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Executive s ummary

2018 was the third industry -led survey of herring in 6a/7bc. Industry and scientific

institutions from Scotland, Northern Ireland, Netherlands, Ireland, and England
successfully carried out scientific surveys with the aim to improve the k nowledge base
for the herring spawning components 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 o f 5800t @ 170 t in 6a\
and 1630 t in 6a&57bc) (BU 2018/120), the scientific survey was designed based on ICES
advice, and experience from 201617 on the timing, location and number of samples
required to collect assessmentrelevant data from the monitoring fishery (ICES 2016a).

Three industry vessels were used for acoustic surveys in 6aN and one in 6aS7b. The
vessels used in6aN were each equipped with a calibrated Simrad EK80 transceiver
UUDPOT wUT 1 urddn®dctransdudet) Or@ industry ves sel was dedicated to taking
samples for morphological and genetic analyses in 6aN, and two others were directed to
searching and fishing in specific areas so as to maintain comparability with previous

commercial catch data. In 6aS/7b biological, genetic and morphometric samplesfor were
collected by numerous inshore vessels.

In 6aN, each vessel undetook an acoustic surveyin sequence,covering four known pre-
spawning/ spawning areas. This was planned to coincide with the known spawning
period, but spawning in 2018 was two or more weeks later than during previous
surveys. In particular, the first two acoustic surveys were considered too early because
no spawning ready/ spawning fish were found during the survey and because
commercial fishing occurrin g at the end of September/early Oct saw considerably more
herring in areas where they were largely absent during the acoustic surveys. For
example, in the area east of Cape Wrath. A notable feature of the 2018 survey was the
recording of a good abundance 0-age group herring in the Minches, generally mixed
with similar sized sprat. The main concentration of mature herring found during the
acoustic survey in 6aN was aggregated in Area 3+ North Minch, (same as 2017). Gage
group mackerel (10-15cm) were found in abundance distributed throughout the area,
being caught in almost every haul. Sprat were also common again, distributed
throughout the area in surface schools. Close attention was given to distinguishing these
from herring schools during classification of the acoustic data. Total biomass estimates
of herring recorded during the survey in 6aN was 118000t.

In 6aS/7b herring were distributed similar to 2016 and 2017. Herring were again found
close inshore with the overall distribution dominated by aggregations of herring in a
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few discrete areas. Total biomass estimates of herring recorded during the survey in
6aS/7b was 50 145t. The acoustic survey in 6aS’b also estimated horse mackerelin the
survey area to be 57 162 tThis species inhabits a large geographical range (outside the
area of the survey) therefore the index is only useful as a subset of the larger stock, albeit
an important area for the horse mackerel fishery during this time of the year. Horse
mackerel were distributed mainly in an area to the north and west the Stags of
Broadhaven, Co.Mayo.

Biological samples taken commercial catches were used to construct catckat-age input
data used in ICES 2019 stock assessment (HAWG 15-21 March 2019). Acoustic survey
data on the biomass of the spawning components were presented at ICES International
Pelagic Surveys working group (ICES 2019a) and were considered representative of the
herring abundance during the survey period, but unreliable as estimates of the SSB.
Genetic data collected from spawning fish (from commercial samples) will be included
in the new baseline data required to assess separately the stocks in 6aN and 6aS, 7bc.
Results to date from the genetic testing of using samples taken in previous surveys of
western herring conclude that the 6aN and 6aS/7bc herring stocks represent at least two
genetically distinct populations, and this result appears to be stable over time. This
information w ill be considered in a future benchmark assessment.

Following ICES advice on the need for a stock recovery plan for herring in 6a,7bc (ICES
2016,b, 20173, the Pelagic Advisory Council submitted a proposed plan to the
European commission on 2 March 2018.Despite the work undertaken by ICES HAWG
(2017) to evaluate the plan, ICES ACOM decided that the basis for advising the
commission on its special request to evaluate the plan was insufficient, and there has
been no further progress to date. Next steps will be developed as more information on
what is expected comes forth. Discussions with ICES during the MIACO meeting in
January 2019 suggest that the workshop @ guidance for Management Strategy
Evaluations may be helpful in this respect.

With provision made for 5 800t monitoring fishery in 201 9 (EU 2019/124), plans are
underway for afourth survey in 2019, taking into account the recommendations of ICES
WGIPS (ICES 20Da).
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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 assessmentThe reason Dr 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,ICEShas 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 and German fishery
interests to set about providing the much needed evidence required to establish reliable
stock assessments for the separate stocksand 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) ensures that 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 2016/0203)that made provision
for a scientific monitoring TAC of 5800 tonnes(4 170 t in 6aN and 1 630 t in 6&S, 7bc)
were the enablers for the industry -led survey to take place. EU Council regulation (EU
2018/120) made the same provision, enabling the third survey to take place.
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Figure 1.1. Herring stock assessment areas.

Overall Aim

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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1.3

Objectives

. 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 6aS7bc
s 61 UUT UOwi 1 UUDOT 7 A6

. Stock identity separation: Collect morphometric and genetic data to distinguish

whether the 6aN stocks are different from the stocks in 6aS, 7bc.

. 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.

. Rationale for continued monitoring:  Use the results of the surveys as evidence

for consideration and design of a scientific monitoring fishery in 201 9.

. Evidence for a rebuilding plan: Use the results of the suveys 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.
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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 surveys followed objectives 1-3, described in section 1.3
Each of the 7 vessels involved were assigned specific objectives and provided with a
vesselspecific sailing plan and survey protocol manuals (example available on request).
Sections 2.2 to 2.4 describe the survey method# detail.

2.1.2 Survey areas

Utilising ICES advice on the monitoring fishery (ICES 2016a) together with the
experience from previous surveys, a review of spawning areas and timing (Mackinson
2017) and discussions with fishing skippers during the planning meeting (27 June 20B),
five areas were selected forsurveying 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 (Figure2.4). Areas 2-4
are considered to beactive 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 205a). Area 5 was a
new addition for 201 8 based on evidence from 2017 and local creel fishermen of herring
on the east side of the North Minch. Systematic acoustic surveys (see section 2.2) were
conducted only in areas 2-5 in 6aN, but ad-hoc acoustic datarecorded by other vessels
also.

In 6aS/7b, the acoustic survey area (Figure 2.5 collected data from known spawning
areas (Figure2.6). Spawning time in this area is variable, generally between October and
February (Table 2.1).
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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 indicated by black
rectangles.Used in ICES 2016, edrawn from Geffen et al.(2011).
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Table 2.1. Spawning areas, spawning grounds and spawning beds in 6aS/7bc. Area

(km2A WEOE WET xUT wepOAwWUI I 1T UwOOwWPOEPYPEUEOWUxEPODPO
. . . 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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Figure 2.6. Herring Spawning grounds in 6aS/7b,E wpi UOOw. z 2 UOODPYEOOuwI! Y hut
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2.1.3 Timing, vessels and areas for each of the survey vessels (Table 2 .2).

