN each vessel
surveyed acoustically the two strata at different timings (Table 2.2). The survey dates
aimed to give best chances to cover the peak time of spawning and were decided based
on records of known spawning times and advice of fishermen familiar in working the
areas.

The 2021 planred survey with parallel and zig/zag transect design is shown in Figure 2.7.
Areas like Lough Swilly suited a zig/zag transect design approach, whereas Inver,
Bruckless, Fintra and Achill were more suited to mixed parallel and zig/zag transect
design. The draight line transects were completed at constant speed (or as close to as
possible). Deviations from the planned transects were documented on acoustic log sheets.
When the vessel deviated from transect for any reason it returned to the same position to
resume the survey.

Sufficient time was factored in to the planning to provide opportunit y for the survey areas
to be adapted according to the situation observed, such as changesa the survey boundary
to ensure full coverage of fish aggregations, or undertaking finer scale observations in
high density locations . Table 2.4 summarises the survey setup for each vessel that took
part in the 6aN and 6aS/7b surveys. Also noted areany adaptations to the original planned
survey transects

2.2.2 Equipment specifications and calibration
See Table2 4 for specification, e.g. frequency used and settings

The standard calibration procedure described in Demer et al. (2013 was used to calibrate
eachof the echosounders deployed onChris Andra (see Annex 1),and Adenia (see Annex
2). Echomaster Marine successfully performed the calibration of stern on to the
breakwater in Peterhead at the slack of a high tide (22m under transducer) in calm
conditions.

! http://courses.washington.edu/fish538/resources/CRR326_Calibration.pdf
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The 38kHz channel of the hull mounted echosounder onboard FV Afrika was calibrated
in the port of ljmuiden (The Netherlands) on 10th September under favourable weather
conditions. The water column exemplified acceptable noise, suggesting an acceptable
signal to noise ratio for calibration operations. This was confirmed by the low RMS error
observed through the duration of the c alibration trial (0.2 dB). (Figure 2.10)

Calibration of the pole -mounted EK80 38kHz echosounder was carried out at Black Head
before the surveys began on 27/10/2021. Water depth was approximately 25m at the
calibration site. The calibration was carried out using standard methodology as described
by Foote et al (1987). The SIMRAD EK80 calibration software was used and the beam
model was updated for the 38 kHz echosounder. The calibration was made possible by
good conditions in a deep water area of the lough. There was minimal interference from
biota in the water column during the calibration. Calibration settings are presented in
Appendix1 O w. z, EOOI awli UWEOB wpl YI | K
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Figure 2.10. Results of the calibration performed on the Afrika (SCH24) on 18th
September. (a) Calibration sphere detections and TS deviation within the acoustic beam.
(b) Distribution of calibration gains. (c) Calibration result summary

2.2.3 Acoustic survey protocols

Surveys in 6aN were conducted in daylight hours only, 05:0 to 19:00 UTC/GMT. At the
beginning of the next day, the survey restarted and continued from the position it ended
on the day before. This maintained continuity in the coverage and avoided the possibility
of double counting herring schools, which can occur if the survey does not continually
progress in the same direction.

To maximise acoustic data quality, Refrigerated Sea Water (RSW) vessels took on board
ballast water to aid stability of the vessel and minimise cavitation. The vessels proved to
be very stable platforms in all the conditions experienced and at no time was the quality
of acoustic data compromised. All other acoustic equipment was turned off to eliminate
interference with the EK80. Only during fishi ng operations were other acoustic
instruments used. A motion reference unit was installed to compensate for heave, pitch
and roll.

Raw acoustic data were recorded and stored on the ships PC and backed up each day on
a portable hard disk drive for later pro cessing.Survey log sheets were used to record haul
position and other events relevant to aiding in the interpretation of the acoustic data.

Surveys in 6a37b were only conducted during daylight and when weather was good .

