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Executive s ummary

2019 was the fourth industry-led survey of herring in 6a/7bc. Industry and scientific
institutions from Scotland, Ireland, Northern Ireland, Netherlands, and England
successfully carried out scientific surveys with the aim to improve the knowledge 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 of 5800t (4 170 t in 6aN and
1 630tin 6aS7bc) (EU 20B/124), 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 (ICE S 2016a).

Three industry vessels were used for acoustic surveys in 6aN and one in 6aS/7b. Two
vessels used in 6aN were each equipped with a calibrated Simrad EK80 transceiver. FV
/ EUT PEaA wUUI E wthbuhtedirdngducerUaaile B\ODIrk Dirk deployed a towed
body transducer. A different industry vessel was dedicated to taking samples for genetic
analyses in 6aN, and another directed to searching and fishing in specific areas so as to
maintain comparability with previous commercial catch data. In 6aS/7b biological and
genetic samples were collected by numerous inshore vesselsln 2019, no samples were
collected for morphometric analysis as was done in previous years.

In 6aN, the acoustic survey vessels were deployed in sequence, covering four known pre-
spawning/ spawning areas. Timing was planned to coincide with the known spawning
period, but the presence of adult herring marks was notably lower than in previous years
and only one biological sample contained spawning -ready fish. Technical difficulties wi th
the towed body transducer on FV Dirk Dirk followed by a malfunctioning hull transducer
and significant disruption due to poor weather resulted in the Dirk Dirk data only being

fit only to use as information on acoustic mark identification and fish distr ibution. No
biomass calculations were possible.

The lack of abundance of herring resulted in the decision to curtail commercial fishing of
the monitoring quota by Scottish vessels. In total, only 37% of the allocated monitoring
guota was utilised in 2019.

The main distribution of acoustic marks that could be confidently identified as herring
was concentrated in survey Area 3 (North Minch) in the same locations as previously
recorded. No spawning marks were seen in Area 2 (East of Cape Wrath), where significant
spawning marks have been seen in the past. Similar to 2018, a notable feature of the 2019
was a predominance in Area 5 (East side of Lewis) of young herring mixed with sprat.
Horse mackerel were also recorded again, often in close proximity with herrin g marks
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and mixed diffuse aggregations of sprat. Mackerel were found in abundance distributed
throughout the area, being caught in every survey haul. An aggregation of blue whiting
(which were close to spawning) was located off Stornoway. Total biomass estimates of
herring recorded during the survey in 6aN was 76, 000 t.

Coinciding with the 2019 International Herring Acoustic Survey, a one -off 10-day acoustic
survey was carried out by FV Grateful in July. The first objective was to undertake a
detailed surv ey of the Minch to address the question whether the limited coverage in the
Minch by the International Survey might be missing herring aggregations outside of the
survey track. The second objective was to try and identify the species responsible for
strong acoustic marks associated with outcroppings on rocky ground. The acoustic
survey did not record any herring marks, and trawl samples found very few herring that
were mixed in with catches dominated by other species. Drop-camera work was
successful in identifying that the acoustic marks on rocky ground are most likely
produced by juvenile gadoid species and zooplankton concentrations. However, some
uncertainty still remains regarding possible avoidance by herring, which we hope to
address in future work.

In 6aS/7b herring were distributed similar to 2016, 2017 and 2018. Herring were again
found close inshore with the overall distribution dominated by aggregations of herring in

a few discrete areas. Poor weather negatively impacted the survey, and a signiicant part
of the planned survey area was missed, therefore containment of the stock was not
achieved in 2019. However, the core areas of Donegal Bay and Lough Swilly were
surveyed, both areas important to the monitoring fishery. Total biomass estimates of
herring recorded during the survey in 6aS/7b was 10 506 t. The inshore distribution of
herring generally makes containment of the stock difficult in this area, however, the
improved survey design in Lough Swilly resulted in a much lower measure of uncer tainty
(CV), compared to previous years. Horse mackerel were distributed mainly in an area to
the north and west the Stags of Broadhaven, Co. Mayo.

With provision made for monitoring fishery quota 3 480 t (6aN) and 1 360t (6aS/7bc) in
2020 (EU 2020/123)plans are underway for a fifth survey in 2020, taking into account the
recommendations of ICES WKHASS (CES202&) and WGIPS (ICES 2020a).
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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 2015a)
the stock assessments of 6aN herring and 6aS/7bc 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 consequence is 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 that there 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 stocks, and develop a rebuilding plan.