Table 2.2a. Deployment in 6aN. Sequencing shown for vessels undertaking acoustic survey work. Vessels deployed for

catch sampling only have flexible period of operation covering known spawning timing.

i i imi O] (o] (@] (@]
pera RS EEEEEEEEEEEEEEEEEEREEEE
e EEEEE EEEE R EEEEEMEE EEE
= R I I R = S R B B e = S e S e e I = S )
S EEEREEEEEEREEEEEEREEEEE
Kings Cross 27-Aug 28-Aug 2|Area 4
29-Aug 30-Aug 2/Area 5
31-Aug 02-Sep 3/Area 3
03-Sep 05-Sep 3/Area 2
Voyager 03-Sep 04-Sep 2'Area 4
05-Sep 06-Sep 2/Areas
07-Sep 09-Sep 3/Area 3
10-Sep 12-Sep 3|/Area 2
Alida 10-Sep 11-Sep 2 Area 4
12-Sep 13-Sep 2/Area 5
14-Sep 16-Sep 3/Area 3
17-Sep 19-Sep 3|Area 2
TOTAL COVER 27-Aug 19-Sep 24| TOTAL COVER
Task Start dates End date
Kings CrossAcoustic 27-Aug 05-Sep
Voyager  Acoustic 03-Sep 12-Sep Area2 Area3 Aread4 Area5 TOTAL
Alida Acoustic 10-Sep 19-Sep Spacing 2 2 4 4
Christina S Genetic 03-Sep 13-Sep (nm|).
Dirk Dirk  Catch samp. 15-Aug 19-Sep Duration (d? 2.3 2.2 1.9 14 7.7
Wwirons Catch samp. 15-Aug 19-Sep Length (nmi) 320 301 260 197 1079

Pagel7of 104




Table 2.2b. Deployment in 6aS/7b

Area

Area 5 (North
Donegal) & 6
(West
Donegal /May
0)

Earliest End

survey date

date

01-Nov 21
Nov

Calibration
date

18-Nov
2017

Acoustic
Survey
distance
(nm), one
coverage

1400nmi
approx.

Vessel and
type
(Refrigerate
d Sea Water
(RSW) or
Freezer)
Eilean Croine
(RSW
acoustic
vessel) and
Sparkling
Star (RSW
biological
vessel)

Flag

IRL

Homeport

Skibbereen
[Killybegs

Vessel#

S238 and
D437

Role

Acoustic and
catch
sampling

Skipper

Eric
Murphy
(Eilean
Croine)
and

Donal
.Z2-1 DI
(Sparklin

g Star)
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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
herring within the boundaries of the survey areas.

Acoustic surveys were conducted in Area 2-5 (6aN) and Area 5&6 (6a37b), each
designed on regularly spaced parallel transects (Figure 2.2& 2.5). 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.
Each vessé surveying in sequence with a lag of seven days, replicate acoustic surveys
were conducted in each of the areasin 6aN to try and capture the peak time of spawning

abundance (Table 2.2a) The survey dates in each areawere decided based on records of
known spawning times and advice of fishermen familiar in working the areas. Vessel
skippers were also confirmed that the transect direction was not following the natural
line of fish density, which would have led to a biased estimate.

Sufficient time was factored in to the planning to provide opportunit y for the survey
areas tobe adapted according to the situation observed, such as changes a the survey
boundary to ensure full coverage of fish aggregations, or undertaking finer scale
observations in high density locations. Table 2.3 summarises the design and equipment
for each areg and notes any adaptations to the original planned survey transects.

2.2.2 Equipment specifications and calibration
See Table2.3 for specification.

The standard calibration procedure described in Demer et al. (2015:
http://courses.washington.edu/fish538/resources/CRR326_Calibration.pdf) was used to
calibrate each of the echosounders deployed on each of he vessels Echomaster Marine
successfully performed the calibration of Kings Cross, stern on to the breakwater in
Peterhead at the slack of a high tide (22m under transducer) in calm conditions (Figure

2.7).
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\|
~ Castle st

Kings Cross

Figure 2.7. Location of calibration of the Simrad EK80 on Kings Cross at Peterhead
Harbour.

Calibration of the EK60 towed body transducer on the Eilean Croine was attempted in
Lough Swilly prior to the start of the survey. Conditions were poor, although the
calibration site was in a relatively sheltered area, the winds were strong and the currents
at depth were also strong. A chain clump was dropped off the stern of the vesselto
assist in keeping the vessel in position but the vessel moved laterally with the current
and wind. Water depth was approximately 20m at the calibration site. It was decided to
abort the calibration and use the results from the successful calibration obtained durin g
the previous survey in 2017. This calibration was carried out using standard
methodology as described by Foote et al (1987). Standard LOBE calibration (SIMRAD
2003) was carried out on the Eilean Croine on the morning of 1811/2017 in Lough
Swilly, Co. Donegal, close to the pier at Rathmullan. The successful calibration was
made possible by good conditions in the deep water (~20m slack high). There was
minimal interference from biota in the water column.
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Figure 2.8 Towed-body mounted 38kHz transducer (Eilean Croine S23§ were
calibrated in Lough Swilly .

2.2.3 Acoustic survey protocols

Surveys in 6aN were conducted in daylight hours only , 05:( 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 avoid ed the

possibility of double counting herring schools, which can occur if the survey does not

continually progress in the same direction . Surveys in 6a37b were continuous over 24

hours due to the limited daylight in November and scale of coverageplanned. Survey

speed was 8 - 10 knots, reducing as needed in the case of poor sea stateThe FV Eilean

"UODPOIl wPEUWUIT 1T wEl UPT OEUI Ews EEOQUUUPEZWYVUUI OO0u
2xEUOOPOT w2UEUwWPEUWUTT wEI UDPT OEUI EwsEDOOOI PEE
conduct sampling.

To maximise data quality, Refrigerated Sea Water(RSW) vesselstook on board ballast

water to aid stability of the vessel and minimise cavitation. The vesset proved to be

very stable platform s 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 fishing operations were other acoustic

instruments used. A motion reference unit was installed on Kings Cross to compensate

for pitch and roll.

Raw acoustic data were recorded and stored an the PC and backed up each day on
portable hard disk drives for later processing.

Survey log sheetswere used to record haul position and other events relevant to aiding
in the interpretation of the acoustic data.
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2.2.4 Fishing operations for  scientific samples

During the acoustic surveys, selected fish marks were targeted with a fishing operation
(Figure 2.9) to capture fish for the purposes of:
(i)  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.

The fishing operations of RSW vessels vere directed to take a catch of the smallest
possible size sufficient for biological sampling. The operation for freezer trawlers was a
typical commercial catch.