Survey speed was ~7 knots throughout, reduced as needed depending on weather
conditation . Acoustic data were collected using a SIMRAD EK80 wide band combination

scientific echosounder with transducers (38 kHz (split) and 200 kHz (single)) from a pole -

mounted system. GPS feeds were obtaned from an independent receiver, and the whole

topside system was powered by an un-interrupted power source (UPS) and located in the

wheelhouse. The 38 kHz frequency only was used for survey estimates, the 200 kHz was
used for reference and as an aid toscrutiny. All other acoustic sounders that might cause

interference with the EK80 were turned off. Survey log sheets were used to record all

transect data, including transect position and other events taking place on and off

transect.

2.2.4 Fishing operations f or scientific samples

In 6aN, during the acoustic surveys, selected fish marks were targeted with a fishing
operation (Figure 2.11to capture fish for the purposes of:
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() Confirming the species identity of acoustic marks, particularly those
suspected tobe herring or to confirm that they were definitely not herring.

(i) Collecting samples for biological analysis and to enable disaggregation
acoustic densities into length/age groups.

The fishing operations of FVs were directed to take a catch of the smallest possible size
sufficient for biological sampling.

Scottish RSWvessek were granted a derogation to discard fish that were not required to
be retained for biological samplin g, subject to specific conditions.

In 6aS7b, ather than further impacting the stock by taking samples during the survey, it
was decided that herring samples from the fishery would be adequate to work up an
acoustic estimate. This was similar to the approach taken on the surveys in 2016- 2020.
Unlike the surveys in 2016 ¢+ 2019, no directed fishing took place during the acoustic
survey in 2021. All biological sampling for the survey in 2021 came from the standard
port sampling of herring conducted by th e Marine Institute with samples from the
monitoring fishery selected as close as possible in space and time to the surveys). (see
. 2, EOOI a w,iTable BfQr detailsy. | |

Figure 2.11. Schematic description of fishing operation to collect a biological catch
sample during an acoustic survey.

In 2021the Adenia and Chris Andra used a new sampling bag attached to the end of the
herring net. The purpose of the bag is to both to ensure that a representative sample of
the catch can be retained, while at the same time allowing for release of fish in the event
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that the catch may be larger than required for a sample. Track record since 2016 shows
that these events are very rare but may occur specifically when a very dense spawning
mark is targeted for a sample. There are benefits and drawbacks to this approach and the
performance of the bag is very difficult to assess because it is not possible to control the
many variables that may affect the catch. On balance, both the result that successful
biological samples were retained and fish were observed to escapethe bag when full it is

considered that the use of the sample bag was justified.
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Table 2.4. Summary of equipment used for the 2021 acoustic surveys.

Area surveyed Vessel

Strata 1 &
2

Strata 1 &
and 2

6aS and
7b

Chris
Andra
(FR228

Afrika
(SCH24)

Six inshore
vessels

Transducer and

Frequency

Hull mounted split
beam (3&H z), draft
~5m
With
compensation.

heave
Hull mounted EK 80

at 38 kHz.

Pole mounted EK80-
18 C (38 kHz) ES38C

Echo-
sounder

Furuno
FCV-30

SIMRAD
EK80

SIMRAD
EK80 (38
kHz only
used for
estimates

)

Power
Pulse duration

Ping interval

@38H z

Power: 2000W

Pulse duration: 1.024ms
Pulse form: Continuous
wave

Ping interval = 0.5 sec
@38H z

Power: 2000W

Pulse duration: 1.024ms
Pulse form: Continuous
wave

Ping interval = 0.5 sec
Power = 500W (38kHz);
100W (200kHz)

Pulse duration = 1.024ms
Ping interval = 750mS

Environment

Temp = 10C,
Salinity
=3%pt, Sound
speed 1491.5
m/s

Temp = 10C,
Salinity
=35ppt, Sound
speed 1491.5
m/s

Temp = 8 -
huy 8 Y " Ot
= 35ppt,

Sound speed =
1490.66 m/s

Calibration Survey area changes

Location/ date,
supplier

Peterhead
breakwater 4
Sept,
Echomaster
Marine

ljimuiden (The
Netherlands)
Benoit  Berges
(WMR)

Black Head, Co.
Clare 27th
October 2021
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2.2.5 Biological sampling

The purpose of the biological sampling was to
I.  provide data on the relative abundance of each length and age class of herring,
which is needed to make age-disaggregated acoustic abundance estimates
ii.  determine the maturation state of herring and indicate the location and timing of
spawning.
li.  perform genetic analysis to identify stock ID (which is not reported here).