In response to the STECF 2015autumn plenary recommendation that 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 2016a). 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 spawningspecific
samples are available for morphometric and genetic analyses as agreed by the Pelagic
Advisory Council monito ring 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 5 800 tonnes (4 170 tin 6aN and 1 630t in 6aS, 7bc) are
the enablers for the industry-led survey to take place. EU Council regulation (EU
2019/124) made the same provision, enabling the fourth 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
6aS/7b, 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

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 6aS7bc
s 61 UUT UOwi 1 UUDOT 7 A6

2. Stock identity separ ation: Collect morphometric and 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 of the surveys as evidence for
consideration and design of a scientific monitoring fishery in 201 9.

5. Evidence for a rebuilding plan: Use the results of the surveysto contribute to the
scientific basis for development of a rebuilding plan for Western herring.

Coinciding with the 2019 International Herring Acoustic Survey, a one -off 10-day
acoustic survey was carried out by FV Grateful in July. The objectives addressed the
questions whether the limited coverage in the Minch by the International Survey
might be missing herring aggregations outside of the survey track, and whether the
species responsible for strong acoustic marks associated with outcroppings on rocky
ground were herring or not.
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2 Material and methods

2.1 Research plan

The overall research plan involv es 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 survey followed objectives 1-3, described in section 1.3.
Each of the vessels involved were assigned specific objectives and provided with a vessel
specific sailing plan and survey protocol manuals (example available on request). Sections
2.2 to 2.4 descibe the survey methods in 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 dur ing the planning meeting (16 May 2019), 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 takenin recent years (ICES 2015a). Area 5 was added in
2018 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 25 in 6aN, but ad-hoc acoustic data was recorded by other vessels also.

In 6aS/7b, the acoustic survey area (Figure 2.5) collected data from known spawning areas
(Figure 2.6). 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, redrawn from Geffenet al.(2011).
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herring from information from the fleet (e.g. Lough Swilly, Lough Foyle and Inver Bay).
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Table 2.1. Spawning areas, spawning grounds and spawning beds in 6aS/7bc. Area (kn¥t)

ECQOEWET xUT wepOAwWUI I 1T UwUOWPOEDYPEUEOQWUXxEPODOT WEIT
. . . Area .
Spawning Area | Spawning Ground Spawning Bed D;‘E:;h (Sq Km) Activicy
nishtrahull 45 |21.58 Movember
Malin Head HMalin Haad Morth EL 39.06 Movamber
Limeburner 30 3338 Movember
Morth Denegal | | imeburner The Bananas 58 169.17 Mov and Feb
Tary Malin Head Morthwest T0-%0 4742 Mov and Feb
The Blowers 30 196 OctMow
The Blowers Smags 0 0.89 Maw/Dec
Aran Mor | 43 3235 OctMow
Aran Mor The Cuarry 70-80 11.84 Crctober
West Donegal Rosheg | Rosbeg 1.1 1r-36 ol3 Cot Mo
Rosbeg 2 Rosbeg 2.1 43 44 06 Crctober
Glen Bay 32-36 24107 Maw/Deac
Malinmore Head | 18 631 Movember
Glen Head Malinmore Head 2 20 |.59 Jan/Feb
Killybeags Killybegs | 20 1.01 Diac/jan
Lennadoon | 142 10152 JaniFeb
Lennadoon Eillala Bay 25 3.05 Januszry
Donegal Bay Diownpatrick West 1 2366 Movember
Downpatrick Downpatrick/Ceide 3445 97.05 Declan
Fialds
The Stags The Stags | L 0.89 Movember
Blackrock Blackrock | 16 7.74 OcrMov
The Bills L 2983 Movember
Clare Island | iz .07 CenMov
Mayo Clare Island 2 16 1.58 O™
Chre Iskand South Clare Island | 45 Ey | Diacember
Sowuth Clare Island 2 ~4-45 201 Maw/Dec
Lacky Rock Crawillzun/Lecky Rock 0 163 Sept/Oict
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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.