Each surveying vessel was granted a derogation to discard fish that were not retained
for biological sampling and to retain any catches of herring, up to the maximum
specified quota taken either during or outside the survey period.

Figure 2.9. Schematic description of fishing operation to collect a biological catch
sample during an acoustic survey.
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Table 2.3. Acoustic survey summary

Area surveyed Vessel

Transducer and

Frequency

Echo-
sounder

Power

Pulse duration

Environment

Calibration

Location/
supplier

date,

Survey
changes

4,5,3,2 Kings
Cross (PD
365)

4,5,3,2 Voyager (N
905

5,3,2 Alida (SCH
6)

5 South Eilean

Donegal Croine

& 6 West

Donegal/

Mayo
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Hull mounted split
beam ES38B (38Khz),
draft ~5.5m
With
compensation.
ES2007C (200Khz)
split beam [not used]
Hull mounted split
beam ES8B (38Khz),
draft ~6m

heave

With out heave
compensation.
ES2067C (200Khz)

split beam [not used]
Hull mounted split
beam ES38B (38Khz),
draft ~5m

Other frequencies
used 120, 200Khz

Towed body
mounted split beam
ES38B (38kHz)

SIMRAD
EK80

SIMRAD
EK80

SIMRAD
EK80

SIMRAD
EK60

Ping interval

@38Khz

Power: 2000W

Pulse duration: 1.024ms
Pulse form: Continuous
wave

Ping interval = 0.5 sec

@38Khz

Power: 2000W

Pulse duration: 1.024ms
Pulse form: Continuous
wave

Ping interval = 0.5 sec

@38Khz

Power: 2000W

Pulse duration: 1.024ms
Pulse form: Continuous
wave

Ping interval = 0.5 sec
Power: 2000W (38kHz);
Pulse duration: 1.024ms
Ping interval = 0.33 Hz

Temp = 10C,
Salinity =35ppt,

Sound speed
1491.5 m/s

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

Temp = 10C,

Salinity =35ppt,
Sound speed
1491.5 m/s

31 Oxw Aw
Salinity =34ppt,
Sound speed
1488.6 m/s

Peterhead

breakwater 26
Echomaster

Aug,
Marine

Killybegs

harbour, Mike

.z, EOOI au

"PEUEOuwW.
(Marine Institute)

Scapa Flow Weather meant
Benoitn Berges unable to survey
(WMR) area 4.

Rathmullan, Additional transects
Lough Swilly , Co. in Lough Swilly
Donegal 18" and Lough Foyle.
November 2017 Additional sonar

searching in the
Glen head area and
Mayo coast.



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 neededto make agedisaggregated acoustic
abundance estimates (ii) determine the maturation state of herring and to indicate the location
and timing of spawning , (iii) for ge netic analysis (which are not reported here).

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 scrutinisation, screen captures (Figure 2.10) 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 whether or not the
herringwereUx EP ODOT WwpEEUIT EwOOwW?2U0 000D OT 2)and iviethean Bn® E w U >
catch remaining after biological sampling was retained or discarded.

2.2.5.2 Catch samplin g
The catch sampling procedure was as follows:

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

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

1 One full basket (or 2 half) of herring wasweighed (approx. 30kg). This subsample was
used determine lengths, weight, age and for genetic samples. (see below) (Figure 2.11)
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Figure 2.10 Example screen shots of targeted marks(first panel) and those trawled on.
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|
el | | | ™~ Measure
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Tk | k| el | | | g sex and
C T T T T T | | | | | | T T maturation stage,
| | | | | | and extract
| | | | | | ™ otoliths from 5 of
| | | | | | | | each length class.
| | | | | | | | Individually freeze
spawning (stage 5
05cm | 05cm | 05cm | 05cm | 05cm | 0,5cm 0,5cm | 05cm | 0,5cm or 6) fish
class class class class class class class class class

Figure 2.11 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 recorded to the nearest half
centimetre below (e.g. if the fish was 24.7cm then it was recorded as24.5cm). This data is used
to determine a length frequency distribution of the catch and subsequently to apply an age
disaggregated estimate of biomass Five fish from each half centimetre length class were saved
for additional biological measures(next section).

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

Taking the 5 fish in each length class, each measured fish was assigned an ID number so that
subsequent genetic samples can be crosseferenced to biological data.

The following information was recorded for each fish.

Length to nearest 0.5cm

Weight in g

Sex

Maturity stage from 1 -9 based on theclassification in the Scottish and Irish sampling

(MSS manual 2011) or on thel CES 6 point scale(ICES 2011)or 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 age
length key (ALK).

1 If the fish was from a spawning haul (see 2.2.5.1)it was bagged, labelled and frozen for
later genetic analysis.

= =4 =4 4

2.2.6 Acoustic Analysis methods

2.2.6.1 Echogram scrutini sation 8 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 the
targeted hauls made during the survey (Figure 2.10, ®PAw xUDOUw I BRx1 UbI O
(fishermen and acoustic scientistg based on their knowledge of what was caught when certain
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types of fish marks were fished upon in the area in previous surveys occurring around the

same time, and (ii) knowledge of fish b ehavior.

61 POl wbUzUwbOxOUUPEOI wUOWET whyYYUwEOOI PEI O0wpkI
some agreed guidelines for classification of marks greatly improve sthe consistency in the way

that acoustic data from different surveys are scrutinized, and hence in the quality and
comparability of the biomass estimates.

Acoustic fish marks were classified in to the following categories (See examples in Figure
2.12:

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 Maybe herring - concentrations of fish tightly associated with prominent
outcroppings on the seabed. Believed to be herring, but not possible to confirm with
trawling. Where marks on the sides of steep slopes of the outcropping occurred,
they were excluded from the analysis because of the possibility of being registration
of acoustic side lobes.Also included are other herring -like marks that were not
possible to trawl on due to the nature of the ground or water depth.

1 Sprat ¢ confident that the marks were sprat based on either evidence from a
targeted haul or proximity and similarity to o ther schools known to be sprat. A lot
of very dense discrete schools close to the surface were bétved to be juvenile sprat.
Targeted hauls had low success rate due to fish going through the net and
difficulties in fishing close to the surface.

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 ¢ alot of horse mackerelmarks were observed through 6aS7b.
Marks were v erified with numerous trawl s.

How strongly the acoustic marks are displayed on the screen (backscatter threshold) can have

a bearing on the interpreters classification of the acoustic marks and their seledion 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. Other methods used to help
distinguish herring marks from other fish and organisms causing backscatter included looking
EQwUT 1T ws i &I0@®WI @ kuagpdBll 6 wi OPw Ui 1 WEEEOUEEUUI Uw x L
frequencies), and the application of filters (Figure 2.13) Great attention was given to
comparing and discussing the types of marks recorded and validated by trawls from all of the
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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.