As noted above, dl biological sampling for the 6aS,7bsurvey in 2021 came from the
standard port sampling of herring conducted by the Marine Institute .

2.2.5.1 Haul information

Haul data were recorded using the same template for all surveys, 1 sheet per haul.

Information was recorded on the date, time, fishing position, depth, gear, catch
composition, total weight of catch and weight of the sub sample taken for length

frequency and biological sampling. To aid in processing the acoustic datg screencaptures

(Figure 2.12) were taken during the haul operation ;identifying first the targeted mark and

later the marks covered while trawling. Comments about the marks were written on the

haul sheet, as well as whetheror not the herringwereUx EP OD O1 wepEEUT EwOOw? U U
and sperm upon capture) and whether any catch remaining after biological sampling was

retained or discarded.

2.2.5.2 Catch sampling
In 6aN, the catch sampling procedure was as follows:

1 Weight of the catch of all species, orwhere the catch was too large,3-5 randomly
mixed basketswere taken as a sample of the catch and weigled.

1 The catch sample was sorted and the total weight of each species recorded.

1 Onefull basket (or 2 half) of herring wasweigh ed (approx. 30kg). This subsample
wasused to determine lengths, weight, age and for genetic samples. (see below)
(Figure 2.13)
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Figure 2.12. Example screen shots of targeted marks(first panel) and those trawled on.
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Figure 2.13. lllustration of the required catch sampling procedure.
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2.2.5.3 Length measurements

The length of all the herring in the subsample was measured and recordedto the nearest
half centimetre below (e.g. if the fish was 24.7cm then it was recorded as 24.5cm). This
data is used to determine a length frequency distribution of the catch and subsequently
to apply an age-disaggregated estimate of biomass Additional biological measures (next

section) were recorded from five fish within each half centimetre length class

2.2.5.4 Whole weight, Sex, Maturity stage, Otolith, Genetics

Each fish from was assigned an ID number so that subsequent genetic samples can be
crossreferenced to biological data.

In addition to the length, t he following information was recorded for each fish.

1 Weighting

1 Sex

1 Maturity stage from 1 -9 based on theclassification in the Scottish and Irish
sampling (MSS manual 2011) or on thelCES 6 point scale(ICES 2011) for the
Dutch-collected samples. All maturity estimates were later converted to the ICES
scale.

1 Otoliths were extracted for age determination at the lab. Standard procedures for
age determination from the growth rings on the otoliths (ear bones) of herring
were used to determine the age of fish sampled (ICES 2005) This age data was
used to create an agelength key (ALK).

1 If the fish was from a spawning haul tissue samples were collected following
genetic sampling protocols.

2.2.6 Acoustic Analysis methods

2.2.6.1 Echogram s crutini sation 38 partitioning to species

Scrutinising echograms involves identifying fish marks and assigning them to species,
and ensuring that any non-fish acoustic signals are not included as fish (e.g. bottom
signals).

Assigning fish marks to species is a heuristic process that relies upon (i) evidence from
Ul 1l wOEUTT U1l Ewl EUOUWOEET wEUUDOT wUOT 1T wUUUYIT aOwmE
and acoustic scientistg based on their knowledge of what was caught when certain types
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of fish marks were fish ed upon in the areain previous surveys occurring around the same

time, and (iii) knowledge of fish behavior.

61 POl wbhPUzZUwbHDOxOUUPEOI wUOWET whyYuwEOOI PEIT OUw
following some agreed guidelines for classification of marks greatly improve s the
consistency in the way that acoustic data from different surveys are scrutinized . Hence,

this ensuresthe quality and comparability of the biomass estimates between the different

surveys and between years

Acoustic fish marks were classified in to the following categories (See examples in Figure
2.16,2.18, 2.19%:

1 Herring ¢ confident that the marks were herring based on either evidence
from a targeted haul or proximity and similarity to other schools known to be
herring.