Area égs:jltlcs Start End Duration ;’:r:;ng and (%_ (%,) (%I) t%,) (%I) (C,%) 8 % (%IJ (})'I’ (%,) (%I) ?)) 8 0)? t%,) (})'I’ (%IJ 0)'3 (% 8 % (%I)

coverage |5 |S| % B o 5| 8 S S T Y ol H 2SS S S o N &

SEEEEEEEEEEERE EEEEREREER
EEEER I EEEE N EEE RS

Minch Grateful 12-Jul 22-Jul 11/Minch

Area 4 Pathway 01-Sep  02-Sep 2'Area 4

Area 5 03-Sep  04-Sep 2/Area s

Area 3 05-Sep  07-Sep 3/Area 3

Area 2 09-Sep  12-Sep 4/Area 2

Area 4 Dirk Dirk 13-Sep  14-Sep 2 Area 4

Area 5 15-Sep  16-Sep o[Areas fmm a e a e

Area 3 17-Sep 19-Sep 3/Area 3 (I:;Tr]ztion(d) 23 2.2 1.9 1.4 77

Area 2 20-Sep 23-Sep 4/ Area 2 Length (Inmi) 320 301 I 260 I 197 1079
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Table 2.2b. Deployment in 6aS/7b

Earliest @ End
survey date
Area date

Donegal Bay 01-Dec 10
Dec

Loch Swilly 17 Dec 17
Dec

Calibrati
on

N/A

Loch
Swilly

Acoustic
Survey
distance
(hm), one
coverage
600nmi

33nmi
focus on
Loch
Swilly

Vessel and type
(Refrigerated
Sea Water
(RSW) or
Freezer)

RV Celtic
Voyager

MFV Ros Ard

Flag

IRL

IRL

Homeport

Galway

Burtonport

Vessel#

SO745

Role

Acoustic and
catch
sampling

Acoustic and
catch
sampling

Skipper

Colin
McBrearty
and Philip
Baugh
Edward
Gallagher
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2.1.4 FV Grateful Minches survey & July 2019.
The objectives were:

1. Undertake a detailed acoustic survey of the Minch comprising (a) typical
transect survey (10nmi spacing in North Minch, 7.5nmi South Minch (b) Fishing
scouting search in likely herring areas. The ships Simrad EK80 echosounder
(38kHz) was calibrated and used to record acoustic data.

2. ldentify acoustic m arks on hard (untrawlable) ground. A specially designed
rig with a go -pro camera and light source was used to film acoustic marks while
the vessels drifted over the target.

=
Vs

tBu\l\ Ofilewis!
%

N o)

United!Kingdomp

Scarpl

)
|
Skye )& ((B8

Scalpayis >

Figure 2.7. Minches Survey plan. 10nmi spacing (blue lines) used in North Minch a nd
7.nmi spacing (purple) in the south. Stars show camera drop locations where acoustic
marks on rocky ground were found.
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2.2

Abundance estimation

2.2.1 Acoustic survey design

The purpose of the acoustic surveys was 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 areas 2-5 (6aN) and in 6aS/7b, each designed
on regularly spaced parallel transects (Figure 2.2 & 2.5), or zigzags in the shallow waters.
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 each of the areas in sequee, the second
vessel starting when the first was finishing, giving a 10 -day lag (Table 2.2a) between the
replicate surveys. The survey dates in each area aimed 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.

Sufficient time was factored in to the planning to provide opportunity for the survey areas

to be adapted according to the situation observed, such as changes to 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 area,
and notes any adaptations to the original planned survey transects.

2.2.2 Equipment specifications and ca libration
See Table 2.3 for specification.

The standard calibration procedure described in Demer et al. (2015:
http://courses.washington.edu/fish538/resources/CRR326_Caibration.pdf ) was used to
calibrate each of the echosounders deployed on each of the vessels. Echomaster Marine
successfully performed the calibration of Pathway and Grateful, stern on to the
breakwater in Peterhead at the slack of a high tide (22m under transducer) in calm
conditions.

Dirk Dirk deployed a towed body transducer operating (38, 120, 200 Khz) for a Simrad
EK80 transceiver. Calibration was undertaken at sea in Scapa Flow immediately prior to
the survey.