In 2018, the diversity of acoustic marks (Figure 2.12) and the availability of trawls samples
with which to verify them , made the classification of marks and assignment of herring
biological sample data to acoustic transects(Table 3.5, Figure 215) particularly challenging.

6aN acoustic marks recorded by King Cross
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6aN acoustic marks of Juvenile herring recorded by Alida
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6aN acoustic marks associated with outcroppings in Area 4 and classified as herring
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6aS/7b acoustic marks recorded by Eilean Croine

1 |

M N 1 r., i I
' ' A -.r .' T L
h o I' |Id '.'h fal T | L ,;llﬂ.r.'t'il}'h I.I h A ui | ¥ |I|I|1I.JIHI‘I "t ‘1IH i
Large herring mark s in Lough Swilly, (6aS) on 2/11/18
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Figure 2.12 Examples of acoustic marks and their identification.
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Figure 2.13.Analysis of acoustic properties to help classify schools in 6aN from Alida acoustic
data.

2.2.6.2 Age disaggregated abundance estimation

The process for estimating abundance and biomass from theacoustic data is shown in Figure
2.14 with additional description given below.
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Record acoustic
data from
calibrated

echosounder, 3nmi

parallel transects

Scrutinization.
Herring marks
identified
following agreed
heuristics

—

Trawl sample.
Length
frequency, weight
maturity stage,
otolith

/M

Assign trawl
length-frequency
data to each
transect

Age from
otolith

Weight at
length

Proportion of
each age and
length class that
are mature
(stage 2-5 ICES
scale)

/

NASC of herring
marks in each
EDSU (1nmi)
extraced from
echoview
(PRC_NASC)

Expected acoustic backscatter of each size
class (Sigma_L) Where, TS for each length class
herring is: TS(L) = 20log10(L) — 71.2, and the
mean acoustic backsattering cross section (sigma)

is sigma_L =4pi.10(TS/10),

e

Density of herring in each length
group in each EDSU = herring
NASC in each EDSU divided by the
expected backscatter at length)

Mean density at
length within a
transect (the basic
sampling unit) =
average from EDSUs

Mean density at length

the strata = mean across
transects weighted by
transect length

across all transects within

!

Numbers at length = mean
density at length within the
strata multiplied by strata
area. Sum across strata for
total.

{

Calculate uncertainty in
esimate using bootstrap
procedure

Numbers and biomass in
each age class giving Total
Stock Numbers and Total

stock Biomass

!

Biomass and number of
actively spawning
herring (ICES stage 3-4)

Numbers and biomass of
mature herring only giving
Spawning Stock Biomass &

Spawning Stock Numbers

Figure 2.14 Flow diagram of the analysis methods to estimate abundance and biomass. Blue
boxes ¢ biological data; black boxes t treatment of acoustic data; red boxes derived
abundances indices; green boxt uncertainty estimates

The StoX software (http://www.imr.no/forskning/prosjekter/stox/nb  -no) was used to calculate
the age disaggregated acoustic abundance estimates.StoX is an open source software
developed at IMR, Norway to calculate survey estimat es from acoustic and swept area
surveys. The program is a stand-alone application built in Java for easy sharing and further
development in cooperation with other institutes, and is now routinely used to derive
abundance estimates from WGIPS coordinated suveys. Documentation and user guides are
available from the website. Estimation of abundance from acoustic surveys with StoX is
carried out according to the stratified transect design model developed by Jolly and Hampton
(1990).

Following scrutinis ation of the echograms and export of the Nautical Area Scattering
Coefficient assigned to herring marks for each 1nm cell (PRC_NASC from Echoview software),
the calculation of age disaggregated abundance was as follows:
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1. Define survey strata. In 6aN, each of the4 areas surveyed was assigned as a strataln
6aS7b 4 strata were defined, (i) Lough Swilly, using zig-zag transects, where the
boundaries of the strata was delineated approximately 250m either side of the centre
line of the deepest part of the Lough Swilly channel in approximately 10 ¢ 20m water
depth. (ii) Donegal bay using parallel transects with 3.5 nmi spacing including shallow
inshore areas of Bruckless Bay and Inver Bay (iii) the rest of the northwest area of the
survey, using parallel transects 7.5nmi apart, and (iv) Achill using parallel transects
with 3.5 nmi spacing.

2. Assigning herring length data from trawls to acoustic transects. For each transect
within each survey strata, th e length distribution of herring associated with the transect
was determined as the un-weighted mean of all trawls allocated to the respective
transects (.g. Figure 2.15).

In 2018, difficulties in getting sufficient representative biological survey sampl es to
allocate to the echograms necessitated borrowing sample data from other vessel hauls
that were considered representative based on their time, location, catch composition
and comparison with the identified acoustic marks (see Figure 2.15, Table 3.3.

3. Expected backscattering cross section of fish in each length group. The mean acoustic
backscattering crossUl EUD OO w ?ud) fint @dere kengtih group of herring was
calculated from the length frequency data assigned to each transect usingthe target
strength-length relationships for herring recommended by the ICES Working Group on
International Pelagic Surveys. Where, the target strength (TS) relationship used to
calculate the mean acoustic backscattering crosssections for herring is:

TS = 20log10(L} 71.2 [at 38kHZz] for herring
TS = 20log10(L} 67.5 [at 38kHZz] for horse mackerel

and the mean acoustic backscattering cross section is:
Ssp :4p_10TS/10)

4. The average density of herring in each length classon a single transect was calculated
by dividing the Nautical Area Scattering Coefficient (NASC - the area backscattering
coefficient for a particular integration region in areal units (m %nmi?), within each
Elementary Distance Sampling Unit (EDSU, here =1nmior 0.5nmi) on eachtransect by
the length-specific hes (acoustic fish backscatter)assigned to the transect, then averaging
over the EDSUs
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5. Numbers of herring in a single stratum & total numbers.  For each length group, a
weighted average (weighted by tra nsect length) of the mean density of herring in each
transect is multiplied by the area of the stratum. Total numbers at length is the sum for
each stratum.

6. The numbers and biomass per age & maturity class. Trawl data on the relationship
between length, age and maturity stage were used to partition the numbers at length to
estimates of numbers and biomass in each age class and maturity stage. The 9 point
maturity stage classification used in the Scottish and Irish sampling (MSS manual 2011)
was converted to the ICES 6 point scaleprior to analysis (Table 2.4) (ICES 2011)

7. Estimate of the relative sampling error. Within StoX a bootstrap procedure was used to
estimate the coefficient of variance (CV) of the estimate of numbers at length. The
procedure randomly selects transects within a stratum in every n bootstrap iteration (n
=1000 checR. For each selected transect, biological information from trawl stations that
were assigned to the transect are randomly sampled and used as input to estimate fish
abundance in the stratum in that particular bootstrap iteration. Each bootstr ap iteration
follows the same estimation procedures as used in StoX and described above (using the
combination of mean acoustic density per transect and associated biological
information, to estimate fish humbers at length in each stratum). This procedure was
not performed for the 6aN survey this year because of difficulties in getting stox
programme to work.