1 Probably herring t+ aggregations/ collections of marks within reasonable
vicinity of definite herring marks ( approx. 10nm radius) and shape and
appearance similar to definite herring marks but often associated with hard
ground where identity cannot be confirmed by trawling.

1 Possibly herring ¢ Marks that look like herring, but possibly isolated
individual marks and found in areas beyond the immediate vicinity of
confirmed herring marks.

1 Cap-hugging marks ¢ from 2016-2018, significant marks have been observed
on rocky outcroppings that are not possible to trawl (see examples in 2019
report) . Despite consulting acousticians and fishermen, the expert knowledge
on these marks was inconclusive, hence they wereclassified separately. In
July 2019, FV Grateful sought to identify these marks with a drop -down
camera, the evidence from which suggests that they are not herring, but more
likely Norway pout, juvenile gadoids and zooplankton concentrations.
However, there is a need to verify this for the September surveys, and some
uncertainty still remains regarding possible avoidance by herring, which we
hope to address in future work. It is important to note that where marks on
the sides of steep slopes of outcroppingoccurred, they were excluded from
the analysis because of the possibility of being registration of acoustic side
lobes.

1 Sprat ¢ confident that the marks were sprat based on either evidence from a
targeted haul or proximity and similarity to other schools known to be sprat.
A lot of very dens e discrete schools close to the surfacare believed to be
sprat. Targeted hauls generally have low success rate due to fish going
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through the net and difficulties in fishing close to the surface. Sprat schools
tend to be sharp streak-like marks that are very dense. They can also occur in
mixed

1 Unclassified ¢ confident that the marks were not herring or sprat based on
either evidence from a targeted haul or proximity and similarity to other
schools known to not be herring, or characteristics atypical of herring schools.

1 Horse mackerel ¢ routinely found in the 6aN survey area They can be
difficult to identify and require trawl verifi  cation because they look a lot like
herring marks, although they are generally more amorphous in shape and
form more extended layer -like aggregations near the bottom.

1 Mackerel + The difference in frequency response from 38to 200 KHz
(stronger) makes mackerel easierto identify. The y tend to be found in layers
(can be at different depths) and are ubiquitous in 6aN with some mackerel
caught in most hauls.

How strongly the acoustic marks are displayed on the screen (backscatter threshold) can
have a bearing on the interpreters classfication of the acoustic marks and their selection
using school detection algorithms. While it is desirable to be consistent in the setting of
this parameter, in practice the setting is determined largely by the need to filter out fish

schools from other acoustic signals that create noisy backscatter data The echograms
were generally analysed at a threshold of -60 to70 dB. Other methods used to help
distinguish herring marks from other fish and organisms causing backscatter included

OOO0O0ODPOT WE Unayldsi ABU U7 @B 81 d wi OpPwUT 1 WEEEOUEEUUI U

acoustic frequencies), and the application of filters (Figure 2.14). Great attention was given
to comparing and discussing the types of marks recorded and validated by trawls from
all of the vessels involved in the surveys. In the end, every school was manually
scrutinised thereafter to ensure that it was appropriately classified and delineated based
on the available information.

One feature of the 2020 and 2021 surveys on spawning ground s was an apparent

A N N N sos

encountered in the 2018 and 2019
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Alida acoustic data in 2018.
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6aN acoustic marks recorded by Chris Andra

(@)