Calibration of the EK60 120kHz transducer on the MFV Ros Ardwas carried out in Lough
Swilly at the end of the survey on 17/12/2019. A chain clump was dropped off the stern of
the vessel to assist in keeping the vessel in position. Water depth was approximately 25m
at the calibration site. This calibration was carried out using standard methodology as
described by Foote et al (1987).Standard LOBE calibration (SIMRAD 2003) was carried
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out and the successful calibration was made possible by good conditions in the deep
water. There was minimal i nterference from biota in the water column.

Figure 2.8. Towed-body mounted 38 and 120 kHz transducers and the RV Celtic Voyager
left, and the pole mounted 120 kHz on the FV Ros Ard right. The 120 kHz echosounder
was calibrated in Lough Swilly on 17/12/2019.

2.2.3 Acoustic survey protocols

Surveys in 6aN were conducted in daylight hours only, 05:00 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.

Surveys in 6aS/7b were continuous over 24 hours due to the limited daylight in December
and scale of coverage planned. Survey speed was 810 knots, reducing as needed in poor
weather. The RV Celtic Explorerused the towed body system (38 and 120 kHz) and the
MFV Ros Ardused the pole mounted 120 kHz system only. The 120 kHz echsounder
was the same system for both surveys. The 120 kHz was used for working up the
estimates for the survey in 2019. The 38 kHz was not used to work up estimates in 2019.

To maximise data quality, Refrigerated Sea Water (RSW) vessels took on board badhst
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
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interference with the EK80. Only during fishing 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 backedup each day on
a portable hard disk drive for later processing.

Survey log sheets were used to record haul position and other events relevant to aiding
in the interpretation of the acoustic data.

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 to be herring or to confirm that they were definitely n ot herring.
(i) Collecting samples for biological analysis.

The fishing operations of RSW vessels were directed to take a catch of the smallest
possible size sufficient for biological sampling. The operation for freezer trawlers was
either a targeted biological sample or 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
guota taken either during or outside th e survey period.

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

Page?22 of 96



Table 2.3. Acoustic survey summary

Area surveyed Vessel

Transducer and

Frequency

Echo-
sounder

Power

Pulse duration

Environment

Calibration

Location/ date,
supplier

Survey area changes

Minches Grateful

(July (FR249)

2019)

45,32 Pathway
(PD 165)

5,3,2 Dirk  Dirk
(KW172)

6aS and Celtic

7b Voyager
and Ros
Ard
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Hull mounted split

beam ES38B
(38kHhz), draft
~5.5m

With heave
compensation.
ES2007C (200kHz)

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

With heave
compensation.
ES2007C (200kHz)

split beam [not used]
Towed body split
beam ES38B (38kHz),
Other frequencies
used 120, 200 kHz.

Towed body

mounted split beam
ES38B (38kHz) and
ES120 (120kHz).
Pole mounted ES 120
7CD (120 kHz)

SIMRAD
EK80

SIMRAD
EK80

SIMRAD
EK80

SIMRAD

EK60 (120
kHz only
used for
estimates

)

Ping interval

@38kHhz

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: 300W (120 kHz);
Pulse duration: 1.024ms
Ping interval =0.33 Hz

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

10C,

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

10C,

Temp =
Salinity
=35ppt, Sound
speed 14915
m/s

10C,

31 Ox wéi wt
Salinity

=35ppt,

Sound speed
1493.89 m/s

Peterhead
breakwater 9 Jul,
Echomaster
Marine

Peterhead
breakwater
Aug,
Echomaster
Marine

28

Flow
Sakinan

Scapa
Serdar
(WMR)

Lough Swilly,
Co. Donegal 17
December 2019

Weather meant unable
to survey area 4.

Switched to  Hull
mounted during
survey

Additional transects in
area around Bills of
Achill, Donegal Bay
and Clare island.



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

2.25.1 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 wei ght 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
TTUUDOT wbhl Ul wUxEPODPOT wpEEUT EwOOw? UUGO@éilarywl T 1 L
catch remaining after biological sampling was retained or discarded.

2.2.5.2 Catch sampling
The cach sampling procedure was as follows:

1 Weight of the catch of all species, or where the catch was too large, 3 randomly
mixed baskets were taken as a sample of the catch and weighed.

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

1 One full basket (or 2 half) of herring was weighed (approx. 30kg). This subsample
was used to determine lengths, weight, age and for genetic samples. (see below).
(Figure 2.11)

Figure 2.10. Example screen shots of targeted marks (first panel) and hose trawled on.
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