8. Choosing the best estimate from replicates . In the 6aN, where replicate acoustic
surveys were conducted for each stratum, the maximum biomass estimate of these was
chosen as the best estimate

Acoustic data were recorded on hard-drives at sea and uploaded to network facilities back at
the laboratory. The acoustic metadata and cleaned postprocessed EV files are stored using
Marine Scotland Science data base following established procedures. 6aS7b raw and
processed dataare stored at the Marine Institute, Ireland. Estimates of NASC values from the
surveys are stored in the ICES acoustic database.
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Figure 2.15a. Kings Cross acoustic survey in 6aN + marking haul numbers for biological data

16
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22 com

assignment.

Figure 2.15b. Alida acoustic survey in 6aN t+ marking haul numbers for biological data
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Figure 2.15¢c. Voyager acoustic survey in 6aN t+ assignment of haul biological data.

North West

Lough SwiIIy.

Donegal Bay

Achill

Figure 2.15d. 6aS/7b industry acoustic survey in 2018: StoXstrata delineated for the 4 scrutiny
areas for herring (Lough Swilly, Northwest, Achill and Donegal Bay). The Northwest strata
was also used in the horse mackerel abundance and biomass estimation. The haul samples
stations where herring were obtained for length frequency analysis are also shown as blue
squares.
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2.3

Table 2.4. Translation of Marine Scotland 9 point maturity scale to ICES 6 point scale

NINE POINT MATURITY
SCALE (MARINE SCOTLAND

MANUAL )

EQUIVALENT ICES SCALE STAGE

1 Immature virgin
2 Immature

3 Early maturing

4 Maturing

5 Spawning prepared
6 Spawning

7 Spent
8 Recovering/resting

9 Abnormal

1 (Immature)

1 (Immature)

2 (Mature ¢ but not included in spawning
category))

2 (Mature + but not included in spawning
category)

3 (Mature ¢ included in spawning category)

3 (Mature { included in spawning category)

4 (Mature + Spent ¢ included in spawning
category)

5 (Mature ¢ resting - not included in spawning
category)

6 (Abnormal ¢ not included in Mature or
spawning categories)

Stock identity separation

2.3.1 Sampling design, key requirements

Samples for stock discrimination between 6aN and 6a37b included specific catch samples
taken for morphometric and genetic sampling.

Key requirements:

1 The herring caught are close to or actually spawning, so that we can be certain they are
not just moving through the area.

1 A minimum of 5 catch samples from t he survey area is required. This is achieved by
taking more small hauls, rather than a few large ones.
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1 To enable the quality of fish for scientific sampling to be maintained, sufficient time
needs to be allowed between hauls so that fish are notsitting around on deck while the
previous haul is being processed.

In 6aN one vessel was dedicated to undertake the sampling work for stock identi ty analysis,

spending time covering survey areas 2-5 over an extended period of time. In 6aS/b samples

were collected from numerous small inshore boats that were collected and taken to the lab as

soon as the boat returned to port. The samples taken on board these fishing vessels were kept
separate from the main catch.

2.3.2 Catch sampling procedure for morphometric a nd genetic samples

An additional step (bold) is included in the catch sampling procedure outlined previously:

1 Weight of the catch of all species, orwhere the catch was too large, 5random 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 Take out 120 herring that are in the best condition and put them in the cold water
buckets to keep them pristine for the photographic work (see next)

1 One full basket (or 2 half) of herring were weigh ed (approx. 30kg, 200 herring). This
subsample was used determine lengths, weight, age and for genetics.

2.3.3 Morphometric Survey protocols

In 6aN, photographs for morphometric analyses were taken at sea, and alsoin the laboratory
from freshly caught spawning herring that were collected at port as soon as the vessel
returned. The at-sea procedure was as follows:

1. As soon as the catch is on board120 herring were taken and placed in cold (chilled sea
water) water buckets in limited number to avoid damage and keep them p ristine for the
photographic work . The alternative procedure is to lay out all 120 fish on a flat surface
immediately after capture with space around (no bent tails etc) .

2. Each fish was weighed and measured and given a unique ID within the vessel, trip and
haul number (so that biological and genetic samples done later at the lab ©ould be cross
referenced to the individual photographs).

3. The fish were pinned out individually for photographing (Figure 2.1 6)
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O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1
WestHer fish-id: Heve sn _~ 302

Figure 2.16. Example of pinned out herring ready for photographing

4. Once photographed, each herring was labelled and individually bag ged. Then all the
herring from one haul were bagged together in one larger bag clearly labelled with Vessel,
Area, haul number and date, and then frozen.

5. Information on age, sex, maturity stage and genetic samples was then taken from the
frozen fish back at the lab.

2.3.3.1 Morphometric Analysis methods

Morphometric analysis involves taking detailed measurements at certain p oints on the fish
body or otolith (Figure 2.1 7). Fish with similar measurements are grouped together to identify
different groupings of characteristics, related to their origin. The data collected in 2016 will be
contributed to a special ICES workshop on stock identity methods being held in 2017 (ICES
WKSIDAC, 20-24 Nov 2017).
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Points of measurement:

1! anterior tip of maxilla 11: bottom end of least peduncular height
2: anterior tip of mandibula 12: posterior insertion of analis

3. end of the fleshy caudal peduncle 13: anterior insertion of analis

4: tip of the caudalis’' dorsal lobe 14; insertion of first pelvicular fin ray

5. ftip of the caudalis' ventral lobe 15: insertion of first pectoral fin ray

6: anterior end of caudalis’ fork 16: posterior tip of maxilla

7. posterior opercular rim 17: anterior orbital rim

8. anterior insertion of dorsalis 18: posterior orbital rim

9. posterior insertion of dorsalis 19; top of head (perpend. above P7)

10: top end of least peduncular height 20: base of head (perpend. below P7)

Figure 2.17. Morphometric analysis measurements

2.3.4 Genetic sampling protocols

Genetic samples were collected during the biological processing of samples according to the
protocol below.

1 Clean scissorswere used to cut a 0.51 cm? piece of white muscle tissue from each fish
in the area indicated on the image above. Care was taken not to include skin and scales
with the samples.
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1 Tissue was placed into the sample tube with molecular grade ethanol and the lid
secured tightly.

1 Care was taken to ensure that the sample was not too big and was completely
surrounded by ethanol in the sample tube.

1 Boxes of sample tubes were stored upright in a fridge (4°C) until to sending to
University College Dublin for analysis.

2.3.5 Genetic Analysis methods

Genetic samples (Table 2.5) were collected from the 6aN, North Sea and 6aS surveys and
fisheries where possible. The majority of samples have been received by the University
College Dublin lab and are currently undergoing processing. Addit ional outgroup
samples (Table 2.6) have also been collected in area 6a during the spring spawning
season, the Celtic Sea by the MI and in the Irish Sea by the MI and AFBI. One new
outgroup sample of Norwegian Spring Spawning Herring was collected from Nort h of
the Faroes.