Hauls

(b)
Total
Catch
weight
haul | date HER HOM MAC NOP WHG | HAD SPR | JELLY | WHB| (t)
07/09/2021 0.0% 0.0% 0.0% 0.0% | 0.0% 0.0%| 0.0% 0.0% | 0.0% 0
2 | 07/09/2021 0.0% 4.1%| 32.7%| 0.0%| 0.0% 2.0%| 0.0% 61.2%| 0.0% 0.02
3 | 07/09/2021 0.0% 0.0%| 64.0%| 0.0%| 0.0% 0.0%| 0.1% 35.9%| 0.0% 0.03
4 | 08/09/2021 86.0%| 12.3% 1.2% 0.0% | 0.0% 0.5%| 0.0% 0.0% | 0.0% 0.04
5 | 08/09/2021 13.9%| 85.5%| 0.6% 0.0% | 0.0% 0.0%| 0.0% 0.0% | 0.1% 2
6 | 08/09/2021 0.0% 0.0%| 42.2% 1.6% | 0.0% 0.0%| 0.0% 56.3% | 0.0% 0.1
7 | 09/09/2021 30.5%| 15.1%| 24.2%| 0.0%| 0.0% 0.0%| 0.0% 30.2% | 0.0% 0.02
8 | 09/09/2021 21.1% 0.0% 0.0% 0.0%| 0.0%| 28.3%| 0.0% 50.6% | 0.0% 0.05
9 | 09/09/2021 1.4% 0.0%| 20.8%| 15.6%| 0.0% 0.0%| 0.0% 62.3%| 0.0% 0.02
10 | 11/09/2021 6.4% 0.0%| 36.0%| 0.0%| 0.3%| 56.7%| 0.0% 0.5% | 0.0% 0.09
11 | 12/09/2021 0.0% 49%| 95.1%| 0.0%| 0.0% 0.0%| 0.0% 0.0% | 0.0% 0.07
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12 | 12/09/2021 0.0% 0.0%| 91.9%| 0.0%| 0.0% 0.0%| 0.0% 8.1%| 0.0% 0.04
13 | 13/09/2021 0.0% 0.0%| 98.9% 1.1%| 0.0% 0.0%| 0.0% 0.0%| 0.0% 0.09
14 | 13/09/2021 97.2% 0.0% 2.8% 0.0%| 0.0% 0.0%| 0.0% 0.0%| 0.0% 3
15 | 14/09/2021 82.2% 0.0% 5.3% 0.0%| 2.6% 9.9%| 0.0% 0.0%| 0.0% 0.07
16 | 15/09/2021 7.5%| 11.3%| 56.6% 1.9%| 0.0%| 22.6%| 0.0% 0.0%| 0.0% 0.03
17 | 19/09/2021 | 100.0%| 0.0% 0.0% 0.0%| 0.0% 0.0%| 0.0% 0.0%| 0.0% 53.05
18 | 20/09/2021 | 100.0%| 0.0% 0.0% 0.0%| 0.0% 0.0%| 0.0% 0.0% | 0.0% 17.68

Figure 2.15. Biological sampling by Chris Andra. Sample haul locations and species
composition of catches.
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6aN acoustic marks recorded by Afrika

(a)

type
58.8- [] HER

| HAD
58.7 - 1/1\\ = WHG

WHB
] | 3 |
58.6 [ ] Hom
58.5 B mac
58.4- transects
| . — t t_strata’
€0 S5 50 s a0 | e
Longitude °E -
(b)

catch
Haul | Date HER | MAC |SPR |HOM | HAD |WHB | WHG| weight

®
1 9/26/2021 | 10.0%| 51.0%| 0.0%| 0.0%| 0.0%| 39.0%| 0.0% 0.3
2 9/26/2021| 2.1%| 55.3%| 0.0%| 0.0%| 0.0%] 42.6%| 0.0% 1.7
3 9/27/2021| 0.0%| 100.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 3.476
4 9/29/2021 | 82.4%| 3.2%]| 0.0%| 3.2%| 2.3%| 9.0%| 0.0% 4.8
5 9/30/2021 | 62.1%)| 23.7%| 0.0%| 0.0%]| 12.9%| 0.0%| 1.3%| 0.144
6 9/30/2021| 0.0%| 100.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0% 0.066

Figure 2.17. biological sampling by A frika . Location and species composition of catches.
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Figure 2.18. Echograms of sample hauls from Afrika. (a) Acoustic marks relative
densities (b) haul 1. (c) haul 2. (d) haul 3. (e) haul 4. (f) haul 5.
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6aS/7b acoustic marks
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