Total genomic DNA will be extracted from all samples. Samples will be screened as part of the
EU funded EASME herring project with a revised panel of markers from the baseline study.

The panel comprises both neutral and adaptive microsatellites and also SNP markers which
demonstrated a high level of divergence between the putative 6aN and 6aS,7bc populations.
Sample screening will be conducted using a genotyping-by-sequencing approach described in
Farrell et al. (2016) and data will be added to the existing data to increase the temporal and
spatial robustness of the baseline. Itis expected that preliminary results from the latest survey

samples will be available by April 2019.

Table 2.5. Genetic samples collected during the 6aN and 6aS/bc industry surveys and
fisheries. * denotes samples received by UCD lab.

Source Area Date Lat Lon Individual labels Spawning n
MSS Minch 03/09/2018 58.54 -5.73 18_MS_G* N 100
MSS Minch 03/09/2018 58.15 -6.21 18_MS_C* N 100
MSS NW Cape Wrath 07/09/2018 59.06 -5.33 18_MS_A* N 100
MSS Cape Wrath 17/09/2018 58.68 -4.38 BW1-BW100 Y 100
MSS Cape Wrath 18/09/2018 58.62 -4.43 18 _MS_H21 to H100 + BBO1 to BB20 Y 100
MSS Cape Wrath 18/09/2018 58.62 -4.42 18_MS_P Y/IN 100
MSS Cape Wrath 18/09/2018 58.65 -4.27 18 MS_T YIN 100
MSS Cape Wrath 18/09/2018 58.60 -4.33 BS1- BS100 Y 100
MSS Cape Wrath 18/09/2018 58.72 -4.27 BX1-BX100 Y 100
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MSS Cape Wrath 16/09/2018 58.66 -4.40 BZ1-BZ100 YIN 101

PFA North Orkney 31/08/2018 59.57 -2.58 18_PFA_A* Y 100
PFA Cape Wrath 16/09/2018 58.82 -4.43 18_PFA_B* Y/N 100
PFA Minch 13/09/2018 58.27 -6.07 18 PFA_C* N 100
PFA Minch 15/09/2018 58.48 -5.52 18_PFA_D* Y/N 100
PFA Southern North Sea  09/09/2018 54.13 0.28 18 PFA_E* Y 100
PFA Cape Wrath 27/09/2018 58.58 -4.28 18 PFA_F* Y 100
PFA North of Scotland 28/09/2018 59.33 -4.07 18_PFA_G* Y/N 100
PFA Southern North Sea  28/09/2018 55.67 -0.53 18_PFA_H* Y 100
PFA Southern North Sea  19/09/2018 54.37 -0.03 18 PFA_I* Y 100
MI East Orkney 18/08/2018 58.63 -3.47 18_MI_J1J100* Y 100
MI Lough Swilly 12/11/2018 55.12 -7.49 18 MI_G1-100* N 100
MI Lough Swilly 16/11/2018 55.12 -7.49 18 MI_P1-50* N 50
MI Lough Swilly 09/01/2019 55.12 -7.49 19_MI_C* N 100
Mi Lough Foyle 11/01/2019 55.16 -7.04 18 MI_Y* N 100
MI Lough Foyle TBC 55.16 -7.04 18MI_X* N 100
MI Teelin Bay 11/12/2018 54.63 -8.63 18 MI_U1-100* Y 100
MI Inver Bay 02/12/2018 54.62 -8.32 18_MI_T1-100* Y/N 100
Mi Bruckless Bay 20/11/2018 54.61 -8.41 18_MI_E1-67* N 67
MI Bruckless Bay 21/11/2018 54.61 -8.41 18_MI_E71-100/18_MI_11-70* N 100
M Bruckless Bay 07/01/2019 54.61 -8.41 19 _MI_A* N 100
MI W Glen Head 07/11/2018 54.63 -9.01 18_MI_0O1-100* N 100
M N St John's Point 05/12/2018 54.61 -8.41 18 MI_S1100* Y 100

Table 2.6. Genetic samples collected from additional surveys and fisheries in the 6a and
surrounding areas. * denotes samples received by UCD lab.

Source Area Date Lat Lon Individual labels Spawning n
WOS_IBTS Donegal 23/02/2018 54.95 -9.02 S18/107* Y 53
WOS_IBTS Stanton 25/02/2018 56.45 -8.55 S18/113* N 50
WOS_IBTS Stanton 26/02/2018 56.02 -7.13 S18/118* YIN 47
WOS_IBTS Clyde 02/03/2018 55.32 -4.97 S18/126* N 60
WOS_IBTS Stanton 03/03/2018 56.53 -7.40 S18/129* N 52
WOS_IBTS South Minch 04/03/2018 56.93 -6.58 S18/131* Y/N 60
WOS_IBTS South Minch 04/03/2018 57.01 -7.15 S18/132* YIN 51
WOS_IBTS Minch 05/03/2018 58.05 -5.75 S18/136* Y/N 60
WOS_IBTS Minch 05/03/2018 58.28 -5.49 S18/137* YIN 60
WOS_IBTS Minch 06/03/2018 58.41 -5.36 S18/138* Y/N 49
WOS_IBTS W of H 19/02/2018 58.58 -7.14 S18/91* YIN 60
WOS_IBTS W of H 19/02/2018 58.47 -7.50 S18/92* YIN 48
WOS_IBTS W of H 20/02/2018 58.21 -8.03 S18/94* YIN 50

MI_IGFS Sheephaven Bay 06/11/2018 55.24 -7.95 18_MI_Q1-91* N 91
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2.4

MI_IGFS South of Tiree 05/11/2018 56.24 -6.71 18_MI_R1-99* N 99
MI_Commercial North of Faroes 19/02/2018 64.50 -8.00 18 MI_AA1-100* Y 100
MI_Commercial Celtic Sea 14/10/2018 TBC TBC 18_MI_C1-50* N 50
MI_Commercial Baginbun, Celtic Sea 10/12/2018 52.18 -6.82 18_MI_AB* y 100

MI_IGFS 79 21/10/2018 51.32 -6.96 18_MI_V* N 84
MI_Commercial 7a 02/10/2018 54.00 -5.00 18 _MI_W* N 100
MI_Commercial Irish Sea 30/09/2018 54.01 -5.02 18 MI_K1-K97* N 97
MI_Commercial Irish Sea 02/10/2018 54.01 -5.02 18 MI_L1-L69* N 69
MI_Commercial Irish Sea 02/10/2018 54.10 -5.00 18 MI_M1-M100* N 100
MI_Commercial Irish Sea 01/10/2018 54.01 -5.02 18 MI_N1-N68* N 68

Irish Sea Acoustic Laxey Bay, Irish Sea 10/09/2018 54.24 -4.38 18_AFBI_A* Y 100
Irish Sea Acoustic N Chicken Bank, Irish Sea  11/09/2018 54.18 -4.97 18 AFBI_B8* Y 100

2.3.6 Data storage

Data from genetic analyses will be stored in UCI genetic database

Age composition of the commercial catch

ICES advice for a scientific monitory fishery (ICES 2016a)states that a specific sampling
programme is needed to ensure continuity of the time -series of fishery-dependent catch data
and to ensure that samples of the appropriate number and geographic/temporal distribution
are collected. It refers to the need to collect samples from the prespawning aggregations in
area 1, where a large proportion of catches has been taken in recent years, and based on
?xUl EPUDPOOWOI Yi Owlon Erdewotld (DICE),# iEdpdeifically)D 0 dske£thabthe
number of samples to be collected in a monitoring fishery is:

17 samples in div 6aS/7bc

29 in 6aN

and that effort should be spent such that an equal distribution of samples is taken in each of
the six sampling areas (Table 27).

Table 2.7. Catch sampling target based on equal area distribution and area weighting

Region Sampling area ICES Area Area weighted = Approx equal
rectangle (nm?) no. samples weighted no.
per survey samples per
area survey area
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6a North Area 1(Pre- 47E5,48E5 1827 13 8

spawn)
6a North Area 2 (North) 803 6 7
6a North Area 3 (Minches) 799 6 7
6a North Area 4 (Hebrides) 735 5 7
6a South/7b,c = Area 5 (North 39E2, '39E1 2052 11 9
Donegal)
6a South 7b,c = Area 6 (West 38E1 1039 6 8
Donegal)

2.4.1 Age determination (otolith reading)

Standard procedures for age determination from the growth rings on the otoliths (ear bones)
of herring (ICES 2009 were used to determine the age offish sampled. This age data was used
to create an agelength key (ALK).

2.4.2 Data storage

Data are stored on Marine Scotland Sciencesurvey database following established procedures.

Page51of 104



3 Results

3.1 Sampling summary

3.1.1 Sampling statistics 6aN

The six vessels coveredfour different areas between 201808-27 and the 201810-06 (Figure
3.1), making a total of 112 hauls, of which 43 were taken in survey mode and 44 during
commercial fisheries in 6aN. Twenty five commercial hauls were taken in ICES area 4a (North
Sea) ayart of the trips of Freezer Trawlers.

Within ICES area 6a\, herring were caught and sampled during 37 hauls, resulting in
biological information collected from a total of 2555 herring (Table 3.1). In addition 5 hauls of
herring in the adjacent North Sea are were sampled and biological information was collected
from 335 individual herring. Details on the sampling per trip are shown in Table 3.2 , Figure 3.2
and for spawning herring in Table 3.3. Details on the number of measurement per trip and
haul are shown in Table 3.4.

With the exception of area 5 where and abundance of small young herring were found, | ength
distributions of herring were largely similar by survey area and by haul (Figure 3.3).

All maturity data were converted into a common six point scale, in which stage 1 is immature,
stage 2 is ripening, stage 3 is spawning and stage 4 is spent or restingMature herring close to
spawning were only detected after mid -September. (Figure 3.4).

Maps of the survey tracks, relative acoustic density, and locations of hauls whose biological
data was used in for the estimation of the biomass of herring in 6aN are shown in Figure 3.5,
Table 3.2.

Maps of the survey tracks, relative acoustic density, and locations of hauls that were used to
determine biological parameters for the estimation of the biomass of herring in 6aN are shown
in Figure 3.6 and Table 35.
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2018 haul positions of commercial (C) and survey (S) hauls

S

60—

59 1

581

571

Figure 3.1. Spatial distribution of commercial hauls (C) and survey hauls (S)

Table 3.1. Overview of number of hauls and number of herring collected during commercial
fishing operation (C) or survey operations (S) and for which either morphometric or genetic
samples have been collected. Either all observations or for spawning herring only.

haultype datatype n_hauls n_fish n_haul_with_spawners n_spawning_fish
C genetics 26 1302 13 993

C morphometrics 0 0 0 0

C sampledhauls 45 1726 23 1254

S genetics 7 411 2 11

S morphometrics 4 330 O 0

S sampledhauls 29 1164 5 93

Table 3.2. Overview of trip properties. Type' refers to the type of activity (S=survey,
C=commercial). The variables starting with 'n' denote the number of fish measured for the
specific variable.

vessel trip  type begin end nhaul nlen nwght nage nsex nmat nphoto n

gen

Unlty (FR165) UN0218 C 2018 -09-16 2018 -09-16 1 . 102 0 102 101 O 1
(C)‘,iristi na S (FR244) CHO0118 S 2018 -09-03 2018 -09-12 12 913 330 O 330 224 330 3
OC(I’wistina S (FR244) CH0218 C 2018 -09-18 2018 -09-18 4 556 411 0 410 411 O 4
g(i)rk Dirk (KW 172) 201807 C 2018 -09-25 2018 -10-06 15 1035 170 82 170 170 O 1
?/(c))yager (N905) V00118 C 2018 -09-10 2018 -09-10 2 . 67 60 67 67 O 0
Voyager (N905) V00118 S 2018 -09-03 2018 -09-08 7 570 141 140 141 89 O 1
toyager (N9O05) V00218 C 2018 -09-25 2018 -09-25 1 . 46 42 46 46 O 0
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Kings Cross (PD365) KCO 118 S 2018 -08-27 2018 -09-05 17 627 388

Kings Cross (PD365) KC0218 C 2018 -09-17 2018 -09-18 2 . 199
3&r0n5+6(PH2200) 2018077 C 2018 -08-29 2018 -09-09 15 245 100
3&r0n5+6(PH2200) 2018078 C 2018 -09-21 2018 -09-29 11 . 241
2ﬁda(SCH6) 2018L3 C 2018-09-08 2018 -09-16 18 1708 389
gEda(SCHB) 2018L3 S 2018 -09-12 2018 -09-18 7 451 305

0 388 358 0
0 200 200 O

39 100 100 O

185 241 241 O

137 389 389 O

230 205 305 O

2

0

1

1

1

3

Table 3.3. Overview of the number of spawni ng herring and the measurements taken on these

fish.

name trip  type nlen nwght nage nsex nphoto ngen

Alida (SCH6) 2018L3 C 262 262 91 262 O 218
Alida (SCH6) 2018L,3 S 80 80 80 80 O 0

Christina S (FR244) CH0218 C 263 263 0 262 O 257

Dirk Dirk (KW172) 201807 C 79 79 41 79 O 56

Kings Cross (PD365) KC0118 S 2 2 0o 2 O 0

Kings Cross (PD365) KC0218 C 195 194 0 195 O 195

Unity (FR165) UN0218 C 75 7% 0 75 0 75
Voyager (N905) vVO0118 C 53 53 49 53 0 0

Voyager (N905) vOo0118 S 11 11 10 11 O 11

Voyager (N905) V00218 C 34 3 4 32 34 0 0
Wiron5+6 (PH2200) 2018077 C 93 93 36 93 O 93

Wiron5+6 (PH2200) 2018078 C 200 200 144 200 O 99
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Table 3.4. Overview of haul proper ties. Type' refers to the type of activity (S=survey,
C=commercial). The variables starting with 'n' denote the number of fish measured for the
specific variable.

name trip  type haul area nlen nwght nage nsex nmat n photo ngen

Alida (SCH6) 2018L3 C 1 divdb 83 . .

Alida (SCH6) 2018L 3 C 2 dvd4b 82 . L .

Alida (SCH6) 2018L3 3 divdb 38 100 45 100 100 O 100

Alida (SCH6) 2018L3 4  divdb 85

Alida (SCH6) 2018L3 5 divdb 76

Alida (SCH6) 2018L3 6 divd.b 90

Alid a (SCH6) 2018L3 C 7 area3 93

Alida (SCH6) 2018L3 8 area3 99 L

Alida (SCH®6) 2018L3 9 area3 107

Alida (SCH®6) 2018L3 11 area3 104

Alida (SCH6) 2018L3 12 area3 113

Alida (SCH®6) 2018L3 14 area3 97 . P .

Alida (SCH6) 2018L3 15 area3 102 39 0 39 39 O 0

Alida (SCH6) 2 018L3 C 17 area3 104 . L .

Alida (SCH6) 2018L3 18 area3 114 100 42 100 100 O 100

Alida (SCH6) 2018L3 area3 117 50 0O 50 50 O 0
Alida (SCH6) 2018L3 21 area2 101 . L .

Alida (SCH6) 2018L3 22 area2 103 100 50 100 100 O 100

Alida (SCH6) 2018L3 10 area5 138 59 59 59 59 0 0

Alida (SCH6) 2018L3 13 area5 183 100 25 O 100 O 100

Alida (SCH6) 2018L3 16 oth 117 72 72 72 72 0 0
Alida (SCH®6) 2018L3 24 area2 7 74 74 T4 74 O 0

Alida (SCH#6) 2018L3 25 divda 6 . . .

Christina S (FR244) CH0118 S 1 area5 293 100 O 100 O 100 100
Christina S (FR244) CH0118 S 2 area5 324 121 0 121 115 121 100

Christina S (FR244) CHO118 S 7 oth 296 109 0 109 109 109 100
Christina S (FR244) CH0218 C 1 area2 129 102 0 102 102 O 100
Christina S (FR244) CH0218 C 2 area2 148 103 0 103 103 O 100
Christina S (FR244) CH0218 C 3 area2 123 102 0 102 102 O 100
Christina S (FR244) CH0218 C 4 area2 156 104 0 103 104 O 100

O000

DNnNnOLOKOOOO 000000
=
©

Dirk Dirk (KW172) 201807 C 1 div4.b 94
Dirk Dirk (KW172) 201807 C 2 div4b 89 . . . .

Dirk Dirk (KW172) 201807 C 3 divda 158

Dirk Dirk (KW172) 201807 C 4 divda 114 . . . . . |

Dirk Dirk (KW172) 201807 C 5 areal 91 100 46 100 100 0 100
Dirk Dirk (KW172) 201807 C 6 divd.a 126

Dirk Dirk (KW172) 201807 C 8 divd.a 140

Dirk Dirk (KW17 ~ 2) 201807 C 10 areal 111 34 O 34 34 0 0
Dirk Dirk (KW172) 201807 C 14 divda 112 L
7 area5 18 8 105 0 105 87 0 0O

Kings Cross (PD365) KC0118 S

Kings Cross (PD365) KC0118 S 9 area3 83 55 0 55 55 0 0

Kings Cross (PD365) KC0118 S 11 area3 154 65 0 65 65 O 0
Kings Cross (PD365) KC0118 S 12 area3 41 41 0 41 29 O 0

Kings Cross (PD365) KC0118 S 13 div4a 161 68 0 68 68 0O 0

Voyager (N905) V00118 S 2 area5 149 50 50 50 48 O 9

Voyager (N905) VO0118 S 3 areab5 162 40 39 40 40 O 2

Voyager (N905) VO0118 S 4 area5 88 16 16 16 0 O 0

Voyager (N905) VO0118 S 5 area5 68 19 19 19 1 O 0

Voyager (N905) VOO0118 S 6 area3 103 16 16 16 0 O 0

Wiron5+6 (P H2200) 2018077 C 7 divd.a 103

Wiron5+6 (PH2200) 2018077 C 10 div7.a 73 e
Wiron5+6 (PH2200) 2018077 C 12 div7.a 43
Wiron5+6 (PH2200) 2018077 C 13 div7.a 26 .
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2018 haul positions with spawning herring, morphometrics and genetics

spawning morphometrics genetics

(coeN) 12Befop (g91u4) Auun (gogad) sso1 sbury (zZLmM) 11a g (ppzad) § eunsuyg (9HDS) epIIY

(00ZZHd) 9+guoIp

Figure 3.2. Spatial distribution of hauls with  number of spawning herring and number of
morphometric samples and genetic samples.
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2018-08-20_07 A
2018-08-31_09 A
2018-08-31_11 A
2018-09-01_12 1
2018-09-03_01 1
2018-09-03_02 A
2018-09-04_02 A
2018-00-04_03 A
2018-09-04_04 A
2018-09-05_05 A
2018-09-06_06
2018-00-07_07 A
2018-09-12_07 A
2018-09-12_08 A
2018-09-12_09 A
2018-09-12_101
12018-09-12_11 1
2018-09-13_12 1
2018-09-13_13 1
2018-09-14_14 1
2018-09-14_15 1
2018-09-14_16
2018-00-15_17 A
2018-09-15_18 1
2018-09-15_19 1
2018-09-16_21
2018-09-16_22 1
2018-09-18_01 A
2018-09-18_02 A
2018-00-18_03 A
2018-09-18_04 1 /\\
2018-09-28_05 /\

2018-10-02_10 1

s
S

date haul
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Figure 3.3. Relative length frequencies of herring by date and survey area.
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Figure 3.4. Proportion of maturity stage by date . Maturity stage 3 refers to spawning
herring.
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Figure 3.5. Age-length key by survey area.
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Haul number (Kings Cross)

Herring NASC

58.75 1

58.50 1

lat

58.25 1

58.00

Herring lengths (Kings Cross)

Figure 3.6a. Relative acoustic densities (NASC mYmn?) and trawl haul details for Kings
Cross. NASC is scaled to be comparable with the other two vessels.
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